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Opis znanstvenega dela

Moje znanstveno delo pokriva podrocje eksperimentalne fizike osnovnih delcev. Ukvarjam se z
razvojem in uporabo detektorjev fotonov Cerenkova v fiziki osnovnih delcev, fiziki okolja in
medicinski fiziki. Detektorji izkori§¢ajo pojav sevanja Cerenkova, ki ga v prozorni snovi povzroéijo
hitri nabiti delci. Ker je intenziteta in smer izsevanih fotonov odvisna od hitrosti delcev, lahko z
meritvijo ob znani gibalni koli¢ini delcev dolo¢imo identiteto nabitih delcev.

Moje dosedanje raziskovalno delo je potekalo vec¢inoma v okviru mednarodnih raziskovalnih
skupin HERA-B, Belle in Belle 11, delno pa tudi v okviru samostojnih raziskovalnih projektov
raziskovalne skupine na IJS. V €asu podoktorskega izpopolnjevanja v CERNu sem se prikljucil
raziskovalni skupini ALICE.

V zadetnem obdobju med in po diplomskem delu sem deloval v okviru mednarodne skupine
HERA-B, ki se je ukvarjala s Studijem tvorbe mezonov B in D pri trkih visokoenergijskih protonov
v mirujoco tar¢o [5]. Za meritve reakcijskih produktov je bilo potrebno skonstruirati magnetni
spektrometer. Moje raziskave so bile predvsem posvecene nacrtovanju, izdelavi, umeritvi in
delovanju enega od podsistemov, detektorja obrocev Cerenkova (RICH). Detektor je bil sestavljen
iz plinskega sevalca perflorobutana, fokusirnega sistema zrcal, sistema le¢ za pove€anje izkoristka
zaznane svetlobe in ve¢ kot 2300 vecanodnih fotopomnoZevak. V okviru doktorskega dela sem
delal pri nacrtovanju, izdelavi in umerjanju razli¢nih sestavnih delov in sistemov za nadzor
delovanja detektorja obro¢ev Cerenkova [1,4]. Podrobno poznavanje delovanja mi je bilo v veliko
pomo¢ pri $tudiju identifikacije nabitih delcev s pomocjo detektorjev obrocev Cerenkova [4]. S 33
zaznanimi fotoni na nasien obro¢ in z lo¢ljivostjo pri meritvi kota Cerenkova 0.7 mrad s
posameznim fotonom je detektor obrodev Cerenkova v spektrometru HERA-B v celoti izpolnil
pri¢akovanja po lo&evanju delcev. Gre za prvi detektor obrodev Cerenkova, ki je deloval pri visokih
pogostostih sunkov do 1 MHz na kanal.

V obdobju po doktoratu sem se prikljucil raziskovalni skupini BELLE, ki se prav tako ukvarja s
fiziko mezonov B in D, le da opazuje reakcijske produkte trkov elektronov in pozitronov, ki jih na
asimetriénem trkalniku izmerimo s spektrometrom BELLE. Ze kmalu po zadetku delovanja je
skupina objavila rezultate meritev majhne razlike med lastnostmi snovi ( mezonov B) in antisnovi
(mezonov anti-B). Razliko pripiSemo krSitvi ene od osnovnih simetrij narave, imenovane simetrija
CP [7]. Krsitev te simetrije je tesno povezana z ocitno prevlado snovi nad antisnovjo v danasnjem
vesolju, potem ko sta bili ob nastanku vesolja enako zastopani. Rezultat meritve je zato predstavljal
enega najpomembnejsih fizikalnih rezultatov leta 2001. Leta 2007 je skupina dokazala obstoj
mesanja v sistemu nevtralnih mezonov D [9]. Poleg omenjenih meritev je raziskovalna skupina
odkrila obstoj vrste novih stanj, opravila pa je tudi precej precizijskih meritev redkih razpadov
mezonov B in D. Stevilne meritve krSitve simetrije CP v sistemu mezonov B, ki sta jih izvedli
skupini Belle in BaBar (Stanford, ZDA), so eksperimentalno potrdile napoved M. Kobayashija ter
T. Maskawe, za kar sta oba teoreti¢na fizika prejela Nobelovo nagrado za fiziko 1. 2008.

Za precizijske meritve v eksperimentalni fiziki mezonov B in D je bistvenega pomena povecanje
velikosti vzorca. Z nadgradnjo pospeSevalnika KEKB v SuperKEKB bomo bistveno povecali
pogostost interakcij, zaradi tega pa se bo povecalo tudi s curkom delcev povecano ozadje. Zaradi



tega bo potrebno nadgraditi ve€ino sestavnih delov spektrometra. Za nadgradnjo in kasnejsi zajem
in analizo podatkov so se raziskovalci zbrali v mednarodni raziskovalni skupini Belle II.

Za povecanje natan¢nosti meritev je bistvenega pomena izboljsati identifikacijo delcev v kon¢nem
stanju. V sodelovanju s sodelavci z univerz v Nagoji in Tokiju preizkuSamo nov tip krajevno
obcutljivega detektorja posameznih fotonov, ki naj bi izboljSal identifikacijo delcev v smeri napre;.
Zaradi omejenega prostora, ki je na razpolago, smo se odlocili za razvoj detektorja obrocev
Cerenkova brez fokusirnega sistema, ki za sevalno sredstvo uporablja kremenov aerogel [2,6].
Pri¢akujemo, da bo omogocil zanesljivo identifikacijo kaonov in pionov v obmocju gibalnih koli¢in
okoli 4 GeV/c, ki je bilo z dosedanjim identifikacijskim sistemom nepokrito. Posebej zanimiva
novost je uporaba ve&plastnega sevalca, pri katerem se obro¢i Cerenkova iz veéih plasti z razli¢nim
lomnim koli¢nikom pri izbrani gibalni koli¢ini na fotonskem detektorju prekrijejo [8]. Ker
predvideni prostor za detektor leZi znotraj magneta, je pomembna izbira primernega detektorja
fotonov, ki bo zanesljivo deloval v visokem magnetnem polju 1.5 T [10].

Pri razvoju in implementaciji identifikacijskih algoritmov [11] koristno uporabljam izkusnje, ki sem
jih pridobil pri eksperimentu HERA-B. Zaradi majhnega Stevila detektiranih fotonov predstavlja
algoritem Se poseben izziv. IzboljSana identifikacija delcev v kon¢nem stanju omogoca zniZanje
pogostosti dogodkov iz ozadja, kar dodatno poveca obcutljivost aparature za izredno redke procese.

Izku$nje, pridobljene pri delu z razvojem detektorjev fotonov Cerenkova, sem uporabil tudi pri
razvoju aparature za detekcijo radiotoksi¢nega stroncija Sr-90 v okolju, ki jo sestavlja Stevec
fotonov Cerenkova s kremenovim aerogelom kot sevalcem [3,12]. Stroncij se zaradi kemijske
sorodnosti prav tako kot kalcij veZe v kosteh. Zaradi izjemno dolgega razpolovnega Casa 28,5 let in
Se daljSega bioloSkega razpolovnega Casa 49,3 let je izotop Sr-90 visoko radiotoksi¢en. Omenjeni
izotop stroncija Sr-90 sodi med razpadne produkte iz jedrskih elektrarn, zaradi Cesar obstaja
verjetnost, da pride do njegovega nenadzorovanega izpusta v okolje. Izotop Sr-90 in hcerinski Y-
90 sta cista beta sevalca in jih s standardnimi metodami gama spektrometrije ne moremo
identificirati. Identifikacijo nuklidov z uporabo beta spektrometrije otezuje dejstvo, da je spekter
zvezen, z veliko prekrivajo-¢imi se prispevki razliénih nuklidov v vzorcu. Standardna metoda
temelji na vecstopenjski kemijski analizi in je ¢asovno zahtevna in zapletena. Detektor, ki smo ga
razvili, izkori§¢a lastnost, da le elektroni z dovolj visoko energijo sevajo fotone Cerenkova, tisti z
energijo pod pragom za sevanje pa ne [3]. Na perspektivnost metode, ki jo uporablja razvita
aparatura, kaZe tudi velika pozornost, ki je naSim rezultatom namenjena v pregledni knjigi o
meritvah radioaktivnosti (M.F. L'Annunziata, Handbook of Radioactivity analysis 3rd edition,
Elsevier 2012, ISBN-9780123848734 ).

V casu podoktorskega izpopolnjevanja v CERNu sem se prikljucil raziskovalni skupini ALICE, ki
sedaj z analizo razpadnih produktov visokoenergijskih trkov tezkih jeder na Velikem hadronskem
trkalniku (LHC) v CERNu v Zenevi $tudira plazmo kvarkov in gluonov. Meritve lastnosti te plazme
bodo bistveno prispevali k razumevanju “confinementa” kvarkov in kiralne simetrije v kvantni
kromodinamiki. Za rekonstrukcijo sledi in identifikacijo delcev v spektrometru skrbi ¢asovno
projekcijska komora. Zaradi velike gostote do 20000 delcev v obcutljivi prostornini komore je bilo
potrebno razvoju in izdelavi posameznih delov komore nameniti posebno skrb. Sodeloval sem pri
nacrtovanju in izvedbi sistema za kontrolo visoke napetosti, pri nacrtovanju orodij za vizualizacijo
podatkov iz komore, pri testiranju Citalne elektronike in pri umerjanju komore po izgradnji. Za



umeritev smo uporabili sledi kozmi¢nih delcev, pa tudi laserskih curkov. Na podlagi rezultatov so
dele komore zamenjali z nadomestnimi. Ugotovili smo, da je centralna elektroda zaradi napetosti v
konstrukciji rahlo upognjena, kar deloma vpliva na popacitev sicer zelo homogenega elektri¢nega
polja in posledi¢no na rekostrukcijo sledi.

Izkusnje, pridobljene pri preizkuSanju detektorjev fotonov, uporabljam tudi pri delu na podrocju
medicinske fizike, kjer raziskujemo moZznosti, ki jih za pozitronsko tomografijo, eno izmed najbolj
pomembnih neinvazivnih metod za slikanje Zivega tkiva, ponuja nova vrsta fotonskega detektorja,
silicijeve fotopomnoZevalke. Tomograf, v katerem bi uporabili ta detektor, bi lahko bil bolj
kompakten, bi lahko deloval v velikih magnetnih poljih (torej v kombinaciji z JMR tomografom),
imel boljSo lo¢ljivost in bi omogocal enostavnejSe rokovanje. V ljubljanskem laboratoriju za razvoj
detektorjev sevanja Studiramo dve moZnosti za poveCanje prostorske in cCasovne locljivosti
pozitronskega tomografa [16,18,19,20]. Prva je povezana z dolocitvijo globine interakcije s
pomocjo kristalov, ki so razlicno segmentirani v razli¢nih ravninah. Druga smer razvoja je Studij
moZznosti, da bi z meritvijo ¢asa interakcije anihilacijskih Zarkov gama omejili prispevek naklju¢nih
koincidenc in na ta nacin Se dodatno povecali uporabnost tomografa. V pozitronskih tomografih je
omejujo¢ faktor, ki vpliva na natan¢nost rekonstrukcije, ¢asovna locljivost scintilatorja in senzorja
fotonov. Z uporabo fotopomnoZevalke z mikrokanalnimi plo§¢ami, ki ima ¢asovno locljivost za
posamezne fotone 22 ps, bistven prispevek prinese scintilator. Z zamenjavo scintilatorja s sevalcem
Cerenkovih fotonov, ki so izsevani v trenutku, smo izmerili ¢asovno lo¢ljivost 75ps, kar je trenutno
svetovni rekord.

Najpomembnejsi znanstveni interesi / dosezKi

1. v okviru raziskovalne skupine HERA-B:

- meritev lastnosti ve€anodnih fotopomnoZevalk pri detekciji posameznih fotonov (diplomsko
delo) [1]

- nacrtovanje, razvoj, umeritev in nadzor delovanja detektorja obrodev Cerenkova v
spektrometru HERA-B (tema doktorata) [4],

- testiranje in implementacija identifikacijskih algoritmov za HERA-B RICH (tema
doktorata) [4]

- meritve reakcij visokoenergijskih protonov s fiksno tar¢o [5]

2. v okviru raziskovalne skupine BELLE:
. razvoj detektorja Cerenkovih obrogev brez fokusirnega sistema zrcal z uporabo aerogelskega

sevalca. TeZiS¢e obsega nacrtovanje, razvoj, umerjanje, zajemanje in analizo podatkov, ki
smo jih zajeli pri:

«  preizkuSanju prototipa detektorja s kozmi¢nimi delci na 1JS v letih 2001, 2007 in 2008 [2].

- preizkuSanju prototipa detektorja v pionskem testnem Zarku na inStitutu KEK, Tsukuba na
Japonskem v letih 2001, 2003, 2004 in 2005 [6,8].

. razvoj algoritmov za identifikacijo delcev z detektorjem Cerenkovih obrodev brez
fokusirnega sistema zrcal z uporabo aerogelskega sevalca [11],

- meritev redkih procesov pri razpadih mezonov B in D [7,9].



3. v okviru raziskovalne skupine BELLE II:
- razvoj detektorja Cerenkovih obrocev brez fokusirnega sistema zrcal z uporabo aerogelskega

sevalca :

o Studij senzorjev fotonov: hibridna plazovna fotodioda , silicijava fotopomnoZevalka,
fotopomnoZevalka z mikrokanalnimi ploS¢ami [2.6.10.13.14.18

nacrtovanje in razvoj Citalne elektronike za hibridno plazovno fotodiodo [17]
nacrtovanje in razvoj Citalne elektronike za matriko silicijevih fotopomnoZevalk
Studij delovanja hibridne plazovne fotodiode in Citalne elektronike pod sevalno
obremenitvijo. [poslano v objavo]

Studij vpliva magnetnega polja na delovanje Citalne elektronike. [15]

razvoj algoritmov za identifikacijo delcev z detektorjem Cerenkovih obrodev brez
fokusirnega sistema zrcal z uporabo aerogelskega sevalca

]

[e]

o

e}

]

4. fizika okolja: razvoj detektorja za meritve nizkih aktivnosti radioaktivnega izotopa Sr-90 [3.12]
- pregled in razvoj posameznih sestavnih delov detektorja
« racunalniSka simulacija odziva detektorja
« 1zdelava prototipa detektorja
- testiranje detektorja, meritev izkoristkov za razli¢ne izvore sevanja in dolocanje spodnjih
mej za detekcijo.

5. medicinska fizika: pozitronska tomografija
- Studij pozitronskega tomografa z uporabo silicijevih fotopomnoZevalk [18]

- Studij pozitronskega tomografa, ki bi izkori$¢al ¢as preleta delcev [16,20]

- $tudij pozitronskega tomografa za meritev ¢asa preleta s fotoni Cerenkova [19]

+ Studij meritve globine interakcije z vertikalno segmentiranimi scintilacijskimi kristali.

« postavitev demonstracijske aparature za vajo v okviru predmeta Eksperimentalna
medicinska fizika

Znanstvene usmeritve

Svoje znanstveno delo bom nadaljeval na podro¢ju Eksperimentalne fizike osnovnih delcev v
okviru mednarodne raziskovalne skupine Belle II. Se posebej me zanima §tudij novih detektorjev
fotonov Cerenkova, razvoj metod za identifikacijo osnovnih delcev in $tudij moZne uporabe metod
na podrocju medicinskih aplikacij.

Vabljena predavanja na konferencah in institucijah

. Vabljeno predavanje na European Organisation for Nuclear Resarch (CERN), Zeneva,
10.12.2004: Aerogel RICH for the upgrade of the BELLE spectrometer
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in partially reconstructed B[sup]0 [to] D [sup](*[sup][minus plus]) [pi][sup][plus minus] decays, Phys.
lett., Sect. B, (2005) , vol. 624, str. 11-21, ISBN 0370-2693, COBISS-ID 442107, IF: 5.301, SE: Ul - physics,
multidisciplinary ; 6/69 ; Cetrtina: 1 ; x=1.997 ; IFmin: 1.76 ; IFmax: 30.254,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citatov (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8§ 08 170 7 5 3 H H H |

63. Spela Stres, Rok Pestotnik, (2 avtorjev) , Study of possibilities for a spin flip in high energy elecron
ring HERA, |IEEE trans. nucl. sci., (2006) vol. 53, , str. 484-490, ISBN 0018-9499, COBISS-ID 20083495, IF:
1.497, SE: 1Q - engineering, electrical & electronic ; 41/206 ; Cetrtina: 1 ; x=0.942 ; IFmin: 1.246 ; IFmax: 4.5 RY
- nuclear science & technology ; 1/32 ; Cetrtina: 1 ; x=0.655 ; IFmin: 0.924 ; IFmax: 1.497,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 4 2 0 H | | |

64. Peter Krizan, Sasa Fratina, Andrej GoriSek, Samo Korpar, Rok Pestotnik, Ale§ Stanovnik, (22 avtorjev) ,
Test of the Burle 85011 64-anode MCP PMT as a detector of Cherenkov photons, Nucl. instrum, methods
phys res., Sect. A, Accel., (2006) vol. 567, issue 1, str. 124-128, ISBN 0168-9002, COBISS-ID 21168679, IF:
1.185, SE: OA - instruments & instrumentation ; 18/53 ; &etrtina: 2 ; x=0.99 ; IFmin: 0.829 ; IFmax: 1.228 RY -
nuclear science & technology ; 5/32 ; Cetrtina: 1 ; x=0.655 ; IFmin: 0.924 ; IFmax: 1.497 UP - physics, particles &
fields ; 14/21 ; Cetrtina: 3 ; x=2.536 ; IFmin: 0.914 ; IFmax: 1.474 XQ - spectroscopy ; 26/39 ; Cetrtina: 3 ;
x=2.028 ; IFmin: 0.851 ; IFmax: 1.438,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
5 08 2 4 3 5 17 PG |

65. S. Uehara, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Andrej GoriSek, Samo Korpar, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, (146 avtorjev) , Observation of a X'[sub](c2) candidate in [gamma]
[gammal][to] DD [bar] production at Belle, Phys. rev. lett., (2006) vol. 96, no. 8, str. 082003-1-082003-6, ISBN
0031-9007, COBISS-ID 19734567, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ;
IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) ()] (NC) (CI) (NC)

8 08 146 90 83 36 111 103 45 |




66. L. M. Zhang, llija Bizjak, Marko Bracko, Urban Bitenc, Bostjan Golob, Andrej GoriSek, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (172 avtorjev) , Improved constraints on D[sup]0-
D[bar][sup]0 mixing in D[sup]0 [to]K[sup]+[pi][sup]- decays from the Belle detector, Phys. rev. lett., (2006)
vol. 96, no. 15, str. 151801-1-151801-6, ISBN 0031-9007, COBISS-ID 19834151, IF: 7.072, SE: Ul - physics,
multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 172 38 34 15 52 49 22 |

67.A. Somov, Urban Bitenc, llja Bizjak, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, (172 avtorjev) , Measurement of the branching fraction, polarization,
and CP asymmetry for B° [to] [rho][sup]+[rho][sup]- decays, and determination of the Cabibbo-
Kobayashi-Maskawa phase [fi][sub]2, Phys. rev. lett., (2006) vol. 96, no. 17, str. 171801-1-171801-6, ISBN
0031-9007, COBISS-ID 19834407, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; €etrtina: 1 ; x=2.274 ;
IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
] (TC) (Cl) (NC) (C1) (NC)
8 08 172 32 28 12 40 36 16 |

68. Durga Prasad Mohapatra, llija Bizjak, Urban Bitenc, Marko Bracko, Bostjan Golob, Andrej GoriSek, Sasa
Fratina, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (183 avtorjev) , Observation
of b [to] d[gamma] and determination of [vertical]V[sub]td/V[sub](ts)[vertical], Phys. rev. lett., (2006) vol.
96, no. 22, str. 221601-1-221601-5, ISBN 0031-9007, COBISS-ID 20027687, IF: 7.072, SE: Ul - physics,
multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 183 17 16 26 25 11 |

69. R. Seidl, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Andrej GoriSek, Rok
Pestotnik, Samo Stani¢, Marko Staric¢, (149 avtorjev) , Measurement of azimuthal asymmetries in inclusive
production of hadron pairs in e[sup]+e[sup]- annihilation at Belle, Phys. rev. lett., (2006) vol. 96, no. 23, str.
232002-1-232002-6, ISBN 0031-9007, COBISS-ID 20023847, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68
; Getrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 149 28 26 11 94 92 40 |

70. A. Ishikawa, Urban Bitenc, llija Bizjak, Marko Bracko, Sada Fratina, BoStjan Golob, Andrej Gorisek,

Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (158 avtorjev) , Measurement of
Forward-Backward asymmetry and Wilson coefficients in B [to] K[sup]*I[sup]+I[sup]-, Phys. rev. lett.,

(2006) vol. 96, no. 25, str. 251801-1-251801-6, ISBN 0031-9007, COBISS-ID 20024103, IF: 7.072, SE: Ul -

physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (Cl) (NC) (Cl) (NC)
8 08 158 55 51 22 65 62 27 |

71.A. Garmash, Urban Bitenc, llja Bizjak, Marko Bracko, SaSa Fratina, BoStjan Golob, Andrej Gorisek,
Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari€, (158 avtorjev) , Evidence for large
direct CP violation in B[sup][plus minus] [to] [rho](770)[sup][compositum]K[sup][plus minus] from
analysis of three-body charmless B[sup][plus minus] [to]K[sup][plus minus][pi][sup][plus minus][pi]
[sup][plus minus] decays, Phys. rev. lett., (2006) vol. 96, no. 25, str. 251803-1-251803-6, ISBN 0031-9007,
COBISS-ID 20264231, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ;
IFmax: 33.508,

H STD H STK H St. H WoS: st. H Cistih H normirano $t. H Scopus: st. H Cistih

‘ normirano $t. H



citatov citatov Cistih citatov citatov
(TC) (Cl) (NC) (CI)

citatov (TC)

Cistih citatov

avtorjev (NC)

8 08 158 40 34 15 41 35 15

72. N. Gabyshev, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik,

Samo Stani¢, Marko Stari¢, (130 avtorjev) , Observation of B[sup]+ [to] ([Lambda][sub]c)[sup]+ ([Lambda]

[sub]c)[sup]-K[sup]+ and B[sup][compositium] [to] ([Lambda][sub]c)[sup]+([Lambda][sub]c)[sup]-K[sup]

[compositium] decays, Phys. rev. lett., (2006) vol. 97, 20, str. 202003-1-202003-5, ISBN 0031-9007, COBISS-
ID 20315687, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax:
33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 130 | | |

73. C.-H. Wu, Urban Bitenc, llija Bizjak, Andrej GoriSek, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko
Stari¢, (143 avtorjev) , Study of J/[psi] [to]pp[bar], [Lambda][Lambda][bar] and observation of [eta][sub]c
[to] [Lambda][Lambda][bar] at Belle, Phys. rev. lett., (2006) vol. 97, , str. 162003-1-162003-6, ISBN 0031-
9007, COBISS-ID 20315175, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin:
1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)

8 08 143 H H H

74.J. Schimann, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Andrej GoriSek,
Rok Pestotnik, Samo Stani¢, Marko Stari¢, (176 avtorjev) , Evidence for B [to] [eta]'[pi] and improved
measurements for B [to][eta]'K, Phys. rev. lett., (2006) vol. 97, no. 6, str. 061802-1-061802-6, ISBN 0031-
9007, COBISS-ID 20112935, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin:
1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
! (TC) (Cl) (NC) (CI) (NC)
8 08 176 14 11 5 13 10 4

75. L. Widhalm, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Andrej GoriSek, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, (150 avtorjev) , Measurement of D[sup]O0 [to] [pi] | [nu] (K | [nu]) form factors
and absolute branching fractions, Phys. rev. lett., (2006) vol. 97, no. 6, str. 061804-1-061804-6, ISBN 0031-
9007, COBISS-ID 20989479, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin:
1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) o)) (NC) (CI) (NC)

8 08 150 | | |

76. P. Krokovny, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Andrej GoriSek, Samo Korpar,
Peter Krizan, Rok Pestotnik, Marko Stari¢, (148 avtorjev) , Measurement of the quark mixing parameter
cos2[phi][sub]1 using time-dependent Dalitz analysis of B[bar][sup]0 [to] D[K[sup]O[sub]s[pil[sup]+[pi]
[sup]-]h[sup]0, Phys. rev. lett., (2006) vol. 97, no. 8, str. 081801-1-081801-6, ISBN 0031-9007, COBISS-ID
20253223, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax:
33.508,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (CI) (NC)
8 08 148 12 10 4 14 12 5

77.R. Chistov, Urban Bitenc, llija Bizjak, Marko Bracko, BoStjan Golob, Andrej Gorisek, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (163 avtorjev) , Observation of new states
decaying into ([Lambda][sub]c)[sup]+K[sup]-[pi][sup]+ and [Lambda][sub]c[sup]+K[sup]O[sup]s[pi]



[sub]-, Phys. rev. lett., (2006) vol. 97, no. 16, str. 162001-1-162001-6, ISBN 0031-9007, COBISS-ID 20251431,
IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (cl) (NC)
8 08 163 63 60 26 61 59 26 |

78. G. Gokhroo, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Andrej GoriSek,
Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (138 avtorjev) , Observation of a
near-threshold D[sup]0[bar]D[sup]O0[pi][sup]0 enhancement in B [to] D[sup]0[bar]D[sup]0[pi][sup]OK
decay, Phys. rev. lett., (2006) vol. 97, no. 16, str. 162002-1-162002-5, ISBN 0031-9007, COBISS-ID 20315943,
IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8§ 08 138 | | 93 89 39 |

79. N. Gabyshev, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Andrej Gorisek,
Samo Korpar, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Dejan Zontar, (156 avtorjev) , Study of decay
mechanisms in B[sup]- [to] ([Lambda][sub]c)[sup]+p[bar][pi][sup]- decays and observation of low-mass
structure in the ([Lambda]sub]c)[sup]+ p[bar] system, Phys. rev. lett., (2006) vol. 97, no. 24, str. 242001-1-
242001-6, ISBN 0031-9007, COBISS-ID 20410151, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina:
1;x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 156 H H 13 8 4 |

80. K. lkado, Urban Bitenc, llija Bizjak, Marko Bracko, Sa8a Fratina, BoStjan Golob, Andrej GoriSek, Samo
Korpar, Peter Krizan, Rok Pestotnik, Marko Stari¢, Samo Stani¢, (184 avtorjev) , Evidence of the purely
leptonic decay B[sup]- [to] [tau][sup]- ([nu][bar])[sub][tau], Phys. rev. lett., (2006) vol. 97, no. 25, str.
251802-1-251802-6, ISBN 0031-9007, COBISS-ID 20411175, IF: 7.072, SE: Ul - physics, multidisciplinary ; 5/68
; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (Cl) (NC) (Cl) (NC)
8 08 184 122 117 51 145 140 62 |

81. Iris Abt, Andrej GoriSek, Samo Korpar, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, Marko Stari¢, Tomi
Zivko, (195 avtorjev) , Improved measurement of the bb[bar] production cross section in 920 GeV fixed-
target proton-nucleus collisions, Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 73, , str. 052005-1-
052005-17, ISBN 1550-7998, COBISS-ID 20222759, IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ;
Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ; &etrtina: 1 ; x=2.536 ;
IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov cistih citatov
! (TC) (CI) (NC) (C1) (NC)
8 08 195 13 6 2 13 9 4 |

82. Rolf Seuster, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Andrej GoriSek, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, (126 avtorjev) , Charm hadrons from fragmentation and B decays in
e[sup]t+e[sup]- annihilation at [square root]s=10.6 GeV, Phys. rev., D Part. fields gravit. cosmol., (2006) vol.
73, no. 3, str. 032002-1-032002-22, ISBN 1550-7998, COBISS-ID 19682599, IF: 4.896, SE: BU - astronomy &
astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ;
Getrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)

8 08 126 33 33 13 38 37 15 |




83. K. Abe, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Andrej GoriSek, Samo
Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (165 avtorjev) , Study of B[sup][plus
minus][to]D[sub](CP)K[sup][plus minus] and D*[sub](CP)K[sup][plus minus]decays, Phys. rev., D Part.
fields gravit. cosmol., (2006) vol. 73, no. 5, str. 051106-1-051106-6, ISBN 1550-7998, COBISS-ID 19786279, IF:
4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP -

physics, particles & fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,
&t WoS: st. Cistih normirano §t. Scopus: 5t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (CI) (NC) (CI) (NC)
8 08 165 23 19 7 27 24 9 |

84.S. Villa, Urban Bitenc, llija Bizjak, Marko Bracko, BoStjan Golob, Samo Korpar, Rok Pestotnik, Samo
Stani¢, Marko Stari¢, (139 avtorjev) , Search for the decay B[sup][compositium] [to][gamma][gamma],
Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 73, no. 5, str. 051107-1-051107-5, ISBN 1550-7998,
COBISS-ID 19786023, IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin:
3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ; €etrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

WoS: st.
citatov
(TC)

normirano st.
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1 |

normirano st.
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STD citatov (TC)

STK citatov

(C1)

citatov
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gistih

gistih

8 08 139 2 2 L 2 2

85. F. J. Ronga, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Andrej Gorisek,
Samo Korpar, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (160 avtorjev) , Measurement of CP violation in
B[sup][compositium] [to]D[sup](*-)[pil[sup]+ and B[sup][compositium] [to] D[sup]-[pi][sup]+ decays,
Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 73, no. 9, str. 092003-1-092003-17, ISBN 1550-7998,
COBISS-ID 19901479, IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin:
3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ; €etrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

St.

STD STK .
avtorjev

citatov
(TC)

WoS: st.

Cistih
citatov
(&)

normirano st.
Cistih citatov
(NC)

Scopus: st.
citatov (TC)

Cistih

citatov

(C1)

normirano st.
Cistih citatov
(NC)

8 08 1160 13 8 3 1 7 3 |

86. J. Dragi¢, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Andrej GoriSek, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (183 avtorjev) , Measurement of branching fraction and
direct CP asymmetry in B[sup]0 [to][rho][sup]O[pil[sup]Odecays, Phys. rev., D Part. fields gravit. cosmol.,
(2006) vol. 73, no. 11, str. 111105-1-111105-6, ISBN 1550-7998, COBISS-ID 20026663, IF: 4.896, SE: BU -

astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles &
fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,
&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8§ 08 18 3 3 1 0

87. E. Nakano, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Dejan Zontar, (142 avtorjev) , Charge asymmetry of
same-sign dileptons in B[sup][compositium]- B[bar][sup][compositium] mixing, Phys. rev., D Part. fields
gravit. cosmol., (2006) vol. 73, no. 11, str. 112002-1-112002-13, ISBN 1550-7998, COBISS-ID 20264743, IF:

4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP -
physics, particles & fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,
&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano §t.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (CI) (NC)
8 08 142 19 19 7 18 18 7

88. A. Poluektov, Urban Bitenc, llija Bizjak, Marko Bracko, Sa8a Fratina, BoStjan Golob, Andrej Goriek,
Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (159 avtorjev) , Measurement of
[phi][sub]3 with a Dalitz plot analysis of B[sup]+ [to] D[sup]([ast])K[sup]([ast]+) decay, Phys. rev., D Part.
fields gravit. cosmol., (2006) vol. 73, no. 11, str. 112009-1-112009-16, ISBN 1550-7998, COBISS-ID 20111911,



IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP -
physics, particles & fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 159 50 44 17 55 50 20

89. F. Fang, Urban Bitenc, llja Bizjak, Marko Bracko, Sasa Fratina, Peter Krizan, Rok Pestotnik, Samo
Stani¢, Marko Stari¢, (131 avtorjev) , Search for the h[sub]c meson in B[plus minus] [to] h[sub]c K[plus
minus], Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 74, no. 1, str. 012007-1-012007-7, ISBN 1550-
7998, COBISS-ID 20111655, IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin:
3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8§ 08 131 8 8 3 7 7 3 |

90. R. Kumar, Urban Bitenc, Marko Bracko, Sada Fratina, BoStjan Golob, Andrej Goridek, Rok Pestotnik,
Marko Stari¢, Anze Zupanc, (141 avtorjev) , Observation of B[sup][plus minus] [to] [chi][sub](c1)[pil[sup]
(plus minus] and search for direct CP violation, Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 74, no.
5, str. 051103-1-051103-6, ISBN 1550-7998, COBISS-ID 20251943, IF: 4.896, SE: BU - astronomy &
astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ;
Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 141 2 0 0 H | | |

91. S. Blyth, Urban Bitenc, llija Bizjak, Marko Bracko, SaSa Fratina, BoStjan Golob, Andrej Gorisek, Samo
Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (162 avtorjev) , Improved measurements
of color-suppressed decays (B[bar])[sup]0 [to] D[sup]0 [pil[sup]0, D[sup]0 [eta], D[sup]0 [omega], D[sup]
([ast]0) [pil[sup]O0, D[sup]([ast]0) [eta] and D[sup]([ast] 0) [omega], Phys. rev., D Part. fields gravit. cosmol.,
(2006) vol. 74, no. 9, str. 092002-1-092002-10, ISBN 1550-7998, COBISS-ID 20409639, IF: 4.896, SE: BU -
astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles &
fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat?)v (-TCi citatov ¢istih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 162 6 5 2 6 5 2 |

92. C.-M. Jen, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Anze Zupanc, (147 avtorjev) , Improved measurements of branching fractions and
CP partial rate asymmetries for B [to] [omega]K and B [to] [omega][pi], Phys. rev., D Part. fields gravit.
cosmol., (2006) vol. 74, no. 11, str. 111101-1-111101-6, ISBN 1550-7998, COBISS-ID 20411431, IF: 4.896, SE:
BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics,
particles & fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989 ; IFmax: 6.214,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
5 08 47 4 4 2 4 4 |

93. Y. Ushiroda, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik,
Marko Stari¢, Anze Zupanc, (154 avtorjev) , Time-dependent CP asymmetries in B[sup]0 [to] (K[sub]S)
[sup]O [pil[sup]0 [gamma], Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 74, no. 11, str. 111104-1-
111104-6, ISBN 1550-7998, COBISS-ID 20411687, IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ;
Cetrtina: 1 ; x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ; Eetrtina: 1 ; x=2.536 ;
IFmin: 3.989 ; IFmax: 6.214,

STD | STK

St.
avtorjev

Cistih
citatov

Scopus: st.
citatov (TC)

WoS: st. Cistih
citatov citatov

normirano st.
Cistih citatov

cistih citatov

normirano st.




| | () @y  (No) ey  (No)
8 08 154 16 14 6 21 20 8 |

94. R. Chistov, Urban Bitenc, llija Bizjak, Marko Bracko, Sa8a Fratina, Bostjan Golob, Andrej GoriSek,

Samo Korpar, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (146 avtorjev) , Observation of B[sup]+ [to] (([Xi]
[bar])[sub]c)[sup]0 ([Lambda][sub]c)[sup]+ and evidence for B[sup]0 [to](([Xi][bar])[sub]c)[sup]-
([Lambda][sub]c)[sup]+, Phys. rev., D Part. fields gravit. cosmol., (2006) vol. 74, no. 11, str. 111105-1-111105-
5, ISBN 1550-7998, COBISS-ID 20411943, IF: 4.896, SE: BU - astronomy & astrophysics ; 8/45 ; Cetrtina: 1 ;
x=2.819 ; IFmin: 3.865 ; IFmax: 16.914 UP - physics, particles & fields ; 5/21 ; Cetrtina: 1 ; x=2.536 ; IFmin: 3.989
; IFmax: 6.214,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 146 |7 4 2 7 4 2 |

95. Y. Miyazaki, Urban Bitenc, llija Bizjak, Marko BracCko, Sasa Fratina, BoStjan Golob, Andrej GoriSek,
Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari€, (167 avtorjev) , Search for lepton
and baryon number violating [tau][sup]- decays into [Lambda][bar][pi][sup]- and [Lambda] [pi][sup]-,
Phys. lett., Sect. B, (2006) vol. 632, no. 1, str. 51-57, ISBN 0370-2693, COBISS-ID 19551015, IF: 5.043, SE: Ul
- physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 167 4 4 2 5 5 2 |

96. R. Mizuk, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Andrej GoriSek, Samo
Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (177 avtorjev) , Search for the [Theta]
(1540)[sup]+ pentaquark using kaon secondary interactions at Belle, Phys. lett., Sect. B, (2006) vol. 632,
no 2/3, str. 173-180, ISBN 0370-2693, COBISS-ID 19550759, IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68
; Getrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
5 08 177 16 16 7 9 R |

97. N. Soni, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Andrej Gorisek, Samo
Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (151 avtorjev) , Measurement of branching
fractions for B [to][chi][sub](c1)(2))K(K[sup][ast]) at Belle, Phys. lett., Sect. B, (2006) vol. 634, no. 2/3, str.
155-164, ISBN 0370-2693, COBISS-ID 19737895, IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68 ; etrtina:
1;x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) o)) (NC) (CI) (NC)
8 08 151 0 0 0 5 4 2 |

98. Iris Abt, Andrej GoriSek, Samo Korpar, Peter Krizan, Rok Pestotnik, AleS Stanovnik, Marko Stari¢, Tomi
Zivko, (194 avtorjev) , Measurement of the [gamma]production cross section in 920 GeV fixed-target
proton-nucleus collissions, Phys. lett., Sect. B, (2006) vol. 638, , str. 13-21, ISBN 0370-2693, COBISS-ID
20222503, IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax:
33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 194 9 6 3 H | | |

99. Iris Abt, Andrej GoriSek, Samo Korpar, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, Marko Stari¢, Tomi
Zivko, (195 avtorjev) , Measurement of the J/[psi] production cross section in 920 GeV/c fixed-target
proton-nucleus interactions, Phys. lett., Sect. B, (2006) vol. 638, , str. 407-414, ISBN 0370-2693, COBISS-ID
20223015, IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax:



33.508,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatr:)v ('TCi citatov cistih citatov
) (TC) (C1) (NC) (C1) (NC)
8 08 195 11 7 3 10 7 3 |

100. Iris Abt, Andrej GoriSek, Samo Korpar, Peter Krizan, Rok Pestotnik, AleS Stanovnik, Marko Stari¢, Tomi
Zivko, (195 avtorjev) , Polarization of [Lambda] and [Lambda][underline] in 920 GeV fixed-target proton-
nucleus collissions, Phys. lett., Sect. B, (2006) vol. 638, , str. 415-421, ISBN 0370-2693, COBISS-ID
20222247, IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax:
33.508,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor:'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 195 4 3 1 H | | |

101. Y. Miyazaki, Urban Bitenc, llija Bizjak, Marko Bracko, Andrej Gorisek, Samo Korpar, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, (130 avtorjev) , Search for lepton flavor violating [tau][sup]- decays with a
(K[sub]S)[sup]0 meson, Phys. lett., Sect. B, (2006) vol. 639, no. 3/4, str. 159-164, ISBN 0370-2693, COBISS-
ID 20027943, IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax:
33.508,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 130 |9 9 4 ik 10 4 |

102. Y. Yusa, Urban Bitenc, llija Bizjak, Sa8a Fratina, Andrej Gorisek, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, (112 avtorjev) , Search for neutrinoless decays [tau] [to] Ihh and
[tau] [to]IV[sup]0, Phys. lett., Sect. B, (2006) vol. 640, , str. 138-144, ISBN 0370-2693, COBISS-ID 20112423,
IF: 5.043, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.274 ; IFmin: 1.926 ; IFmax: 33.508,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 112 14 12 5 15 13 6 |

103. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej Gorisek, AleS Stanovnik,
Marko Stari¢, Tomi Zivko, (195 avtorjev) , A measurement of the [psi]' to J/[psi] production ratio in 920
GeV proton-nucleus interactions, The European physical journal. C, (2007) vol. 49, no. 2, str. 545-558, ISBN
1434-6044, COBISS-ID 23356199, IF: 3.255, SE: UP - physics, particles & fields ; 9/24 ; ¢etrtina: 2 ; x=2.83 ;
IFmin: 1.988 ; IFmax: 3.485,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 195 16 11 4 17 13 5 |

104. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej GoriSek, Ales Stanovnik,
Marko Stari¢, Tomi Zivko, (195 avtorjev) , K[sup]([ast]0) and [phi] meson production in proton-nucleus
interactions at [square root] 2 = 41.6 GeV, The European physical journal. C, (2007) vol. 50, no. 2, str. 315-
328, ISBN 1434-6044, COBISS-ID 23355943, IF: 3.255, SE: UP - physics, particles & fields ; 9/24 ; Cetrtina: 2 ;
x=2.83 ; IFmin: 1.988 ; IFmax: 3.485,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 195 13 10 4 13 11 4 |

105. Iris Abt, Andrej GoriSek, Samo Korpar, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, Marko Staric,
Damijan Skrk, Tomi Zivko, (197 avtorjev) , Measurement of D[sup]0, D[sup]+, (D[sub]8)[sup]+ and D[sup]
([ast]+) production in fixed target 920 GeV proton-nucleus collisions, The European physical journal. C,



(2007) vol. 52, iss. 3, str. 531-542, ISBN 1434-6044, COBISS-ID 21239591, IF: 3.255, SE: UP - physics,
particles & fields ; 9/24 ; Cetrtina: 2 ; x=2.83 ; IFmin: 1.988 ; IFmax: 3.485,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 197 |9 8 3 9 9 3 |

106. T. Mori, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (158 avtorjev), High statistics
measurement of the cross sections of [gamma] [gamma] [to] [pil[sup]+ [pil[sup]-, J. Phys. Soc. Jpn.,
(2007) vol. 76, no. 7, str. 074102-1-074102-11, ISBN 0031-9015, COBISS-ID 20896295, IF: 2.212, SE: Ul -
physics, multidisciplinary ; 14/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 158 30 26 10 27 23 9 |

107. 1. Adachi, Andrej Goridek, Samo Korpar, Peter Krizan, Rok Pestotnik, (22 avtorjev) , A study of
proximity focusing RICH with aerogel radiator, Nucl. instrum, methods phys res., Sect. A, Accel., (2007)
issue 2, vol. 580, str. 1042-1045, ISBN 0168-9002, COBISS-ID 21261351, IF: 1.114, SE: OA - instruments &
instrumentation ; 23/55 ; Cetrtina: 2 ; x=1.034 ; IFmin: 0.832 ; IFmax: 1.384 RY - nuclear science & technology ;
4/31 ; etrtina: 1 ; x=0.663 ; IFmin: 1.008 ; IFmax: 1.643 UP - physics, particles & fields ; 18/24 ; Cetrtina: 3 ;
x=2.83 ; IFmin: 1.114 ; IFmax: 1.801 XQ - spectroscopy ; 25/39 ; Cetrtina: 3 ; x=1.967 ; IFmin: 0.817 ; IFmax:
1.269,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor:'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 22 0 0 0 0 0 0 |

108. Samo Korpar, Andrej GoriSek, Peter Krizan, Rok Pestotnik, (22 avtorjev) , A novel type of proximity
focusing RICH counter with multiple refractive index aerogel radiator, Nucl. instrum, methods phys res.,
Sect. A, Accel., (2007) vol. 572, no. 1, str. 429-431, ISBN 0168-9002, COBISS-ID 21861415, IF: 1.114, SE: OA -
instruments & instrumentation ; 23/55 ; éetrtina: 2 ; x=1.034 ; IFmin: 0.832 ; IFmax: 1.384 RY - nuclear science &
technology ; 4/31 ; Cetrtina: 1 ; x=0.663 ; IFmin: 1.008 ; IFmax: 1.643 UP - physics, particles & fields ; 18/24 ;
Cetrtina: 3 ; x=2.83 ; IFmin: 1.114 ; IFmax: 1.801 XQ - spectroscopy ; 25/39 ; Cetrtina: 3 ; x=1.967 ; IFmin: 0.817 ;
IFmax: 1.269,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 22 6 3 5 5 3 5 |

109. Samo Korpar, Andrej Goridek, Peter Krizan, Rok Pestotnik, (22 avtorjev) , Proximity focusing RICH
with TOF capabilities, Nucl. instrum, methods phys res., Sect. A, Accel., (2007) vol. 572, no. 1, str. 432-433,
ISBN 0168-9002, COBISS-ID 21861927, IF: 1.114, SE: OA - instruments & instrumentation ; 23/55 ; Cetrtina: 2 ;
x=1.034 ; IFmin: 0.832 ; IFmax: 1.384 RY - nuclear science & technology ; 4/31 ; Cetrtina: 1 ; x=0.663 ; IFmin:
1.008 ; IFmax: 1.643 UP - physics, particles & fields ; 18/24 ; Cetrtina: 3 ; x=2.83 ; IFmin: 1.114 ; IFmax: 1.801
XQ - spectroscopy ; 25/39 ; Cetrtina: 3 ; x=1.967 ; IFmin: 0.817 ; IFmax: 1.269,

&t WoS: st. Cistih normirano §t. Scopus: 5t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (Cl) (NC) (CI) (NC)
8 08 22 10 5 8 4 1 2 |
110. ===> Rok Pestotnik, Rok Dolenec, Peter Krizan, Andrej Petelin, (4 avtorjev), Silicon photomultiplier as

a position sensitive decetor of Cherenkov photons, Nucl. instrum, methods phys res., Sect. A, Accel., (2007)
vol. 581, , str. 457-460, ISBN 0168-9002, COBISS-ID 21262375, IF: 1.114, SE: OA - instruments &
instrumentation ; 23/55 ; Cetrtina: 2 ; x=1.034 ; IFmin: 0.832 ; IFmax: 1.384 RY - nuclear science & technology ;
4/31 ; Cetrtina: 1 ; x=0.663 ; IFmin: 1.008 ; IFmax: 1.643 UP - physics, particles & fields ; 18/24 ; Cetrtina: 3 ;
x=2.83 ; IFmin: 1.114 ; IFmax: 1.801 XQ - spectroscopy ; 25/39 ; Cetrtina: 3 ; x=1.967 ; IFmin: 0.817 ; IFmax:
1.269,



&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK tor.'ev citatov citatov Cistih citatov citatov (.TCi citatov Cistih citatov
avior] (TC) %)) (NC) ) (NC)
8 2 4 7 5 8 H | | |

111. Ichiro Adachi, Andrej GoriSek, Samo Korpar, Peter Krizan, Rok Pestotnik, (22 avtorjev) , A study of
proximity focusing RICH with a silica radiator, Nucl. instrum, methods phys res., Sect. A, Accel., (2007) vol.
581, issues 1-2, str. 415-418, ISBN 0168-9002, COBISS-ID 21262119, IF: 1.114, SE: OA - instruments &
instrumentation ; 23/55 ; etrtina: 2 ; x=1.034 ; IFmin: 0.832 ; IFmax: 1.384 RY - nuclear science & technology ;
4/31 ; etrtina: 1 ; x=0.663 ; IFmin: 1.008 ; IFmax: 1.643 UP - physics, particles & fields ; 18/24 ; Cetrtina: 3 ;
x=2.83 ; IFmin: 1.114 ; IFmax: 1.801 XQ - spectroscopy ; 25/39 ; Cetrtina: 3 ; x=1.967 ; IFmin: 0.817 ; IFmax:
1.269,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatov (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 22 1 1 2 2 1 2 |

112. Iris Abt, Andrej GoriSek, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Ale§ Stanovnik,
Marko Starig, Tomi Zivko, (196 avtorjev) , Luminosity determination at HERA-B, Nucl. instrum, methods phys
res., Sect. A, Accel., (2007) vol. 582, no. 2, str. 401-412, ISBN 0168-9002, COBISS-ID 21423911, IF: 1.114, SE:
OA - instruments & instrumentation ; 23/55 ; Cetrtina: 2 ; x=1.034 ; IFmin: 0.832 ; IFmax: 1.384 RY - nuclear
science & technology ; 4/31 ; Cetrtina: 1 ; x=0.663 ; IFmin: 1.008 ; IFmax: 1.643 UP - physics, particles & fields ;
18/24 ; Cetrtina: 3 ; x=2.83 ; IFmin: 1.114 ; IFmax: 1.801 XQ - spectroscopy ; 25/39 ; Cetrtina: 3 ; x=1.967 ; IFmin:
0.817 ; IFmax: 1.269,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 196 3 1 2 3 2 3 |

113. Peter Krizan, Andrej GoriSek, Samo Korpar, Rok Pestotnik, (24 avtorjev) , Proximity focusing RICH
with TOF capabilities : [presented at 10th Topical Seminar on Innovative Particle and Radiation
Detectors, 1-5 October 2006, Siena, Italy], Nucl. phys., B Proc. suppl., (2007) vol. 172, , str. 227-230, ISBN
0920-5632, COBISS-ID 21308711,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
0 o0 24 0 0 0 |

114. K.-F. Chen, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (200 avtorjev) , Observation of time-
dependent CP violation in B[sup]O0 [to] [eta][prime] K[sup]0 decays and improved measurements of CP
asymmetries in B[sup]O0 [to] [phi] (K[sub]S)[sup]0, (K[sub]S)[sup]0 (K[sub]S)[sup]0 (K[sub]S)[sup]0 and
B[sup]0 [to] J/[psi] K[sup]O decays, Phys. rev. lett., (2007) vol. 98, no. 3, str. 031802-1-031802-6, ISBN 0031-
9007, COBISS-ID 20470055, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin:
1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
] (TC) (cI) (NC) (cI) (NC)
8 08 200 71 61 24 88 82 33 |

115. A. Drutskoy, Urban Bitenc, llja Bizjak, Marko Bracko, SaSa Fratina, Bostjan Golob, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (180 avtorjev) , Measurement of
inclusive D[sub]s, D[sup]0 and J/[psi] rates and determination of the (B[sub]s)[sup]([ast]) ((B[bar])
[sub]s)[sup]([ast]) production fraction in b b[bar] events at the [Upsilon](5S) resonance, Phys. rev. lett.,
(2007) vol. 98, no. 5, str. 052001-1-052001-6, ISBN 0031-9007, COBISS-ID 20518951, IF: 6.944, SE: Ul -
physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)




8 08 180 18 9 4 2 15 6

116. Galina Pakhlova, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Peter Krizan,

Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (155 avtorjev) , Measurement of the near-
threshold e[sup]+ e[sup]- [to] D[sup](([ast])[pm]) D[sup](([ast])[mp]) cross section using initial-state
radiation, Phys. rev. lett., (2007) vol. 98, no. 9, str. 092001-1-092001-6, ISBN 0031-9007, COBISS-ID
20589863, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax:
38.403,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 155 43 36 14 74 65 26

117. M.-C. Chang, Urban Bitenc, llja Bizjak, Sasa Fratina, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari€¢, Anze Zupanc, (171 avtorjev) , Observation of the decay B[sup]0 [to] J/[psi]
[eta], Phys. rev. lett., (2007) vol. 98, no. 13, str. 131803-1-131803-5, ISBN 0031-9007, COBISS-ID 20709927,
IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 171 6 4 2 5 3 1

118. O. Tajima, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (166 avtorjev) , Search for invisible decay of the
[Upsilon](1S), Phys. rev. lett., (2007) vol. 98, no. 13, str. 132001-1-132001-6, ISBN 0031-9007, COBISS-ID
20710183, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax:
38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 166 17 16 6 22 21 8

119. S.-W. Lin, Urban Bitenc, llja Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (163 avtorjev) , Observation of B decays
to two kaons, Phys. rev. lett., (2007) vol. 98, no. 18, str. 181804-1-181804-6, ISBN 0031-9007, COBISS-ID
20795175, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax:
38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 163 10 21 20 8

120. H. Ishino, Urban Bitenc, llija Bizjak, Marko Brac¢ko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (162 avtorjev) , Observation of direct CP
violation in B[sup]O0 [to] [pil[sup]+ [pil[sup]- decays and model-independent constraints on the quark-
mixing angle [phi][sub]2, Phys. rev. lett., (2007) vol. 98, no. 21, str. 211801-1-211801-6, ISBN 0031-9007,

COBISS-ID 20794919, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; €etrtina: 1 ; x=2.515 ; IFmin: 1.936 ;

IFmax: 38.403,
&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano §t.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 162 27 25 10 35 33 13 |

121. Marko Stari¢, Bostjan Golob, Urban Bitenc, Marko Bracko, Sasa Fratina, Andrej GoriSek, Samo Korpar,

Peter Krizan, Rok Pestotnik, Samo Stani¢, AnZe Zupanc, (188 avtorjev) , Evidence for D[sup]0 -(D[bar])
[sup]0 mixing, Phys. rev. lett., (2007) vol. 98, no. 21, str. 211803-1-211803-6, ISBN 0031-9007, COBISS-ID
20795943, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax:
38.403,



&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 188 109 98 39 132 124 49 |

122. A. Kusaka, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (172 avtorjev) , Measurement of CP
asymmetry in a time-dependent Dalitz analysis of B[sup]0 [to] ([rho] [pi])[sup]0 and a constraint on the
quark mixing matrix angle [phi][sup]2, Phys. rev. lett., (2007) vol. 98, no. 22, str. 221602-1-221602-6, ISBN
0031-9007, COBISS-ID 20796199, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515;
IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 172 16 13 5 19 16 6 |

123. Sada Fratina, Urban Bitenc, llija Bizjak, Marko Bracko, BoStjan Golob, Andrej GoriSek, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (157 avtorjev), Evidence for CP
Violation in B[sup]0 [to] D[sup]+ D[sup]- decays, Phys. rev. lett., (2007) vol. 98, no. 22, str. 221802-1-
221802-6, ISBN 0031-9007, COBISS-ID 20796455, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina:
1;x=2.515; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 157 15 12 5 17 14 6 |

124. R. Mizuk, Urban Bitenc, llija Bizjak, Marko Bracko, SaSa Fratina, BoStjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (151 avtorjev) , Experimental constraints
on the spin and parity of the [Lambda][sub]c (2880)[sup]+, Phys. rev. lett., (2007) vol. 98, no. 26, str.
262001-1-262001-6, ISBN 0031-9007, COBISS-ID 20859175, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69
; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
5 08 151 24 2 9 2 R |

125. M. Shapkin, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (156 avtorjev) , Measurement of the [tau] lepton mass
and an upper limit on the mass difference between [tau][sup]+ and [tau][sup]-, Phys. rev. lett., (2007) vol.
99, no. 1, str. 011801-1-011801-6, ISBN 0031-9007, COBISS-ID 20895783, IF: 6.944, SE: Ul - physics,
multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatr:)v ('TCi citatov cistih citatov
) (TC) (C1) (NC) (C1) (NC)
8 08 156 7 7 3 12 12 5

126. S.-W. Lin, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (157 avtorjev) , Measurements of
branching fractions for B [to] K [pi] and B [to] [pi] [pi] decays, Phys. rev. lett., (2007) vol. 99, no. 12, str.
121601-1-121601-5, ISBN 0031-9007, COBISS-ID 21056295, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69
; Getrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 157 7 4 2 20 16 6 |

127. A. Go, Urban Bitenc, llija Bizjak, Marko Bracko, SaSa Fratina, Bostjan Golob, Andrej Goridek, Samo
Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (159 avtorjev),
Measurement of Einstein-Podolsky-Rosen-type flavor entanglement in [Upsilon](4S) [to] B[sup]0 (B[bar])



[sup]0 decays, Phys. rev. lett., (2007) vol. 99, no. 13, str. 131802-1-131802-6, ISBN 0031-9007, COBISS-ID
21109287, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax:
38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 159 8 8 3 9 9 4 |

128. L. M. Zhang, Urban Bitenc, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter Krizan,
Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (176 avtorjev) , Measurement of D[sup]0 - (D[bar])
[sup]0 mixing parameters in D[sup]0 [to] K[sub]S [pi][sup]+ [pi][sup]- decays, Phys. rev. lett., (2007) vol.
99, no. 13, str. 131803-1-131803-6, ISBN 0031-9007, COBISS-ID 21109543, IF: 6.944, SE: Ul - physics,
multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 176 36 33 13 65 62 25 |

129. X. L. Wang, Urban Bitenc, Marko Bra¢ko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic¢,
Marko Stari¢, Anze Zupanc, (147 avtorjev) , Observation of two resonant structures in e[sup]+ e[sup]- [to]
[pil[sup]+ [pil[sup]- [psi] (2S) via initial-state radiation at Belle, Phys. rev. lett., (2007) vol. 99, no. 14, str.
142002-1-142002-5, ISBN 0031-9007, COBISS-ID 21143847, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69
; Getrtina: 1 ; x=2.515; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 147 61 53 21 120 111 44 |

130. A. Matyja, Urban Bitenc, Marko BracCko, SaSa Fratina, BoStjan Golob, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, AnZe Zupanc, (145 avtorjev) , Observation of B[sup]0 [to] D[sup]
([ast]-) [tau][sup]+ [nu][sub][tau] decay at Belle, Phys. rev. lett., (2007) vol. 99, no. 19, str. 191807-1-191807-
5, ISBN 0031-9007, COBISS-ID 21236007, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ;
x=2.515; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (Cl) (NC) (Cl) (NC)
8 08 145 16 15 6 26 25 10 |

131. O. Tajima, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZze Zupanc, (159 avtorjev) , Search for the CP-violating decays [Upsilon](4S)
[to] B[sup]O (B[bar])[sup]0 [to] J/[psi] (K[sub]S)[sup]0 + J/[psi]([eta][sub]c) (K[sub]S)[sup]0, Phys. rev.
lett., (2007) vol. 99, no. 21, str. 211601-1-211601-5, ISBN 0031-9007, COBISS-ID 21253415, IF: 6.944, SE: Ul -
physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatov ('Tci citatov Cistih citatov
) (TC) (cn (NC) @) (NC)
8 08 159 0 0 0 H H H |

132. K.-F. Chen, Urban Bitenc, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter Krizan,
Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (156 avtorjev) , Search for B [to] h[sup](([ast]))
[nu] [nu][bar] decays at Belle, Phys. rev. lett., (2007) vol. 99, no. 22, str. 221802-1-221802-5, ISBN 0031-
9007, COBISS-ID 21296167, IF: 6.944, SE: Ul - physics, multidisciplinary ; 5/69 ; Cetrtina: 1 ; x=2.515 ; IFmin:
1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) ()] (NC) (CI) (NC)

8 08 156 28 28 11 33 33 13 |




133. K. S. Park, Urban Bitenc, Marko Bracko, SaSa Fratina, BoStjan Golob, Samo Korpar, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZe Zupanc, (146 avtorjev) , Study of the charmed baryonic decays (B[bar])
[sup]0 [to] ([Sigma][sub]c)[sup](++) p[bar] [pi][sup]- and (B[bar])[sup]0 [to] ([Sigma][sub]c)[sup]0 p[bar]
[pil[sup]+, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 75, no. 1, str. 011101-1-011101-6, ISBN 1550-
7998, COBISS-ID 20443431, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin:
3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 146 8 4 2 7 4 2 |

134. A. Garmash, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZze Zupanc, (169 avtorjev) , Dalitz analysis of three-body charmless B[sup]0
[to] K[sup]0 [pil[sup]+ [pil[sup]- decay, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 75, no. 1, str.
012006-1-012006-10, ISBN 1550-7998, COBISS-ID 20589607, IF: 4.696, SE: BU - astronomy & astrophysics ;
9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ;
x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 169 31 28 11 28 25 10 |

135. Q. L. Xie, Urban Bitenc, llija Bizjak, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo
Stani¢, Marko Stari¢, Anze Zupanc, (159 avtorjev) , Search for B[sup]+ [to] J/[psi] [eta][prime] K[sup]+ and
B[sup]0 [to] J/[psi][eta][prime] (K[sub]S)[sup]0 decays, Phys. rev., D Part. fields gravit. cosmol., (2007) vol.
75, no. 1, str. 017101-1-017101-6, ISBN 1550-7998, COBISS-ID 20497959, IF: 4.696, SE: BU - astronomy &
astrophysics ; 9/48 ; €etrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ;
Getrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 159 1 1 1 0 |

136. P. Urquijo, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (170 avtorjev) , Moments of the electron
energy spectrum and partial branching fraction of B [to] X[sub]c e [nu] decays at the Belle detector,
Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 75, no. 3, str. 032001-1-032001-16, ISBN 1550-7998,
COBISS-ID 20585767, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin:
3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) ()] (NC) (CI) (NC)
8 08 170 10 7 3 14 11 4 |

137. C. Schwanda, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Peter Krizan,
Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (146 avtorjev) , Moments of the hadronic
invariant mass spectrum in B [to] X[sub]c | [nu] decays at Belle, Phys. rev., D Part. fields gravit. cosmol.,
(2007) vol. 75, no. 3, str. 032005-1-032005-9, ISBN 1550-7998, COBISS-ID 20586023, IF: 4.696, SE: BU -
astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles &
fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD | STK avtor:'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 146 10 7 3 H | | |

138. T. Mori, Urban Bitenc, llija Bizjak, Marko Bracko, SaSa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZe Zupanc, (154 avtorjev) , High statistics study of the
f[sub]0 (980) resonance in [gamma] [gamma] [to] [pil[sup]+ [pil[sup]- production, Phys. rev., D Part. fields
gravit. cosmol., (2007) vol. 75, no. 5, str. 051101-1-051101-6, ISBN 1550-7998, COBISS-ID 20628519, IF:
4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP -



physics, particles & fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citatr:)v ('TCi citatov Cistih citatov
] (TC) () (NC) () (NC)
8 08 154 38 31 12 39 33 13 |

139. Anatoly Sokolov, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Anze Zupanc, (143 avtorjev) , Observation of the decay
[Upsilon](4S) [to] [Upsilon](1S) [pil[sup]+ [pil[sup]-, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 75,
no. 7, str. 071103-1-071103-6, ISBN 1550-7998, COBISS-ID 20710695, IF: 4.696, SE: BU - astronomy &
astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ;
Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 143 15 13 5 17 15 6 |

140. P. Chang, Urban Bitenc, llija Bizjak, Marko Bracko, Sa8a Fratina, Andrej GoriSek, Samo Korpar, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (143 avtorjev) , Improved measurements of branching
fractions and CP asymmetries in B [to] [eta] h decays, Phys. rev., D Part. fields gravit. cosmol., (2007) vol.
75, no. 7, str. 071104-1-071104-7, ISBN 1550-7998, COBISS-ID 20722471, IF: 4.696, SE: BU - astronomy &
astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ;
Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 143 7 E 2 11 9 3 |

141. AnZze Zupanc, Urban Bitenc, llija Bizjak, Marko Bracko, SaSa Fratina, Bostjan Golob, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, (148 avtorjev) , Improved measurement of (B[bar])
[sup]O [to] (D[sub]s)[sup]- D[sup]+ and search for (B[bar])[sup]0 [to] (D[sub]s)[sup]+ (D[sub]s)[sup]- at
Belle, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 75, no. 9, str. 091102-1-091102-7, ISBN 1550-7998,
COBISS-ID 20740903, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin:

3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 148 6 6 2 6 6 2 |

142. J. Schumann, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (145 avtorjev) , Search for for B
decays into [eta][sup][prime] [rho], [eta][sup][prime] K[sup][ast], [eta][sup][prime] [phi], [eta][sup]
[prime] [omega] and [eta][sup][prime] [eta][sup](([prime])), Phys. rev., D Part. fields gravit. cosmol., (2007)
vol. 75, no. 9, str. 092002-1-092002-8, ISBN 1550-7998, COBISS-ID 20795431, IF: 4.696, SE: BU - astronomy
& astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ;
Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 145 6 6 2 7 7 3 |

143. C. H. Wang, Urban Bitenc, Marko Bracko, Sasa Fratina, BoStjan Golob, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Anze Zupanc, (133 avtorjev) , Measurement of charmless B decays to [eta] K[sup][ast] and
[eta] [rho], Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 75, no. 9, str. 092005-1-092005-10, ISBN 1550-
7998, COBISS-ID 20795687, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin:
3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Eetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov cistih citatov
] (TC) (CI) (NC) (CI) (NC)




8 08 133 6 6 2 6 6 2 |

144. A. Somov, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Marko Stari¢, AnZze Zupanc, (141 avtorjev) , Improved mesurement of CP-violating
parameters in B [to] [rho][sup]+ [rho][sup]- decays, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 76,
no. 1, str. 011104-1-011104-7, ISBN 1550-7998, COBISS-ID 20896807, IF: 4.696, SE: BU - astronomy &
astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ;
Getrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 141 8 6 2 9 8 3 |

145. A. Drutskoy, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (137 avtorjev) , Measurements of
exclusive (B[sub]s)[sup]0 decays at the [Upsilon](5S) resonance, Phys. rev., D Part. fields gravit. cosmol.,
(2007) vol. 76, no. 1, str. 012002-1-012002-9, ISBN 1550-7998, COBISS-ID 20896039, IF: 4.696, SE: BU -
astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles &
fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat’:)v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 137 |10 6 2 11 7 3 |

146. A. Kuzmin, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik,

Samo Stani¢, Marko Stari¢, AnZze Zupanc, (164 avtorjev) , Study of (B[bar])[sup]0 [to] D[sup]0 [pi]l[sup]+
[pil[sup]- decays, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 76, no. 1, str. 012006-1-012006-11, ISBN
1550-7998, COBISS-ID 20988967, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ;
IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax:
12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 164 ik 9 3 7 7 3 |

147. T. Medvedeva, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, BoStjan Golob, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZze Zupanc, (148 avtorjev) , Observation of the decay (B[bar])[sup]O0 [to]
(D[sub]s)[sup]+ [Lambda] p[bar],, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 76, no. 5, str. 051102-1-
051102-5, ISBN 1550-7998, COBISS-ID 21056551, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ;
Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; ¢etrtina: 1 ; x=2.83 ;
IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 148 3 3 3 1 |

148. M.-Z. Wang, llija Bizjak, Marko Bracko, Sasa Fratina, Peter Krizan, Rok Pestotnik, Marko Stari¢, Anze
Zupanc, (138 avtorjev) , Study of B[sup]+ [to] p [Lambda][bar] [gamma], p [Lambda][bar] [pi][sup]0 and
B[sup]0 [to] p [Lambda][bar] [pi]l[sup]-, Phys. rev., D Part. fields gravit. cosmol., (2007) vol. 76, no. 5, str.
052004-1-052004-8, ISBN 1550-7998, COBISS-ID 21091367, IF: 4.696, SE: BU - astronomy & astrophysics ;
9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ;
x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 138 13 11 4 12 10 4 |

149. J. Dalseno, Urban Bitenc, llija Bizjak, Marko Bracko, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko
Stari¢, Anze Zupanc, (128 avtorjev) , Measurement of branching fraction and time-dependent CP



asymmetry parameters in B[sup]0 [to] D[sup]([ast]+) D[sup]([ast]-) (K[sub]S)[sup]0 decays, Phys. rev., D
Part. fields gravit. cosmol., (2007) vol. 76, no. 7, str. 072004-1-072004-9, ISBN 1550-7998, COBISS-ID
21168935, IF: 4.696, SE: BU - astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax:
20.29 UP - physics, particles & fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 128 7 5 2 8 6 2 |

150. Y. Chao, Urban Bitenc, llija Bizjak, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (151 avtorjev) , Measurements of time-
dependent CP violation in B[sup]0 [to] [omega] (K[sub]S)[sup]0 , f[sub](980) (K[sub]S)[sup]0, (K[sub]S)
[sup]O0 [pil[sup]0 and K[sup]+ K[sup]- (K[sub]S)[sup]0 decays, Phys. rev., D Part. fields gravit. cosmol.,
(2007) vol. 76, no. 9, str. 091103-1-091103-7, ISBN 1550-7998, COBISS-ID 21295655, IF: 4.696, SE: BU -
astronomy & astrophysics ; 9/48 ; Cetrtina: 1 ; x=2.624 ; IFmin: 3.483 ; IFmax: 20.29 UP - physics, particles &
fields ; 4/24 ; Cetrtina: 1 ; x=2.83 ; IFmin: 4.101 ; IFmax: 12.885,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
] (TC) (Cl) (NC) (C1) (NC)
8 08 151 6 3 1 16 13 5 |

151. N. Satoyama, Urban Bitenc, llja Bizjak, Marko Bracko, Sasa Fratina, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (154 avtorjev) , A search for the rare leptonic decays
B[sup]+ [to] [mu][sup]+ [nu][sub][mu] and B[sup]+ [to] e[sup]+ [nu][sub]e, Phys. lett., Sect. B, (2007) vol.
647, iss. 2/3, str. 67-73, ISBN 0370-2693, COBISS-ID 20740647, IF: 4.189, SE: Ul - physics, multidisciplinary ;
8/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) ()] (NC) (CI) (NC)
8 08 154 6 6 2 8 8 3 |

152. T. Hokuue, Urban Bitenc, llija Bizjak, Marko Bracko, Andrej Gorisek, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, (157 avtorjev) , Measurements of branching fractions and q[sup]2
distributions for B [to] [pi] | [nu] and B [to] [rho] | [nu] decays with B [to] D[sup](([ast])) | [nu] decay
tagging, Phys. lett., Sect. B, (2007) vol. 648, no. 2/3, str. 139-148, ISBN 0370-2693, COBISS-ID 20721959, IF:
4.189, SE: Ul - physics, multidisciplinary ; 8/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 157 26 25 10 26 25 10 |

153. Y. Miyazaki, Urban Bitenc, llija Bizjak, Marko Bracko, SasSa Fratina, Andrej GoriSek, Samo Korpar,
Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (132 avtorjev), Search for lepton
flavor violating [tau][sup]- decays into I[sup]- [eta], I[sup]- [eta][sup][prime] and I[sup]- [pi][sup]0, Phys.
lett., Sect. B, (2007) vol. 648, no. 5/6, str. 341-350, ISBN 0370-2693, COBISS-ID 20722215, IF: 4.189, SE: Ul -
physics, multidisciplinary ; 8/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 132 17 16 6 21 20 8 |

154. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej GoriSek, AleS Stanovnik,
Marko Stari¢, Tomi Zivko, (197 avtorjev) , Bottom production cross section from double muonic decays of
b-flavoured hadrons in 920 GeV proton-nucleus collisions, Phys. lett., Sect. B, (2007) vol. 650, no. 2/3, str.
103-110, ISBN 0370-2693, COBISS-ID 23355175, IF: 4.189, SE: Ul - physics, multidisciplinary ; 8/69 ; Cetrtina: 1
; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov cistih citatov
] (TC) (CI) (NC) (CI) (NC)




8 08 197 4 4 2 4 4 2 |

155. W. T. Chen, Urban Bitenc, llja Bizjak, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo
Stani¢, Marko Stari¢, Anze Zupanc, (145 avtorjev) , A study of [gamma] [gamma] [to] (K[sub]S)[sup]0
(K[sub]S)[sup]0 production at energies from 2.4 to 4.0 GeV at Belle, Phys. lett., Sect. B, (2007) vol. 651, iss.
1, str. 15-21, ISBN 0370-2693, COBISS-ID 20896551, IF: 4.189, SE: Ul - physics, multidisciplinary ; 8/69 ;
Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax: 38.403,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 145 (12 E 2 13 6 2 |

156. D. Epifanov, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZe Zupanc, (155 avtorjev) , Study of [tau][sup]- [to] K[sub]S [pi][sup]- [nu]
[sub][tau] decay at Belle, Phys. lett., Sect. B, (2007) vol. 654, iss. 3/4, str. 65-73, ISBN 0370-2693, COBISS-ID
21143591, IF: 4.189, SE: Ul - physics, multidisciplinary ; 8/69 ; Cetrtina: 1 ; x=2.515 ; IFmin: 1.936 ; IFmax:
38.403,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (Cl) (NC) (Cl) (NC)
8 08 155 34 32 13 48 46 18 |

157. S. Uehara, Urban Bitenc, Marko Bracko, Sasa Fratina, BoStjan Golob, Samo Korpar, Peter Krizan,
Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (152 avtorjev) , Study of charmonia in four-
meson final states produced in two-photon collisions, The European physical journal. C, ([in press] 2008)
vol. 53, , 14 str., ISBN 1434-6044, COBISS-ID 21309735, IF: 2.805, SE: UP - physics, particles & fields ; 11/25 ;
Getrtina: 2 ; x=2.706 ; IFmin: 2.015 ; IFmax: 3.388,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 152 12 8 3 12 9 3 |

158. S.-W. Lin, Urban Bitenc, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (187 avtorjev) , Difference in direct charge-parity
violation between charged and neutral B meson decays, Nature (Lond.), (2008) vol. 452, , str. 332-335,
ISBN 0028-0836, COBISS-ID 21553703, IF: 31.434, SE: RO - multidisciplinary sciences ; 1/42 ; Cetrtina: 1 ;
x=2.705 ; IFmin: 1.83 ; IFmax: 31.434,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 187 54 48 69 63 93 |

159. Samo Korpar, Rok Dolenec, K. Hara, Toru lijima, Peter Krizan, Y. Mazuka, Rok Pestotnik, Ales
Stanovnik, M. Yamaoka, (9 avtorjev) , Measurement of Cherenkov photons with silicon photomultipliers,
Nucl. instrum, methods phys res., Sect. A, Accel., (2008) vol. 594, no. 1, str. 13-17, ISBN 0168-9002, COBISS-
ID 22075431, IF: 1.019, SE: OA - instruments & instrumentation ; 30/56 ; Cetrtina: 3 ; x=1.318 ; IFmin: 0.586 ;
IFmax: 1.037 RY - nuclear science & technology ; 8/30 ; etrtina: 1 ; x=0.803 ; IFmin: 1.019 ; IFmax: 2.178 UP -
physics, particles & fields ; 18/25 ; Cetrtina: 3 ; x=2.706 ; IFmin: 1.015 ; IFmax: 1.803 XQ - spectroscopy ; 28/39 ;
Getrtina: 3 ; x=2.097 ; IFmin: 0.866 ; IFmax: 1.492,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD | STK avton:'ev citatov citatov Cistih citatov citatrc)av (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (CI) (NC)
8 0889 9 12 5 6 14 7 9 |

160. Toru lijima, Rok Dolenec, Andrej Petelin, Andrej GoriSek, Samo Korpar, Peter KriZzan, Rok Pestotnik,
(23 avtorjev) , Studies of a proximity focusing RICH with aerogel radiator for future Belle upgrade, Nucl.
instrum, methods phys res., Sect. A, Accel., (2008) vol. 595, no. 1, str. 92-95, ISBN 0168-9002, COBISS-ID
22074407, IF: 1.019, SE: OA - instruments & instrumentation ; 30/56 ; Cetrtina: 3 ; x=1.318 ; IFmin: 0.586 ;
IFmax: 1.037 RY - nuclear science & technology ; 8/30 ; etrtina: 1 ; x=0.803 ; IFmin: 1.019 ; IFmax: 2.178 UP -



physics, particles & fields ; 18/25 ; etrtina: 3 ; x=2.706 ;

IFmin: 1.015;

IFmax: 1.803 XQ - spectroscopy ; 28/39 ;

Getrtina: 3 ; x=2.097 ; IFmin: 0.866 ; IFmax: 1.492,
&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 23 5 5 6 6 6 7

161. Samo Korpar, Rok Dolenec, K. Hara, Toru lijima, Peter Krizan, Y. Mazuka, Rok Pestotnik, Ale$
Stanovnik, M. Yamaoka, (9 avtorjev) , Silicon photomultiplier as a detector of Cherenkov photons, Nucl.
instrum, methods phys res., Sect. A, Accel., (2008) vol. 595, no. 1, str. 161-164, ISBN 0168-9002, COBISS-ID
22005031, IF: 1.019, SE: OA - instruments & instrumentation ; 30/56 ; Cetrtina: 3 ; x=1.318 ; IFmin: 0.586 ;
IFmax: 1.037 RY - nuclear science & technology ; 8/30 ; Cetrtina: 1 ; x=0.803 ; IFmin: 1.019 ; IFmax: 2.178 UP -
physics, particles & fields ; 18/25 ; Cetrtina: 3 ; x=2.706 ; IFmin: 1.015 ; IFmax: 1.803 XQ - spectroscopy ; 28/39 ;

Getrtina: 3 ; x=2.097 ; IFmin: 0.866 ; IFmax: 1.492,
&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cn (NC) ), (NC)
8 0889 9 15 13 16 14 13 16

162. Samo Korpar, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, (4 avtorjev) , Timing and cross-talk
properties of BURLE multi-channel MCP PMTs, Nucl. instrum, methods phys res., Sect. A, Accel., (2008) vol.
595, no. 1, str. 169-172, ISBN 0168-9002, COBISS-ID 22074663, IF: 1.019, SE: OA - instruments &
instrumentation ; 30/56 ; Cetrtina: 3 ; x=1.318 ; IFmin: 0.586 ; IFmax: 1.037 RY - nuclear science & technology ;
8/30 ; Cetrtina: 1 ; x=0.803 ; IFmin: 1.019 ; IFmax: 2.178 UP - physics, particles & fields ; 18/25 ; Cetrtina: 3 ;
x=2.706 ; IFmin: 1.015 ; IFmax: 1.803 XQ - spectroscopy ; 28/39 ; Cetrtina: 3 ; x=2.097 ; IFmin: 0.866 ; IFmax:

1.492,

STD

STK

St.
avtorjev

WoS: st.
citatov
(TC)

Cistih
citatov
(Ch)

normirano §t.
Cistih citatov
(NC)

Scopus: st.
citatov (TC)

Cistih
citatov
(%))

normirano S§t.
Cistih citatov
(NC)

2

4

9

12

3

4

163.

> Rok Pestotnik, Peter Krizan, Samo Korpar, Toru lijima, (4 avtorjev) , Design optimization of the

proximity focusing RICH with dual aerogel radiator using a maximum-likelihood analysis of Cherenkov

rings, Nucl. instrum, methods phys res., Sect. A, Accel.,

(2008) vol. 595, no. 1, str. 256-259, ISBN 0168-9002,

COBISS-ID 22074919, IF: 1.019, SE: OA - instruments & instrumentation ; 30/56 ; Cetrtina: 3 ; x=1.318 ; IFmin;
0.586 ; IFmax: 1.037 RY - nuclear science & technology ; 8/30 ; etrtina: 1 ; x=0.803 ; IFmin: 1.019 ; IFmax:
2.178 UP - physics, particles & fields ; 18/25 ; Cetrtina: 3 ; x=2.706 ; IFmin: 1.015 ; IFmax: 1.803 XQ -
spectroscopy ; 28/39 ; Cetrtina: 3 ; x=2.097 ; IFmin: 0.866 ; IFmax: 1.492,
&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD | STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov cistih citatov
] (TC) (Cl) (NC) (CI) (NC)
8 2 4 3 1 1 3 1 1
164. ===> Rok Pestotnik, Samo Korpar, Peter Krizan, Rok Dolenec, (4 avtorjev) , Cherenkov detector of

[sup](90)Sr based on aerogel as radiator, Nucl. instrum, methods phys res., Sect. A, Accel., (2008) vol. 595,
no. 1, str. 278-280, ISBN 0168-9002, COBISS-ID 22075175, IF: 1.019, SE: OA - instruments & instrumentation ;
30/56 ; Cetrtina: 3 ; x=1.318 ; IFmin: 0.586 ; IFmax: 1.037 RY - nuclear science & technology ; 8/30 ; Cetrtina: 1 ;
x=0.803 ; IFmin: 1.019 ; IFmax: 2.178 UP - physics, particles & fields ; 18/25 ; Cetrtina: 3 ; x=2.706 ; IFmin: 1.015

; IFmax: 1.803 XQ - spectroscopy ; 28/39 ; Cetrtina: 3 ; x=2.097 ;

IFmin: 0.866 ;

IFmax: 1.492,

STD

STK

St.
avtorjev

WoS: st.

citatov
(TC)

Cistih
citatov
(Cn

normirano st.
cistih citatov
(NC)

Scopus: st.
citatov (TC)

Cistih
citatov
(cn

normirano st.
cistih citatov
(NC)

2 4 0 0 0 0 0 0

165. Galina Pakhlova, Urban Bitenc, Marko Bracko, BoStjan Golob, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Anze Zupanc, (139 avtorjev) , Observation of [psi](4415) [to] D (D[bar])[sup][ast]
[sub]2 (2460) decay using initial-state radiation, Phys. rev. lett., (2008) vol. 100, no. 6, str. 062001-1-062001-
6, ISBN 0031-9007, COBISS-ID 21484327, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; ¢etrtina: 1 ;
x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,



&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 139 27 24 10 29 26 10 |

166. J. Brodzicka, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Anze Zupanc, (153 avtorjev) , Observation of a new D[sub](s J) meson in B[sup]+ [to]
(D[bar])[sup]0 D[sup]0 K[sup]+ decay, Phys. rev. lett., (2008) vol. 100, no. 9, str. 092001-1-092001-6, ISBN
0031-9007, COBISS-ID 21552935, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.484 ;
IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (Cl) (NC)
8 08 153 41 39 16 44 43 17 |

167. K.-F. Chen, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZze Zupanc, (151 avtorjev) , Observation of anomalous [Upsilon](1S) [pi]
[sup]+ [pil[sup]- and [Upsilon](2S) [pi]l[sup]+ [pil[sup]- production near the [Upsilon](5S) resonance,
Phys. rev. lett., (2008) vol. 100, no. 11, str. 112001-1-112001-6, ISBN 0031-9007, COBISS-ID 21553447, IF:
7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
! (TC) (Cl) (NC) (Cl) (NC)
8 08 151 44 38 15 51 46 19 |

168. Y. Nakahama, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (145 avtorjev) , Measurement of time-dependent CP-violating
parameters in B[sup]0 [to] (K[sub]S)[sup]0 (K[sub]S)[sup]0 decays, Phys. rev. lett., (2008) vol. 100, no. 12,
str. 121601-1-121605-5, ISBN 0031-9007, COBISS-ID 21671207, IF: 7.18, SE: Ul - physics, multidisciplinary ;
5/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 145 2 2 1 H | |

169. J. Wicht, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (145 avtorjev) , Observation of (B[sub]s)[sup]0 [to] [phi]
[gamma] and search for (B[sub]s)[sup]0 [to] [gamma] [gamma] decays at Belle, Phys. rev. lett., (2008) vol.
100, no. 12, str. 121801-1-121801-6, ISBN 0031-9007, COBISS-ID 21670951, IF: 7.18, SE: Ul - physics,
multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
) (TC) o)) (NC) (CI) (NC)
8 08 145 |16 15 6 16 15 6 |

170. S.-K. Choi, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (140 avtorjev) , Observation of a resonancelike structure in the
[pil[supl[pm] [psi][sup][prime] mass distribution in exclusive B [to] K [pil[sup][pm] [psil[sup][prime]
decays, Phys. rev. lett., (2008) vol. 100, no. 14, str. 142001-1-142001-6, ISBN 0031-9007, COBISS-ID
21669671, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax:
33.985,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (CI) (NC)
8 08 140 88 80 32 127 121 49 |

171. P. Pakhlov, Urban Bitenc, Marko Bracko, BoStjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari€, AnZe Zupanc, (141 avtorjev) , Production of new charmoniumlike states in
e[sup]+ e[sup]- [to] J/[psi] D[sup]*(([ast]))(D[bar])[sup](([ast])) at [square root]s [approximately equal]



10.6 GeV, Phys. rev. lett., (2008) vol. 100, no. 20, str. 202001-1-202001-5, ISBN 0031-9007, COBISS-ID
21842471, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax:
33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
) (TC) (cI) (NC) (cl) (NC)
8 08 141 38 35 14 59 57 23 |

172. L. Widhalm, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (143 avtorjev) , Measurement of B((D[sub]s)[sup]+ [to] [mu]
[sup]+ [nu][sub][mu]), Phys. rev. lett., (2008) vol. 100, no. 24, str. 241801-1-241801-6, ISBN 0031-9007,
COBISS-ID 21844775, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; ¢etrtina: 1 ; x=2.484 ; IFmin: 2.073 ;
IFmax: 33.985,

&t WoS: st. cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 143 14 13 5 22 22 9 |

173. J. - H. Chen, Urban Bitenc, Marko Bracko, Bostjan Golob, Rok Pestotnik, Samo Stani¢, Marko Staric,
Anze Zupanc, (145 avtorjev) , Observation of B[sup]0 [to] p p[bar] K[sup]([ast] 0) with a large K[sup]
([ast]0) polarization, Phys. rev. lett., (2008) vol. 100, no. 25, str. 251801-1-251801-6, ISBN 0031-9007,
COBISS-ID 21843239, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; ¢etrtina: 1 ; x=2.484 ; IFmin: 2.073 ;
IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 145 10 8 3 ik 9 4 |

174. M. lwabuchi, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, AnZze Zupanc, (135 avtorjev), Search for B[sup]+ [to] D[sup]([ast] +) [pi][sup]0 decay, Phys.
rev. lett., (2008) vol. 101, no. 4, str. 041601-1-041601-5, ISBN 0031-9007, COBISS-ID 22109223, IF: 7.18, SE:
Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 135 2 1 0 2 1 0 |

175. P. Goldenzweig, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZze Zupanc, (151 avtorjev) , Evidence for neutral B
meson decays to [omega] K[sup]([ast] 0), Phys. rev. lett., (2008) vol. 101, vol. 23, str. 231801-1-231801-6,
ISBN 0031-9007, COBISS-ID 22373415, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ; Cetrtina: 1 ;
x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('TCi citatov Cistih citatov
) (TC) (C1) (NC) (C1) (NC)
8 08 151 3 2 1 3 2 1 |

176. J. Li, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko
Stari¢, Tomi Zivko, AnZe Zupanc, (123 avtorjev) , Measurement of the time-dependent CP asymmetry in
B[sup]0 [to] (K[sub]S)[sup]0 [rho][sup]0 [gamma] decays, Phys. rev. lett., (2008) vol. 101, no. 25, str.
251601-1-251601-6, ISBN 0031-9007, COBISS-ID 22313255, IF: 7.18, SE: Ul - physics, multidisciplinary ; 5/68 ;
Getrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatov (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
§ 08 123 1 0 | | | |

177. Galina Pakhlova, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Samo



Stani¢, Marko Stari¢, Anze Zupanc, (136 avtorjev) , Measurement of the near-threshold e[sup]+ e[sup]- [to]
D D[bar] cross section using initial-state radiation, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77,
no. 1, str. 011103-1-011103-5, ISBN 1550-7998, COBISS-ID 21407271, IF: 5.05, SE: BU - astronomy &
astrophysics ; 8/48 ; etrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ;
Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
5 08 1% % s 7 T |

178. V. Balagura, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (147 avtorjev) , Observation of D[sub](s1)(2536)[sup]+ [to]
D[sup]+ [pil[sup]- K[sup]+ and angular decomposition of D[sub](s1)(2536)[sup]+ [to] D[sup]([ast]+)
(K[sub]S)[sup]0, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77, no. 3, str. 032001-1-032001-10, ISBN
1550-7998, COBISS-ID 21484583, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; etrtina: 1 ; x=3.065 ;
IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; €etrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax:
9.893,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 147 9 8 3 12 11 4 |

179. Y. Uchida, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (138 avtorjev) , Search for (B[bar])[sup]0 [to] ([Lambda][sub]c)
[sup]+ (([Lambda][bar])[sub]c)[sup]- decay at Belle, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77,
no. 5, str. 051101-1-051101-6, ISBN 1550-7998, COBISS-ID 21553191, IF: 5.05, SE: BU - astronomy &
astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ;
Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 138 1 1 1 0

180. S. E. Lee, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Anze Zupanc, (148 avtorjev) , Improved measurement of time-dependent CP violation in
B[sup]0 [to] J/[psi] [pi][sup]0 decays, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77, no. 7, str.
071101-1-071101-6, ISBN 1550-7998, COBISS-ID 21668903, IF: 5.05, SE: BU - astronomy & astrophysics ;
8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ;
x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatov (.TCi citatov Cistih citatov
) (TC) %)) (NC) ) (NC)
8 08 148 7 5 2 H | | |

181. A. Kusaka, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (143 avtorjev) , Measurement of CP asymmetries and branching
fractions in a time-dependent Dalitz analysis of B[sup]0 [to] ([rho] [pi])[sup]0 and a constraint on the
quark mixing angle [phi][sub]2, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77, no. 7, str. 072001-1-
072001-25, ISBN 1550-7998, COBISS-ID 21670439, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ;
Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ; x=2.706 ;
IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 143 12 12 4 12 12 4 |

182. H. Sahoo, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (144 avtorjev) , Measurements of time-dependent CP violation in
B[sup]O0 [to] [psi](2S) (K[sub]S)[sup]0 decays, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77, no. 9,
str. 091103-1-091103-6, ISBN 1550-7998, COBISS-ID 21844263, IF: 5.05, SE: BU - astronomy & astrophysics ;



8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; €etrtina: 1 ;
x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 144 5 4 1 4 3 1 |

183. D. Liventsev, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (143 avtorjev) , Study of B [to] D[sup]([ast] [ast]) | [nu] with full
reconstruction tagging, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77, no. 9, str. 091503-1-091503-7,
ISBN 1550-7998, COBISS-ID 21842727, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; Cetrtina: 1 ;
x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ;
IFmax: 9.893,

&t WoS: st. cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 143 14 14 5 14 14 5 |

184. Urban Bitenc, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (142 avtorjev) , Improved search for D[sup]0 - (D[bar])[sup]0
mixing using semileptonic decays at Belle, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 77, no. 11,
str. 112003-1-112003-20, ISBN 1550-7998, COBISS-ID 21844519, IF: 5.05, SE: BU - astronomy &
astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ;
Getrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 142 8 8 3 10 10 3 |

185. J.-T. Wei, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Anze Zupanc, Tomi Zivko, (117 avtorjev) , Search for B [to] [pi] I[sup]+ I[sup]- decays at
Belle, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 1, str. 011101-1-011101-6, ISBN 1550-7998,
COBISS-ID 22193959, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ;
IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 117 6 5 2 5 4 1 |

186. Y. Liu, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo
Stani¢, Marko Stari¢, Anze Zupanc, Tomi Zivko, (140 avtorjev) , Search for B[sup]0 [to] J/[psi] [phi] decays,
Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 1, str. 011106-1-011106-5, ISBN 1550-7998,
COBISS-ID 22109991, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ;
IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Eetrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 140 5 5 2 6 6 2 |

187. C. Schwanda, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (136 avtorjev) , Measurement of the moments of the photon
energy spectrum in B [to] X[sub]s[gamma] decays and determination of [vertical]V[sub](cb)[vertical] and
m[sub]b at Belle, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 3, str. 032016-1-032016-13, ISBN
1550-7998, COBISS-ID 22108967, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ;
IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; €etrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax:
9.893,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)




8 08 136 10 3 1 10 3 |

188. V. Bhardwaj, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, Tomi Zivko, (145 avtorjev) , Observation of B[sup][pm] [to] [psi]
(2S) [pil[sup]l[pm] and search for direct CP violation, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78,
no. 5, str. 051104-1-051104-6, ISBN 1550-7998, COBISS-ID 22112551, IF: 5.05, SE: BU - astronomy &
astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ;
Getrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 145 |1 1 0 1 1 0 |

189. Y. Horii, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko
Stari¢, AnZze Zupanc, (142 avtorjev) , Study of the suppressed B meson decay B[sup]- [to] D K[sup]-, D [to]
K[sup]+[pil[sup]-, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 7, str. 071901-1-071901-7, ISBN
1550-7998, COBISS-ID 22193703, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; Cetrtina: 1 ; x=3.065 ;
IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; €etrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax:
9.893,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat’:)v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 142 5 4 1 8 7 2 |

190. R. Mizuk, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, Tomi Zivko, (142 avtorjev) , Observation of two resonancelike
structures in the [pi][sup]+ [chi][sub](c1) mass distribution in exclusive (B[bar])[sup]0 [to] K[sup]- [pi]
[sup]+[chi][sub](c1) decays, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 7, str. 072004-1-
072004-14, ISBN 1550-7998, COBISS-ID 22112295, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ;
Cetrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ; x=2.706 ;
IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 142 56 52 17 | | | |

191. M. Fujikawa, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, Tomi Zivko, (154 avtorjev) , High-statistics study of the [tau]
[sup]- [to] [pil[sup]- [pil[sup]O0 [nu][sub][tau] decay, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78,
no. 7, str. 072006-1-072006-22, ISBN 1550-7998, COBISS-ID 22194215, IF: 5.05, SE: BU - astronomy &
astrophysics ; 8/48 ; etrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ;
Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov Cistih citatov
) (TC) () (NC) () (NC)
8 08 154 34 32 10 41 39 13 |

192. R. Kumar, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZze Zupanc, (130 avtorjev) , Evidence for B[sup]0 [to] [chi][sub]
(c1) [pil[sup]0 at Belle, Phys. rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 9, str. 091104-1-091104-6,
ISBN 1550-7998, COBISS-ID 22373671, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; Cetrtina: 1 ;
x=3.065 ; IFmin: 3.388 ; IFmax: 25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ;
IFmax: 9.893,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 130 0 0 0 0 0 0 |

193. C. -C. Chiang, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,



Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (147 avtorjev) , Measurement of B[sup]0 [to] [pi]
[sup]+ [pil[sup]- [pil[sup]+ [pil[sup]- decays and search for B[sup]0 [to] [rho][sup]0 [rho][sup]0, Phys.
rev., D Part. fields gravit. cosmol., (2008) vol. 78, no. 11, str. 111102-1-111102-7, ISBN 1550-7998, COBISS-ID
22563879, IF: 5.05, SE: BU - astronomy & astrophysics ; 8/48 ; €etrtina: 1 ; x=3.065 ; IFmin: 3.388 ; IFmax:
25.826 UP - physics, particles & fields ; 5/25 ; Cetrtina: 1 ; x=2.706 ; IFmin: 3.86 ; IFmax: 9.893,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
5 08 147 7 6 2 4 4 |

194. J.-T. Wei, Urban Bitenc, Marko Bracko, Sasa Fratina, Bostjan Golob, Samo Korpar, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc, (149 avtorjev) , Study of the decay mechanism for
B[sup]+ [to] p p[bar] K[sup]+ and B[sup]+ [to] p p[bar] [pil[sup]+, Phys. lett., Sect. B, (2008) vol. 659, no.
1/2, str. 80-86, ISBN 0370-2693, COBISS-ID 21407015, IF: 4.034, SE: Ul - physics, multidisciplinary ; 7/68 ;
Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (CI) (NC) (C1) (NC)
8 08 149 15 12 5 15 12 5 |

195. Y. Miyazaki, Urban Bitenc, Marko Bracko, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Staric,
Anze Zupanc, (134 avtorjev) , Search for lepton flavor violating [tau] decays into three leptons, Phys. lett.,
Sect. B, (2008) vol. 660, no. 3, str. 154-160, ISBN 0370-2693, COBISS-ID 21484071, IF: 4.034, SE: Ul -
physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov Cistih citatov
) (TC) (Cl) (NC) (CI) (NC)
8 08 134 30 29 12 35 33 13 |

196. K. Arinstein, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari€, Anze Zupanc, (158 avtorjev) , Measurement of the ratio B(D[sup]0 [to] [pi][sup]
+ [pi][sup]- [pi][sup]0)/ B(D[sup]0 [to] K[sup]- [pil[sup]+ [pil[sup]0) and the time-integrated CP
asymmetry in D[sup]O0 [to] [pil[sup]+ [pil[sup]- [pil[sup]0, Phys. lett., Sect. B, (2008) vol. 662, no. 2, str. 102-
110, ISBN 0370-2693, COBISS-ID 21671463, IF: 4.034, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ;
x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat’:)v (-TCi citatov ¢istih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 158 3 K 0 4 3 1 |

197. J. Wicht, Urban Bitenc, llija Bizjak, Marko BracCko, SaSa Fratina, Andrej GoriSek, Samo Korpar, Peter
Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (147 avtorjev) , Search for resonant
B[sup][pm] [to] K[sup][pm] h [to] K[sup][pm] [gamma] [gamma] decays at Belle, Phys. lett., Sect. B,
(2008) vol. 662, no. 4, str. 323-329, ISBN 0370-2693, COBISS-ID 21670695, IF: 4.034, SE: Ul - physics,
multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
5 08 47 2 2 y 1 o |

198. Y. Nishio, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (135 avtorjev) , Search for lepton-flavor-violating [tau] [to] |
V[sup]0 decays at Belle, Phys. lett., Sect. B, (2008) vol. 664, no. 1/2, str. 35-40, ISBN 0370-2693, COBISS-ID
21842983, IF: 4.034, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax:
33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)

8 08 135 7 6 2 12 1 4 |




199. T. Lesiak, Urban Bitenc, Marko Bracko, BoStjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, AnZe Zupanc, (138 avtorjev) , Measurements of masses of the [Xi][sub]c
(2645) and [Xi][sub]c (2815) baryons and observation of [Xi][sub]c (2980) [to] [Xi][sub]c (2645) [pi], Phys.
lett., Sect. B, (2008) vol. 665, no. 1, str. 9-15, ISBN 0370-2693, COBISS-ID 21845287, IF: 4.034, SE: Ul -
physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 138 3 3 1 4 4 2 |

200. K. Hayasaka, Urban Bitenc, llija Bizjak, Marko Bracko, Bostjan Golob, Sasa Fratina, Peter Krizan, Rok
Pestotnik, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (158 avtorjev) , New search for [tau] [to] [mu] [gamma]
and [tau] [to] e [gamma] decays at Belle, Phys. lett., Sect. B, (2008) vol. 666, no. 1, str. 16-22, ISBN 0370-
2693, COBISS-ID 22108711, IF: 4.034, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.484 ; IFmin:
2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (&) (NC) () (NC)
8 08 158 56 56 23 53 53 21 |

201. H. -O. Kim, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Anze Zupanc, Tomi Zivko, (140 avtorjev) , Study of intermediate two-body decays in (B[bar])
[sup]O0 [to] ([Sigma][sub]c (2455))[sup]0 p[bar] [pi][sup]+, Phys. lett., Sect. B, (2008) vol. 669, no. 5, str. 287-
293, ISBN 0370-2693, COBISS-ID 22194727, IF: 4.034, SE: Ul - physics, multidisciplinary ; 7/68 ; ¢etrtina: 1 ;
x=2.484 ; IFmin: 2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citatov (.TCi citatov Cistih citatov
) (TC) %)) (NC) (cn (NC)
8 08 140 0 0 0 H | | |

202. Marko Stari¢, Urban Bitenc, Marko Bracko, Sasa Fratina, BoStjan Golob, Samo Korpar, Peter Krizan,
Rok Pestotnik, Samo Stani¢, Tomi Zivko, AnZe Zupanc, (148 avtorjev) , Search for a CP asymmetry in
Cabibbo-suppressed D[sup]0 decays, Phys. lett., Sect. B, (2008) vol. 670, no. 3, str. 190-195, ISBN 0370-
2693, COBISS-ID 22312999, IF: 4.034, SE: Ul - physics, multidisciplinary ; 7/68 ; Cetrtina: 1 ; x=2.484 ; [Fmin:
2.073 ; IFmax: 33.985,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 148 22 18 7 H | | |

203. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej GoriSek, Ale§ Stanovnik,
Marko Stari¢, Tomi Zivko, (196 avtorjev) , Angular distributions of leptons from J/[psi]'s produced in 920
GeV fixed-target proton-nucleus collisions, The European physical journal. C, (2009) vol. 60, no. 4, str. 517-
524, ISBN 1434-6044, COBISS-ID 23355431, IF: 2.746, SE: UP - physics, particles & fields ; 11/27 ; Cetrtina: 2 ;
x=2.927 ; IFmin: 2.034 ; IFmax: 3.556,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 196 8 7 2 9 9 3 |

204. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej GoriSek, Ales Stanovnik,
Marko Stari¢, Tomi Zivko, (196 avtorjev) , Kinematic distributions and nuclear effects of J/[psi] production
in 920 GeV fixed-target proton-nucleus collisions, The European physical journal. C, (2009) vol. 60, no. 4,
str. 525-542, ISBN 1434-6044, COBISS-ID 23355687, IF: 2.746, SE: UP - physics, particles & fields ; 11/27 ;
Cetrtina: 2 ; x=2.927 ; IFmin: 2.034 ; IFmax: 3.556,

STD STK St. WoS: st. Cistih normirano $§t. | Scopus: §t.| cistih normirano st.
avtorjev | citatov citatov Cistih citatov | citatov (TC)| citatov Cistih citatov




| | () @y  (No) ey  (No)
8 08 19 13 12 4 20 19 6 |

205. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej GoriSek, Ale§ Stanovnik,
Marko Stari¢, Tomi Zivko, (196 avtorjev) , V[sup]0 production in [rho] + A collisions at [square root]s =
41.6 GeV, The European physical journal. C, (2009) vol. 61, no. 2, str. 207-221, ISBN 1434-6044, COBISS-ID
23348519, IF: 2.746, SE: UP - physics, particles & fields ; 11/27 ; Cetrtina: 2 ; x=2.927 ; IFmin: 2.034 ; IFmax:
3.556,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 196 2 2 1 0 0 0 |

206. Shohei Nishida, Rok Dolenec, Samo Korpar, Peter Krizan, Rok Pestotnik, (20 avtorjev) , Study of an
HAPD with 144 channels for the Aerogel RICH of the Belle upgrade, Nucl. instrum, methods phys res., Sect.
A, Accel., (2009) vol. 610, no. 1, str. 65-67, ISBN 0168-9002, COBISS-ID 23400487, IF: 1.317, SE: OA -
instruments & instrumentation ; 19/56 ; Cetrtina: 2 ; x=1.249 ; IFmin: 1.012 ; IFmax: 1.634 RY - nuclear science &
technology ; 6/33 ; Cetrtina: 1 ; x=0.819 ; IFmin: 1.122 ; IFmax: 1.933 UP - physics, particles & fields ; 17/27 ;
Cetrtina: 3 ; x=2.927 ; IFmin: 0.935 ; IFmax: 1.968 XQ - spectroscopy ; 27/39 ; Cetrtina: 3 ; x=2.112 ; IFmin: 0.986
; IFmax: 1.542,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor.'ev citatov citatov Cistih citatov citatov (-TCi citatov Cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
5 08 20 2 2 y U |

207. Samo Korpar, Hassan Chagani, Rok Dolenec, K. Hara, Toru lijima, Peter Krizan, Y. Mazuka, Rok
Pestotnik, AleS Stanovnik, M. Yamaoka, (10 avtorjev) , Measurement of Cherenkov photons by SiPMs with
light guides, Nucl. instrum, methods phys res., Sect. A, Accel., (2009) vol. 610, issue 1, str. 427-430, ISBN
0168-9002, COBISS-ID 516243225, IF: 1.317, SE: OA - instruments & instrumentation ; 19/56 ; Cetrtina: 2 ;
x=1.249 ; IFmin: 1.012 ; IFmax: 1.634 RY - nuclear science & technology ; 6/33 ; etrtina: 1 ; x=0.819 ; IFmin:
1.122 ; IFmax: 1.933 UP - physics, particles & fields ; 17/27 ; Eetrtina: 3 ; x=2.927 ; IFmin: 0.935 ; IFmax: 1.968
XQ - spectroscopy ; 27/39 ; Cetrtina: 3 ; x=2.112 ; IFmin: 0.986 ; IFmax: 1.542,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatov (-TCi citatov Cistih citatov
) (TC) (cn (NC) () (NC)
8 08 10 0 0 0 0 0 0 |

208. ===> Rok Pestotnik, (1 avtorjev) , The SuperBelle project, Nucl. phys., Sect. A, (2009) vol. 827, no. 1/4,
str. 608¢c-613c, ISBN 0375-9474, COBISS-ID 22775079, IF: 1.706, SE: UN - physics, nuclear ; 9/22 ; etrtina: 2 ;
x=1.951 ; IFmin: 1.156 ; IFmax: 1.968,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK tor.'ev citatov citatov Cistih citatov citatov (.TCi citatov Cistih citatov
avior] (TC) ) (NC) ) (NC)
8 8 |1 0 0 0 0 0 0 |

209. R. Louvot, Urban Bitenc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (139 avtorjev) , Measurement of the decay (B[sub]s)
[sup]0 [to] (D[sub]s)[sup]- [pil[sup]+ and evidence for (B[sub]s)[sup]O0 [to] (D[sub]s)[sup][mp] K[sup]
[pm] in e[sup]+ e[sup]- annihilation at [square root]s [approximately equal] 10.87 GeV, Phys. rev. lett.,
(2009) vol. 102, no. 2, str. 021801-1-021801-6, ISBN 0031-9007, COBISS-ID 22564391, IF: 7.328, SE: Ul -
physics, multidisciplinary ; 6/71 ; Cetrtina: 1 ; x=2.572 ; IFmin: 2.616 ; IFmax: 33.145,

&t WoS: st. Cistih normirano st. Scobus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 139 20 16 6 19 16 6 |

210. B. R. Ko, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Samo Stani¢, Marko Staric,
Tomi Zivko, AnZe Zupanc, (123 avtorjev) , Observation of the doubly Cabibbo-suppressed decay (D[sub]s)
[sup]+ [to] K[sup]+ K[sup]+ [pil[sup]-, Phys. rev. lett., (2009) vol. 102, no. 22, str. 221802-1-221802-5, ISBN



0031-9007, COBISS-ID 23037223, IF: 7.328, SE: Ul - physics, multidisciplinary ; 6/71 ; €etrtina: 1 ; x=2.572 ;
IFmin: 2.616 ; IFmax: 33.145,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (C1) (NC) (C1) (NC)
8 08 123 4 2 1 4 2 1 |

211. Iris Abt, Samo Korpar, Peter Krizan, Samo Kupper, Rok Pestotnik, Andrej GoriSek, Ale§ Stanovnik,
Marko Stari¢, Tomi Zivko, (193 avtorjev) , Production of the charmonium states [chi][sub](c1) and [chi]
[sub](c2) in proton nucleus interactions at [square root]s=41.6 GeV, Phys. rev., D Part. fields gravit.
cosmol., (2009) vol. 79, no. 1, str. 012001-012001-18, ISBN 1550-7998, COBISS-ID 22370599, IF: 4.922, SE:
BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics,
particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatrc)w (.TCi citatov Cistih citatov
J (TC) (€ (NC) () (NC)
8 08 193 16 14 4 14 12 4 |

212. A. Sokolov, Marko Brac¢ko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Staric,
Tomi Zivko, AnZe Zupanc, (143 avtorjev) , Measurement of the branching fraction for the decay [Upsilon]
(4S) [to] [Upsilon](1S) [pil[sup]+ [pil[sup]-, Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 79, no. 5, str.
051103-1-051103-5, ISBN 1550-7998, COBISS-ID 22565159, IF: 4.922, SE: BU - astronomy & astrophysics ;
10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatrc))v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 143 2 2 1 1 1 0 |

213.Y.-W. Chang, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Tomi Zivko, AnZze Zupanc, (123 avtorjev) , Observation of B[sup]0 [to] [Lambda] [Lambda]
[bar] K[sup]0 and B[sup]0 [to] [Lambda] [Lambda][bar] K[sup]([ast]0) at Belle, Phys. rev., D Part. fields
gravit. cosmol., (2009) vol. 79, no. 5, str. 052006-1-052006-13, ISBN 1550-7998, COBISS-ID 23036455, IF:
4.922, SE: BU - astronomy & astrophysics ; 10/52 ; ¢etrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP -
physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat’:)v (-TCi citatov ¢istih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 123 6 5 2 5 4 1 |

214. S. Uehara, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Stari¢, Tomi Zivko, AnZe
Zupanc, (104 avtorjev) , High-statistics study of neutral-pion pair production in two-photon collisions,
Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 79, no. 5, str. 052009-1-052009-13, ISBN 1550-7998,
COBISS-ID 22565415, IF: 4.922, SE: BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin:
4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 104 15 11 3 12 8 3 |

215. P. Pakhlov, Marko Bracko, BoStjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Tomi Zivko, Anze Zupanc, (136 avtorjev) , Measurement of the e[sup]+ e[sup]- [to] J/[psi] ¢
c[bar] cross section at [square root]s [approximately equal] 10.6 GeV, Phys. rev., D Part. fields gravit.
cosmol., (2009) vol. 79, no. 7, str. 071101-1-071101-7, ISBN 1550-7998, COBISS-ID 22610727, IF: 4.922, SE:
BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics,
particles & fields ; 5/27 ; €etrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)




8 08 136 18 18 6 21 21 7 |

216. C. Liu, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Tomi
Zivko, Anze Zupanc, (126 avtorjev) , Search for the X(1812) in B[sup][pm] [to] K[sup][pm] [omega] [phi],
Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 79, no. 7, str. 071102-1-071102-6, ISBN 1550-7998,
COBISS-ID 23036711, IF: 4.922, SE: BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin:
4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 126 2 2 1 2 2 1 |

217.J. Dalseno, Urban Bitenc, Marko Bracko, BoStjan Golob, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Tomi Zivko, Anze Zupanc, (131 avtorjev) , Time-dependent Dalitz plot measurement of CP
parameters in B[sup]0 [to] (K[sub]S)[sup]0 [pi][sup]+ [pi][sup]- decays, Phys. rev., D Part. fields gravit.
cosmol., (2009) vol. 79, no. 7, str. 072004-1-072004-17, ISBN 1550-7998, COBISS-ID 22610471, IF: 4.922, SE:
BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics,
particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
5 08 131 12 13 13 2 |

218. R. Mizuk, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Tomi Zivko, AnZe Zupanc, (134 avtorjev) , Dalitz analysis of B [to] K [pil[sup]+ [Psi][sup]
[prime] decays and the Z(4430)[sup]+, Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 80, no. 3, str.
031104-1-031104-7, ISBN 1550-7998, COBISS-ID 23037991, IF: 4.922, SE: BU - astronomy & astrophysics ;
10/52 ; etrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 134 27 26 8 37 36 11 |

219. S. -H. Kyeong, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Staric,
Tomi Zivko, AnZe Zupanc, (131 avtorjev) , Measurements of charmless hadronic b [to] s penguin decays
in the [pi][sup]+ [pil[sup]- K[sup]+ [pi][sup]- final state and first observation of B[sup]O0 [to] [rho][sup]0
K2 [sup]+ [pil[sup]-, Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 80, no. 5, str. 051103-1-051103-6,
ISBN 1550-7998, COBISS-ID 23037479, IF: 4.922, SE: BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ;
x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ;
IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov Cistih citatov citath,w (-Tci citatov cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 131 1 3 3 1 |

220. J. Wiechczynski, Marko Bragko, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Tomi Zivko,
Anze Zupanc, (128 avtorjev) , Measurement of B [to] (D[sub]s)[sup]([ast]) K [pi] branching fractions, Phys.
rev., D Part. fields gravit. cosmol., (2009) vol. 80, no. 5, str. 052005-1-052005-7, ISBN 1550-7998, COBISS-ID
23036967, IF: 4.922, SE: BU - astronomy & astrophysics ; 10/52 ; €etrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax:
25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatr:)v ('TCi citatov cistih citatov
) (TC) (C1) (NC) (C1 (NC)
8 08 128 1 1 0 3 3 1 |

221. AnZe Zupanc, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Tomi Zivko, (135 avtorjev) , Measurement of y[sub]CP in D[sup]0 meson decays to the
(K[sub]S)[sup]0 K[sup]+ K[sup]- final state, Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 80, no. 5, str.



052006-1-052006-11, ISBN 1550-7998, COBISS-ID 23038247, IF: 4.922, SE: BU - astronomy & astrophysics ;
10/52 ; etrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatF:)v ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 135 9 9 3 7 7 2 |

222. Galina Pakhlova, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo
Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (146 avtorjev) , Measurement of the e[sup]+ e[sup]- [to]
D[sup]0 D[sup]([ast] -) [pil[sup]+ cross section using initial-state radiation, Phys. rev., D Part. fields gravit.
cosmol., (2009) vol. 80, no. 9, str. 091101-1-091101-7, ISBN 1550-7998, COBISS-ID 23286311, IF: 4.922, SE:
BU - astronomy & astrophysics ; 10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics,
particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citatr:)v ('TCi citatov cistih citatov
) (TC) (C1) (NC) (C1) (NC)
8 08 146 |16 15 5 15 14 4 |

223. E. Won, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (140 avtorjev) , Measurement of D[sup]+ [to]
(K[sub]S)[sup]0 K[sup]+ and (D[sub]s)[sup]+ [to] (K[sub]S)[sup]0 [pi][sup]+ branching ratios, Phys. rev.,
D Part. fields gravit. cosmol., (2009) vol. 80, no. 11, str. 111101-1-111101-5, ISBN 1550-7998, COBISS-ID
23286567, IF: 4.922, SE: BU - astronomy & astrophysics ; 10/52 ; €etrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax:
25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avton:'ev citatov citatov Cistih citatov citatr:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 140 6 2 1 6 2 1 |

224. P. Chen, Marko Bracko, Bostjan Golob, Samo Korpar, Peter KriZzan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Marko Stari¢, Tomi Zivko, AnZze Zupanc, (112 avtorjev) , Observation of B[sup]+ [to] p
[Lambda][bar] [pil[sup]+ [pil[sup]- at Belle, Phys. rev., D Part. fields gravit. cosmol., (2009) vol. 80, no. 11,
str. 111103-1-111103-6, ISBN 1550-7998, COBISS-ID 23286823, IF: 4.922, SE: BU - astronomy & astrophysics ;
10/52 ; Cetrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 112 1 1 0 1 1 0 |

225. K. Vervink, Urban Bitenc, Marko Bracko, SaSa Fratina, Bostjan Golob, Samo Korpar, Peter Krizan,
Rok Pestotnik, Samo Stani&, Tomi Zivko, AnZe Zupanc, (128 avtorjev), Evidence of time-dependent CP
violation in the decay B[sup]0 [to] D[sup]([ast] +) D[sup]([ast] -), Phys. rev., D Part. fields gravit. cosmol.,
(2009) vol. 80, no. 11, str. 111104-1-111104-6, ISBN 1550-7998, COBISS-ID 23664935, IF: 4.922, SE: BU -
astronomy & astrophysics ; 10/52 ; €etrtina: 1 ; x=3.158 ; IFmin: 4.179 ; IFmax: 25.64 UP - physics, particles &
fields ; 5/27 ; Cetrtina: 1 ; x=2.927 ; IFmin: 4.136 ; IFmax: 11.964,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 128 3 1 0 2 1 0 |

226.Y. Miyazaki, Urban Bitenc, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stanic,
Marko Stari¢, Tomi Zivko, Anze Zupanc, (111 avtorjev) , Search for lepton-flavor-violating [tau] decay into a
lepton and an f[sub]0 (980) meson, Phys. lett., Sect. B, (2009) vol. 672, no. 4/5, str. 317-322, ISBN 0370-
2693, COBISS-ID 22564647, IF: 5.083, SE: Ul - physics, multidisciplinary ; 7/71 ; Cetrtina: 1 ; x=2.572 ; IFmin:
2.616 ; IFmax: 33.145,

STD | STK

St.
avtorjev

Cistih
citatov

Scopus: st.
citatov (TC)

WoS: st. Cistih
citatov citatov

normirano st.
Cistih citatov

cistih citatov

normirano st.




] o (T¢) ()  (NO) . (NC) |
8 08 111 3 3 1 5 5 2 |

227. K. Belous, Marko Bragko, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari&, Tomi Zivko, AnZe
Zupanc, (119 avtorjev) , Measurement of cross sections of exclusive e[sup]+ e[sup]- [to] VP processes at
[square root]s=10.58 GeV, Phys. lett., Sect. B, (2009) vol. 681, no. 5, str. 400-405, ISBN 0370-2693, COBISS-
ID 23094311, IF: 5.083, SE: Ul - physics, multidisciplinary ; 7/71 ; Cetrtina: 1 ; x=2.572 ; IFmin: 2.616 ; IFmax:
33.145,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 119 2 2 1 2 2 1 |

228. Samo Korpar, Hassan Chagani, Rok Dolenec, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, (6
avtorjev) , A module of silicon photo-multipliers for detection of Cherenkov radiation, Nucl. instrum,
methods phys res., Sect. A, Accel., (2010) vol. 613, no. 2, str. 195-199, ISBN 0168-9002, COBISS-ID 23339559,
IF: 1.142, SE: OA - instruments & instrumentation ; 28/61 ; Cetrtina: 2 ; x=1.273 ; IFmin: 1.042 ; IFmax: 1.684 RY
- nuclear science & technology ; 9/34 ; Cetrtina: 1 ; x=0.857 ; IFmin: 1.142 ; IFmax: 1.886 UP - physics, particles
& fields ; 18/27 ; Cetrtina: 3 ; x=2.907 ; IFmin: 0.99 ; IFmax: 1.77 XQ - spectroscopy ; 28/40 ; Cetrtina: 3 ; x=2.301
; IFmin: 1.103 ; IFmax: 1.729,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor:'ev citatov citatov cistih citatov citath,w (-TCi citatov Cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 13336 4 1 1 4 1 1 |

229. Ichiro Adachi, Rok Dolenec, Samo Korpar, Peter Krizan, Rok Pestotnik, (21 avtorjev), Study of 144-
channel multi-anode hybrid avalanche photo-detector for the Belle RICH counter, Nucl. instrum, methods
phys res., Sect. A, Accel., (2010) vol. 623, no. 1, str. 285-287, ISBN 0168-9002, COBISS-ID 24016423, IF:
1.142, SE: OA - instruments & instrumentation ; 28/61 ; Cetrtina: 2 ; x=1.273 ; IFmin: 1.042 ; IFmax: 1.684 RY -
nuclear science & technology ; 9/34 ; Cetrtina: 1 ; x=0.857 ; IFmin: 1.142 ; IFmax: 1.886 UP - physics, particles &
fields ; 18/27 ; €etrtina: 3 ; x=2.907 ; IFmin: 0.99 ; IFmax: 1.77 XQ - spectroscopy ; 28/40 ; Cetrtina: 3 ; x=2.301 ;
IFmin: 1.103 ; IFmax: 1.729,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov Cistih citatov citatov (-TCi citatov Cistih citatov
) (TC) (cn (NC) () (NC)
5 08 21 3 U 2 0o o |

230. Samo Korpar, Hassan Chagani, Rok Dolenec, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, (6
avtorjev) , Silicon photomultiplier based photon detector module as a detector of Cherenkov photons,
Nucl. instrum, methods phys res., Sect. A, Accel., (2010) vol. 623, no. 1, str. 333-335, ISBN 0168-9002,
COBISS-ID 24017191, IF: 1.142, SE: OA - instruments & instrumentation ; 28/61 ; Cetrtina: 2 ; x=1.273 ; IFmin:
1.042 ; IFmax: 1.684 RY - nuclear science & technology ; 9/34 ; Cetrtina: 1 ; x=0.857 ; IFmin: 1.142 ; IFmax:
1.886 UP - physics, particles & fields ; 18/27 ; Cetrtina: 3 ; x=2.907 ; IFmin: 0.99 ; IFmax: 1.77 XQ - spectroscopy
; 28/40 ; Getrtina: 3 ; x=2.301 ; IFmin: 1.103 ; IFmax: 1.729,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD STK avtor-'ev citatov citatov cistih citatov citat':)v (-TCi citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 13336 1 1 1 1 K 1 |

231. Shin-Ichi Nishida, Rok Dolenec, Samo Korpar, Rok Pestotnik, (11 avtorjev) , Development of the
readout ASIC for the 144ch HAPD for aerogel RICH, Nucl. instrum, methods phys res., Sect. A, Accel., (2010)
vol. 623, no. 1, str. 504-506, ISBN 0168-9002, COBISS-ID 24017447, IF: 1.142, SE: OA - instruments &
instrumentation ; 28/61 ; Cetrtina: 2 ; x=1.273 ; IFmin: 1.042 ; IFmax: 1.684 RY - nuclear science & technology ;
9/34 ; Cetrtina: 1 ; x=0.857 ; IFmin: 1.142 ; IFmax: 1.886 UP - physics, particles & fields ; 18/27 ; Cetrtina: 3 ;
x=2.907 ; IFmin: 0.99 ; IFmax: 1.77 XQ - spectroscopy ; 28/40 ; Cetrtina: 3 ; x=2.301 ; IFmin: 1.103 ; IFmax:
1.729,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v ('Tci citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)




8 08 1 3 L L 3 2 2 |

232. ===> Rok Pestotnik, Samo Korpar, Hassan Chagani, Rok Dolenec, Peter Krizan, Ale§ Stanovnik, (6
avtorjev) , Silicon photo-multipliers as photon detectors for PET, Nucl. instrum, methods phys res., Sect. A,
Accel., (2010) vol. 623, no. 1, str. 594-596, ISBN 0168-9002, COBISS-ID 24017703, IF: 1.142, SE: OA -
instruments & instrumentation ; 28/61 ; Cetrtina: 2 ; x=1.273 ; IFmin: 1.042 ; IFmax: 1.684 RY - nuclear science &
technology ; 9/34 ; Cetrtina: 1 ; x=0.857 ; IFmin: 1.142 ; IFmax: 1.886 UP - physics, particles & fields ; 18/27 ;
Cetrtina: 3 ; x=2.907 ; IFmin: 0.99 ; IFmax: 1.77 XQ - spectroscopy ; 28/40 ; Cetrtina: 3 ; x=2.301 ; IFmin: 1.103 ;
IFmax: 1.729,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano st.
STD | STK avton:'ev citatov citatov Cistih citatov citat‘:)v (.TCi citatov Cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 13336 2 2 2 2 2 2 |

233. P. Urquijo, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Staric,
Tomi Zivko, AnZe Zupanc, (131 avtorjev) , Measurement of [vertical]V[sub](ub)[vertical] from inclusive
charmless semileptonic B decays, Phys. rev. lett., (2010) vol. 104, no. 2, str. 021801-1-021801-5, ISBN 0031-
9007, COBISS-ID 23665959, IF: 7.621, SE: Ul - physics, multidisciplinary ; 5/80 ; Cetrtina: 1 ; x=2.582 ; IFmin:
2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 131 7 7 3 10 10 4 |

234. S. Uehara, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Marko Stari¢, Tomi Zivko, (118 avtorjev) , Observation of a charmoniumlike enhancement in the [gamma]
[gamma] [to] [omega] J/[psi] process, Phys. rev. lett., (2010) vol. 104, no. 9, str. 092001-1-092001-6, ISBN
0031-9007, COBISS-ID 23673127, IF: 7.621, SE: Ul - physics, multidisciplinary ; 5/80 ; Cetrtina: 1 ; x=2.582 ;
IFmin: 2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 118 23 19 7 23 19 7 |

235. C. P. Shen, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Marko Stari&, Tomi Zivko, (134 avtorjev) , Evidence for a new resonance and search for the
Y(4140) in the [gamma][gamma] [to] [phi] J/[psi] process, Phys. rev. lett., (2010) vol. 104, no. 11, str.
112004-1-112004-5, ISBN 0031-9007, COBISS-ID 23670055, IF: 7.621, SE: Ul - physics, multidisciplinary ; 5/80
; Cetrtina: 1 ; x=2.582 ; IFmin: 2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (C1) (NC)
5 08 1% 2 19 7 2 o 7 |

236. B. R. Ko, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (131 avtorjev), Search for CP
violation in the decays (D[sub](s) )[sup]+ [to] (K[sub]S)[sup]0 [pi][sup]+ and (D[sub](s) )[sup]+ [to]
(K[sub]S)[sup]0 K[sup]+, Phys. rev. lett., (2010) vol. 104, no. 18, str. 181602-1-181602-6, ISBN 0031-9007,
COBISS-ID 23678247, IF: 7.621, SE: Ul - physics, multidisciplinary ; 5/80 ; ¢etrtina: 1 ; x=2.582 ; IFmin: 2.245 ;
IFmax: 51.695,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (cl) (NC) (CI) (NC)
8 08 131 18 ik 4 16 9 3 |

237. R. Louvot, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, (130 avtorjev) , Observation of B[sub]s[sup]0 [to]
D[sub]s[sup]([ast]-)[pi][sup]+ and B[sub]s[sup]0 [to] D[sub]s[sup](([ast])-)[rho][sup]+ and measurement
of the B[sub]s[sup]0 [to] D[sub]s[sup]([ast]-)[rho][sup]+ polarization fraction, Phys. rev. lett., (2010) vol.



104, no. 23, str. 231801-1-231801-6, ISBN 0031-9007, COBISS-ID 24332839, IF: 7.621, SE: Ul - physics,
multidisciplinary ; 5/80 ; Cetrtina: 1 ; x=2.582 ; IFmin: 2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (C1) (NC)
8 08 130 6 6 2 7 7 3 |

238. H. J. Hyun, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik, Marko Petri¢, Samo Stanic,
Marko Stari¢, (110 avtorjev) , Search for a low mass particle decaying into [mu][sup]+[mu][sup]- in
B[sup]0 [to] K[sup]([ast] 0)X and B[sup]O0 [to] [rho][sup]0 X at Belle, Phys. rev. lett., (2010) vol. 105, no. 9,
str. 091801-1-091801-5, ISBN 0031-9007, COBISS-ID 24333607, IF: 7.621, SE: Ul - physics, multidisciplinary ;
5/80 ; ¢etrtina: 1 ; x=2.582 ; IFmin: 2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 10 6 6 2 7 7 3 |

239. K. Nishimura, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Marko Stari¢, Tomi Zivko, AnZze Zupanc, (143 avtorjev) , First measurement of inclusive B
[to] X[sub]s [eta] decays, Phys. rev. lett., (2010) vol. 105, no. 19, str. 191803-1-191803-6, ISBN 0031-9007,
COBISS-ID 24345127, IF: 7.621, SE: Ul - physics, multidisciplinary ; 5/80 ; Cetrtina: 1 ; x=2.582 ; IFmin: 2.245 ;
IFmax: 51.695,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 143 0 0 0 K 1 0 |

240. M. Fujikawa, Marko Bracko, Samo Korpar, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Anze Zupanc,
(128 avtorjev) , Measurement of CP asymmetries in B[sup]0 [to] K[sup]0 [pi][sup]0 decays, Phys. rev., D
Part. fields gravit. cosmol., (2010) vol. 81, no. 1, str. 011101-1-011101-7, ISBN 1550-7998, COBISS-ID
23666215, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; €etrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax:
27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
5 08 128 1 o 2 2 |

241.T. Aushev, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Marko Stari¢, Tomi
Zivko, AnZe Zupanc, (134 avtorjev) , Study of the B [to] X(3872) ([to] D[sup]([ast]0)(D[bar])[sup]0)K decay,
Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 81, no. 3, str. 031103-1-031103-7, ISBN 1550-7998,
COBISS-ID 23669799, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ;
IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (C1) (NC)
8 08 134 (12 12 4 4 4 1 |

242. C. -C. Chiang, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (126 avtorjev) , Search for B[sup]0 [to] K[sup]([ast]
0) (K[bar])[sup]([ast] 0), B[sup]0 [to]K[sup]([ast] 0) K[sup]([ast] 0) and B[sup]0 [to] K[sup]+ [pi][sup]-
K[sup][mp] [pil[sup][pm] decays, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 81, no. 7, str. 071101-1-
071101-7, ISBN 1550-7998, COBISS-ID 23678759, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ;
Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ;
IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov cistih citatov
) (TC) (cI) (NC) (C1 (NC)

8 08 126 3 3 L 2 2 L |




243. Marko Petri¢, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Peter Smerkol,
Marko Stari¢, Tomi Zivko, AnZze Zupanc, (124 avtorjev) , Search for leptonic decays of D[sup]0 mesons,
Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 81, no. 9, str. 091102-1-091102-6, ISBN 1550-7998,
COBISS-ID 23679015, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; €etrtina: 1 ; x=3.09 ; IFmin: 3.491 ;
IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 124 4 4 1 4 3 1 |

244.R. Wedd, Marko Bracko, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe
Zupanc, (129 avtorjev) , Evidence for B [to] K [eta][sup][prime] [gamma] decays at Belle, Phys. rev., D Part.
fields gravit. cosmol., (2010) vol. 81, no. 11, str. 111104-1-111104-7, ISBN 1550-7998, COBISS-ID 24329511, IF:
4.964, SE: BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP -
physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; I[Fmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (C1) (NC)
5 08 120 1o 21 2 7 |

245. A. Drutskoy, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (122 avtorjev) , Measurement of [Upsilon](5S)
decays to B[sup]0 and B[sup]+ mesons, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 81, no. 11, str.
112003-1-112003-7, ISBN 1550-7998, COBISS-ID 24333351, IF: 4.964, SE: BU - astronomy & astrophysics ;
7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (cl) (NC) (CI) (NC)
8 08 122 7 4 1 6 6 2 |

246. M. J. Lee, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (147 avtorjev) , Measurement of the branching
fractions and the invariant mass distributions for [tau][sup]- [to] h[sup]- h[sup]+ h[sup]- [nu][sub][tau]
decays, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 81, no. 11, str. 113007-1-113007-13, ISBN 1550-
7998, COBISS-ID 24329767, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; [Fmin:
3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatF:)v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 147 4 4 1 5 5 2 |

247. A. Das, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Marko
Stari¢, AnZze Zupanc, (151 avtorjev) , Measurements of branching fractions for B[sup]0 [to] D[sub]s[sup]+
[pil[sup]- and (B[bar])[sup]0 [to] D[sub]s[sup]+ K[sup]-, Phys. rev., D Part. fields gravit. cosmol., (2010) vol.
82, no. 5, str. 051103-1-051103-7, ISBN 1550-7998, COBISS-ID 24336935, IF: 4.964, SE: BU - astronomy &
astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ;
Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 151 5 5 2 6 6 2 |

248. C. P. Shen, Marko Bracko, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stanic,
Marko Stari¢, Tomi Zivko, AnZe Zupanc, (109 avtorjev) , Search for charmonium and charmoniumlike
states in [Upsilon](1S) radiative decays, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 82, no. 5, str.
051504-1-051504-6, ISBN 1550-7998, COBISS-ID 24344615, IF: 4.964, SE: BU - astronomy & astrophysics ;
7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,



WoS: st. Cistih normirano §t. cistih normirano S§t.

STD STK tét'. citatov = citatov = &istih citatov S.‘t’°tp“5(:T§éi citatov = &istih citatov
aviorjev (TC) (C') (NC) cltatov (CI) (NC)
8 08 109 3 1 0 3 1 0 |

249. K. Hara, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZze Zupanc, (144 avtorjev) , Evidence for B[sup]-[to]
[tau][sup]-([nu][bar])[sub][tau] with a semileptonic tagging method, Phys. rev., D Part. fields gravit.
cosmol., (2010) vol. 82, no. 7, str. 071101-1-071101-7, ISBN 1550-7998, COBISS-ID 24336167, IF: 4.964, SE:
BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles
& fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatF:)v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)

8 08 14 | | | | | |

250. A. Bozek, Marko Bracko, BoStjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (129 avtorjev) , Observation of B[sup]+ [to] (D[bar])
[sup]([ast]0)[tau][sup]+ [nu][sub][tau] and evidence for B[sup]+[to] (D[bar])[sup]0 [tau][sup]+ [nu][sub]
[tau] at Belle, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 82, no. 7, str. 072005-1-072005-6, ISBN
1550-7998, COBISS-ID 24334119, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ;
IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; etrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax:
12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor:'ev citatov citatov Cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)

8 08 120 | | | | | |

251. C. C. Peng, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Marko Stari¢, Tomi Zivko, (141 avtorjev) , Search for B[sup]O[sub]s [to] hh decays at the
[Upsilon] (5S) resonance, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 82, no. 7, str. 072007-1-072007-
6, ISBN 1550-7998, COBISS-ID 24336423, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ;
x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ;
IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 141 3 3 1 4 2 1 |

252.Y. Nakahama, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (136 avtorjev) , Measurement of CP
violating asymmetries in B[sup]0 [to] K[sup]+ K[sup]- K[sup]O[sub]S decays with a time-dependent
Dalitz approach, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 82, no. 7, str. 073011-1-073011-12, ISBN
1550-7998, COBISS-ID 24970535, IF: 4.964, SE: BU - astronomy & astrophysics ; 7/55 ; etrtina: 1 ; x=3.09 ;
IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax:
12.625,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (Cl) (NC)
8 08 136 6 6 2 7 7 2 |

253. K. Sakai, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZze Zupanc, (139 avtorjev) , Search for CP-
violating charge asymmetry in B[sup][pm] [to] J/[psi] K[sup][pm] decays, Phys. rev., D Part. fields gravit.
cosmol., (2010) vol. 82, no. 9, str. 091104-1-091104-7, ISBN 1550-7998, COBISS-ID 24344871, IF: 4.964, SE:
BU - astronomy & astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles
& fields ; 5/27 ; Cetrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

STD | STK

St.
avtorjev

cistih
citatov

Cistih
citatov

Scopus: st.

citatov Cistih citatov | citatov (TC) Cistih citatov

WoS: &t.

normirano st.

normirano st.




] o (T¢) ()  (NO) . (NC) |
8 08 139 4 2 1 H H H |

254. K.-F. Chen, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari€¢, Anze Zupanc, (135 avtorjev) , Observation of an enhancement in e[sup]+
e[sup]- [to] [Upsilon](1S) [pi][sup]+ [pil[sup]-, [Upsilon](2S) [pi][sup]+ [pi][sup]-, and [Upsilon](3S) [pi]
[sup]+ [pil[sup]- production near [square root]s=10.89 GeV, Phys. rev., D Part. fields gravit. cosmol., (2010)
vol. 82, no. 9, str. 091106-1-091106-6, ISBN 1550-7998, COBISS-ID 24330279, IF: 4.964, SE: BU - astronomy &
astrophysics ; 7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ;
Getrtina: 1 ; x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD | STK avtor:'ev citatov citatov cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8§ 08 13 H H 13 12 4 |

255. S. Uehara, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (127 avtorjev) , Measurement of [eta] [eta]
production in two-photon collisions, Phys. rev., D Part. fields gravit. cosmol., (2010) vol. 82, no. 11, str.
114031-1-114031-21, ISBN 1550-7998, COBISS-ID 24336679, IF: 4.964, SE: BU - astronomy & astrophysics ;
7/55 ; Cetrtina: 1 ; x=3.09 ; IFmin: 3.491 ; IFmax: 27.444 UP - physics, particles & fields ; 5/27 ; Cetrtina: 1 ;
x=2.907 ; IFmin: 4.025 ; IFmax: 12.625,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 1271 6 4 1 5 3 1 |

256.Y. Miyazaki, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Samo Stani¢, Marko Staric,
Tomi Zivko, AnZe Zupanc, (129 avtorjev) , Search for lepton flavor and lepton number violating [tau]
decays into a lepton and two charged mesons, Phys. lett., Sect. B, (2010) vol. 682, no. 4/5, str. 355-362,
ISBN 0370-2693, COBISS-ID 23287079, IF: 5.255, SE: Ul - physics, multidisciplinary ; 6/80 ; Cetrtina: 1 ;
x=2.582 ; IFmin: 2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 129 5 5 2 6 5 2 |

257. K. Hayasaka, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (135 avtorjev) , Search for lepton-flavor-violating
[tau] decays into three leptons with 719 million produced [tau][sup]+ [tau][sup]- pairs, Phys. lett., Sect. B,
(2010) vol. 687, no. 2/3, str. 139-143, ISBN 0370-2693, COBISS-ID 23678503, IF: 5.255, SE: Ul - physics,
multidisciplinary ; 6/80 ; Cetrtina: 1 ; x=2.582 ; IFmin: 2.245 ; IFmax: 51.695,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
] (TC) (cn (NC) () (NC)
8 08 135 23 23 9 28 28 11 |

258. Andrej Seljak, H. lkeda, S. lwata, Samo Korpar, Peter Krizan, Rok Pestotnik, Shohei Nishida, T.
Sumiyoshi, (8 avtorjev) , Readout electronics for an HAPD detector, Journal of instrumentation, (2011) vol. 6,
no. 1, str. C01083-1-C01083-6, ISBN 1748-0221, COBISS-ID 24453159, IF: 1.869, SE: OA - instruments &
instrumentation ; 11/58 ; Cetrtina: 1 ; x=1.379 ; IFmin: 1.663 ; IFmax: 9.97,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK ¢ . citatov citatov Cistih citatov it tp .TC. citatov Cistih citatov
avtorjev (TC) () (NC) citatov (TC) () (NC)
8 1 8 1 0 0 1 0 0 |

259. Andrej Seljak, Ichiro Adachi, H. lkeda, K. Hara, Toru lijima, S. lwata, Samo Korpar, Peter Krizan, E.

Kuroda, Rok Pestotnik, Shohei Nishida, T. Sumiyoshi, H. Takagaki, (13 avtorjev) , Readout electronics for a
Hybrid Avalanche Photon Detector, Journal of instrumentation, (2011) vol. 6, no. 12, str. C12051-1-C12051-9,
ISBN 1748-0221, COBISS-ID 25652519, IF: 1.869, SE: OA - instruments & instrumentation ; 11/58 ; etrtina: 1 ;



x=1.379 ; IFmin: 1.663 ; IFmax: 9.97,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov cistih citatov citatov ('TCi citatov Cistih citatov
J (TC) (cn (NC) ) (NC)
8 08 13 0 0 0 0 0 0 |

260. Sunil Ahn, Marko Bracgko, Rok Pestotnik, Marko Petri¢, Luka Santelj, Marko Stari¢, Samo Stani¢, (42

avtorjev) , The embedment of a metadata system at grid farms at the Belle Il experiment, J. Korean Phys.
Soc., (2011) vol. 59, no. 4, str. 2695-2701, ISBN 0374-4884, COBISS-ID 25662759, IF: 0.447, SE: Ul - physics,
multidisciplinary ; 64/84 ; Cetrtina: 4 ; x=2.404 ; IFmin: 0.111 ; IFmax: 0.447,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD | STK avtor:'ev citatov citatov cistih citatov citatov (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
6 06 42 0 0 0 0 0 0 |

261. Ruben Verheyden, Hassan Chagani, Rok Dolenec, Rok Pestotnik, Peter Krizan, Samo Korpar, Ales
Stanovnik, (7 avtorjev) , Performance study of silicon photomultipliers as photon detectors for PET, Nucl.
instrum, methods phys res., Sect. A, Accel., (2011) vol. 628, no. 1, str. 381-384, ISBN 0168-9002, COBISS-ID
24351783, IF: 1.207, SE: OA - instruments & instrumentation ; 25/58 ; ¢etrtina: 2 ; x=1.379 ; IFmin: 1.067 ;
IFmax: 1.576 RY - nuclear science & technology ; 12/35 ; Cetrtina: 2 ; x=0.949 ; IFmin: 0.905 ; IFmax: 1.227 UP -
physics, particles & fields ; 18/27 ; Cetrtina: 3 ; x=3.025 ; IFmin: 0.855 ; IFmax: 1.659 XQ - spectroscopy ; 28/42 ;
Cetrtina: 3 ; x=2.255 ; IFmin: 1.012 ; IFmax: 1.547,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD STK avt0|:'ev citatov citatov ¢istih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (C1) (NC)
8 11437 K 1 K K K K |

262. Rok Dolenec, Hassan Chagani, Samo Korpar, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, (6
avtorjev) , Tests of a silicon photomultiplier module for detection of Cherenkov photons, Nucl. instrum,
methods phys res., Sect. A, Accel., (2011) vol. 628, no. 1, str. 398-402, ISBN 0168-9002, COBISS-ID 24553767,
IF: 1.207, SE: OA - instruments & instrumentation ; 25/58 ; €etrtina: 2 ; x=1.379 ; IFmin: 1.067 ; IFmax: 1.576 RY
- nuclear science & technology ; 12/35 ; Cetrtina: 2 ; x=0.949 ; IFmin: 0.905 ; IFmax: 1.227 UP - physics,
particles & fields ; 18/27 ; Cetrtina: 3 ; x=3.025 ; IFmin: 0.855 ; IFmax: 1.659 XQ - spectroscopy ; 28/42 ; Cetrtina:
3;x=2.255; IFmin: 1.012 ; IFmax: 1.547,

&t WoS: st. Cistih normirano §t. Scopus: 5t Cistih normirano §t.
STD | STK avtOI:'ev citatov citatov Cistih citatov citatF:)v (-TCi citatov Cistih citatov
) (TC) (Cl) (NC) (C1) (NC)
8 13336 L 1 1 0 0 0 |
263. ===> Rok Pestotnik, Rok Dolenec, Samo Korpar, Peter Krizan, Ales Stanovnik, (5 avtorjev), Module of

silicon photomultipliers as a detector of individual Cherenkov photons, Nucl. instrum, methods phys res.,
Sect. A, Accel., (2011) vol. 639, no. 1, str. 99-102, ISBN 0168-9002, COBISS-ID 24686631, IF: 1.207, SE: OA -
instruments & instrumentation ; 25/58 ; Cetrtina: 2 ; x=1.379 ; IFmin: 1.067 ; IFmax: 1.576 RY - nuclear science &
technology ; 12/35 ; Cetrtina: 2 ; x=0.949 ; IFmin: 0.905 ; IFmax: 1.227 UP - physics, particles & fields ; 18/27 ;
Cetrtina: 3 ; x=3.025 ; IFmin: 0.855 ; IFmax: 1.659 XQ - spectroscopy ; 28/42 ; Cetrtina: 3 ; x=2.255 ; IFmin: 1.012
; IFmax: 1.547,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD | STK avtor.'ev citatov citatov Cistih citatov citatov (-TCi citatov Cistih citatov
J (TC) (CI) (NC) (Cl) (NC)
8 16 5 0 0 0 0 0 0 |

264. Ichiro Adachi, Rok Dolenec, Samo Korpar, Peter Krizan, Rok Pestotnik, (19 avtorjev) , Study of a 144
channel multi-anode hybrid avalanche photo-detector for the Belle Il RICH counter, Nucl. instrum,
methods phys res., Sect. A, Accel., (2011) vol. 639, no. 1, str. 103-106, ISBN 0168-9002, COBISS-ID 24867367,
IF: 1.207, SE: OA - instruments & instrumentation ; 25/58 ; getrtina: 2 ; x=1.379 ; IFmin: 1.067 ; IFmax: 1.576 RY
- nuclear science & technology ; 12/35 ; Cetrtina: 2 ; x=0.949 ; IFmin: 0.905 ; IFmax: 1.227 UP - physics,
particles & fields ; 18/27 ; Cetrtina: 3 ; x=3.025 ; IFmin: 0.855 ; IFmax: 1.659 XQ - spectroscopy ; 28/42 ; Cetrtina:
3 ; x=2.255 ; IFmin: 1.012 ; IFmax: 1.547,

H STD H STK H St. H WoS: st. H Cistih H normirano $t. H Scopus: st. H Cistih

‘ normirano $t. H




citatov citatov cistih citatov citatov Cistih citatov
(TC) (Cl) (NC) (Cl) (NC)

8 08 19 0 0 0 0 0 0 |

citatov (TC)

avtorjev

265. Samo Korpar, Ichiro Adachi, Rok Dolenec, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, (6 avtorjev) ,
Photonis MCP PMT as a light sensor for the Belle Il RICH, Nucl. instrum, methods phys res., Sect. A, Accel.,
(2011) vol. 639, no. 1, str. 162-184, ISBN 0168-9002, COBISS-ID 24867623, IF: 1.207, SE: OA - instruments &
instrumentation ; 25/58 ; Cetrtina: 2 ; x=1.379 ; IFmin: 1.067 ; IFmax: 1.576 RY - nuclear science & technology ;
12/35 ; Cetrtina: 2 ; x=0.949 ; IFmin: 0.905 ; IFmax: 1.227 UP - physics, particles & fields ; 18/27 ; Cetrtina: 3 ;
x=3.025 ; IFmin: 0.855 ; IFmax: 1.659 XQ - spectroscopy ; 28/42 ; Cetrtina: 3 ; x=2.255 ; IFmin: 1.012 ; IFmax:
1.547,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat?:v (.TCi citatov Cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 13336 0 0 0 1 1 1 |

266. Samo Korpar, Rok Dolenec, Peter Krizan, Rok Pestotnik, Ale§ Stanovnik, (5 avtorjev), Study of TOF
PET using Cherenkov light, Nucl. instrum, methods phys res., Sect. A, Accel., (2011) vol. 654, no. 1, str. 532-
538, ISBN 0168-9002, COBISS-ID 25039655, IF: 1.207, SE: OA - instruments & instrumentation ; 25/58 ;
Cetrtina: 2 ; x=1.379 ; IFmin: 1.067 ; IFmax: 1.576 RY - nuclear science & technology ; 12/35 ; Cetrtina: 2 ;
x=0.949 ; [Fmin: 0.905 ; IFmax: 1.227 UP - physics, particles & fields ; 18/27 ; Cetrtina: 3 ; x=3.025 ; IFmin: 0.855
; IFmax: 1.659 XQ - spectroscopy ; 28/42 ; Cetrtina: 3 ; x=2.255 ; IFmin: 1.012 ; IFmax: 1.547,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citatov (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 16 5 2 2 2 1 1 1 |

267. J. Li, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (167 avtorjev) , Observation of B[sub]s[sup]O0 [to] J/
[psi] f[sub]0(980) and evidence for B[sub]s[sup]0 [to] J/[psi] f[sub]0(1370), Phys. rev. lett., (2011) vol. 106,
no. 12, str. 121802-1-121802-5, ISBN 0031-9007, COBISS-ID 24959783, IF: 7.37, SE: Ul - physics,
multidisciplinary ; 5/84 ; Cetrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
5 08 167 14 13 5 12 s |

268. B. R. Ko, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (131 avtorjev) , Search for CP violation in the
decays D[sup]0 [to] K[sup]0[sub]SP[sup]0, Phys. rev. lett., (2011) vol. 106, no. 21, str. 211801-1-211801-6,
ISBN 0031-9007, COBISS-ID 24954919, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; Cetrtina: 1 ;
x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (C1) (NC)
8 08 131 2 1 0 2 1 0 |

269. Y. Horii, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (145 avtorjev) , Evidence for the suppressed decay
B[sup]- [to] DK[sup]-, D [to] K[sup]+[pi]l[sup]-, Phys. rev. lett., (2011) vol. 106, no. 23, str. 231803-1-231803-
6, ISBN 0031-9007, COBISS-ID 24960039, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; Cetrtina: 1 ;
x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 145 8 7 3 9 8 3 |

270. V. Bhardwaj, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (143 avtorjev) , Observation of X(3872) [to] J/[psi]



[gamma] and search for X(3872) [to] [psi][prime] [gamma] in B decays, Phys. rev. lett., (2011) vol. 107, no.
9, str. 091803-1-091803-6, ISBN 0031-9007, COBISS-ID 25312295, IF: 7.37, SE: Ul - physics, multidisciplinary ;
5/84 ; Getrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov cistih citatov citath,w ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 143 9 8 3 9 8 3 |

271. E. Won, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (169 avtorjev) , Observation of D[sup]+ [to] K[sup]+
[eta][sup]([prime]) and search for CP violation in D[sup]+ [to] [pil[sup]+ [eta][sup]([prime]) decays, Phys.
rev. lett., (2011) vol. 107, no. 22, str. 221801-1-221801-6, ISBN 0031-9007, COBISS-ID 25313063, IF: 7.37, SE:
Ul - physics, multidisciplinary ; 5/84 ; Cetrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (cl) (NC) (CI) (NC)
8 08 169 4 3 1 4 3 1 |

272. Galina Pakhlova, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko
Petri¢, Peter Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (153 avtorjev) , Measurement
of the e[sup]+ e[sup]- [to] D[sub]s[sup](([ast])+) D[sub]s[sup](([ast])-) cross sections near threshold
using initial-state radiation, Phys. rev., D Part. fields gravit. cosmol., (2011) vol. 83, no. 1, str. 011101-1-
011101-7, ISBN 1550-7998, COBISS-ID 24953895, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ;
Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ;
IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 153 5 5 2 4 4 1 |

273. H. Guler, Marko Bracko, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stani¢, Marko Stari¢, Tomi
Zivko, AnZe Zupanc, (121 avtorjev) , Study of the K[sup]+ [pi][sup]+ [pi][sup]- final state in B[sup]+ [to] J/
[psi] K[sup]+ [pil[sup]+ [pi][sup]- and B[sup]+ [to] [psi][prime] K[sup]+[pil[sup]+ [pil[sup]-, Phys. rev., D
Part. fields gravit. cosmol., (2011) vol. 83, no. 3, str. 032005-1-032005-29, ISBN 1550-7998, COBISS-ID
1946875, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; ¢etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax:
26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 121 6 E 2 7 6 2 |

274. T. Aushev, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari€, Anze Zupanc, (145 avtorjev) , Study of the decays B [to] D[sub](s1)(2536)[sup]
+ (D[bar])[sup](([ast])), Phys. rev., D Part. fields gravit. cosmol., (2011) vol. 83, no. 5, str. 051102-1-051102-6,
ISBN 1550-7998, COBISS-ID 24959527, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ;
x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ;
IFmax: 17.462,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 145 2 2 1 1 1 0 |

275. H. Ha, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (143 avtorjev) , Measurement of the decay
B[sup]0 [to] [pil[sup]- I[sup]+ [nu] and determination of [vertical]V[sub](ub)[vertical], Phys. rev., D Part.
fields gravit. cosmol., (2011) vol. 83, no. 7, str. 071101-1-071101-6, ISBN 1550-7998, COBISS-ID 24954407, IF:
4.558, SE: BU - astronomy & astrophysics ; 11/56 ; €etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP -
physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

H STD H STK H St. H WoS: st. H Cistih H normirano $t. H Scopus: st. H Cistih

‘ normirano $t. H




citatov citatov cistih citatov citatov Cistih citatov
(TC) (Cl) (NC) (Cl) (NC)

8 08 143 12 12 4 10 10 3 |

citatov (TC)

avtorjev

276. S.-K. Choi, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (177 avtorjev) , Bounds on the width, mass
difference and other properties of X(3872) [to] [pil[sup]+ [pil[sup]- J/[psi] decays, Phys. rev., D Part. fields
gravit. cosmol., (2011) vol. 84, no. 5, str. 052004-1-052004-16, ISBN 1550-7998, COBISS-ID 25312551, IF:
4.558, SE: BU - astronomy & astrophysics ; 11/56 ; ¢etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP -
physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano §t.
STD  STK avtor:'ev citatov citatov Cistih citatov citat%v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 177 13 13 4 14 14 5 |

277. H. Sahoo, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari€¢, Anze Zupanc, (157 avtorjev) , First observation of radiative B[sup]O0 [to] [phi]
K[sup]0 [gamma] decays and measurements of their time-dependent CP violation, Phys. rev., D Part.
fields gravit. cosmol., (2011) vol. 84, no. 7, str. 071101-1-071101-6, ISBN 1550-7998, COBISS-ID 25312039, IF:
4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP -
physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 157 0 0 0 0 0 0 |

278. O. Seon, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, AnZze Zupanc, (173 avtorjev) , Search for lepton-number-
violating B[sup]+ [to] D[sup]- I[sup]+ I[sup]([prime]+) decays, Phys. rev., D Part. fields gravit. cosmol.,
(2011) vol. 84, no. 7, str. 071106-1-071106-7, ISBN 1550-7998, COBISS-ID 25312807, IF: 4.558, SE: BU -
astronomy & astrophysics ; 11/56 ; €etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles &
fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 173 5 5 2 4 4 1 |

279. X. L. Wang, Marko Bracko, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stanic,
Marko Stari¢, (138 avtorjev) , Search for charmonium and charmoniumlike states in [Upsilon](2S)
radiative decays, Phys. rev., D Part. fields gravit. cosmol., (2011) vol. 84, no. 7, str. 071107-1-071107-7, ISBN
1550-7998, COBISS-ID 25313575, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ; x=3.07 ;
IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax:
17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov cistih citatov citath,w ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 138 2 1 0 2 1 0 |

280. P. Chen, Marko Bracko, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stanic,
Marko Stari¢, (140 avtorjev) , Observation of B[sup]- [to] p[bar] [Lambda] D[sup]0 at Belle, Phys. rev., D
Part. fields gravit. cosmol., (2011) vol. 84, no. 7, str. 071501-1-071501-7, ISBN 1550-7998, COBISS-ID
25313319, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax:
26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (cl) (NC) (CI) (NC)
8 08 140 1 1 0 1 1 0 |

281.Y. Miyazaki, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,



Samo Stani¢, Marko Stari¢, Tomi Zivko, AnZe Zupanc, (143 avtorjev) , Search for lepton-flavor-violating
[tau] decays into a lepton and a vector meson, Phys. lett., Sect. B, (2011) vol. 699, no. 4, str. 251-257, ISBN
0370-2693, COBISS-ID 24954663, IF: 3.955, SE: Ul - physics, multidisciplinary ; 9/84 ; Cetrtina: 1 ; x=2.404 ;
IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 143 1 1 0 K 1 0 |

282. A. Vinokurova, Marko Bracko, Bostjan Golob, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (145 avtorjev) , Study of B[sup][pm] [to] K[sup][pm]
(K[sub]S K [pi])[sup]0 decay and determination of [eta][sub]c and [eta][sub]c (2S) parameters, Phys. lett.,
Sect. B, (2011) vol. 706, no. 2/3, str. 139-149, ISBN 0370-2693, COBISS-ID 25326375, IF: 3.955, SE: Ul -
physics, multidisciplinary ; 9/84 ; Cetrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov cistih citatov
) (TC) (cl) (NC) (C1) (NC)
8 08 145 6 5 2 7 6 2 |

283. C.-T. Hoi, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Marko Stari¢, Anze Zupanc, (127 avtorjev) , Evidence for direct CP violation in B[sup][pm]
[to] [eta] h[sup][pm] and observation of B[sup]0 [to] [eta] K[sup]O0, Phys. rev. lett., (2012) vol. 108, no. 3, str.
031801-1-031801-6, ISBN 0031-9007, COBISS-ID 25645863, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ;
Getrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor:'ev citatov citatov Cistih citatov citatF:)v (.TCi citatov cistih citatov
J (TC) (Cl) (NC) (Cl) (NC)
8 08 127 0 0 0 0 0 0 |

284. Ichiro Adachi, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, AnZe Zupanc, (156 avtorjev) , First observation of the P-wave
spin-singlet bottomonium states h[sub]b (1P) and h[sub]b (2P), Phys. rev. lett., (2012) vol. 108, no. 3, str.
032001-1-032001-6, ISBN 0031-9007, COBISS-ID 25645351, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ;
Cetrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scopus: 5t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 156 |16 14 6 19 17 7 |

285. Marko Stari¢, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Anze Zupanc, (134 avtorjev) , Search for CP violation in D[sup][pm] meson
decays to [phi] [pil[sup]l[pm], Phys. rev. lett., (2012) vol. 108, no. 7, str. 071801-1-071801-6, ISBN 0031-9007,
COBISS-ID 25645607, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; Cetrtina: 1 ; x=2.404 ; [Fmin: 2 ;
IFmax: 43.933,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov cistih citatov citath,w (-Tci citatov cistih citatov
) (TC) (CI) (NC) (C1) (NC)
5 08 134 4 4 2 2 2 |

286. Ichiro Adachi, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (176 avtorjev) , Precise measurement of the CP
violation parameter sin2[phi][sub]1 in B[sup]0 [to] c c[bar] K[sup]0 decays, Phys. rev. lett., (2012) vol. 108,
no. 17, str. 171802-1-171802-7, ISBN 0031-9007, COBISS-ID 25989415, IF: 7.37, SE: Ul - physics,
multidisciplinary ; 5/84 ; Cetrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov cistih citatov
) (TC) (cI) (NC) (C1 (NC)

8 08 176 0 0 0 7 4 2 |




287.J. Li, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo
Stani¢, Marko Stari¢, AnZze Zupanc, (164 avtorjev) , First observation of B[sub]s[sup]0 [to] J/[psi] [eta] and
B[sub]s[sup]0 [to]J/[psi] [eta][sup][prime], Phys. rev. lett., (2012) vol. 108, no. 18, str. 181808-1-181808-5,
ISBN 0031-9007, COBISS-ID 25989671, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; Cetrtina: 1 ;
x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
) (TC) (CI) (NC) (CI) (NC)
8 08 164 2 2 1 3 3 1 |

288. Z. Q. Liu, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Staric, (164 avtorjev) , Observation of new resonant structures in [gamma] [gamma]
[to] [omega][phi], [phi][phi], and [omega][omega], Phys. rev. lett., (2012) vol. 108, no. 23, str. 232001-1-
232001-7, ISBN 0031-9007, COBISS-ID 25989927, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; Cetrtina:
1;x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano st. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov Cistih citatov
) (TC) (cl) (NC) (C1) (NC)
5 08 &4 2 2 2 2 |

289. B. R. Ko, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (164 avtorjev) , Evidence for CP violation in the
decay D[sup]+ [to] K[sup]O[sub]S [pi][sup]+, Phys. rev. lett., (2012) vol. 109, no. 2, str. 021601-1-021601-6,
ISBN 0031-9007, COBISS-ID 25990183, IF: 7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; Cetrtina: 1 ;
x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8§ 08 164 1 0 0 1 1 0 |

290. R. Mizuk, Marko Bracko, BoStjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, (174 avtorjev) , Evidence for the [eta][sub]b (2S) and
observation of h[sub]b (1P) [to] [eta][sub]b (1S) [gamma] and h[sub]b (2P) [to] [eta][sub]b (1S) [gamma],
Phys. rev. lett., (2012) vol. 109, no. 23, str. 232002-1-232002-6, ISBN 0031-9007, COBISS-ID 26535975, IF:
7.37, SE: Ul - physics, multidisciplinary ; 5/84 ; ¢etrtina: 1 ; x=2.404 ; IFmin: 2 ; IFmax: 43.933,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov ¢istih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 174 0 0 0 K 1 0 |

291. T. Higuchi, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, (179 avtorjev) , Search for time-dependent CPT violation in
hadronic and semileptonic B decays, Phys. rev., D Part. fields gravit. cosmol., (2012) vol. 85, no. 7, str.
071105-1-071105-7, ISBN 1550-7998, COBISS-ID 25991975, IF: 4.558, SE: BU - astronomy & astrophysics ;
11/56 ; Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ;
x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (Cl) (NC)
8 08 179 1 1 0 1 1 0 |

292. M.-C. Chang, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (156 avtorjev) , Measurement of B[sup]0 [to] J/
[psi] [eta][sup]([prime]) and constraint on the [eta] - [eta][sup][prime] mixing angle, Phys. rev., D Part.
fields gravit. cosmol., (2012) vol. 85, no. 9, str. 091102-1-091102-6, ISBN 1550-7998, COBISS-ID 25992231, IF:
4.558, SE: BU - astronomy & astrophysics ; 11/56 ; €etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP -
physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

STD | STK

St.
avtorjev

cistih
citatov

Cistih
citatov

Scopus: st.
citatov (TC)

WoS: st.
citatov

normirano st.
cistih citatov

cistih citatov

normirano st.




] o (T¢) ()  (NO) . (NC) |
8 08 156 2 2 1 2 2 1 |

293. M. Roéhrken, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari€¢, Anze Zupanc, (163 avtorjev) , Measurements of branching fractions and time-
dependent CP violating asymmetries in B[sup]0 [to] D[sup]( ([ast]) [pm]) D[sup][mp] decays, Phys. rev., D
Part. fields gravit. cosmol., (2012) vol. 85, no. 9, str. 091106-1-091106-7, ISBN 1550-7998, COBISS-ID
25992487, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax:
26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano st.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 163 |1 0 0 K 0 0 |

294. H. Aihara, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Peter Krizan, Marko Petric,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (161 avtorjev) , First measurement of [phi][sub]3
with a model-independent Dalitz plot analysis of B[sup][pm] [to] D K[sup][pm], D [to] K[sup]0[sub]S [pi]
[sup]+ [pil[sup]- decay, Phys. rev., D Part. fields gravit. cosmol., (2012) vol. 85, no. 11, str. 112014-1-112014-
17, ISBN 1550-7998, COBISS-ID 25994535, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ;
x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ;
IFmax: 17.462,

&t WoS: st. Cistih normirano st. Scopus: 5t Cistih normirano st.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (-TCi citatov cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 161 1 1 0 1 1 0 |

295. K. Negishi, Samo Korpar, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stani¢, Marko Staric,
AnZe Zupanc, (138 avtorjev) , Search for the decay B[sup]0 [to] D K[sup]([ast]0) followed by D [to] K[sup]-
[pil[sup]+, Phys. rev., D Part. fields gravit. cosmol., (2012) vol. 86, no. 1, str. 011101-1-011101-6, ISBN 1550-
7998, COBISS-ID 25994791, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ; x=3.07 ; [Fmin:
3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano $t. Scopus: &t Cistih normirano $t.
STD  STK avtor.'ev citatov citatov cistih citatov citath,w (-Tci citatov Cistih citatov
) (TC) (CI) (NC) (C1) (NC)
8 08 138 0 0 0 0 0 0 |

296. J. H. Kim, Marko Bracko, Bostjan Golob, Samo Korpar, Rok Pestotnik, Marko Petri¢, Peter Smerkol,
Samo Stani¢, Marko Stari¢, Anze Zupanc, (151 avtorjev) , Search for B [to] [phi] [pi] decays, Phys. rev., D
Part. fields gravit. cosmol., (2012) vol. 86, no. 3, str. 031101-1-031101-6, ISBN 1550-7998, COBISS-ID
25995047, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ; Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax:
26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov cistih citatov
) (TC) (cl) (NC) (C1) (NC)
8 08 151 0 0 0 0 0 0 |

297. C. P. Shen, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petric,
Peter Smerkol, Marko Stari¢, Anze Zupanc, (155 avtorjev) , Observation of exclusive [Upsilon](1S) and
[Upsilon](2S) decays into light hadrons, Phys. rev., D Part. fields gravit. cosmol., (2012) vol. 86, no. 3, str.
031102-1-031102-7, ISBN 1550-7998, COBISS-ID 26017575, IF: 4.558, SE: BU - astronomy & astrophysics ;
11/56 ; Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ;
x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scobus: &t Cistih normirano §t.
STD STK avtor.'ev citatov citatov Cistih citatov citat%v (.TCi citatov Cistih citatov
J (TC) (CI) (NC) (CI) (NC)
8 08 155 0 0 0 0 0 0 |

298. C. - L. Hsu, Marko Bracko, Samo Korpar, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stanic,
Marko Stari¢, (156 avtorjev) , Search for B[sup]0 decays to invisible final states at Belle, Phys. rev., D Part.



fields gravit. cosmol., (2012) vol. 86, no. 3, str. 032002-1-032002-6, ISBN 1550-7998, COBISS-ID 25995303, IF:
4.558, SE: BU - astronomy & astrophysics ; 11/56 ; ¢etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP -
physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD | STK avtor.'ev citatov citatov cistih citatov citath,w ('Tci citatov Cistih citatov
J (TC) (Cl) (NC) (CI) (NC)
8 08 156 1 1 0 1 1 0 |

299. C. C. Zhang, Samo Korpar, Rok Pestotnik, Marko Petri¢, Peter Smerkol, Samo Stani¢, Marko Staric,
(103 avtorjev) , First study of [eta][sub]c (1S), [eta](1760) and X(1835) production via [eta][sup][prime] [pi]
[sup]+ [pil[sup]- final states in two-photon collisions, Phys. rev., D Part. fields gravit. cosmol., (2012) vol.
86, no. 5, str. 052002-1-052002-12, ISBN 1550-7998, COBISS-ID 26536231, IF: 4.558, SE: BU - astronomy &
astrophysics ; 11/56 ; €etrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ;
Cetrtina: 1 ; x=3.025 ; IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avtor.'ev citatov citatov Cistih citatov citat%v ('TCi citatov cistih citatov
) (TC) (cl) (NC) (C1) (NC)
8 08 103 0 0 0 2 2 1 |

300. B. Kronenbitter, Marko Bracko, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢, Peter
Smerkol, Samo Stani¢, Marko Stari¢, Luka Santelj, AnZe Zupanc, (162 avtorjev) , First observation of CP
violation and improved measurement of the branching fraction and polarization of B[sup]0 [to] D[sup]
([ast] +) D[sup]([ast] -) decays, Phys. rev., D Part. fields gravit. cosmol., (2012) vol. 86, no. 7, str. 071103-1-
071103-7, ISBN 1550-7998, COBISS-ID 26536487, IF: 4.558, SE: BU - astronomy & astrophysics ; 11/56 ;
Cetrtina: 1 ; x=3.07 ; IFmin: 3.582 ; IFmax: 26.452 UP - physics, particles & fields ; 6/27 ; Cetrtina: 1 ; x=3.025 ;
IFmin: 4.522 ; IFmax: 17.462,

&t WoS: st. Cistih normirano §t. Scopus: &t Cistih normirano §t.
STD  STK avton:'ev citatov citatov cistih citatov citat%v (.TCi citatov Cistih citatov
) (TC) (cl) (NC) (CI) (NC)
8 08 162 0 0 0 0 0 0 |

301. J. Stypula, Marko Bracko, Bostjan Golob, Samo Korpar, Peter Krizan, Rok Pestotnik, Marko Petri¢,
Peter Smerkol, Samo Stani¢, Marko Stari¢, Anze Zupanc, (169 avtorjev) , Evidence for B[sup]- [to]
D[sub]s[sup]+ K[sup]- I[[sup]- ([nu][bar])[sub]l and search for B[sup]- [to] D[sub]s[sup]([ast] +) K[sup]-
I[sup]- ([nu][bar])[sub]l, Phys. rev., D Part. fields gravit. cosmol., (2012) vol. 86, no. 7, str. 072007-1-072007-7,
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Abstract

A new multianode photomultiplier tube, type H6568 manufactured by Hamamatsu company, has been tested in view of
using it for measuring Cherenkov rings in the HERA-B experiment. The results of measurements of single-photoelectron
pulse-height distributions, uniformity of response, cross-talk, photon detection efficiency, rate dependence of the gain and
ageing will be presented and discussed. In addition, the response of the PMT to scintillations of perfluorobutane (C4Fyo),

argon and air has been measured.

1. Introduction

The HERA-B detector at the HERA e—p collider at DESY
in Hamburg, will measure CP violation parameters in the
B-meson system using thin-strip, fixed targets in the halo
of the 820 GeV proton beam {1, 2]. B-mesons will be thus
produced in proton-nucleus collisions and their decays to
I/ K will be measured. Tagging of the B-meson flavour
will be performed by identification of the charged kaon into
which the associated B-meson decayed. For this purpose
a Ring Imaging Cherenkov (RICH) counter will be used.
The RICH detector will consist of 2.7 m of perfluorobutane
(C4F o) gas radiator, spherical mirrors of 5.7 m focal length
and about 6m® of photon detectors with a pixel size of
approximately 1 cm?. In order to separate kaons from pions
up to about 50 GeV/c, the RICH would have to detect at
least 20 photons per Cherenkov ring. In addition, the RICH
signals should be collected in less than the 96 ns bunch
crossing time in HERA. The proton—nucleus reaction rate,
necessary to detect a few thousand B — J/WKS — 117wt n~
events in one year, also poses extra demands on the photon

* Corresponding author. Tel.: +386 61 1773 774; fax: +386 61
1219 385.

detectors. The most exposed parts of the detector will have
to operate at a few MHz per pixel, which could cause ageing
or rate problems.

Previous studies have been concerned with CsI photocath-
odes in an asymmetric multiwire chamber [3] and with a
TMAE based photon detector [4]. The attempts to routinely
produce and maintain the Csl photocathodes with a sufhi-
ciently high quantum efficiency were unfortunately unsuc-
cessful. At larger accumulated charges (~10 mC/em?), the
TMAE based photon detector showed signs of ageing in the
form of prohibitive loss of anode wire gain [5]. A third pos-
sibility for position sensitive photon detection in HERA-B
is studied in this work. Results of various measurements of
the new Hamamatsu multianode photomultiplier tube (MA-
PMT) H6568 are presented.

2. The experimental apparatus

The PMT has been tested with single daylight photons as
well as with Cherenkov radiation emitted by **Sr B-electrons
in a crystal radiator (Fig. 1) and by 3 GeV/c beam electrons
in Sm of argon gas radiator (Fig. 2).

0168-9002/97/$17.00 Copyright (© 1997 Elsevier Science B.V. All rights reserved

PIT S0168-9002(97)00642-6
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Fig. 1. The set-up for measuring Cherenkov photons emitted by **Sr B particles in a crystal radiator.
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Fig. 2. The set-up for measuring Cherenkov photons emitted by 3 GeV/c, test-beam electrons in a Sm long, argon gas radiator. The photons
are reflected from a spherical mirror on the downstream flange and focused onto the detectors on the upstream flange. The read out is
triggered by two tracking MWPCs and a scintillator. The set-up is situated at the T24 test beam at DESY.

A special container has been constructed for the mea-
surement of the scintillations of C4F gas. The gas flows
through the gas tight container into which an **' Am source
can be inserted or removed. The scintillations induced by
the o particles are seen by the photomultiplier at the oppo-
site end of the container.

The height of the anode pulses has been measured with
a 12-channel LeCroy CAMAC analog-to-digital converter
(ADC 2249A). In some cases, when the ADC was not avail-
able a CAMAC 16-channel discriminator (Philips 7106)
or a l6-channel time-to-digital converter (Lecroy 4291B)
were used for pulse counting. A trigger pulse on the “°Sr f-
electrons was provided by a miniature 18 x 18 mm? MWPC
(Fig. 1), while for the beam measurements, the read out was
triggered by coincident signals in two tracking MWPCs and
one scintillator (Fig. 2).

The new Hamamatsu H6568 multianode photomultiplier
has a bialkali photocathode with the anode divided into 16
pads of 4 x 4mm” each. The outer dimensions of the PMT
are 30 x 30 mm?, so the photocathode occupies only about
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Fig. 3. The measured pulse-height distributions of the H6568 PMT
due to single photoelectrons for different high voltage values.

30% of the surface. The 12-stage, metal-foil dynode sys-
tem [6] allows for good single-photoelectron resolution as
may be seen in Fig. 3. The quantum efficiency of the H6568
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Fig. 4. The quantum efficiency of the H6568 PMT with borosilicate window (dotted line) and of the H6568-30 PMT with a quartz window
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Fig. 5. The plateau curve of the single photon count rate for one channel of the MA-PMT versus high voltage (for constant illumination,

amplification 200 and discrimination at 30 mV).

photocathode, with borosilicate window, has a broad plateau
in the wavelength region between 300 and 500 nm with a
maximum value of 20% (Fig. 4). The UV-extended version
H6568-30 has a quartz window, which seems to improve the
quantum efficiency as shown in Fig. 4. In the present tests,
the photocathode quantum efficiencies of Fig. 4 were as-
sumed in calculations in which an additional multiplication
factor was allowed. This factor is attributed to the photoelec-
tron collection efficiency and is adjusted for best agreement
between calculations and results of measurements. The other

PM characteristics such as the required cathode high volt-
age (<1000V), the current amplification (107), dark cur-
rent (~1nA), pulse rise time (0.8 ns), transit time spread
(0.3 ns), etc. also seem to be satisfactory [6].

3. Measurements and results

Three multianode PMTs were tested; one with borosilicate
glass window (Ser. No. 6A19C4) and two with quartz
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Fig. 8. Lego plot of the average single-photoclectron pulse-heights normalized to the pad with the largest average pulse height.

windows (Ser. No. 5M26C6 and Ser. No. 6C22C5). The
single-photon count rate versus high voltage and the rela-
tive width of the single-photoelectron peak for one PMT are
shown in Figs. 5 and 6, respectively. The pulse-height distri-
butions on the 16 pads of one photomultiplier for single pho-
toelectrons are shown in Fig. 7 and the average pulse height
on each pad is shown in Fig. 8. These data were obtained by

allowing a small leak of daylight into the crystal radiator
from which the photon reached the photocathode more or
less uniformly illuminating its surface.

Cross talk has been estimated by observing simultaneous
pulses on adjacent pads, when the pulse on one pad has
been recorded to be above a certain threshold. The pulse-
height spectra, triggered by pad number 7 are shown in
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Fig. 10. Histograms of the photoelectron collection efficiency (see
text) for all the pads, measured by detecting Cherenkov photons
from three different crystal radiators.

Fig. 9. The cross talk is estimated from this figure to be 0.2%
between direct neighbours and only 0.1% between diagonal
neighbours.

The photon detection efficiencies of the multianode pho-
tomultiplier tubes have been determined by comparing
measured and simulated numbers of detected Cherenkov
photons. The Cherenkov photons have been generated by [3
particles from a *°Sr source in NaF, LiF or quartz crystal
radiators (Fig. 1). The simulation takes into account all
the known parameters of the source, the crystal radiator
and the detector. In particular, the photocathode quantum
efficiencies used in simulation were those shown in Fig. 4.
By dividing the measured number of hits per B-electron
which triggered the multiwire chamber, with the corre-
sponding number of simulated Cherenkov photons detected
by each pad, one obtains an estimate of the performance
of the individual anode pad expressed as an additional
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Fig. 13. Normalized pulse height distributions for Cherenkov signals caused by B-electrons from two different 9°Sr sources resulting in
count rates of 120 Hz/pad (empty circles) and 170kHz/pad (full circles).

efficiency factor. This additional efficiency factor & is pre-
sumably due to less than perfect collection of the photo-
electrons by the metal-foil dynode system. Fig. 10 shows
the photoelectron collection efficiencies obtained for three
different crystal radiators.

An independent estimate of the MA-PMT photon detec-
tion efficiencies has been obtained from measurements with
3 GeV/c beam electrons (Fig. 2). The average number of
photons detected per beam electron has been measured for
different positions of the Cherenkov ring with respect to the
multianode PMT. The relative position of the Cherenkov
ring has been varied by tilting the spherical mirror on the in-
side of the downstream flange and has been measured with
the CsI-MWPC (Fig. 11). The average number of detected
Cherenkov photons has also been calculated from the known
geometry, the parameters of the argon gas radiator, mirror
reflectivity, photocathode quantum efficiency given in Fig. 4
and for different values of the photoelectron collection effi-
ciency. The collection efficiency of the photomultiplier has
been thus determined from the best agreement between the
measured and the calculated values (Fig. 12). The number

of Cherenkov photons, that would be detected if the entire
Cherenkov ring is intercepted by the sensitive photocathode
surface (i.e. no dead space), would be 23 for the H6568
(e =0.85) and 31 for the H6568-30 (¢ =0.7) PMT. If in-
stead of 5 m of argon, the radiator is 2.7 m of C4Fy¢ gas, as
in the HERA-B RICH, these two numbers would increase
to 55 and 74 detected photons/ring, respectively. Just by
closely packing the MA-PMTs without any collection or fo-
cusing of light, the dead surface would reduce the number of
detected Cherenkov photons for about 70%. Different light
guides are being studied in order to collect the photons from
a larger surface and concentrate them on the PMT photo-
cathode pads.

At high rates, one might expect a reduction of gain and
consequently of pulse height, due to large currents through
the last dynode stages. Pulse height spectra at counting rates
of 120 Hz and 170kHz have been measured. No significant
difference in their shape has been observed, as may be seen
in Fig. 13.

Ageing was studied by illuminating the photocathode pads
with a 5W neon bulb through a small hole at one side of
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Fig. 14. The count rate as a function of time for one of the 16 channels illuminated with a neon lamp. No ageing effects have been noticed

during one month of operation at 3 MHz/channel.

a 1 m long, 10cm diameter black plastic tube with the PM
on the other side. The counting rate as a function of time
for one of the channels is shown in Fig. 14. As can be seen
from the figure, no reduction of the 3 MHz counting rate has
been observed over a 30 d period of continuous illumination
and operation.

Measurements of the scintillation yields for argon,
air and perfluorobutane (CsFio) have been made with
two PMTs. For the H6568 PMT, the results for C4Fio
(0.4 detected photons perGeV of deposited energy)
and for air (0.45 photons/GeV) are approximately equal
and are both 4 to 5 times lower than for argon gas
(1.8 photons/GeV ). For the H6568-30 UV extended PMT,
C4Fip (1.5 photons/GeV) gives about two times more
counts than air (0.7 photons/GeV), but about 8 times less
counts than argon (11.2 photons/GeV). Taking into account
the ratio of solid angles of the HERA-B photon detector to
the solid angle of the apparatus for scintillation measure-
ments and for ~2 GeV of energy absorbed per event by the
C4F 1o gas radiator, one expects to detect a few scintillation

photons/event, which is negligible in comparison with the
number of Cherenkov photons detected for each HERA-B
event.
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Tests of a Proximity Focusing RICH With
Aerogel as Radiator

I. Adachi, I. Bizjak, A. Gorsek, T. lijima, M. lwamoto, S. Korpar, P. Krizan, R. Pestotnik, M. Staf. Stanovnik,
T. Sumiyoshi, K. Suzuki, and T. Tabata

Abstract—Ysing aerogel as radiator and multi-anodephotomul- investigation of an aerogel based RICH detector not requiring
tiplier tubes (PMTs) for photon detection, a proximity focusing mirrors, i.e., of the proximity focusing type. Such a detector is
Cherenkov ring imaging detector has been constructed and tested being considered in connection with a possible upgrade of the

with beams containing pions, muons, and electrons. The aim is to R .
experimentally study the basic parameters such as resolution of BELLE particle identification system at KEK [7], [8].

the single photon Cherenkov angle and number of detected pho-

tons per ring. The resolution obtained is well approximated by es-

timates of contributions from pixel size and emission point uncer- II. EXPERIMENTAL SETUP

tainty. The number of detected photons per Cherenkov ring is in

good agreement with estimates based on aerogel and detector char-  |nitial tests of the apparatus with cosmic rays were reported

acteristics. The values obtained turn out to be rather low, mainly recently [9]. The present paper describes measurements and re-
due to Rayleigh scattering and to the relatively large dead space be- Y 13- P pap

tween the photocathodes. A light collection system or a higher frac- Sults obtained with the2 beam at KEK. A beam particle—pion,
tion of the photomultiplier active area, together with better quality — muon, or electron—traversing the apparatus is signaled by two
aerogels are expected to improve the situation. The reduction of 5 x 5 cm? scintillation counters which determine the time of
Cherenkc_)v yi_eld, for charged particle impact in the vicinity of the  5rrival. TwoCO, gas Cherenkov counters produce signals only
aerogel tile side wall, has also been measured. upon the passage of electrons so these signals could be used ei-
Index Terms—Aerogel, belle spectrometer, cherenkov counters, ther to select or to exclude electrons.
multi-anode photomultiplier tubes (PMTs). The aerogel radiator and the position sensitive, single photon
detector are contained in a light tight box (Fig. 1), of which
|. INTRODUCTION the entrance and exit sides each have a multiwire proportional

. . : .. chamber for measuring the track of the incident particle. These
.EROGEL.S are materials with den_S|ty_ and refra_lcuve ind x 5 cm? MWPCs, with 15.m diameter, gold-plated tungsten
in the region between gases and liquids or solids. Alrea

. . i ode wires at 2 mm pitch and with 90% Ar10% CH, gas
some time ago, Cantet al.[1] proposed that Cherenkov radla'ﬂow, are read out by delay lines on thheandy cathode v?/ires.

tion from silica aerogels could be used for detection of particles. .
. ) ) After passing through the entrance MWPC, the charged par-
Besides particle detectors like for example TASSO [2], su IQ:Ie hits the aerogel radiator in which it emits Cherenkov pho-

&:&S?nildrg\?ggﬁrasnf&:;?uﬁﬁp“tce a;;f;,?suilioézrgthj; f(';ik:]? [he.rns' Measurements have been made mainly with 2 cm thick
P 9 ques, 9 9 rogel slabs of = 1.029, n = 1.05 andn = 1.07, produced

transpa_lrency, €., Ies_s Raylelgh scatt_ermg peca}me_avall_agl}%the method described in [10]. The position sensitive detector
permitting their consideration as radiators in ring imagin

o . f Cherenkov photons is situated 17—-29 cm downstream of the
ngnggggva(ZL%anceo durgg:igﬁ]'gzgs'Eﬂtrg'r_?ggu?:gug:gtH[ erogel, depending on the refractive index value of the specific
counter for the LHC-B experiment <';1t CERN. The HERME erogel. T.he. detector is 266 array of 16 channel multi-anode
team [6] constructed and operated such a ring imaging i@otomultlp_her tub_es (Hamamatsu PMTs t)_/pe R5900_007M16
tector at DESY. The present paper reports on experimen\f\g}h borosilicate wmdow_ [11.]). at 3.0 mm pitch. The sensitive
' surface of the M16 PMT is divided into 16 4 x 4) channels,

each covering 4.5 4.5 mm?. It follows that only 36% of the de-
Manuscript received December 1, 2002; revised July 2, 2003. tector area is occupied by the photosensitive channels, the rest
;ﬁiﬁgﬁgs'(i?}(';'faupz;nk' are with the High Energy Accelerator Research Ofioing dead space. The photon detection system and the aerogel
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1g. 2. ome examples or event nit patterns. € Clrcle corresponds to P
Cherenkov ring of a 3 GeV/c pion given by the measured track position. %ndard c_jeV|at|0_ns O_f the measured Cher?nkov angles.
The main contributions to the resolution in Cherenkov angle
T . . L determined from a single photon (standard deviations of the
the scintillation counter signals. The TDC information is stored> J€termInea frc gep ( . .
peaks in distributions of Figs. 3 and 4) come from pixel size and

for later analysis in a personal computer. m uncertainty in the emission point. For normal incidence of
As only 192 readout channels were available for the 576 P P aintyin ne €l point. -0
racks the first contribution could be estimatedogg, = d -

anode outputs, only part of the system could be read out with the,, ! . . .
4.5 mm pixel size. However, by connecting4 2 x 2) anodes cos? 6.1,/ X /12, whered is the pixel sizefs, is the Cherenkov

t0 one readout channel. the entire s aﬂgle andX is the distance from aerogel to detector. The second
, ystem could be read outwitiy, & o . .
9 mm pisel size. contribution iSoemp, = L - smlech/.X\/ﬁ, where L is the
aerogel thickness. The uncertainty in the track direction is neg-
ligible at 3 GeV/c, but increases at lower momenta. The error
due to dispersion in the radiator (chromatic error) should also be
A few typical events are displayed in Fig. 2. From the photomegligible, but contributions could arise due to possible nonuni-
hit position and the measured direction of the incident chargémmities of the aerogel (position variations in refractive index),
particle, the Cherenkov angle is calculated. Accumulatewnflat aerogel surface, forward scattering of photons, etc.
distributions of hits, depending on their Cherenkov angles, The measured Cherenkov angle resolution, i.e., the standard
are plotted in Figs. 3 and 4. Peaks and rings, correspondingdeviation of peaks in distributions of photon hits versus the
pions, muons, and electrons, are clearly visible. Signals froralue of aerogel refractive index, is shown in Fig. 5 for 3 GeV/c
the gas Cherenkov counters may be used for either selectingimns. Different data points in the figure refer to different values
excluding electrons. Fitting these distributions with Gaussianri parameters such as the radiator thickness, the radiator-to-
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pixel size and emission point uncertainty and summing them in
guadrature, one obtains estimates for the resolution, represented
with empty symbols in Fig. 5. It may be seen from the figure that
such estimates give a good approximation to the measured res-
olution.

The other important parameter of a RICH counter is the
number of detected photons per incident charged patrticle. This
is usually parametrized a&¥4.; = Ny - L - sin® 6, Where
6.1 is the Cherenkov angld, is the radiator thickness and
Ny is a figure of merit depending on the radiator and system
transparency, geometrical acceptance of photons (area and
angle), quantum efficiency, photoelectron collection efficiency,
etc. Due to Rayleigh scattering, the aerogel transparency has
a strong wavelength dependence in the region of R5900-M16
PMT quantum efficiency, so one may expect a sensitivity of the
number of detected photons on the particular aerogel sample,
i.e., on the production procedure. The number of detected pho-
tons per Cherenkov ring is shown in Fig. 6 for 3 GeV/c pions.

Fig. 5. The resolution, i.e., the standard deviation of the single Cherenkgyrst one notices that the number of phOtOhS does not increase

photon angular distribution for different values of the detector parameters, for.
a 3 GeV/c pion beam. Full symbols correspond to the measured values, enW

§,h refractive index as may be expected for= 1 particles;

ones to estimates of contributions from pixel size and emission point uncertaif¥e: o sin® f.,. Then it is also obvious that the 4 cm thick

only. X is the radiator-to-photon-detector distanteis the radiator thickness aerogel radiator does not produce two times as many photons as
andd is the photon detector pixel size.

does the 2 cm thick aerogel. And, finally, we see that the 2.8 cm
thick aerogel tile, produced in a different process [12], yields

photon-detector distance and the photon detector pixel size. There Cherenkov photons than the 4 cm thick aerogel [10].
measured values are represented by full symbols, with differdiitat a higher refractive index of the aerogel sample does not
symbol shapes indicating different combinations of parameteecessarily produce more photons, is observed also in Fig. 7.
values. Using the above expressions for the contributions Athough the threshold fon = 1.05 is reached, as expected,
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ring as a function of the distance of the charged particle im-
pact point from the boundary between two tiles. The measure-
ment is shown in Fig. 8, where a dip is seen at the tile boundary
2z = 0 mm. In order to eliminate other geometrical factors, like
for example the acceptance of the photon detector, the measured
yield was normalized to the yield obtained with one tile cov-
ering the entire range. The result clearly indicates the reduction
of yield when the charged particle is closer than about 5 mm
to the boundary of a 2 cm thick = 1.05 aerogel tile. It is
worth noting that a simple model, where all photons hitting the
boundary between the two tiles get lost, accounts for most of the
observed dependence.

IV. CONCLUSION

We have constructed and tested a proximity focusing RICH
detector module with aerogel as radiator and multi-anode PMTs
as position sensitive detectors of individual Cherenkov photons.
The measured values of the basic parameters, i.e., the single
photon Cherenkov angle resolution and the number of photons
tglteetected per Cherenkov ring, look promising. The resolution is
in‘relatively good agreement with estimates based on pixel size

1.029 (full symbols). Squares and circles and emission point uncertainty. The number of detected pho-

correspond to different granularities of the photon detector. The curves are fishs however is sensitive to the particular aeroge| used. It seems
to corresponding data. !

that these differences are due to Rayleigh scattering, which re-
duces the aerogel transparency mainly in the wavelength region

at lower particle momenta than far = 1.029, the saturated of maximal photocathode sensitivity. Photomultipier tubes with
number of detected photons per Cherenkov ring is more ahigher fraction of active area, possibly combined with a light

less the same for both radiators. The above discrepancies caltection system, consisting of lenses or light guides, are ex-
be well understood and have been estimated from the knopected to increase the number of detected Cherenkov photons
aerogel attenuation lengths and the response of the coufitgreducing the dead space of the photon detector. The increase
(Fig. 6). The attenuation lengths at 400 nm for the samplesiofphoton yield, however, is in the latter case at the expense of
Fig. 6 are 36 mm, 15 mm and 7 mm for the aerogel samplas increase in the effective pixel size, so a compromise, opti-
with n = 1.029, n = 1.05 andn = 1.07, respectively, and 36 mizing the final resolution of the charged particle Cherenkov
mm for the 28 mm thick Novosibirsk sample with= 1.05. angle should be found.

It has been already noted by the HERMES group [6], that The information obtained from the results of the present tests
a loss of Cherenkov photons occurs at the side wall boursliggests that a proximity focusing aerogel RICH as required by
aries between adjacent aerogel tiles. We have confirmed tthe BELLE particle identification upgrade is feasible, so inves-
finding by measuring the number of photons on the Cherenkbigations of optimal detector parameters are being continued.
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Cherenkov detector based on aerogel radiator and
flat panel PMT for detection of “Sr

Rok Pestotnik, Irena Dolenc, Samo Korpar, Peter KriZan, AleS Stanovnik

Abstract— New developments in production of silica aerogels
and single photon detectors offer possibilities to improve a method
for detection of °°Sr in environmental samples. The method is
based on detection of Cherenkov photons emitted by the °°Y beta
particles in an aerogel of suitable refractive index. Preliminary
results are presented.

Index Terms— Cherenkov detectors, silica aerogel radiators,
multichannel photomultiplier tubes, Sr-90 radioactivity analysis

I. INTRODUCTION

TRONTIUM ?°Sr is a very radiotoxic isotope because it

accumulates in bone tissue, has a rather long half-life of
28.2 years and its daughter °Y emits 3 particles of 2.27 MeV
end-point energy. It is a fission product, so it may pollute
the environment either as a result of a nuclear power plant
accident or of a nuclear weapon explosion, both of which have
unfortunately happened in the previous century.

98r and its daughter °°Y are pure beta emitters so they
cannot be detected by standard and accurate methods of
gamma ray spectroscopy. Other beta emitters in the sample,
with overlapping spectra, will lead to erroneous results in
total beta counting or would complicate matters in the usual
0 spectroscopy. Cherenkov radiation offers the possibility of
a well defined (-energy cutoff by choosing an appropriate
refractive index of the Cherenkov radiator. In addition, it has
been demonstrated [1], [2] that the counting efficiency rises
steeply above threshold. Not very many isotopes have § end-
point energies above 2 MeV, so ?°Y, the daughter of *°Sr, with
ET® = 2.27 MeV, seems well suited for detection through
Cherenkov radiation.

Recent progress in production techniques has led to improved
properties of aerogels [3], [4], most important of which is
greater transparency for Cherenkov photons in the wavelength
region of highest photomultiplier sensitivity. On the other hand,
Hamamatsu has developed 64 channel, flat panel detectors of
single photons with photosensitive area of 49 x 49 mm? [5],
which allow counting of the number of Cherenkov photons for
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Irena.Dolenc @ijs.si) are with the Jozef Stefan Institute, Ljubljana, Slovenia.
S. Korpar (e-mail: Samo.Korpar@ijs.si) is with the Faculty of Chemistry and
Chemical Engineering, University of Maribor, Slovenia and with the JoZef
Stefan Institute, Ljubljana, Slovenia. P. Krizan (e-mail: Peter.Krizan@ijs.si) is
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Fig. 1. Experimental setup

Fig. 2. The Hamamatsu 64-channel flat panel PMT (H8500).

each incident (3 particle. In the present paper we report on
preliminary results obtained with such an improved detector.

II. THE APPARATUS

The apparatus (Fig.1) is enclosed in a light tight box. It
consists of the sample or source of [ particles, a thin (8
mg/cm?) 2 x 2 cm? multi-wire proportional chamber (MWPC),
a stack of two 5 x 5 cm? and 2.5 cm thick aerogel radiators
with refractive index n= 1.047 [6] and a 49 x 49 cm? Hama-
matsu H8500 flat panel, 64 channel photomultiplier [5](Fig.2).
An additional scintillation counter provides veto pulses for
background-contributing cosmic particles coming from above.
The MWPC, with its high efficiency for charged particles (~
99%) and low efficiency for gamma rays (~ 0.1%) signals
an incoming (3 particle, distinguishing it from events where a
gamma photon from the source generates an energetic electron
in the aerogel Cherenkov radiator or in the PMT glass window.
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R5900-M16 PMT is indicated by the dashed line.

The electron kinetic energy threshold in the aerogel radiator
(n=1.047) is 1.21 MeV.

A coincidence-anticoincidence circuit triggers a time-to-
digital converter for each channel in which the Cherenkov
photons appear as peaks in the PMT-MWPC time difference
(Fig.3). Appropriate time windows permit counting of the
number of photons in each event as well as an estimate of
the background count rate.

III. ANALYSIS AND RESULTS

Simulation calculations have been performed in order to in-
vestigate the effect of an aluminized mylar reflector surrounding
the aerogel radiator on all sides except the one at the PMT
entrance window. The distribution of the number of Cherenkov
photons on the photon exit side of the aerogel is shown in
Fig.4 for the case without and with the reflector. Previous
measurements performed with one 16 channel Hamamatsu
R5900-M16 PMT with photosensitive area of 18 x 18 mm? [7]
may obviously be improved by covering a larger surface. A step
in this direction was made by using four R5900-M16 PMTs and

0-7803-8257-9/04/$20.00 © 2004 IEEE.
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Fig. 6. Efficiency defined as count rate divided by appropriate activity as
a function of beta spectrum end-point energy for the three configurations of
Fig.5.

a factor of about 3 increase in efficiency was obtained. In order
to cover also the gaps between the photocathodes of these four
PMTs (Fig.5), they were substituted with a Hamamatsu H8500
64 channel, a flat panel PMT with the active area of 49 x 49
mm?2. The result however, was not the expected increase in
efficiency (Fig.6), possibly due to a lower collection efficiency
of the H8500 dynode system. This question will be further
investigated.

The efficiencies obtained with the three configurations of
Fig.5, are given in Fig.6. Although the *"Cs 3 end point
energy is below the Cherenkov threshold, some counts have
been registered also for this isotope. That they are due to
photons coming from the aerogel, has been verified by covering
the aerogel photon exit window with black paper which resulted
in a considerable reduction of the count rate. A possible
explanation could be scintillations in the aerogel generated by
the (3 particles.

Monte Carlo simulation and measurement also do not quite
agree in the distribution of the number of events versus the
number of detected photons produced by a single § particle.
From Fig.7, it is seen that simulation does not reproduce events
with large numbers of detected photons. This and other open
questions are the subject of further studies, which will hopefully
produce answers required for an efficient detector of low level
908r activity as required for environmental samples.
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Abstract

The HERA-B RICH uses a radiation path length of 2.8 m in C4F¢ gas and a large 24 m? spherical mirror for
imaging Cherenkov rings. The photon detector consists of 2240 Hamamatsu multi-anode photomultipliers with about
27000 channels. A 2:1 reducing two-lens telescope in front of each photomultiplier tube increases the sensitive area at
the expense of increased pixel size, resulting in a contribution to the resolution which roughly matches that of
dispersion. The counter was completed in January of 1999, and its performance has been steady and reliable over the
years it has been in operation. The design performance of the Ring Imaging Cherenkov counter was fully reached: the
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average number of detected photons in the RICH for a f = 1 particle was found to be 33 with a single-hit resolution of
0.7 and 1 mrad in the fine and coarse granularity regions, respectively.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

HERA-B, a fixed target experiment (see Fig. 1)
at the HERA storage ring at DESY, was designed
[1] to measure rare processes in the decays of B
mesons. The B mesons are produced in collisions
of 920 GeV/c protons with a fixed target, which
consists of eight wires which can be individually
inserted into the halo of the proton beam in order
not to disturb experiments measuring e—p colli-
sions. One of the essential components of the
spectrometer is the Ring Imaging Cherenkov
counter (RICH) [1-4]. The main purpose of the
RICH counter is the identification of charged
hadrons, in particular kaons from decays of B
mesons. Identifying charged kaons essentially
means separating them from pions in the momen-
tum range between 3 and about 50 GeV/c at an
interaction rate of up to 40 MHz.

This paper is organized as follows. We shall first
discuss the design criteria and their implementa-
tion. The components of the counter will be

presented, as well as the monitoring and analysis
programs. Finally, results of measurements made
with the counter will be discussed, and the
performance of the RICH as an identification
device, and also as a tracking device, will be
presented.

2. Design criteria

In a fixed target experiment such as HERA-B
where one has to deal with an intense flux of
charged particles, the design choices of a RICH
are governed by the following criteria. To achieve
the necessary performance, a sufficient number of
Cherenkov photons (at least 20) has to be detected
per ring image of a f =1 particle [1]. This
requirement fixes the length of a gas radiator to
a few meters. The high rate capability of the
photon detector requires a detector with pad
readout, which limits the resolution to a few
millimeters. This, in turn, together with the

Photon

160 mrad Detector

Side View

< Proton Beam

»— Electron Beam

Spherical Mirrors

Planar Mirrors

Fig. 1. A side view of the HERA-B detector.
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required high resolution in the measurement of the
Cherenkov angle for single photons (better than
1 mrad) sets the mirror focal length value to
several meters. Last but not least, the requirement
that single photons are efficiently detected with
low background, forces the photon detector to be
kept out of the solid angle for charged particles
and conversion products.

3. Implementation
3.1. Radiator

Perfluorobutane gas (C4F;9) was chosen for
the HERA-B RICH radiator, since it combines
a relatively high refractive index, n = 1.00137,
and low dispersion (5% variation in n— 1 over
the spectral acceptance from 300 to 600 nm [5]).
In this gas, the Cherenkov radiation threshold
momenta for pions and kaons are 2.7 and
9.6 GeV/c, respectively. For f =1 particles,
the Cherenkov angle is 52.4 mrad, while the
n — K difference in Cherenkov angle is 0.9 mrad
at 50 GeV/c. The r.m.s. angular spread due to
dispersion amounts to 0.33 mrad. Since some
freons are known to scintillate considerably (e.g.
CF4), we have studied C4F( scintillation [6] and
found that this contribution to background is less
than 0.2 detected photons per charged particle.

The radiator vessel, made from stainless-steel
plates with 1 mm aluminum particle entrance
and exit windows (see Fig. 2), is placed about
8.5 m downstream of the target (see Fig. 1). Two
beam shrouds made of carbon fiber-reinforced
epoxy resin CFK close the gas volume around
the two beam pipes for protons and electrons.
The Cherenkov light exits the vessel through
2-mm-thick UV grade Plexiglass windows [7].
The vessel is filled with 108 m*® of C4;Fj, gas,
which is being circulated in a closed system with
liquefaction stages for cleaning and buffering [8].
Requirements on impurities are moderate due to
operation in the visible and near UV part of the
Cherenkov spectrum. The radiator gas is kept at
2.5 mbar overpressure relative to ambient pressure.
Additionally, a bubbler with a 10 mbar pressure
difference threshold is attached to the vessel.

Photon
detectors

Al exit
window
- | Particle
—
from target
Beam
pipe Al entlrance
window
) Planar
Radiator C,Fyq <" mirrors
Spherical

Plexiglass

mirrors o
" window

Photon
detectors

Fig. 2. Scheme of the RICH. Rays emitted by a particle and
their paths to the photon detector are indicated.

3.2. Mirrors

The main imaging device is a spherical mirror
placed inside the radiator vessel with the center of
the sphere near the target and a radius of
curvature of 11.4 m. The mirror, a 6 m x4 m
rectangular cutout from the sphere, consists of 80
full or partial hexagons made from 7-mm-thick
Pyrex glass, coated with 200 nm of aluminum and
30 nm of MgF, (see Fig. 3). To be able to place the
focal surface outside the particle flux (£ 160 mrad
vertically), the mirror is split horizontally and both
halves are tilted by 9° away from the beam-line. A
set of two planar mirrors, composed of 18
rectangular elements each, translates the focal
surface to the photon detector area above and
below the radiator vessel (see Fig. 2). The planar
mirrors are made of float glass, thus being
significantly cheaper than Pyrex mirrors at the
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Fig. 3. Distribution of spherical mirror polygons. The holes in
the array are for the proton and electron beam pipes.

required optical quality. All 80 spherical and 36
planar mirrors are mounted on a rigid, low-mass
support structure inside the radiator volume and
can be individually adjusted by stepper motors
from the outside.

The mirror quality was determined upon deliv-
ery by measuring for each segment the radius of
curvature and the fraction of reflected light, and by
recording a Ronchi image to check the homo-
geneity of the mirror surface [9]. The reflectivity
was required to exceed 85% in the wavelength
interval from 250 to 600 nm. From the data
gathered, the mirror segments were grouped in a
tiling scheme according to their optical quality and
resolution requirements.

All mirrors were aligned to better than the
required precision by surveying them inside the
vessel. An off-line data-based algorithm was
developed for monitoring of the positions of the
mirror segments during the measurement [10].

3.3. Photon detector

Two types of wire chamber-based photon
detectors were initially considered, a Csl photo-
cathode in an MWPC, and a TMAE detector with
10 cm deep, 8 x 8 mm? unit cells. After consider-
able success of on-the-bench and beam tests [11-
13], the detectors were tested in a high-rate
environment, as expected in the HERA-B experi-
ment. Both detectors had to be abandoned; the
TMAE detector showed a prohibitive decrease of

avalanche gain due to aging effects [14,15], while
the Csl photocathode could not be routinely
produced and maintained with sufficiently high
quantum efficiency, in addition to problems with
rates in excess of a few kHz per pixel [16,17].

The actual photon detector consists of Hama-
matsu multi-anode R5900-00-M 16 and R5900-03-
M4 photomultiplier tubes (PMTs). In what
follows, they are denoted by M16 and M4. The
M16 version has 16 pads of 4.5 x 4.5 mm? each,
with a 12-stage, metal-foil dynode system.” The
M4 version has four pads of 9 x 9 mm? each, and
10 dynodes. The quantum efficiency of the M16
photocathode with borosilicate window has a
broad plateau in the wavelength region between
300 and 500 nm and a maximum value about 20%.
The M4 tubes have a UV-transparent window,
which shifts the low-wavelength cut-off to about
250 nm. The other PMT characteristics, such as
the required cathode high voltage (<1000 V),
current amplification  (107), dark current
(~1nA), pulse rise time (0.8 ns), transit time
spread (0.3 ns) are also satisfactory (see footnote
7). In the initial set of on-the-bench measurements
[18], the single photon counting properties of the
PMT were investigated, in particular the efficiency
for single photon detection as well as the back-
ground count rate. It was established that the
PMT allows for a good single photoelectron
detection efficiency (above 98%), with very small
cross-talk (below 0.2%), low background rate (few
Hz per channel, Fig. 4), and acceptable uniformity
as shown in Figs. 5 and 6 [19].

The PMTs have the outer dimension of 28 x
28 mm? with an active area of 18 x 18 mm?. They
are positioned on a 36 x 36 mm? grid. To increase
the fraction of the active area, a two-lens
demagnification system (2:1) was designed, as
shown in Fig. 7 [20]. The lenses are made of
UVT perspex® with high transparency over most
of the wavelength region where the photocathode
is sensitive (Fig. 8). The angular acceptance of the
optical system is also satisfactory and is uniform

"Hamamatsu Data Sheets for R5900-M16 and R5900-M4
Photomultipliers.

8Lenses were manufactured by Wahl Kunststoffoptik
GmbH, the material used was PMMA UV.
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Fig. 4. Distribution of the number of PMT channels depending

on the background rate per channel for M16 (top) and M4

(bottom) PMTs, as measured after the tubes were kept in a light

tight box for 15 min.

for incident angles below about 110 mrad [21]. The
increase in the photodetector active area is
achieved at the expense of increasing the pixel size
from the 4.5 x 4.5 mm?> PMT pad size to 9 x
9 mm? pixel in the central detector region. The
resulting angular measurement error (0.46 mrad)
slightly exceeds the spread due to dispersion
(0.33 mrad). For the outer detector region, with
lower track densities and lower typical track
momentum, the photon flux is smaller, and the
resolution requirements looser. In order to reduce
the detector cost, this detector part uses the M4
version of the tube with two times larger pads (9 x
9 mm?). The same lens system thus results in 18 x
18 mm? pixels which correspond to an angular
measurement error of 0.92 mrad.

In order to reduce the contribution of spherical
aberration to the overall resolution of the Cher-
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Fig. 5. The plateau curves, i.e., the dependence of measured
rate as a function of the high voltage for all channels of a

representative M 16 (above) and M4 (below) PMT.

enkov angle, an optimal surface of the Cherenkov
photon detector was calculated [22,23]. Each half-
detector (upper and lower) consists of five flat
supermodules placed to approximate the optimal
surface, which is close to the shape of a flattened
(ellipsoidal) cylinder. Such an arrangement also
ensures better acceptance for the Cherenkov
photons, which should be incident onto the flat
supermodules at angles below 110 mrad. The
supermodules are rectangular 1.1 x0.4 m”> boxes
containing a grid made from 1-mm-thick soft iron
sheets that serve as magnetic shield and mounting
structure for the PMT base-boards and the light
collection system. The two types of photomulti-
pliers were arranged according to occupancy and
reconstruction requirements as indicated in Fig. 9.
Altogether 1488 M16 PMTs and 752 M4 PMTs
are used to cover the detector surface, thus totaling
26 816 read-out channels.
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Prior to the installation in the photon detector
tests of all the 2305 acquired PMTs (1543 M16s
and 762 M4s) were made in the laboratory [24].
Cherenkov photons produced in a I1-cm-thick
quartz window by B particles from a *Sr source
were used as a stable light source [25]. Four PMTs
were tested simultaneously, of which one was used
as a reference. For each PMT, the source and
background rates were recorded as a function of
high voltage and threshold setting. On the basis of
these tests, the photomultipliers were grouped
according to similar high-voltage characteristics,
allowing all PMTs within a group to be connected
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to the same high voltage, thus minimizing the
number of independent HV channels [26]. The
results obtained for the optimal high voltage as
well as for the relative PMT sensitivity were
compared to values provided by the manufacturer,
and good agreement was found [24]. The count
rates of the reference M4 and M16 photomulti-
pliers, recorded during the quality assessment tests
and also continually measured after the tests, were
used in order to obtain an estimate of the long-
term stability. The count rate decrease in 2 years of
operation is consistent with the known decay rate
of the *°Sr source.

3.4. Read-out and monitoring

To mount, power, and read out the photomul-
tipliers, two types of base-boards were developed,
one for M4 and one for M16 PMTs. Each base-
board is a light-tight, four-layer (M16) or two-
layer (M4) circuit card, 70 x 70 mm? in size,
equipped with surface mount components. One
side of the board holds four custom-designed
sockets and voltage divider chains, appropriate for
the particular type of PMT; the other side contains
one (M4) or four (M16) connectors for the 16-
channel read-out cards, attenuation circuitry, and
two daisy-chainable high-voltage connectors. The
voltage divider chain is composed of a sequence of
1 MQ and 560 kQ resistors that was optimized for
single photon counting at high rates. The base-
boards are mounted in such a way that the PMTs
are positioned at centers of the 36 x 36 mm? grid
(see Fig. 10). A photograph of a fully equipped
basic module for the M 16 photomultiplier tubes is
shown in Fig. 11.

Between two and five base-boards, with their
PMTs selected for similar optimal operating
voltage (ranging from 750 to 890 V), are powered
by a single output of a 160-channel CAEN SY527
high-voltage supply [26].

The front end electronics board employed in the
system is a 16-channel board [27] based on the
ASDS, an amplifier, shaper, and discriminator
chip [28]. The board was developed for the Outer
Tracker (OTR), the main tracking system of the
HERA-B spectrometer. Since the PMT signals are
typically considerably higher than the pulses for

Readout Cards

Base-board

M16 PMTs

Lens
Module

Condensor
Lens

Super
Module
Structure \

Fig. 10. Scheme of part of a supermodule of the RICH photon
detector.

drift chambers, a charge divider was added in front
of the ASDS board (1:10 for M 16, and 1:5 for M4
PMTs). The front end electronics boards were
arranged according to their optimal threshold
voltage by using test data which were obtained
by varying pulse height and threshold voltages
[29]. The same test was also used to reject faulty
boards.

The low-voltage supply system for the ASDS8
boards is powered by four KEPCO ATE 6-100M
supplies, delivering voltages of +3 and -3V
separately to the upper and lower photon detector
halves [30]. Analog outputs of 16 photon detector
channels are transmitted to the electronics hut for
diagnostic purposes.

The signals from the ASDS8 cards are trans-
mitted over 7.5 m-long 16-channel twisted pair
cables to the Front End Drivers (FEDs). For each
FED set there are four daughter cards with 16
cable connections, and one mother card, such that
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Fig. 11. Fully equipped photomultiplier basic module housing Hamamatsu R5900 PMTs type M 16.

each FED set can accomodate up to 1024 channels
[31]. The RICH uses 28 such sets. The FED
mother board provides the interface to the HERA-
B Fast Control System, which provides a clock
signal for synchronization as well as triggers to
indicate event forwarding. The mother board also
provides the interface to the HERA-B DAQ
System via the SHARC protocol [32], as well as
a ring buffer memory capable of storing 128
events, pending the First Level Trigger decision.
A sizable fraction of the operating parameters of
the RICH counter (low voltage and threshold for
the front end electronics boards, temperatures at
the photon detector and power supplies) are
controlled by a Field Point [33] based system.
Two separate systems are used for monitoring the
high voltage [26] and steering the gas system. The
overall control of these systems is implemented
with a server—user interface system. The server
process is running on a VME computer connected
to the Field Point system through an RS232 cable.
In the case of a malfunction (if the temperature,
threshold, or low voltage are out of range), the
server switches off the low-voltage power supplies.
The parameters can be monitored and set via a tcl/

tk and BLT-based graphical user interface pro-
gram running on a linux PC and communicating
with the server through a TCP-IP-based protocol.
The RICH low- and high-voltage slow control
systems are integral parts of the overall HERA-B
slow control system [34].

As a triggerable light source for testing the
photon detector in the periods without beam-
induced reactions, a system of light-emitting
diodes (LED) was installed at the sides of the
photon detector windows [35]. The system pro-
vides good illumination over the whole photon
detector area.

3.5. Expected performance

The number of detected photons on a ring
measured by a Cherenkov detector is often
parametrized as N = NyL sin® 0., where L =
2.82m is the length of the radiator, 6. is
Cherenkov angle, and N is the detector response
parameter. From the data available on the
quantum efficiency (see footnote 7), mirror reflec-
tivities [9], window and optical system transmis-
sions [20], one calculates the merit factor
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Table 1
Contributions to the single-photon angular resolution for M4
and M16 PMTs

Error source M16 PMT M4 PMT
Photon detector 0.50 mrad 0.93 mrad
resolution
C4Fy dispersion 0.33 mrad
Optical errors 0.25 mrad
: . : .5 mrad
Multiple scattering p3 (5G’:\f;/‘c)
Total intrinsic 0.65 mrad @ i 1.02 mrad @ 580

resolution

No = 41 cm™!. Accordingly, the expected number
of photons for particles approaching the velocity
of light (6. = 52.4 mrad) amounts to 32.

Individual contributions to the expected single-
photon resolution are summarized in Table 1. The
optical error includes contributions from spherical
aberration, mirror quality and alignment of
mirrors, while photon detector resolution is domin-
ated by detector granularity with a small con-
tribution of the alignment of photon detector
components. The contribution of multiple scatter-
ing in the RICH counter [36] depends on momen-
tum and is given by 3.5 mrad/p(GeV/c). The
resulting single-photon resolution, 0.65 mrad @
(3.5 mrad/p(GeV/c)) and 1.02 mrad @ (3.5 mrad/
p(GeV/c)) for the regions covered by M16 and M4
PMTs, respectively, does not include the contribu-
tion from the track direction as given by the
tracking system, and will therefore be referred to
as intrinsic resolution.

4. Data analysis

Several computer programs were developed for
the analysis and monitoring of the data collected
by the RICH counter. In the initial phase of the
commissioning of the HERA-B spectrometer,
when major parts of the main tracking system
were not yet available, a stand-alone ring search
algorithm was employed [9,37]. The program
searches for rings with a given ring radius, starting
at the maximum value and scanning down to 70%
of the maximal ring radius. Only rings with a
sufficiently high signal over background ratio are

stored, and the corresponding hits are excluded
from further ring search. As described in Section 6,
the reconstructed ring center gives information
that can be used in tracking. The algorithm is
routinely used to monitor the current maximal
value of the Cherenkov angle [9] which is, in turn,
used as the input for all particle identification
algorithms. Small variations of refractive index
and thus of the Cherenkov angle are caused by
pressure and temperature variations of the radia-
tor gas. We note that several alternative ring
search algorithms were also tested on the data [38].

For highly populated events, typical for the
reactions recorded in the HERA-B spectrometer,
additional information helps to improve the
particle identification capabilities. The informa-
tion from the tracking system, track direction and
momentum, is used to determine the expected
position of the ring center and the expected ring
radius for various particle hypotheses. To evaluate
the likelihood for each individual hypothesis,
extended maximum likelihood methods [39] are
applied, either directly [40] or combined with an
expectation-maximization algorithm [41,42]. The
latter is described in more detail in Section 5.

Another way to take the track information into
account is to perform a seeded ring search in
regions given by the track direction and momen-
tum [9]. Since only restricted regions correspond-
ing to five hypotheses are scanned, this approach is
quicker than the stand-alone ring search. Recently,
a new particle identification method was developed
which maximizes the likelihood value by allowing
the track direction to vary within errors given by
the track fit [43].

5. Measurements and results
5.1. Photon detector performance

In the first step of the commissioning of the
system, some basic parameters were investigated.
Fig. 12 gives the count rate versus high voltage for
a representative photomultiplier. It is shown that
the curves measured in situ with the HERA proton
beam agree nicely with the *°Sr source measure-
ments. The time-averaged occupancy is shown in
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Fig. 13, where the region occupied by M16 PMTs
is clearly distinguished from the region occupied
by M4 PMTs. The fraction of dead channels is
about 2%, and is partly due to missing PMTs and
partly due to PMTs which were damaged during
the installation phase. Only about 0.3% of the
26 816 channels were found to be noisy, and were
excluded from the analysis. As a result, very clean
rings can be observed in low-multiplicity events
such as the one shown in Fig. 14. The absence of
random hits in the event also confirms the earlier
result that the background due to scintillation in
the radiator gas is negligible.

5.2. Number of photons

In order to obtain the basic RICH parameters
from the data, initially only events with a small
number of Cherenkov rings were analyzed [30].

Fig. 13. The occupancy of the upper and lower photon detectors shows the region occupied by M16 (inner region) and M4 PMTs
(outer region). The peak values, shown in white, correspond to rates around 1.5 MHz/channel.
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Fig. 14. Event with two Cherenkov rings on the lower photon detector.
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Fig. 15. Number of photons on a ring versus the corresponding
Cherenkov angle. The points represent measurements of
individual rings, while the dashed lines correspond to one
sigma deviations from the predicted dependence. The small
group of events at 6, = 52 mrad, which has about two times the
number of photons per ring, probably corresponds to over-
lapping e*e™ pairs.

For each ring, the number of photon hits was
counted and the Cherenkov angle was determined,
obtaining a point in Fig. 15. It is seen that the
observed rings follow the expected dependence of
the number of photons versus the Cherenkov
angle. The largest measured Cherenkov angle of
52.4 mrad also corresponds to the expectation for
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Fig. 16. Distribution of the RICH response parameter N,
obtained from measured individual Cherenkov rings (see text).

p =1 particles (cos 0. = 1/n). The parameter N,
was calculated for each of the isolated rings and
the distribution is plotted in Fig. 16, from which it
is seen that the mean value is 42 cm~!. This value
corresponds to 33 detected Cherenkov photons for
B =1 particles.

5.3. Angular resolution

To determine the Cherenkov angle uncertainty
given by a single Cherenkov photon, tracks with
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known identity (e.g., muons from J/\{ decays,
identified in the muon chamber system) are
selected. For each track within a given momentum
interval, one fills a histogram with the photon hits
at their reconstructed Cherenkov angle, so that the
hits due to Cherenkov rings should show up as a
peak, as shown in Fig. 17. The distribution was
fitted with a Gaussian function and polynomial
background. The resulting momentum dependence
of the single-photon resolution is shown in Fig. 18.
As expected, the single-photon resolution depends
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Fig. 17. Single-photon resolution for M16 PMTs: distribution
of the measured Cherenkov angle for individual hits in the case
of muons (from J/\ decays) with momenta above 40 GeV/c.
The background below the peak comes from wrong track—
photon combinations. A fit with a Gaussian function and a
second-order polynomial gives ¢ = 0.81 mrad.
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Fig. 18. The measured single-photon Cherenkov angle resolu-

tion versus particle momentum for the region covered by M16
PMTs.

on the particle momentum. For the high-momen-
tum tracks, the resolutions of 0.81 and 1.0 mrad
were measured for the regions covered by M16
and M4 PMTs, respectively. The difference
between the measured single-photon resolution
and the expected intrinsic resolution (as shown in
Fig. 18) is attributed to the error in the measure-
ment of charged particle trajectory, which was not
taken into account in the calculation of the
expected intrinsic Cherenkov angle uncertainty
(Table 1).

The intrinsic resolution of the RICH counter
was studied by the stand-alone ring search analysis
[44], and turned out to be consistent with the
expected values. The intrinsic resolution in Cher-
enkov angle given by a single Cherenkov photon
was also obtained with the aid of hits in the
electromagnetic calorimeter [45]. For the selected
set of tracks with cluster energy above 50 GeV, the
center of the Cherenkov ring is accurately deter-
mined from the straight line connecting the center
of the cluster with the wire target (the magnetic
field was off for this measurement). The single
Cherenkov photon resolutions obtained corre-
spond to ¢ =0.7 mrad (¢ = 1.0 mrad) for the
M16 (M4) PMTs, in good agreement with
expected values given in Table 1.

The particle identification capabilities are af-
fected by the high multiplicity of rings in a single
event. Typically, 50 overlapping rings are present
in an event of which about % could be associated
with measured tracks, while the rest belong to
tracks coming from secondary interactions. As a
result, channel occupancies in some regions are as
large as 25%. We note that in such an environ-
ment the resolution in the Cherenkov angle
measurement of a track does not simply scale with
the inverse of the square root of the number of
detected photons per ring.

6. Particle identification performance

To illustrate the particle identification capabil-
ities, a maximum likelihood fit was performed on
Cherenkov angle distributions for individual
tracks. Fig. 19 shows the resulting bands for
different particles in the plot of reconstructed
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Fig. 19. Reconstructed Cherenkov angle versus particle mo-
mentum. Bands for pions, kaons and protons are clearly visible.

Cherenkov angle versus momentum, as obtained
by analyzing a sample of measured data.

Two methods are routinely used for particle
identification, a ring search-based and a track-
based algorithm. The ring search-based particle
identification combines the stand-alone and seeded
approach discussed in Section 4. In the first step,
the stand-alone reconstruction is attempted and
rings found are matched with tracks. In the next
step, tracks found by the vertex detector and the
tracking detectors, that were not matched with a
RICH ring, are used as seeds in a seeded ring
search.

For the track-based particle identification, the
extended likelihood method is used [39], combined
with the expectation-maximization algorithm. The
method is described in detail in Refs. [41,42]. The
first step in the method is the calculation of
Cherenkov angle (as described in Ref. [22]) for all
track—photon pairs with the Cherenkov angle
smaller than 70 mrad. The Cherenkov angles of
the pairs are stored in a list, together with a
probability (weight, w;) that the photon from a
pair is emitted by the track of that pair. Initially
the weights are set to 1/Niack, Where Nipck is the
number of tracks corresponding to a specific
photon hit. In the next step the expectation-
maximization algorithm is applied to the list of
pairs. The result of the algorithm is a set of new
values of weights w;. In this way, the track—photon

pair which is more likely to be the right one, gets a
larger weight.

In the last step, the extended likelihood prob-
abilities are calculated for six possible hypotheses
for the identity of a track: electron, muon, pion,
kaon, proton and other. The last one represents the
case, where the distribution of Cherenkov angles
of photons for a given track is consistent with the
background. The resulting likelihood probabilities
have the range of values between 0 and 1 and are
normalized so their sum equals to 1. We note that
the background level is determined on an event-
by-event basis for each individual track.

The selection of tracks belonging to a particular
particle type is made by applying a cut on the
appropriate likelihood. For easier use, three levels
of selection are defined: soft, medium and hard.
The levels are set to 0.05 (soft), 0.50 (medium) and
0.95 (hard) for pion selection and 0.05 (soft), 0.30
(medium) and 0.95 (hard) for kaon or proton
selection.

To determine the efficiencies and misidentifica-
tion probabilities from the measured data, an a
priori knowledge of particle types is required. The
following reconstructed decays were used: (1)
K(s)—ﬂt*n*, as a source of pions, (2) A—»pn~ and
A—pnt as a source of protons, antiprotons and
pions, and (3) ¢ (1020)—»K"K™, as a source of
kaons. For the first two decays, a very clear signal
in the invariant mass plot is obtained by cutting on
the secondary vertex distance and removing the
reflections (A, A in K2, and similarly for A and A).
The ¢ decay products come from the primary
vertex together with roughly 10 other particles.
The invariant mass plot shows a huge combina-
torial background. To reduce the background, one
of the particles was used to tag the decay by
identifying it as a kaon. The other one was used
for efficiency and misidentification evaluation. In
all cases, the number of particles of a given type
surviving the selection criteria, and the number of
all particles of the same type in a selected
momentum bin were obtained by fitting a Gaus-
sian plus a linear function to the invariant mass
plots.

The results are presented in Fig. 20. At medium
selection criteria, kaon identification efficiency for
momenta between 10 and 60 GeV/c lies in a range
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from 60% to 95%, with typically about 5% pion
mis-identification probability. The corresponding
proton identification efficiency for momenta from
20 to 60 GeV/c lies in a range between 60% and
80% with less than 5% pion mis-identification
probability. In the region below kaon and proton
Cherenkov threshold, the efficiencies are 70% for
kaons (from 5 to 10 GeV/c¢), and from 60% to
80% for protons (momentum region between 5
and 20 GeV/c¢) with less than 20% pion mis-
identification. Below 5 GeV/c the performance is
degraded due to track direction uncertainty caused
by multiple Coulomb scattering, and a small
number of Cherenkov photons for pion tracks.
Examples of performance and impact on physics
analyses are shown in Figs. 21-23. From Figs. 21
and 22, it is seen that the inclusion of the

requirement that both tracks are identified im-
proves the signal-to-background ratio in the
¢—>K'K™ and A—np decays. By using the
particle identification as provided by the RICH
counter, a measurement of hadron fractions was
performed [42]. The results shown in Fig. 23, agree
with Monte Carlo predictions.

7. RICH as a tracking device

The RICH can also serve as a tracking device
[45]. This turned out to be very useful in the initial
phase of the HERA-B experiment when the main
tracking system was not available. From the
centers of the rings found on the photon detector
by the stand-alone ring search algorithm, track
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directions were deduced. In the non-bending
plane, they were matched with track candidates
from the silicon vertex detector. From the deflec-
tion in the bending plane the momentum of the
particle could then be determined. With both the
Cherenkov angle and momentum deduced from
the data, an excellent particle identification was
possible even without the main tracking system, as
illustrated in Fig. 24.

8. Summary

The HERA-B ring imaging Cherenkov detector
behaves as expected in all respects. The detector
parameters, 33 detected photons for § = 1 particle,
Ny =42 photons/cm and single-photon resolu-
tions of ¢ = 0.7 mrad (1.0 mrad) for regions with
finer (coarser) granularity, are in very good
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Fig. 22. Improvement of signal to background for invariant
mass distribution of A—n~p in the kinematic region where the
Kg —n'n~ hypothesis cannot be excluded: (a) no particle
identification, (b) for the positively charged particle, the proton
likelihood was required to exceed the pion likelihood.
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agreement with design values. Estimates of the
basic parameters obtained from measurements of
physical properties of RICH components agree
well with the direct measurements. Therefore, we
conclude that the functioning of the counter is well
understood. Results on particle identification of
highly populated events are also satisfactory and
meet the requirements. Finally, it is worth adding
that during the 4 years the detector has been in
operation, not the least degradation of perfor-
mance has been observed.
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We have searched for ®*(1540) and E~~(1862) pentaquark candidates in proton-induced reactions
on C, Ti, and W targets at midrapidity and /s = 41.6 GeV. In 2 X 108 inelastic events we find no
evidence for narrow (o = 5 MeV) signals in the ®" — pKY and 2~ ~—E~ 7~ channels; our 95% C.L.
upper limits (UL) for the inclusive production cross section times branching fraction B do/dyl,~, are
(4-16)ub/N for a ®F mass between 1521 and 1555 MeV, and 2.5ub/N for the E~~. The UL of the
yield ratio of ®*/A(1520) < (3-12)% is significantly lower than model predictions. Our UL of

B E~"/E(1530)° < 4% is at variance with the results that have provided the first evidence for the =~ .

DOI: 10.1103/PhysRevLett.93.212003

Recent experimental evidence suggests not only that
pentaquarks (PQs), i.e., baryons with at least five con-
stituent quarks, exist but that their production in high
energy collisions is common. After the possible discovery
of the @1 PQ (uudds) at 1540 MeV inthe yn — K- K*n
process on carbon [1], more than 10 experiments using
incident beams of photons, electrons, kaons, protons or
(anti)-neutrinos have observed resonances within
+20 MeV of this mass in either the nK* [2] or the ng
[3—5] decay channels; the measured widths have all been
consistent with the experimental resolutions ranging
from 20 to 2 MeV [5]. The ®* interpretation is based
on a prediction [6] of the chiral soliton model (CSM)
according to which the ®* is expected to have a mass of
1530 MeV, a width of less than 15 MeV, and to decay into
the KN channel. In both the CSM and the correlated quark
model [7], the ® is a member of an antidecuplet with
two further exotic isospin 3/2 states of S = —2, the £~
(ddssii) and the E;/z (uussd). In pp collisions at /s =

18 GeV, narrow candidate resonances for both the =~
and its neutral isospin partner have been found in the
E- 7 and E~ 7" final states at the mass of 1862 MeV
[8]. Theoretically, PQs are not restricted to the strange
sector, and experimental evidence for an anticharmed
PQ, O (uuddc), with a mass of 3.1 GeV has recently
been reported [9]. In this context also earlier already
“forgotten” cc¢ PQ candidates [10] have been recalled
[11].

On the other hand, criticism addressed to some of the
reported PQ signals includes the problem of kinematic
reflections [12], of spurious states [13], and of low statis-
tics [14]. Other puzzles include the surprisingly narrow
width of the @* [15], the large and systematic [16] spread
of measured ®1 masses, and the nonobservation of the
0 in an equivalent experiment [17]. Hence, for establish-
ing the existence and character of the new resonances,
high statistics mass spectra are needed as well as mea-
surements of spin, parity, width and cross sections. In
addition, considering the results of high statistics studies
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which have found neither the ®* signal in (2S) and J /¢
hadronic decays [18] nor the £~ signal in 3~ -induced
reactions on nuclear targets [19], the need for a thorough
understanding of the PQ production mechanism has been
emphasized [20]. Benchmarks for PQ production exist
based on statistical hadronization models; they typically
predict particle ratios such as ®*/A(1520) in heavy ion
[21-23] and pp [23—25] collisions. Taking advantage of a
large data sample with good mass resolution (see Table I)
HERA-B can contribute significantly to many of these
topics. The simultaneous study of ®* — pK% — pm~ o™
and -~ — E- 7 — A#m 7 decays in proton-nucleus
collisions at /s = 41.6 GeV allows a test of these theo-
retical predictions and a comparison with earlier experi-
mental results including the possible first confirmation of
the £~ signal.

HERA-B is a fixed target experiment at the 920 GeV
proton storage ring of DESY. It is a forward magnetic
spectrometer with a large acceptance centered at midra-
pidity (y., = 0), featuring a high-resolution vertexing
and tracking system and excellent particle identification
[26]. The present study is based on a sample of 2 X 10%
minimum bias events which were recorded at /s =
41.6 GeV using carbon (C), titanium (Ti), and tungsten
(W) wire targets during the 2002/03 run period.

With standard techniques described in [26], signals
from K — 77", A— pm~, and A — p7" decays
are identified above a small background without particle

TABLE L. Statistics and experimental resolutions o of the
relevant signals (charge-conjugate modes indicated by c.c.).
Signal C target All targets o/(MeV)
KS 2.2M 4.9M 4.9
A [ec] 440k [210k] 1.1M [520K] 1.6
A(1520) [c.c] 1.3k [760] 3.5k [2.1Kk] 23
B~ [ccl] 4.7k [3.4K] 12k [8.2k] 2.6
E(1530)° [c.c.] 610 [380] 1.4k [940] 2.9
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FIG. 1. Signals of (a) 2~ — A7~ _and EY — Ant (all tar-
gets), and (b) A(1520) — pK~ and A(1520) — pK* (C target).

identification (PID) requirements. Similar clean signals
from £~ — A7~ and c.c. decays [Fig. 1(a)] are obtained
by requesting the A7~ vertex to be at least 2.5 cm down-
stream of the target and the event to exhibit a cascade
topology: a further downstream A vertex and the 5~
pointing back to the target wire (impact parameter b <
I mm). Table I summarizes the statistics of these signals,
together with their measured mass resolutions o. These
resolutions are about 20% larger than those of the Monte
Carlo (MC) simulation, while all mass values agree
within <1 MeV with the nominal masses. For all particle
selections, invariant masses are required to be within
*30 of the respective nominal mass.

For the search for " — ng decays, events with at
least one reconstructed primary vertex were selected.
The proton PID was provided by the ring-imaging
Cherenkov counter (RICH) with a misidentification
probability of less than 1% in the selected momentum
range from 22 to 55 GeV/c [27]. The A and A contam-
inations [13] were removed [26] in the Kg sample. The
invariant mass spectrum of the pK} pairs is shown in
Fig. 2(a) for the p + C data. The solid line represents
the background determined from event-mixing after
normalization to the data. The spectrum exhibits a
smooth shape in the mass region from 1.45 to 1.7 GeV.
Using the prescription of Ref. [28], we have calculated
from these data upper limits (UL) at 95% confidence
level, UL(95%), for the inclusive production cross section
of a narrow resonance at midrapidity, B - da'/dyly.w.o,
[Fig. 2(b)]; the y.,, interval is =0.3. The data have been
fitted with a Gaussian plus a background of fixed shape.
The mean of the Gaussian was varied in steps of 1 MeV
but fixed in the fit; its width was fixed to the MC pre-
diction multiplied by 1.2 and increased from 2.6 to
6.1 MeV over the considered range. At the ® mass, the
width was 3.9 MeV. The reconstruction efficiencies have
been determined by MC simulations assuming a flat ra-
pidity distribution and a p? distribution proportional to
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FIG. 2. The ng invariant mass distributions: (a) data from
the p + C collisions and the background estimate (continuous
line); (b) deduced UL(95%) for the p + C inclusive cross
section at midrapidity; the dashed line shows our 95% C.L.
sensitivity; (c),(d) same as (a) but requiring (c) a track multi-
plicity of <10, and (d) in addition a K~ particle in the event.
The arrows mark the masses of 1521, 1530, and 1555 MeV.

exp(—B p?) with B =21(GeV/c)"? [26]. Assuming
an atomic mass dependence of A%’ for the produc-
tion cross section, the UL(95%) of Bdo/dy varies
from 3(4) to 22(16) ub/nucleon (N) for a @ mass
between 1521 and 1555 MeV from the C (all target)
data. A systematic error of 14% was taken into account.
For the ®* mass of 1530 MeV (about the average of the
mass values observed in the ng final state [16]), our limit
is Bdo/dy <3.7(4.8) ub/N.

Further search strategies were tried including (i) a cut
on the track multiplicity of the event [Fig. 2(c)] which
would otherwise peak at = 13, (ii) the request of a tag-
ging particle such as a A, X, or K~ in the event, or (iii)
both conditions [Fig. 2(d)]. None yielded a statistically
significant structure in the ®" mass region. Also, the
effect of lowering the cut on the RICH proton likelihood
and the corresponding increase of the proton momentum
acceptance has been systematically studied without yield-
inga ®" signal. On the other hand, as shown in Fig. 1(b),
when the same proton PID requirement used to produce
Fig. 2 is applied to pK~ candidates, a strong A(1520)
signal results, further demonstrating the capabilities of
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the RICH which selects kaon momenta from 12 to
55 GeV/c. With the same cut on the Kg momenta, and
assuming a branching ratio of B(®* — pKY) = 0.25,
the UL(95%) of the particle ratio ® *(1530)/A(1520) at
Vem = 018 2.7%.

Both doubly charged and neutral Z;,, PQ candidates
as well as their antiparticles have been searched for in the
Em channels. The pion candidates were required to origi-
nate from the primary vertex. The background was fur-
ther reduced by weak cuts on the PIDs from the
electromagnetic calorimeter and RICH which eliminated
all the tracks with a positive electron, proton, or kaon
PID. The histograms of Fig. 3(a) show the resulting Ea
invariant mass spectra obtained from the C target data.
The smooth lines are the background estimates from

500 i ‘ ‘ ‘ ‘ ]
400
300
200

100

counts / 3 MeV
o

14 16 18 2 22
mass, GeV

FIG. 3. The E invariant mass distributions: (a) data from
the p + C collisions in indicated neutral and doubly charged
channels and the background estimates (continuous lines);
(b) sum of all four E spectra with the background subtracted,
and (c) deduced UL(95%) for the p + C inclusive cross section
at midrapidity. The dashed line shows our 95% C.L. sensitivity.
The arrows mark the mass of 1862 MeV.
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event-mixing normalized to the data. In the neutral chan-
nels the Z(1530)° resonance shows up as a prominent
signal of =~10° events (see Table I). The observed width
(=9.5 MeV) of the E(1530)° agrees with MC simula-
tions which imply an experimental resolution of 2.9 MeV.
None of these mass spectra shows evidence for the nar-
row, less than 18 MeV (FWHM) wide PQ candidates at
1862 MeV reported by the NA49 Collaboration [8] nor for
any other narrow state at masses between 1.6 and 2.3 GeV.
Figure 3(b) shows the sum of the four spectra of Fig. 3(a)
after background subtraction and can be compared di-
rectly to Fig. 3 of Ref. [8]. The corresponding ULs(95%)
of the production cross sections B do/dy| y=0 per carbon
nucleus at midrapidity [Fig. 3(c)] have been obtained in
the same way as described above for the ng channel;
here the y.,, interval is =0.7, the experimental resolution
increases from 2.9 to 10.6 MeV in the considered mass
range, and is 6.6 MeV at 1862 MeV. At this Z~ 77~ mass,
the UL(95%) of Bdo/dy is 2.5 uwb/N; the correspond-
ing limits in the 2~ 7", E* 7", and 2" 7~ channels are
2.3, 0.85, and 3.1 ub/N. With an A%’ dependence, the
ULs from all targets are 2.7, 3.2, 0.94, and 3.1 ub/N,
respectively.

Table II lists our ULs(95%) of various relative yields
for the ®* and E~ . Reference states for the @+ are the
A and the A(1520), and for the £~ ~, the 2~ and the
E(1530)°. The ®" and E~~ widths are assumed to be
equal to our experimental mass resolution and their mo-
mentum distributions are assumed to be the same as those
of the reference states. Table II lists also predictions of
various statistical hadronization models for the respec-
tive ratios. We note that these ratios show no significant
variation between 17 < \/E <40 GeV, nor is there a sig-
nificant difference between predictions for pp and AA
collisions. We find our UL for ® 7 (1530)/A(1520) < 2.7%
to be more than 1 order of magnitude lower than the
model predictions. Also, the UL of ®%(1530)/A <
0.92% is lower than all predictions including the model
which uses the Gribov-Regge approach for describing the
®* production and its /s dependence in pp collisions
[25]. Our UL of the £~ ~/E" yield ratio is compatible
with the model predictions. No theoretical value is yet
available for the 2~ ~/E(1530)° ratio, but our UL of
<4%/B should be compared with the value from the
NA49 experiment which, however, is not explicitly
quoted in the original paper [8] which reports only the
number of 38 £~ events. According to Ref. [14], the
number of Z(1530)° events is about 150 leading to a yield
ratio [29] in contradiction to our UL unless the relative
efficiencies for 2(1530)° and 2~ ~ of NA49 (unpublished)
differ markedly from those of HER A-B.

In conclusion, having found no evidence for narrow
®* and E~ signals, we have set UL(95%) for the
central production cross sections of resonances in the
pK$ and B~ 7 final states with widths less than our

212003-4



VOLUME 93, NUMBER 21

PHYSICAL REVIEW

week ending

LETTERS 19 NOVEMBER 2004

TABLE IL.  Our 95% C.L. upper limits on the relative yields of ®*(1530) and E~~(1862) PQs at y.,, = 0 and predictions for pp
and AA collisions. For a ®* mass of 1540 MeV, the quoted values have to be multiplied by = 4 (all target data).

SN OF/A O+ /A(1520) B /B~ 2~ /E(1530)°
Reaction [GeV] [%] [% ] [% ] [% ] Ref.
pPA,y=0 42 <0.92 <2.7 <3/B <4/B This work
pp,y=20 18 2.3 [25]
pp 20/40 6.3/5.0 2.5/3.6 [24]
pp 17 47 57 [23]
AA 20 3-10 50-200 0.4-1 [22]

40 3-7 44-140 0.4-1 [22]

experimental resolution of =5 MeV. For the ®*(1530)
and the E~(1862) the respective ULs of Bda/dyl,~
are 3.7 and 2.5 ub/N. For the ®F candidate observed
in pA collisions at /s = 11.5 GeV, the total cross sec-
tion for x; = 0 was estimated to be 30 to 120 ub/N [4].
A decrease of the central ®" production with increas-
ing /s could be understood if the ®* is produced by
disintegration of forward/backward peaked remnants
[25]. On the other hand, our UL(95%) for ® " /A(1520) <
2.7% is significantly lower than statistical hadroniza-
tion predictions which yield a ratio of = 0.5 in agree-
ment with experiments in which the ®* candidate and
A(1520) showed similar yields [30]. Our UL(95%) of
BE~~/E~ <3% is not low enough to contradict the
theoretical predictions. It is, however, inconsistent with
the previously published [8] observation of the
E~7(1862) at midrapidity which is based on a data
sample of lower statistics (1.6k vs 12k E~) and compa-
rable mass resolution (7.6 vs 6.6 MeV).
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Abstract

A proximity focusing ring imaging Cherenkov detector using aerogel as the radiator has been studied for upgrading
the Belle detector at the KEK-B-factory. We constructed a prototype Cherenkov counter using a 4 x 4 array of 64-
channel flat-panel multi-anode PMTs (Hamamatsu H8500) with a large effective area. The aerogel samples were made
with a new technique to obtain a higher transmission length at a high refractive index (n = 1.05). Multi-channel PMTs
are read-out with analog memory chips. The detector was tested at the KEK-PS 72 beam line in November, 2002. To
evaluate systematically the performance of the detector, tests were carried out with various aerogel samples using pion
beams with momenta between 0.5 and 4 GeV/c. The typical angular resolution was around 14 mrad, and the average
number of detected photoelectrons was around 6. We expect that pions and kaons can be separated at a 4o level at
4 GeV/e.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Silica aerogel is a unique material with a
refractive index (n) in the range between gases

*Corrsesponding author. Tel.: +81-426-77-2500; fax: +81-
426-77-2483.
E-mail address: matumot@bmail.kek.jp (T. Matsumoto).

and liquids or solids. Its refractive index can be
easily controlled from n = 1.01 to 1.06. As a result,
the refractive index of the aerogel can be chosen
such that for a given momentum interval in the few
GeV/c region charged pions radiate Cherenkov
photons, while kaons stay below the Cherenkov
radiation threshold [1]. In the Belle experiment at
KEK [2], a threshold type Cherenkov detector

0168-9002/$ - see front matter © 2003 Elsevier B.V. All rights reserved.
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(Belle-ACC) [3] which uses aerogel as a radiator, is
operated, providing at 3.5 GeV/c a kaon identifi-
cation efficiency of 88% with a pion misidentifica-
tion probability of 8% [4].

A new production method of hydrophobic
aerogel with a high-transmission length and » in
the interval between 1.01 and 1.03 was developed
during the construction period of Belle-ACC [5].
The improvement in quality allows the use of an
aerogel radiator in a ring imaging Cherenkov
counter (RICH) [6]. In the HERMES experiment at
DESY, a RICH counter is used with a dual-
radiator (aerogel and gas), and mirrors to focus the
Cherenkov photons [7]. A similar detector is also
designed for the LHCDb experiment at CERN [8].

We are studying the feasibility of a RICH
counter with an aerogel radiator for the Belle-
ACC in the forward end-cap region [9]. Since this
part is now optimized for the pion/kaon separa-
tion needed for tagging of the B flavor, and
covering the momentum range below 2 GeV/c,
separation at high-momentum region of around
4 GeV/c is not adequate. This kinematic region is,
however, very important for the studies of two-
body decays such as B—nn,Kn. In order to
achieve a n/K separation for a wider momentum
range, a ring imaging-type of detector is needed.
Due to spatial restrictions, such a counter has to
be of the proximity focusing type. To cover the
identification in the lower momentum region
(around 0.7 GeV/c) as well as in the region up to
4 GeV/c, the aerogel has to have a refractive index
around n = 1.05. The first beam test of such a
detector was carried out in 2001 at the KEK-PS 72
beam line [10]. These tests used an array of multi-
anode PMTs (Hamamatsu R5900-M16) for photo-
detection. The detected number of photoelectrons
was 2.7 per ring for a 2 cm thick aerogel tile with
n = 1.05, and the Cherenkov angle resolution per
photon was 10 mrad. These results were consistent
with expectations. The number of detected
photons was, however, rather low, partly because
only 36% of the detector surface was covered by
the photo-cathodes, and partly because the trans-
mission length of the aerogel with » = 1.05 could
not be made large enough. For the second beam
test, we improved the aerogel transmission by
optimizing the materials used in the production

process. The active area fraction of the photon
detector was increased by employing recently
developed flat-panel PMTs, Hamamatsu H8500.
Although this type of PMT is not immune to
magnetic field, and therefore cannot be applied in
the Belle spectrometer, we consider this device as
an intermediate step in our development. The
paper is organized as follows. We first present the
experimental set-up with flat-panel PMTs, briefly
review the improvement in aerogel production,
describe the measurements, and finally discuss the
results.

2. The experiment set-up
2.1. Flat-panel PMT

The photon detector for the tested prototype
RICH counter employed 64 channel multi-anode
PMTs (Hamamatsu H8500, so called flat-panel
PMT) because of their large effective area. Sixteen
PMTs were used in a 4 x 4 array and aligned with
a 52.5 mm pitch, as shown in Fig. 1. The surface of
each PMT is divided into 64 (8 x 8) channels with
a 6.0 x 6.0 mm? pixel size. Therefore, the effective
area of photon detection is increased to 84%. At
the back of each PMT, an analog memory board is
attached to read out multi-channel PMT signals,
as described below. Among 16 PMTs, 8 PMTs
were delivered in January, 2002, and the remaining
PMTs were delivered in October, 2002. Since the
manufacture method of the PMT was still under
development, they exhibit a large variation in
quantum efficiency and gain. The quantum effi-
ciency at 400 nm varies between 16% and 25%;
the gain varies from 1 x 10° to 6 x 10° when the
maximal allowed high voltage of —1100V is
applied to the photo-cathode.! The PMTs from
the later batch show a slightly better performance.

2.2. Aerogel radiator
The hydrophobic form of the aerogel
radiator from Novosibirsk [11] is known to have

a long transmission length. However, we prefer

"Hamamatsu Photonics K.K.
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Fig. 1. Photon detector, an array of 16 H8500 PMTs, mounted
at a 52.5 mm pitch.

hydrophobic aerogel to the hydrophilic one for the
application to a collider experiment. With a low
refractive index (n = 1.01—1.03), such an aerogel
was developed for the Belle-ACC, and is char-
acterized by a high-transmission length (~40 mm
at a wavelength of 400 nm) which was not
achieved before. However, the transmission length
of aerogel with a higher refractive index of n =
1.05 fell below one-half the value compared to the
aerogel with n = 1.03. Therefore, we reexamined
the aerogel production technique in a joint
development with Matsushita Electric Works
Ltd. As a result, we found that the important
factors determining the transmission length are the
solvent and selection of the precursor to be used
for its production. Originally, we used methyl-
alcohol for the solvent, and methyl-silicate as a
precursor [5]. When we applied di-methyl-forma-
mide (DMF),”> and changed the supplier of the
precursor, we could improve the transmission
length of the aerogel.

2Matsushita Electric Works Ltd. has a Japanese patent (No.
2659155) for usage of DMF as solvent to make aerogel.
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Fig. 2. Transmission length at 400 nm and refractive index at
405 nm for the aerogel samples used in the test.

Fig. 2 shows the refractive indices of aerogel and
the relation to transmission length for samples
which were used in this beam test. The refractive
index was determined by measuring the deflection
angle of laser light (laser diode: 405 nm) at a
corner of each aerogel tile; the transmission length
was measured with a photo-spectrometer (Hitachi
U-3210). In addition to the samples produced with
the new technique at Matsushita Electric Works
Ltd. and Chiba University, samples from BINP
(Novosibirsk) were tested [11]; for comparison, we
also tested the samples used in the previous beam
test. The thicknesses of the prepared aerogel
samples ranged from 10 to 25 mm. Various
thicknesses of up to about 50 mm were tested by
stacking these samples. Note that in the production
of the aerogel samples at BINP propenol was used as
the solvent, and the resulting aerogel was hydro-
philic. Also note that the Matsushita aerogel samples
produced with the new technique have a very similar
transmission length as the BINP samples. The
transmission length for n~1.05 samples used in
the first beam test was around 15 mm, but was
increased to 45 mm for the Matsushita sample with
the new production method.
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2.3. Beam set-up

For the beam test, pions with momenta between
0.5 and 4 GeV/c were used. Besides the RICH
detector under study, counters for triggering,
tracking and particle identification were employed.

The set-up of the aerogel RICH is shown in Fig.
3. Two RICH counters were placed in a light-
shield box and tested simultancously. Each RICH
was composed of a layer of acrogel radiator and a
photo-detection plane, parallel to the radiator face
at a distance of 20 cm. The upstream Cherenkov
counter was the detector under study; the down-
stream counter was the one employed in the
previous beam test. Since the latter uses a well-
known photo-detector, the multi-anode PMTs
Hamamatsu R5900, we regarded it as a reference.

Particle identification was done to remove
particles other than pions. Two CO, gas Cher-
enkov counters in the beam line were used to
exclude electrons. Also, an aerogel counter was
equipped and used to exclude protons for the high-
momentum region. This detector was also used to
exclude muons for the low-momentum region
around 0.5 GeV/c.

The particle trajectories were measured with
multi-wire proportional chambers (MWPC) at the
upstream and downstream ends of the light-shield
box. These 5 x 5 cm? MWPCs, with 20 um dia-
meter, gold-plated tungsten anode wires at 2 mm
pitch and with 90% Ar + 10% CHy4 gas flow, were

Light-shield box

read out by delay lines on the x and y cathode
strips.

The trigger signal was generated as a coin-
cidence of signals from several 5 x 5 cm? plastic
scintillation counters and anode signals from the
MWPCs to ensure valid tracking information.

2.4. Readout electronics

For the beam test, a new read-out system was
designed by using analog memory chips. The
analog memory chip is based on a chip developed
by Ikeda [12] for a cosmic-ray experiment. We
borrowed the chips from National Space Devel-
opment Agency of Japan (NASDA), and devel-
oped the chip control system. In the analog
memory chip, the signals of 32 channels are
preamplified, sampled in 1 ps intervals, and stored
in an 8 steps deep analog pipeline. Fig. 4 shows a
schematic view of the readout system with these
analog memories. Two 32 channel analog mem-
ories are attached to each 64 channel PMT. The
memories corresponding to four PMTs are con-
trolled by a 256 channel memory controller. When
the gate pulse is formed from the trigger signal, a
control signal is sent from the controller to the
analog memories. The difference in the value of
the analog memory between the latest and the first
memory content is fed to the output. The obtained
output values of 256 channels are clocked into one
signal train with a period of 10 pus per channel.

main RICH

Cherenkov
Aerogel photons

track E radiator<H T -

N

A el AU

Flat-panel PMT
(H8500) array

reference RICH
H;\::" _ _ L >
h MWPC

Multi-anode PMT
(R5900-M16) array

Fig. 3. Experimental set-up.
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Fig. 4. Schematics of the read-out system for the flat-panel PMTs.

Each analog memory controller outputs the serial
signal together with synchronized control signals.
These signals are then read by a 12-bit VME ADC
(DSP8112, MTT Co.) with a conversion time of
5 us.

2.5. Reference RICH

A reference RICH was instrumented with multi-
anode PMTs, Hamamatsu R5900-M16, the same
photon detector as used in the previous test [10].
The quantum efficiency of the PMTs is around
26% (at 400 nm), and the gain was around 6 x 10°
with —900 V applied to the photo-cathode. The
PMTs were grouped in a 2 x 6 array at a 30 mm
pitch. Due to a limited number of available PMTs
and read-out channels, only a part of the
Cherenkov ring was covered with photon detec-
tors.

3. Measurement and results

Most of the test measurements were performed
with a n©~ beam at 3 GeV/c. To systematically
evaluate the detector performance, data were
taken with different aerogel samples with various
transmission lengths and thicknesses. Data were
also taken by varying the 7~ momentum in the
range from 0.5 to 4.0 GeV/c.

A few typical events are displayed in Fig. 5. The
hits on PMTs can be associated with the expected
position of the Cherenkov ring. The hit near the
center of the ring is due to Cherenkov radiation
generated by the beam particle in the PMT
window. The distribution of accumulated hits is
shown in Fig. 6. Cherenkov photons from the
aerogel radiator are clearly seen with a low
background level. The background hit distribution
on the photon detector is consistent with the
assumption that it originates from Cherenkov
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Fig. 5. Some examples of event hit patterns for 3 GeV/c pions. The circle corresponds to the Cherenkov ring as expected from the
measured beam particle track. The dot corresponds to the impact point of the track upon the PMT window.

photons which were Rayleigh scattered in the
radiator.

The pulse-height distribution of the Cherenkov
photons detected in one of the flat-panel PMT is
shown in Fig. 7. The raw data were corrected as
follows. A common-mode fluctuation of the base
line was subtracted and signals due to cross-talk in
the read-out electronics were removed. The signal
mainly containing one photoelectron is clearly
separated from the pedestal peak. Note, however,
that this distribution differs considerably from
tube to tube because of the large variation in
performance, as described before. For further
analysis we also applied a threshold cut to
suppress the pedestal noise contribution.

3.1. Cherenkov-angle resolution for single photons

Fig. 8(a) shows a typical distribution of the
Cherenkov angle for single photons. The angular

resolution was obtained from a fit of this distribu-
tion with a Gaussian signal and a linear function
for the background. Fig. 9 shows the resolution in
the Cherenkov angle for the n= beam at 3 GeV/c
and 20 mm thick aerogel samples. The resolution
was around 14 mrad, independent of the refractive
index. The main contributions to the resolution of
the Cherenkov angle come from the uncertainty in
the emission point and from the pixel size of the
PMT. The first contribution is estimated to be
Oemp = d sin 0, cos GC/L\/E, where d is the aero-
gel thickness, 0. is the Cherenkov angle and L is
the distance from an average emission point in the
aerogel to the surface of the PMT. The second
contribution is opix = acos? 0, /L\/E, where a is
the pixel size. The measured variation of the
resolution with the thickness of aerogel is shown in
Fig. 10. By comparing the measured resolution
and the expected values, we observed a rather
good agreement. There was, however, a discre-
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Fig. 7. Pulse-height distribution for the flat-panel PMT
(H8500) for the hits in the region within 3¢ of the mean
Cherenkov angle. Data were corrected with the procedure
described in the text. In this figure, the pulse-height distribution
for the high sensitive PMT is shown.

pancy between the two, which can be accounted
for by a contribution of about 6 mrad. The
discrepancy could arise from the effect of aerogel
(non-flat aerogel surface and possible non-unifor-
mities in the refractive index due to position
variation and chromatic dispersion), which are

subject to further investigation. The uncertainty in
the track direction is expected to be negligible at
3 GeV/c, but increases considerably at low mo-
menta (0.5 GeV/c) due to the effect of multiple
scattering, as can be seen in Fig. 11.

3.2. Photoelectron yield

Fig. 8(b) shows a typical distribution of the
number of hits within +3¢ from the average
Cherenkov angle. The number of hits for the signal
region was estimated by subtracting the back-
ground from the fits to the Cherenkov-angle
distribution. The number of detected photons
(Npe) depends on the aerogel thickness and the
effect of scattering. It is expressed as Np. =
C J¢ [ e(2)2 2 sin? 0. exp(—x/ A(2) cos 0.) di dx ~
C'sin” 0.4 cos 0.(1 — exp(—d/A cos 0.)) where A
is the transmission length of the aerogel at an
average wavelength of 400 nm and &(A) is the
quantum efficiency of the PMT. Fig. 12 shows the
dependence of the number of detected photons on
the aerogel thickness. As expected from the above
expression, the number of photons does not
linearly increase with the aerogel thickness, but
saturates due to the scattering effect in aerogel.
Fig. 13 shows the dependence of the number of
photons with transmission length. From the figure
the benefit of the improvement in the transmission
length of the n = 1.05 aerogel from around 15 mm,
as used in the previous beam test, to 45 mm using
the new production technique becomes evident.
The dependence on the pion momentum, displayed
in Fig. 14, is fitted with the form expected from the
Cherenkov relations, and shows a good agree-
ment. For pions with momenta above 1 GeV/c,
the number of detected Cherenkov photons was
typically around 6 for aerogel samples with n =
1.05.

The performance of the RICH counter under
study was compared in the same set-up with the
performance of the reference counter with a well-
known photon detector, Hamamatsu R5900-M16
multi-anode PMTs. Since the two counters have a
different active area fraction (84% for the flat-
panel PMTs, and 36% for the R5900-M 16 PMTs)
and a different acceptance, the comparison of the
photon yields was made by normalizing to the full
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Fig. 9. Typical single photon resolution for 20 mm thick
aerogel samples.

active surface. While the flat-panel yield for a
particular case was 6.2, which resulted in 7.8 if
extrapolated to the full active area, the corre-
sponding number for the R5900-M16 was 12. It
appears that this difference is mainly due to the
rather low quantum efficiency and amplification of
some of the flat-panel tubes employed. This, in

0 n=1.056 ——
A n=1.051 -
O n=1.047 -
O L PR SRS ISR S S S AU S NSRS S N SR SR ST S N ST S
0 10 20 30 40 50 60

thickness (mm)

Fig. 10. Angular resolution as a function of the aerogel
thickness. The symbols correspond to the data for the different
samples and the curves are function described in the text.

turn, causes inefficiencies in single photon detec-
tion with a given threshold. If the best tube in the
set is normalized to the full acceptance, the
corresponding number increases to 10, and we
would expect about 8 photons per ring.
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3.3. Particle identification

Finally, we estimate the performance of pion/
kaon separation in the momentum range of

10

Npe (corrected)

0|||||
0 10 20 30 40 50 60

Transmission length (mm)

Fig. 13. Number of detected photons per Cherenkov ring (V)
for 20 mm thick aerogel samples as a function of the
transmission length. N is corrected for the refractive index
to n = 1.05 and 1.03, respectively. The symbols correspond to
the data and the curves are fits described in the text.

Npe
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Momentum (GeV/c)
Fig. 14. Number of detected photons per Cherenkov ring as a
function of the charged particle momentum. The symbols

correspond to the data and the curves are fits described in the
text.

around 4 GeV/c, which is of considerable impor-
tance for the Belle experiment. If we take into
account a typical measured value for the single-
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photon angular resolution, o.~ 14 mrad, and the
number of detected photons N,.~6, typical for
20 mm thick aerogel samples with n = 1.05, we can
estimate the Cherenkov angle resolution per track
to be o./\/Npe = 5.7 mrad. This naive estimate is
also confirmed by the direct measurement shown
in Fig. 15. Here, the track-by-track Cherenkov
angle is calculated by taking the average of the
angles measured for hits around the predicted
position of the Cherenkov ring. From this we can
deduce that at 4 GeV/c, where the difference of
Cherenkov angles for pions and kaons is 23 mrad,
a 40 separation between the two is possible. As an
additional cross check, we have also collected data
with the pion beam of 1.1 GeV /¢, which can be
used to represent a kaon beam of 4 GeV/c (apart
from a slightly larger sigma due to multiple
scattering). As can be seen from Fig. 15, the two
peaks are well separated. Thus, the proximity
focusing acrogel RICH seems to be promising for
the upgrade of the Belle PID system at the forward
region.
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Fig. 15. Cherenkov angle per track for pions of 4.0 and
1.1 GeV/c. Pions at 1.1 GeV/c are used to represent the kaon
beam of 4 GeV/c. The angular resolutions for 4.0 and
1.1 GeV/c are 5.4 and 6.7 mrad and two peaks are separated
by 4.20.

4. Conclusions

We report on the test beam results of a
proximity focusing RICH wusing aerogel as the
radiator. To obtain larger photoelectron yields, we
used flat-panel multi-anode PMT with a large
effective area, and aerogel samples produced with
a recently developed method which have a higher
transmission length than before. We also devel-
oped a multi-channel PMT read-out system using
analog memory chips. A clear Cherenkov ring
from the aerogel radiator could be observed, and
the number of photons was enhanced compared to
that in previous tests. We performed a systematic
study of the detector using various samples of the
aerogel. The typical angular resolution was around
14 mrad and the number of detected photoelec-
trons was around 6. The pion/kaon separation at
4 GeV/c is expected to be around 4o.

However, we still have some issues which have
to be solved for implementation in the Belle
spectrometer. The most important item is the
development of a PMT which can be operated
under a strong magnetic field (1.5 T). An example
of a candidate for such a device is a multi-anode
hybrid photodiode (HPD) or hybrid avalanche
photodiode (HAPD). Of course, for a good
candidate, its ability to efficiently detect single
photons on a large active area has to be demon-
strated. The other item is mass production of the
aerogel tiles. While we have demonstrated that the
new production method significantly increases the
transmission length of the n = 1.05 aerogel, the
production method has to be adapted to stable
good-quality manufacturing. We will study these
items at the next stage towards construction of a
real detector.
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We present a precise measurement of the standard model CP-violation parameter sin2¢, the direct CP
violation parameter |A|, the lifetimes of charged and neutral B mesons and their ratio, and the B°-B°
mixing parameter An, based on a sample of 152 X 10° BB pairs collected at the Y(4S) resonance with
the Belle detector at the KEKB asymmetric-energy e e~ collider. One of two B mesons is fully
reconstructed in a CP-eigenstate or a flavor-eigenstate decay channel. The flavor of the accompanying
B meson is identified from its decay products. From the distributions of the time interval between the
two B meson decay points, we obtain sin2¢; = 0.728 = 0.056(stat) = 0.023(syst), |A| = 1.007 =
0.041(stat) = 0.033(syst), 7go = [1.534 = 0.008(stat) = 0.010(syst)] ps, 75+ = [1.635 = 0.011(stat) *
0.011(syst)] ps, 7p+/7g = 1.066 * 0.008(stat) = 0.008(syst) and Am, = [0.511 = 0.005(stat) +
0.006(syst)] ps~!. The results for sin2¢; and |A| are consistent with the standard model expectations.
The significance of the observed deviation from unity in the lifetime ratio exceeds 5 standard deviations.

DOI: 10.1103/PhysRevD.71.072003

L. INTRODUCTION

In the standard model (SM), CP violation arises from an
irreducible phase in the weak interaction quark-mixing
matrix (Cabibbo-Kobayashi-Maskawa (CKM) matrix)
[1]. In particular, the SM predicts a CP-violating asymme-
try in the time-dependent rates for B and B decays to a
common CP eigenstate fp, where the transition is domi-
nated by the b — ccs process, with negligible corrections
from strong interactions [2]:

— T[B°(t) = fcpl — T[B(1) = fcp]
I[B(1) = fcpl + T[B°(1) = fep]
= —£4sin2¢ sin(Amyt),

A(r)

)

where I'[B(t), B’(f) — f¢p] is the rate for B® or B® decay
to fcp at a proper-time ¢ after production, & is the CP
eigenvalue of f-p, Am, is the mass difference between the
two B? mass eigenstates, and ¢, is one of the three interior
angles of the CKM unitarity triangle, defined as ¢; = 7 —

*On leave from Nova Gorica Polytechnic, Nova Gorica

PACS numbers: 11.30.Er, 12.15.Hh, 13.25.Hw

arg(V;,Viu/ Vi, Veq). Nonzero values for sin2¢ have been
reported by the Belle and BaBar collaborations [3-5].
Belle’s latest published measurement of sin2¢, is based
on a 78 fb~! data sample (data set I) containing 85 X 10°
BB pairs produced at the Y(4S) resonance. In this paper,
we report an improved measurement incorporating an ad-
ditional 62 fb~! (data set II) for a total of 140 fb~! (152 X
10° BB pairs). A precise knowledge of sin2¢ is essential
for testing the Kobayashi-Maskawa model of CP violation.

The sin2¢; measurement requires a determination of a
proper-time resolution function and of the wrong-tag frac-
tions using a large sample of exclusively reconstructed
flavor-eigenstate decays. We perform a precise measure-
ment of the mixing parameter Am, and of the neutral
(charged) B meson lifetime 7z (75+) as a by-product of
this procedure. Our previous results are based on a
29.1 fb~! data sample [6—8]; thus our new measurements
with a 140fb~! data sample provide significant improve-
ments.

Changes exist in the analysis with respect to our earlier
results. We apply a new proper-time resolution function
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that reduces systematic uncertainties. We introduce b-fla-
vor-dependent wrong-tag fractions to accommodate pos-
sible differences between B and B® decays. We also adopt
a multiparameter fit to the flavor-eigenstate samples to
obtain Am,, Tgo, T+, the resolution parameters and
wrong-tag fractions simultaneously. There are other im-
provements in the estimation of background components
that are made possible by the increased statistics.

The data were collected with the Belle detector [9] at the
KEKB asymmetric-energy e*e™ collider [10], which col-
lides 8.0 GeV e~ on 3.5 GeV e™ at a small ( = 11 mrad)
crossing angle. We use events where one of the B mesons
decays to fcp at time ¢-p, and the other decays to a self-
tagging state f,,, which distinguishes B® from B, at time
fie- The CP violation manifests itself as an asymmetry
A(Ar), where At is the proper-time interval between the
two decays: At = tcp — ti,o. We also use events in which
fcp 1s replaced by a flavor eigenstate fg,; the decay chain
in this case is Y(4S) — B’B® — [y, fi,g- The time evolu-
tion is described as e"A’VTBO/(4TBo){1 + cos(Am Ar)},
where the plus (minus) sign is taken when the flavor of
one B meson is opposite to (the same as) the other.

At KEKB, the Y (4S) resonance is produced with a boost
of By = 0.425 nearly along the z axis defined as antipar-
allel to the positron beam direction, and Ar can be
determined as Ar =~ Az/(Bvyc), where Az is the z distance
between the fcp and fi,, decay vertices, Az = zZcp = Zigg-
The average value of Az is approximately 200 pm.

The Belle detector [9] is a large-solid-angle spectrome-
ter that includes a silicon vertex detector (SVD), a central
drift chamber (CDC), an array of aerogel threshold
Cerenkov counters (ACC), time-of-flight (TOF) scintilla-
tion counters, and an electromagnetic calorimeter (ECL)
comprised of CsI(TI) crystals, all located inside a super-
conducting solenoid coil that provides a 1.5 T magnetic
field. An iron flux-return located outside of the coil is
instrumented to detect K? mesons and to identify muons
(KLM).

II. EVENT SELECTION AND RECONSTRUCTION

A. Reconstruction of B°— charmonium K®° decays

We reconstruct B decays to the following CP eigen-
states [11]: J/¢KY, p(28)KY, x1K3, nK§ for & = —
and J/yK} for & = +1. We also use B"— J/yK*
decays with the subsequent decay K** — K07°. Here the
final state is a mixture of even and odd CP, depending on
the relative orbital angular momentum of the J/i and K*°.
We find that the final state is primarily £, = +1; the &, =
—1 fraction is 0.19 * 0.02(stat) = 0.03(syst) [12].

The reconstruction and selection criteria for all fp
channels used in the measurement are described in detail
elsewhere [3]. J/i and (2S) mesons are reconstructed via
their decays to €€~ (€ = u, e). The (25) is also recon-
structed via J/ya" o, and the x.; via J/iy. The 7, is
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detected in the KK~ 7+, K*K~#°, and pp modes. For
the J/¢K9 mode, we use K§ — 7" 7~ and 7°#° decays;
for other modes we only use Kg — 7t 7~ . For recon-
structed B — fcp candidates other than J/¢K?, we
identify B decays using the energy difference AE =

Eg™ — Ef>  and the beam-energy constrained mass

M, = \/(Ef)g:fm 2 — (psms)2, where ES™ is the beam en-

ergy in the center-of-mass system (cms) of the Y(4S)
resonance, and E™ and p3™ are the cms energy and
momentum of the reconstructed B candidate, respectively.

Candidate B® — J/¢/K? decays are selected by requir-
ing ECL and/or KLM hit patterns that are consistent with
the presence of a shower induced by a K9 meson. The
centroid of the shower is required to be within a 45° cone
centered on the K direction inferred from two-body decay
kinematics and the measured four-momentum of the J/4.

B. Reconstruction of flavor-eigenstate samples
1. B°— D*~{*vp

We use the decay chain B — D* ¢y, D*~ — D7,
where D° = K* 7=, K¥7w 7% or K™ 777~ . We re-
quire associated SVD hits and radial impact parameters
dr <0.2 cm for all tracks. Track momenta in the labora-
tory frame for D° — K* 7~ 7" 7~ decays are required to
be larger than 0.2 GeV/c, while no additional requirements
are applied for the other modes. Charged kaons are iden-
tified by combining information from the TOF, ACC and
dE/dx measurements in the CDC. Photon candidates are
defined as isolated ECL clusters of more than 20 MeV that
are not matched to any charged track. 7° candidates are
reconstructed from pairs of photon candidates with invari-
ant masses between 124 and 146 MeV/c?. A mass-
constrained fit is performed to improve the 7° momentum
resolution. A minimum 7° momentum of 0.2 GeV/c is
required. For D — K™ 7~ and K™ 7~ 7" 7~ candidates,
we use daughter combinations that have an invariant mass
within 0.013 GeV/c? of mpo; for D° — K" 7~ 7% we ex-
pand the mass window to —0.037 GeV/c*> and
+0.023 GeV/c?. For D*~ — D%~ decays, we combine
DP candidates with a low-momentum 77~ (slow pion) that
is reconstructed using a vertex constraint and require the
mass difference between the D*~ and D° candidates, Mg,
to be within 1 MeV/c? of the nominal value. We reject D*~
candidates with cms momentum greater than 2.6 GeV/c,
which is beyond the kinematic limit for B meson decays.

For the associated lepton, we use electrons or muons
with a charge opposite to that of the D*~ candidate.
Electron identification is based on a combination of CDC
dE/dx information, the ACC response, and the energy
deposition of the associated ECL shower. Muons are
identified by comparing information from the KLM to
extrapolated charged particle trajectories. We require
1.4 GeV/c < p§™ < 2.4 GeV/c, where p§™ is the cms
momentum of the lepton. The cms angle of the lepton with
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respect to the direction of the D*~ candidate is also re-
quired to be greater than 90°. For B — D*~¢* v decays,
the energies and momenta of the B meson and the D*¢
system in the cms satisfy M2 = (E§™ — ES%)? —
|p5ms|? — | psms |2 + 2| pgms || psms | cos@p pr¢, Where M, is
the neutrino mass and 63 p+¢ is the angle between p3™ and
Pty We calculate cosfp p+¢ setting M, = 0. The signal
region is defined as | cosfp p+¢| < 1.1. We also require the
candidate D*~ € v decays to be outside the signal region
when we artificially reverse the lepton momentum vector;
this ensures that entries in the signal region after the
reversal, which are used for the background estimation,
do not contain D*~€* v events.

2. Hadronic modes

B® and B mesons are fully reconstructed in the follow-
ing decay modes: B — D~ #7*, D*~or*, D* " p*, J/YK*°,
B* — D7, and J/¢K*. We also use B® — J/yK de-
cays, which are described in the previous section, with no
flavor assignment. D*~ and D° candidates are recon-
structed in the same decay modes that are used for the
D*~€* v mode. Charged D candidates are reconstructed in
the D~ — Kt 7~ 7~ channel. For D and D*~ candidates,
we apply mode-dependent requirements on the recon-
structed D mass (ranging from =15 MeV/c? to
+50 MeV/c?) and the Mgy (ranging from =3 MeV/c?
to =12 MeV/c?), in a similar way as for the D* € v
mode. Candidate K*® — K* 7~ decays are required to
have an invariant mass within 75 MeV/c? of the nominal
K*% mass. p* candidates are selected as 77+ 770 pairs having
invariant masses within 150 MeV/c? of the nominal p*
mass.

To reduce background from e*e™ — qg (¢ = u, d, s or
¢) continuum events, a selection based on the ratio of the
second to zeroth Fox-Wolfram moments [13] and the angle
between the thrust axes of the reconstructed and associated
B mesons is applied mode by mode.

C. Flavor tagging

For neutral B to fcp and fp, decays, charged leptons,
pions, kaons, and A baryons that are not associated with
the reconstructed decay are used to identify the b-flavor of
the accompanying B meson. The tagging algorithm is
described in detail elsewhere [14]. We use two parameters,
q and r, to represent the tagging information. The first, ¢,
has the discrete value +1 ( — 1) when the tag-side B meson
is likely to be a B® (B%). The parameter r corresponds to an
event-by-event flavor-tagging dilution that ranges from
r = 0 for no flavor discrimination to » = 1 for an unam-
biguous flavor assignment. It is determined from a large
number of events generated by Monte Carlo (MC) simu-
lation, and is used only to sort data into six intervals of r,
according to estimated flavor purity. We determine directly
from data the average wrong-tag probabilities, w; =
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(w +w;)/2 (I =1,6), and differences between B’ and
B decays, Aw, = w; — w;, where wf(_) is the wrong-

tag probability for the B°(B°) decay in each r interval.

D. Vertex reconstruction

The vertex position for the f-p decay is reconstructed
using leptons from J /¢ decays or charged hadrons from 7,
decays. Each vertex position is required to be consistent
with the interaction-region profile (IP), determined run-by-
run, smeared in the r-¢ plane to account for the B meson
decay length. With the IP constraint, we are able to deter-
mine a vertex even with a single track; the fraction of
single-track vertices is about 10% for zcp.

The vertex position for the fy, decay that includes a D
meson in its decay products is reconstructed using the D
meson trajectory, a track other than the slow 77~ candidate
from D*~ decay, and the IP constraint. For the Bt —
J/YK*t and B® — J/¢yK**(K* 7~) decays, we use leptons
from J /i decays and the IP constraint, in the same way as
for the fp decay.

The vertex position for the fi,, is obtained with the TP
constraint and with well reconstructed tracks that are not
assigned to f-p or fy,. The algorithm is described in detail
elsewhere [15]. The fraction of single-track vertices is
about 22% for z,,.

We only use events with vertices that satisfy
|At| <70 ps and ¢ < 100, where ¢ is the y? of the vertex
fit calculated only in the z direction [15]. The overall vertex
reconstruction efficiency is 87.1 * 0.7% for B — J/¢/K}
candidates.

The proper-time interval resolution function Ry, (A?) is
formed by convolving four components: the detector res-
olutions for zcp and z,g, the shift in the z,, vertex position
due to secondary tracks originating from charmed particle
decays, and the kinematic approximation that the B mesons
are at rest in the cms [15]. A small component of broad
outliers in the Az distribution, caused by misreconstruc-
tion, is represented by a Gaussian function.

E. Signal yields

After flavor tagging and vertexing, we find 5417 fcp
candidates in total in the signal region; these are used
for the sin2¢>; determination. Table I lists the numbers
of candidates, N.,, and the estimated signal purity for
each fc-p mode. Figure 1 shows the M, distribution
after applying mode-dependent requirements on AE
for all BY candidates except for B® — J/K". There are
3085 total entries in the signal region defined as
5.27 GeV/c* < My, < 5.29 MeV/c?. Figure 2 shows the
psms distribution for B® — J/¢K? candidates. We find
2332 entries in the 0.20 GeV/c = p§™ = 0.45 GeV/c
signal region.

072003-4



IMPROVED MESUREMENT OF CP-VIOLATION...

TABLE I. Numbers of reconstructed B — fp candidates after
flavor tagging and vertex reconstruction, N,,, and the estimated
signal purity, p.

Mode &y Ney p
J/ YKt ) -1 1997  0.976 + 0.001
J/ YK 70 70) -1 288 0.82 + 0.02
P(2S) (T E7)KY -1 145 0.93 +0.01
YQS)(J /7 )KY -1 163 0.88 + 0.01
X1 (J/y)KY -1 101 0.92 = 0.01
1. (KIK~ 7K -1 123 0.72 = 0.03
(Kt K~ 70)K} -1 74 0.70 = 0.04
1.(pP)K? -1 20 0.91 + 0.02
All with &, = —1 -1 2911 0.933 +0.002
J/YpKO(KI70) +1(81%) 174 0.93 * 0.01
J/YK? +1 2332 0.63 *0.03

Table II lists N,, and the purity for each fy, mode after
the vertexing. The total number of fy, candidates is
177368 with a purity of 81%. Figure 3 shows the
cosfp pe¢ distribution for the D* €*v candidates.
Figure 4 shows the M, distributions for B® and B™ decays
to fp, states.

According to a MC simulation study, there is a small
fraction of background (less than 1% for f-p and 3% for
frv candidates) from other B decays peaking in the M,
signal region. The effect of the peaking background is
treated as a systematic error.

900 |-
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3V L
e
3 700 |
V) :
S 600 |
S i
~ 500
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3 400 f
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5 300 [
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> 200 g
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0 . it n . o7 il T
5.2 5.22 5.24 5.26 5.3
M, .(GeV/c?)
FIG. 1. Beam-energy constrained mass distribution within the

AE signal region for all fop modes other than J/K? . The solid
curve shows the fit to signal plus background distributions, and
the dashed curve shows the background contribution.
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FIG. 2 (color online). p$™ distribution for B® — J/K? can-
didates with the results of the fit. The dashed lines indicate the
signal region.

III. FIT RESULTS WITH FLAVOR-EIGENSTATE
SAMPLES

We perform a multiparameter fit to flavor-eigenstate
samples to obtain the B meson lifetimes, the B°-B® mixing
parameter Am,, wrong-tag fractions, and parameters for
the resolution function simultaneously. We use B? —
D* €tv, JJYK*(K*7~), D*wt, D"7", D* p*, and
J/ YK€ €™) (for 7 and resolution parameters only) for
B decays, and B* — D7 and J/yK* for BY decays.
The fit uses 32 parameters; 12 for wrong-tag fractions, 14
for the resolution function, 3 for the B* background in B°
decays, and 3 physics parameters Am,, 75 and 75+. We

TABLE II. Numbers of reconstructed B — f5, candidates
after vertex reconstruction, N,,, and the estimated signal purity,
p. J/ lﬁKg candidates are used with no flavor assignment.

Mode Ney p
D ("v 84823 0.781
D7t 11921 0.888
D™t 11156 0.899
D p* 8767 0.763
J/WKO(Kt ™) 3681 0.954
J/ YKt ™) 2001 0.976
BY total 122349 0.809
D7 46248 0.783
J/YK* 8771 0.966
B™ total 55019 0.812
B® + B total 177368 0.810
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FIG. 3.

cosfp p¢ distribution for the D*~€* v candidates. The circles with errors show the data. The solid line is the fit result. The

total background and the D**€» component are shown by the dashed line and the hatched area, respectively. The inset shows the same

figure with a logarithmic vertical scale.

also obtain the lifetime ratio, r,, = 75+ /70, by repeating
the fit in which 75+ is replaced with r 7g0. Two of the 14
parameters for the resolution function are newly added to
the resolution function described in [15] to improve the
description of the effect of charmed particle decays on the
Siag Vertex.

The probability density function (PDF) expected for the
signal distribution for B° decays to fj, is given by

OF[SF e 1Atl/7h0
mebE VAL g wi Aw) = ————{1 — gAw,
STBO
+ [=]1(1 = 2w;) cos(Am, A1)},

2

where OF (SF) denotes B’B° (B°B° or B’BY), i.e. a state
with the opposite (same) flavor. The signal PDF for B*

[ g°

)

-
o
o
o
o

8000
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2000

Number of events / (0.002 GeV/c?

O5.2 522 524 526 528 53
M, (GeV/c?)

decays is given by

e—IAtl/TB+

PB' (Ar) =

sig

3
27'3+ ( )
The signal PDFs are convolved with the Ry;,(A?) to account
for the detector resolution.

The background PDF for the hadronic modes is modeled
as a sum of exponential and prompt components,

P ™

Prog(Ar) = (1 - fa)ﬁ + f56(A1), (4
g

(1 — fs) is the fraction of the exponential component with
the effective lifetime 7y,,, and 8(Az) is the Dirac delta
function. It is convolved with a sum of two Gaussians,
which is used as the background resolution function. The
parameters for the background PDF are determined using

16000

+
>14000 [ B
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>
o
o
o
T

210000
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Number of events / (0
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FIG. 4. Beam-energy constrained mass distributions in the AE signal region for flavor-eigenstate candidates in neutral B meson
decays (left) and in charged B meson decays (right). The solid curves show the fits to signal plus background distributions and the

dashed curves show the background contributions.
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the AE-M,,. sideband region for each decay mode. For
Bt — D7 decays, using events outside the signal re-
gion, the value for fs is determined to be 0.49 = 0.01
(0.45 £ 0.03) for events with multitrack (single-track) ver-
tices and the effective lifetime 7y, is found to be
0.93 = 0.03 ps. The parameters for other B — f}, decays
that include a D meson as a decay product are similar to
those for the B¥ — Dzt decay. A similar procedure for
Bt — J/yK* decays yields fs = 0.86 = 0.05 (0.75 +
0.08) for events with multitrack (single-track) vertices
and Ty, = 1.55 =022 ps. The parameters for B®—
J/¥K? are similar to those for BY — J/K*. The value
for fs in B — J/yK* (K" 7~) decays is found to be
small; f5is 0.07 = 0.05 for events with multitrack vertices
and is fixed at zero for events with single-track vertices.
The effective lifetime 7, is 1.50 = 0.05 ps.

The background for the D*~€* v decay is divided into
four components: B — D**€v events (8.7 = 0.3%); fake
D" mesons (8.0 = 0.1%); random combination of D* me-
sons with leptons with no angular correlation called “‘un-
correlated background” (2.5 %= 0.1%); continuum events
(2.7 = 0.2%). Here D** consists of charmed mesons heav-
ier than the D™ meson and nonresonant D* 7 components.
The PDF for the B — D**€v background is given by a sum
of B® and B* components,

POIBI AL = (1 — fe) PO 4 f POTBEL (5

mix

where fp+ is the B fraction in the B — D**{v back-
ground. The Tgf[sp] is given by PYH(Ar)=(1-
wh )PEE(A7) and PR (Ar) = wi, PEE(A7), where w.
is the wrong-tag fraction determined from the B™ —
D°7" sample and ’Pf]:g is given by

o 1A/ o 1AM/

Tﬁ:g(At) = (1 _f7;+)—+f7’

47p+ Bt

. (6)

47,

Here f ~and 75, are the fraction and the effective life-
B

time for events in which an additional 7" from the D**

decays contaminates the f,, vertex reconstruction. The

parameters fp+, f and Ty« are determined in the final
B

fit. To determine these parameters precisely, events in
—10 <cosfp p¢ < —1.1, where the D**€» background
events are dominant, are also included in the fit. The fit
yields fg+ = 0.51 = 0.04, f7;+ =0.56 £0.10 and
T;,+ = 0.74 = 0.14 ps.

For continuum and uncorrelated backgrounds, the same
functional form as that of the hadronic background PDF is
used. The parameters for continuum are determined from
off-resonance data to be f5 = 0.55 = 0.09 (0.58 = 0.11)
for events with multitrack (single-track) vertices and
Tpke = 0.80 = 0.08 ps. For the uncorrelated background,

a fit to the sample outside the signal region yields fs =
0.15 £ 0.08 and 7, = 1.23 = 0.06 ps.
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The PDF of the fake D* background is given by Eq. (3)
with a mixing component added to account for oscillation
in the background. A fit to events in the My sideband
yields fs = 0.13 £0.02 (0.04 = 0.03) for events with
multitrack (single-track) vertices, 7y, = 1.49 £ 0.03 ps
and Amy, = 0.54 = 0.05 ps~!, where Amy,, is the effec-
tive mixing parameter. The fraction of the mixing compo-
nent and wrong-tag fractions are determined for each of the
six intervals of the flavor tag quality r. The wrong-tag
fractions range from 0.50 = 0.01 for the lowest r region
to 0.20 = 0.01 for the highest r region. The fraction of the
mixing component for the lowest r region is fixed at 0.
Values for the other r intervals range from 0.39 £ 0.12 to
0.84 = 0.09.

We test the fit method and parameterization with a large
number of MC events, and obtain results consistent with
the input values. The wrong-tag fractions obtained with the
MC events are also found to be correct.

The unbinned maximum-likelihood fit to data yields

Tp = [1.534 + 0.008(stat) = 0.010(syst)] ps, (7)
75+ = [1.635 = 0.011(stat) = 0.011(syst)] ps, (8)
T+ /T = 1.066 = 0.008(stat) = 0.008(syst), (9)

Am, =[0.511 = 0.005(stat) = 0.006(syst)] ps~!. (10)

The results are consistent with our previous measurements
[6—8] and supersede them. Figure 5 shows the flavor
asymmetry, A (A7) = [Nop(A7) — Ngp(A1)]/[Nop(Ar) +

0.5

0.4 |

0.3 \4
o2 f 1\

(OF-SF)/(OF+SF)
o
¢
4
T

0 2 4 6 8 10 12 14
|Atl(ps)

FIG. 5 (color online). Time-dependent flavor asymmetry for
flavor-eigenstate decays. The curve is the result of the unbinned
maximum-likelihood fit.
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Entries/ps

At distributions of neutral B meson pairs (left) and charged B meson pairs (right). The solid lines represent the

results of the unbinned maximum-likelihood fit. The dashed lines correspond to the outlier components.

TABLE III. Summary of the systematic errors on the measure-
ment of 7go, Tp+, Tp+/Tpo and Amy.
Source Tgo T Tp/Tp  Amy
Vertex reconstruction 0.005 0.007 0.003 0.003
Resolution function 0.004 0.005 0.004 0.001
Possible fit bias 0.003 0.004  0.003 0.002
D**¢v background 0.004 0.003  0.002 0.004
Other background fraction 0.001  0.006 0.003 0.001
Background At shape 0.006  0.003 0.005 0.002
Total 0.010 0.011 0.008 0.006
(Ps)  (ps) (ps™")

Nsr(A1)], where Nogsp) denotes the number of OF (SF)
events. The results of the lifetime measurements for neutral
and charged B meson decays are shown in Fig. 6.
Systematic uncertainties are listed in Table III. The
method to determine the systematic errors due to the vertex
reconstruction follows the same procedure as for the
sin2¢; measurement, which will be explained later. We
estimate the contribution due to uncertainties in the reso-
lution function by comparison of different parametriza-
tions, as well as by changing parameters that are derived

from MC to model the effect of nonprimary tracks [15]. A
possible bias in the event reconstruction and fitting proce-
dure is checked with a large number of MC events. We find
no bias and take the statistical error in MC as a systematic
error. Several D** components are used in this analysis to
model the cosfp p+¢ shape for the D**€v background. To
estimate the systematic errors due to uncertainties of the
fractions of the D** components, we set the fraction of each
component to unity (with all other components set to zero)
and repeat the analysis; for each measurement, we take the
largest variation on the result as the systematic error.
Systematic errors that arise from uncertainties in other
background fractions and from the background At shape
are obtained by varying each parameter individually, re-
peating the fit procedure, and adding each contribution in
quadrature. In the nominal fit, we do not include a mixing
component in the background PDF for the hadronic de-
cays. We repeat the fit with a background PDF including a
mixing term. Uncertainties in the overall z scale of the
detector arising from the measurement error and thermal
expansion during the operation are found to be negligible.

The same fit also yields wrong-tag fractions that are
summarized in Table IV. The total effective tagging effi-
ciency is determined to be eq =30, €(1 —2w)? =
0.287 = 0.005, where €, is the event fraction for each r

TABLE IV. Event fractions €;, wrong-tag fractions w;, wrong-tag fraction differences Aw,,
and average effective tagging efficiencies €.y = €,(1 — 2w;)? for each r interval. The errors
include both statistical and systematic uncertainties.

l r interval € wy Aw, €ly

1 0.000 — 0.250 0.398 0.464 = 0.006 —0.011 = 0.006 0.002 = 0.001
2 0.250 — 0.500 0.146 0.331 = 0.008 +0.004 = 0.010 0.017 = 0.002
3 0.500 — 0.625 0.104 0.231 = 0.009 —0.011 = 0.010 0.030 = 0.002
4 0.625 - 0.750 0.122 0.163 = 0.008 —0.007 = 0.009 0.055 £ 0.003
5 0.750 — 0.875 0.094 0.109 = 0.007 +0.016 = 0.009 0.057 = 0.002
6 0.875 — 1.000 0.136 0.020 £ 0.005 +0.003 = 0.006 0.126 = 0.003
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interval determined from the J/ tng simulation and is
listed in Table IV. The error includes both statistical and
systematic uncertainties.

We find that the average At resolution is ~1.43 ps (rms).
The width of the outlier component is determined to be
(39 = 2) ps; the fractions of the outlier components are
(2.1 £0.6) X 10~ for events with both vertices recon-
structed with more than one track, and (3.1 = 0.1) X
1072 for events with at least one single-track vertex.

IV. RESULTS OF CP ASYMMETRY
MEASUREMENTS

Figure 7 shows the observed At distributions for the
qé; = +1 and g&; = —1 event samples (top), the asym-
metry between two samples with 0 <r = (0.5 (middle)
and with 0.5 <r = 1.0 (bottom). The asymmetry in the
region 0.5 < r = 1.0, where wrong-tag fractions are small
as shown in Table IV, clearly demonstrates large CP
violation.

We determine sin2¢; from an unbinned maximum-
likelihood fit to the observed At distributions. The PDF
for the signal distribution is given by

600 |- - qE=+1
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£ 400
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2
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FIG. 7 (color online). At distributions for the events with
qéy = —1 (open points) and g&; = +1 (solid points) with all
modes combined (top), asymmetry between gé&; = —1 and

qé; = +1 samples with 0 <7 = 0.5 (middle), and with 0.5 <
r = 1 (bottom). The results of the global unbinned maximum-
likelihood fit (sin2¢; = 0.728) are also shown.
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e 1Atl/7h0
P (AL, g, wy, Awy, &f) = 47[1 —qAw; — q&4(1
TBO
— 2w)) sin2¢, sin(Am,A1)],

an

where we fix the B lifetime 74 and mass difference Am,
at their world average values [16]. Each PDF is convolved
with the appropriate R, (A7) to determine the likelihood
value for each event as a function of sin2¢;:

Pi = (1 - fol) f_+w[fsig?sig(Atl)Rsig(At - At/) + (1

— fsie) Poxg (At )Ry (At — At)]dAY + foPoi(AD),
(12)

where f, is the signal fraction calculated as a function of
psms for J/yKY and of AE and My, for other modes.
Pyye(At) is the PDF for combinatorial background events,
which is modeled as a sum of exponential and prompt
components. It is convolved with a sum of two
Gaussians, Ryy,, which is used as the background resolu-
tion function. We assume no asymmetry in the background
At distribution.

For B® — J/#K? and J/K*° decays, in addition to the
combinatorial background, background events from other
B decays and their CP asymmetries are considered. The
background in the J/#K? mode is dominated by the
following B — J/¢X decays: J/¢K) having &, = —1
(10 = 2%); Y(2S)KY, x1 K] and J/¢m" having &, =
+1 (4 £1%); J/YKO(KO — K97°) (20 = 2%), which
is amixture of £, = —1(81%) and §; = +1 (19%); other
non-CP modes (66 = 1%). The fraction of each compo-
nent is obtained from a MC simulation study. For
J/ YK (Kym°) decays, we include in our PDF contami-
nations from other B — J/#K* decays (7.1 = 0.3%) and
nonresonant B — J/yKym° decays (6.3 = 0.5%) in the
M, peak. The background fractions are obtained from MC
and the K* mass sideband [12]. We use the signal PDF with
no CP asymmetry for these components.

To account for a small number of events that give large
At in both the signal and background, we introduce the
PDF of the outlier component, P, and its fraction f. The
only free parameter in the final fit is sin2¢;, which is
determined by maximizing the likelihood function L =
[1:P:, where the product is over all events. We obtain

sin2¢; = 0.728 = 0.056(stat) + 0.023(syst). (13)

The result is consistent with the value in our previous
publication [4] and supersedes it with a reduced error.

The signal PDF for a neutral B meson decaying into a
CP ceigenstate [Eq. (11)] can be expressed in a more
general form as
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e 1Atl/Th
47’30

— 2w))[ S sin(Am At)

Tsig(At’ q, wi, AW]) = {] - qAW] + q(]

+ A cos(AmdAt)]}, (14)

where S =2Im(A)/(A2 + 1), A = (IA]2=1D/(A? +
1), and A is a complex parameter that depends on both
B°-B° mixing and on the amplitudes for B® and B° decay to
a CP eigenstate. The presence of the cosine term (|A] # 1)
would indicate direct CP violation; the value for sin2¢,
reported above is determined with the assumption [A] = 1,
as |A| is expected to be very close to 1 in the SM. In order to
test this assumption, we also performed a fit using the
expression above with acp = —&,Im(A)/|A| and [A| as
free parameters, keeping everything else the same. We
obtain

[A| = 1.007 = 0.041(stat) = 0.033(syst), (15)

and acp = 0.728 = 0.056(stat). This result is con-
sistent with the assumption of no direct CP viola-
tion used in our analysis and the acp term is in good
agreement with the sin2¢, value obtained with the one-
parameter fit.

Table V lists the systematic errors on sin2¢; and [A|.
The total systematic error is obtained by adding each of
them in quadrature. The largest contribution for sin2¢,
comes from vertex reconstruction. The systematic error
due to the IP constraint in the vertex reconstruction is
estimated by varying ( = 10 m) the smearing used to
account for the B flight length. The track selection criteria
are also varied to search for possible systematic biases. The
effect of the vertex quality cut is estimated by varying the
cut to &£ < 50 and & < 200. We vary the |A¢| range by =30
ps to estimate the systematic uncertainty due to the |Az| fit
range. Small biases in the Az measurement are observed in
ete” — u"u~ and other control samples. Systematic
errors are estimated by applying special correction func-

TABLE V. Summary of the systematic errors on sin2¢
and |Al.

Source sin2¢, | Al
Vertex reconstruction 0.013 0.012
Flavor tagging 0.007 0.008
Resolution function 0.008 0.004
Possible fit bias 0.008 0.006
Background fraction (J/yK?) 0.011 0.003
Background fraction (except for J/¢K?) 0.007 0.007
Physics (750, Amy, J/$K*0) 0.003 0.001
Background Az shape 0.002 0.001
Tag-side interference 0.002 0.028
Total 0.023 0.033
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tions to account for the observed biases, repeating the fit,
and comparing the obtained values with the nominal re-
sults. Systematic errors due to imperfect SVD alignment
are determined from MC samples that have artificial mis-
alignment effects to reproduce impact-parameter resolu-
tions observed in data. In these studies, whenever required,
we repeat the fit to the fp, samples, update resolution
function parameters and wrong-tag fractions, and perform
the fit to CP-eigenstate event samples using the updated
parameters so that the uncertainties in question are treated
in a consistent way.

Systematic errors due to uncertainties in the wrong-tag
fractions given in Table IV are studied by varying
the wrong-tag fraction individually for each r region.
Possible differences of the tagging performance between
fcp and fy, events are estimated using MC events.

Systematic errors due to uncertainties in the resolution
function are estimated by varying each resolution parame-
ter obtained from data (MC) by *1o ( * 20), repeating
the fit and adding each variation in quadrature. We also
divide the entire data set into two and prepare two sets of
resolution parameters to consider a possible difference in
the detector performance. We repeat the fit with these
resolution parameters and assign the difference from
the nominal result as a systematic error. We also in-
clude other sources examined for the fit to the flavor-
eigenstate samples, which are explained in the previous
section.

A possible fit bias is examined by a fit to a large number
of MC events. We find no bias and take the statistical error
from the MC as a systematic error.

Systematic errors from uncertainties in the background
fractions and in the background At shape are estimated by
varying each background parameter obtained from data
(MC) by £10 ( = 20). The systematic error due to CP
content in the J/¢K? backgrounds is checked by varying
the parameters obtained from the MC by *20.

The small peaking background in the My, signal region
of fcp modes other than J/yK*? is neglected in the nomi-
nal analysis. The effect of the fractions and their CP
asymmetries is studied with MC simulation and is included
in systematic errors.

Each physics parameter (75, Amy, J/yK*® polariza-
tion) is also varied by its error; for Am,, we also use our
result (Amy, = 0.511 ps™!), repeat the fit and take the
larger change as the systematic error.

Finally, we investigate the effects of interference be-
tween CKM-favored and CKM-suppressed B — D transi-
tions in the f,, final state [17]. A small correction to
the PDF for the signal distribution arises from the
interference. We estimate the amount of correction using
the B — D*~¢*v sample. We then generate MC pseu-
doexperiments and make an ensemble test to obtain
systematic biases in sin2¢; and |A|. We find that the
effect on sin2¢; is negligibly small, while a possible shift
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TABLE VI. Numbers of candidate events, N,.,, and values of
sin2¢,, |A| for various subsamples (statistical errors only).

Sample Ny sin2¢ [A]
J/YKY(mtmwT) 1997  0.67 = 0.08 0.98 + 0.06
J /K70 70) 288  0.72 =0.20 1.18 = 0.27
Y(2S)K) 308 0.89+020 094 +0.14
X1 K9 101 154049  0.76 = 0.22
7.K) 217 1.32*0.28 1.10 = 0.30
All with £, = —1 2911  0.73+0.06  0.99 * 0.05
J/YK? 2332 0.77 = 0.13 1.04 = 0.08
J/YpKO(KI70) 174  0.10 = 0.45 1.11 £ 0.33
fug =B (g=+1) 2717 0.72+0.09  0.89 + 0.09
fug =B (g=—1) 2700  0.74 = 0.08 1.17 £ 0.11
0<r=05 2985  0.95 +0.26 1.18 = 0.22
0.5<r=0.75 1224 0.68 = 0.11 1.11 = 0.09
075<r=1 1208 0.73 +0.07 0.95 + 0.05
Dataset I (78 fb — 1) 3013  0.72 £0.07 0.95 = 0.05
Data set IT (62 fb — 1) 2404  0.74 = 0.09 1.09 = 0.07
All 5417 0.728 = 0.056 1.007 * 0.041

in |A| becomes the largest contribution to the systematic
erTor.

Several checks on the measurement are performed.
Table VI lists the results obtained by applying the same
analysis to various subsamples. All values are statistically
consistent with each other. Figure 8 shows the raw asym-
metries and the fit results for (c¢)K? (top) and J/yK?
(bottom). A fit to the non-CP eigenstate modes B° —

f (cC)Kg(E=—1)

4
>.*

—
/ —+

o
o
T

UK (E=)

Raw Asymmetry

—t

At(ps)

FIG. 8 (color online). Raw asymmetries for (c¢)K9 (£ r=-1
(top) and J/ zﬂKg (§; = +1) (bottom). The curves are the results
of the global unbinned maximum-likelihood fit.
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D* €%y and J/YK**(K"7~), where no asymmetry is
expected, yields “sin2¢;”= 0.012 = 0.013(stat).

V. SUMMARY

Using 152 X 10° BB pairs collected at the Y(4S) reso-
nance with the Belle detector at the KEKB asymmetric-
energy e e~ collider, we have measured the CP-violation
parameters sin2¢; and |A|, B meson lifetimes and their
ratio, and the mixing parameter Am,. These are basic
parameters of the standard model. The results are summa-
rized as follows:

sin2¢; = 0.728 = 0.056(stat) * 0.023(syst),
|A] = 1.007 = 0.041(stat) + 0.033(syst),
T = [1.534 = 0.008(stat) * 0.010(syst)] ps,
75+ = [1.635 = 0.011(stat) = 0.011(syst)] ps,
Tp+/ 7T = 1.066 = 0.008(stat) = 0.008(syst),
Am, =[0.511 = 0.005(stat) + 0.006(syst)] ps~ .

All results are significant improvements in precision
from the previous measurements, and are in agreement
with the standard model expectations. The significance of
the observed deviation from unity in the lifetime ratio
exceeds 5 standard deviations for the first time by a single
measurement.
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Abstract

A proximity focusing ring imaging Cherenkov detector, with the radiator consisting of two or more aerogel layers of
different refractive indices, has been tested in 1-4 GeV/c pion beams at KEK. Essentially, a multiple refractive
index aerogel radiator allows for an increase in Cherenkov photon yield on account of the increase in overall
radiator thickness, while avoiding the simultaneous degradation in single photon angular resolution associated
with the increased uncertainty of the emission point. With the refractive index of consecutive layers suitably
increasing in the downstream direction, one may achieve overlapping of the Cherenkov rings from a single charged
particle. In the opposite case of decreasing refractive index, one may obtain well separated rings. In the former
combination an approximately 40% increase in photon yield is accompanied with just a minor degradation in
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single photon angular resolution. The impact of this improvement on the n/K separation at the upgraded Belle

detector is discussed.
© 2005 Elsevier B.V. All rights reserved.

PACS: 29.40.Ka
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1. Introduction

Proximity focusing ring imaging Cherenkov
(RICH) counters with non-gaseous radiators have
the advantage of smaller size and are thus well
suited as particle identification devices within
more complex particle spectrometers with tight
space constraints. Such a detector with aerogel as
radiator is envisaged for the upgrade [1] of the
particle identification system of the Belle spectro-
meter at the KEKB collider [2,3]. In the present
Belle detector, a threshold-type Cherenkov detec-
tor (ACC) [4] enables a good n/K separation.
However, ACC does not provide sufficient separa-
tion for high momentum particles around 4 GeV/c¢
in the forward end-cap region, and a proximity
focusing RICH with aerogel as radiator is being
studied as a candidate for the detector upgrade.

Different aerogel radiators as well as different
photon detectors have been investigated in search
of an optimal counter, which would provide the
required 4-5 ¢ pion-kaon separation in the
1-4 GeV/c momentum range [5]. Good velocity
resolution of a charged particle track requires
good resolution of the Cherenkov angle of a single
photon and many detected photons. The number
of photons may be increased by increasing the
radiator thickness, but the price to pay is an
increased uncertainty of the emission point, i.e.
single photon angular resolution. However, by
judiciously choosing the refractive indices of
consecutive aerogel radiator layers, one may
achieve overlapping of the corresponding Cher-
enkov rings on the photon detector. This repre-
sents a sort of focusing of the photons within the
radiator, and eliminates or at least considerably
reduces the spread due to emission point uncer-
tainty. Another possibility is the opposite, i.e. to
obtain separate rings from separate aerogel layers

in which the emission point uncertainty is given by
the thickness of the corresponding layer. One may
also try combinations of the two main schemes.
Note that such a tuning of refractive index for
individual layers is only possible with aerogel,
which may be produced with any desired refractive
index in the range 1.006—1.06.

While the principle was first discussed in
Ref. [6], the present work reports on measurements
made with different combinations of aerogel
radiator layers. First we present estimates of the
relations between the radiator thicknesses and
refractive indices in order to obtain either over-
lapping of the Cherenkov rings or their adequate
separation. Next the experimental apparatus is
described and the results of measurements and
analysis are given. Finally, we discuss the possibi-
lities of such a detector to meet the expectations
for the upgrade of the Belle particle identification
system.

2. RICH with multiple refractive index radiator

The key issue in the performance of a proximity
focusing RICH counter is to improve the
Cherenkov angle resolution per track oyack =
00/+/Npe.. By using a thicker aerogel radiator,
the average number of detected photons N can
be increased, but the single photon Cherenkov
angle resolution oy degrades due to the increased
uncertainty in the photon emission point. As can
be seen from Fig. 1, the optimal thickness should
be around 20mm, which was also verified in
previous investigations [5].

One way to solve this problem is to use a “dual
radiator” scheme, where one images Cherenkov
photons from two aerogel radiators with different
refractive indices as shown in Fig. 2. In the first
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Fig. 1. The variation of the figure of merit, 69/,/Np.., with
radiator thickness in the case of a single radiator, proximity
focusing RICH, for three different transmission lengths at 400
nm (A in mm).

combination (Fig. 2b) two aerogel radiators are
used with slightly different indices, where the one
with the lower refractive index is positioned
upstream. If the indices of the two radiators are
well adjusted, the corresponding two rings overlap.
In the following this combination will be referred
to as “focusing combination”.

The other possibility is a “defocusing combina-
tion”, in which the aerogel with higher index is
positioned upstream (Fig. 2¢). If the difference of
the indices of the two aerogel tiles is appropriately
chosen, the two radiators produce two well
separated rings with good resolution.

A naive extension of the dual radiator combina-
tion is to use more than two aerogel radiators
(“multiple radiator”). For the focusing combina-
tion, the indices of aerogels should gradually
increase from the upstream to the downstream
layer. Again, if the index of each layer is well
chosen (Fig. 2d), the angular resolution of the ring
will not be appreciably deteriorated in spite of a
thicker radiator. The defocusing dual radiator may
be extended to four radiators by introducing the

@

nl n2 n% nl n2 n3 %
|1
L1 L1
RS S e 7”<7\<§§§;”>
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(d) ®

Fig. 2. Principle of dual radiator and multiple radiator ring
imaging Cherenkov counter: (a) single radiator, (b) focusing
dual radiator, (c) defocusing dual radiator, (d) focusing
multiple radiator and (e) defocusing multiple radiator RICH.
Only photons from the middle of the radiator are shown in (d)
and (e).

focusing combination in every two layers as shown
in Fig. 2e. In this case, the RICH has four
radiators with different indices where the first
two radiators in the upstream position create a
larger ring, and the other two radiators a smaller
ring.

3. Radiator parameters and expected performance

The relation between the refractive indices in the
focusing combination in the dual radiator case is
derived as follows. Neglecting the refraction at
aerogel boundaries and denoting the thickness of a
single radiator tile as d, the distance between
the center of the downstream radiator and the
photon detector plane as L, and the Cherenkov
angles in both upstream and downstream radiator
as 0 and 0,, respectively, the condition that the
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two rings should overlap can be written as
Ltan6, = (L + d)tan 0;. From this condition the
following approximate relation can be derived:

(mc)®
P? ]

d 2
—_ = — — 1=
ny —n : {”1

where m and p are the pion mass and momentum.

The optimization of the radiator parameters
thus clearly depends on the kinematical region the
counter should cover. In the case of the upgrade of
the Belle particle identification system, the indices
are optimized for tracks with p =4GeV/c, the
highest particle momenta from two-body B
decays. As can be seen from Fig. 3, the overlap
of the two rings remains sufficiently good even at
lower momenta, so that the emission point error
(full line) does not significantly increase with
respect to the single radiator case of half the
thickness (dashed line).

Similarly, since the relation derived above is
valid only for perpendicularly incident tracks, the
performance has to be checked also as a function
of incidence angle. As shown in Fig. 4, only a
modest increase in the emission point error is
expected up to the maximal angle of incidence in
the present application to the Belle upgrade
(around 30°).

10 -

75F

25¢F

Emission point error [mrad]

0 1 1 1 1 1 1 1
1 15 2 25 3 35 4 45 5
Pion momentum [GeV/c]

Fig. 3. Emission point error for a focusing combination (two
2cm thick tiles with refractive indices 1.05 and 1.042 at a
distance of 18cm from the photon detector) as a function of
momentum for perpendicularly incident pions (full line)
compared to the single radiator of half the thickness (dashed).
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Fig. 4. Emission point error for the focusing combination
(same as in Fig. 3) as a function of the azimuthal angle around
the track direction for 4GeV/c pions entering the counter at
different angles of incidence (0° full line, 15° dash—dotted, 30°
dotted).

For the dual radiator in the defocusing combi-
nation, the requirements are much less demanding.
The two rings have to be well separated, and none
of them should coincide with the ring correspond-
ing to the other particle species. If one requires for
the case of n/K separation that the kaon ring from
the upstream radiator (corresponding to the angle
0,(K)) is separated by koy from the pion ring
from the downstream radiator tile (corresponding
to the angle 0,(n)), one arrives at the following
expression
(1 4+d/L)tan 0(K) — tan 02(n) = kay/cos? 0x(n),
from which one may derive a relation between n;
and n,. For a specific example with d/L = 0.1,
ny = 1.05, p=4GeV/c and gy = 14mrad, values
typical for such a counter, we get n; — n, = 0.031
for k = 10.

Note that for both the focusing and defocusing
combinations the performance of the counter can
be further optimized by varying the ratio of the
thicknesses of the two radiators and the total
thickness of the radiator.

4. Experimental apparatus

We have performed two beam tests in March
and June 2004. The tests were carried out at the
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Light-shield box

Aerogel  Cherenkov
MWPC radiator  photon MWPC

T -
track |: H‘ -7

Flat-panel PMT

ocm (H8500) array

Fig. 5. The experimental set-up.

KEK-PS 72 and T1 beam lines, where pions with
momenta up to 4GeV/c are available. The
experimental set-up shown in Fig. 5 is basically
the same as in the previous beam test [5]. The
counter is composed of one or more layers of
aerogel radiator and a photon-detection plane,
parallel to the radiator face at a distance of 20 cm.

Multi-anode PMTs (Hamamatsu H8500) were
used as photo-detectors. A total of 16 PMTs were
positioned in a 4 x4 array and aligned at a
52.5 mm pitch. The surface of each PMT is divided
into 64 (8 x 8) channels with 6.08 mm x 6.08 mm
pixel size. This type of PMT is not immune to the
magnetic field and cannot be applied in the Belle
spectrometer, so this device is considered as an
intermediate step in our development. For the final
design, we plan to use the Hamamatsu HAPD or
the BURLE Micro-Channel Plate PMT [7].

As radiators the same set of aerogel samples was
used as in the tests with single refractive index
radiators [S5]. These aerogels have indices between
1.01 and 1.05; the transmission lengths at 400 nm
(A) are around 30-40mm. In addition, newly
produced aerogels with refractive indices up to
1.07 were used, as well as two-layer aerogel
samples [8], where a single tile is comprised of
two layers with different indices.

5. Measurements and results

A typical distribution of accumulated hits on the
photon detector is shown in Fig. 6. Cherenkov
photons from the two aerogel radiators are clearly
seen as a single ring with a low background level.

0.6

0.4

0.2

Oy [rad]
o
L L L L L B B

06 I 1 1 1 1
-05 -0.25 0 0.25 0.5

Ox [rad]

Fig. 6. A typical distribution of PMT hits in the Cherenkov x, y
space with two 20 mm thick radiators (n = 1.047 and n = 1.057)
in the focusing combination.

The hits near the center of the ring are due to
Cherenkov radiation generated by the beam
particle in the PMT window.

5.1. Test results with dual radiators

We first tested the focusing dual radiator
combination with aerogel tiles of n = 1.047, 4 =
34mm in the upstream position, and n = 1.057,
A=25mm in the downstream position. Both
radiators have a thickness of 20 mm. Fig. 7 shows
the resulting distribution of the Cherenkov angle
for single photons. Note that the Cherenkov angle
is calculated by assuming that the photon is
emitted in the middle of the combined radiator.
The basic parameters of the counter, the resolu-
tion and the number of detected photons, are
obtained by fitting to this distribution a Gaussian
function for the signal and a second order
polynomial for the background. The resulting
single photon resolution gy is 14.4mrad, while
the average number of detected photons amounts
to Npe = 9.6. The Cherenkov angle resolution per
track is calculated to be 4.8 mrad, corresponding
to a 4.8¢ n/K separation at 4GeV/c.
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Fig. 7. Distribution of the Cherenkov angle for accumulated
single photons from 4 GeV/c pions in the case of a focusing
dual radiator combination with 20mm thick radiators
(n =1.047 and n = 1.057).

For comparison, measurements were also per-
formed for single radiator cases when only the
upstream or the downstream aerogel tile of the
dual radiator is used. For the upstream and
downstream radiator, the measured yield was 6.9
and 7.5 photons per ring, respectively. The single
photon resolution was 13.8 mrad for the single
radiator in the upstream position.

The single photon resolution oy = 14.4mrad
for the dual radiator is similar to that for the
single radiator of half the thickness, while
the number of detected photons is larger for the
dual radiator. In the dual radiator RICH, a
fraction of photons emitted in the upstream
radiator is scattered in the downstream aecrogel.
Therefore, the photoelectron yield is expected
to be Npe~Njexp(—ds/(cosBiA2)) + N> = 10.6,
where N; (N;) is the number of the detected
photons in the single radiator RICH with only
upstream (downstream) radiator, 0y is the Cher-
enkov angle in the upstream radiator, while d, and
Aj; are the thickness and transmission length of the
downstream radiator. This is consistent with the
measured value of 9.6.

We also measured the momentum dependence
of Np. and gy as shown in Fig. 8. Note that

25
B ¥ single (upstream)
%\ C ® ® dual
E20H
s I %
E —
L °
§ 15 N % ;
m -
lo C 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 1 2 3 4 5
@ Momentum (GeV/c)
15 - X single (upstream)
C ® dual
) 10 - ® ® [ °
S °
C * * *
S
0 C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 1 2 3 4 5
(b) Momentum (GeV/c)

Fig. 8. Momentum dependence of the single photon resolution
(a) and the number of detected photons (b) for the dual radiator
focusing combination compared to the single radiator.

although the overlap of the rings from two
radiators is optimized for a certain momentum,
the variation of oy is for the dual radiator RICH
similar to that of the single radiator RICH over
the full kinematic range. The increase in oy at
lower momenta is consistent with the contribution
from multiple scattering.

For the defocusing dual radiator set-up, we
used a combination of radiators with n = 1.057
and n = 1.027. Each radiator had a thickness of
20mm. The single photon Cherenkov angle
distribution for this combination is shown in
Fig. 9. Two well separated rings are clearly seen.
The sum of the number of photons from the two
rings is larger than that from a single radiator with
a thickness of 20mm, while the resolutions are
almost the same. Note that unfortunately the
transparency of the downstream radiator was low
(A =19mm) in this particular measurement; the
use of a typical sample of n~ 1.03 with the
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Fig. 9. Distribution of the Cherenkov angle of single photons
from 4 GeV/c pions for a defocusing dual radiator RICH with
n; = 1.057 and n, = 1.027.

transmission length around 30 mm would consid-
erably increase the light yield at the outer ring.

We also tested a two-layer aerogel tile with
indices of 1.060 and 1.030 in the defocusing
combination. We could observe two well separated
rings on the photon detector. However, the photon
yield was rather low because of a short transmis-
sion length of the radiator. This is due to the
production procedure for such kind of tiles, which
has not been optimized yet.

5.2. Tests with multiple radiators

In order to study the multiple radiator RICH in
the focusing combination, we prepared a dual
radiator configuration with indices of 1.046 and
1.051, and a triple radiator configuration with
indices of 1.046, 1.051 and 1.056. The thickness of
each radiator was 10mm, such that the dual
radiator is 20 mm thick, and the triple radiator is
30mm thick. The performance of these set-ups is
compared with the single radiator combination
with 7 = 1.046 and radiator thickness of 10, 20
and 30 mm.

Fig. 10 shows g9, Npe and oy,ec distributions
against the thickness of the radiators. Ny
increases as the radiator becomes thicker, and
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Fig. 10. Single photon resolution (a), number of detected
photons (b) and single track resolution (c) for the focusing
multiple radiator RICH combinations. The multiple radiator
with a 20mm thick radiator is a dual radiator, while that with
30mm is a triple radiator.

there is no significant difference of Ny, between
single and multiple radiator combinations. On the
other hand, oy of the single radiator RICH
increases considerably as the radiator gets thicker,
but gy for the multiple radiator case increases only
slightly. As a result, o,k 18 improved by introdu-
cing the multiple radiator combination, and the
triple radiator with 30 mm gives the best gacx Of
4.5 mrad.
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Table 1

Performance of the defocusing combination: single photon
angular resolution and photon yield for the multiple radiator
and dual radiator combinations

RICH Inner ring Outer ring

Dual radiator oy = 15.0mrad o9 = 14.6 mrad
Npe =46 Npe =17

Multiple radiator op = 13.7mrad oy = 13.0mrad
Npe =38 Npe =21

We also tested a defocusing multiple radiator
with four radiator indices of 1.051, 1.056, 1.029 and
1.034 in a combination shown in Fig. 2e. We
compared it with a defocusing dual radiator RICH
with radiators of n = 1.056 and 1.025. The total
thickness of aerogel radiators was 40 mm in both
cases. The measured values of g9 and N, are listed
in Table 1. As expected, we find that the multiple
radiator RICH has a better overall angular
resolution at roughly the same photon yield.

6. Conclusion

We have studied dual and multiple radiator
combinations of the proximity focusing aerogel
RICH detector. For the focusing combination, we
confirmed that the number of detected photons
could be increased without deteriorating angular
resolution compared to the single radiator RICH.
In the triple radiator configuration we have
achieved a Cherenkov angle resolution per track
of Gyack = 4.5mrad, which corresponds to a 5.1¢
K /m separation at 4 GeV/c.

In the defocusing dual radiator RICH, we
observed two rings with good angular resolution
that were well separated. We also succeeded to
improve the resolution of each ring with a RICH
with four radiators.

Although the dual and multiple radiator proxi-
mity focusing RICH looks promising both in the
focusing and defocusing combination, further
studies are needed before deciding which of the
two combinations should be employed, and how
many radiators should be used in the final design
for the upgraded Belle detector. The method of

reconstruction and the effect of background will
be studied in detail, especially for the defocusing
combination where two rings are produced. We
also plan to test the multiple radiator RICH with
even more layers, and investigate the production
of multi-layer aerogel tiles with a large transmis-
sion length.
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We observe evidence for D°-D° mixing by measuring the difference in the apparent lifetime when a D°
meson decays to the CP eigenstates K™K~ and 7" 7~ and when it decays to the final state K~ 7. We
find the relative difference of the lifetimes ycp to be [1.31 % 0.32(stat) * 0.25(syst)]%, 3.2 standard
deviations from zero. We also search for a CP asymmetry between D® and D° decays; no evidence for CP
violation is found. These results are based on 540 fb~! of data recorded by the Belle detector at the KEKB

eTe” collider.

DOI: 10.1103/PhysRevLett.98.211803

The phenomenon of mixing between a particle and its
antiparticle has been observed in several systems of neutral
mesons [1,2]: neutral kaons, Bg, and most recently B?
mesons. In this Letter, we present evidence for D°-D°
mixing [3].

The time evolution of a D° or D° is governed by the
lifetime 7 = 1/I" and the mixing parameters x = (M; —
M,)/T" and y = (I'y —I',)/2I'. M, and I'j, are the
masses and widths of the mass eigenstates, respectively,
and I' = (I'; + I'y)/2. For no mixing, x = y = 0. Within
the standard model (SM), the rate of D mixing is expected
to be small due to the near degeneracy of the s and d quark
masses relative to the W mass and the small value of the b
quark couplings. Predictions for x and y are dominated by
nonperturbative processes that are difficult to calculate
[4,5]. The largest predictions are |x|, [y] ~ O(1072) [5].
Loop diagrams including new, as-yet-unobserved particles
could significantly affect the experimental values [6].
CP-violating effects in D mixing would be a clear signal
of new physics, as CP violation (CPV) is expected to be
very small in the SM [7].

Both semileptonic and hadronic D decays have been
used to constrain x and y [1]. Here we study the decays
to CP eigenstates D' — K*K~ and D — 7" 77~ ; treating

PACS numbers: 13.25.Ft, 11.30.Er, 12.15.Ff

the decay-time distributions as exponential, we measure
the quantity

_T(KT7")
Ycp —m

where 7(KTK™) and 7(K~#™) are the lifetimes of D —
K"K~ (or "7~ ) and D — K~ 7" decays [8]. It can be
shown that ycp = ycos¢ — LAyxsing [9], where Ay
parametrizes CPV in mixing and ¢ is a weak phase. If
CP is conserved, Ayy = ¢ =0 and y-p = y. To date,
several measurements of y-p have been reported [10];
the average value is ~2 standard deviations (o) above
zero. Our measurement yields a nonzero value of ycp
with >3 0 significance. We also search for CPV by mea-
suring the quantity

1, ey

7D —> K K*) = 7(D*—> K"K")

Ar = —= ;
I iD= K K"+ 7(D°— KTK")

2

this observable equals A = %AMy cos¢ — xsin¢ [9].
Our results are based on 540 fb~! of data recorded by
the Belle experiment [11] at the KEKB asymmetric-energy
et e collider [12], running at the center-of-mass (c.m.)
energy of the Y(4S) resonance and 60 MeV below. To
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avoid bias, details of the analysis procedure were finalized
without consulting quantities sensitive to y-p and Ar.
The Belle detector is described in detail elsewhere [11]:
It includes, in particular, a silicon vertex detector [13], a
central drift chamber, an array of aerogel Cherenkov coun-
ters, and time-of-flight scintillation counters. We recon-
struct D** — D07} decays with a characteristic slow pion
mg,and D° — K*K~, K- 7", and w" 7r~. The charge of
the 77y determines the flavor of the produced neutral D
meson. Each track is required to have at least two associ-
ated vertex detector hits in each of the two measuring
coordinates. To select pion and kaon candidates, we im-
pose standard particle identification criteria [14]. D°
daughter tracks are refitted to a common vertex, and the
DO production vertex is found by constraining its momen-
tum vector and the 77, track to originate from the e e™
interaction region; confidence levels exceeding 1073 are
required for both fits. A D* momentum greater than
2.5 GeV/c (in the c.m.) is required to reject D mesons
produced in B-meson decays and to suppress combinato-
rial background. The proper decay time of the D° candi-
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FIG. 1. M distribution of selected events (with |Ag|<
0.80 MeV and o, <370 fs) for (a) K*K~, (b) K~ 7", and
(c) T 7~ final states. The histogram shows the tuned MC
distribution. (d) ¢ distribution (with |AM|/o), < 2.3 and o, <
370 fs) for the K™K~ final state. (¢) Normalized distribution of
errors o, on the decay time ¢ for D — K~ 7", showing the
construction of the resolution function using the fraction f; in the
bin with o, = o;. (f) Fitted lifetime of D° mesons in the K~ 7"
final state in four running periods with slightly different con-
ditions and the result of a fit to a constant. The world average
value (W.A.) is also shown.

date is then calculated from the projection of the vector
joining the two vertices L onto the D° momentum vector
t =mpyL - p/p?, where mp is the nominal D° mass. The
decay-time uncertainty o, is evaluated event by event from
the covariance matrices of the production and decay
vertices.

Candidate D° mesons are selected using two kinematic
observables: the invariant mass of the D° decay products M
and the energy released in the D** decay g = (M- —
M — m_)c*. My is the invariant mass of the D7, combi-
nation, and m,, is the 7+ mass.

According to Monte Carlo (MC) simulated distributions
of t, M, and ¢, background events fall into four categories:
(i) combinatorial, with zero apparent lifetime; (ii) true D°
mesons combined with random slow pions (this has the
same apparent lifetime as the signal); (iii) D decays to
three or more particles; and (iv) other charm hadron de-
cays. The apparent lifetime of the latter two categories is
10%—-30% larger than 7 0. Since we find differences in M
and ¢ distributions between MC simulation and data
events, we perform fits to data distributions to obtain
scaling factors for the individual background categories
and signal widths and then tune the background fractions
and signal shapes in the MC simulation event by event.

The sample of events for the lifetime measurements is
selected using |[AM|/ oy, where AM = M — myy, |Ag| =
q — (mp+ — mpo — m,)c?, and o,. The invariant mass
resolution o, varies from 5.5-6.8 MeV/c?, depending
on the decay channel. Selection criteria are chosen to
minimize the expected statistical error on y.p, using the
tuned MC simulation: We require |AM|/oy, < 2.3,
|Ag| < 0.80 MeV, and o, < 370 fs. The data distributions
and agreement with the tuned MC distributions are shown
in Figs. 1(a)-1(d). We find 111 X 10°KTK~, 1.22 X
10K~ 7r*, and 49 X 1037 7r~ signal events, with purities
of 98%, 99%, and 92%, respectively.

The relative lifetime difference ycp is determined from
D’ — K*K~,K 7", and 7% 7~ decay-time distributions
by performing a simultaneous binned maximum likelihood
fit to the three samples. Each distribution is assumed to be a
sum of signal and background contributions, with the
signal contribution being a convolution of an exponential
and a detector resolution function:

N ,
dN/dt = =% ]e_’/TR(t —t)dt' + B(¢). 3)
T

The resolution function R(z — ') is constructed from the
normalized distribution of the decay-time uncertainties o,
[see Fig. 1(e)]. The o, of a reconstructed event ideally
represents an uncertainty with a Gaussian probability den-
sity: In this case, we take bin i in the o, distribution to
correspond to a Gaussian resolution term of width o;, with
a weight given by the fraction f; of events in that bin.
However, the distribution of ““pulls,” i.e., the normalized
residuals (fyec — foen)/ 0, (Where .. and t,, are recon-
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structed and generated MC decay times), is not well de-
scribed by a Gaussian. We find that this distribution can be

fitted with a sum of three Gaussians of different widths

I . .
a'iu and fractions w;, constrained to the same mean. We

therefore choose a parametrization

n 3
R(t—1)= Zfi Z wiG(t — t'; oy, 1), 4)

i=1 k=1
with oy = 5,0 o;, where the s are three scale factors
introduced to account for differences between the simu-

lated and real (ri”", and ¢, allows for a (common) offset of
the Gaussian terms from zero.

The background B(r) is parametrized assuming two life-
time components: an exponential and a & function, each
convolved with corresponding resolution functions as pa-
rametrized by Eq. (4). Separate B(r) parameters for each
final state are determined by fits to the ¢ distributions of
events in M sidebands. The tuned MC simulation is used to
select the sideband region that best reproduces the timing
distribution of background events in the signal region. We
find good agreement between the tuned MC simulation and
data sidebands, with a normalized x? of 0.85, 0.83, and
0.83 for KK, K, and 7, respectively.

The R(¢ — ¢') and background parametrizations are vali-
dated using MC simulation and the large D° — K~ 7+
sample selected from data. In the simulation, the ratio of
scale factors s, (k = 1, 2, 3) is consistent between decay
modes, within small statistical uncertainties. The offset ¢,
is also independent of the final state, but it changes slightly
for simulated samples describing different running periods.
Four such periods, coinciding with changes to the detector,
have been identified based on small variations of the mean
t value for D® — K~ 7r" in the data. We perform a separate
fit to each period and average the results to obtain the final
value of ycp. The free parameters of each simultaneous fit
are 7o, ycp, the three s; factors for the K~ 77 mode, two
terms that rescale the s; values in the K*K~ and w7~
channels, the offset ¢y, and normalization terms for the
three decay modes. Fits to the D — K~ 7" sample show
good agreement with the parameters of R(z — ) obtained
from simulation.

For the second running period, we modify Eq. (4) to add
mode-dependent offsets Az between the first two Gaussian
terms, making the resolution function asymmetric; these
three parameters are also left free in the fit. We find that
such a function is required to yield the D° — K~ 7" life-
time consistent with that in the other running periods. (This
behavior has been reproduced with a MC model includ-
ing a small relative misalignment of the vertex detector
and the drift chamber. While small changes in the shape of
the resolution function, as described below, influence the
individual measured lifetimes, they have a very small ef-
fect on the value of y.p.) The lifetime fit results are shown
in Fig. 1(f): The mean 7, = [408.7 £ 0.6(stat)] fs is in

good agreement with the current world average (410.1 =
1.5) fs [1].

Fitstothe D° - K*K~, K~ 7", and 7" 7 data for the
four running periods are shown in Figs. 2(a)—2(c), by sum-
ming both the data points and the fit functions. Averaging
the fitresults, we find yop = [1.31 * 0.32(stat)]%, 4.1 stan-
dard deviations from zero. The agreement between the
data and the fit functions is good: y?/ngos = 1.08 for
ngor = 289 degrees of freedom. Fitting K"K~ /K~ 7"
and 7"7 /K 7" events separately, we obtain y-p =
[1.25 + 0.39(stat)|% and yqp = [1.44 *+ 0.57(stat)]%, re-
spectively, in agreement with each other. The y-p values
for the four running periods are also consistent, with
)(z/ndof = 153/3

To measure the CPV parameter A, we separately de-
termine the apparent lifetimes of D° and D° in decays to
the CP eigenstates; the data are fit in four running pe-
riods as for y-p. As the scale factors s; are now determined
from the K"K~ and 77+ 7~ samples rather than (mainly)
from the large K~ 7" sample, to ensure convergence of
the fits we fix the scale factor s3 for the widest Gaussian to
the value obtained from the y.p fit. We obtain Ap =
[0.01 = 0.30(stat) ]%, consistent with zero; the quality of
the fit is good, with x?/ngy = 1.00 for nges = 390.
Separate fits to the two CP eigenstates find compatible
values: Ap =[0.15 + 0.35(stat)]% for KtK~ and
—[0.28 = 0.52(stat)]% for 7wt 7.

Events per 61.5 fs
Events per 61.5 fs

-2000 0 2000 4000 -2000 0 2000 4000
t (fs) t (fs)

(c) T

Events per 61.5 fs
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‘ 1| - ‘ ‘
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FIG. 2. Results of the simultaneous fit to decay-time distribu-
tions of (a) D° — K*K~, (b) D°— K &', and (c) D’ —
7t 7~ decays. The cross-hatched area represents background
contributions, the shape of which was fitted using M sideband
events. (d) Ratio of decay-time distributions between D° —
K"K™,7wt#~ and D° — K~ 7" decays. The solid line is a fit
to the data points.
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The behavior of the fits has been tested in various
ways using MC simulation. Fits to signal events simulated
with ycp = 0 reproduce this value (and the generated 7py)
even for a sample much larger than the data, with
(X?/Ngop> Naor) = (1.11285). Using samples of the same
size as the data, with background included, we find a
satisfactory fit, (xY?/ngop Naor) = (1.18289), with a statis-
tical uncertainty in agreement with the error from the fit to
the data. Results obtained on reweighted MC samples that
cover a wide range of yc-p values agree with the input
within +0.04%.

The effect of the resolution function on the measured
ycp has been tested by replacing the parametrization in
Eq. (4) with a single Gaussian. This describes the data
poorly and leads to a 3.9% shift in the fitted 7,0 for a
simulated D° — K~ 7" sample; however, the correspond-
ing shift in ycp is only 0.01%. This shows that the ycp
value returned by the fit is robust against imperfections in
the parametrization of R(t — ).

The estimated systematic uncertainties are summarized
in Table 1. We test for acceptance variations with decay
time by fitting the generated decay times of reconstructed
MC events. We find no deviation but conservatively assign
the MC statistical error on yc-p (£0.12%) to this source.
Another contribution is due to the choice of equal 7, offsets
in different decay modes: Relaxing this assumption leads
to ycp changes of *=0.14%. Variation of the D° mass
windows changes ycp by less than =0.04%. The effect
of differences between backgrounds in the signal and
sideband regions is studied by repeating the fits using
MC backgrounds from signal regions; small shifts in the
data sidebands used to determine B(¢) are also made. The
largest resulting change in ycp, £0.09%, is quoted as the
systematic error due to the background description.
Potential correlations between apparent lifetimes and
opening angle distributions (which differ between modes)
have a small effect on y-p: +0.02%.

The uncertainty due to the finite number of sideband
events, =0.07%, is estimated by varying bin contents
according to Poisson statistics and repeating the fits.

TABLE I. Sources of the systematic uncertainty for y-p and
Ar.

Source Aycpl%]  AAp[%]
Acceptance 0.12 0.07
Equal ¢, 0.14 0.08
M window position 0.04 <0.01
Signal/sideband background differences 0.09 0.06
Opening angle distributions 0.02 s
Background distribution B(z) 0.07 0.07
(A)symmetric resolution function 0.01 0.01
Selection variation 0.11 0.05
Binning of ¢ distribution 0.01 0.01
Total 0.25 0.15

Comparing alternative fits where all running periods use
the symmetric resolution function (4), and the asymmetric
function presently used for the second period, we assign an
additional uncertainty of =0.01%. Varying selection crite-
ria produces observable effects only in high statistics MC
samples, in the o, and |AM|/o,, cases. The resulting
*0.11% changes in y-p are conservatively assigned as
systematic errors. Finally, varying the binning of the
decay-time distribution produces a small effect, =0.01%.
Adding all terms in quadrature, we obtain a systematic
uncertainty on ycp of £0.25%. The same sources dominate
for Ar but yield a smaller total systematic uncertainty,
+0.15%.

In summary, we measure the relative difference of the
apparent lifetime of D® mesons between decays to
CP-even eigenstates and the K~ 7" final state to be

yep = [1.31 % 0.32(stat) = 0.25(syst) [%. (5)

Combining the errors in quadrature, we find a confidence
level of only 6 X 107* for the y-p = 0 hypothesis. We
interpret this result as evidence for mixing in the D°-D°
system, regardless of possible CPV. The effect is presented
visually in Fig. 2(d), which shows the ratio of decay-time
distributions for D° - K*K~, 777~ and D° — K =+
decays. We also search for CP violation by separately
measuring decay times of D° and D° mesons in CP-even
final states. We find an asymmetry consistent with zero:

Ar = [0.01 = 0.30(stat) = 0.15(syst)]%. (6)
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In addition to their other advantages, silicon photomultipliers (SiPMs) are insensitive to magnetic fields,
so they would be attractive as photon detectors for ring imaging Cherenkov counters inside large
magnetic spectrometers. In view of the foreseen upgrade of the particle identification system of the
Belle spectrometer, we have investigated the possibilities offered by these new photon detectors.
Cherenkov photons emitted by cosmic ray particles in an aerogel radiator have been detected with
SiPMs for the first time. Estimates and tests show that light concentrators may improve the detection
efficiency, thus showing promise for an SiPM based RICH detector.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Silicon photomultipliers (SiPMs) are novel semiconductor
photosensitive devices consisting of an avalanche photodiode
(APD) matrix on a common silicon substrate, working in the
limited Geiger mode [1-3]. They are proving to be competitive to
traditional detectors of photons. Among their advantages is the
insensitivity to magnetic fields, low supply voltage, they are
relatively robust, do not require much space and their single
photon detection efficiency typically exceeds that of vacuum
photomultiplier tubes. However, the relatively large dark noise
rate represents a difficulty for measurements of weak light
signals, especially of single photons as is required in Cherenkov
ring imaging. If one measures only signals in a sufficiently narrow
time window, one might reduce the dark counts while preserving
the detected Cherenkov photons. The signal-to-noise ratio can be
further improved by using light concentrators to increase the
effective active area. It is therefore a challenge to attempt to use
SiPMs for detection of Cherenkov rings.

The intended upgrade of the particle identification system of
the Belle spectrometer will include a ring imaging Cherenkov
counter (RICH), which is required to separate kaons from pions up
to a momentum of 4GeV/c [4]. Due to limited space, the best
option seems to be a proximity focusing RICH detector with

* Corresponding author at: Faculty of Mathematics and Physics, University of
Ljubljana, Jamova 39, Slovenia. Tel.: +38614773786.
E-mail addresses: samo.korpar@ijs.si (S. Korpar), peter.krizan@ijs.si (P. KriZan).

0168-9002/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2008.05.040

aerogel as Cherenkov radiator. Multianode PMTs with metal
foil dynode structure, micro-channel plate PMTs and hybrid
avalanche photodiodes (HAPDs) have been studied as possible
detectors of Cherenkov photons [5-7]. The appearance of
SiPMs, with their promising characteristics, offers new possibi-
lities. This work represents an effort towards an evaluation of
these options.

2. Experimental set-up

The experimental set-up for measurement of Cherenkov
photons is shown in Fig. 1. After generating a trigger signal in a
scintillator, the cosmic ray particle is registered by three multi-
wire proportional chambers, from which the track coordinates are
obtained by delay line readout of cathode plane signals. The
charged particle then enters a light tight box, inside which a
2.5 cm thick aerogel radiator (n = 1.045) and photon detectors are
mounted on appropriate supports (Fig. 2). The photon detector
consists of an array of 12 multianode PMTs (Hamamatsu R5900-
M16) and six SiPMs (also by Hamamatsu). The M16 PMTs have
been previously used by our group [8,9], their characteristics are
well known, so they serve as a reference against which we
compare the parameters of the SiPMs. The silicon PMs are of type
Hamamatsu MPPC S10362-11-100U with 1 mm? area and 100 um
pixels [10]. The larger pixel size (100 um) compared to SiPMs with
smaller pixels (50 and 25 um) was preferred because the positive
effect of increased photon detection efficiency (due to increased
fraction of sensitive area) outweighs the negative effect of


www.sciencedirect.com/science/journal/nima
www.elsevier.com/locate/nima
dx.doi.org/10.1016/j.nima.2008.05.040
mailto:samo.korpar@ijs.si
mailto:peter.krizan@ijs.si

14 S. Korpar et al. / Nuclear Instruments and Methods in Physics Research A 594 (2008) 13-17

3\021\996’2“0

scintillation counter |

aerogel radiator
d=2.5cm
n=1.045

MAPMT
2x6 array

light tight box

Fig. 1. The experimental set-up.

Fig. 2. A close-up view of the aerogel radiator and the photon detectors on their
supports in the dark box.

increased noise rate. The circuit through which voltage was
applied and the signal was read out is shown in Fig. 3.

The signals from the SiPMs are amplified (Ortec FTA820),
discriminated (EG&G CO8000, used in the leading edge mode) and
registered by multi-hit VME TDCs (CAEN V673A). So for each hit,
the time of arrival is measured in addition to information of the
hit position given by the position of the particular photon detector
channel.

3. Results

The raw distribution of all SiPM signals, with respect to time
relative to the scintillation counter trigger signal, is shown in

BIAS _R
73V
soox [ ] 200n [,
100n
siPM \/ =
_ITOH SIGNAL
ouT
24k

Fig. 3. The circuit diagram for connecting the silicon photomultipliers; the resistor
R was adjusted for each individual SiPM.
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Fig. 4. The raw measured time spectrum of all signals registered by the silicon
photomultipliers.

Fig. 4. Although on a relatively high background, there is clear
evidence of a peak in the time distribution. By correcting for the
time offset of individual SiPMs and plotting only those signals
which correspond to a hit in the range of +£2¢ within the expected
Cherenkov angle relative to the charged particle track, we obtain
the time distribution of Fig. 5. It is seen that the peak of Cherenkov
photons is better pronounced and the background is considerably
reduced, mainly on account of the reduction of dark noise. The
distribution of hits as a function of their Cherenkov angle is shown
in Fig. 6, for the MA-PMTs (Fig. 6a), for the SiPM signals that are
out of the peak time window (Fig. 6b) and for the SiPM signals
that fall within a 3 ns time window of the peak (Fig. 6¢). Since the
resolution of the Cherenkov angle is in the present set-up
dominated by the uncertainty in determination of the charged
particle track parameters, the widths of the Cherenkov photon
peaks in both types of detectors should be about equal. Therefore,
the fitting of the SiPM distribution (Fig. 6¢) has been performed by
fixing the peak position and width to the values obtained from the
MA-PMTs (Fig. 6a), and by fixing the background shape to that of
the out-of-time spectrum (Fig. 6b), so only the normalization was
allowed to vary. This procedure results in 597 photons detected by
the SiPMs, while about 67,000 photons were detected by the
MA-PMTs. As the area covered by the SiPMs is only 6 mm?,
whereas the area covered by the MA-PMTs is 3645 mm?, this
means that 5.4 £ 0.2 times more photons are detected per unit
area of the SiPMs than per unit area of the MA-PMTs. Such a result
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Fig. 5. The offset-corrected time spectrum for only those SiPM signals that
correspond to a Cherenkov angle within 2¢ of the expected value.

agrees with the expected ratio of 5.1, based on photon detection
efficiencies provided by the manufacturer [10].

The ratio of the sensitive surface to the overall area occupied
by the SiPM detector could be increased by using light
concentrators in order to gather the Cherenkov light from a larger
surface. This technique would increase the number of detected
photons at unchanged level of dark noise, and would therefore
improve the signal-to-noise ratio. We have tested a hemispherical
light concentrator obtained by removing the cap from a blue light
emitting diode. The system of SiPM and a hemispherical light
concentrator is shown schematically in Fig. 7. The position
dependent response for perpendicularly incident light (Fig. 8)
shows a fourfold increase in the sensitive area (from 1 x 1 mm? to
~ 2 x 2mm?). With six such light guide and SiPM detectors
(Fig. 9), we have measured Cherenkov photons emitted by cosmic
particles in a silica aerogel radiator. A clear improvement resulting
from the addition of the hemispherical light concentrators may be
seen in the plots of hits for the cases without and with the light
guides (Fig. 10). The measured increase in light yield is 3.6 & 0.2,
which is in good agreement with the simulated value of 3.3.

Simulation calculations indicate that an even better configura-
tion is obtained with a light guide in the form of a truncated
pyramid, possibly with a focusing entry window and reflective
side walls [11]. However, such a light guide produces a relatively
large divergence of photons at the exit window. In connection
with the gap between the SiPM glass entry window and its
sensitive volume (Fig. 7), this divergence would reduce the
acceptance. Further investigations will therefore include SiPM
detectors with a considerably reduced gap and with pyramidal
light guides.

4. Conclusions

With silicon photomultipliers we have detected Cherenkov
photons radiated by cosmic particles in a 2.5cm thick aerogel
radiator. The accumulated distribution of hits shows a peak in the
raw time spectrum. By selection of events within a narrow time
window, the signal-to-background ratio is improved, so the
number of detected Cherenkov photons could be extracted by
fitting the distribution versus Cherenkov angle. We found about 5
times more Cherenkov photons per unit area of the sensitive
surface for SiPMs than for the MA PMTs. This is in agreement with
estimates based on quantum efficiencies provided by the
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Fig. 6. (a) The distribution of MA-PMT hits with respect to their corresponding
Cherenkov angle and the fitted distributions (Gaussian + polynomial). (b) The
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Fig. 7. A hemispherical light concentrator; also shown are the main elements of
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package.
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Fig. 8. Position dependent sensitivity of the SiPM with a hemispherical light
concentrator, for perpendicularly incident light (2= 610nm). The observed
structure reflects the internal segmentation of the SiPM.

manufacturer [10]. Cherenkov rings in the accumulated hit
distributions were observed in both types of detectors.

We have also succeeded in increasing the SiPM detection
efficiency by increasing the surface from which photons are
collected with simple hemispherical light concentrators. Although
an increased detection efficiency has been achieved, the limiting
factor seems to be the SiPM protective structure in front of the
sensitive layer. A further considerable improvement is expected
with the new SMD mounted SiPM type (e.g., Hamamatsu S10362-
11-100P) with a greatly reduced protective layer thickness.

Finally, we believe that we have demonstrated that despite the
relatively large dark noise of the SiPM detectors, they are

Fig. 9. The SiPMs equipped with light guides.
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promising as detectors of Cherenkov photons inside large
magnetic spectrometers.
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The use of a sequence of aerogel radiators with different refractive indices in a proximity focusing
Cherenkov ring imaging detector has been shown to improve the resolution of the Cherenkov angle. In
order to obtain further information on the capabilities of such a detector, a maximum-likelihood
analysis has been performed on simulated data, with the simulation being appropriate for the upgraded
Belle detector. The results show that by using a sequence of two aerogel layers with different refractive

indices, the K/m separation efficiency is improved in the kinematic region above 3 GeV/c. In the low
momentum region, the focusing configuration (with n; and n, chosen such that the Cherenkov rings
from different aerogel layers at 4 GeV/c overlap) shows a better performance than the defocusing one
(where the two Cherenkov rings are well separated).

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The forthcoming upgrade of the Belle detector at KEK requires
an improved particle identification system [1]. The limited
available space has led to the decision for a proximity focusing
ring imaging Cherenkov detector (RICH) with aerogel as radiator
for the forward endcap region. Investigations of the performance
of such a detector have given promising results [2]. In particular,
the new technique of using two or more aerogel radiators
with different refractive indices has improved the resolution of
the Cherenkov angle [3]. Essentially, this is achieved by increasing
the overall radiator thickness, i.e. photon yield, while avoiding the
simultaneous degradation of resolution due to the increase of
the emission point uncertainty [4]. Although different combina-
tions of multiple radiators have been experimentally studied, the
present analysis is concerned mostly with the case of two
radiators. These can be either in a focusing or in a defocusing
configuration (Fig. 1). In the former case, the aerogel layer with
the higher refractive index is positioned downstream, so that both
Cherenkov rings of a single charged particle overlap on the photon
detector. On the other hand, in the defocusing configuration the
higher refractive index is positioned upstream, so that two well
separated rings are obtained for a single charged particle. In both

* Corresponding author. Tel.: +386 1477 3900; fax: +38614257074.
E-mail address: rok.pestotnik@ijs.si (R. Pestotnik).

0168-9002/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2008.07.019

cases an improved overall resolution of the particle velocity is
obtained.

We studied the K/m separation efficiency for different aerogel
configurations by varying several detector parameters. Our results
are based on the data from a GEANT4 simulation [5] of the simple
proximity focusing RICH with aerogel as radiator. The detector
hits are used to evaluate the likelihood function for different
particle hypotheses. The separation efficiencies for different
aerogel configurations are presented in Section 4.

2. Simulated data

The charged particle transport and generation of Cherenkov
photons in the aerogel layers, Rayleigh scattering in aerogel
(with 40 mm transmission length at 4 = 400 nm) and propagation
of the photons to the photosensitive plane were simulated using
the simulation toolkit Geant4 [5]. The simulated detector is
similar to the apparatus used in test measurements [3]. It consists
of layers of aerogel layers with a fixed distance (20cm) between
the entrance surface of the radiators and the front surface of the
photon detector. The photons are detected with Hamamatsu
H8500 PMTs, which have a 2 mm thick quartz window (Fig. 1).

The data have been simulated for a single charged particle
traversing perpendicularly the Cherenkov ring imaging detector.
In simulation we assumed a photon detector consisting of 6.1 x
6.1 mm pads [3] with positionally uniform response of the bialkali
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Fig. 1. Simulated counters: in the focusing configuration with refractive indices of
the 15 mm thick layers n; = 1.043 and n, = 1.05 (A), the Cherenkov rings emitted
from different radiators overlap on the photon detector. In the defocusing
configuration with refractive indices of the 15 mm thick layers n; = 1.05 and n, =
1.03 (B), the Cherenkov rings from different aerogel layers are well separated. The
counters were compared to the configuration where a single radiator layer of n =
1.05 with the same total thickness of 30 mm was used.

photocathode [6]. We adjusted the photodetection efficiency in
such a way that the resulting number of detected photons per ring
agrees with the measured average number of detected photons
(Npe. = 6) for 2cm aerogel with refractive index 1.05 [2]. To
account for other contributions to the resolution, the emission
direction of Cherenkov photons is smeared by 8 mrad [2,7]. In
such a way the resulting simulated resolution (¢y = 14 mrad) also
agrees with the measurements. We also neglected any cross-talk
between neighboring pads and we assumed binary electronics,
i.e. no distinction was made between cases when a channel is hit
by one or by multiple photons.

Single tracks are simulated for kaons and pions with momenta
up to 5GeV/c, which is above the kinematic limit of the decay
products in the Belle spectrometer [1].

In addition to the Cherenkov photons from charged particles,
background hits are simulated uniformly over the detection
surface with a density of up to 125hits/m?. This is a factor
of 4 higher than what is expected during the operation of
the detector.

3. Likelihood function

The construction of a likelihood function follows Baillon [8]
and Forty [9]. With a given hypothesis h for the charged
particle mass (either pion or kaon) and for given track
geometry, a likelihood function is constructed for each track.

This consists of the product of probabilities p; of individual
pixels i being hit:

L= H Di- (1)

all pixels
The probability of pixel i recording m; hits is Poissonian:

e~ mip
bi= :
m;!

(2)

where n; is the expected, i.e. calculated average number of hits on
the particular pixel. Obviously, n; will depend on the hypothesis h
for the particle type. Probabilities for a pad to be hit (m; >0) or not
(m; = 0) are

e
pi= {1 —em

We take the logarithm of the product of likelihoods, separate
contributions of hit and non-hit pixels and constrain the number
of expected hits N for a given hypothesis to the sum of expected
average number of hits on the detector [9] to obtain

form;=0
for m; >0.

(3)

InL=-N+> Ine" —1). (4)
hit i

The obvious advantage of this procedure is that one now has to

calculate the average number of hits, i.e. the hit probabilities n;

only for the hit pixels.
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Fig. 2. The log likelihood difference of the kaon and pion hypotheses for pions

(dashed line) and kaons (full line) at 4 GeV/c for the focusing dual radiator (top)
and a single radiator configuration (bottom).
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4. Results

We first illustrate the improvement in the K/m separation
obtained with the dual radiator in the focusing configuration

' .

. . K, Downstream rad.

ring radius r (cm)
.

0 ] 1 1 l 1 1 1 1 1
0 0.5 1 1.5 2 25 3 35 4 45 5

particle momentum p(GeV')

Fig. 5. The variation of ring radii with momentum for pions and kaons for the
defocusing configuration. Note the overlapping of Cherenkov rings from different
radiator layers above 2 GeV/c.

(Fig. 2). The number of particles is plotted as a function of the
difference of the logarithms of the likelihoods for the kaon and
pion hypotheses. By comparing the focusing configuration to the
single radiator configuration, the advantage of the focusing
configuration becomes obvious. For 1% probability to misidentify
a pion, 96% of the kaons are correctly identified in the
focusing configuration compared to 87% in the homogeneous
radiator case.

The difference in the logarithm of the likelihood as a function
of particle momentum is shown for the focusing configuration in
Fig. 3. For particles known to be pions, the distribution seems to
be well separated from those known to be kaons. Fig. 4 shows the
efficiency for kaons to be properly identified for 1% probability to
misidentify a pion for different configurations: the focusing and
the defocusing dual radiator configuration and the single radiator
configuration. Note the dip in the kaon identification efficiency of
the defocusing configuration slightly above 2 GeV/c, which can be
attributed to the overlap of pion rings from one radiator with the
kaon rings from the other radiator (Fig. 5).

It can also be seen that both focusing and defocusing
configurations are significantly better than the single aerogel
configuration in the region above 3 GeV/c. For the low momentum
region, however, the focusing configuration as well as the
homogeneous radiator perform better than the defocusing
configuration. The reason can be attributed to the fact that
Cherenkov threshold for kaons is at 2.0 GeV for one of the layers in
the defocusing radiator (n = 1.03), thus leading to only approxi-
mately half of the photons being detected below 2.0 GeV. Since
the Cherenkov rings are separated, it is also more sensitive to the
random background.

5. Conclusions

To study the particle identification performance of various
configurations of the proposed proximity focusing RICH with
aerogel as the radiator, we have constructed and evaluated the
likelihood function for different particle hypotheses. The results
show that by using a sequence of two aerogel layers with different
refractive indices, the K/m separation efficiency is increased in the
kinematic region above 3 GeV/c. A dual layer configuration seems
to perform better than the defocusing one, which has a dip in the
efficiency, where the rings for pion and kaon hypothesis from
different radiator layers overlap.
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905y is a highly radiotoxic fission product, which may pollute the environment following an accident in a
nuclear power plant. It is a pure B emitter and thus difficult to detect by standard methods. Recent

Keywords:

Cherenkov radiation progress in silica aerogel production, as well as the new multianode photomultiplier tubes (PMTs), offer
Silica aerogel possibilities for the detection of °°Sr, based on Cherenkov radiation of B particles emitted by its daughter
Sr-90 90y, An appropriate choice of the aerogel refractive index (produced in the range between 1.005 and 1.06)

determines the threshold for Cherenkov radiation and thus separates between higher and lower energy 3
particles. Multianode PMTs permit the determination of the Cherenkov photon yield, offering additional
discrimination. An apparatus was constructed for the detection of the relatively higher energy B3 particles
emitted by °°Y (Emax = 2.28 MeV) and the detector performance was studied.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Strontium °°Sr is a very radiotoxic isotope because it
accumulates in bone tissue. It has a rather long half-life of 28.2
years. Its daughter °°Y emits B particles of 2.27 MeV end-point
energy. It is a fission product, so it may pollute the environment as
a result of either a nuclear power plant accident or a nuclear
weapon explosion.

90Sr and its daughter °°Y are pure B emitters so they cannot be
detected by standard and accurate methods of gamma ray
spectroscopy. Other  emitters in the sample, with overlapping
spectra, will lead to erroneous results in total beta counting or
would complicate matters in the usual B spectroscopy. Cherenkov
radiation offers the possibility of a well-defined (-energy cutoff by
choosing an appropriate refractive index of the Cherenkov
radiator. In addition, it has been demonstrated [1,2] that the
counting efficiency rises steeply above threshold. Not very many
isotopes have B end-point energies above 2MeV, so °°Y, the
daughter of °°Sr, with EJ™* =2.27MeV, seems well suited for
detection through Cherenkov radiation.

Recent progress in production techniques has led to improved
properties of aerogels [3,4], most important of which is the
greater transparency for Cherenkov photons in the wavelength
region of highest photomultiplier sensitivity. On the other hand,
multianode photomultipliers allow counting of the number of
Cherenkov photons for each incident [ particle. In the present
paper we report on the results obtained with such an apparatus.

* Corresponding author. Tel.: +386 1477 3900; fax: +38614257074.
E-mail address: rok.pestotnik@gmail.com (R. Pestotnik).

0168-9002/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2008.07.069

2. The apparatus

The apparatus (Fig. 1) consists of sample holder attached to a
multiwire proportional chamber (MWPC), a light reflector with an
aerogel radiator, a multianode PMT array and a scintillation
detector. All the parts are enclosed in a light tight box.

The 5 x5cm? large MWPC consists of anode wire plane
positioned between two aluminized mylar cathode planes. With such
a light design, it has a high efficiency for charged particles (~99%)
within the acceptance #, and low efficiency for gamma rays (~0.1%).
The acceptance #, for electrons from sample amounts to 0.36. The
MWPC signals a charged particle, distinguishing it from events where
a gamma photon from the source generates an energetic electron in
the aerogel Cherenkov radiator or in the PMT glass window.

The radiator consist of a block of 5 x 5 x 5cm? aerogel with a
refractive index of n = 1.047 and 40 mm transmission length at
/= 400nm [6]. The electrons with kinetic energy above threshold
(1.21 MeV) emit Cherenkov photons, which are collected by an
array of 2 x 2 16 channel Hamamatsu R5900-M16 multianode
photomultipliers with 18 mm x 18 mm active area each [5]. To
increase the light yield, the radiator walls are covered with the
aluminized mylar foil.

A 30cm x 30cm large scintillation detector is placed on top of
the apparatus to detect and vetos background-contributing
cosmic particles.

All the channels are amplified, discriminated and registered on
the VME CAEN V673A multihit TDC unit. To reduce the number of
electronic channels, four neighbouring channels from the multi-
anode PMTs are connected together. The data are read out by a
program running on the PC and stored on disk for further analysis.

The data acquisition is triggered by a hit in the MWPC.
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Fig. 1. The apparatus for measuring the °°Sr activity.

3. Analysis and results

Cherenkov photons appear as peaks in the PMT-MWPC time
difference of the first PMT hit (Fig. 2). The number of hit PMT
channels is determined by counting the number of hits within a
90 ns time window, which corresponds to (+2¢). An additional cut
has been made on the time difference between the first hit and
the concerned hit on the PMT (Fig. 3). Since all the Cherenkov
photons are prompt, the off time hits which might be attributed to
nonsimultaneous cross-talk hits are thus suppressed.

For °°Sr source the distribution of a number of hit channels per
event is shown in Fig. 4a. The number of random coincidences is
consistent with an estimate based on the count rate on the MWPC
and the dark current count rate on the PMTs (around 10Hz per
channel), and can be neglected. The apparatus is, however, also
triggered by cosmic charged particles. While the particles within
the geometrical acceptance are detected by the scintillation
detector (70%), the others still contribute to the signal. To account
for this, the data were also collected without the source. The
distribution of the number of hit channels per event is shown for
events without a signal in the scintillation detector in Fig. 4b. Note
that it has a higher mean number of hits than the distribution of
the °°Sr source.

The resulting background rate of the events without the
scintillation signal amounts to 40 events per hour and can be
neglected for high activity samples, while it remains the reason
for the relatively high minimum detectable activity [7]:

3 +3.29/Npt 1)
Mat

Amin =

which is determined for measurement time t, background rate Ny,
and MWPC geometrical acceptance #,. For the case of realistic 3 h

3 =
10 E htdc_first
- Entries 31181
- Mean 651.1
K RMS 20.18
10% &
z i
10
1
550 600 650 700 750 800
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Fig. 2. Time difference of an individual channel between the PMT and MWPC
signal. The shaded region indicates coincidence hits in the analysis.
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Fig. 3. Time difference between individual channels on the detector array. Only
the hits with the time difference relative to the first hit of less than 5 ns are used in
further analysis.

measurement it amounts to 0.3 Bq. The normalized background
distribution should be thus subtracted from the low activity
sample distribution.

Four sources were used in order to calibrate the system. 42K
and 32P were produced by neutron activation with the TRIGA
reactor at the JoZef Stefan Institute, while %°Sr/°°Y and ¥’Cs were
purchased from Amersham. Activities were estimated from data
given by the producers as well as from the MWPC count rates and
the corresponding solid angle. Among the sources used, 3?P are
90Sr/°Y are pure B-emitters, while *’Cs and 42K also emit the 7's.
The resulting distribution of the number of hit channels per event
is show in Fig. 5. All but the *’Cs distribution agree with the
simulation. Although the '’Cs B end-point energy is below the
Cherenkov threshold, some counts have been registered also for
this isotope. They are due to photons coming from the radiator
box, as has been verified by covering the aerogel photon exit
window with black paper which resulted in a considerable
reduction of the count rate.

The relative efficiency for the detection of particular source is
determined by dividing the number of events with hits by the
total number of events registered by the MWPC. The resulting
efficiency for tested sources is shown in Fig. 6; for detecting °°Sr it
amounts to 0.024. Note that the efficiency is a steep function of
the beta spectrum end-point energy.
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4. Conclusions

An apparatus was constructed for the detection of °°Sr/°°Y in
environmental samples with Cherenkov radiation of B-particles in
silica aerogels. The Cherenkov photon detection is performed with
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Fig. 6. Efficiency defined as count rate divided by appropriate activity as a function
of beta spectrum end-point energy.

a multianode photomultiplier (Hamamatsu R5900-00-M16). With
the signal from a thin wire chamber in coincidence and a cosmic
ray background veto from a scintillation counter, the efficiency for
the detection amounts to 0.024 with the minimal detectable
activity of about 0.3 Bq.

To further remove the cosmic ray background, a larger
scintillator should surround the MWPC and the aerogel. We
expect that such an apparatus would be an efficient detector of
905y of activity below 0.1 Bq.
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Abstract

To search for deviations from the Standard Model in flavour physics and to distinguish between
different new physics models by a close examination of the flavour structure, we plan a ma-
jor upgrade of the KEKB electron-positron collider (SuperKEKB). The design luminosity of
8x10%% ¢cm™2s™!, which is 50 times larger than the peak luminosity achieved with KEKB, will
allow studies of rare processes in B, D and tau decays to be performed with unprecedented pre-
cision. The current Belle detector will be upgraded to take full advantage of the high luminosity
of SuperKEKB. Despite substantial beam backgrounds, the SuperBelle detector should, at the
end, perform at least as well as the present Belle detector.

Key words: B factory, luminosity frontier, Standard Model, rare B decays
PACS: 29.20.-c, 29.30.Aj

1. Introduction

Comprehensive studies of B meson decays in the clean ete™ environment provide an
ideal tool to distinguish between different new physics models by a close examination of
the flavor structure. Such studies are complementary to the experiments at the Large
Hadron Collider (LHC) or the future linear collider [1-3]. If, e.g., supersymmetric partners
of elementary particles are found at LHC, the pattern of supersymmetry breaking can
be investigated at a Super B factory.

The past experiments at asymmetric eTe™ B factories KEKB and PEPII have yielded
important results. The main task of B factories was to measure CP violation in the
system of B mesons, i.e. perform various measurements of complex elements of the CKM
matrix. The obtained results are in good agreement with the Kobayashi Maskawa model
of CP violation. The other important results are the observation of direct CP violation in
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B decays, measurements of rare decay modes (e.g., B — 7v, B — D7v), and observation
of D meson mixing. In addition, many new hadronic states have been observed. The
Belle experiment, operating at the KEKB ete™ collider, proved its ability to measure a
number of decay modes of the B meson and to extract many interesting observables. By
the 2008 summer shutdown, Belle had accumulated data with an integrated luminosity
of 800 fb™! at the Y(4S) resonance, corresponding to 840 million BB pairs.

However, many questions still remain unanswered. Are there new CP-violating phases?
Are there new right handed currents? Are there effects from new Higgs fields? Are there
new flavor violations? Is there a new flavor symmetry to explain the CKM hierarchy?
The answers are only possible with precision measurements, for which a much larger
sample of B mesons is required. A factor of 50 improvement would greatly enhance the
possibility to discover new physics or at least to constrain new physics models. The
physics motivation does not dependent on the LHC results. If LHC finds physics outside
the Standard Model, precision measurements in flavour physics are compulsory. If no
deviations from the Standard Model are found, a high statistics sample of B and 7
decays would be a unique way to search for the TeV scale physics.

This paper presents one possible scenario of enlarging the existing sample of B mesons
by upgrading the KEKB collider and the Belle spectrometer. Since the Letter of Intent [2],
many R&D studies have been performed on the fundamental performance of the sensors,
material structure and geometry of the collider and the detector. In what follows, the
design of both will be summarized [4].

2. The collider

The SuperKEKB collider will replace the current KEKB collider. The luminosity will
be increased by increasing the number of bunches and the beam currents, and by opti-
mizing the beam optics in the interaction region. In the first phase the luminosity will be
increased by a factor of 10. This will be realized by installing the crab cavities in front and
behind the interaction region, by a redesign of the interaction region, by increasing the
beam currents in the machine and by installing new beam pipes with an ante-chamber. A
further increase of the luminosity to 8 x103° cm~2s~! is planned by installing a damping
ring for positrons and by increasing the beam currents. A total integrated luminosity of
50 ab™! in 8 years of operation will enable us to collect a 50 times larger sample of BB
and 77 pairs as compared to the present Belle data.

3. The Detector

Some of the accelerator changes will increase the level of the beam-induced background
(scattering of the beam on residual gas, Touschek scattering, synchrotron radiation, back
scattering of synchrotron radiation and the electron-positron interactions at the inter-
action point) by about a factor of 20. The current Belle detector [5] will be upgraded
to operate in such an environment that will result in much higher occupancies of the
detectors. Due to up to ten times higher event rate, also the trigger, the data acquisition
and the computing facilities will have to be be redesigned.

The detector performance should be at least as good as the performance of the cur-
rent Belle spectrometer. In addition, it should provide low momentum g identification to
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Fig. 1. Cross section of the inner part of the SuperBelle spectrometer.

increase the s — pu reconstruction efficiency. To allow for neutrino reconstruction from
the missing energy and momentum, the detector should be hermetic. The SuperBelle de-
tector will be a general purpose spectrometer inside a solenoid with 1.5 T magnetic field.
It will consist of a vertex detector that measures the decay-vertex positions of long-lived
beauty, charmed and strange hadrons, a central tracker that measures the momentum
and dE/dz of charged tracks, a super conducting solenoid that provides a strong and
uniform magnetic field, barrel and end-cap calorimeters that measure the energy and
direction of photons, electrons and neutral pions, barrel and end-cap particle identifica-
tion devices that distinguish kaons from pions and muons, and, a K /u detector that
is instrumented in the flux return yoke. A fast and reliable trigger and data acquisition
system will record the signals from detectors. The computing and data storage will be
distributed globally.

3.1. Vertex detector

The vertex detector is indispensable for precise determination of the vertex position of
the interaction products. It plays an important role in reducing the track reconstruction
errors, which is beneficial in many analyses. The foreseen detector will be built around
a 1.5 cm beam pipe and and will consist of 6 layers of double-sided silicon strip sensors.
This will enable a more robust particle tracking and higher Kg reconstruction efficiency
compared to the present 4 layer design of the Belle vertex detector. To reduce the oc-
cupancy coming from the beam background, the VA1TA readout chips will be replaced
with APV25 [2]. A pipeline chip readout will be implemented. To increase the vertex
resolution, the sensors of the innermost layer might be later replaced with pixel sensors
and moved closer to a distance of 1 ¢m from the beam-pipe.
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3.2. Central Drift Chamber

The present Central Drift Chamber (CDC) has been working well since the beginning of
the experiment. It is used to reconstruct charged tracks with good momentum resolution
due to its low mass, and hence reduced multiple scattering. It also provides particle
identification based on the characteristic energy loss (dE/dz). In addition, it provides a
powerful trigger signal with a latency of a few us.

To avoid the severe beam background, the inner radius of the central drift chamber
will be increased and the volume replaced by two layers of the vertex detector (Fig. 2).
The outer radius of the chamber will be larger because the barrel part of the particle
identification device will be thinner. The cell size of the inner layers will be smaller
(change from 12 mm to 8 mm) to reduce the occupancy. As a result, by using more
stereo layers three-dimensional track reconstruction will be improved.

New readout electronics will be used to reduce the dead time. ASIC chips with a
shorter shaping time will be used for signal amplification, shaping, and discrimination.
The drift time and the pulse height will be measured separately by using pipelined TDCs
and slow FADCs.

3.3. Particle identification system

To extend the K /7 separation capability up to momenta of 4 GeV/c, to cope with the
higher background, to make the system more homogenious and to reduce the amount of
material in front of the calorimeter, the currently installed Aerogel threshold Cherenkov
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counters and the time-of-flight system will be replaced by two Cherenkov ring imaging
detectors: a time-of-propagation (TOP) counter in the barrel region, and a proximity
focusing Cherenkov ring imaging counter with aerogel radiators (ARICH) in the forward
end-cap region.

In the Time-Of-Propagation (TOP) counter (Fig. 4) the time of propagation of the
Cherenkov photons internally reflected inside a quartz radiator is measured (Fig. 3). The
Cherenkov image is reconstructed from the two-dimensional information provided by
measuring one of the coordinates (x) and precise timing, which is determined by position
sensitive micro-channel plate (MCP) photomultipliers at the end surfaces of the quartz
bar. The array of 18, 2 cm thick quartz bars of 40 cm width will surround the outer wall of
the Central Drift Chamber. In order to reduce the possible degradation of resolution due
to chromatic dispersion, each radiator bar in one module is subdivided into one 185 cm
and one 75 cm long piece.

Due to limited space in the Belle end-cap, a proximity focusing RICH counter with
aerogel radiator and expansion distance of 20 c¢m is foreseen [6]. To increase the separa-
tion capabilities, 3 layers of silica aerogels [7], each 10 mm thick, with different refractive
indices between 1.045 and 1.055 will be used as Cherenkov radiators. Cherenkov pho-
tons will produce overlaping images on the photon detector surface, as shown in Fig. 5.
The photon detector, sensitive to single photons and working in the high magnetic field
of 1.5 T, will be chosen among three candidates, a hybrid avalanche photon detector
(HAPD), MCP PMT or Geiger mode avalanche photo-diode. The excellent timing res-
olution of 50 ps of the MCP-PMT allows an additional time-of-flight measurement by
using the Cherenkov photons from the entrance window of the MCP-PMT [7]. With
this additional information one can positively identify kaons with momenta below the
Cherenkov threshold in aerogel (= 1.5 GeV/c).

3.4. Electromagnetic Calorimeter

The performance of the present electromagnetic calorimeter would be degraded due to
an order of magnitude larger background resulting in fake clusters and pile-up of noise.
The shaping time of the new front-end electronics will be shortened from 1 us to 0.5 us.
In addition, waveform sampling with 2 MHz sampling frequency will be implemented.
The signal amplitude and timing will be extracted in the on-board FPGA. Because
of expected radiation damage in the most exposed parts of the end-caps, the present
Thallium doped CslI crystals, with scintillation decay time constant of about 1 us, will
be replaced with pure Csl crystals with a fast time constant of 30 ns. The signal output
will be read by fine-mesh photomultipliers with a small number of multiplication stages.

3.5. Ky and u detector

The performance of the currently installed resistive plate counters (RPCs) will be
degraded due to neutrons, which are the dominant background in the K, and p detectors.

In the barrel, the degradation of performance will be reduced by changing the gas
mixture of the RPC’s to Ar/C4H;9/HFC134a/SF6 in proportion of 50/8/37/5 and by
replacing the innermost RPC layer with a 4 cm thick passive polyethylene absorber.
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In the end-caps, where the beam background effects are most disturbing, the RPCs
will be replaced with scintillation counters with wave-length-shifting (WLS) fiber read-
out. Each super-layer consists of two independent and orthogonal planes of scintillator
strips extruded from granulated polystyrene. The light will be read out by Geiger mode
avalanche photo diodes at one edge of the strip.

4. Conclusions

B factories have proven to be an excellent tool for flavour physics. They have shown
a reliable long term operation and were constantly improving their performance. With
a major upgrade of the KEKB accelerator between 2009 and 2012, we plan to build a
Super B factory, with luminosity up to 40 times higher than the current KEKB machine.
Although the new spectrometer will be built by using parts of the Belle spectrometer,
the SuperBelle is essentially a new project. Due to much larger backgrounds, most of
the components of the existing spectrometer will have to be replaced. To perform the
upgrade and for later operation of the spectrometer, a new collaboration has been formed.
The first open meeting of the new collaboration has been held in KEK, Tsukuba, in
December 2008; further meetings are planned in March and July 2009. By using the
proposed spectrometer, we expect a new, exciting era of discoveries, complementary to
LHC.
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A new hybrid avalanche photo-detector has been developed as a photon sensor for the Belle II RICH
counter. Single-photon response was investigated in the presence of a magnetic field and excellent

Keywords:

Hybrid photon detector performance was demonstrated. In addition, the radiation damage due to the neutron dose was studied.
RICH By building a prototype consisting of six photo-detectors, a test beam experiment was carried out.
Belle We successfully obtained a single-photon Cherenkov resolution of 13.5 mrad with 15.3 photoelectrons

and achieved a ©/K separation of more than 6¢ at 4GeV/c.
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1. Introduction

Excellent particle identification, in particular, = and K separa-
tion, is of prime importance in a B-factory experiment [1]. For the
Belle II experiment at KEK, a proximity focusing RICH counter
with a silica aerogel radiator has been studied to extend m/K
separation capability beyond 4¢ at 4 GeV/c in the end-cap region.
A proximity focusing arrangement featuring a 200-mm expansion
distance is a unique choice because the space available is acutely
limited owing to the present Belle end-cap structure. In case that
silica aerogel having a refractive index (n) of 1.05 is used as the
radiator, the Cherenkov angle difference between m and K at
4GeV/c is calculated as 23 mrad.

The photon sensor is one of the most critical components of this
RICH counter, and it should satisfy the following requirements:
(1) high sensitivity to a single photon, (2) large active area, (3) pixel
size of 5 x 5 mm?, and (4) proper operation under a magnetic field.
To fulfill these requirements, we have been developing a new
hybrid avalanche photo-detector (HAPD) with Hamamatsu Photo-
nics K.K. (HPK). This device is a vacuum tube coupled with the solid
state sensors of the avalanche photo-diodes (APDs). Fig. 1 shows
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E-mail address: ichiro.adachi@kek.jp (I. Adachi).

0168-9002/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2010.09.054

the schematic of the HAPD operation. Cherenkov photons emitted
from a silica aerogel radiator enter a bi-alkali photocathode
through a quartz window to generate photoelectrons. These
photoelectrons are accelerated via an electric field generated by a
high voltage of —7 to —8kV applied to the vacuum tube. The
accelerated photoelectrons are bombarded on the APD chips, each
of which is pixelated into 6 x 6 pixels with a pad size of 5 x 5 mm?.
The APD sensor further amplifies the input signal ~ 50 times via an
avalanche process owing to the application of a reverse bias
voltage. Four APD chips are housed in one HAPD; hence, there are
144 channels in total. Therefore, the overall gain is obtained to be
10*-10° as a product of bombardment gain and avalanche gain.
New HAPDs have been delivered since 2008 from HPK and detailed
studies have been carried out.

In this paper, the fundamental characterizations including a
test under a magnetic field are described in Section 2. Section 3 is
devoted to the effect of neutron radiation damage on the HAPD.
The results from a test beam experiment are presented in Section 4.
Finally, in Section 5, we summarize the paper.

2. HAPD development and bench test

In an HAPD, the typical quantum efficiency (QE) at a
wavelength (1) of 400nm is around 20-25%. A new technique,
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which is used to fabricate the so-called “super bi-alkali”
photocathodes, was applied to HAPD photocathode fabrication
for the first time at HPK. As a result, peak QE was enhanced and
33% at 2 =360nm was achieved, as shown in Fig. 2.

By illuminating with a blue LED, the single-photon response
was investigated. Fig. 3 shows the pulse height distribution for
multiple photons. As can be seen, a clear single-photon peak was
detected. The total gain of this device was measured to be
9.1 x 10% The signal-to-noise (S/N) ratio derived by dividing the
gain by a ¢ value obtained from a Gaussian fit to the pedestal peak
was 16.4.

The detailed response of all the HAPD channels was investi-
gated using a custom-made readout system based on ASIC
technology. This electronics involves signal amplification and
digitization; the threshold values can be externally loaded [2], and
only digitized data are recorded using a personal computer. In our
study, the threshold was set to be ~ 0.5 photoelectrons. A laser
light source (4 =440 nm) was placed on the movable stage, which
can be remotely controlled. The position of the incident light was

moved in a two-dimensional way so as to cover the entire HAPD
surface and hence check all the pad responses. We performed this
scan with and without an axial magnetic field of 1.5T, and the
obtained results were compared with each other. Fig. 4 shows the
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hit distributions obtained by scanning one HAPD row with and
without a magnetic field. The distinct response from each APD
pixel was measured in both cases, and no degradation in the
photon sensitivities was observed in the presence of the magnetic
field. The unusual response observed in the leftmost pixel in the
absence of the magnetic field was caused by electric field
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Fig. 6. RICH prototype counter.

distortion near the HAPD tube edge; this response was eliminated
on the application of the magnetic field.

3. Neutron radiation damage

In the Belle experimental environment, the neutron back-
ground turned out to be one of the most serious hindrances to the
operation of our detector. From a naive extrapolation at the
present value, a neutron flux of 1 x 10'! neutrons/cm? is esti-
mated for a Belle II year [3]. In the case of an HAPD, the silicon
device of the APD chips could get damaged due to neutron
exposure and an increase in the APD leakage current could result
in further generation of noise and hence a degraded single-to-
noise ratio. To examine this effect, we performed several neutron
irradiation tests using the “Yayoi” nuclear reactor [4]; the average
neutron energy is 370keV. We irradiated the HAPDs up to
5 x 10'! neutrons/cm?, corresponding to a 5-year operation of the
Belle II, and checked the quantum efficiency and single-photon
sensitivity. No degradation was found in the quantum efficiency,
however, an increase in the APD leakage current was observed in
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the irradiated sample. A degradation in the signal-to-noise ratio
was then detected, as shown in Fig. 5 (top). Initially, S/N was ~ 17.
However, after the neutron exposure of 5x 10'! neutrons/cm?,
S/N was ~ 3; the single-photon signal was barely distinguishable
from the pedestal peak. This can be rectified by shortening the
peaking time adopted in the readout electronics. As an ultimate
case, the response using a peaking time of 20 ns is shown in Fig. 5
(bottom), where HV is also increased to — 8.5 kV. The single-photon
peak can be clearly observed and S/N is calculated to be about 7.

By optimizing the parameters of the readout electronics, i.e. by
shortening the peaking time, the radiation damage can be
mitigated for the practical HAPD operation. Further tests by
irradiating with 1 x 10'2 neutrons/cm? are in progress. In addi-
tion, as an alternative approach, a new radiation-tolerant APD
sensor is being developed at HPK. New radiation-tolerant HAPDs
will be fabricated this year, and they will be irradiated to examine
their performance.

4. Test beam experiment

To carry out a test beam experiment, we built a RICH prototype
counter using silica aerogel radiators. The photon detector system
was configured as a 2 x 3 array of HAPDs, as shown in Fig. 6. The
readout electronics was the same as the one described in Section
2. The remaining experimental setup was almost identical to that
mentioned in Ref. [5]. The incident track parameters were
determined by two multi-wire proportional chambers located
upstream and downstream of the prototype RICH counter. The
KEK Fuji test beam line, where 2-GeV/c electrons are available,
was used.

As Cherenkov radiator, two layers (n=1.054 and 1.065), each
of which was a 20-mm-thick silica aerogel tile, were placed with
keeping the expansion distance to be 200 mm. Their refractive
indices were selected so that the two Cherenkov ring images
generated from each layer overlapped onto the HAPD surface plan [5].
The transmission lengths at 1=400nm were 47.8mm for

n=1.054 and 55.2mm for n=1.065. The production procedure
and optical quality measurements for these samples can be found
in Ref. [6].

A clear Cherenkov image was obtained, as shown in Fig. 7 (top).
The Cherenkov angle distribution is also shown (Fig. 7, bottom); a
single-photon angle resolution (gg) was extracted to be 13.5 mrad
by fitting this peak to a Gaussian. By integrating the fitting function
over a + 30 area, the photoelectron yield N,. was calculated to be
15.3, where the background was assumed to be a one-dimensional
polynomial. Based on a naive calculation, one can expect the angle
resolution per track to be oo/\/Np. = 3.5mrad, corresponding to
6.60 1/K separation capability at 4 GeV/c.

5. Conclusions

A new HAPD was developed as a photon sensor for the Belle I
RICH counter with HPK. Excellent single-photon sensitivity was
demonstrated with and without a magnetic field, and recent
improvement in quantum efficiency was achieved to be more
than 30% at peak. Possible damage due to the neutron dose was
investigated; our HAPD can detect single-photon signals up to
5x 10'/cm?. Further studies to realize single-photon detection
after exposure to a neutron flux of 10'2/cm? are in progress. The
test beam results indicate that a full size detector will achieve t/K
separation of more than 6¢.
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We report about on-the-bench studies of Photonis multi anode micro-channel plate (MCP) PMTs, as
candidate photodetectors for the aerogel RICH counter of the Belle II spectrometer. This photosensor is
fast enough to be used also as a time-of-flight counter, which would complement the kinematic range of
the aerogel RICH counter.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

For the particle identification system of the Belle Il spectrometer
[1], a proximity focusing RICH detector with aerogel as radiator is
being considered. One of the candidates for the detector of
Cherenkov photons is a microchannel plate PMT. With its excellent
timing properties, such a counter could serve in addition as a time-
of-flight counter. In this latter case, precise timing would be
provided by Cherenkov photons emitted in the PMT window as
illustrated in Fig. 1. A prototype of this novel device using two
64-channel Photonis 85011 [2] microchannel plate PMTs was
tested several years ago in a test beam at KEK. Excellent perfor-
mance of the counter could be demonstrated. In particular, a good
separation of pions and protons was observed in the test beam data
with a time-of-flight resolution of 35 ps [3,4].

The present study was devoted to measuring the performance in
high magnetic fields, determining timing properties of the common
electrode signal, the second stage MCP output, and to measuring
ageing properties (operation after long term and high rate illumi-
nation), and thus complements our previous on-the-bench studies
of this sensor type [3,5], as well as the studies by Jerry Va'vra et al.
[6]. The tube used in the present tests had 64 channels (8 x 8) and
microchannel plates with 10 pum pores.

2. Tests in magnetic field

Since the sensor is required to operate in a high magnetic field
of 1.5 T, we have performed measurements of gain, uniformity of
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response and cross talk in a magnet at KEK with a magnetic field of
up to 1.5 T. As a photon source we used a picosecond laser with a
439 nm head (Hamamatsu Picosecond Light Pulser). The laser light
was first attenuated by neutral density filters and guided into a light
tight box along an optical fiber (Fig. 2). The light was collimated onto
the photocathode of a MCP-PMT to a spot diameter of ~ 500 pm.
The position of the light spot was set by a computer controlled 2D
stage. Signals from the anodes were amplified by an Ortec FTA820
amplifier, and recorded by a CAMAC charge sensitive ADC.

The MCP PMT gain as a function of magnetic field for different
operation voltages and as a function of applied voltage for different
magnetic fields is shown in Fig. 3. At 1.5 T, the operating voltage has
to be increased by roughly 200V to achieve the same gain as
without magnetic field.

Cherenkov
photons
charged from aerogel
particle ¢
aerogel
Cherenkov photons

from PMT window

MCP-PMT

Fig. 1. MCP PMT as a photon detector in a proximity focusing Cherenkov counter.
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Fig. 2. Apparatus for the measurement of MCP-PMT properties in magnetic field:
from the 2d stage, laser light is led over a long lever arm to the MCP PMT front
window inside the magnet gap.
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Fig. 3. MCP PMT operation in magnetic field: gain (arbitrary units) as a function of
magnetic field (top) and as a function of high voltage for different magnetic fields
(bottom).
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Fig. 4. Scans across a 64 channel PMT without (top) and with magnetic field
(bottom). Number of detected hits on individual channels is shown as a function of
the light spot position.

By scanning the laser spot across the PMT surface, the position
dependence of sensitivity could be studied. As can be seen from
Fig. 4, the response of the PMT is fairly uniform. Multiple counting is
observed at pad boundaries due to charge sharing. In addition, a
long range cross talk can be observed due to photoelectron back-
scattering. The origin of the cross talk between the channels was
investigated in several preceding studies by studying the correla-
tions between signals on neighboring pads, their amplitudes and
time of arrival [5]. The contributions of cross talk are relatively
small, but extend to about 12 mm beyond the pad boundary in
accordance with the estimated maximum range of photoelectrons
backscattered on the multichannel plate (Fig. 4, top). In the presence
of a magnetic field, however, charge sharing and cross talk due to
long range photoelectron back-scattering are considerably reduced
because of the curling up of electron trajectories along the axial
magnetic field, as demonstrated in the bottom plot of Fig. 4.

3. Precise timing with the common output from the second
MCP stage

As reported in previous studies of this sensor type, the anode
output has excellent timing properties for single photons, with
r.m.s. resolutions better than 40 ps [5]. If, however, the MCP PMT is
employed for time-of-flight measurements (Fig. 1), use is being
made of the fact that if a charged particle passes the 2 mm thick
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Fig. 5. Timing with a signal from the second MCP stage: schematics (top),
distribution of signals from the second MCP stage (bottom).

quartz PMT window, about 10 Cherenkov photons are detected in
the MCP PMT. They are distributed over several anode channels. It
would be advantageous, if the time of arrival of these photons were
read out for the whole device from a single common electrode of
the second MCP stage, while 64 anode channels are used for
position measurement of Cherenkov photons from the aerogel.
To test this idea, we have studied the timing properties of this
common electrode. Signals from the second MCP stage were
amplified by an Ortec FTA820 amplifier. After amplification, each
signal was split in two branches; one for the timing and the other
for the signal amplitude measurement. The timing signal was
discriminated either by a Phillips 708 leading edge or an Ortec 9327
constant fraction discriminator, and used as a stop signal. The time
of the pulse was measured by the Kaizu Works KC3781A TDC
(CAMAC) with 25 ps per channel. A common start signal was
determined by the laser control unit. The signal pulse height was
registered in a CAEN V965 charge sensitive ADC (VME). In such a
set-up, a ¢ of 65 ps for the MCP signals was observed with a
constant fraction discriminator in case of single photons, as shown
in Fig. 5; the resolution includes the time jitter of the laser source
and the electronics. With 10 detected photons, a time-of-flight

R g
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6
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2 F ——.400.mC/cm?
0
200 250 300 350 400 450 500

wavelenght [nm]

Fig. 6. MCP ageing studies: photon detection efficiency as a function of wavelength
at the start of the study, after 200 and 400 mC/cm? of accumulated charge on
the anode.

resolution of around 30 ps is expected [7], which would allow a
3om/K separation up to about 2.8 GeV/c at a flight length of 2 m.

4. MCP PMT ageing studies

To ensure stable, long term operation of the photon sensor in a
high luminosity experiment like Belle II, it is mandatory to check its
ageing properties. In a dedicated test set-up, the whole photo-
sensitive surface was exposed to high rate illumination by a LED. A
pulsed laser was used to monitor the amplification, and a reference
PMT is used for periodic QE measurements with a monochromator
in the same set-up. As shown in Fig. 6, the results of this test are
quite promising. After the charge accumulated at the anode
reached 400 mC/cm?, corresponding to the dose expected for the
full Belle Il lifetime, the efficiency dropped only by about 10% which
is of no problem for the operation of the experiment.

To conclude we note that the observed properties of the MCP
PMT are in very good agreement with expectations. They show that
the present tube is an excellent candidate for the photon sensor of
the aerogel RICH detector in the Belle II spectrometer, capable of
successful operation in the high magnetic field throughout the full
duration of the experiment.
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A novel photon detector, the Silicon Photomultiplier (SiPM), has been tested in view of a photosensitive
device for Positron Emission Tomography (PET), which is one of the most important non-invasive
methods for in-depth and in vivo imaging of tissue. Such a device offers advantages over existing ones,
including application in a magnetic field, better resolution and easier operation. Two PET modules have
been constructed by coupling an array of Hamamatsu 3 mm x 3mm Multi-pixel photon Counters
(MPPCs) and Photonique 2.2 mm x 2.2 mm Solid-state Photomultipliers (SSPMs) to LYSO scintillation

crystals. The results of studies of the two module prototypes are presented.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Positron Emission Tomography (PET) is a non-invasive method
for in-depth and in vivo imaging of tissue. In contrast to X-ray
tomography (CT) and that with Nuclear Magnetic Resonance
Imaging (MRI), which give information about tissue structure and
pathological variations in the morphology, PET detects physiolo-
gical, biochemical and pathological processes in the living
organism. The positron emitted in a p* —decay of the nucleus
slows down in the tissue and subsequently annihilates with a
nearby electron. The annihilation gamma-rays of 511keV are
usually detected indirectly, through scintillation in inorganic
crystals. Photon detectors, like Photomultiplier Tubes (PMTs),
detect the scintillation light. The majority of PET devices use
PMTs, but due to their size, relatively poor ratio of active to
total surface and high price, which is a significant fraction of the
total cost of the device, it is worthwhile to search for alternative
detectors of visible photons. The sensitivity of PMTs to magnetic
fields, and the increasing requirement to unify different
image modalities in one measurement, provide an additional
reason to search for new detectors. One would like to incorporate
a PET apparatus inside a MRI magnet for simultaneous imaging
of tissue function and of density. Semiconductor sensors,
photodiodes and avalanche photodiodes seem to be much
closer to an ideal detector. In particular, a new type of
semiconductor detector, the Silicon Photomultiplier (SiPM) looks
very promising [1-3].
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2. The apparatus

In this study two PET modules have been constructed by
coupling a 4 x 4 array of LYSO scintillator crystals at a pitch of
45mm to an array of SiPMs of the same pitch using optical
grease. The scintillation array consisted of 4.3 x 4.3 mm? LYSO
scintillation crystals of length of 20mm encased in BaSO4
reflector. In the first module the 2.2 mm x 2.2 mm Photonique
0607 SSPMs (packaged on 4mm x 4 mm printed circuit board
with two pins) and in the second the 3 mm x 3 mm Hamamatsu
$10931-100P surface mount type MPPCs were used (see Table 1
and Fig. 1). The main advantages of the latter are higher efficiency
and larger sensitive area. Such a PET module with SiPMs is much
more compact than existing ones, offers lighter mechanical
design, works in a magnetic field, has a better resolution and is
easier to operate.

The printed circuit boards which house the SiPMs contain a
single bias voltage connector and the outputs for all the channels
(Fig. 1). Due to large variation of the working voltage of
the delivered Photonique SSPMs (0.76V RMS), the voltage
divider circuit was integrated on the board to adjust the
correct bias voltage (Fig. 2). The delivered Hamamatsu
MPPCs have much smaller variation of the working voltages of
0.1V RMS.

Fig. 3 shows the signals due to interaction of 511 keV photons
in the LYSO scintillators. Due to smaller capacitance, the signals
in the SiPMs by Photonique are on average 10 times smaller
than the signals in Hamamatsu MPPCs. The pulse shapes from
SiPMs by Photonique exhibit in addition to the scintillator decay
time of about 50 ns also the second much slower one of the order
of about 1pus, which might be due to internal quenching
resistance.
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Table 1
Parameters of the SiPMs used in the PET module.

Hamamatsu
$10931-100P

Producer Photonique
SiPM type 0607

Package type printed circuit board with pins  surface mount

Size (mm?) 2.2 x22 3 x3
Operating voltage(V) 25 70
Gain 7.5 10° 2.4 10°
Terminal capacitance (pF) 320 320
Number of pixels 1700 900
Pixel size (um) 40 100
Peak PDE 0.25 0.75

Fig. 1. 4 x 4 array of the Photonique 0607 SSPMs (left) and Hamamatsu S10931-
100P MPPCs (right) arranged in a matrix with a pitch of 4.5 mm.

+25.5V
X
S0k ==
100I
24k L

v

Fig. 2. An electronic scheme of the single SiPM channel in case of the Photonique
SSPMs. The resistances Ry are adjusted individually to match the recommended
working voltage.

3. Results

Due to large area and consequently higher noise rate, the
single photon signals cannot be distinguished from the back-
ground at room temperature. We have therefore measured
several 1 mm? devices obtained by the same producers.

The surface sensitivity is assessed by exposing smaller 1 mm?
SiPMs of the same pixel size to a pulsed 5 um wide laser beam of
intensity at the single photon level. The SiPM is moved relative to
the light source to produce two-dimensional scans of the count
rate over the surface of the silicon photomultiplier. The measured
sensitivity shows that it is fairly uniform across the SiPM surface.
Scans over a smaller area reveal the inner structure of individual
pixels (Fig. 4).
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Fig. 3. The SiPM signals due to 511keV photons: Photonique SSPM (top) and
Hamamatsu MPPC (bottom).

In PET scanners, the time difference between two back-to-back
photons yields information about the position of positron-
electron annihilation in the patient’s tissue. This information
improves the image quality due to better background rejection.
Therefore, the accurate determination of the position of an event
depends on the time resolution.

Although not as fast as for example a micro channel plate PMT,
the single photon time resolution of the measured SiPM'’s
amounts to 100-200 ns. The measurements of the time resolution
at different wavelengths (405 and 635nm) show that all the
SiPMs give a better time resolution in the blue light region
(Table 2).

Unamplified signals were fed to the CAEN V965 Dual range
QDC. The charge distribution of one Hamamatsu SiPM channel is
shown in Fig. 5. Due to the finite number of pixels the energy
response of this module is not linear. By using different
radioactive sources, we obtained the energy calibration curve in
Fig. 6. The measured dependence is well approximated by an
exponential approach to a saturation value. Closer inspection
reveals a 4% RMS variation of the position of the 511keV
photopeak among the 16 channels of the module. This is much



596 R. Pestotnik et al. / Nuclear Instruments and Methods in Physics Research A 623 (2010) 594-596

3600 70 3600
3400 4000
3400 60
3200 50 | 3200 3500
3000 g 40 3000 3000
2800 =
> 30 |4 2800 2500
2600
2 2600
2400 : 2400 2000
2200 10 o
0 - i b 2200 e 1500
0 50 100 150 200 250 0 10 20 30 40 50 60 70 0 5 101520 25 30 35 40 45 50
X (um) X (Um) X (um)

Fig. 4. Two-dimensional scans of the surface sensitivity: HC100 from Hamamatsu (left), S137 by Photonique/CPTA (middle) and E407 by MepHi (right).

Table 2
The time resolution after time-walk correction for different SiPMs.

SiPM E407 S137 H100C
Producer MepHi Photonique Hamamatsu
Orea(PS) 127 182 145
Opiue(PS) 97 151 136
“&g hadc010
- Entries 1000000
C Mean 88.51
1600 |— RMS 78.7
1400 |
1200 |
1000 |~
800 |
600 |
400 |-
200 |
0 E A B B BT B
0 100 200 300 400 500
ADC

Fig. 5. The single channel response of the PET module from Hamamatsu MPPCs to
a ?2Na source.
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Fig. 6. Energy response of a particular channel of the PET module with
Hamamatsu MPPCs.

less than the 16% RMS spread for the PET module of Photonique
SSPMs.

Both PET modules were then tested by using the coincidence
anihillation y from an 22Na source. The data acquisition was
triggered by a sufficiently large signal from a single SiPM from the
other module. The energy resolution of 10% FWHM was measured
with Hamamatsu MPPCs. This was better than the best energy
resolution of 21% FWHM measured with Photonique SSPMs. We
mostly attribute this to the smaller photon detection efficiency,
smaller area and also to the not very well controlled coupling of
the SiPMs to the crystal matrix.

4. Conclusions

Silicon photomultipliers seem to be a very promising
detector for PET. The main advantages are their insensitivity for
magnetic fields and their compactness. We have constructed
two PET modules using arrays of 4 x4 SiPMs in two different
packages (printed cicuit board with two pins—Photonique
andsurface mount type—Hamamatsu) coupled to a LYSO matrix
with pitch of 4.5 mm. The energy resolution of such modules has
been investigated. The PET module from Hamamatsu MPPCs
performed better than the Photonique one. This might be
due to the coupling of the crystals to the SiPMs. We obtained
good 10% FWHM energy resolution with little variation between
the channels of the Hamamatsu MPPCs. However, due to the
limited number of pixels, the response to gamma rays of different
energy is not linear. We expect to obtain a better timing
resolution for SiPMs with larger pixels. The good energy
resolution and fast response might enable a reduction of back-
ground in PET imaging and thus improve the image quality.
Systematic studies of the module will be performed in the future
and the possibility to use the module in the NMR-PET will be
explored.
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1 Introduction

The successful physics program of the Belle experiment & KEsukuba, Japan, resulted in an
upgrade of the KEKB machine and of the Belle detector. The diitne Belle 1l experiment is
to collect about 40 times larger sample of B mesons which vallow measurements of rare
decays of B and D mesons with unprecedented precision. Ifothrd direction (given by the
center-of-mass direction of the products), the proximigusing RICH with an aerogel radiator
will efficiently separate kaons from pions up to a particlennemtum of 4 GeVc [1].

The RICH consists of an aerogel radiator, an expansion wland a position sensitive de-
tector of single photong?]. To maximize the kaon-pion separation efficiency, the detés area
of approximately 4 rirequires position sensitive single photon sensors withigegity of about
5x 5mn?. The sensor and the readout electronics for the RICH detheie to fit into a limited
available space of about 25 cm in length between the centfatkdamber and the electromagnetic
calorimeter. They should operate in a 1.5 T magnetic fielggrmdicular to the detector plane and
should sustain elevated radiation levels. In ten years efatjpn a fluence of 28 cm 2 of 1 MeV
equivalent neutrons is expected in the detector area.

2 Photon detector and readout electronics

A 144 channel Hybrid Avalanche Photon Detector (HAPD) is@andidate for the sensor of single
photons (R, 3]). Itis 76 x 76 mn? in area with 67% of active area. The total amplification of the
sensor is of the order of 50000. In order to fit the electroe@dout into the available volume
which extends 50 mm behind the HAPD sensor, the readoutmsystes designed on a 12 layer
FR4 glass-reinforced epoxy laminate (figuieg) [4].

The SA02 readout board has 4 SA02 ASIC chilsahd an HAPD connector on the top side,
while the FPGA (Xilinx Spartan 6), used for data processing @mmunications, is placed on the
bottom side between the two extension connectors (figuré he power for the electronics and



Plug in top side

Figure 1. SA02 board and Plug in board.

bias voltage for the APDs are fed to the laminate via two iedelent connectors, while the high
voltage is connected directly to the HAPD.

The SA02 ASIC chip packed in a LTCC BGA package, measures 1xmBmm and has
36 input channels. It is responsible for the digitizationsafnals from the HAPD sensor. Each
channel line consists of a charge sensitive preamplifieAjC& second order shaper circuit and
one bit comparator for digitalization. Its output is a singinded 1.65 V signal, with the width
equal to time over threshold. Threshold levels are equalfahannels, but channel offsets can be
set individually in steps of 3 mV. The ASIC has a separatelsiogtput for monitoring signals at
different stages in the front end. The amplification factbthe charge sensitive preamplifier and
the shaping time allow adjustments to optimize the signabise ratio.

A supplementary Plug in board (figute 2) provides firmware boot, control, monitoring and
acquired data transmission from the SA02 board, where th€Sprotocol is used for communi-
cation over the Ethernet network][

The detector works as a single photon counter. The implesdergiadout core on the FPGA
consists of bit shifting serial input serial output (SIS@gisters for each of the 144 channels and
supplementary logic for communication and data transfee digitized analog signals are fed to a
state transition detection circuit. The detected evemsraroduced in the SISO shift register with
adjustable shifting clock. At trigger event, the last foitslstored in the SISO registers are sent to

the data acquisition system.
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Figure 3. Thermal image of an SA02 board.

For operation the SA02 board requires several differentMoltages to power the FPGA and
ASIC chips. The power consumption of both electronic boami®unts to about 1 W, of which
300 mW is due to the Ethernet controller. Most of the powerligsidated on the ASIC chips. At
an ambient temperature of 25, we made an infrared image of the SA02 board in the thermal
equilibrium state (figure). The figure shows the temperature distribution on the beatid the
maximum temperature on the ASICs chips. With no cooling piéer the surrounding air, the
maximum temperature on the SA02 board reaché€36
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For internal tests, the SA02 board incorporates a variatlglitude step generator. One of
the FPGA outputs is fed trough a digitally controlled resistnd a 0.1 pF capacitor into the SA02
ASIC. The amplified and shaped signal response is shown irefigu

3 Bench test — Single photon measurements

The test measurements with single photons are made by liggimitted from a blue LED. With
the collimated beam, we scanned the surface of the HAPD, tadwm the computer controlled
translation stage. The high voltage and bias voltages ®HAPD are set to the manufacturer’s
nominal values. A signal generator generates a triggembign the readout electronics and the
LED at a rate of about 1 kHz. Blue light, emitted from the powentrolled LED, is fed into the
box using a multimode optical fiber. The frame with the optiiteer and the collimator is attached
to the translation stage 1 cm away form the detector’s seirfac

We first verified the operation of an arbitrary pad on the sensbere multiple photons can
be observed as seen in figuse The oscilloscope screen image shows the analog amplified an
shaped signals from the observed channel. A threshold ddhe corresponding measurement is
shown in figureb.

With the LED light emission reduced, to a level where mosihge photons are observed, an
area 10mnx 10mm of the HAPD was scanned in steps of 30@ with the light beam of about
the same width. The HAPD sensitive area is clearly seen imdigu

4 Belle Il aerogel RICH readout system

The aerogel RICH detector will consist of 456 HAPD sensolg dnalog signals will be amplified
and digitized by the SA02 board. The Merger board, built adbMirtex 5 FPGA, is intended to
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Figure 8. Scheme of the Belle Il RICH readout system.

collect and process data from up to six SA02 boards (figurdhe Merger board will replace the
current Plug in board used for laboratory tests. It will bedifor loading of the FPGA firmware to
multiple SA02 boards, clock and trigger distribution, sloantrol and to perform compression on
the acquired data. In the present prototype, the Mergedeaeives the trigger and clock signals
via Ethernet cable. A small form-factor pluggable trangee(SFP) slot using fiber optic link is
used to transmit commands and send the data to the centra[GlAQ

The current version of SA02 board with the Plugin board waketkin the aerogel RICH pro-
totype with six HAPD sensors at the CERN SPS H6 beamline vdth@GeV/c pions. Preliminary
results from the beam test show good performance of theiggabebdevice.



5 Summary

We are developing readout electronics for the Aerogel RIGIthe Belle Il spectrometer. The

readout electronic system should fit in to the small gap (50) ratrthe rear end of the HAPD

sensor. It is based on the SA02 readout board which incag®faur ASIC SA02 chips and an

FPGA. The data will be transfered from six SA02 boards to tleeddr board, which will send data
via optical link to the common DAQ. The readout board perfermecording to expectations and
allows efficient detection of single photons. In the fut@eplerance to radiation and operation in
a magnetic field of the SA02 readout board will be tested. feustudy will include the design of

power supply distribution design, cabling and algorithimsdata compression.
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We have studied the possibility of using silicon photomultipliers as single photon detectors in a
proximity focusing RICH with aerogel radiator. Such a counter is considered for the upgrade of the Belle
detector. The main advantage of silicon over conventional photomultiplier tubes is their operation in
high magnetic fields. Their disadvantage is the relatively high dark noise count rate (~MHz/mm?)
which can be overcome by using a narrow time window in the data acquisition. A module, consisting of

64 (8 x 8) Hamamatsu MPPC S10362-11-100P silicon photomultipliers, has been designed, constructed
and tested with Cherenkov photons emitted in an aerogel radiator by 120 GeV/c pions from the CERN
T4-H6 beam. To increase the signal-to-noise ratio, i.e. to increase the effective surface on which light is
detected, light concentrators have been employed.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

We are studying the proximity focusing ring imaging detector
with aerogel radiator for particle identification at the foreseen
upgraded Belle spectrometer [1,2]. Several photon detector
candidates have been studied [3,4], none of which are completely
immune to the high magnetic field present inside the Belle
spectrometer. Silicon photomultipliers (SiPMs) [5] may change
the situation. In addition to their insensitivity to magnetic fields,
they are also small, robust and do not require high voltages.
Among their disadvantages is the relatively high dark count rate
(~1MHz/mm?) and a low fraction of sensitive surface compared
to the full area covered by the photon detector. These deficiencies
may be reduced with light concentrators collecting light from a
larger surface. In this way the geometric acceptance of the
detector as well as the signal-to-noise ratio may be increased. The
present measurements with a SiPM module follow the initial
successful investigations of the performance of individual SiPM
detectors, i.e. a smaller number of them, in a ring imaging Cherenkov
counter [6].

2. Experimental setup

A module of 64(8 x 8) Hamamatsu MPPC S10362-11-100P
silicon photomultipliers has been constructed (Fig. 1). The module

* Corresponding author. Tel.: +3864773381.
E-mail address: Rok.Pestotnik@ijs.si (R. Pestotnik).

0168-9002/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2010.09.122

consists of two printed circuit boards (Fig. 2). The main board
houses the voltage divider chain, the filtering capacitors and the
signal outputs, while the “piggy” board has silicon photomulti-
pliers soldered on one side in a 8 x 8 matrix at 2.54 mm pitch. On
the main board four neigbouring SiPM’s are connected together,
so that the module has 16 electronic readout channels. The
voltage divider chain is adjusted with individual resistors such
that all the SiPM have approximately equal gain. The output
signals are amplified by the fast amplifier (Ortec FTA820), then
discriminated (CAEN V814) and finally fed to a time to digital
converter (CAEN V673A). A typical signal is shown in Fig. 3.

The module has been used as a photon detector in a proximity
focusing Cherenkov detector (Fig. 4) with a 1cm thick aerogel
radiator (n=1.03 and 1.4 cm attenuation length at 400 nm). The
detector was tested in a 120 GeV/c pion beam at the CERN T4 H6N
beam line. The arrival of a beam particle was triggered by a
scintillation counter and its trajectory was registered with two
multiwire proportional chambers (MWPCs). The incident particle
hit coordinates were obtained by delay line readout of the
cathode wire planes.

In the aerogel, pions radiate Cherenkov photons at an angle
relative to their track direction. These photons were detected by a
photon detector plane at a distance of 115 mm from the aerogel
upstream surface. As the SiPM sensitive area is 1mm? and the
pitch is 2.54 mm, the geometric acceptance of a pad is only 15.5%.

The rather low geometric acceptance of the SiPM detectors
within an array can be increased by employing light guides. We
have studied light guides in the form of truncated pyramids
(Fig. 5). The geometric parameters for the simulation have been
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Fig. 1. The photon detector module consisting of 64 SiPMs (left) and the pyramidal
light guides (right). Four SiPMs are grouped into a single readout channel.
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Fig. 2. The printed circuit boards schematic of electrical connections. The resistors
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Fig. 3. The SiPM signal output corresponding to dark counts amplified by the Fast
timing amplifier (Ortec FTA820).

such that the inclination of the pyramid lateral planes, as well as
the size of the entrance window have remained fixed, while the
length of the light guide has been varied. Photons have been

SiPM module light tight box

charged particle

tracking tracking -

MWPC Mwpc trigger
aerogel scintillation
radiator 2D stage counter

Fig. 4. The experimental setup: Cherenkov photons emitted by the charged pion
in the aerogel slab are registered by the silicon photomultiplier module. The
particle trajectory is measured by two multiwire proportional chambers and the
data acquisition is triggered by the plastic scintillation counter.
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Fig. 5. A pyramidal light guide with dimensions optimized by simulation. Also
shown are the main elements of the Hamamatsu MPPC S10362-11-100P, the
protective epoxy layer and the sensitive volume.
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Fig. 6. Light guide acceptance as a function of light guide length.

generated with isotropic incident angle distribution up to 9 =30°
and with a uniform distribution over the surface of the light guide
entry window. The acceptance as a function of light guide length
is shown in Fig. 6. The loss of 35% of the photons is mainly due to
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Fig. 7. The response to a perpendicular light beam of one of the electronic
channels of the SiPM module with the light guides. The measured average
acceptance increase for the module with the light guides is 2.4 for light incident at
an angle of 18° (typical angle of Cherenkov photons in the beamtest setup).

the 0.3 mm gap between the light guide exit window and the
sensitive volume of the SiPM (Fig. 5) and, to a lesser extent, also to
refraction out of the light guide and to absorption. Therefore, the
acceptance of an ideal light guide is about 65%, which is about
four times larger than the bare geometric coverage of the SiPM
sensitive surface in a module as described above. In order to
test these estimates, we have manufactured a light guide array
matching the array of SiPM detectors (Fig. 1). The array has been
machined out of a UV grade perspex lens, used in the HERA-B RICH
[8]. Due to a limitation of the available machining procedure, the
final entry window of the light guide was 2.3 mm x 2.3 mm instead
of 2.54mm x 2.54mm and the length 4mm; these changes
resulted in a somewhat lower expected acceptance of 54%. A
two-dimensional scan with the single photon light beam over the
surfaces of the light guides (Fig. 7) shows that the response is
uniform.

3. Results

We have measured a proximity focusing RICH prototype with a
silicon photomultiplier module, with and without a light guide
array. In Fig. 8, the time spectra of the SiPM pulses are shown for
an equal number of triggered events, where a clear improvement
with the light guide system may be observed. The light guides
have increased the number of detected Cherenkov photons, while
not affecting the number of dark pulses. Selecting pulses only
within a narrow time window, e.g. 5ns around the peak, will
further increase the signal-to-noise ratio, to the level at which a
measurement of Cherenkov rings is possible.

Due to the small size of the detector, data were acquired in
eight positions on a 3 x 3 grid, with the central position excluded.
For the module without the light guide the distribution of hits
with respect to their corresponding Cherenkov angle is shown in
Fig. 9 for hits within a 5ns time interval. The background hits
corresponding to the hits out of coincidence with the Cherenkov
pulse were subtracted. By fitting the Cherenkov peak one obtains
1.6 detected photons per ring without the light guides and 3.7
detected photons per ring with the light guides for the case when
the full ring is covered by the detector.
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Fig. 8. The time spectra for the SiPM pulses in the case without (full line) and with
(dashed line) the light collection system. The indicated cuts correspond to 5ns
time windows.
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Fig. 9. The distribution of hits in Cherenkov angle with noise distributions
subtracted. The plot is for the case with the light guides.

The width of the Cherenkov photo peak (¢ ~ 14 mrad) roughly
agrees with the expectation based on estimates of photon position
resolution, i.e. pad size, emission point uncertainty due to aerogel
radiator thickness and tracking accuracy.

4. Discussion

From estimates based on the photon detection efficiency of the
MPPC S10362-11-100P supplied by the producer [7], geometric
coverage and electronic efficiency, we would expect to detect
about 2.3 Cherenkov photons per ring, while the actually
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Fig. 10. Simulated identification efficiency at 1% misidentification probability for
kaons at 4GeV/c as a function of background level for three different yields of
detected photons per ring. The simulated proximity focusing Cherenkov detector
with an aerogel radiator consists of a focusing radiator [11] (n;=1.043,d;=15mm
and n,=1.05, d,=15mm and attenuation length of 40 mm at 400 nm) and square
photon detector array of SiPM modules at a distance 200 mm from the radiator.
The background is simulated uniformly over the detector area.

measured number is 1.6 photons/ring. Most of the discrepancy
can be explained by an overestimation in the manufacturer data
on photon detection efficiency of the SiPM, which includes effects
of crosstalk and afterpulses. This is in agrement with other
authors [9] who also indicate that the manufacturers data are too
optimistic.

The measured improvement by a factor of 2.3 due to light
concentrators with perspex pyramids is also less than the
estimated factor of 3.5, which is the ratio of the expected
acceptance of 54% to the bare geometric coverage of 15.5% of
the SiPM sensitive surface in the module. This discrepancy is
probably partly due to non-specular reflection and refraction on
the side walls of the light guide and is in agreement with the
bench tests (Fig. 7). An additional contribution to the discrepancy
could come from less than perfect overlap of the light guide exit
window with the SiPM sensitive surface. Also reflection on the
light guide exit window and effects of inaccurate cutting have not
been accounted for in the calculated acceptance [10].

We hope to gain a factor of 5 in photon yield by increasing the
radiator thickness to 3cm and simultaneously switching to

n=1.05 aerogel with 5cm attenuation length. Optimistically,
another factor of 2 might be obtained by improved production of
the light guides and their coupling to SiPMs.

We have also simulated detector response for prototype
proximity focusing Cherenkov detector using different numbers
of detected photons Ny and different backgrounds for pions and
kaons [12,13]. Nge=10 corresponds to the use of conventional
photomultipliers, and Ng.,=20 and 30 correspond to the detector
with higher detection efficiency, e.g. to SiPM’s. The kaon
identification probability at 1% misidentification rate considerably
improves with the increase of the number of photons (Fig. 10).
For a typical background occupancy of 0.1 (1 MHz/mm? back-
ground rate and 10ns detection time window) the kaon
identification efficiency for Ng..=30 is well above 95%.

We conclude that our investigations have demonstrated that
such a proximity focusing ring imaging Cherenkov detector is
feasible.
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This work investigates the possibilities of improving the measurements of arrival time difference of the
two 511 keV photons arising from annihilation of a positron in positron emission tomography (PET).
The new technique of detecting the prompt Cherenkov light, produced by absorption of the annihilation
photon in a suitable crystal, could considerably improve the image quality. A simple apparatus with
PbF, crystals and microchannel plate photomultipliers (MCP PMTs) has been constructed and coin-
cidence resolutions of 71 ps FWHM and 95 ps FWHM have been achieved with 5 and 15 mm thick
crystals, respectively. Simulation calculations are in agreement with the experimental findings.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Positron emission tomography (PET) is an important modality
in medical imaging, used to detect the position of tumors and to
observe biochemical processes in the body. The contrast of images
obtained with PET can be significantly improved by measuring
the time difference between the arrival of two annihilation
photons. The amount of improvement in the image depends on
the time resolution, which is usually limited by the decay time of
the scintillations and the time resolution of the photodetector.
Using the microchannel plate photomultiplier, a photodetector
with excellent timing [1,2], to detect prompt Cherenkov photons,
has the potential of providing a big improvement in the time-of-
flight resolution. For the upgrade of the Belle Il detector, we have
already investigated how a MCP PMT could be used for detection
of Cherenkov photons, produced by pions or kaons in an aerogel
radiator and in the entrance window of a MCP PMT [3]; some
other studies of time-of-flight measurements for charged parti-
cles also showed very good performance [4,5]. In the present
work we consider the possibility of using a very fast MCP PMT to
measure the time-of-flight difference of 511 keV annihilation
gammas. Some early studies of this approach have achieved
time-of-flight resolutions of 170 ps FWHM [6], 183 ps FWHM
(our first study [7]) and 250 ps FWHM [8]. In the present study we

* Corresponding author. Tel.: +386 1477 3702; fax: +386 1477 3166.
E-mail address: rok.dolenec@ijs.si (R. Dolenec).

0168-9002/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2011.06.035

have considerably improved the timing resolution and found a
good agreement with Monte Carlo simulation.

Below, we first describe the principles of the detection
method. In the third section we present the experimental appa-
ratus and then we discuss the results of measurements of time
resolution for two coincident 511 keV gamma photons absorbed
in PbF, crystals. Next, we compare our measurements with
simulation calculations, which also included a study with PbWO,
crystals in order to investigate possible improvements of the
design. The last section contains a short discussion of the results
and some conclusions.

2. Detection method

To obtain Cherenkov photons for time-of-flight measurements
of 511 keV gammas, we need a material in which the annihilation
gammas efficiently transfer their energy to electrons. Photons
with energy of 511 keV interact with matter either through the
photoelectric effect or by Compton scattering. Here the former is
preferred, since all of the photon’s energy are deposited in one
interaction, which results in a photoelectron with the maximum
kinetic energy possible. The material used as a Cherenkov radiator
should have a high index of refraction i.e. low Cherenkov thresh-
old, so that many electrons are produced above the Cherenkov
threshold. It should also have a high stopping power for 511 keV
gammas. All this suggests a high density and high-Z material.
Also, the material must have good transmission for light in the
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blue to near UV region, where most of the detectable Cherenkov
photons are produced. Most promising candidates are high lead
content crystals, such as lead fluoride (PbF,) and lead tungstate
(PbWO,). Some of their properties are summarized in Table 1.
Even though the Cherenkov photons are produced promptly, a
significant contribution to the timing resolution can be expected
from the Cherenkov photon travel time spread in the crystal.
A very simple estimate of the time resolution can be obtained by
considering the difference between the shortest and the longest
time from the moment that the 511 keV gamma enters the crystal
to the moment that the resulting Cherenkov photon reaches the
photodetector. The shortest time is obtained, when the gamma
enters the crystal perpendicularly to the entry surface and causes
the production of a Cherenkov photon at the very end of the
crystal. Assuming no reflections from the crystal sides, the longest

Table 1
Properties of two promising Cherenkov radiators [9-13].

PbF, PbWO,

Index of refraction (4 =400 nm) 1.8 2.3
Density (g/cm?®) 7.77 8.28
Cherenkov threshold for e~ (keV) 104 56
Optical transmission cutoff wavelength (nm) 250 350
Scintillation light yield (photons/MeV) - 200
Scintillation decay time (ns) - 6/30
Scintillation emission peak (nm) - 440/530

PbF, crystal

#“Na source
MCP PMT

Fig. 1. The experimental set-up: two Hamamatsu 16 channel MCP PMTs coupled
to lead crystals in a back-to-back configuration, with 2?Na source positioned
between the two detectors. MCP PMTs and the crystals are enclosed in plastic
support frames, which are fully open in the source direction.

time is obtained for a gamma, which is absorbed as soon as it
enters the crystal and a Cherenkov photon, which travels to the
photodetector under a large angle relative to the entry surface
normal. In the case of our measurements this angle is limited by
detector geometric acceptance and amounts to approximately
30°. For a crystal with thickness d=15 mm and index of refraction
of n=1.8 (PbF;), the difference between the shortest time, t,;, =
d/co=50ps and the longest time, tmex=(d/cos30°)(n/co)=
104 ps, is 54 ps. This would result in a r.m.s. spread of about
0~ 20 ps. If we combine this rough estimate with the typical
photon detection time resolution (¢ ~ 20 ps), we see that the best

coincidence timing resolution we can expect is o & 1/ 2:(20° +20%)
ps =40 ps, which translates to r.m.s. ~6 mm in spatial resolution
along the line of response.

The above analysis suggests that considerable benefits and
improvements of PET image quality may be obtained by detecting
annihilation photon coincidences via the prompt Cherenkov light
they produce in suitable radiators. In order to experimentally
verify these estimates we have constructed a simple apparatus,
with which we have confirmed the optimistic expectations.

3. Experimental set-up

The experimental set-up consisted of two detector modules in
a back-to-back configuration, separated by 140 mm, with a 22Na
point source positioned between them (Fig. 1). The PbF, crystals
[14] were coupled with optical coupling grease to Hamamatsu 16
channel MCP PMTs, with an active surface area of 23 x 23 mm?
and 1.5 mm thick borosilicate windows (prototypes based on the
MCP PMT presented in Ref. [15]). The pairs of unsegmented
crystals used for these measurements were 25 x 25 x 15 or 25 x
25 x 5 mm? in volume. The surfaces of the crystals were polished
and were either wrapped in white reflective Teflon tape or
painted black. In this study, only two channels per MCP PMT,
located near the center of the device, were read out individually.
The signals from the other 14 channels of each MCP PMT were
summed into two channels and used to suppress crosstalk back-
ground in the two individually connected channels, by selecting
events where the individually connected channels had the largest
charge measurement. The signals were amplified (ORTEC FTA
820A), discriminated (Philips leading edge discriminator model
708) and timed with a TDC (Kaizu Works KC3781A). The pulse
charge was measured with a charge sensitive ADC (CAEN QDC
V965). The four signals from each MCP PMT were ORed and the

25000

20000

15000

counts

10000

5000

hctdc1
Entries 124223
Mean 0.0975
RMS 0.2201
Constant 2.47e+04 + 122
Mean -0.01674 + 0.00021
Sigma 0.02749 + 0.00015

°°
m—IIII|IIII|IIII|IIII|IIII|I
k

0.5 1 1.5
time [ns]

Fig. 2. The time distribution for single photoelectrons obtained for one of the prototype MCP PMT samples. The approximately 1 ns long tail, trailing the main peak, is due
to the backscattering of photoelectrons from the front MCP surface. The shape of the distribution is described in more details in Ref. [1].
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Teflon wrapping, 15 mm
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Fig. 3. The coincidence timing distributions obtained with 15 mm thick PbF, crystals, in the case of Teflon wrapped (top) and black painted (bottom) surfaces. The
histograms of all events (solid line) and the crosstalk suppressed histograms (dashed line, see text for explanation) are fitted with a sum of two Gaussian functions.
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Fig. 4. The coincidence timing distribution obtained with 5 mm thick PbF, crystals with black painted surfaces.
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Table 2 measurement was triggered by a coincidence between the two
Experimental results: coincidence time resolutions for different PbF, crystals and resulting signals.

surface treatments, obtained from the narrow peak of the double Gaussian The time resolution of the Hamamatsu MCP PMTs was mea-
functions. . . . . . .

sured in an independent study by illuminating the MCP PMT with

Time resolution & (ps) single photon pulses, generated by a Pilas diode laser system

- - EIG1000D. The laser output was attenuated to the single photon

Without crosstalk With crosstalk level by neutral density filters, while the laser control unit also

suppression suppression provided the trigger signal. We obtained an excellent time

15 mm thick, Teflon wrapping 69 44 resolution with o~ 27 ps for both MCP PMTs, which includes

15 mm thick, black paint 46 37 the contributions from the laser jitter (15 ps r.m.s.) and electro-

5 mm thick, black paint 37 30 nics (approximately 11 ps r.m.s.). Fig. 2 shows the time distribu-

tion obtained for one of the MCP PMTs.

60 — htdcdiff16
= Entries 359
50 — Constant 50.1+5.0
- Mean -0.3056 + 0.0040
a0 Sigma 0.03922 + 0.00462
S C Constant2 5.929 + 1.837
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g 30 Sigma2 0.206 + 0.093
20 —
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o_" I PT80S
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time [ns]
350 — htdcdiff16
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300 - Constant 289.7 +11.3
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Fig. 5. The coincidence timing distributions obtained with 15 mm thick crystals with surfaces painted black, for the source positioned at —20 mm from the central
position (top), for the source in the central position (middle) and for the source positioned at +20 mm from the central position (bottom).
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4. Measurements

The corrections for leading edge discrimination time-walk
were obtained from a correlation of the pulse time versus pulse
height and applied to the TDC measurements. The coincidence
timing distributions were obtained by histogramming the
difference in corrected pulse arrival times from two selected
individually connected channels. The MCP PMTs used in our
measurements exhibit some crosstalk between the anode chan-
nels [1], which can lead to delayed detection of fake signals on
channels neighboring the channel with the true hit. To demon-
strate improvements possible by suppressing crosstalk,
Figs. 3 and 4 also include histograms containing only the events
where both selected channels had the maximum charge of their
MCP PMT.

Fig. 3 shows the coincidence timing distributions obtained
with 15 mm thick PbF, crystals. Painting the surfaces of the
crystal black, instead of wrapping them in Teflon, removed the
wider contributions, corresponding to photons which undergo
one or more reflections before reaching the photodetector. The
narrow peak which is due to the photons that reach the photo-
detector without any reflections remained. This resulted in a
significant improvement in the time resolution (Table 2). The
remaining tails are mainly due to the backscattering of photo-
electrons from the front MCP surface (Fig. 2 and Ref. [1]).

We obtained further improvement in time resolution by using
thinner crystals, as shown in Fig. 4 for 5 mm thick PbF, crystals
with black painted surfaces. Reducing crystal thickness reduces
the variation in photon travel times at the expense of gamma
absorption efficiency. Some coincidences are also due to detection
of Cherenkov photons produced in the 1.5 mm thick borosilicate
windows of the MCP PMTs. According to our Monte Carlo
simulation, the fraction of such events is below 10% even in the
case of 5 mm thick crystals.

To demonstrate how the excellent time-of-flight resolution of
the detector can be used for source position reconstruction, we also
performed measurements with 15 mm thick crystals, when the
22Na point source was displaced from the central position. Fig. 5
shows the measured time difference distributions for three source
positions, spaced by 20 mm along the axis connecting the two
detectors. Here, the crosstalk suppressed distributions of time-of-
flight difference are used. The average time resolution of the three
measurements has o = 39 ps, while for the 20 mm shifts the peak
position mean value changed by 124 ps on average. This means that
we achieved a very good spatial resolution of ¢ ~6 mm along the
line of response only from the time-of-flight measurements.

S. Korpar et al. / Nuclear Instruments and Methods in Physics Research A 654 (2011) 532-538

5. Simulations

The simulations were performed in the GEANT4 framework
[16] for a simple back-to-back detector arrangement, correspond-
ing to the set-up used in the experiments. For the estimate of the
coincidence time resolution, the active surface area of the photo-
detector was simulated to be 10.8 x 10.8 mm?, to take into
account the geometric acceptance of the individually connected
central channels. For the estimate of the detection efficiencies, the
active surface was covering the whole crystal exit surface
(25 x 25 mm?). The simulation parameters used for crystal proper-
ties and photon generation are summarized in Table 1, while Fig. 6
shows the optical transmission curves of PbF, and PbWQ, crystals
and the photocathode quantum efficiency, used in the simulation.
Simulation also included dispersion of the refractive index [11,13].
Teflon wrapping was simulated by a white diffusive reflector.

Table 3 summarizes the simulation results concerning photon
production and detector efficiency, while Fig. 7 shows the
wavelength distributions of the first detected photons.

The back-to-back timing distributions were obtained as the
difference in time between the first photons reaching the central
channels of the two photodetectors. The response time spread of
the photon detection was not taken into account. The obtained
coincidence timing distributions, shown in Fig. 8 for PbF, and in
Fig. 9 for PbWO, crystals, were fitted with a sum of two Gaussian
functions. The coincidence time resolutions, summarized in
Table 4, were obtained as the sigmas of the narrower Gaussian
function. Detection efficiencies were calculated as the number of
events, where both photodetectors detected at least one Cher-
enkov photon, divided by the number of 511 keV gamma pairs
generated within the detector solid angle.

The results of simulations are in qualitative agreement with our
measurements. Black paint on the surfaces of the crystal stops most

Table 3

Simulation results for 15 mm thick crystals: fraction of electrons, which are
produced with kinetic energy above the Cherenkov threshold; the average number
of Cherenkov photons produced per generated gamma; the average number of
Cherenkov photons detected with single photodetector per generated gamma in
case of crystals wrapped in white diffusive reflector or painted black.

PbF, PbWO,
Fraction of e~ above Cherenkov threshold 0.77 0.88
Cherenkov photons produced/y 10.2 15.8
Cherenkov photons detected/y (white reflector) 0.11 0.068
Cherenkov photons detected/y (black paint) 0.070 0.044
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Fig. 6. Wavelength dependence of relevant quantities used in simulation: bialkali photocathode quantum efficiency, optical transmissions of PbF, (for 25 mm thick
sample, [10]) and PbWO, (for 230 mm thick sample, [12]) and the 1/i2 distribution, which indicates the wavelength dependence of produced Cherenkov photons.
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Fig. 7. The wavelength distribution of first detected photons resulting from the simulation, in the case of PbF, (top) and PbWO, (bottom) crystal.
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Fig. 8. The simulated coincidence timing distributions for 15 mm thick PbF, crystals wrapped in white diffusive reflector (dashed line) and painted black (solid line). These

distributions do not include the response time spread of the photodetector.

of the reflections (some total internal reflections remain), leaving only
the narrow central peak, corresponding to photons that reach the
photodetector without time delays caused by reflections. Although
wrapping the crystal in white reflector results in improved efficiency,
most of the additional photons are detected with bad timing, since
they are reflected. The simulations did not reproduce the long tails of
the measurements (Fig. 3), which can be attributed to the photo-
detector time response, which is not included in the simulations.
The PbWO, crystal is better than PbF, in terms of the number
of produced Cherenkov photons (Table 3), due to its higher index

of refraction (Table 1). However, because of its higher cutoff
wavelength, less photons reach the photodetector. Simulation
results obtained with PbWOQ, also indicate that the higher index
of refraction actually degrades the time resolution, since the
Cherenkov photon velocity is lower. Another possible problem
with PbWO, is the scintillation photons, which represent an
almost constant background on the time scale of a few ns.
According to our simulation, near the central peak this back-
ground has approximately the same number of events per 1 ns as
there are fast events, produced by Cherenkov photons (Fig. 9).
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Fig. 9. The simulated coincidence timing distributions for black painted, 15 mm thick PbWO, crystals. The solid line shows the coincidences produced by any combination
of Cherenkov or scintillation photon detection. The dashed line shows the coincidences, caused by detection of Cherenkov photons on both photodetectors. These

distributions do not include the response time spread of the photodetector.

Table 4

Simulation results: coincidence timing resolution, only including Cherenkov
photon travel time variation (Gpheron ), also including photodetector time response
of 6=22ps (0pw), and coincidence detection efficiency. The efficiencies of
PbWO, include only Cherenkov photons without the scintillations.

(Tphoron (ps) O total (PS) EfﬁCienCy
PbF,, 15 mm, white reflector 28 42 1.76
PbF,, 15 mm, black paint 25 40 0.75
PbF,, 5 mm, black paint 13 34 0.32
PbWO,, 15 mm, black paint 44 54 0.27
PbWO,, 5 mm, black paint 19 36 0.08

Since scintillation events are indistinguishable from Cherenkov
events and are characterised by worse timing, they unavoidably
degrade the timing resolution.

6. Conclusion

The use of prompt Cherenkov photons for time-of-flight PET is
very attractive, especially with a very fast photodetector, such as
the MCP PMT. However, for 511 keV gamma detection the very
low number of photons produced in available Cherenkov radia-
tors presents a challenge. The timing resolution obtainable is so
good that the photon travel time variation in the crystal becomes
the most important contribution. For the best possible timing,
photon reflections need to be suppressed by painting the crystal
surfaces black, which in turn reduces the number of photons
available for detection. Our GEANT4 simulations show that the
majority of events are produced by single Cherenkov photons
being detected with the photodetectors.

Using two Hamamatsu MCP PMTs in a back-to-back config-
uration we measured a coincidence timing resolution of ¢ = 30 ps
(71 ps FWHM) with 5 mm thick and ¢ =37 ps (95 ps FWHM) with
15 mm thick PbF, crystals painted in black. Such an excellent

timing resolution enabled us to demonstrate a spatial resolution
of ¢ ~ 6 mm along the line of response.

Admittedly, the efficiency of a detector with an improved timing
resolution would be rather low (as seen in Table 4). It was the aim
of the present work to investigate mainly the achievable timing
resolution and to proceed later on, in a second stage, to optimize
other detector parameters. We believe that there is room for
improvement of the efficiency. Namely, a superior efficiency could
be obtained with a super bialkali photocathode, by using a PMT
with a high transmission quartz window and with a Cherenkov
radiator transparent down to wavelengths of about 160 nm. In
addition, an excellent timing resolution localizes the positron
emitting nucleus to about 6 mm r.m.s. along the line of response,
therefore introducing a large improvement of image quality. By
using a suitably modified reconstruction method, this might require
less statistics for a comparable image, thus compensating to a
degree the reduced efficiency. Investigations of all these effects are
in progress and we hope that this work will stimulate further
research, also of other groups, with the aim at the end, of producing
a PET apparatus with improved performance.
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The use of Silicon Photo-Multipliers (SiPMs) as photon detectors in Positron Emission Tomography
(PET) modules offers significant advantages over conventional light sensors, including application in a
magnetic field, better resolution and easier operation. Different types of SiPMs have been tested:
Photonique, 2.1 x 2.1 mm?, Hamamatsu 3 x 3mm? and STMicroelectronics 3.5 x 3.5 mm?2. Dark noise,
surface sensitivity, photon detection efficiency and linearity at low light intensities have been
measured. A LYSO crystal was coupled to a SiPM to test the performance as a photon detector for PET.

We will present the results of the measurements for different samples and types.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Positron Emission Tomography (PET) is a non-invasive method
for in-depth and in vivo imaging of tissue. The positron emitted in
a P"—decay of the nucleus slows down in the tissue and
subsequently annihilates with a nearby electron. The annihilation
gamma-rays of 511keV are usually detected indirectly, through
scintillation in inorganic crystals. Photon detectors, like Photo-
multiplier Tubes (PMTs), detect the scintillation light. The
majority of PET devices use PMTs, but due to their size, relatively
poor ratio of active to total surface and high price, which is a
significant fraction of the total cost of the device, it is worthwhile
to search for alternative detectors of visible and infrared photons.
The sensitivity of PMTs to magnetic fields and the increasing
requirement to unify different image modalities in one measure-
ment, provides an additional reason to search for new detectors.
One would like to incorporate a PET apparatus inside a MRI
magnet for simultaneous imaging of tissue function and density.
A new type of semiconductor detector, the Silicon Photomultiplier
(SiPM) looks very promising [1-4]. Results for the surface sensi-
tivity, energy resolution and linearity, as well as timing resolution
for several SiPM samples are presented.

2. Surface sensitivity

Surface sensitivity is assessed by exposing each SiPM to a
pulsed ~ 5 pum wide laser beam. The SiPM is moved relative to the

* Corresponding author.
E-mail address: ruben.verheyden@ijs.si (R. Verheyden).

0168-9002/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2010.07.006

light source to produce two-dimensional scans (Fig. 1) of the
count rate over the surface of the silicon photomultiplier. Only
SiPM pulses corresponding to the single photon pulse height and
coincident with the laser pulse within a ~ 10ns time window are
selected. Surface sensitivity for different SiPMs (Hamamatsu
H100C, CPTA/Photonique S137 and STMicroelectronics) were
measured and found that they are fairly uniform across their
surfaces. More detailed surface scans of the SiPMs, shown in Fig. 1,
reveal the pixelated structure of the SiPMs and reflect the internal
structure of quenching resistors and diode cells for every SiPM.

The Hamamatsu H100C and CPTA/Photonique S137 SiPM used
for the surface scans were 1 mm x 1 mm sized samples. However,
larger sized samples of these companies use the same technology
as the small ones so the results should be similar. It is important
also to note that the SiPMs from STMicroelectronics have
additional thin trenches filled with oxide and metal surrounding
the individual cells. Such a trench serves to reduce the electro-
optical coupling between individual micro-cells. One disadvan-
tage of this trench is the reduction of the fill factor ( ~36%) of
this SiPM compared to SiPMs from other manufacturers
(H100C ~ 75% and S137 ~ 60%).

3. Energy resolution

The energy resolution of the SiPMs has been measured by
coupling a LYSO crystal from Sinocera [5] (Fig. 2) to the SiPMs and
measuring the coincidence annihilation y’s from a ??Na source.
The LYSO crystal has a fast decay time (40-44ns), a high light
yield (75% of Nal), an intrinsic energy resolution of 20%, and a
peak emission wavelength at 428 nm. The crystal was wrapped
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Fig. 1. Two-dimensional scans for (a) Hamamatsu H100C, (b) CPTA/Photonique and (c) and (d) STMicroelectronics. Surface scans are valuable to assess the surface
sensitivity of SiPMs, (a)-(c) were performed with a step size of 1 um and clearly show the structure of individual SiPM cells. (d) shows a part of a larger surface scan

(STMicroelectronics with a step size of 3 um).

SiPM+LYSO SIPM+LYSO

Fig. 2. Schematic of the setup used to measure the energy resolution of single
SiPMs. A LYSO crystal coupled to a SiPM was used as triggering detector for the
coincidence measurement.

with teflon and attached to the SiPM using optical grease to
ensure a good optical coupling between the crystal and the SiPM.
Fig. 3 shows the results for the three SiPMs, exhibiting a ~ 19%
FWHM for CPTA/Photonique and STMicroelectronics, and 10%
FWHM for Hamamatsu H100C. The energy resolution measure-
ments are limited due to the intrinsic energy resolution of the
crystal. Note that the results for the energy resolution were not
corrected for the non-linear behaviour due to the finite number
of cells.

Photonique and STM offer smaller pitch (~ 50 x 50 um?)
compared to the used Hamamatsu H100C SiPM which has a
larger cell size (100 x 100 um?). Hamamatsu also offers SiPMs
with a smaller cell size, however a larger cell size, using the same
technology, results in a higher geometrical efficiency (higher PDE)
and higher gain (better timing). On the other hand, it also reduces
the number of cells per mm?, and thus effectively reduces also the
dynamical range. This becomes manifest in the non-linear
response of the Hamamatsu SiPM due to the total number of
scintillation photons from the LYSO crystal exceeding the number

of cells as shown in Fig. 4a. For the Hamamatsu H100C (900 cells/
3 x3mm?) energy linearity was evaluated (see Fig. 4a) by
measuring the energy spectrum for three different radioactive
sources (?’Na, '37Cs, and the !7®Lu background of the LYSO
crystal).

For the STMicroelectronics (4900 cells/3.5 x 3.5mm?) a uni-
form illumination from a laser was used to study the linearity. The
laser light intensity was controlled by using neutral density filters.

The results for linearity of the Hamamatsu and STMicroelec-
tronics samples (Figs. 4a and b) are in agreement with the
expected behaviour due to the number of pixels. Devices with a
larger number of pixels/mm? provide a better linear response over
a wider dynamic range.

4. Timing resolution

In PET scanners, the time difference between two back-to-back
photons yields information about the position of positron-
electron annihilation in the patient’s tissue. This information
can be used to improve the imaging resolution due to much
higher background rejection. Therefore, the accurate determina-
tion of the position of an event is dependent on the time
resolution.

One of the issues is whether the intrinsic timing resolution of
SiPMs limits the coincidence timing. Therefore the intrinsic
timing resolution of two Silicon photomultipliers from different
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Table 1
The time resolution after time-walk correction for different SiPMs.

1 mm? SiPM S137 H100C
Ored (PS) 182 145
Obiue (PS) 151 136

producers was measured by exposing the samples to very weak
light pulses ( ~ 10 ps width) from a PILAS [6] laser. The laser light
intensity was controlled with neutral density filters and was set to
the single photon level.

Although not that fast as for example a microchannel plate
PMT, the time resolution of the measured samples amounts to
100-200 ps (Table 1). The measurements of the time resolution at
different wavelengths (blue 405 nm, and red 635 nm) show that
the measured samples give a better time resolution in the blue
light region. This makes them good candidates to be used together
with the LYSO crystal (peak emission at 428 nm).

First measurements with Hamamatsu 3 x3mm? SiPMs of
back-to-back y’s resulted in a timing resolution of ~442ps
(Fig. 5). This result can be attributed to the expected slower
behaviour of the used larger sample size due to its higher
capacitance. This larger capacitance results in a slower rise-time
which in turn worsens the timing resolution of the SiPM. Another
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limiting factor is a relatively high discrimination level at about 10
photo-electrons. Using fast pre-amplifiers with a wide dynamic
range would enable the single photo-electron timing discrimi-
nation and improve the timing resolution.

5. Conclusions

Silicon photomultipliers seem to be a very promising detector
for PET. The main advantages are their insensitivity for magnetic
fields and their compactness. Surface sensitivity, energy resolu-
tion and timing resolution of several SiPMs have been evaluated.
The relatively good energy resolution and fast response might
enable to reduce the background in PET imaging and thus to

improve the resolution. Further studies will be performed
using SiPMs in a PET module to assess the possibility of using
SiPMs as photon detectors in a NMR-PET combination. All three
measured SiPM samples show a reasonable performance to be
used for PET.
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273 2011 8 08 121 5 2 7 6 2

274 2011 8 0.8 145 2 1 1 1 0

275 2011 8 08 143 12 12 4 10 10 3

276 2011 8 0.8 177 13 13 4 14 14 5

277 2011 8 0.8 157 0 0 0 0 0 0

278 2011 8 08 173 5 5 2 4 4 1

279 2011 8 08 138 2 1 0 2 1 0

280 2011 8 0.8 140 1 1 0 1 1 0

281 2011 8 08 143 1 1 0 1 1 0

282 2011 8 0.8 145 6 5 2 7 2

283 2012 8 0.8 127 0 0 0 0 0

284 2012 8 0.8 156 16 14 6 19 17 7

285 2012 8 0.8 134 4 4 2 2 2 1

286 2012 8 0.8 176 0 0 0 7 4 2

287 2012 8 0.8 164 2 2 1 3 3 1

288 2012 8 08 164 2 2 1 2 2 1

289 2012 8 08 164 1 0 0 1 1 0

290 2012 8 0.8 174 0 0 0 1 1 0

291 2012 8 0.8 179 1 1 0 1 1 0

292 2012 8 0.8 156 2 2 1 2 2 1

203 2012 8 0.8 163 1 0 0 1 0 0

294 2012 8 08 161 1 1 0 1 1 0

295 2012 8 08 138 0 0 0 0 0 0

296 2012 8 08 151 0 0 0 0 0 0

297 2012 8 08 155 0 0 0 0 0 0

298 2012 8 08 156 1 1 0 1 1 0

299 2012 8 0.8 103 0 0 0 2 2 1

300 2012 8 0.8 162 0 0 0 0 0 0

301 2012 8 0.8 169 0 0 0 0 0 0

302 2012 8 0.8 144 0 0 0 0 0 0

303 2012 8 08 160 3 3 1 4 4 1

304 2013 8 0.8 133 0 0 0 0 0 0

Leto STD/ &t WoS: §t. ¢istih normirano §t. Scopus: | ¢istih | normirano §t.
St.dela .. §tevilo STK . citatov | citatov | Cistih citatov |St. citatov  citatov | Cistih citatov
izdaje 4 ) avtorjev. ey (I (NC) (TC) (1) (NC)

Vsota
celotno 304 | 263.6 4252 3604 1608 4602 | 4068 1904
obdobje
Vsota
zadnje izv. 77 662 324 280 106 339 296 11
obdobje
Prva § 189 14 10 13 7 5 5
avtorstva




Pomembna dela:

11 17 109 162 163 207 231 262

Zbirnik za 1.3.2 Dokumentirani objavljeni referati na mednarodnih kongresih

5 Leto St WoS: §t.| c¢istih 'normirano §t. Scopus: @ Cistih | normirano §t.
St.dela | . . | STD | STK . citatov | citatov  Cistih citatov $t. citatov| citatov = Cistih citatov
izdaje avtorjev (TC) (CI) (NC) (TC) (CI) (NC)
306 2000 2 1 2 | | | 0 0 0
307 1997 2 02 18 | | | | |
308 1997 2 02 15 12 3 3 14 10 10
300 (1998 2 02 25 | | | | |
30 199 2 02 26 14 9 9 14 10 10
3 2000 2 2 1 | | | | |
312 2000 2 0222 9 | | | | |
3132002 2 0333 6 | | | | |
314 2002 2 02 10 | | | | |
315 2002 2 02 13 | | | 0 0 0
316 2003 2 05 4 | | | | |
317 2004 2 04 5 | | | | |
318 2004 2 02 17 | | | | |
319 2005 2 05 4 | | | | |
320 2005 2 02 22 | | | | |
321 2005 2 02 (22 | | | | |
322 2005 2 1 2 | | | | |
323 2005 2 02 21 | | | | |
324 2006 2 02 (22 | | | | |
325 2006 2 04 5 | | | | |
326 2007 2 0667 3 | | | | |
327 2007 2 0222 9 | | | 1 1 1
328 2008 2 04 5 | | | 0 0 0
320 2008 2 025 |8 | | | 0 0 0
330 2008 2 0333 6 | | | 1 1 1
331 2009 2 0286 7 | | | 0 0 0
Leto STD/ St WoS: §t.| ¢istih |normirano §t.| Scopus: | Cistih  normirano §t.
St.dela .. §tevilo STK . citatov | citatov | Cistih citatov | $t. citatov citatov  Cistih citatov
izdaje. 4 avtorjev. “pey (1) (NC) (TC) (C) (NC)
Vsota
celotno 26 107 28 19 19 28 20 20
obdobje
Vsota
zadnje izv.
obdobje




Prva

avtorstva 7 4.3 2 2 2
Pomembna dela:
310312315316 318 326 329
Zbirnik za 4.4 Objavljeni prikazi, porocila, ekspertize
5 Leto St WoS: §t. ¢istih normirano st. Scopus: | cistih | normirano st.
St. dela izdaie STD | STK av tor:' v citatov | citatov | Cistih citatov |St. citatov citatov | Cistih citatov
J L (TC) (ChH (NO) (TO) (CIH (NO)
332 199% 05 05 |1 | | |
331997 05 0167 3 | | |
334 1997 05 0167 3 | | |
335 1997 05 0167 3 | | |
336 1997 05 0167 3 | | |
337 1999 05 0125 4 | | |
338 2003 05 025 2 | | |
339 2004 05 05 1 | | |
340 2007 05 005 317 | | |
341 2008 05 005 31 | | |
342 2010 05 005 473 | | |
5 Leto STD/ St WoS: §t.| ¢istih |normirano §t.| Scopus: | ¢istih | normirano §t.
St. dela izdaie Stevilo| STK av tm:' v citatov | citatov | Cistih citatov S§t. citatov citatov | Cistih citatov
1€ del ! (TC) = (CI) (NC) (TC) (D) (NC)
Vsota
celotno 11 2.2
obdobje
Vsota
zadnje izv. 1 0.1
obdobje
Prva 3011
avtorstva

Pomembna dela:

331336 338

Ljubljana, 11.4.2013

Rok Pestotnik

Do BLLA
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