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Lo B factory physics program

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* %
CKM matrix is unitary ——— 8<
VA —

deviations could signal processes not included in SM 1J 93
r ~ - AR (p-
Vid Vus Vb 1-28/2 ~ U
Vog Vee V| o | 2 1922w
Vid Vis Vi Sl IETE [
\ P \ P=17) _

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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CKM matrix

L

Transitions between members of
the same family more probable
(=thicker lines) than others

-> CKM: almost a diagonal matrix,
but not completely ->

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



Unitarity condition:

Vuqub* T Vchcb* T thth* =0

Another notation:
(I)IZB
d,=a

bs=y

February 1, 2006

Unitarity triangle

ViaVib

h
Nhkom——— - '?“
s | s
vudvl:l.b b thvt.b
VedVeb| : Vea Veb|
I
|
|
|
y | 3
U ;'r | I o=
0 P 1
7-02 (b) 720445
University of Freiburg Peter Krizan, Ljubljana
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Three Angles: (¢,,9,,05) Or (B, o, 7)

30 > - nt, B2p*p

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

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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N  CP Violation in B - f, decays

1| osin2d,=+0.7 X sin2¢, = + 0.7
B 2 (i
[ by
na kb ZQQ 4
ZQQ NS o2
] \ I
-~ @
[ Q
4+ 2 0.2
|
B 1Qq 0.4
n2
S, ¢ :
B ! P 1 A S M S O T T T N T A Y B
O B £ FEET L I f-; 2 - I

I (B O —>Jcp)+1 (BO (1) —>fcp)

= 1 for CP=+1

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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<2 B meson production at Y(4s)

25— T T T T T
2 .0 N Yas) Y States = |
z o0 (bb) resonances |
= 15¢ '.‘ ]
s | + : Y(2S) ]
e S
T 10F ¢ s Y(3S)
;0.) I .+ l‘\ ¥ \‘;‘ »
L o500 iy R O Y (4S) Energy Scan
o |

0_...|...|...|.....|..... T B ) P 'I)El)'ll
944 946 10.00 10.02 1034 1037 10.54 ).58 - BABAR

Mass ( GeV/c’ )
Off

Cross Sections at Y(4S):
bb ~1.1nb
cc~1.3nb

dd, ss~0.3nb
uu ~1.4nb ee —>Y(4S)- BB
L =1 state

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana




The KEKB Collider

Belle detector g y 3.5 GeV
22mrad crossing angle

World record:
L=1.6 x1034/cm?2/sec

Qa — e* source

February 1, 2006 University of Freiburfes
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BELLE Normal injection Continuous injection
[ 00 (3 (e L-l0s0Sion) [ U0 [vbans eRe
Lumnosity 8370 (now) 11012 {peak i 24H @20:47) [/nbjsec] Luminosty 10609 (now) 11346 (peakin M4H @02:04) [/nb/sec]
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I8 ;
— 8 ik
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Ei .4: E '4; ]
T vk 0y
=l o 5| o TR R T U :::::'m:gmu U
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: £ |12 H1s0l$
£l b 1k /
8| E = f
R | 3 [
m L m 5;— 1 ',__‘U 3
S .g;—-w-ww—h.-.- n A Y o) |2, 10
: ID;I:::::I:m:}:::::}:::::}:::::I:::::!:::::Imiﬂ " L
N ;! o
[* e & 1 R
z 28 AF: a0 58
-g au = 13T
3 i B i’
: w8 8| 4 :4DUE§
e - - = =3
£ E%E B g~
E 8 3 il | [ | \ | | \ | ‘ [ ‘ L1l ‘ - | | \ | | | 11| | \ | \ I-
3 — [k il
| &H— B L
3 | | - fige
; C% 5 I | ‘ 111 T I ] N | I T T Y
& | P R 09 AR R LA N | L

oogeoE g ki gh /2B 1| LA 0 ik 021502004 0211

61 /pb/day —->1182/pb/day
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BHELE

a3 Belle/KEKB Luminosity Milestone: 500 fb1=0.5 ab!

a2 B -

Accumulated > 500 M BB-pairs

Offline+Online Luminosity (pb™) (/day) 2005712405
1400 _ - .M rcl,'sonance,l .- . Of.f reslcmm?ce, I:I . energy slc.‘m -
§ 1200 Il
% I
$ ’z ____________________ «=m 1 fb1/day
é 600 i =
I - —
T BN . :
s T
x102 — . . . ._ . ﬂﬂdﬂiﬂl, . . _. .M rcl,'sonance,l ._. flfreslcmm::ce, . Ienergy sl.':.‘mI —
o ~ . Total =512 fb-!
& 4000 i ’_f/ : .
§ // | Today: some results with 350 fb-1
§ 3000 [ - ] 6 :
g : /_/ 1 (386 x 10°) B B pairs
3 om0 [ .
£ o | //:// 1 as well as results based on 253 fb-!
; ————— 1 (275 x 106 B B pairs

435!199; . Iﬂﬂm} — 1&!20!2002 — 7:’18&00;1 4:’16&0
Belle log total : 510964 pb™ Date Peter Krizan, Ljubljana



Principle of measurement

+
. — H Fully reconstruct decay
B orv\B /v . H ) —:>to CP eigenstate
Bep | o T

r‘-n\ ““““ CP,:;KS ..... <n+ v : Tag flavor
<+ ...t s o1 7 -
N B 7 | gL other &
S O R ——— | K from

i« 9: At=Az/BycC | ,A/' charges
determi ned*ﬁ--l/-;- -=-=p T . of typical
BO(BY) _ _ decay

Determine time between decays products

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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Belle spectrometer at KEK-B

u and K; detection system
Aerogel Cherenkov Counter

(14/15 layers RPC+Fe) R
= S\ % (n=1.015-1.030)

Silicon Vertex Detect
(4 layers DSSD)—_

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

- N Central Drift Chamber
I“ \\ N Ve (small cells, He/C,Hg)
" o ToF counter
1.5T SC solenoid

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



A golden
channel event

BY > J/W K,

February 1, 2006

BHIE

Exp 5 Run 272 Farm 5 Event 10889

Eher 8.00 Eler 3.50 Tue Nov 16 23212208 1989

TrglD O DetVer 0 MoglD 0O BField 1.50 DspVer 5.10
Ptot(ch) 11.0 Etot(gm) 0.2 SVD-M 0CDC-M OKLM—M O

10em




Events/(5 Mew/c™

16000

L B L B B
L Dimuons
| Yield: 65689, = 300,

Mean: 3096.7+ 0.1 MeVlc?
| Width: 9.1+ 0.0 MeVie?

6000

Events/(5 MeaV/c®)

| Dielectrons

| Yiek: 59674, £ 374,
| Mean: 30953 0.1 Mevic’
Width: 106+ 0.1 VieV/e?

6000

D L1 1 | | 1 1 l | L1 ] |1 | L1 1 |
2.75 3.00 3.26
Dilepton mass [:Ge"-u".fc?]

3.50

J f‘f p— u i n-,e Fe
o = 9.6(10.7)GeV /2

Events/(5 MaV/c?)

2500 T T T T T T T

Dileptons

Yield: 4234, 197. j

i Mean: 3665.34 (Fired)

A0 With: 1181 (Fixed) ]
1500
1000 -

5001 .

EI I | | | | | | | | | | | | | | | |

3.20 340 3.60 3.80 4.00

Dilepton mass (GeV/c)
111:__)5 '::. — U | N_- E | o=
o = 12.1GeV /c?

Reconstructing chamonium states

5000 T L B B I
I 1 Vield: 6611, £195,
7y Mean: 414.9.£.0.5 eV
- 1y Width: 67204 MeVic?
000 4 1,q Vield: 1337, 2120, ]
\ 1, Mean: 460.6 MeVic! (Constrained)|
1o Width: 9.6 MeVlc? (Consirained) -
3000~ 7
2000 -
1000 -
0 | | 1 | 1 | 1 | 1 | 1 | 1 | 1
0.20 0.30 0.40 0.50 060
Wy, - My, (GEVIE"

Xcls Xc2 — J /9y
oAan = T7.0GeV /c?



Reconstructing KO

1000 T
Kg — ntn~ - -
oy = 4.1GeV /c? |
750 =
500 =
30000 |~ . !
250 - 1 —
i L. i
20000 |- R L |
Oll | | | | | | | | | | | | | | |
i 0.30 0.40 0.50 0.60 0.70
10000 [~ . Dipion mass (GeV/c?)
Kg — 7070
0 - o e[ ) e e [ S () ) () L1 C}-AI - 9.3G{‘;\;/C’2
0.470 0.480 0.490 0.500 0.510 0.520

Dipion mass (GeV/c?)

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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15

(K] -
v SN,
ot g
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045 .- e -
. e
iz e as
2 525 5275 54
My (GeV)

Gaussian

] ARGUS function

52

5275 53
M, (GeV)

4

2 r

Gaussian

smooth and known background

0z od 4]

T AE (CeV)

D>
Reconstruction of B meson decays

Reconstructing rare B meson
decays at Y(4s): use two
variables,

beam constrained mass M,
and

energy diference AE

AE=) E,—E,/2

M, =(Eq, 12"~ B,)

Peter Krizan, Ljubljana
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2005: B = J/w KO with 386 M BB pairs

B > J/y K B 2> J/y K]

1600} - ,
[ Iy Kg(te) _ 2500 + data
1400F 386 M BB + S B [ Jrek,
Y 1200 S 2000~ | : ] JAWK X BG, K, detected
= ™ . _ "8 i : :
% NSIg = 5264 = I ! [ J/WX BG, other
*~1000 . - - 1 1
‘% Pu r|ty 98 % @ 15001 ! Bl combinatorial BG
> c i ! ! .
" soor CP odd 5 F il Nsig = 4792
600} : = 0= Purity 60 %
[ 1 Q B
400 ! E i CP even
[ : = 500 -
200f ! -
0- LT LT Ty I " 07
5.2 5.22 5.24 5.26 5.28 5.3 0 02 04 06 08 1 1.2 1.4 16 1.8 2
My (GeVic?) pS™ (GeVic)
M, =.\E.,-P,
be beam J 1yKs pg’ (Momentum in CM)

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



Principle of CPV Measurement
Flavor-tag decay

Ngore B/ (= Aal(ey

more Bs

Flavor tag quality r:0< r<0.5, poor <= _ - D
tags, 0.5<r<1 good tags. ( 1-2w )Slnz

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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S 2005: B > J/y KO

sin2¢,= 0.652 +0.039 (stat) £0.020 (syst)
NO o A = 0.010 £0.026 (stat) £0.036 (syst)

DCPV

300 :
F B — JiyK® BO tag

B tag

200}

100}

Entries / 0.5 ps

BG subtracted distributions
(good tag region)

Asymmetry

'&.wat(pS)
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



{B Evidence and Observation of Direct
CP Violation in B Decays

DCPV in BO>n*n- and BO>K nt,

hep-ex/0502035 (PRL 95, 101801(2005)); hep-ex/0507045

Asymmetries in the Dalitz plot of B* >K* n+ -
hep-ex/0509001

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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Importance of direct CPV in B decays

"The final, completely definitive death of any superweak
theory will come from the observation of direct CP
violation in the B system.......

Evidence for such direct CP violation would be given by

the difference between the asymmetry parameters in a

decay such as B>=* - from that of B>J/w K.. This can
be considered the £ experiment for the B system.”

Lincoln Wolfenstein, 1999

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



Diagrams for B> nn, Kn decays

b u b i
BoO nt Bo° nt
d d d d
A3 - Y %
TUTT
A0 w A3 A0 w a2

91
Q
Ql o
QIS &1 Q
b= |
|
41
=
I U
QI & S
8

4
+

A3 » A2

Possibility of tree-penguin interference.

Km

N.B. in B>nn the two diagrams are the same order in A

University of Freiburg Peter Krizan, Ljubljana
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BHELE

If there is more than one diagram and additional weak
phases, there is the possibility of direct CPV and a new term
with a cos(Amt) time dependence.

—|t|/7p

P(B— fopit)= ° [1+qg-{A4 cos(Amt)

4z,

with g=:

-1 + S sin(Ami)}]

If integrated over all times (-inf,+inf), the asymmetry with
the sin(Amt) term vanishes, while the term with cos(Amt)

remains.

February 1, 2006

University of Freiburg Peter Krizan, Ljubljana
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was] [Experimental Situation for B=>nt 7 in 2004

BHELE

D>
ol Belle 152 M BB BABAR 227M BB

with 372132 BO-»ntn~ events with 467+33 BY->ntn~ events

S =-1.00+021£0.07| |S._=-0.30%0.17+0.03

nrw

A =+0.58+0.15+0.07| |4, =+0.09+0.15+0.04

PRL 93, 021601 (2004) hep-ex/0501071, to
5.2c CPV,

appear in PRL

First evidence for DCPV (3.20

Also ~3.2s discrepancy between Belle and BaBar

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana




B->rt n time evolution

- 666+43 Bo>nt

0 no ]
B0 BY tagged B tagged qignal events
~
lt:‘ 100 AE-I\_/Ib(? 2_D fits
+ ; to individual
=~ I time intervals
N
1 L
@ I
<|E 0 Bkg subtracted fit
fi * projections for B>nt* n-
S
-1 — | | |

D 2005 sample
At (ps) P

February 1, 2006 University of 1 icivuiy Peter Krizan, Ljubljana
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Summary of Belle B - n* n= CPV results

1st error statistical,
2nd systematic

e Compelling evidence for direct CP violation
in B=>n*n” with 4.0c significance

e Confirms previous Belle results.

e [sospin analysis for this mode alone gives
(95.4% C.L) 0 <¢, <19 & 71'<g, <180°
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ramd Consistency Checks with time-integrated fits

BHELE

A =+4052+0.14 Counting experiment consistent
g with unbinned time-dependent fits.

LR>0.86 & 0. 5<r<1 0

(@)
O

> BOtagged =% B tagged

O s O :

S 50 nn: 107413 S 201 ot 6911
— AL~ Kr: 4219 e 40 Kr: 4319

% 30 ) cont: 38+1 % 30 cont: 38+1

> T ﬂ

0° 2N NP2 N T+ Gk
0 0.2 04 0 0.2 0.4 AE(GeV)

AE (GeV) AE (GeV)
Visible indication of direct CP violation.

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



ﬂTCTC

2005: Status of B=>n* «

BABAR (2004)
-0.30+0.17+0.03

Belle (2005)
-0.67+0.16+0.06

Average
-0.50+0.12

—A—

STCTC

II\‘\ (| \II\‘\\\I'\\\\‘IIII\
-2 17515612 1 -075-06-025 0

BABAR (2004)
-0.09+0.15+0.04

Belle (2005}
-0.56+0.12£0.06

1 Belle
I 275M

0.5 -

0 +
- BABAR 227M
b \ |

45 ~2.3c difference

between Belle and
. BABAR \
STCTC

February 1, 2006 University of Freiburg

Average
-0.37+0.10

i (c,m)

—i—

6 a4 a2

08 06 04 02 O

Peter Krizan, Ljubljana
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Direct CPV asymmetry in B Decays

Asymmetry in B decay rates

4 B> /)-TB->/))
T TB > f)+T(B - f)
B 2rsin ¢ sin o
1+r%+2rcosdcosd
r=|P|/|T|, @ =weak phase diff
o0 = strong phase diff

The direct CP asymmetry (A4,) can be large if two

amplitudes have comparable sizes, different weak phases
as well as a strong phase difference. This can be happen

in certain B decays due to the interference of penguin (P)
and tree (T) decays.

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



Direct CPV in B0 - K+t~
2004 results from BaBar & Belle

| PRL 93, 131801 (2004' D PRL 93, 191802 (2004'
227M BB -L- 275M B§|

»Evidence for DCPV (4.20) »Evidence for DCPV (3.90)
‘ = -0.133 +0.030 +0.009 I ‘zl = —0.101 +£0.025 +£0.005 I
—
B BY
n 0 e o, 500T v, 500T
g, =1606+51 | (B oKr)=o0 2™ S kg
=0 ; o = = [
4, ==0133£0030£0.009 | n(8'»K7 )=696  §f Sl .
Eznu Ezcnf—
Sao e BLKT z4000 . BABAR | " ooy )
= —|| Z B B 1 £ e
n 200 @—?K"E*’ 'l 4 4.2 syst 13 a3 25 2:3
PR SN TLL NS ] g included > . My (GeVIC')
& PN 1 LEI'}. . 2 .
e 0.1 ®) BABAR 20 | background S -
¥ 4 | subtracted 5 -
é 0 | \ d E -
- ] i w ., i
2..0.1 signal enhanced ¢ 0 -
5.2I | 5%!2 - 554 | 526 - i.l?ﬂ . ;n’r _[]I_| 0 I []_Il L ;__L_\. e
mgs (GeVie) AE(GeV) eibu 2 o5 05

AE (GeV) AE (GeV)
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sl 2005: "Observation” of Direct CPV in B>K

BHELE

-
o O
=~/

=~
o O
o O

o
(=)

Entries/2MeV/c?
w - n [+}]
(=]
(=]
[ =]
T IQI LIl

Entries/2MeV/c?
W L g <N
o

Belle update with % o0
386 x 10° B Bbar pairs s ml .
100 .. 100 :
(hep-ex/0507045) 853 T3 85 TEm T Ea
M, . (GeV/c?) M, (GeV/c?)
< 700 = 700
% 600 % 600F
% 500 K™ | 5 so0f ianifi
o I Significance
‘E 400 .E 400: 5 0 o
Y 300 "I 300 ! '
200 200F :
One more nail in the Y : o :
0 L. - Foe T T 120 o 0 R r(a‘i' TP E R TV DA =
AE (GeV) AE (GeV)
NB=K 1) -NB- K1)
Acp(KT17) = —= = (.113 £ 0.022 = 0.008.
cpli') NB=K )+ NB-= K1)

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



wag Tnterpretation: Direct CP violation+SU(3)

BHELE

The results support the expectation from SU(3) symmetry that

_ 1 _
Aep(K 77) ~ _EACP(”JFE )
N.G. Deshpande and X.-G. He, PRL 75, 1703 (1995)

M. Gronau and J.L. Rosner, PLB 595, 339 (2004)

A, (K'7r7)=-0.115£0.018 HFAG summer 2005
_éAcp (#°77)=-0.19£0.04 Belle measurement

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



=4 A new approach to direct CPV using
the Dalitz plot in B* 2K* % ©°  1ep-ex/0509001)

/[O

Sample used for B* >K* n*n- study: Combined Dalitz

contains 2248+79 B- , 2038+76 B+ plot, signal region

Fix the resonant substructure, N ?3;% @ ]
then allow both the phase and BB ]
amplitude to be different for B+ %
and B-decays. °
:i‘ ) =
For each resonant amplitude § o S
replace ae® with ael° (1 + b e?)

0 25 30

M (K'TT)  (Gev©/c")

Fe FIG. 9: Nlustartion of the amplitude parametrization with Eq. 7. Peter Kriian, Ljubljana
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ramd Evidence for CP Violation in the Decay B> p0 K+

BHELE

TABLE [: Results of the best fit to K=7=77 events in the B signal region. The first quoted error is statistical and the second
13 the model dependent uncertainty. The quoted A cp significance 18 statistical only.

Channel Fraction (%) d (") b ¢ (") Agp significance (o)
K*(802)r® 130 +£0850%  0(fxed)  0.078+0.033550% —18+ 4477, 2.6
Ki(430)r= 655+15555  sitdly  0.060+0031550; ~123£165 27
memp (77T0)°KE TEEE003T0L 2014710 00800100 12643270 3.0 <C—
WT8)KE  015£012700  100+311Y 0 (fixed) - -
fO8K=  177+16%5;  6Tx11T) 030:010700 -82£E7] 1.6
R20)K= 1524035005  40+0TF  oarxoariyy  -2d4£207% 27
fr(1300)K* 4142081105  —141+105  012+01700 -7 +a615 1.0

Non-Res. 34042217 &7 =-11435% 0 (fixed) - -
5o =185 + 2019
ok = 1124012705 —18+£24750 015420367, -7r+0470° 0.7

A, (B* > p°K*)=0.28+0.10"7| (3.90)

Significance varies from 3.70 to 4.00 depending on the model
for the resonant substructure (add or remove modes, change nr
model, cpv in b>u background).

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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was] Fvidence for CP Violation in the Decay B* - p0 K*

BHELE

120

B — Knn (a) B '—K'n'n (b)

i

R 120 |||||+||

-
=4
(=]
-
=
=

80

B- vs B+ in the p and 0 (980)
m__ region

sl b o liss

Events/ (0.02 GeV/c?)
[=:]
o

Events/ (0.02 GeV/c?)
[=:]
=

o B i 0 - -
04 05 06 07 08 09 10 11 1.2 04 05 06 07 08 09 10 11 1.2
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100 e e e 100 e
o t B— K’ (e) ] o L B'oK'm'n ]
*s 80 E cos (Bha1 ) <0 B *S 80 a cos (82, ) <0 ]
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- (=1 - < o - .
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L] o | w - 4
] r & 5 -
5 20 E 20 |
04 05 06 07 08 09 10 11 1.2 04 05 06 07 08 09 10 11 1.2
+hE|ICIty M(z'n) (Gev/c?) M(n'n) (Gev/c?)
h . h A0 [ ro v i 160 crrrr e
em|5p ere ~140F B — Knn (e) —~140 F B =K'n'n’ (£) 4
U RK 3] - T 3
> 120 cos (8., ) >0 S 120 f cos (6051 )>0 3
@ @ £ 3
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un w C =
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e e - 3
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= 20 Hm 20 C 3
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FIG. 7: M(7" 7~ ) mass spectra for B~ (left column) and B™ (right column) for different helicity
regions: (a.b) no helicity cuts: (c.d) cos 837 < 0: (e.f) cos 077 > 0: Points with error bars are data,
1e open histogram is the fit result and the hatched histogram is the background component.
February 1, 2006 the open histog the fit result and the hatched histog the background component



>
Comparison of result to predictions and BaBar

Belle Data: A .,(B* — p"K*)=0.28+0.10"1, (3.90)

First evidence for DCPV in a charged meson decay

Cheng, Gronau, Luo, Rosner, Suprun; PRD 69, 034001 (2004)

A, (B* = p°K*)=0.21+0.10

M. Beneke and M. Neubert; Nucl. Phys. B675, 333 (2003)
+ 0pt\ +4.5+6.9+3.7+62.7 g
Acp(B~ > p K7)=—13.6157 5 55470

Four representative scenarios (-27.3, -9.3, 26.6, 31.7)%

BaBar Data: A.,(B" — p’K*)=0.32£0.13£0.067 . (2.40)

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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e 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.

vZe

ud

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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== A large number of b>s modes are known,

where are the b—>d penguins ?

Supressed by [Vy/Vis | 2vs b > sy

b
d

Interesting:

Measurement of |V,,/V..|

CP violation could be sizeable in SM (order 10%)

B(B — (p,w)7)
B(B — K*~)

a2l 1 —m2/M2 \
:Sp szl ( ii}l'lf.-',/i .T?) {:2 [l—l—ﬂﬁ']

1 — n'r.?{* f M %

Addresses the same physics issue as B- B, mixing (future
Tevatron Runll +LHCb goal).

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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/o V,4/V. from B = py, oy

BELLE

The measured branching fraction, B(B — (pw)vy) = (1.3473:31 T010) x 107¢, translates

1o

[Via/ Vis| = 0.20015:553(exp.) T gag (theo.),

which is compatible with SM constraints based on fits using measurements of other
CKM parameters.

14— 20F —
of B — (p,0)y 18t B—(p,m)y
— - - ignal
3 o 3
& 8f
i
Ll
2k
0 , 0.2 0. s . 5.3
A E (GeV) M, (GeVic)
hep-ex/0506075 First Observation of b->d y

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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yamd Implications of Belle’s observation of b>d y

Together with the evidence of B=>K%K modes, Belle has
demonstrated the existence of a new quark level transition: b>d

+ measurement of |V,y/V.|

2
BR(B - (p/w)y) Vi
BR(B - Ky)

Vis
| < Faee
B UTﬁf
1=
— i8%CL
B WS%CL

Full UT fit 1

SU(3) breaking correction

weak annihilation diagram for BR(B — p/ )

0.5

Febru -1 -0.5 0 0.5 1 p Ljubljana




"Internal Penguin”

| B° — U’Kﬂ Wt
b

> S d 4 > ST
B, WOy ¢
§R%9<5
S Lo
d - d Ks

Many new phases are
possible in SUSY

ho—— 5
T
§;%<5

d > d °

O
s
0 { _
B t 3
KO
- s
d d
February 1, 2006 University of Freiburg

Peter Krizan, Ljubljana




=4 Searching for new physics phases in CP

BELLE violation measurements in b>s decays

Example:
no KM phase ,/“)1
; /.,
( Z ¢ n, KK ¢n,K+K-
B u,c,t g 8 + B B 2
. 'K 8
@ d @, d Vtc"; i ) a,d

SM: sin2<|>1ef; sin2¢, from B>J/y K° (b>c ¢ s)

unless there are other, non-SM particles in the loop

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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<O Belle 2005 update: hep-ex/0507037
B-¢K’ : K°-» K or K, (386x10° BBpairs)

BHELE

¢ K ¢ K,
1F B” = gKg 1F B - oKP
0.5F D.E+
. g:’lv__ﬂ:'%,:_ub*- b
E -D.?- oo tage + D.?: Poor tags
E 1 T 1F
£ 05 0.5F
T 9 UM
-0.5 -0.5}F
f S| . e
7.5 765 -5 -25 0 25 5 7.5
At(ps)
"sin2¢, ''=+0.19+0.32 "sin2¢, ''=+1.54+0.59

"sin(2¢,)(B — pK")"=0.44+0.27+0.05

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana




K=y “Compelling Evidence"” for CP Violation
=23 in @ b=>s mode

n JrKD (backgmuﬂd subtracted)
100

5 gof® ="K - g

ol

— B0

8 4o}

£

W 20F
o "'sin2¢, ''=+0.62+0.12+0.04
o A=-0.04+0.08+0.06

significance>4 o

Asymmetry

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



sin(2[3° T /si n(20; )

Many b—>s modes were studied:

‘ HEP 2005

~all are systematically below sin(2p3)
value from B—=>J/y KO modes

PRELIMINARY
[b>ccs  World Averdge . N 069 +0.03 |
. BaBar k- 050+0.25 Qg
¥ Belle ] 0.44 +£0.27 £ 0.05
< Average 0.47 +0.19
o T BaBar T 036+0.1310.03
X Belle e 0.62+0.12 £ 0.04
=  Average P 0.50 + 0.09
e, - BaBar T g 6859 E 2 010"
X Belle : . il 0.47 + 0.36 £ 0.08
~ Average : 4 0.75+0.24
e TBaBar TS T 035081004
X Bele : 0.22 £ 0.47 £ 0.08
B , Average e il 0.31£0.26
X T BaBar ke T 084 £0.71+0.08
..o, Average—— i 084071
, & BaBar 0.50 T5 32 £0.02
X Belle : . - 0.95+0.53 7512
S Average i e 0.63 + 0.30
"""" ¢ BaBar i ea[0.41+0.18+0.07£0.11
\» Belle , : L 0:60 +0.18 + 0.04 1512
___mk_IAverage_.__.i___.____i__l' ©051+0.14 1500
e BaBar : 0.63 1035+ 0.04
"  Belle 0.58 + 0.36 + 0.08
o Average 0.61+0.23
3 -2 0 1 2 3 reiburg

Belle data: hep-ex/0507037

recent theory estimates :

[Beneke, hep-ph/0505075]
| [Cheng,Chua,Soni| hep-ph/0506268]

-0.1
sin2¢

0 0.1 0.2
1(penguin)-sin2¢,(tree)




¥y New Physics ?
Asin2¢in b—sqq golden modes (July 2005)

Very large effects
of order unity, AS=1,
are now ruled out.

Theory corrections are
small and opposite in
sign to the measured

deviations.

February 1, 2006

q)K0 (exp.)
pQCD

QCDF

n’K (exp.)

QCDF

-0.4

-0.3

-0.2 -0.1

Asin2¢"

-0.221+0.19
+0.005

0027 pog

0.0210.01

0.037) 0, 10.01

-0.21+0.09
0.011£0.01

+0.00
0.0070°



Projection for Super B Factory (50ab™)

0K (exp.) | | H | | ; | -0.22+0.019
Are there New Physics pQCD | 0025
effects of order 0.2 in OCDF i 0.0240.01
b>s CPV ? o] 0020,
0.03) "0 +0.01
n’KO(exp.) -0.21+0.009
Super B Factory level - g
statistics will allow usto  Qcpr H 0.01:0.01
answer this question.
0.00+0.00
: -0.04
| I | I | I I

04 -03 -02 -0.1 0 0.1
AsinZ(])‘*lff

February 1, 2006 university or Freipurg Peter Krizan, Ljubljana
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ud
b > s I*lI- was first measured in B > K |*I- by Belle (2001).

Important for further searches for the physics beyond SM

2

dr(b—st't) (a, T Gl V.V, (1)
ds 4r 487’
x (1+2§)( ol ilens 2)+4(1+3j ol +12Re(c;’ffc;ff*)}
S

Particularly sensitive: backward-forward asymmetry in K* |
February 1, 2006

University of Freiburg Peter Krizan, Ljubljana
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o
Arp (qz) fD dqﬂdcﬂsﬁdcosg f 1 dqﬂdcﬂsﬁdc{}sg
fD dqﬂdms ¢ dcost + f 1 dqﬂdcc:sﬁ' d cos ‘9
/_
ﬁL
B
B 0
0
ﬁ{.
/_
Backward event Forward event

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

Unbinned fit to the variables g2 (di-lepton

invariant mass) and cos(8) for B>K™ | | data
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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2005: Sample used for Ag(B>K*I)(g?)

hep-ex/0508009

DT S L
SO0F  (a) K* 1T

%2 5225 525 5275 5.3 5225 525 5275 5.3
M, (GeV/c)

Sample for B>K* | | events 113+13

B->K | | control sample 96+12

Consistent with flat — E——f |

:IIIIIIIIIIIIIIII;IIIEIIII:IIIEIIIIIIIIIIIIIIII
25 5 75 10 125 15 175 20 225 25

February 1, 2006 University of Freiburg

P(q21 cos@; Ag /Av, Ajo/Ar)
2
(g%, cos 0) /Nsig

d
B ] . 2
- fSlgESIg(q 1COS 9) dq2d0059

T
+ fcfcfecfcf(qza cos ) W (CI21 cos ) /Neter
42T
dg®d cos ¢
+ Fx.Px.e(g?, cosb)
+ fdﬂep{(l — Frcrin) Painep(q°, cos 8)

+ fiscr€ircs(q®, cos 0) (g%, — cos8) / Niges

+froenPr-en(q®, cos 9)}
+ FfrnnPreonn(q,cos8) + fuPylg®,cosd), (

Treat g2, cos(0)
deDendence of bkqs

||||||||'||||IHIIIIII'IIFIIIIII—Y ||||||||||

Arg (bkg-sub)

@KI"I

q2 GeV?/c?
Peter Krizan, Ljubljana



Constraints on Wilson coefficients from
A(B>K" 1 1)(g?)

Projections of the full fit to g2, cos(6)

"|"'|"'|"'|'E"E'"|'E""E"'|"||"': Integrated FBasymmetry
HE 1 A4 (B>K'T)=

0.50+0.12+0.02;(3.40)

o
h

Acg (bkg-sub)
o i -
——

S
3]

control sample:
A, (B> K'I'l")=
0.10+£0.14+0.01

1
—
|

Observed integrated A rules out some radical New Physics
Models with incorrect signs/magnitudes of Cq and C,,

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana




A=y Results of the unbinned fit to g2 and cos(6)
2 distributions for ratios of Wilson coefficients.

I~ _IIIIIIIIIIII TTTQP [TTTaTTTTTTTTTTT]TTTTTTIT
< 40

2

<

30

Ar/A;

20[ -,
10f

A/A; o

=10

Ao/A;

-20|

- Best fit

-301 :

-a0- :

2677302090 010 20 30 40
|A,| constrained from A9 / A7

b->s vy to be close to SM

Ref: hep-ex/0508009

negative Az positive Az —1401 < AgA1p/ A2 < —26.4.
AgfA7 —15313o+1.1 163137 +14 3t 95% C.L.
Aig/Ar 10.31521+1.8 111189+ 24

g Peter Krizan, Ljubljana




Az(B>K* |+ I)[g4] at Super B Factory

« Assume 1 year of running at 5x103>/nb/sec
- > 5/ab integrated luminosity, 10 billion B

mMesons
— A, fixed to SM value

AFB

0.75 =
05 F E
0.25 F =

-0.25 F
05 F
-0.75 F

B

125 15

Determine location of the zero
crossing precisely with 50 ab"

February 1, 2006 University of Freiburg

Acg (K*Il) with 5/ab

Donut : B(B>Xs I 1)
with140/fb + 100/fb

NP

12

-2 -9 -6 -3 0

~ eff
C9,NP

3
NP
C9

Peter Krizan, Ljubljana
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wa»)l Fundamental Questions in Flavor Physics

BHELE

Are there New Physics Phases and New
sources of CP Violation Beyond the SM ?

Experiments: b->s CPV, compare CPV angles from tree and loops

Are there new operators with quarks
enhanced by New Physics ?

Experiments: A.z(B>K'l |), B>K & rates and asymmetries

Are there right-handed currents ?
Experiments: b->s y CPV, B>V V triple-product asymmetries

Are there new flavor changing
neutral currents ?
Experiments: b->s v vbar, D-Dbar mixing+CPV+rare, T-2pny

These questions can only be answered at a Super B Factory.
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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/> Super B Factory Motivation

BHELE

 Physics beyond the Standard Model (SM) must exist.

— finite m, matter
— gravity

no antimatter

« If the LHC finds New Physics at the TeV scale,

— its flavor structure must be examined experimentally. A super B
factory is the best tool for this purpose.

cf. Physics of top quark b _ugt~  d Vi Vi Vs
First estimate of mass: BB mixing - ARGUS S, v v v v
. . . w CKM cd cs cb
Direct production, Mass, width etc. - CDF/DO0 3 Sz ; v
Off-diagonal couplings, phase —> BaBar/Belle VA @ ts Uib

 If the LHC finds nothing but a SM-like Higgs,

— searching for deviations from the SM in flavor physics will be
one of the best ways to find new physics.

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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New physics effects in B physics

Different New Physics scenarios G Hiller
and their effects in B decays.

i e
MFV UV hx

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

brane : e e

-.'.bl,l sersoft - MSSM MSSM SUSY (]UTE:
SUS breakmcf MFV : 5 MFV : '''''''''''''''''''' '

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

SM like B phybles new physics in B data
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ya=d A Broad Unbiased Approach to New Physics

v experiments,
LHC, ILC 9,-2, u—ey, etc.

\ /

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

Quark sector

t LFV, Flavor mixing,
1t CPV | CP phases

Super B factory,
LHCDb, K experiments...

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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£ CPV in b = s and diagnosis of new physics
02 03 04 05 06 07 08 09 1, 02 03 04 05 08 0708 09 1,
SUSY SU(5)@v, IR . mSUGRA Y

(non-degenerate) 0.6 ; i Jos

0.4 : . o4
= 102 = 02
o i o : i
< jo X E  |°
N 1-02 . 1-02
104 . {04

1-0.6 : 1-0.6
=30 i-08 | } & s ]-08

f : Mgiino = 600G9W0 v Myiino = 600G9Wc
. 1, I
| Stoks) S(0Ks)

Expected precision at 5ab!

Many other examples of using correlations to distinguish new
physics scenarios have been examined.

T.Goto, Y.Okada, Y.Shimizu,T.Shindou, M.Tanaka (2002, 2004) + SuperKEKB Lol

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



ol 24
Super-B and LHCb: complementary

. Clean environment > measurements that no other experiment can
perform. Examples: CPV in B - ¢ K%, B - n’KP for new phases, B -
K% for right-handed currents.

+« | “6-meson beam” technique - access to new decay modes.
Example: discover B> Kvv.

ISLIJpqu!EK.BaIISQatf'll | ILchq(o‘.oolzap'l)I |
«  Measure new types of asymmetries  ,,,5%; i 3 )
H H no Info
Example: forward-backward AS(TKS) i 9 ;
trv in b > AS(KSKSK9) H 9 :
asymmetry In Suu, see .Z(BAS(T][;)KS; Hi s; :
sin2x(Bs - Jyg - i
: , SK™) H ) 7
+  Rich, broad physics program B - X) m ) :
' ' ' Ace(B - X9) i ) H
including B, T and charm physics o il { .
Examples: searches for r - uyand Cutl Al 1) —— ) oo
D-D mixing with unprecedented B K |
itivi Br(B’ - D) ; )
sensitivity. o oo ) f !
.s'n?(pl E 0, |.|
,(Ttrtisospin) M ) :
i 'i' )
(K" K ) ——
Ea——
BAbS —
February 1, 2006 University of Freiburg Vel WL Wit
’ 05 03 01 0103 0505 3 20T 1 03 05




Super
) JKEXE, Super B Factory at KEK

- - D

RF deflector
(crab cavity)

Kick

New Beam p|pe a KickN\ % "jﬂ M

crossing angle

head-on collision

G ol ~|

N ‘ ,‘r f
Ante-chamber & solenoid coils = More RF power

NEG Channel

o

.
| ‘TDamping ring

-

~

e il Linac upgrade || = 4x1035/cm?2 /s

[Beam Channel] [SR Channel] Cooling Channel

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



{B Crab crossing in the near future

BHELE

®Crab crossing may increase the beam-beam parameter up to 0.19'!

é 0.2 P (Strong-weak simulation) J—
y @ | |

0.15 |- |1 7~ Head-on (Crab)

0.1 O | </ (Strong-strong simulation)

& Crossing angle 22 mrad
005 i ] ! = ! L N
BE . F
0 L L 1
0 0.5 1 1.5 )

[+ (mA)

® Superconducting crab cavities are
now being tested, will be installed in

KEKB around March 2006.

RF deflector
(crab cavity)
i Kick 2
- Qfecf S H/
e O
Kiek | ! ~— Q on‘“/ -
- ==
Rx‘“‘“ ,//,I\/
| crossing angle
et . \L

/-/ head-on collision ‘\

-
]

o !




>
a4 Requirements for the Super B detector

ExpMC
Eher 8.00 Eler 3.50 Date
B EL L E TrgiD O DetVer 1 MagiD 21
Ptot(ch) 0.0 Etot(gm) 0.0SVD-M DCDC-M 2KLM-M O

Critical issues at L= 4 x 103%/cm?/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 detector.

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

» Better particle identification device

» Replace endcap calorimeter by pure Csl.

» Faster readout electronics and computing
system.

February 1, 2006 University of Freiburg L | P‘eterﬂ Krizan, Ljubljan:
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SC solenoid
1.5T

n/ K, detection

Belle Upgrade for Super-B

Csl(TI) 16X,
e Csl (endcap)

14/15 lyr. RPC“" ;
- tile scintillator

New rea
and

compu
systems

F8i r<20 ¢
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BHELE

¥s3 PID upgrade in the endcap

o

e
I
= - T==T—

improve K/= separation in the forward (high mom.) region for few-body
decays of B's S

good K/r separation forb -> dy, b -> sy
improve purity in fully reconstructed B decays
low momentum (<1GeV/c) e/u/n separation (B ->KIl)

keep high the efficiency for tagging kaons
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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BHELE

Why excellent particle identification?

Remember B>t decays: B> 7K rate 10x bigger than B> !

N W
o O

Events/(0.02GeV)
D
o

=
o

a1 O
o O

@q=+1

— Total
T TT
----- KTt

o
T, =
-

f
-H+++++ gty dit
0 0.2 0.4

AE (GeV)

Events/(0.02GeV)

(b) g =-1

— Total
T TT
----- KTt

AE (GeV)AE (GeV)

- We would see no effect without excellent PID!

February 1, 2006

University of Freiburg

Peter Krizan, Ljubljana
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Proximity focusing RICH in the
forward region

K/m separation at 4 GeV/c

aerogel photon detector
0.(n) ~ 308 mrad (n = 1.05)
Cherenkov photo:l:s‘_::‘ﬂ— OC(TC)— GC(K) nJ 23 ml‘ad
::-.:_:_‘,‘._.;;,a..ged particle do(meas.) = o, ~ 13 mrad
................. With 20mm thick aerogel and
e 6mm PMT pad size
."".:l
~ 60 separation with N,.~10
2cm 20 cm
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



=4 Beam test: Cherenkov angle resolution
and number of photons

/[O

Beam test results with 2cm thick aerogel tiles:
>4c K/n separation

(a) Cherenkov angle (b) Number of hits

200 e = 0.322 rad

-c:h.lp&:}: 6.2
800 O, = 14.8 mrad *

Entries

o 0.2 0.4 0.6
8 (rad) M

-> Number of photons has to be increased.
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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S How to increase the number of

photons?

What is the optimal radiator thickness?

Use beam test data on oy and N, 5 "o
£ = n=1.05 A =30
. g 12F — p=1.05 A =20
E > 11} Otrack :GO/‘/(Npe)
S 1
Z 0 10}
8 9 L
6 st
J: il ysea y
O n=1.047 - o S/ R T T S
0 . L ' ' ' : 7t
] 10 20 30 40 50 60 3
thickness (mm) 2f © n=1.056, A=30.0mm —
An=1051,A=183mm - 6 N M A M
0 s - - s - 0 10 20 30 40 50
0 10 20 30 40 50 6G .
thickness (mm) thickness [mm]
Minimize the error per track: Gtrack=00/V (Npe)

mmm)  Optimum is close to 2 cm

February 1, 2006 University of Freibu
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Radiator with multiple refractive indices

How to increase the number of photons
without degrading the resolution?

-> stack two tiles with different refractive
indices: “focusing” configuration

normal

Ny | na ny=n, Ni{| N2 N{<nNo

N

N

NIM A548 (2005) 383

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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Z
6000

4cm aerogel single index

4000

ny| Nz ny=nNsz

2000

i\

ik

= 8000
2+2cm aerogel
//
_—

February 1, 2006

: X'/ ndf 2467. / 116
o Pl 5495,
P2 0.2965
P3 0.2072E-01
P4 85.32
L P5 796.0
nf=7.69
i 2 M SR BT B Y
0 0.1 0.2 0.3 04 0.5
0 (rad)
theta cerenkovy
B X'/ ndf 1095. / 116
: Pl ﬂ 7289,
P2 0.3074
P3 0.1428E-01
P4 74.49
P5 884.4
nf=7.46
[ nb=083
[\.. . sy o - Ll\N
0 0.1 0.2 0.3 04 0.5
0 (rad)
I = - 7 -

ty(rad)

ty(rad)

Focusing configuration — ¢

04 F

04 F

0.4

-0.4

ata

0.4
tx(rad)

0.2

ring in cerenkov space

0.4
tx(rad)

-0.2 0 0.2

R LY A R Ly R PR
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ot Tiling of the radiator

Minimize photon yield losses at the
aerogel tile boundary: hexagonal
tiling scheme

oo =

— Cut into hexagonal shape from a

_ square block
T — Machining device: use “water-jet”

‘ ‘ thanks to the hydrophobic nature

February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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KEKB Collider Upgrade Scenario

Projection of KEKB Luminosity

e
=]

C | ]
45f— I-peak = 1.6x103%*cm—2s1 ~1010 BB—I ear I —f
.. | Ly = 469fb1 (Nov.30, 2004) o eelyears o
£40 - Integrated Luminosity (logged) & S I m I I a r n u m be r 7
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Lpeak (CM™2s1) 1.6x103¢ 5x1034 5x1035
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e Possible Schedule for Super B

A Super B proposal was submitted to MEXT in August 2005.
KEKB/Belle project receives a grade of S(i.e. A+) in gov. review

Construct. J-PARG 1 construction T2 ILC cons*ruction
fund
(B const.

Operation

fund <& - ——::
Crabjcavity
KEKB \1/ EEEEEEEEEEEEQER
machine KEKB A >1000fb-" SuperkKEKIB
Belle “Mijnor” upgrade “Major” upgrade

2004 05 06 07 08 09 10 11 12
Calendar year
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Summary 1

® (Observation of direct CP violation in B® — n*trx~ and
K*n~ decays, evidence in B- — pY K

® CP violation in b>s transitions remains bellow SM
expectation, but
® Forward-backward asymmetry (Ag) in b>sl*l-is

becoming another powerfull tool to search for physics
beyond SM.

® We are entering an exciting phase of precision
measurements.

.... and there are much more interesting results, but

could not be covered in this talk!
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana
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Summary 2

B factories have proven to be an excellent tool for flavour
physics

Reliable long term operation, constant improvement of the
performance.

Short term plan: increase luminosity x3 by a crab cavity
Major upgrade in 2009-10 -> Super B factory, L x30

Essentially a new project, all components have to be
replaced, plans exist (Lol), nothing is frozen...

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

Do not miss the chance to be part of it...
February 1, 2006 University of Freiburg Peter Krizan, Ljubljana



