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B-Factories (1999-2009) 
•  CP asymmetry observed in diverse processes in B decay 
  -> many measurements, (over)constrain CKM, confirm unitarity 

First goal:  establish unitarity & complex phase of CKM matrix 

Kobayashi & Maskawa (1973) 
•  proposed 3rd generation of particles 
•  could explain CP violation in K (& predict for B) 
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KEKB/Belle 

KEKB + PEP-II 

~930/fb (6/09) 

~553/fb 

PEP-II/BaBar 

~ 1.5 billion BB pairs 
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mixing+tree tree (real Vij)  

for B -> J/ψ Ks 

=> relative phase = 2φ1, CP asymmetry ~ sin 2φ1   

mixing 
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for b -> ss̅s: identical reasoning 

“New Physics” w complex phase φnew  
   ---> CP asymmetry ≠ sin (2φ1) 
       

mixing+penguin penguin (real Vij)  

=> relative phase = 2φ1, CP asymmetry ~ sin 2φ1   
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for b -> ss̅s: identical reasoning 

caveat:  
(small) theory correction -> mostly >0 

penguin (real Vij)  
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Naïve World Average  
sin2φ1(b->sqq̅)= 0.62 ± 0.04 

Compare to cc̅s: 
sin2φ1(b->cc̅s) = 0.672 ± 0.024 

CL = 0.19 (1.3σ) 

difference is < 0 
(theory corrections 
mostly >0) 

Heavy Flavor Averaging Group 
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Already exploring “New” 
region: 
to improve sensitivity, 
need better 
• statistics 
• systematics 
• theory corrections 

(Projections for SuperKEKB) 

✪

Babar:  
PRD79, 052003 
(2009) 
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Rate is well-defined at quark level 
 in SM, |Vts| = |Vcb| 

 calculated to O(α2): 

(Misiak et al., PRL 98, 022002 (2007)) 

 Deviations from SM, e.g. via charged Higgs (2HDM II) 

tanβ = 2 

SM 



12 

Experimental measurement 
in Principle:  
• primary γ spectrum 

 ~ monochromatic 

in Practice: 
• HUGE background 

 continuum 
 π0 -> γγ 

• not so monochromatic 
• bg worst at low Eγ but need 

full spectrum to limit theory 
error 
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(ArXiv: 0804.1580) 

(PRD 72, 052004 (2005)) 

82 fb–1 

605 fb–1 
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(from Misiak et al., PRL 98, 022002 (2007)) 

W2009 HFAG✪ 

95% CL limit on MH+ for all tanβ 

Belle2008✪ 
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Atwood, Gronau, Soni (PRL 79, 185 (1997)) 
Atwood, Gershon, Hazumi, Soni (PRD 71, 076003 (2005)) 

large asymmetry  
<->  

right-handed current  

Current results: 
consistent with no 

RH currents 
(but need more data for 

good sensitivity...) 

in SM  
B0→Xs

CPγ is  
 ~flavor-specific (γ polarization) 
 -> low CP-asymmetry, O(3%)      



16 

Physics issues: similar to b->sγ 
 -> branching fractions, time-dependent asymmetry, direct CP, 

isospin 

Experimental challenge: 
Branching fractions suppressed over b->sγ by (|Vtd|/|Vts|)2~0.04 

 b->sγ constitutes large “physics background” 
      -> mainly exclusive modes 

First seen in 2005 at Belle:  
PRL 96, 221601 (2006)  
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is a measure of 

w low model-dependence 

branching fraction ratio 

Babar: arXiv:0807.4975 383M BB ̅ 
semi-inclusive method 

Babar: PRD 78, 112001 (2008) 465M BB ̅ 
Belle: PRL 101, 111801 (2008) 657M BB ̅ 

exclusive modes 
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is a measure of 

w low model-dependence 

branching fraction ratio 

Babar: PRD 78, 112001 (2008) 465M BB ̅ 
Belle: PRL 101, 111801 (2008) 657M BB ̅ 

Babar: arXiv:0807.4975 383M BB ̅ 

compare w result from mixing 
(PDG2008) 

B-factory average 

semi-inclusive method 

exclusive modes 
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CP asymmetry 
SM: time-dependent S = 0, direct A ~ –0.1  

Belle: PRL 100, 021602 (2008) 

consistent with zero asymmetry 
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•  3 dominant processes 

 “effective Wilson coefficients:” short distance part of amplitude  
  (calculated in SM to NNLO) 
 {|C7

eff| from B(B->Xsγ), constraints from B(B->K(*)l+l–)} 
•  Different distributions in 

–  q2 
–  θ = “helicity angle” -> polarization, forward-backward asymmetry 

AFB  
–  Direct CP asymmetry 
Compare w SM 

C7
eff C9

eff(vector EW), (axial vector) C10
eff 
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arXiv:0904.0770 

PRD 79, 031102(R) (2009) 

SM (solid): 657M BB ̅ 

384M BB ̅ 

Consistent with SM 

C7
eff=–C7

eff,SM 

Belle 

Babar 
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PRL 102, 091803 (2009) 
384M BB ̅ 

in SM  
AI ~ 6-13% as q2->0 
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PRL 102, 091803 (2009) 
384M BB ̅ 

in SM  
AI ~ 6-13% as q2->0 

657M BB ̅
arXiv:0904.0770 

no significant asymmetry 

K; K* 
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Belle: PRD 78, 011101 (R) (2008) 
657M BB ̅

(90% CL) no evidence, yet 
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History 

•  observation by HyperCP of 3 events 
 Mµµ clustered at 214.3 MeV/c2  
 [PRL 94, 021801 (2005)] 

Interpretations 
•  Pseudoscalar Sgoldstino  

 [D.S.Gorbunov + V.A.Rubakov, PRD 73, 035002 (2006)] 
•  Low mass Higgs  

 [X.-G.He, J.Tandean + G.Valencia, PRL 98, 081802 (2007)] 
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Suggested searches 
•  10–7 < B(B->ρX0, K*X0) < 10–6 

 [S.V.Demidov + D.S.Gorbunov, JETP Letters 84, 479 (2006)] 

Belle 657M BB ̅
PRELIMINARY 
(90% CL)  
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CLEO 
PRL 54, 381 (1985) 

M=10580±1 MeV/c2, Γ=20.5±2.5MeV 

most B-factory activity is concentrated at the ϒ(4S) 

ϒ(5S) 

M=10865±8 MeV/c2, Γ=110±13 MeV 
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γγ: difficult for hadron machines 

beyond SM: up to 5x10–6  

23.6 fb–1=1.3M Bs
(*)B ̅s(*)

s 

PRL 100, 121801 (2008)  
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B-factories 1999-2009, >1.5x109 B pairs, 1.3M Bs pairs:  
•  CKM firmly established as main source of CP asymmetry in weak 

interaction 
 multiple measurements on CKM with increasing precision 

•  -> probe New Physics 
 in loops: b->{s,d} hadronic/radiative/leptonic 
  rates, 
  CP asymmetry (via mixing or direct), 
  isospin asymmetry, 
  FB asymmetry, polarization ... 

•  methods are complementary to LHC 
   

Future 
• Belle run 9/2008 -> ~100 fb–1 at ϒ(5S) 
• “Super-B-Factories” – X102 luminosity  


