
Superb prospects: 
Physics at Belle II/SuperKEKB 

PANIC July 28, 2011 

cf G. Varner, talk 3H-1 
SuperKEKB & Belle II projects  



2 

Primary goal:  establish unitarity & complex phase of CKM matrix 

Kobayashi & Maskawa (1973) 
•  propose 3rd generation of particles 
•  Explain CP violation in K, predict for B 
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B-Factories (1999-) 
•  CP asymmetry manifested in  
  diverse processes in B decay 
  -> many measurements,  
  (over)constrain CKM, found  
  consistent with unitarity 
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present	

Belle+Babar 
1.4 ab–1	

Advantages of e+e–: γ, KL detection; hermeticity -> neutrinos 
This talk: focus on prospects that are unique to high-lum e+e– 
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Flavor – (i.e. wrt weak interaction) essential properties: 
• L-R asymmetry 
• unitarity of charged current coupling matrix 
• 3 generations 
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• CP violation -> Kobayashi-Maskawa -> 3rd generation 
• B mixing -> high mass t-quark (imperfect loop cancellation) 
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Flavor – (i.e. wrt weak interaction) essential properties: 
• L-R asymmetry 
• unitarity of charged current coupling matrix 
• 3 generations 

Discovery & phenomenology 
• maximal P violation [V-A] 
• unitarity: GIM  charm 
• CP violation -> Kobayashi-Maskawa -> 3rd generation 
• B mixing -> high mass t-quark (imperfect loop cancellation) 

Bottom line: flavor in SM imposes cancellations & precise relationships 
that both test SM and constrain New Physics (NP) to higher mass 
scales 

• “Unitarity triangle” [18 dof -> 4 dof ] 
• lepton universality 
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Atwood, Gronau, Soni (PRL 79, 185 (1997)) 
Atwood, Gershon, Hazumi, Soni (PRD 71, 076003 (2005)) 

large asymmetry  
<->  

right-handed current  

in SM  
B0→Xsγ is  

 ~flavor-specific (γ polarization) 
 -> low CP-asymmetry, O(3%)   
 O(0) for B0→Xdγ     
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Current results: 
consistent with no 

RH currents (S<~30%) 

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

large asymmetry  
<->  

right-handed current  

in SM  
B0→Xsγ is  

 ~flavor-specific (γ polarization) 
 -> low CP-asymmetry, O(3%)   
 O(0) for B0→Xdγ     
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PRD 74, 111104(R) 
 (2006) 

SUSY 

Integrated luminosity (ab–1) 

B → KSπ0γ 

PRL 100, 021602 (2008) 
B → ρ0γ 

Possible contributions from NP 
 O(1): Warped extra dimensions 
 O(1): L-R symmetric model 
 O(0.1): SUSY SU(5) 

Luminosity projection 

SM 

pr
ec

is
io

n 

with 50 ab–1 

   ΔS(K*0γ) = 0.027 
   ΔS(ρ0γ) = 0.075 
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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 

mixing+direct Direct (real Vij)  

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

w minor  
theory corrections 



15 

for b -> ss̅s: identical reasoning 

NP process w complex phase φnew  
---> CP asymmetry ≠ sin (2φ1) 

     
    

mixing+tree tree (real Vij)  

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

w minor  
theory corrections 
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Compare to cc ̅s: 
sin2φ1(b->cc̅s) = 0.679 ± 0.020 

Naïve World Average  
sin2φ1(b->sqq ̅)= 0.64 ± 0.04 

CL = 0.28 (1.1σ) 

Sensitivity to NP depends on 
• statistics 
• reduced systematics 
• theory corrections 
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In SM, B -> τντ BF is predicted precisely  

CKMfitter: 
2.8σ “tension” 

B(B -> τντ), sin2φ1 
vs 

all other CKM constraints 
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{WS Hou, PRD 48, 2342 (1993)} 

(extrapolation) 50 ab-1 

allowed 

allowed 

(Belle) 0.65 ab–1 

(2HDM) 
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SM: 
B(B->τν) = 1.6x10-4 

B(B-> µν) = 7.1x10-7 

B(B-> eν) = 1.7x10-11 

Luminosity (ab-1) 

Si
gn

if
ic

an
ce

 

observation with ~5 ab-1 

10 

10 
B->µν 
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10 
B->µν 

B->τν  
B-> µν  

deviations from SM 
sensitive to NP  

Universality 

mltanβ 



23 

•  Lepton universality via semileptonic decays	


c b 

τ +	


H+/W+	


ντ	


tan cotb cm mβ β+

tanmτ β

–  Ratio (τ/µ) is sensitive to charged Higgs (similar to Bτ ν) 	
	




24 

•  Lepton universality via semileptonic decays	


c b 

τ +	


H+/W+	


ντ	


tan cotb cm mβ β+

tanmτ β

–  Ratio (τ/µ) is sensitive to charged Higgs (similar to Bτ ν) 	
	


Bτ X decays probe NP in different ways: 
• Bτ ν: H-b-u vertex	

• BDτν: H-b-c vertex 
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•  B(B->D*-τν)/B(B->D*-lν)   
  = Rτ = 0.29±0.10  [PDG 2011] 

c b 

τ +	


H+/W+	


ντ	


tan cotb cm mβ β+

tanmτ β

( )
( )
B D vB
B D v

τ

µ

τ
µ

Γ →
=
Γ →

M.Tanaka 

Rτ vs MH, various tanβ MH vs tanβ sensitivity  
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MC  75 ab–1  

~4σ on 1-|q/p|  

|q/p|=0.9 

Current status (HFAG) 



28 

of B’s! 
SuperKEKB & Belle II  

(cf G. Varner, talk 3H-1) 
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• B-factories 1999-2010, >1.4x109 B pairs:  
 established CKM as source of CP asymmetry in weak interaction 
 multiple measurements on CKM with increasing precision 
  -> probe New Physics at ~ few hundred GeV scale 
 + discoveries: D mixing, new hadronic states 
 possible hints of NP: Kπ CP asymmetry, imperfect CKM fit 

•~102X luminosity will probe significantly into >1 TeV mass scale 
 precision CKM, CP, lepton universality, LFV 

• SuperKEKB/Belle II well underway 
 complementary to LHC in sensitivity 


