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Super .
KEKB B factory physics program

p- uest for BSM
- I

B factory main task: measure CP violation in the system of B mesons

specifically: various measurements of complex elements of
Cabbibo-Kobayashi-Maskawa matrix

w* %i
CKM matrix is unitary — _8<
Vii ™ g,

deviations could signal processes not included in SM 1J 93
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Super
KEKB ~ CKM matrix

0

R

Transitions between members of the same

family more probable (=thicker lines) than
others

> 4

—->CKM: almost a diagonal matrix, but not
completely >
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—->CKM: almost real, but not completely!
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Super
) KEKB = CKM matrix

Wolfenstein parametrisation: expand in the parameter A (=sin6.=0.22)

A, p and n: all of order one
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Su
@ KE% Three Angles: (¢,,9,,9;) or (B, a, v)

uest for BSM
I

Angles: measured in CP

. violating processes
Vuqub

VEEVERE
Vchcb

B->DK

Big Questions: Are determinations of angles consistent with
determinations of the sides of the triangle? Are angle
determinations from loop and tree decays consistent?

Peter Krizan, Ljubljana



Suver  CP Violation in B decays to CP
KEKB :
>, uest for BSM elgenStateS fCP
%ﬂ _ sin2d; =+ 0.7
éf ol
N
R
2 £.2
S-{}:r&i :

/1 (B ()= fep)+ (B (1) > f, CP)

= 21 for CP=+1
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Super

ﬁgﬁgm The KEKB Collider
SCCRF(HER) _g 2 \o S Ee”e detector g y 3.5 GeV

22mrad crossing angle

5

>

World record:
L=2.1 x1034/cm?2/sec

ARES(LER) ‘&'\.\

Qa — e* source

>,




Super

KEKBE Principle of measurement

. — e Fully reconstruct decay
B ot;\l3 J/\I{ “““ I _ _:>to CP eigenstate
Bep | o T
D e C P.,I:K ........ <n+ """ I ; Tag flavor
I e ———— | ! of other B
= o —— / K™ from
- 9: At=Az/BycC ) S L charges
determined«l=-—=---=-=-"- Salaiahd . of typical
BC(BY) _ U decay
Determine time between decays products
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Q ig%% Belle spectrometer at KEK-B

u and K; detection system

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
\ (n=1.015-1.030)
3 ‘\'ld P

Silicon Vertex De
(4 layers DSSD

Electromag. Cal.

= = LN g (CsI crystals, 16X,)
8 GeV “ ne S | = |
N ' o .= Central Drift Chamber

(small cells, He/C,Hy)

\ ToF counter
1.5T SC solenoid
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KEKB
uest for BSM Bel Ie SpeCtrOmEter
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@ Super Korean contribution to the

e Major role in ECL construction (SNU,YU)
o ECL trigger/software (Hanyang,SNU,YU)
e EID software development(YU)

e TOF calibration (SKKU)

e DAQ upgrade (KU,SKKU)
e GDL upgrade (KU)
e SVD (KNU)




Q ig%% Belle spectrometer at KEK-B

uest for BSM
I

u and K; detection system

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
ﬂ (n=1.015-1.030)
N \Qﬂb 8

Silicon Vertex De
(4 layers DSSD

= ' Electromag. Cal.
g (CsI crystals, 16X,)

N> AN ™.~ Central Drift Chamber
A (small cells, He/C,H;)

ToF counter
1.5T SC solenoid

+ an extremely well operating KEK-B collider -

Peter Krizan, Ljubljana



@ | CP violation in the B system

0

CP violation in B system:
from the discovery
(2001) to a precision
measurement (2006)

sin2¢,=sin2p from b->ccs

535 M BB pairs

Entries /0.5 ps

Asymmetry

[ B — JiyK®

BO tag
BO tag

sin2¢,= 0.642 £0.031 (stat) £0.017 (syst)

Peter Krizan, Ljubljana




Super _
KEKB  All measurements combined...

uest for BSM
I
WMEEST T T T T T A I AL
0.6 ; ¥ AM _. \% —E
05 : d / € —%
- 0.4 El . . —g
0.3 & _.:_
0.2 _:
0.1 E
B
0.0 o 1 Lt — :
Probability for a b quark P T
to turn into a u quark > CP asymmetry oscilation
determines the length of amplitude - angle ¢, =f
the side V,,,

Constraints from measurements of angles and sides of the
unitarity triangle

- Remarkable agreement



Super _ :
KEKB — Consistent picture

uest for BSM

- —

Relations between
parameters as expected in *.
the Standard model =

Peter Krizan, Ljubljana
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Super .
KEKB B factories: a success story

® Measurements of CKM matrix elements and angles of the
unitarity triangle

® QObservation of direct CP violation in B decays

® Measurements of rare decay modes (e.g., B>tv, Dtv) by fully
reconstructing the other B meson

® QObservation of D mixing
® CP violation in b—>s transitions: probe for new sources if CPV

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

® (QObservation of new hadrons



Super _
KEKB New hadrons at B-factories

uest for BSM

> 4 S

Discoveries of many new hadrons at B-factories have shed
light on a new class of hadrons beyond the ordinary mesons.

800 [y e ———— E—
e Y(4660) ||Z(4430) j Molecular stat
£ D, (2860)
Zeoo D_,(2700)
2> X_ (3090 |
7 ; /JY(4320)
C400 — —
' Xz
£ X(3940), Y(3940) X / T
3300 ( )* ( ) /f_' Y(4260) |
200 z. ba.ryon_,
-| X(3872) | |
100 D.;(2317/2460)
& e*e-—>ccce B

. L
99/6 00/6 01/6 02/6 03/6 04/6 05/6 06/6 07/6
ahd.more...
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Super

KEKB Spectroscopy @ B-factories
- uest for BSM
- I
Vai as
Production b a< b
@ B-factories Ve ? Vo €
open and hidden N C
charm; B B Vcs S
clean exp. environment;
qd, q
- pen charm colour suppressed;
various methods related (D, D**,...) idden charm

to different prod.
mechanisms;

rich harvest of previously

unknown states at >

B-factories; continuum
(double ¢T)

spectroscopy:.

tests of QCD, bounding w7 Y .
g’s and g’s in hadrons = >_ -¥L_ O<
€ X

initial state radiation
(1 states)

(cc, charmonium-like...)

<<

two photon processes



Super
KEKB Spectroscopy

uest for BSM

> 4 S

Exotic states

- states other than q,q,, q,9,9; not forbidden in SM;
- exotic JF¢ (e.g. 0+, 1+, 2*,... forbidden for qq);

« exotic decay modes (not possible from qq);

« strange properties (widths,...);

500192939495,
hybrids: cc + g's;
tetraquarks: diquark-antidiquark, [cq][cq]
molecules: M(cq)M(cq), loosely bound mesons

Peter Krizan, Ljubljana



Spectroscopy

* X(3872)
observed in B decays,
B —(J/y nn)K;
charmonium-like;

well established state;

200 — —
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385 37 375 38 385 39 a3k 4 S e B e =i
. " 2 o8 or o8 o9 1.0
Mass of )V yx'x Candidates [GeVic '] M(Jhp 7o) — M(Jiy) [GeVicT

The nature of X(3872) still not understood

Events/5 MeV

g

M, in 5 MeV bins
of M(n*n-1/vy)

307

20—

10

0

0.80 1.20
MiE =TT - M) (Gev)
a) 3845 Md\v" 1 &) 3865 Md\f‘ i} 3885 MQVI J
) 3850 Md\c‘r 4 ) 3640 Mavl i

5.300

3800

3860 388 3900
M(r'm Jiy) (MeV)
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Spectroscopy SR AN
Z+(4430) s | Wb
B —(y'n*)K; &L ; ] m; Tl _
Y —l, J/\|JTCTC, g;l pememte ’:-_1 | —-— J:‘m-n—""_'j
| MoGey) T AEGeyy
Dalitz plot;
K* veto;
- o N=121 %30 ]
= M(y'n"); )
fit: BW + phase space; S0
signal stable in subsamples, U e L
w.r.t. K* veto, etc.;
possibilities:
known S-, P- and D-wave Kn tetraquark, radial excitation of X*(3872)
resonances tried, cannot (JP=1*; neutral partner?);
reproduce the peak; D*D,(2420) threshold effect;
first charged charmonium-like D*D,(2420) molecule
resonance; (J°P=0-,1-,2";decays to D*D*nr?)

Peter Krizan, Ljubljana



@ g;';gg Korean contributions to this
D success story

e Discovery of X(3872), Y(3940), Z(4430)* by S.K.Choi (Gyeongsang) &
S.Olsen (SNU)

e Evidence of B® > =% n0 by S.H.Lee (SNU)
e BY-> J/y nl tcpv by S.E.Lee (SNU)

e B* > K,(1270)y by H.Y.Yang (SNU)

e B> K*0 p0 by S.H.Kyeong (Yonsei)

e D, > K*K=z*t DCSD by B.R.Ko and E. Won (Korea)

Peter Krizan, Ljubljana



uest for BSM

e Challenge: B decay with at least two neutrinos

e Proceeds via W annihilation in the SM. 2 b " if
B+
u Vo

e Branching fraction
BB~ = {v)=

Super
KEKB Purely leptonic decay B>t v

2

G4mpm? m?

8 E 1_m—2£ f‘%l%bFTB
B

e Provide information of fz|V |

— |Vl from B>X, | v ==pf, @ cf) Lattice

— Br(B>tv)/Am, =Vl / Vil

e Limits on charged Higgs

Peter Krizan, Ljubljana



Super
KEKB Full Reconstruction Method

uest for BSM
>

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 <j B>X, | v,

o BOKvv
(SGeVﬁggf <« e+(3.5GeV) B->D1v, tv
Y(4 \. .
B / full reconstruction
ey — B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana



Super

KEKB Event candidate B > t v,

uest for BSM

> 4 —

Bt — Dx "
(—> KTr_Tr+Tr_)

BT — ‘T(—> euD)U

BELLE

Exp 33 Run 5]

Eher 0.00 Eler 0.00 Mon Feb
TrglD ODeber O MeglD 0 BField 150 D

78 Farm ¢ Event 1707483
7z55z46 2004

50

F'tot(v: 0.0 Etot{gm

og i pller
) 0.0SvD—M DCDBC—M OKIM-M_0

Peter Krizan, Ljubljana



Super

KEKB B2>tv
~A / uest for BSM
— _
t decay modes Submitted to PRL, hep-ex/0604018

T > uUvv,evy
o vt rv,r TtV

I ]

s j = ]
— Cover 81% of t decays : Obtained Eec, ]
— Efficiency 15.8%

Events / 0.1 GeV

Event selection

— Main discriminant: extra
neutral ECL energy

FIt 10 Eegigual 2 17'2+-§}'.37
signal events.

- 3.50 significance ol o T et L
including systematics E.., (GeV)



KK
P, u’e<stf10€85);1 B 9 T VT

m | BF(B" > t'v.)=(1.797 0 0 yx10™

2
2f32m3m§ _%)

B
- Product of B meson decay constant f; and CKM matrix element

Vel v, = (10171913 )< 10 Ge

2

> (B* - tv)y=—£
87T

Vo

Using |V,,| = (4.39 £ 0.33)x 1073 from HFAG

. +36+34

[ =2297"3  MeV
1

15% 15% = 13%(exp.) + 8%(V,)

First measurement of fj!

fg = (216 £ 22) MeV from unquenched lattice calculation
[HPQCD, Phys. Rev. Lett. 95, 212001 (2005) ]



> 4

Super

KEKB Char

uest for BSM

0

m, tan f+m, cot [

S

SM: B (B—tv)= (0.78

m_tan [

+ 0.09
- 0.13

ged Higgs contribution to B>t v

2.50 I /f
001 — 1 /
Toagm- 0 —— )

1. I
5

Tt
0.

tan 3/mp+

gy = SUSY corrections
to b Yukawa coupling

9 9 The interference is destructive in
’méB tan? 5) 2HDM (type II). B >Bgy implies
my

that H* contribution dominates

) x 10* (CKM fitter 2008 prediction)
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Super
KEKB Charged Higgs limits from

uest for BSM

_—

If the theoretical prediction is taken for fg
- limit on charged Higgs mass vs. tanf

2
BF(B — V) [1— my ﬁj
2

Vy =

BF(B—>1tv)y,

300 ———

250

M4

H* Mass (GeV/c?)

[ ]
=
=]

—
Lh
=]

100

50_ 1 1 1
0

B 2>1tv,

m, tan f+m, cot
m_tan

Lm‘muu&drsssscu
i r I=——qo=iy I ==

| 1 1 | 1 1 | 1 1
20 40 60 30 100

0 20

40 60 80 100
lan B



Super _ _ _
KEKB Br—t™v with the semileptonic tag

uest for BSM

> 4 S

Method: Tag B on one side with the semileptonic decay B > D) | v

- Neutrino not reconstructed in the tagging B decay sequence - more
background than in fully reconstructed hadronic decays, but higher
efficiency - more signal events

Again look for T signature with “extra” energy in the ECAL

657 M BB with D®)I v tag

>4OO
(9350
LO
L0300
S250
o
9200
5150
11100
50

{

i.

[9p]
~
N

+
&+

||||||||||”||||||||||

-
Ul
-I>

+

W

@)}
N
()]
V

10

(44 (D] [ 1 O 2 (P4 Il
O 025 05 0.75 1 O 025 05 0.75 1
EECL (GeV) EE@Le(@@Xay, Ljubljana

>160 F 1= 70 E |




S
Klﬁgf; B > Kfvvy

- uest for BSM
= >

B->K™vv is a particularly interesting and challenging mode (with B = tv as
a small background), theoretically clean

Experimental signature: B - K + nothing

The “nothing” can also be a pair of light dark matter particles with mass of
order 1 GeV. Direct dark-matter searches cannot see the M<10 GeV region.

SM prediction for Bf>K*vv: (3.8%42) x 10

Peter Krizan, Ljubljana



Events/(100MeV/c?)

Super
KEKB

% uest for BSM B- % K- A2\ prospeCtS
- 0

MC extrapolation to 50 ab!

50 Observation of B+ > Ktv v

9 E 7
s :(l\/\; ﬁw SM prediction:
7F I G.Buchalla, G.Hiller, G.Isidori
6 E (PRD 63 014015)
5
4E
3E e
2 E @
E M B > v analysis is a proof that such

0 010203 040506070809 1 aoneprong decay can be studied at
E.c.(GeVic®)  a B factory
Extra EM calorimeter energy

Peter Krizan, Ljubljana



KERE

) )t o5 Why FCNC decays?
Flavour changing neutral current (FCNC) processes (like
b—>s, b>d) are fobidden at the tree level in the Standard
Model. Proceed only at low rate via higher-order loop

diagrams. Ideal place to search for new physics.

VIZe

Peter Krizan, Ljubljana



S
@ Kbl;";gﬁ How can New Physics contribute to b>s?

uest for BSM

0

For example in the process:
BO N U’KO
W+ Ordinary penguin diagram with
b 5 , atquarkinthe loop
s
B° t 9 X
K
d g d
_ 9 _
—— —S
b Bl:‘l'\(éF(:R)z?/,, 77!
Diagram with B0 5% d
supersymmetric particles %‘<5— X0
d - d s

Peter Krizan, Ljubljana



%g;gg Searching for new physics phases in CP
/ Jwsirorssy ViOlation measurements in b—>s decays

0

Prediction in SM:

B° - n'K® a, =—Im(4, )sin(Amt)
W+
b S Im(4,) =&, sin 24,
B° t 9 W
. K?  The same value as in the
d d decay B® > J/y K¢!

This is only true if there are no other particles in the loop! In
general the parameter can assume a different value sin2¢,&

Peter Krizan, Ljubljana



Super
KEKB

uest for BSM

> 4 S

Search for NP: b—sqq

sin(2p° ) = sin( 2(])1 )&

PRELIMINARY

b—ccs® World Averfage

0.68 £ 0.03

BaBar
ICHEPO8  Belle

Naive average

R ¢ BaBar QZB
v Belle :
L. Average :

....................................

0.33+0.35+0.08
0.33x0.21

................................

0.11 4 0.46 + 0.07
0.48+0.24
— 062+0.23
0.18+0.23+0.11
0424017
-0.84+0.71+0.08

-0.84 £ 0.71

;041 +£0.18 £0.07 £0.11
' 0.68+0.15+0.03 07

0.58 +0.13 *5'45

-2 -1 0

1 2

. BaBar 0.124£0.31£0.10 | \
X Belle : 050+ 0.21+0.06 0.26£0.25+0.04
Average ; 0.39+0.18 N 0.25,
.................................................................. R ol 8 0.67+ > 27_0 07
0.64+0.10 £0.04
050+ 0,08 0.45+0.18
— 0.66+0.26 £0.08
0.30 +0.32 + 0.08 0.57+0.08+0.02
0.51+0.21
""""""" SO 0.64+0.10+0.04

0.60+0.07

0.71+0.24+0.04
0.30+0.32+0.08

0.57+0.20

Need much more data
to clarify the issue

Peter Krizan, Ljubljana



!ifﬁsg« CP symmetry in B* and B° decays

CP asymmetry
/Qlf

Q Super A difference in the direct violation of

_NB—> f)-N(B->f)
" NB > )+ N(B—> f)

LETTERS

Difference in direct charge-parity violation between
charged and neutral B meson decays

Difference between B+ and B° decays
In SM expect }IK%1 ~ A P

750 F

500 F

Measure: :
A,. . =-0.094+0.018+0.008 -
A. o =+0.07£0.03+0.01 pFrszs

K

300 F

200 |

100

A problem for a SM explanation :
(in particular when combined with other "

I R |
5.2 5.25 5.2 5.25

measurements) s
- - - ~ H 5 N -
A hint for new sources of CP violation? 1in 10> B mesons decays in this

OS2 MOSE e, et 52, 232 o)




uest for BSM

0

Super
@ KEKB  Another FCNC decay: B - K™ I+ I

G.d ud
b > s I*I- was first measured in B > K I*I- by Belle (2001).

Important for further searches for the physics beyond SM

Particularly sensitive: backward-forward asymmetry in K* |71

Apy oc m[CI*O(SCSﬂ(S)+ ”(S)C7)]

C : Wilson coefficients, abs. value of C, from b—>sy
s=lepton pair mass squared



Forward-Backward Asymmetry

> 4

Super _
KEKB  Backward-forward asymmetry in K* |+

uest for BSM

0

/.)L

0

/_
Backward event Forward event

[y* and Z* contributions in B>K" | | interfere and give
rise to forward-backward asymmetries c.f. ete” 2>u* p ]

R LA AN AN LR RELE RARI

o b o o e o b e b e by e s 1y

+ Data

Ex. of Super-symmetric
particles being produced

App o€ m[cl*o(SC;ﬂ (s)+ ’”(S)C7)}

0.4

P P T T
2 4 6 8 10 12 14 16 18 20

q2(GeVZic?)

Invariant mass of lepton pair Peter Krizan, Ljubljana



Forward-Backward Asymmetry

Super
KEKB A (B>K* I* I)[g?] at a Super B Factory

p uest for BSM
- —_—
+Data T
¢ : . MC,50ab ]
< | Ex of Super-symmetric - SuperB FSIM B=K 1T at 30 ab .
F  particles being produced [ ]
1 P2
osf : S 1 :
0.6f - a8 —+ -
0.4F =
0.2F B .
OF i ]
-0.2f sl -
_04"| PRI TS TN T TN TN NI AN NN T TN T U T T N TN S A ST S (W A - ]
0 2 4 6 8 10 12 14 16 18 20 B i
q%(GeVZ/cd) 4 | | | | ]
i i o N5 10 15 20 25
Invariant mass of lepton pair o (Geviich

» Zero-crossing g for Agg will be
determined with a 5% error with 50ab-!.

Strong competition from LHCb and ATLAS/CMS

Peter Krizan, Ljubljana



Super
KEKB

uest for BSM

&

DO - KK~/ n*n

D% mixing in K*K-, nt*n"

CP even final state;
in the limit of no CPV: CP|D,> = |D>

= measure 1/T,

(K 7")
(K K")

1

—I:ycosgo—EAstinqoz

Ay, ¢: CPV in mixing and interference

Signal: D% - K*K-/ n*n-from D

M, Q, o, selection optimized in MC

K+K-
Ng, 111x103
purity 98%

Kt ntn
1.22x10® 49x103
99% 92%

PRL 98, 211803 (2007), 540fb-"

Events per 0.1MeV

D,,)= \DO +q‘D>

) I KK
(@)

T1® 184 186 18 19,
M (GeV/c)

(d) B SE K

0 0.005 0.01 0.015 0.02

q (GeV)

Peter Krizan, Ljubljana




(b) Km

K*K-, n*rn-

2
—

iXing in

DO m

Super
KEKB

uest for BSM

(a) KK

Y 4
Decay time distributions for KK, nr, Kr

t (fs)
4000
f (fs)

00

20
+TC'
rnttratio

K*K-,m
and K-
2000

0.14 -

0.1t
vl
013

Z,
=

=
&

~.0.15

Z

4000
t (fs)

0

00

2

—2Ycp IS 0on the high side of SM expectations

iXing

lly observable
the ratio of the distributions 2

Real f

Difference of lifetimes
visua

dence for DO m
(regardless of possible CPV)

IN

Vep = (1.31+ 0.32 £0.25) %
eVvi




uest for BSM

Super
@ KEKB LFV and New Physics

D

v T U
oy S >3l
%) h \\/ILI(S)
Lm_/"() o)
(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(t > 3u) =
o) e (m2). ) tan Y (100Ger Y’
Br(t — uy)=d 107 x| — tan” B 44107 x L)y |[ tanf €
m; Mgysy m; 60 m,
model Br(t—py) Br(z—lll )
MSUGRA+seesaw 107 10-°
SUSY+S0(10) 108 10-10
SM+seesaw 102 10-10
Non-Universal Z’ 10-° 108
SUSY+Higgs 10-10 10”7

bljana 45
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10

10

10

10

Super
KEKB

uest for BSM

Reach of B factories

) Integ. Lum ( ab-" )
—

Upgraded KEKB

Precision measurements of t decays

Theoretical predictions compared
to present experimental limits

SU3)Evg , Non-degenerate (I)
Hp= 410" GeV

Branching Fatic

> 4 S
LF violating Tt decay?
-5
Upper limits
® T—UY
m TUN
-6 A TUUR
B factories
Belle, BaBar)
-7 2018
mSUGRA +Seesau\)
SUSY+SO(10)
-8
SM +seesaw
SUSY+Higgs Super ctory
-9
07 107

i
LA

2500 3000

1500
mif)[GeV]
T.Goto et al., 2007

1000

I:I Cind}

o ELE

Peter Krizan, Ljubljana
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I

Super
@ KEKB ~ Physics at a Super B Factory

e 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.

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

e Even in the worst case scenario (such as MFV), B->1tv, Dtv
can probe the charged Higgs in large tanp region.

e 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 an
unique way to search for the TeV scale physics.

Peter Krizan, Ljubljana



Super o
KEKB  Super B Factory Motivation 2

- uest for BSM
= >

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

e Lessons from history: the top quark

Physics of top quark b sot~  d v, V. V,
First estimate of mass: BB mixing > ARGUS _ . Vo -V v Vv
Direct production, Mass, width etc. = CDF/DO0 - ";ET W ; CRM | cd - mes e
Off-diagonal couplings, phase - BaBar/Belle ) @ Ve Vi

g T e L _

& b HHI:‘;’

- > 1501 . :

W S B SM constraint.

Wz < 68% CL :

1001 4

e b ]

Direct search lower limit (95% CL) .

50 T T T T
1990 1995 2000 2005
Year v . .
Peter Krizan, Ljubljana



,‘gﬁ‘f& Super B factory: an important part of a broad

uest for BSM unbiased approach to New Physics

0

> 4

v experiments,
LHC, ILC gu-2, u—> ¢y, etc.

\ /

Mass spectrum, v mass and mixing,
interactions CPV, and LFV

Quark sector

t LFV, Flavor mixing,
1 CPV | CP phases

Super B factory,
LHCDb, K experiments...

Peter Krizan, Ljubljana
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S
@ KEkB | The KEKB Collider & Belle Detector
uestforBSM

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

Belle detector * VS & My

* Lorentz boost: By=0.425
- 22 mrad crossing angle
- Operating since 1999

SCC RF(HER)

Peak luminosity (WR!) :
2.1 x10%% cm3s!

Ares RF cavity

_ Q@ — e* source

7

Peter Krizan, Ljubljana



Super
KfngM The KEKB Performance

0

Luminosity Records:

m Peak L = 2.1x1034cm™2s1 (2x the design value)
m Daily fLdt = 1.5 fb1 (2.5 x the design value)

m Total fLdt ~ 950 fb1 (as of July 2009)

Luminosity of KEKB
OCt 1999 June 2009 Crab Crossing

(]
=]

L L L L e e L e L e L s L L T e i e U U T L T s L L L e e L i s L e L e U

—
(%]

—
L=

o

Peak luminosity
in a day (1/nb/s)
TTTT

[aeval [ II'II‘“- I'I“I'-n‘ I I I_II

0”"5'0'5565 ................................. *i?*i?ébbé ................................. 1'}"1'}":2664 ................................ *ih?fzbbé ................................ 1'}’31}"2008
1/1/2000 Continuous Injection Update: 6/16/2009 8:31 :14

D

Peter Krizan, Ljubljana
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KEKB Crab cavity commissioning

uest for BSM
E—

22 mrad.
crossing

crab crossing

Installed in the KEKB tunnel
(February 2007)

y) Avi
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Super —
KEKB Luminosity Prospect
- uest for BSM

0

50
45
40
35
30
25

20
15

10
5
0

150abtby ~2020

Final goal: L~8x103°> cms!

3year shutdown
folr upgradel

1 1 1 1 1 1 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1
2010 2012 2014 2016 2018 2020

Peter Krizan, Ljubljana



Option

S
K%‘% Strategies for Increasing Luminosity

~4 uest for BSM

Beam-beam parameter
Lorentz Beam current

factor \

N NI ET)\ R ) Lumi. reduction factor
}/€+ ¥ exDy L
L=—"*|1+— " d (crossing angle)&
2§F€ . O, ) Rg}, ) "~ 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,* <€— Nano-Beam

High-Current § (2) Increase beam currents <~ Option
(3) Increase &,

Peter Krizan, Ljubljana



Super — :
K5K385M Luminosity: Two Options

High Current Nano-Beam
Slightly smaller 8, Smaller B,
6.5(LER)/5.9(HER)— 3.0/6.0 6.5(LER)/5.9(HER)— 0.21/0.37
Increase beam currents Slightly increase beam currents

1.8A(LER)/1.45A(HER) — 9.4A/4.1A 1.8A(LER)/1.45A(HER) — 3.6A/2.1A
Close to original KEK design

Keep ¢,
0.1(LER)/0.06(HER) — 0.09/0.09

Increase cfy
0.1(LER)/0.06(HER) — 0.3 or more

Evolution of design in _ _
original Letter of Intent Proposed by P. Raimondi et al.,

(LoI) for SuperKEKB (2004) along with Crab Waist, for use at the
SuperB in Frascati

Decision expected by the end of 2009

Peter Krizan, Ljubljana
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uest for BSM

B, (mm)(LER/HER)

g, (nm)
k(%)

G, (um)
Sy
G, (mm)

(A)

Ibeam

I\Ibunches

Luminosity (1034
cm2s?)

Comparison of Parameters

KEKB
Design

10/10

18/18
1
1.9

0.052

2.6/1.1

5000

KEKB Achieved

(): with crab

6.5/5.9
(5.9/5.9)
18(15)/24
0.8-1
1.1

0.108/0.056
(0.101/0.096)

~7

1.8/1.45
(1.62/1.15)

~1500

1.76
(2.08)

SuperKEKB
High-Current
Option

3/6

24/18
1/0.5
0.85/0.73

0.3/0.51
5(LER)/3(HER)
9.4/4.1
5000

53

SuperKEKB
Nano-Beam
Scheme

0.24/0.37

2.8/2.0
1.0/0.7
0.084/0.072

0.09/0.09
5
3.6/2.1
2119

80

High Current Option includes crab crossing and travelling focus.
reter Krizan, Ljupijana



Colliding bunches

Belle II

New IR

~

New Superconducting
/ permanent final
focusing quads near

r 4

New beam pipe NanO'Beam

| & bellows

Replace Iong TRISTAN

\ ¢ SuperKEKB

N
e L
Il 3

Redesign the HER arcs to squeeze ,& #*\4—

the emitance.

[NEG Pump) Low emittance gun > Positron source
ject New positron target / capture
section
#*

[SR Channel] L= Y+ 1+ O‘.V f RL \_

SR - % -
Beam Ch I

[Beam Channel] zere Ux Ry )

TiN coated beam pipe with
antechambers

Peter Krizan, Ljubljana



Super
KEKB Super-KEKB (cont’d)

uest for BSM
I

> 4

B Ante-chamber /solenoid for reduction of electron clouds

NEG Channel
Ante-chamber
with solenoid field

X o5mr

Beam
SR 7 %
[Beam Channel] [SR Channel] Cooling Channel

Peter Krizan, Ljubljana
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KEKB Requirements for the Super B detector

uest for BSM

> 4 S

Critical issues at L= 4 x 103%/cm?2/sec

» Higher background ( x20)

- 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 < suu recon. eff.
- hermeticity < v “reconstruction”

Possible solution:

» Replace inner layers of the vertex detector
with a silicon striplet or 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.

) 0.0 Etot

B6 Event

ExpMC 2 Exp 25 Run 1
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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Super
KEKB  Belle Upgrade for Super-B

y uest for BSM
. >)

Csl(TI) 16X,

SC solenoid

LT g pure Csl (endcap)

n/ K, detection
14/15 lyr. RPC+

— tile scintillat

5 “TOP” or fDIRC
Ae‘z‘rogel RICH

e/C,H;
vinner lyrs. /
Si r<20 cm

New rea
and
compu

systems




Super

KEKB PXD+SVD Upgrade
uest for BSM
> 4 S
e Sensors of the innermost layer: =
: . ; / S
Normal double sided Si detector wp oS ///—‘\\\
(DSSD) — DEPFET Pixel sensors // / ///j\\\\ \\\\
o Configuration: 4 layers — 6 layers : W@ /)/’ } ]
(outer radius = 8cm—14cm) — .| \ \ \\\v Y //
— More robust tracking N \\\\_—/// /
— Higher Ks vertex reconstruction efficiency . \\ //
e Inner radius: 1.5cm — 1.3cm -
— Better vertex resolution Slant !cayer to keep the
acceptance
o Strip Readout chip: VA1ITA — APV25 e —— E =
— Reduction of occupancy coming from i, £ | §> -----
beam background. — —X
— Pipeline readout to reduce dead °rF ,__._*—2p|xel layers
time. N ? -
-3:0. P .-ZIO. P 1I0. PRI (IJ P .1I0. P .zlo. P .BIO. PR .40

reLer KriZan, Ljupijana



‘ DEPFET Performance

-

um

P | | Very preliminary

g (single tracks, no background)

%m N \ et 20.deg DEPFET:

“ oo G0 L1 1.3 cm (32pm x 50pm)

gl \L N\ L2 1.6 cm (32um x 50um)

't \ _ conventional thickness: 50um, noise 100e
/ strips (SVD2)  pssp  L3/L4/L5/L6:

EPRET \\ \ 4.5/7.0/10/13.8cm
N‘ (50pm x 75um)
thickness 300um,
| GeV noise 1600e
— "'1 — beam pipe radius:

Impact parameter resolution 1cm (Be with 10mm Au layer)
(dots: DEPFET)

Substantial improvement compared to Belle SVD2

Peter Krizan, Ljubljana
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KEKB

uest for BSM

m
; ©
3

Events/(0.02GeV)
N
o

0

ga o
o O

R DN W
o O O O

(a)q = +1
— Total
7 n'w
..... Kn
By o
N LA S
0 0.2 0.4
AE (GeV)

Events/(0.02GeV)

D o))
o o

N W
o O

Why excellent particle identification?

ple B> decays: B>nK rate 10x bigger than B—> nr!

(b)q=-1

a1
o

=
o

— Total
T
..... KTC

T4

+

o
-

l T 4TT
02 04
AE (GeVhE (Gev)

- We would see no CP effect without excellent PID!

Peter Krizan, Ljubljana
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Super  Particle identification systems B2
KEKB .
V. uest for BSM In Be”e

D

u and K; detection system

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
@ _~  (n=1.015-1.030)
N e \mﬂb s ‘;1'. .

Silicon Vertex De
(4 layers DSSD

Electromag. Cal.
(CsI crystals, 16X,)

"Central Drift Chamber
(small cells, He/C,Hy)

ToF counter

1.5T SC solenoid

Peter Krizan, Ljubljana
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N

gl 7
s

Two new particle ID devices, bot/h RICHes:

Barrel: TOP orfocusina DIRC

Endcap: proximity focusing RICH

Peter Krizan, Ljubljana



Super

uest for BSM
>

Photon detector: array of 16
H8500 PMTs

Entries

KEKB Beam tests

Clear rings, little background

IIIIIIIII

a oz

0.4

0.6
O (rad)

& 160

>

50

IIIIIIII

T

100 -50 0 50 100
{b) Number of hits
-::Npe:,:s_z
ol oo
20
N



Super _
KEKB Single photon detecors for the Aerogel RICH

uest for BSM
I

Main challenge: R+D of a photon detector for
operation in high magnetic fields (1.5 T).
Candidates:

> 4

*HAPD: development with HPK

*MCP PMT by Photonis: excellent timing, could
be also used as a TOF counter

*SiPMs (G-PAD): easy to handle, but never
before used for single photon detection (high
dark count rate with single photon pulse
height) - use a narrow time window and light
concentrators

DD

4
W
W
=

J
J
1
J

DEDDD

L
CDOOOD0

DD

CODD0D0D

DDDEnn

SN .| o=

:eﬁEEEm

L
u

—F
Lk

E— BB

g —
T

- -
B




Photon detector for the
beam test




uest for BSM

Super
@ KEKB Cherenkov ring with SiPMs

D

First successful use of
SiPMs as single photon
detectors in a RICH
counter!

NIM A594 (2008) 13

Peter Krizan, Ljubljana



Super

KEKB Calorimeter (ECL) Upgrade

uest for BSM
I

e Increase of dark current due to neutron flux

> 4

e Fake clusters & pile-up noise z
P P = | Barrel
‘ e 15 s
® Barrel: L X115
0.5us shaping + 2MHz w.f. sampling. ey S
B Endcap: Tl
rad. hard crystals with short decay 0t
time (e.g. pure CsI) + photopentodes pavrel bacground (rel wnit9
30ns shaping + 43MHz w.f. sampling | 2 °
= | BWendcap
I lx1/5
Pure Csl & . —
photopentodes ol
0 5 10 15 20 25

BWD bacground (rel. units)
Peter Krizan, Ljubljana
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I

@ ,%;';'gg Possible endcap upgrade scenarios
5 A

*Waveform sampling & fitting
*Csl(Tl) = pure Csl for end caps

Preamplific Vot Various scenarios of a backward
Photoctrode ﬁ&ﬂ&i divider partial replacement
| with rad. hard crystals:
forward
Al-mylar

*480 (red only)
*768 (+green)
©1152 (+blue)
¢2112 (+pink)




Super
Project Status

e SuperKEKB is the lab priority.

e The Japanese government has allocated 32 oku-yen
($32 M, €23 M) for upgrade R&D in FY 2009, as a part
of its economic stimulus package.

e KEK has submitted a budget request for FY 2010 and
beyond of $350 M for construction.

e We are proceeding with R&D while awaiting approval of
the construction budget request.

Peter Krizan, Ljubljana
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m Belle II is a new international collaboration.
— Regqular collaboration meetings (next 18-19 Nov

2009)

B Near-term plan
— Detector study report has been completed.
— Detector proposals (by Dec. 2009).
— TDR by March 2010

‘ New Collaboration (Belle I1)

Belle IT webpage
http://superb.kek.jp/
Mailing list subscription is

available.
| 2009 10
110 J11 |12 J 1 | 2 | 3 141516171819 10111 12 |1 ]2]3 |
KEKB operation . Y
Detector proposals Internal review
T D -
Kick-off ‘meeting T
(Dec 08) TDR
>
Actions to invite new collaborators




Super o | |
KEKB ~ Korean participation in Belle-II

Most of Korean Belle institutions will continue to work on
Belle-I1I

Newcomers: KISTI with computing resources

The Korean groups in Belle-II are planning to make a

significant contribution to the upgraded spectrometer
- Subject to funding situation in Korea

Peter Krizan, Ljubljana



KEKE
>, uestw Summary

® B factories have proven to be an excellent tool for flavour physics, with
reliable long term operation, constant improvement of the
performance.

® Major upgrade in 2009-12 - Super B factory, L x10 - x40

® Essentially a new project, all components have to be replaced, nothing
is frozen...

® A physics reach update is being prepared — to be made public soon
® Expect a new, exciting era of discoveries, complementary to LHC

® Do not miss the opportunity to be a part of it!

Peter Krizan, Ljubljana
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,ﬁﬁ'ﬁgm Additional slides

I

Peter Krizan, Ljubljana






Super

KEKB CDC Upgrade

uest for BSM
>

e Larger outer radius: 752mm ->978mm
— More samplings > better dE/dx reso. 0 e i e o I

e Smaller cell size:
12mm, 64cells - 8mm, 160cells
— Improved background tolerance
e New ASD with fast shaping T

File Edit Wertical HorizfAcg Trig  Disy L

> 4

12 F

Resolution(%)

Masks Math MyScop

.....

20nsec

Peter Krizan, Ljubljana



> 4

0

p-channel FET on a completely depleted bulk

A deep n-implant creates a potential minimum

for electrons under the gate
(“internal gate”)

Signal electrons accumulate in the internal
gate and modulate the transistor current
(g, ~ 400 pA/e)

Accumulated charge can be removed by a
clear contact (“reset”)

Invented in MPI Munich

Fully depleted:
— large signal, fast signal collection

Low capacitance, internal
amplification —  low noise

Super
KEKBBSM DEPFET Principle

Depleted p-channel FET

i
_SOurce

depleted
N-Si bulk

amplifie
FE r; \
T gate cles —

N clear

p. erin

‘ >
e
e

deep n‘doping

e
INnterng| gate’

P back contact

Transistor on only during readout:
low power

Complete clear ==p no reset noise

Peter Krizan, Ljubljana



=4 Super o _
=4 KEKB Endcap: Proximity focusing RICH

= g® | uest for BSM

K/m separation at 4 GeV/c:
0.(r) ~ 308 mrad (n = 1.05)
0.(n)— 6.(K) ~ 23 mrad

aerogel photon detector
For single photons:
Cherenkov photors, - —— 86.(meas.)=c, ~ 14 mrad,
o typical value for a 20mm thick
Lo charged particle » radiator and 6mm PMT pad size
................. GO
R Per track: ~ Frack T
...... n Npe
2cm 20 cm

Separation: [0.(r)—0.(K)]/c¢ack

~ 5o separation with N,.~10



photon detector

Linear-array type z X T iA

e Cherenkov ring imaging with Lo
e Reconstruct angle from one coordinate and the
time of propagation of the photon

— Quartz radiator (2cm)
— Photon detector (MCP-PMT) o
e Good time resolution < ~ 40 ps
e Single photon sensitive in 1.5 T
K im

Quartz bar

Array of

fast PMT's T
E.-'l oo oo ool g ool ool oo aa by g 1aa gl
e T [ R T/ R T J? 20

X (emy

Peter Krizan, Ljubljana



@ uest for BSM
- —_

Super
KEKB

End caps

7

the biggest issue

~\

Background is

J

Barrel

Calorimeter (ECL) upgrade

.
s

Background is the

biggest issue, but not

as bad as end caps

\.

Faster crystal

CsI(TI) t~1pus -
pure CsI t~30ns

r

Small light yield

PMT

J

J

|

Waveform sampling
& fitting

|

[

Free bonus: Reduced material in front of
ECL due to PID upgrade

Preamplifie E

Voltage
Phototetrode Eﬁ &H divider

Peter Krizan, Ljubljana

83



Super
KEKB

uest for BSM

> 4

0

ECL: Effect of material in front

fficiency

1 1 HU : 1 ='I'
1t 1 R
> >
&) o | | H
= 075p So7shi- 4% - - - — - - — § 44
<] QO I | il
= Q g | H
gm:o.s- Eo.s-— 7|7777|777§|**
0.25[ 0.25-—ﬁ7:7777:777§:7,
| i l
0 00 20 40 60
0.50GeV theta index
1
> e
= osf ard
= i —— Belle(w/ BG) ] 17013
025F |~ -i ———— —SuperBelle(w/ BG)§ — | :
{ —— BdlewoBG) ' # observed near 61
H | Hl
0 A 1 1 al . .
0 0 40 60
0.10Gev # generated in 01

Removal of ACC helps. No big worry

Peter Krizan, Ljubljana
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Super
KEKB ~ Pure Csl crystals

I

MC study of the impact of using pure CsI on the sample of
fully reconstructed B mesons:

e Full backward and forward endcap (2112 crystals):
eff +5%, background —7%

o Visible effect if >1000 replaced crystals

Need MC studies of the effect also on other channels.

Peter Krizan, Ljubljana ~ °°



Super _
KEKB Pure Csl — impact 2

P, uest for BSM
K" 0
B->K'(Ks¥)y AE
| | T [ A
- with pure Csl, 5x bkg
1000 I~ no pure Csl, 5x bkg
- with pure Csl, 20x bkg
$00 - H no pure Csl, 20x bkg
I | — ]
600 | Backg. 5x 20x
i I no pure Csl 0 —15%
400 ]
200 1 No problem with 5x background
Losses at 20x background
ca v b b by

o Lo i because of Csl(Tl) in barrel
0.3 -0.2 -01 0

(*) Reduce material not taken into account for this study

Peter Krizan, Ljubljana
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) )KEXE KLM upgrade
Scintillator-based KLM (endcap)

Two independent (x and y) layers in one superlayer made of
orthogonal strips with WLS read out

Photo-detector = avalanche photodiode in Geiger mode (SiPM)
~120 strips in one 90° sector |

(max L=280cm, w=25mm) . y-strip
~30000 read out channels plane
Geometrical acceptance > 99% Iron plate N\ |
_= X-strip
Mirror 3M (above ' plane

groove & at fiber end)

—

Optical glue increase the o '.
light yield ~ 1.2-1.4) Aluminium frame

WLS: Kurarai Y11 &1.2 mm GAPD

Diffusion reflector (TiO,) Strips: polystyrene with 1.5% PTP & 0.01% POPOP




Super

KEKB Model-indep. check of NP
~{/ uest for BSM
- _
M. Gronau, PLB 627, 82 (2005);
° Acp (Kn) sum rule D. Atwood & A. Soni, Phys. Rev. D 58, 036005(1998).
L i B(K7") 7o i 2B(K*7°%) 7 i 2B(K"x")
o i 0+ To _ +-0 To 0,0
[A(_‘fp(fi i ] -+ AL p(f v )B(f{‘l'?r_) . AC’P(‘& )—B(f{‘l'ﬂ'_) T+ + A(_‘_fp(ji T )—B(ff‘l'ﬂ'_)
A, (K° %)

' B— K%%0 New \

&1 A=-0.13+0.13+0.03

n

AA(Kn) '

&) A=+0.14+0.13£0.06

OELLE

\HFAG AVG: -0.01 £0.10

Sum rule predicts A ,(Kz%) = -0.151+0.043

Paoti Chang, talk ta ICHEPOS8 Peter Krizan, Ljubljana



Super

KEKB i
)t onss Leptonic B decays
Phenomenology Type II Two Higgs Doublets Models
additional Higgs doublet; (¢, gives masses to d-type and

charged lepton; ¢, gives masses to u-
type; in Type I models ¢, is decoupled

tanp=v,/v,, ratio of vacuum and ¢, generates all masses)

expectation values;

N . W.S.Hou, PRD48, 2342 (1993)
H* coupling «« m; = same factor as ,
independent of m

helicity SM suppression r

o

- - \
[(B* > ') =T(B* > 'v)-(1- "% tan’ )’
if Tmeas>TSM — H* contribution dominant My

ratio independent of
H = contribution:

Y(B" > v)/ITM(BY > v) =

Peter Krizan, Ljubljana
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KEKB Comparison with LHCb

uest for BSM
e*e” has advantages in... LHCb has advantages in...
CPVin B—¢Kg, n'K,,... CPV in B—JyK;
CPVin B—Kn' Most of B decays not
B—Kwv, tv, DM1v including v or y
Inclusive b—sup, see Time dependent

measurements of By

T—uy and other LFV

B
D°D° mixing s R

B_.and bottomed baryons

Complementary!!

Peter Krizan, Ljubljana
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uest for BSM

0

Luminosity and accelerators vs time

-2 -1

Peak luminosity (¢cm s )
=
=
s
I

[y
=]
ad
3
I

[—

(—)
w
[a——ry

30 |

1077 -

[—
=
G
-
I

DORISII
4 o pr

. DORIS

S o Y S SRS BN NE SRR

1975 1980 1985 1990 1995 2000 2005

Year

Peter Krizan, Ljubljana
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KEKB Crab cavity commissioning
uest for BSM
O i CFab Crossing

049 sp, px*=80, 84cm ' |

M
S

.. Simulation
| head-on

—
o

—
S

3.06 bucket spacing Simulation

22 mrad

-

Specific Luminosity/bunch
[10*°cm™@s™'/mA?]

I T T T T e
00 2 4 .6 3 1 1.2
lbunch HER ™ lbunch LER [MA?]

Peter Krizan, Ljubljana g,



,‘gﬁ‘j’fg Luminosity gain and upgrade items

3 years shutdown D
)
\

uest for BSH (high current option)
Item Gain Purpose
beam pipe % 15 high current, short bunch,

electron cloud

IR(B"y,=20cm/3 mm) x 1.5 | small beam size at IP
low emittance(12 nm) mitigate nonlinear effects
x1.3 )

& v, — 0.5 with beam-beam
crab crossin %2 mitigate nonlinear effects

9 with beam-beam
RF/infrastructure X 3 high current

P n
DR/e* source « 15 !0\_N [3_ injection, improve e
Injection
+

charge switch ¥ ? electron cloud, lower e

current

Peter Krizan, Ljubljana
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Super

KEKB Accellerator parameters

~5{./ uest w
Energy GeV 4x7
Luminosity 103%/cm?/s 1.0
Beam currents A 2.0x2.0
Nounches 2400
Ey* (L/H) pm 714
Ex* (L/H) nm 2.8/1.6
By* (L/H) mm 0.21/0.37
Bx* (L/H) cm 3.5/2.0
Sz (L/H) mm 5/5
Crossing angle (full) mrad 60
RF power (AC line) MW 26
Tune shifts (L/H) 0.125/0.125

Peter Krizan, Ljubljana



CDF Il 360 pb”

L=1 L=0
H Total m

V)
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=]
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Spectroscopy

200
X(3872) 150~
properties 100

(o))
o
4

X(3872) yield per 20 MeV/c’

X 0.7

nr Mass [GeWczj
4600 7D,
L L5
M(rr) distrib., p-like; Hor o
(cc) —J/wp isospin breaking; sz00f " 2Dy 2De2 D220 .
4-quark states: j LS
\CEW> = . Mp+M
| | I _Mp
— g — g7 - o300
ﬁ\cc> 75 () +|dd )+ Quany=|ad ) | = 0 =L M A A
1 U = 3600
——[|1=0)+|1=1)] -
){E _ 3400
ne + ang. distr, M, G; i
%co - @ng. distr., DD; o S /
XC].’: 'YJ/\V ] 3000:_ IISO M
hCZ: TCTChC d0m|nant, DD*; [ nc [ NN N T NN NN N M N
DD * ﬂ—+ 1— 1+— ott 1+ ot o+ o= g—— gt= g 4+t

JFC

no obvious cc candidate; JPC= 1++ 2-+ favoured: ! Peter Krizan, Ljubljana



Spectroscopy M(@3/ynr)
V(2979 for B -XK

A\I0/

other possibilities

Events / { 0.0025 )

3.82 3.83 3.84 3.85 3.86 3.87 3.88 3.89 39 3IM
My wr)-MIdf)+3.096916 (GeVic’)

DD* molecule: g wF
prod. from B0 suppressed e
compared to B* 5 3

’ %3.35 3.87 3.88 3.89 J9 3.‘fl

Wi erl-Midi+3.096916 | Gevic®)

-y
o

o
o

=
o

Events / { 0.005 GeWic® )
o
L=

w
o

-
Y
|

|

tetraquarks:
two mixed states,
[cu][cu], [cd][cd];
one produced mainly in B, :
other in B+ decays = mass
difference; . 1]
also charged X* [cu][cd],
no evidence so far; Peter Krizan, Ljubljana

- { . r e r 5

-
r
I

Events /  0.005 GeVic’ )
o




4

3.98

.

392

ignal shape
394 3.96
D D’ Invariant Mass (GeV/c?)

39
*)

o

<o
%
T

200

0.0255 0.051

sl
o
5!

¥
s

3.88

ion and s

O
M(D’Dr%)-2M(D%-M(r”

’

1]

c o o

i

N
O ST/ S1ULAY

- Mpo
t.: p? calibrat

.

]

main sys

last uncertainty

&
+
X
=g
o ..
a
(an)
@)
N’
P
)
+
(an)

.

4

ies

4

|
;

4

1
ing

ib
1

4

J/ynr favoured over DDn

R~0

break

1

2 decays to DD*
suppressed by (p*)2-+1
2
1+* state favoured

ith L

WI

DD* molecule
J

ISOSpIN
JPC=1++

7")\
z)
other poss

Spectroscopy

N X(

Peter Krizan, Ljubljana



