
CP violation in B decays
Recent results from BABAR and
BELLE

Guy Wormser
LAL Orsay



SLAC - Sept 15, 2004 G. Wormser, LHC 2004 Days, 5 Oct 
2004

2

Introduction
Very exciting harvest of results concerning CP 
violation

o 17 experimental talks at ICHEP in parallel and plenary
sessions!

o Made possible by superb performances of KEK-B and PEP-II
sin (2β) : Recent update using charmonium states
Search for new physics in CPV thru s-penguins
First measurement of sin(2α)
Many efforts concerning γ
First significant constraints from sin(2β+ γ)
First « consensual » direct CP violation in B decays
Perspectives and conclusion
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BABAR and BELLE Integrated Lumi

(Babar) (Belle)
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The great success of continuous injection

30% to 50% integrated 
lumi increase due to 4 

combined factors:

•Higher average lumi

•Higher uptime fraction

• STABLE Temperatures 

•Fixed Operating point in tune space

BELLE BABAR
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BABAR Detector

DIRC (PID)
144 quartz 

bars
11000 PMs

1.5T
solenoid

EMC
6580 CsI(Tl) crystals

Drift Chamber
40 layers

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided 

strips

e+ (3.1GeV)

e− (9GeV)
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BELLE

Full statistics
at Υ(4S)  ~250 fb-1

274 x106 BB pairs

Partial statistics
includes ~140 fb-1

or 152 x106 BB pairs 
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CKM and unitarity conditions

( )ρ η
Apex at

,

β γ α π γ β= − = = − −*arg ; arg ;  ubtdV V

γ β

γρ η
∗

∗ ≈ − +2 2 iubud

cbcd

V V e
V V

βρ η
∗

−
∗ ≈ − − +2 2(1 ) itbtd

cbcd

V V e
V V

α

0 0B - B  mixing

τ νΓ → l )B and  ( b c

νΓ → l( )b u

( )0,1( )0,0 ρ

η

⎛ ⎞
⎜ ⎟=
⎜ ⎟
⎝ ⎠

us ubud

cs cbcd

ts tbtd

V V V
V V V V

V V V
+W

ijV

= , ,iq u c t

= , ,jq d s b
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Measuring time-dependent CP asymmetries

+e
-e

z

tagB( )ϒ 4S

Start the clock

Δzβγ
ΔΔ ≈ 1zt

c
Δ  t is a signed quantity

βγ ϒ =(4 ) 0.56S

recB

Exclusive B meson and 
vertex reconstruction
Exclusive B meson and 
vertex reconstruction

/J ψ

π +

π −

0
SK

μ +

μ −

Tag vertex 
reconstruction

Tag vertex 
reconstruction

Flavor
Tagging
Flavor

Tagging

K −

μ −

Tagging performance: Q = 30.5%

σ μ
τ μ

Δ ⇔
⇔

~ 1 ps 170 m
~ 1.6 ps 250 m
t

B
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sin2β results from charmonium modes

BABAR PUB-04/038Update for ICHEP04

β
λ

= + ± ±
= = ± ±

sin2 0 722 0.040 0.023
/ 0.950 0.031 0.013

.
A A

0( )  (  odd) modesScc K CP

−1205  on peak or 227   pairs
7730 CP events (tagged signal)

fb M BB

BABARBBAABBARAR

0

0
( ) +
( )

S

L

cc K
cc K

0( )  (  even) modesLcc K CP

Updates previous result (2002) PRL 89 (2002) 201802

BABARBBAABBARAR
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BELLE Update on sin2β (φ2)

Significant 
update of 
BELLE SVD in 
summer 2003 
(~50% of 
total stat)
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Still very preliminary: No systematics error available up to now 
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sin2β, cos2β and CKM constraints

CKM fit to indirect 
constraints overlaid 

with sin2βWA
measurement

cos2β < 0

cos2β > 0

cos2β < 0 ruled out at 
87% CL by s- and p-wave 
interference in angular 
analysis of B J/ψK*0

(KSπ0) 
M.Bruinsma, CP-3

BABARBBAABBARAR

[ ] ( )sin 2 0 726 0.037 stat sysWA .β += + ±
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Asymmetries for           Penguins

0B

→b sss

( )+ −
−= ± ×1.3 6
1.27.6 0.5 10BF

Challenge

b s
s

s
d

d

+W

g

, ,u c t

“Internal Penguin”

φ

0
SK

φ φβ= =0 0sin2 , 0
S SK KS C

Expectation

u-penguin CKM suppressed by ~0.02φ→0 0  B K

0B
0

SK

η′

“Tree-level b→u”

u-tree CKM suppressed T/P < 0.1

0B

η′

0
SK

η′→0 0  B K

( ) −= ± ± × 655.4 5.2 4.0 10BF
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Asymmetries for           Penguins

0B

η′

→b sss

b s
s
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+W
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, ,u c t

“Internal Penguin”
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0
SK

0B
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0
SK

φ→0 0  B K

η′→0 0  B K

d d

s
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b s

+(δ   
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d
RR)b
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R
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φ

0
SK
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d
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~
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0
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b
s

s

s
d d

SUSY contribution with 
new phases

New physics in loops?
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K Kφ + −

W −

Penguin Olympia
One may identify golden, silver and bronze-plated s-penguin modes:

γλ∗ −∝ 4~ i
ub us uV V R e

b

d
g
t

0B

d

s
s

s

W −
γλ∗ −∝ 4~ i

ub us uV V R e 2~tb tsV V λ∗∝

W −
b
d
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0',  fη

s 0K

0K 0K

0',  fη

0K

Color-suppressed tree

s
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d
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d

s
s

s

W −

0B

2~tb tsV V λ∗∝

b

d
g
t

0B

d

d
s

d

W −
γλ∗ −∝ 4~ i

ub us uV V R e 2~tb tsV V λ∗∝

W −
b
d

0B

d

u
u 0 0, ,π ρ ω
s 0K

0 0, ,π ρ ω

0K

Naive (dimensional) 
uncertainties on sin2β

2( )
~ 5%

λΟ

~ 10%

2( / )
~ 20%

λ λΟ

Note that within QCD Factorization these uncertainties are much smaller !

[ ]
,  

CP
K Kφ + −

λ λΟ +2( (1 / ))qqf

Color-suppressed tree
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BABAR results for B0 → φK0

2004 = 227M BB pairs
(2003 = 120M pairs)
2004 = 227M BB pairs
(2003 = 120M pairs)

−

BABAR-CONF 04/033

0
SK

φ

φ

η +− ⋅ = + ± −
= + ± ±

0

0

0.070 50 0.25 0.04
0 00 0.23 0 05

CP K

K

S .
C . .

φ

φ

η +− ⋅ = + ± −
= + ± ±

0

0

0.080 47 0.34 0.06
0 10 0.33 0 10

CP K

K

S .
C . .

Update for ICHEP04

0
LK

2003 result

φ

±
= − ±0

98 18 events
1.05 0.51

LKS
φ→0 0

LB K

BABARBBAABBARAR

φ

±
= + ±0

114 12 events
0.29 0.31

SKS
φ→0 0

SB K
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More BABAR results from b → sss penguins

η

η

η ′

′

− ⋅ = + ± ±
= − ± ±

0

0

0 27 0.14 0.03
0 21 0.10 0 03

S

S

CP K

K

S .
C . .

η +− ⋅ = + ±−
= − ± ±

0
0

0
0

0.320 95 0.100.23
0 24 0.31 0 15

S

S

CP f K

f K

S .
C . .

β σ≠ sin2 [ ]@3.0cc

η′→0 0  SB K →0 0
0  SB f K±Signal: 819 38 ±Signal: 152 19

Updates for 
ICHEP04

 208   pairs M BB
η ρ γ ηπ π
η γγ π π π

π π π π

+ −

+ −

+ −

′ →
→
→

0

0

0 0 0

,
,

,SK

BABARBBAABBARARBABARBBAABBARARCONF 04/040
CONF 04/019
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Conclusion

BABAR has new sin2β(eff) results for all s-penguin analyses, most using 227×106 B pairs

The significant decrease in the statistical errors begins to provide precision measurements of 
CP violation in loop processes 

The “Standometer” indicates for the different modes:

0 0B Kη′→0 0B Kφ→ 0 0B K K K+ −→ 0 0
0B f K→ 0 0 0B Kπ→

s-penguins

Introduced and observed new silver-plated s-penguin mode 0 0
0(980) SB f K→

Sophisticated vertexing allows time-dependent measurement of CPV in 0 0 0
SB Kπ→

... and overall: 
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Results on sin2β from s-penguin modes

All new!
All new!

2.7σ from s-penguin 
to sin2β (cc)

2.4σ from s-penguin 
to sin2β (cc)
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Great News on sin(2α) front 
(Mostly from BABAR)

Update available on ππ mode, still « plagued » by 
penguins 
3 key measurements now available lead to First  
measurement on α, regardless of the penguin
« pollution »

o Dalitz analysis in the ρπ mode
o Precise BR AND asymmetry in π0π0

o More precise measurement in ρρ mode
Direct measurement more precise than indirect 
estimation from CKM fit !
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Interference of suppressed 
b → u “tree” decay with mixing

but: “penguin”
is sizeable!

ππ β γ α
ππ

ππ

λ − −= = =2 2 2  i i iq A e e e
p A

γ δ
α

ππ γ δλ
+

−
+=
+

2  
i i

i
i i

T Pe ee
T Pe e

B0 mixing

∗∝ */ tb tbtd tdq p V V V V

B0 decay: tree

ππ

ππ

α=
=

 sin2  
 0
S
C

ππ ππ

ππ

α
δ

= −
∝

21 sin2  
 sin

effS C
C

With no penguins With large penguins
and |P/T| ~ 0.3

3λ∝ 3λ∝

sin2α from B → ππ, ρπ, ρρ

B0 decay: penguin

∝ *
ub udA V V ∝ *

tbtdA V V

b d

bd
⊕ ⊕

Coefficients of time-dependent CP Asymmetry
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Results for sin2αeff from B → ππ decays
BABAR: Updated for ICHEP04

π π+ −→0  (227  pairs) B M
ππ

ππ

= − ± ±
= − ± ±

0 30 0.17 0 03
0 09 0.15 0.04

S . .
C .

π π± ±→ 0  (227  pairs) B M

π π

π π

±

±
−

= − ± ±
= ± ± ×

0

0
6

0 01 0.10 0.02
(5 8 0.6 0 4) 10

A .
BF . .

BABARBBAABBARAR

BABAR CONF-04/047, 04/035ππ

ππ

= − ± ±
= − ± ±

1 00 0.21 0.07
0 58 0.15 0 07

S .
C . .

Belle: PRL 93 (2004) 021601

152  pairs M
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Comparison of B → ππ results

Caution 
averaging!

3.2σ

5.2σ

>3σ discrepancy between 
BABAR & Belle

Belle evidence for Direct 
CP violation not supported 
by BABAR measurements
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Result for B → π0π0

61 ±17227MRun 1-4
17 ±11105MRun 4
44 ±13122MRun 1-3

Updated for ICHEP04

π π

π π

−= ± ± ×
= − ± ±

0 0

0 0

6(1 17 0.32 0 10) 10
0 12 0.56 0.06

BF . .
C . First 

measurements
 pairsBB π π0 0( )N

Consistent at 1.3σ level

Improved understanding of π0 efficiency:
ε ε = ± ±/ 0.99 0.03 vs 0.88 0.08MCdata

4.9σ
ρ π± +→= 0 0+ bkg signal it d F Bqq

π π

π π

−+ += ×−−
+= − ± −

0 0

0 0

60.41 0.22(2 32 ) 100.180.48
0.160 43 0.51 0.17

BF .

C .

6.0σ
BABAR

α α ≤ o- 35  at 90% CLeff

BABAR CONF-04/035

First 
measurements
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3 key measurements now available
o Dalitz analysis in the ρπ mode
o Precise BR AND asymmetry in π0π0

o More precise measurement in ρρ mode
First  measurement on α, regardless of the penguin
« pollution »
Direct measurement more precise than indirect 
estimation from CKM fit !
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Results for sin2αeff from B → ρρ decays

BB

= − ± ±
= − ± ±

0 19 0.33 0.11
0 23 0.24 0 14

long

long

S .
C . .

Moriond QCD04

ρ ρ+ −→0  (122   pairs) B M BB
±

= ±
Signal: 314 34 events

1.00 0.02longf

= − ± ±
= − ± ±

0 42 0.42 0.14
0 17 0.27 0 14

long

long

S .
C . .

 - /0404029   (89   pairs) hep ex to PRL M BB

Extraction of α similar to ππ, but with 
advantage of smaller Penguin pollution:

α α+ +− −
00 00

0
| | | |,  much smaller:  smaller
| | | | eff
A A
A A

ρ ρ+ −

= +
Potentially  could be mixed , 
but is observed to be almost pure 1

CP
CP

BABARBBAABBARAR
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Isospin Corrections for α
ρ ρ+→0 0  B PRL 91 (2003) 171802

ρ ρ→0 0 0  B

First result from Run 1-2 (89   pairs)M BB

ρ ρ+ + −+→ = ± ×−
0 65.7 ( ) (22.5 5.8) 10  5.4BF B

ρ ρ −→ < ×0 0 0 6 ( ) 1.1 10  (90% CL)BF B

Updated for ICHEP04

α ⎡ ⎤= ± ± ±⎣ ⎦
o

( ) ( ) ( )96 10 4 11  stat sys peng

Updated result from Run 1-4 (227   pairs)M BB

00A
+−

2
A

++ =0 0A A

+−

2
A

00A
δα2 peng

Compare with 35o for ππ

BABARBBAABBARAR

Geometric limit on 2δαpeng: Grossman-Quinn bound

BABAR CONF-04/037
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Basis for Dalitz plot analysis of B0 → (ρπ)0

• Extract α and strong 
phases using 
interference between 
amplitudes

• Amplitude A3π dominated 
by ρ+π−, ρ−π+, ρ0π0 and 
radial excitations

• Form time-dependent 
decay rate coefficients 
of cos(ΔmdΔt) and 
sin(ΔmdΔt) on this basis

Quasi-two-body approach to Snyder-Quinn method Phys.Rev. D 48, 
2139 (1993)

ρ+ π
−

ρ 0π 0

S+

S−

ρ−π+
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Results from Dalitz analysis of B0 → (ρπ)0

α += ±−
o27(113 6)17

Evidence for 
direct CP: 2.9σ

BABARBBAABBARAR

Aρπ
+−

Aρπ
−+

BABARBBAABBARAR

 [degrees]α

ρπ

+−

−+

+− − ± ±−
+− ± − ± ±−

+± ± ±−
+− ± − ± ±−
+− ± − ±−

 [152M]  [213M]

0.090.16 0.088 0.049 0.0130.10
0.100.28 0.23 0.10 0.14 0.040.08

0.020.25 0.17 0.34 0.11 0.050.06
0.050.02 0.16 0.21 0.11 0.040.02
0.090.53 0.29 0.47 00.04

CPA

S

C

A

A

Belle BABAR

±.15 0.06

combined 3.6σ

α = ± ± o(102 11 15)
[Based on factorization & 
SU(3); Gronau & Zupan]

BABAR CONF-04/038hep-ex/0408003
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Summary of constraints on α

Mirror 
solutions 

disfavored

α = ± o
  indirect constraint 

fit: 98 16
CKM

BABAR & Belle 
combined

BABAR & Belle BABAR & Belle 
combinedcombined

From combined ππ, ρπ and ρρ

α=100 +9 -10 degrees
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CKM constraints and sin2β and α measurements

CKM fit to indirect 
constraints overlaid 
with sin2βWA and α

measurements
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First observation of Direct CPV in B decays

π
π− +

+ −

→
→0

0B K
B K= − ± ± 0.133 0.030 0.009 CPA

±Signal (227   pairs): 1606 51M BBhep-ex/0408057, 
to appear in PRL

π+ −→0  B K

Confirmation at ICHEP04

BABARBBAABBARAR

= − ± ± 0.101 0.025 0.005 CPA
±Signal (274   pairs): 2140 53M BB

Average = − ±0.114 0.020 CPA

π+ +→ 0  B K
= + ± ±
= + ± ±

0.06 0.06 0.01  
0.04 0.05 0.02  Belle

CP

CP

A BABAR
A
Average = + ±0.049 0.040 CPA

4.2σ

3.9σ

3.6σ

BelleBelleBelle

BABARBBAABBARAR



SLAC - Sept 15, 2004 G. Wormser, LHC 2004 Days, 5 Oct 
2004

40

Methods for extraction of γ

Color 
suppressed

*
cb usA V V∝

*
ub csA V V∝

cbV

*
usV

ubV

*
csV

3  λ∝

3 2 2  ie γλ ρ η∝ +

GLW Gronau-London-Wyler, 1991

γ → ∝ → ∝  is phase between  ( ) and  ( ) amplitudes ub cbb u V b c V

Basic 
Idea

− − − −→ →0 0

0 0
 Use interference between  and  

decays where the ( ) decay to a common final state 
B D K B D K

D D f

− −

− −
→≡ −
→

(*)0
(*)

(*)0

Size of CP asymmetry depends on 
| ( ) | ~ 0.1 0.3
| ( ) |B
A B D Kr
A B D K

− −
±→ 0Use  decaysCPB D K

ADS

D0 Dalitz plot

Atwood-Dunietz-Soni, 2001
π− + − −→ ⎡ ⎤⎣ ⎦

(*)0Use  decaysB D K K
π π− + − −⎡ ⎤→ ⎣ ⎦

(*)0 0Use  decaysSB D K K
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BABAR analysis of B− → D(*)0[KSπ+π−]K−

*0  D K −0  D K −

Br
*
Br

[No sensitivity to rB < 0.1]
o

( )
* o

( )
o

( )

 (130 45 8 10 )  
 (311 52 23 10 )  
 (88 41 19 10 )  

B

B

δ
δ

γ

= ± ± ±
= ± ± ±
= ± ± ±

model

model

model

68% 90%

0  D K −

*0  D K −

*
Br

Br

γ 
[d

eg
]

γ 
[d

eg
]

New for ICHEP04

BABAR CONF-04/043

BABARBBAABBARAR

*
0.17 (90% CL) 
0.23 (90% CL) 

B

B

r
r

<
<

Poor constraints on γ as yet
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Decays to common final states

,π ρ+ +

(*)D −

W +

0B

d
u

d
c

d
b

0B

d
c
u
dd

b ,π ρ+ +

(*)D −
W −

* 2
cb udV V λ

* 4 i
ub cdV V e γλ Current status

( )
( )

0 (*)
(*)

0 (*)
0.02B

A B D
r

A B D
π

π

− +

− +

→
=

→


( )0from 
and SU(3) symmetry

SBF B D π+ −→

Ingredients
0 0

(*) (*)
Both  and  decay 

to  and 
B B

D Dπ π+ − − +

Sensitivity to  enters 
via amplitude ubV

γ
∝

Mixing induced time-
dependent asymmetries

0B →
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Constraints on Unitarity Triangle

Preliminary
68 CL%

* 0.004
0.006Updated estimate of 0.015  from improved ( )B Sr BF D φπ+ + +

−= →

0 (*)
 Exclusive reconstruction  

of B D π→ 0 *
 Partial reconstruction  

of B D π→
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Projections for Penguin Modes

f0KS
KSπ0

ϕKS
η’KS
KKKS

K*γ

5σ discovery region if non-SM 
physics is 20% effect

2004=240 fb-1

2009=1.5 ab-1

Similar 
projections for 
Belle as well

Projections are statistical errors only; 
but systematic errors at few percent level

Luminosity 
expectations

:

20092004
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Perspectives and conclusion
o Precision measurements of CP violation in charmonium b→ccs modes 

(new BABAR result sin2β = 0.726 ± 037)
o Good agreement between BABAR and Belle CP violation in  b→sss

penguin modes, with both experiments showing a combined 
discrepancy with  charmonium at the 3.7σ level. However, SM can 
allow such things to happen in certain modes.

BABAR and Belle should double dataset again by summer 2006, 
reaching statistically interesting levels of precision on these rare 
modes

o Measurement by BABAR of direct CP violation in  K+π− decays 
confirmed by Belle (average value -0.114 ±0.024)

o Quantitative measurements of α (φ2) are now available 
o α (φ2) = 100 +9 -10 degrees

o Constraints on γ (φ3) are still poor with present statistics (signs that 
rB may be small)
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Backup slides
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Dalitz analysis of B− → D(*)0[KSπ+π−]K−

2

Schematic
view of the
interference

δ γ− −
− − + + −= +2 2 2 ( ) 2 2 2 For : | | | ( , ) ( , ) |  i

bB A f m m r e f m m

2 0 2

2 0 2
 ( )  
 ( )  

S

S

m M K
m M K

π
π

−
−

+
+

=
=

γ δ++ ( )i
br e

−
2m −

2m

+
2m +

2m

0  D 0  D

− =2A

δ γ+ +
+ + − − += +2 2 2 ( ) 2 2 2 For : | | | ( , ) ( , ) |  i

bB A f m m r e f m m
γ γ γ π→ +Two-fold ambiguity remains in extraction of  ( )
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Study of B0→ D(∗)0KS decays
hep-ex/0408052

N = 64 ± 11

N = 11 ± 4

D0 Sidebands

Uncertainty on sin(2β+γ) ~ 0.6
with D0Ks in 500 fb−1

Caveat: assuming r ~ 0.4

Cannot distinguish
B0 from 0

Hidden strangeness
with KS in final state

BABARBBAABBARAR
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Self-tagging mode B0→ D0K*0

Vub contribution necessary for measurement of γ!

0.8 @  90% C.L.Br <

No Signal in
Vub mediated
Decay

N=45 ± 9
Charge correlation to
separate B0 from 0

Vcb transition

Vub transition

0 0 *0

0

*0
          
               

K
K

B D K
D X
K π

+−

+−

→
→

→

0 0 *0

0

*0
          
               K

B
XK

D K
D
K π

++

+−

→
→

→

 124   pairs M BB
BABARBBAABBARAR
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New Physics Sensitivity

φKS now

φKS 30 ab-1

Ciuchini, Franco, Martinelli, Masiero, & Silvestrini

ΔACP (J/ψ KS -π0KS) ΔACP (J/ψ KS -φKS)



SLAC - Sept 15, 2004 G. Wormser, LHC 2004 Days, 5 Oct 
2004

51

Results on sin2β from ccs, dcc modes
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B flavor tagging and Δt measurement

Tagging performance 
QT=30.5% (6 categories) 
from full Neural Network 
including these & other 

physics processes to 
identify b quark state

∑ −=
i

iiTQ
2)21( ωε

Δt resolution dominated 
by tag side:

σ(Δt) ∼ 1 ps ⇔ 170 μm

Δt resolution dominated 
by tag side:

σ(Δt) ∼ 1 ps ⇔ 170 μm

τB ∼ 1.6 ps ⇔ 250 μm

T
f QN
S

CP ×
∝ 1)(σ

perfect resolution smeared 
resolution 

CP asymmetry

00 ( ) tagBB 00 ( ) tagBB
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cos2β from B0 → J/ψK*0(KSπ0)
• J/ψK*0 (KSπ0) final state can be ηF = +1 or ηF = -1, depending on L = 0, 1, 2
• Full angular analysis allows for the separation of CP even (A|| =| A|| | e iδ ||, A0 

=| A0 | e iδ 0) and CP odd (A⊥ =| A⊥ | e iδ ⊥)
• Many terms in time-dependent decay rate, but two are proportional to cos2β

○ solution 1: unphysical solution
● solution 2: physical 
solution

BABAR

○ LASS data

(with sin(2β) fixed to 0.731)
Sign ambiguity is related to the 
sign of strong phase difference

0( ) 0 S

K

d
dm π

δ δ− <

• Use interference of s-wave and p-wave 
contributions to Kπ final state to 
resolve sign ambiguity for strong 
phases

BABARBBAABBARAR

2

Assuming:
cos2 1 sin 2β β= ± −

0.50cos2 2 72 0.0270.79.β += ± ± ±−

cos2 0.68 excluded
at 86% CL

β = −
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B− → D(*)0[K+π−]K− decays: ADS method
−− → KDB 0

−− → KDB
0 −+→ πKD

0

−+→ πKD0
favored

favoredsuppressed

suppressed

−−+ KK D][ π
−− → KDB 0

−− → KDB
0 −+→ πKD

0

−+→ πKD0
favored

favoredsuppressed

suppressed

−−+ KK D][ π

0
From limit on

 D K Kπ+ − −⎡ ⎤⎣ ⎦
*0

From limit on
 D K Kπ+ − −⎡ ⎤⎣ ⎦

0.23 (90% )Br CL< * 0.21 (90% ) Br CL<BABARBBAABBARAR

2([ ] ) ([ ] ) ~
([ ] ) ([ ] ) BADS

BF K K BF K KR r
BF K K BF K K

π π
π π

+ − − − + +

− + − + − +
+=
+

ADSR

Br *
BrBABAR CONF-04/013

Update for 
ICHEP04

BelleBelleBelle
0.28 (90% )Br CL<
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No CPV 
found in 

control 
sample

Analysis of B0 → η’ KS

Large statistics mode:                                          ,  we exploit: η −′→ ×0 0 6BR( ) ~ 65.2 10B K

Reconstruct in multiple final states: η’ → ηπ +π –, ρ0γ and η → γ γ , π +π –π 0 and KS →π +π – ,π 0π 0

η −′→ ×0 0 6
recBR( ) ~ 14.9 10SB K

0
tagB

0
tagB

Asymmetry

B Kη+ +′→

0 0
SB Kη′→

Fit finds 819 ± 38 events

M
L 

fit
 :

0

0

0.10.27 0.034

0.100.21 0.03
S

S

K

K

S

C
η

η

′

′

± ±

− ±

= +

±=

Systematic errors dominated by: Fit bias (MC statistics)

227×106 B pairs

sin2β [cc] @ 3.0σ

0
SK

Sη′

3.0σ
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Analysis of B0 → φK0

0 0
LB Kφ→0 0

SB K K Kφ π π+ − + −→ →

ML fit finds 114 ± 12 signal events

227×106 B pairs

98 ± 18 signal events

full background
continuum bkg

( )0 0
L SK Kφ φη η= −

co
m

bi
ne

d 
fit

 :

0

0

 0.07
 0.040.50 0.25 

0.00 0.23 0.05
K

K

S

C
φ

φ

+
−= +

±+

±

±=

Systematic errors dominated by
opposite-CP background

PDF modeling

Tag-side CP violation
sin2β [cc] @ 0.9σ
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Confronting Loop Decays with Tree Dominance

High virtual mass scales involved: believed to be sensitive to New Physics

decays are tree and penguin diagrams, with equal dominant weak phases

decays are pure “internal” and “flavor-singlet” penguin diagrams

Both decays dominated by single weak phaseBoth decays dominated by single weak phase

b s

, ,u c t
, ,g Z γ

tb tsV V∗

Penguin:

s

dd

s

Tree:

b

dd

W +
cbV ∗

csV

φ

0K

c /J ψ

s
0K

New Physics? 3×

0 0 0
, , ,

2
/ / /S L S L S L

icb cs
J K J K J K

cb csB K

V Vq q e
p V V p

β
ψ ψ ψ

λ η η
∗

−
∗

⎛ ⎞⎛ ⎞ ⎛ ⎞= ⋅ ⋅ =⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎝ ⎠

c

0 0 0
, , ,

2~
S L S L S L

itb ts
K K K

tb tsB K

V Vq q e
p V V p

β
φ φ φ

λ η η
∗

−
∗

⎛ ⎞⎛ ⎞ ⎛ ⎞= ⋅ ⋅⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎝ ⎠

b ccs→

b sss→

b ccs→

b sss→

?
[charmonium]sin2  [ -penguin]sin2  sβ β=
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SU(3) : prédiction des observables B → Kπ
d’après les mesures dans B → ππ :

Une anomalie dans B → Kπ ?

Ajustement global ππ/ Kπ : probabilité = 1 % !!
(précision accrue de BR(π0π0))

Contribution au χ2 : 1) BR(K+π-); 2) BR(K0π+); 
3) BR(K0π0)

BR
(K

+ π
0 )/

BR
(K

0 π
+ )

BR
(K

+ π
− )/

BR
(K

0 π
+ )

BR
(K

+ π
− )/

BR
(K

0 π
0 )

ACP(K+π0)ACP(K+π0)

(annihilation et échange négligés)
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Une anomalie dans B → Kπ ?

Prédiction pour                           , mesure :
Mais “corrections” non factorisables >>100% 
Problème du modèle ou présence de nouvelle physique ?

Calcul de factorisation QCD : probabilité de 1,5% !

0 0 0,10
0,12( ) 0,06C π π +

−= 0 0( ) 0,28 0,24C π π = − ±

3,6σ
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−ΓΔ
±

ΓΔ = ± Δ Δ Δ Δm, ( ) [1 sin cos ]
4 CP CP

t
CP f d f df t e S m t C m t

Decay distributions f+(f-) when tag = B0(B0)

General CP formalism

λ
λ

−
=

+

2

2

1 | |
1 | |

CP

CP

CP

f
f

f

C

λ
λ

−
=

+ 2

2Im
1 | |

CP

CP

CP

f
f

f

S

= 0

λ= −Im
CPf

For single 
amplitude

+ −

+ −

−Δ = = Δ Δ − Δ Δ
+

( ) cos( ) sin( )
CP CP CPf f d f d

f fA t C m t S m t
f f

Asymmetry

= ⋅ CP

CP

CP

f
f

f

Aqλ
p A

CP parameter

2ie β−≈
from mixing

Amplitude
ratio
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More  results from b → sss penguins

• Independent sample with (K+K−) mass 
outside φ region

• CP content can be determined 
experimentally with an angular moment 
analysis through the helicity angle 
distribution

±
= ± ±

Signal: 481 29 events
0.89 0.08 0.04evenf

Update for ICHEP04

= − ± ±0 0 42 0.17 0.04
SKKKS .

BABAR CONF-04/025

BABARBBAABBARAR

( )− − ⋅ = + ± ± ±
= + ± ±

0

0

2 1 0.55 0.22 0.04 0.11
0 10 0.14 0 06

S

S

even KKK

KKK

f S
C . .

+ −→0 0 ( )  (208  pairs) SCPB K K K M
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Still another penguin mode: B0 → π0KS

( )ϒ 4S

0B
0B

0
SK

π +

π −

0π+e−e
tagB

y
x

Beam 
constraint

π

π

η +− ⋅ = + ±−
= + ± ±

0 0

0 0

0.300 35 0.040.33
0 06 0.18 0 06

S

S

CP K

K

S .
C . .

Signal: 192 w/vertex, 108 w/o
[sPlots: Pivk, 
Le Diberder, 

physics/040208
3]

BABARBBAABBARAR

Updated for ICHEP04

π

π

η− ⋅ = + ± ±
= − ± ±

0 0

0 0

0 30 0.59 0.11
0 12 0.20 0 07

S

S

CP K

K

S .
C . .

Signal: 77 w/vertex, 173 w/o

227   pairs M BB
BABARBBAABBARAR

274   pairs M BBBelleBelleBelle

BABAR technique from 2003

BABAR CONF-04/030


