
Introduction
Apparatus
Results on CPV

b->sqq
b->sγ

Summary

-

CP Violation in bCP Violation in b-->s Decays>s Decays
and New Physics Phasesand New Physics Phases

Alexei  Garmash
Princeton University

(for the Belle Collaboration)



CP Violation in b->s Decays & New Physics phases

DPF’04
meeting

p. 2

One phase to rule them all ?One phase to rule them all ?

Beautiful agreements so far!
Triumph of the Kobayashi-Maskawa model of
CP violation with a single CP-violating phase ⎟
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Quantum interference between two diagrams

ACP(∆t) = S·sin(∆t∆m) + A·cos(∆t∆m)

For B0->J/ψKS: S = sin(2φ1)
A = 0

WA: sin2φ1=0.726 ± 0.037

Much more statistics is needed for precise measurements of φ2(α), φ3(γ) (1ab-1 at least)
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Hunt for New Physics in bHunt for New Physics in b-->>sqqsqq

=> Measurement of the φ1(β) phase
in various quark level processes.
SM predicts the same TCPV (up to
Few % corrections) in b->sqq penguin
as in b->ccs tree transition
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Large deviation from b->ccs Hint for new physics
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Status in 2003Status in 2003

Belle (140 fb-1)

B0->φKS

3.5σ from SM !Belle  140 fb-1: S = -0.96±0.50±0.09
0.11

BaBar 110 fb-1: S = +0.45±0.43±0.07
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KEKB KEKB ColliderCollider

~1 km in diameter

Mt. Tsukuba 
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RF RF
FUJI Area

HER LER
Linac

8 8 GeVGeV ee-- x 3.5 x 3.5 GeVGeV ee++

LLpeakpeak = 1.39 x 10= 1.39 x 1034 34 secsec--11cmcm--2 2 

±11mrad crossing

@ 1.2A x 1.6A@ 1.2A x 1.6A
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Continuous InjectionContinuous Injection

Always at ~max. currents, luminosity
~30% more ∫L dt

HER current

LER current

continuous injection
(since summer 2003)normal injection (old)

Luminosity

Time0 12 24

~1x106 B pairs/day !

253 fb-1 on ϒϒ(4S)
28 fb-1 below ϒϒ(4S)

http://kekb.jp/
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Belle DetectorBelle Detector

SC solenoid 1.5T

CsI(Tl) 16X0

TOF counter

8GeV e -

μ/KL detection
14/15 lyr. RPC+Fe

Tracking + dE/dx
small cell + He/C2H5

3.5GeV e +

Si vtx. det.
3 lyr. DSSD

Aerogel Cherenkov cnt.
n=1.015~1.030

SVD1 SVD2

⇦140/fb SVD1

⇦+113/fb SVD2
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B Signal IdentificationB Signal Identification

σ~3MeV/
c2

σ~15MeV

Signal regionSignal region

∆E

Mbc

∆∆E = EE = E**
BB –– EE**

beambeam

Kinematic Variables:

MMbcbc = = √√ E*E*22
beambeam –– |P|PBB*|*|22

Beam constrained mass

Energy difference

Spherical BB event

Jetty continuum event

Continuum background suppression
based on the event topology

All quantities are calculatedAll quantities are calculated
in the in the ϒϒ(4S) rest frame(4S) rest frame
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Belle 2004 update (274M BB)Belle 2004 update (274M BB)---

With the huge data sample collected by
Belle (KEKB), we are starting to probe
NP in various b->s penguin dominated
decay channels ! New channels

New SubModes
B0->φK0(π0π0)
B0->φK0(KL)
B0->η’(η(π+π-π0)π+π-)KS

New Modes
B0->f0(π+π-)KS
B0->ω(π+π-π0)KS

New vertexing techniques
B0->KSπ

0

B0->K*(KSπ
0)γ

“Standard” channels

+B0->φKS
B0->K+K-KS 
B0->η'KS
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BB00-->>φφKK00: Reconstruction: Reconstruction

Belle 274M BB

φKS
Nsig=139 ±14
purity 0.63

PB*

Nsig= 36 ±15

φKL

purity 0.17

Belle 

Preliminary

Reconstruction similar to
J/ψKL + sophisticated
continuum suppression

Includes KS->π0π0 (Nsig = 13±5)
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TCPV in BTCPV in B00-->>φφKK00

φKS + φKL : S (φK0) = +0.06 ±0.33 ±0.09
A (φK0) = +0.08 ±0.22 ±0.09

φKS + φKL : S (φK0) = +0.06 ±0.33 ±0.09
A (φK0) = +0.08 ±0.22 ±0.09

Good tags

Poor tags

S = 0.736
fit Good tag

274M BB

~2.2σ away from SM

Belle 

Preliminary
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TCPV in BTCPV in B00-->>ηη’’KKSS & & KK++KK−−KKSS

η’KS
Nsig=512 ±27
purity 61% Nsig=399 ±28

purity 56%

S  = +0.65 ±0.18 ±0.04
A = -0.19 ±0.11 ±0.05

CP=+1: 1.03 ±0.15 ±0.05

“sin2φ1”
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(~0.5σ from SM)

(φ excluded)

η’→ ργ,
ηπ+π−

(η→ γγ, π+π−π0)
S = 0.736
fit

Good tags Good tags

−S = +0.49 ±0.18 ±0.04 (± )
A = -0.08 ±0.12 ±0.07

0.17
0.0

(~1.0σ from SM)

Belle 

Preliminary

K+K−KS
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Time dependent CPV in BTime dependent CPV in B00-->f>f00(980)(980)KKSS

B->KSπ+π-

f(f0KS)     = 91%
f(π+π-KS)  = 2.3%
f(ρ0KS)     = 4.8%
f(fxKS)     = 1.6%

Non-f0(980) components
are determined from
the M(π+π-) 
distribution [

Nsig = 102 ± 18, 
purity ~ 58%

S = 0.736
fit

-S = -0.47 ±0.41 ±0.08
A = -0.39 ±0.27 ±0.08

(~2.9σ from SM)
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“sin2φ1”

Belle 

Preliminary
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TCPV in BTCPV in B00-->>ωωKKSS

“sin2φ1” S = +0.75 ±0.64 ±
A = +0.26 ±0.48 ±0.15

0.13
0.16

(~0σ from SM)

Belle, 274M BB

Nsig = 31 ± 7, 
purity ~ 56%

First observation of ωKS (~7σ)
First measurement of the TCPV
in this mode.

Good tag

Belle 

PreliminaryPoor tag
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TCPV in BTCPV in B00-->K>KSSππ00

Signal Yield
w/ vertex ~ 77.5
w/o vertex ~ 173.

Low purity 
region

The S term is measured with events
associated with a B vertex.

Events without B vertex are also used for the 
measurement of A with a time-integrated method.

High purity 
region

S = +0.30 ±0.59 ±0.11
A = -0.12 ±0.20 ±0.07  

Good tag

ACP(∆t) = S·sin(∆t∆m) + A·cos(∆t∆m)

S = 0.736
fit

Belle 

Preliminary
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B B VertexingVertexing Using KUsing KSS OnlyOnly
(validation)(validation)

CP-Fit with Control Sample

S(J/ ψKS) = +0.68 ±0.10
A(J/ ψKS) = +0.02 ±0.04[

Apply the same analysis to
J/ψ Ks but ignore the J/ψ
tracks and determine the
vertex only with Ks.

Good Tag

S = 0.736
S = 0.68

S(J/ ψK0) = +0.666 ±0.046
A(J/ψ K0) = +0.023 ±0.031[B vertex 

by J/ψ

Full Sample w/ J/ψ vertex

l –

J/ψ
KS

l +

B vertex
by Ks
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TCPV in BTCPV in B00-->K*>K*00[K[KSSππ
00]]γγ

Nsig = 57 ± 9, 
purity ~ 65%

S = -0.79 ± ±0.09
A = -0.00 ±0.38

0.63
0.50

Belle 

Preliminary

SM: γ ≈ polarized 
S ≈ 2(ms/mb)sin 2φ1 ≈ 4%
A ~ 1%

New Physics ↔ Large S, A
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Summary of bSummary of b-->>sqqsqq TCPVTCPV--

Belle Only, 274M B pairs BaBar Only, 227M B pairs

(A: consistent with 0)
2.7σ2.4σ

More data needed to conclusively establish New Physics
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Backup Slides
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BB00-->>φφKKSS Cross ChecksCross Checks

Results of φKS/KL
φKS (SVD2)

Σ(φΚΣ) = −0.75 ±0.46
A(φKS) = −0.03 ±0.28

Σ(φΚΣ) = −0.75 ±0.46
A(φKS) = −0.03 ±0.28

S(φKS) = +0.75 ±0.47
A(φKS) = +0.16 ±0.34

S(φKS) = +0.75 ±0.47
A(φKS) = +0.16 ±0.34

curve of 
combined fit

0.5<r≤1.0 0.5<r≤1.0

φKS (SVD1)

SVD1 with 
Ks→π+π- only:

S(φKS) = −0.97 ±0.50
A(φKS) = −0.15 ±0.29

The probability of getting this kind
of difference is about 4.1% (by toy MC)
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Checks: sin2Checks: sin2φφ11 ((BB00 →→ J/J/ψψ KKS/LS/L))

SVD1: 152M BB 

∆t (ps)

Good tags

SVD1

Validation of new data sample (SVD2)

SVD2: 122M BB

Good tags

SVD2

_

S = 0.696 ± 0.061 (stat)
A = 0.011 ± 0.043 (stat)
S = 0.696 ± 0.061 (stat)
A = 0.011 ± 0.043 (stat)

S = 0.629 ± 0.069 (stat)
A = 0.035 ± 0.044 (stat)

S = 0.629 ± 0.069 (stat)
A = 0.035 ± 0.044 (stat)

_

SVD2:
S = +0.78 ± 0.45
A =+0.17 ± 0.33

SVD1:
S = −0.68 ± 0.46
A = −0.02 ± 0.28

↔

~2.3σφ K0
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BB-->K>K(*) (*) ll++ll−−

[Belle-conf-0415]

B (Kll)  = (5.50 ± ± 0.27 ± 0.02)x10-70.75
0.70

B (K*ll)= (16.5 ± ± 0.9   ± 0.4 )x10-72.3
2.2

K*

0
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(e)  K l+l-

5.2 5.225 5.25 5.275 5.3

(f)  K* l+l-

GeV

79 ±10
signals

82 ±11
signals

AFB(K*ll ) : very sensitive to NP
that may not be seen in B(b→sγ)

>10σ signals

Belle, 274M BB
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BB-->K* >K* ll++ll−− :FB Asymmetry:FB Asymmetry

[Belle-conf-0415]

Γ(ΘBl+<π/2) + Γ(ΘBl+>π/2)
Γ(ΘBl+<π/2) - Γ(ΘBl+>π/2)AFB =

First Look !
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