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B factories: CP violation in the B system
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B factories: a success story

Measurements of CKM matrix elements and angles of the unitarity
triangle

Observation of direct CP violation in B decays

Measurements of rare decay modes (e.g., B>tv, Dtv)

b—>s transitions: probe for new sources of CPV and constraints from the
b->sy branching fraction

Forward-backward asymmetry (Ags) in b—>sl*l- has become a powerfull
tool to search for physics beyond SM.

Observation of D mixing
Searches for rare t decays

Observation of new hadrons

Peter Krizan, Ljubljana



Luminosity at B factories
(fb™)
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——KEKB 1 : >1ab’
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What next?

B factories = is SM with CKM right?
Next generation: Super B factories - in which way is the SM wrong?

- Need much more data (two orders!) because the SM worked so
well until now - Super B factory

However: it will be a different world in four years, there will be
serious competition from LHCb and BESIII

Still, ete” machines running at (or near) Y(4s) will have considerable
advantages in several classes of measurements, and will be
complementary in many more

Peter Krizan, Ljubljana
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Power of ete, example:
Full Reconstruction Method

o Fully reconstruct one of the B's to
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest

B 7 <: B>X, | v,

o e B>Kvv
(SGQVﬂg «—e+(3.5GeV) | B3Dev, v
Y(4 -
B / (3 full reconstruction
s B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana



Event candidate B- > 1t v,

Exp 33 Run 678 Farm ¢ Event 1707483
Eher Q.00 Eler 0.0C Mon Feb 8 17z55z46 2004

BEI I E TrglD ODetVer O MoglD 0 BField 150 DspVer 7.50
Ptot(c 0.0 FEtot{gm} 0.0 SVD—M DGCDC—M 0O KLM—M_ 0O

B—l— s D07_r+ W i
(— K wntn)

BT — ‘T(—> euD)U
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B—D®)tv
Semileptonic decay sensitive to charged Higgs

Ratio of t to u,e could be reduced/enhanced significantly

B(B — Dtv)
B(B — Dév)

1

R(D) =

" T.Miki, T.Mimuta and

Compared to B—1tv M.Tanaka:hep-ph 0109244.

1.Smaller theoretical uncertainty of R(D)

0.8

R(D)

For B—1v, >
There is O(10%) fs uncertainty from lattice QCD " 2
2.Large expected Br (Ulrich Nierste arXiv:0801.4938.) \//
B(B~ — D%~ 5,)5™ = (0.71£0.09)% . S e
B(B® — Dtr~i,)5M (0.66 + 0.08)% tan
B(B —tv)=[1.657 3 (star)*y (sysi)]x10™ i

3. Differential distributions can be used to discriminate W* and H*
4. Sensitive to different vertex B>t v: H-b-u, B>Dtv: H-b-c
(LHC experiments sensitive to H-b-t)



Exclusion plots for
tanp and H* mass
for 5ab-!tand 50ab-
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FIRST OBSERVATION - 2007

BF (B > D tv.)=(2.02 0% (stat ) £ 0.37(syst ) x 1072

B->D*tv — similar constraints on H*

[PRL 99, 191807 (2007)]

535M BB

SIGNAL YIELD N_= 60

*12 6.70 (5.20 with syst.)
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Update at this workshop
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B -K®vy

arXiv:1002.5012

B—Kvv, B~ 4-1076 WE L
B—K*vv, B~ 6.8:10°6 Sy My
Fla= 03 |
= :
SM: penguin+box sl
Look for departure from the N
expected value =2 Sl |
information on couplings Cv, o2 |
and Cv, compared to (Cv ) 03 |
Again: fully reconstruct one 4,50 n yoeos| @ I
of the B mesons, look for | e
signal (+nothing else) in the arXiv:100é.iS4i |

rest of the event.

not possible @ LHCb L N B S



CP violation in B>Kr0

CP violation in B>K¢r% decays:
Search for right-handed currents

B—K*, B~ 4.0-10-3

dS ~0.2 (present)
- ~a few % at 50 ab!

not possible @ LHCb

0 HFAG
K V C + Winter 2009
sT ¥ SCP > LCopiimes

/

| BaBal\
| Belle

| Average

Peter Krizan, Ljubljana



LFV and New Physics

v T U
oy S >3l
%) h \\/'/J(S)
T[T yH® £(8) \ a(s)
)7
(m? )
m SUSY + Seasaw ' B Neutral Higgs mediated decay.
W Large LFV Br(t>uy)=0(10-7~9) B Important when Msusy >> EW scale.
Br(z > 3u) =
2 4 4
BI’(T—),Llj/)E 10_6 X <m_L2)32 [ITer tanzﬂ 4><10_7 % (mé )32 tanﬂ 6 100GeV
My Msysy m; 60 m,
model Br(r—py)  Br(z—lll )
mMSUGRA+seesaw 107 102
SUSY+S0(10) 108 10-10
SM+seesaw 109 10-10
Non-Universal Z’ 109 108
SUSY+Higgs 10-10 10”7 bljana



Rare t decays

LF violating Tt decay?

-5
Upper limits
® T—UY
m TUN
-6 A TOUUP
B factories
Belle, BaBar)
-7
mSUGRA +Seesau\)
SUSY+SO(10)
-8
SM +seesaw
SUSY+Higgs Super ctory
-9
3 )
10 {10

Integ. Lum ( ab-" )
—

Super B factories

)

Reach of B factories

Branching Fatic

Theoretical predictions compared
to present experimental limits

SU3)Evg , Non-degenerate (I)

ng=4x10" GV tan p =30
10-12
10-14
10-16 .
0 500 1000 1500 2000 2500 3000
mi [ ) [ GeV]

T.Goto et al., 2007
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B Physics @ Y (4S)

Charm mixing and CP

Mode Observable  Y(45) ¥ (3770)

(75 ab™l) (300 h

3% 107"

71074

5x107*

4.9 » 107!

3.5 %1074

3% 1072
20

D' —K*r~ ?

D' —KtK~
D' — Kiag+a—

(1-2) x 1077
(1-2) x 1072

cos § (0.01—0.02)

Charm FCNC

Sensitivity

QObservable B Factories (2 a.b_l) SuperB (75 a.b_l)
Observable B Factories (2 ab™!)  SuperB (75 ab™%) | V.| {exclusive) A% (*) 1.0% (#)
sin(29) (J/ K?) 0.018 0.005 (1) |Va| {inclusive) 1% (%) 0.5% (*)
cos(273) (J/v K*0) 0.30 0.05 | Vis| {exclusive) 8% () 3.0% (+)
sin(2d) (DR) 0.10 0.02 |Vis| (inclusive) 8% (%) 2.0% (x)
cos(23) (DR 0.20 0.04
S(Jfa") 0.10 0.02 B(B — 71 20% 4% (1)
S(DTD7) 0.20 0.03 B(B — pv) visible 5%
S(pH") 0.13 0.02 (+) B(B — Drv) 10% 2%
S K" 0.05 0.01 (#)
S(E KK 0.15 0.02 (#)
S(Kx°) 0.15 0.02 () B(B = ) L5% 3% (1)
S(wK?Y) 0.17 0.03 () B(E —w) 30% 5%
(D) 012 0.02 () Acp(B — K*) 0.007 (1) 0.004 (1 %)
Acp(B — p7) ~ 020 0.05
7 (B — DE, D — CP cigenstaies) ~ 15° 2.5° Acplb— s7) 0.012 (1) 0.004 (1)
+ (B — DK, D — suppressed states) ~ 12 2.0° Acp(b— (s +d)v) 0.03 0.006 (1)
7 (B — DK, D — multibody states) ~ 00 1.5° S{EJx"y) 0.15 0.02 (%)
¥ (B — DK, combi.‘ﬂed) ~ B6° 1-2° S(pn’}«) possible D.10
2] (B — TI'TI') ~ 16° 3e AC‘P(B — K*ge) 7% l%
@ (B — pp) ~ 7 1-2° (*) AFB(B . K*ff)sn 25, 9%,
«(B A,‘p'fr) ~ 12: 20“ AFB(B — X 88)s, 25%, 5%,
@ {combined) ~6 E2 () B(B — Kivw) visible 20%
28+ (DO4nF, DI - s B(B — nvi) - possible
t Physics Sensitivity B, Physics @ Y(55)
9 Observable Error with 1 ab™'  Error with 30 ab™
B(T — H ’}’) 2 x 10~ AT 0.16 ps—* 0.03 ps~!
) 0 T 0.07 ps~* 0.01 ps*
B(T — € ’} ) 2 X 10 s from angular analysis 20° 8°
10 Az 0.006 0.004
— 2
B(r - ppp) 2x107 e 0.001 0.001
— s +,,— _ —9
B(r —eee) 2x1071° BUB, = ptu™) <Ex10
Vaa/ Vil 0.08 0.017
B (T — ,zm) 1% 10710 B(B. — v7) 38% %
B from J/ e 10° 3¢
B(T — en) 6 x 1010 3. from B, — KOR® 240 11°
B(r - £KY) 2x1071°

1x1078
2 x 1078
3x1078
3x1078
1x10°%

DY 5 ete,
DY = et

DY ne+e
DY I&’Se"'

Dt = ghet

DY - pp”
DD s TTDF"+“_

: D” — nutp

e”, D* — Koutpu~

e, Dt — atptus

1x1078
1x10°8
2 %1078
3 %1078
3 x107%

Db - etpt
+6i,u,:F
Dei;ﬁ:

Do neiuq:

DY Koetu™

tet 1x10°®
1x10°8
1x10°%

Dt wnetet, D" - K e
DY e utpt, DY 5> K ptp®
Dt s a—etut, DY - K—etp™

M. Giorgi, ICHEP2010



Physics with 50ab! / 75ab!

—>More during this workshop

—>Two recent publications:

e Physics at Super B Factory (Belle II authors + guests)
> arXiv:1002.5012

e SuperB Progress Reports: Physics (SuperB authors + guests)
> arXiv:1008.1541

Peter Krizan, Ljubljana



Physics at a Super B Factory

There is a good chance to see new phenomena;
— CPV in B decays from the new physics (non KM).
— Lepton flavor violations in t decays.

They will help to diagnose (if found) or constrain (if not found) new
physics models.

B->1v, Dtv can probe the charged Higgs in large tanp region.

Physics motivation is independent of LHC.

— If LHC finds NP, precision flavour physics is compulsory.

— If LHC finds no NP, high statistics B/t decays would be a unique way
to search for the >TeV scale physics (=TeV scale in case of MFV).

There are many more topics: CPV in charm, new hadrons, ...

Peter Krizan, Ljubljana



Super B Factory Motivation 2

e Lessons from history: the top quark

Physics of top quark b uet~  d Vg Vo Vi
First estimate of mass: BB mixing > ARGUS _

. . . w— Xwt VCKM_ Vcd Vcs Vcb
Direct production, Mass, width etc. - CDF/D0O 3 - -
Off-diagonal couplings, phase - BaBar/Belle & @ Vs Voo

e Even before that: prediction of charm quark from the GIM mechanism, and
its mass from K% mixing

Peter Krizan, Ljubljana



Accelerators

Peter Krizan, Ljubljana



Need O(100x) more data > Next
generation B-factories

Peak Luminosity Trends (e'e” collider) SuperKEKB
10 40 times higher ol
5 luminosity KEKB
-IDM- e

Luminosity
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The KEKB Collider & Belle Detector

-e (8 GeV) on e*(3.5 GeV)

Belle detector *Vs & My(as)
* Lorentz boost: By=0.425

- 22 mrad crossing angle
- Operating since 1999

Peak luminosity (WR!) :
%ﬁw 2.1 x 1034 cm-2s-1

ARES(LER) gL =2x design value
' Ares RF cavity

SCC RF(HER)

ek

Q@ — et source , .
1 € First physics run on June 2, 1999

Last physics run on June 30, 2010
Lpeak = 2.1x10%%/cm?/s
L > 1ab’l

Peter Krizan, Ljubljana



The last beam abort of KEKB on June 30, 2010

2\ = =
- e eme—
4 = " B
| I {
= =
.Y ®
| - . - M - e -
Y <ty 3 - ! | N = .
"
+ L - v ¥ 2,
\ \ > g :
v M) -

LB rucm |

- Can start construction of SuperKEKB and Belle 11

Peter Krizan, Ljubljana 25



Super
Strategies for increasing luminosity ) JKEXB,

Beam-beam parameter
Lorentz Beam current

factor \

~ y o \I.E*\R ) Lumi. reduction factor
ex y exDy L ]
L= 1+ — m d (crossing angle)&
er, O, y R;c_‘, . Tune shift reduction factor

(hour glass effect)

Classical electron 0.8 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@IP
1 -2 % (flat beam)
1) Smaller B,* < W ”
(1) By = Nano-Beam” scheme
(2) Increase beam currents «

(3) Increase &,
Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB



] ] Super
Machine design parameters @ﬂ

KEKB
parameters ER JER
Beam energy Eb 3.5 8
Half crossing angle ¢ 11
Horizontal emittance Ex 18 24
Emittance ratio K 0.88 0.66
Beta functions at IP | Bx'/By" 1200/5.9
Beam currents b 1.64 1.19
beam-beam parameter Cy 0.129 0.090
Luminosity L 2.1 x 103
- Small beam size & high current to increase luminosity
 Large crossing angle
- Change beam energies to solve the problem of LER short lifetime

M. Iwasaki, ICHEP2010



Super
KEKB

uest for BSM

Belle II .
Colliding bunches

New IR X
N ~

New superconducting
/permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

' H%Fﬂﬁ#ﬁ '
FHHHHA T ovenaee

Redesign the lattices of HER & Damping ring ” ~—a :

LER to squeeze the emittance 'l : ' ‘

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

LI I R
Add / modify RF systems | . sat= !
for higher beam current =

Positron source

New positron target /
capture section

[NEG Pump]




How to do it? (2) SuperB
- Construct a new tunnel at LN
—->Move magnets from PEP-II
—>Move BaBar, upgrade

LaE IAL ==

Tl
=
Q)
v
Q)
Q)
r,

EMC
6580 CsI(TI) crystals

e*(3.1GeV)
/

DIRC (PID)
144 quartz bars
11000 PMs ]

e (9GeV)
T

* | .Drift Chamber
b 40 layers

Silicon Vertex Tracker

mstrumented Flux Return) == 5 layers, double sided strips

iron / RPCs (muon / neutral hadrons)

High Energy Ring
Eupgra'g; of existing ring)

Both Rings Housed in Current PEP Tunnel

\'\
[ ] RF bulldings
|:| Coollng Towers

[ IKiystron PS
[] collider hall




7\
SuperB  Nano-beam collisions with crab waist
) -

Without

Crab-sextupoles

With

Crab-sextupoles

Crab waist scheme: successfully tested in the DA®NE ring



Parameters for 1x103° Lumi (max 4x10%° )

Parameter
LUMINOSITY
Energy
Circumference
X-Angle (full)
Piwinski angle
P« IP

B, e IP

Coupling {full current)

e, (without IBS)
ez, (with IBS)

E]."

o, @ IP

o, @ IP

L.

By

oL {0 current)

o (full current)
Beam current
Buckets distance
lon gap

RF frequency
Harmonic numhber
Humber of bunches
N. Particle/bunch
Tune shift x

Tune shift y

Long. damping time
Energy Loss/turn
o (full current)
CM oe

Total lifetime
Total RF Power

MSEC
Melf
dEE
dEE
min
Mvy

Base Line
HER {e+) LER (e
1.00E+36

6.7 4.18
22.08 18.60
256 3.2
0.0253 0.0205
0.25 0.25

a2
0.036 0.036
11.433
0.050
4.69 4.29
5
1892 2443
2
4.76E+D8
1995
978
5.08E+10 6.56E+10
0.0021  0.0033
0.09700  0.0971
13.4 20.3
2.1 0.565
6.43E04 7.34ED4
5.00E04
4.48
17.08

—

Low Emittance
HER {e+) LER {e]

1.00E+36

6.7 4.18
1258.4
66

32.36 26.30
2.6 3.2
0.0173  0.0145
0.25 0.25

0.021

0.021

8.085

0.030
4.73 4.34
5 5
1460 1888

2
2
4.76E+D8
1995
978
3.92E+10 5.06E+10
0.0017  0.0025
0.0891  0.0892
13.4 20.3
2.1 0.865
6.43E04 F34E04
5.00E04

3 3.00

12.72

High Current
HER (e+) LER (e}

1.00E+36
6.7 4.18
1258.4
66
14.43 11.74
5.06 6.22
0.0292  0.0237
0.5 0.5
1.97 1.82
2.00 2.46
10 12.3
10,060 12370
0.054 0.054
15.944
0.076
4.03 3.6
1.4
3094 4
2
4.76E+D8
1998
1936
4.13E+10 5.36E+10
0.0044  0.0067
0.0684  0.0687
13.4 20.3
2.1 0.865
6.43E04 7.34ED4
5.00E04
.73
30.48

Taw/'Charm (prelim.)

1.00E+35

66
8.50 713
6.76 8.32
0.0658  0.0533
0.25 0.25
1.97 1.82
5.20 6.4
13 16
18.749  23.076
0.092 0.092
29.732
0.1:
4,73 4.36
5 5
1365 1766
1
2
4.76E+D8
1998
1936
1.83E+10 2.37E+10
0.0052 0.0080
0.0909  0.0910
26.8 40.6
0.4 0.166
6.94E04 7.34ED4
5.26E04
6.79
3.1

o\
superb
) 4

Tau/charm
threshold running
at 103>

Baseline +

other 2 options:
eLower y-emittance
eHigher currents
(twice bunches)

Baseline:

due to IBS
eAsymmetric beam
currents

RF power includes
SR and HOM
M. Giorgi,
ICHEP2010



. £\
Interest of running at charm threshold SuperB

Decays of y(3770) = D°DP produce coherent (C=-1) pairs of D”s. \ud
e 3 months of running will give 500fb-1; 50x BES-III

T I | I T I T T I T I T | T I T T T I | I T I T T I T I T | T I T T
- mar () ) kxR () 1 L ] Ko () |
- W KhH () — 1-5 ¢ fit contours 4 - Il KHH (xy) K5z’ (80, |
K (xPy) i C B KT xPy) KT (8,) i
1-5 o fit contours
0.015 — — o015 — ]
- (a) Super B 4S only s i {c) Super B with 500 b’ at W(3770 ]

e Precision charm mixing,

o CPT Violation, rare decays, CPV using quantum correlations,
decay constants, ...

A. Bevan, Capri Workshop July 2010



Polarized beam helps to reduce irreducible {Il A\

background in tau_c_lecays (e.g. t=>puy) superb

arXiv:1008.1541v1
[hep-ex]

 Applying a rectangular cut|
eff. on signal ~40-45%
bkg retained ~ 10-15%

&
E & .
T[T

TagH:
PEREEE

B(t=uy) 210°° l B(t=uy) 1107°
B(t>ey) 210° B(t>ey) 110°

Sensitivity improves at least by a factor 2.
Equivalent to a factor 4 increase in luminosity.

TS T T T T I T T T Y T T T O T W Y O
- -08 -08 -04 -02 o 02 04 08 08 1

Halicity angle M. Giorgi, ICHEP2010



Study is in progress on
a shorter version,
. - . entirely fitting the LNF
site .

---------
-------------

™
\'\

[ ] RF bulldings
|:| Coollng Towers

[ ]Kiystron PS

Colllder hall

Polarization is understood and feasible!
Parameter flexibility allows 103¢ peak lumi without stressing limits!

No impediment caused by the photon operation is seen so far to
prevent design operations of SuperB for HEP. M. Giorgi, ICHEP2010



Detectors

Peter Krizan, Ljubljana
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< Requirements for the Belle II detector

Belle IT

Critical issues at L= 8 x 103%/cm?2/sec

» Higher background ( x10-20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x10)

- higher rate trigger, DAQ and computing
» Require special features

- low p u identification < spu recon. eff.
- hermeticity < v “reconstruction”

Solutions:

» Replace inner layers of the vertex detector
with a pixel detector.

» Replace inner part of the central tracker
with a silicon strip detector.

» Better particle identification device

» Replace endcap calorimeter crystals

» Faster readout electronics and computing
system.

Very similar reasoning also for SuperB

) 0.0 Etot

B6 Event

ExpMC 2 Exp 25 Run
Eher B.00 Eler 3.50 Date 1031120 Time 90351
B EL L E TrgiD ODetver 1 MaglD 21 BFleld 1.50 DspVer 7.50

Plot(ch

(gm) 0.0SVD-M 0CDC-M 2KLM—M 0

Péter"Kriian, Ljubljans
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Belle IT in comparison with Belle

1 | 2 | 2 | 4 | 5 | g | 7 | B | 9 | 10 | 11 | 12z

Be”e Il SIDE VIEW

Super conducting coil
8 i '
[=1=]
2:41(_'§LI"L\':“!;;":‘Q“"‘"T“.?‘Q"“"*\‘,N S dtng .
— Cslises’ ~/ ~ i
Barfel PID 1 # 1 7> i
° | r =T
2 [ fte
B PXD( layers) oz |52
) ayers _u,_,_x__:___.._-_-_-'_ il =
310 570 / =
D iy isi _ 280
) - e:Fhajl cen cﬂ;nber = 8
§ Qcs| 2 — il |acs E g
1 .\ _ _ _ _ [+ e, = o o — i _ _

T 1
|—=_—,':l |I".II SVD S \—‘ g }'
e — T g—' \IP Chamber : i

=r==="1 [P

435(Cryostat)| B0O(Cryostat)

— A | cpc

|
P B
F By . r’((\‘{\ i, /Z« ({Z
e, '\ T
¢ I

A1250

o R

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs IE[

CDC: small cell, long lever arm Belle

1 L
HHHH HAAHAHAHFAAA / I 208 ”\\ NS R -~: H
— S L L L L ARRERRERRR RS P 4>«- LA AL g
> e B | X
G I
e~
i
"»LI'M !
S s

ACC+TOF = TOP+A-RICH = Il C

X

Bellz &
lls-li{Nano beam option)

ECL: waveform sampling, pure Csl for end-caps Parameters are preliminary =mge [=.m

KLM: RPC - Scintillator +SiPM (end-caps) E " " Y. Ushiroda, ICHEP2010




DEPFET:

DEpleted P-channel FET

Beam Pipe
DEPFET

DSSD

Layer 1
Layer 2

Layer 3
Layer 4
Layer 5
Layer 6

FET gate amplifier

I‘ — 10mm p*s:;u,.“ET mC:I:angute p}’_ﬁf
r=14mm

r=22mm

r= 38mm

r= 80mm
r=115mm ‘_[_
r=140mm P J_ﬂ

] ‘e@

A prototype ladder using the first 6
inch DSSD from Hamamatsu has
been assembled and tested.
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Belle IT
Significant improvement in IP resolution!

Expected performance ,-.._°

ppfsin”

\ﬁl:r::act parameter resolution d0_ | E \::T::ad parameter resolution z0 | Pixel detector close
~ T o \\ Less Coulomb 3l e po to the beam pipe
£ SN scatterings 'B' 5 1
S ¢ X § [\ Belelr

) N i
o SN ? \x\\,c elle IT
\ \ \\ . N
- *i\_'.\ - o M —

10 TEe =S =~ — '__*L_;_;__;;::: R

T e e e 10 S, e

0 0.5 1 15 2 25 a/? (]IH‘0.5“‘“II‘“1.5IIH2IH‘2.5HH3H
pB*sin(8)™" [GeVi/c] pB*sin(G)m [GeVic]

0 1.0 2.0 0 1.0 2.0
ppsin(8)2 [GeV/c] ppssin(0)>[GeV/c]
Y S

Significant improvement in 85( Ksn%)

| g —=> IP profile

....
....A

Y

B decay point reconstruction
with K trajectory

@, 250MBB

@ 535MBB

-1
10" - /

Larger radial
coverage of SVD

L
10! 1 10

L(ab™)

rcuwct nizdail, |__|U|J|jana
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Particle Identification Devices! tdcap PID: Acrogel RICH (ARICH)

—| Barrel PID: Time of Propagation Counter (TOP)

MCE-BRAT &?@nﬁ'@m;
I

@wmd
Aerogel radiator

Small expansion block n~1.05

Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
+ new ASIC

‘)—z \Fz \.&{'.\\:..-".\
] P

Fonward
Focusing mirror

5 55 5555 55 5

Quartz radiator

% \ \ | i i 7 7 77 7 7 F, 7 7

S

777min. / B00max. 1590
1650

1000

L aylinder] \ TOF =upport brackst \ TOP QBB{Quartz bar box) ﬁ / I 1

cDC
IDS{Inner detector support) and COC-SC{Suppornt cylindsr):t

Peter Krizan, Ljubljana




e (Quartz radiator

— 2.6mt x 45cmW x 2cmT

— Excellent surface accuracy

e MCP-PMT

— Hamamatsu 16ch MCP-PMT

e Good TTS (<35ps) & enough lifetime
e Multialkali photo-cathode - SBA

e Beam test in 2009

— # of photons consistent

— Time resolution OK

012~ HH-HH beam data

simulation data

# of photons

2501

150

100

200

50

900

220

240

TOP (Barrel PID)

260

280

2I‘l

300 320 340

[1count/25ps]

150 —
100—

50—

Yoo’

1 st
2n
IR PO S Y T m\w\-ijwuu\_wu
320 340 360 380 400 420 440
[1count/25ps]

Peter Krizan, Ljubljana



Aerogel RICH (endcap PID)

[ RICH Hit Map, w.r.t. track | rich_2d_1

Cherenkov angle distribution

BG / track : 2.00 +- 0.03

’ . £ 3 _—m Entries 64801
Hamamatsu HAPD i -1 s i
Q.E. ~33% (recent good ones) g Emme i
G000 = sigma 0.01.349 ;;.t;uno?
4000 s ; -
E # of tracks : 2700
RICH with a novel S ‘Li?::‘;?:;::i";’f;;*;.";fc."f|

2000

[ e WEE S B ] BT e | PTTE PR R
Do 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

“focusing” radiator —
a two layer radiator

v

Employ multiple layers with
different refractive indices=>
Cherenkov images from
individual layers overlap on the
photon detector.

6.6 0 /K at 4GeV/c!

Peter Krizan, Ljubljana




Lot SuperB Detector (with options)

) 4

BEMC Inexpensive Veto IFR Optimized layout. Plan to reuse yoke.
device bringing 8-10% J Still need to resolve engineering questions.

2:385m

sensitivity improvements for

M&GNET

B->1v. Low momentum PID

via TOF? Technical Issues? [ UPR (98 BELT 6Layer SVT
:| I'_‘.\ELEEI I CABLES -
o, T I I LO Striplets @

hx-k‘-jim FMT SHIELD 1.6cm if
~. background is
} Ei“wx acceptable as
H-_E.._"’_:"_\_‘H- = b | SUFERCONDIICTING SOLENDID | in_-}l:rljf defa‘UIt' MAPS
o BARFEL CALORIMETER o OptIOH

BASELINE DESIGN

iy

o 0 fmm
G
DESION OFTIONS oA CDIN Dhuweirc
UL (ETIALAE Ir i riilyoilvo
gains about 5% in
T B>K(*)vv.
e . - Somewhat larger
&3 gains for higher
.m = = EnE
e multiplicities
L
-
e ,
27 |
, L'WE IFR BELT
FLOKR
P Ty AP e M g e E e T E A R R R T g TR R A T T S Rt g T T e g |

M. Giorgi, ICHEP2010



Background Issue: sources

) Cross section Evt/bunch xing Rate
Beam Strahlung ~340 mbarn ( Ey/Ebeam > 1% ) ~850 0.3THz
e*e” pair production ~7.3 mbarn ~18 7GHz
(seen b3+f(')pgr1 50m) ~0.07 mbarn ~0.2 70 MHz
Elastic Bhabha O(104) mbarn (Det. acceptance) ~250/Million 100KHz
Y(4S) O(10%) mbarn ~2.5/Million 1 KHz
Loss rate Loss/bunch pass Rate
Touschek (LER) 4.1kHz / bunch (+/- 2 m from IP) ~3/100 ~5 MHz

radiative Bhabha = dominant effect on lifetime
Two colliding beams :

e+e- e+e- production - /mportant source for SVT layer-0

synchrotron radiation - strictly connected to IR design
Single beam : ] Touschek > negligible in BaBar, important in SuperB
beam-gas

intra-beam scattering

Collimators, dynamic aperture and energy acceptance optimization solve the
problem of Touschek background in LER

M. Giorgi, ICHEP2010



Status of the projects

Peter Krizan, Ljubljana



13 countries/regions, 54 institutes

Ocean

300 collaborators,
>100 from Europe

Peter Krizan, Ljubljana 46




D
o] SuperKEKB/Belle II funding Status

Belle I
KEKB upgrade has been approved

e 5.8 oku yen (~MUSD) for Damping Ring (FY2010)

e 100 oku YEN for machine -- Very Advanced Research
Support Program (FY2010-2012)

Continue efforts to obtain additional funds to complete
construction as scheduled.

Seve ra I non _Ja pa nese fu nd i ng KEKB upgrade plan has been approved
agencies have already allocated PO
sizable funds for the upgrade.

- construction started!

opyright(c) 2010, HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION, KEK | profficegkok jp | Copyright | Send Cuastion
. !



Construction Schedule of SuperKEKB/Belle 1

FY2010

e+ new matching & L-band acc.

FY2009

Linac

FY2011

FY2012 FY2013 FY2014

RF-gun & laser system

“ | e+ beam commissioning >

A1 gallery
extension

_ move
| Design study /| Commissioning at test stand to Al
| e- beam commissioning >
Damping Ring Facilities] __ Tunnel construction >
Building DR >
Componen A construction commissioning
Mass Fabrication > | Installation >
Main Rlng Facilitied Building construction >
Componen i MR >
Mass Fabrication commissioning
| Installation >
BEAST I1
Belle IT Detector Ad-hoc detector for MR commissioning

Mass Production

Construction >

Belle roll-out
in Dec. 2010

Installation (E-cap)

Installation >

(Barrel)
Cosmic Ray|Test

| Installation (KLM)

Ready to Roll-in

48



Luminosity upgrade projection

70
60— . A
: Milestone of SuperKEKB
2 - Plan: reach 50 ab-’
é aof- 9 month/year in 2020~2021
3% a0 20 days/month
3L -
S 20
i) -
= 10
: | | 5 ab-' in 2016
35 — — —
2110 8__ Commissioning starts
S~ 6 mid of 2014
EL [
3 g 4_ Shutdown
€~ 20 forupgrade
o .. e s
2810 2012 2014 2016 2018 2020 2022

Year
Peter Krizan, Ljubljana



Superp Towards green light

e The project is the first “flagship project” of the new national
research plan

e The project has been mentioned as a reciprocity condition in a
Russian-Italian agreement on ignitor (nuclear fusion)

A formal commitment with INFN for the project with the
declaration of some available budget in the current year is
expected.

*This commitment will set the start of the project.

M. Giorgi, ICHEP2010
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PNR on newspapers & Minister press release

Estrafio da pag. 25
Comunicato stampa del 26 Aprile 2010 - Mur

)
Q o m Ministere dell'lstruzione, dell'Universita e della Ricerca

Home » Minstero » I Ministro » Comunicati Starmpa » 2010 » 260410

Istruzione

Ministero

Ufficio Stampa
Roma, 26 Aprie 2010
RICERCA, VERTICE ITALIA-RUSSIA, GELMINI FIRMA ACCORDO SU RICERCA NUCLEARE

Opgi, il mimisiro Mariastella Gelmind, in cccasione del vertice italo-russo di Lesme, ha fimnato una dichisrazione
d'intenti tra il MIUR & 1 Ministero della ricerca scentfica russo per |a realizzazione di dus impeoranti proget per la
promozione della ncerca nel settore dela fusione nucleare.

L'intesa riguarda i programmi di ricerca denominati TENITOR" e "5UPER B, Il programma “IGMITOR" preveds |a
realizzazions in Russia di un nnovative reattors sperimentale a fusione nucleare che vema uiizzate come fonte di
energia.

Il programma “SUPER B riguarda |a reslizzazione n Halia di un acceleratore o particelle di nuova generazone
che consentrd una pil alta menssa di collisioni tra partice’e, permettenda la produzicne di “quark pesand™

M. Giorgi, ICHEP2010



Summary

B factories have proven to be an excellent tool for flavour physics,
with reliable long term operation, constant improvement of the
performance, achieving and surpasing design perfomance

Major upgrade at KEK in 2010-14 - SuperKEKB+Belle II, L x40,
construction started

SuperB in Frascati: build a new tunnel, reuse (+ugrade) PEP-II and
BaBar, waiting for approval

Physics reach updates available

Expect a new, exciting era of discoveries, complementary to the LHC

D Super 7\
I KEKE Superb
Belle I > U

Peter Krizan, Ljubljana




Additional slides

Peter Krizan, Ljubljana
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Belle Il

BKG/BKG(2003)
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Luminosity term
Touschek

Beam-Gas
Synchrotron Radiation

Background composition
derived from background study
data, which is then scaled by
Luminosity, beam current etc.

x10 to x20 as large background
as that of 2003 conditions
(~worst during Belle running)

Aim for similar or better detector
performance even under x20 bkg

Peter Krizan, Ljubljana 54




Barrel PID: Time of propagation (TOP) counter

y

Linear-array type z )kx

photon detector

e Cherenkov ring imaging with

e Reconstruct angle from two coordinates and the
time of propagation of the photon

— Quartz radiator (2cm)

— Photon detector (MCP-PMT)
e Good time resolution ~ 40 ps
¢ Single photon sensitivity in 1.5

Quartz bar

Array of

fast PMT's

O s 0 510 J‘Ksn
X (cm)

Peter Krizan, Ljubljana



Events

B Barrel: TOP counter

B End cap: Aerogel RICH 200

—->Up to 80% gain in sensitivity

/~  Expected impact, example \_;:
B->K*y: background reduced =
from blue (present Belle) to red

400

(TOP+ARICH)
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