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LHCb has reported  
CP asymmetries of Bs meson. 

e.g. ・ Time dependent CP asymmetry Sf  

    of Bs → J/ψφ and Bs → J/ψf0(980) decays (2011) 

 On the other hand, 
 SUSY particles have not been detected,  
 and lower-bounds of these masses have pushed up.  

Now Few years ago 

O(100)GeV 1 TeV 
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Can we find effects of SUSY 

in non-leptonic B decays ? 
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 SUSY 

Universality（degeneracy） 

High energy 

Low energy 

・Masses are degenerated. 

・Coupling constants of trilinear scalar coupling are proportional  
   to Yukawa couplings（A-term）. 

Off diagonal elements remain in the basis of diagonal 
quark mass matrix. （Super-CKM basis） 

Size of  
Mixing of 
flavor 

Mass insertion parameter 

Quantum 
Corrections 

etc. 

Framework which we use in this work. 
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Within the framework of the supergravity theory , we take     

The down-type squark mass matrix in the Super-CKM basis 

 SUSY 29 
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・The SUSY contribution to the dispersive part of the                mixing 

 Squark Flavor mixing 

Gluino-squark  
box diagram     
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 ΔB=1 Effective Theory 
Effective Hamiltonian 

Local operators (dim.6) 
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 ΔB=1 Effective Theory 

Wilson coefficients 

・It has two contributions from SM and NP. 

・The terms with tilde are obtained by flipping chiralities.  

Effective Hamiltonian 
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 ΔB=1 Effective Theory 
Wilson coefficients (gluino-squark-quark couplings) 

tanβ= vu /vd : the ratio of the two Higgs VEVs 
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Effect of SUSY on B physics 
We predict 

・Time dependent CP asymmetry  Sf  
                           of                 decay     
 
 
 
・Branching ratio of b→sγ decay  BR(b→sγ) 
 
・Direct CP violation of b→sγ Acp 
 

・chromo electric dipole moment  
            of strange-quark（CEDM）ds    

b→sγ 

C 

Constraint 

29 
9 



Mass eigenstates 

Time dependent CP asymmetry Sf 
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Let’s discuss about CP asymmetries of       meson . 

SM prediction 

There is only one CP violation phase. 

Time dependent  
CP asymmetries 

There may be deviation between SM prediction and experimental results ! 

Experimental results ? 

Time dependent CP asymmetry Sf 
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The dispersive part of the               mixing 

The absorptive part of the              mixing 

( We neglect NP at tree level decay in our work) 

:  Magnitude of NP 
   normalized to SM 

:  NP relative phase 

dispersive part absorptive part 

Hamiltonian inducing mixing  

Parameterization of New Physics(NP)     

Time dependent CP asymmetry Sf 
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・ mixing part 

This part is NP 
contribution. 

Mass eigenstates 

mixing part amplitude part 

Time dependent CP asymmetry Sf 
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・ amplitude part mixing part amplitude part 

Time dependent CP asymmetry Sf 

These terms include NP. 

In SUSY,       and     dominate amplitudes. 

Dominant SUSY contribution comes from gluon penguin,        and        . 
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, , , 
SM 

SUSY 

experimental results : 

SM prediction: 

Branching ratio of b→sγ decay :  
 BR(b→sγ) 
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Experimental results : 

SM prediction : 

Direct CP violation of b→sγ : Acp 
b→sγ 

Dominant term in SM 
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(PDG) 
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Non-leptonic CP asymmetry  
of B mesons @ LHCb 

& 

Observation 

・LHCb has reported CP asymmetries of Bs meson. (2011) 
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hq 

σq 

SM prediction 

Experimental result 

Consistent with SM… 

   but error is still large ! 
  so we can expect 

    New Physics .  

Non-leptonic CP asymmetry  
of B mesons @ LHCb 

Moriond(2012) 
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The SUSY contribution to the dispersive part of the                mixing 

 Squark Flavor mixing 

Gluino-squark  
box diagram     

 If we take                        . 

Cross term of LL and RR part mostly contributes to M12. 
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We neglect 

  Magnitude of (δd   )23 

LL,RR 

We get allowed range of δd 

Input  
LL, RR 
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Let us include non-zero           .   

・μtanβをO(１TeV)にとるとLL,RRの寄与よりも、 
 LR,RLの寄与が重要になる可能性がある。 
・ hs を再現しつつ（           ）、 
 許されるLR,RLの大きさを考えよう。 

・Let’s consider contribution  from LR and RL  

   in the case of                                              .  

Enhancement factor 

・If we take μtanβ～O(1TeV), contribution from LR and RL may become larger 

   than contribution from LL and RR. 
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Input parameters 

 Our set up for δd 
LR, RL 29 
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Numerical analysis 

We consider range of Mass Insertion parameters 
which are consistent with LHCb new result.  

With this constraint. 

We predict time dependent CP asymmetries Sf 

of B mesons. 
We show correlation between Acp  and Sf. 

We constrain Mass Insertion parameters from  
BR(b → sγ) and Acp . 

b→sγ 
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b→sγ 



 Numerical analysis for (δd  )23 

Constrain from Acp  and BR(b → sγ) 

Magnitude of (δd )23 
LR 

90% C.L. 

LR,RL 
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b→sγ 



Magnitude and phase of (δd  )23 
LR 
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 Numerical analysis for (δd  )23 

LR,RL 



: |(δd  )23|= 10  
LR -3 

: |(δd  )23|= 10  
LR -４ 

LR,RL dominant LL,RR dominant 
(without LR,RL) 

Our prediction 
Sη’K vs SφKs  

90％C.L. 

0 

1σ 

SM 

prediction 
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SφKS vs Acp 
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Our prediction 
b→sγ 
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|(δd  )23|= 10  
LR -3 

  |(δd  )23|= 10  
LR -４ 



 Bs →φφ 

Sφφ   vs  Acp 
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Our prediction 
b→sγ 
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|(δd  )23|= 10  
LR -3 

  |(δd  )23|= 10  
LR -４ 
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Conclusion 

・μtanβが大きいとき  : O(10TeV)以上 → δLL,RRが優勢 

・ μtanβが O(1TeV)の場合 
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The prediction could be deviated 
 from SM significantly. 

・We discuss the effect of squark flavor mixing on 

     time dependent CP asymmetries Sf of B mesons. 

・We expect that LHCb and Super-Belle can test our framework. 
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 |(δd  )23|= 10  
LR -3 



 Buck Up 
CEDM, LL and RR dominant  



The T violation is expected to be observed 
 in the EDM of the neutron. 
The experimental upper-bound of the EDM 
 of the neutron provides us the upper-bound  
 of the CEDM of the strange quark. 

Experimental upper bound   : 

Chromo electric dipole moment（CEDM） 
of strange quark ds  

C 

The T violation is expected to be observed 

 in the EDM of the neutron. 

The experimental upper-bound of the EDM 

 of the neutron provides us the upper-bound  

 of the CEDM of the strange quark. 



input into 

And solve for 

Condition of magnitude 

 of    

Condition of phase sum 

 of    
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  Magnitude of (δd   )23 

LL,RR 



Phase difference  

Input parameters 

excluded 

Magnitude of 

 Numerical analysis for δd 
LL, RR 



1σ 

SM 

prediction 

=0.02 

 Prediction of time dependent  
CP asymmetry Sf of B meson 



 Buck Up 

Numerical analysis 



From Acp From BR(b->sγ) 

: 90% C.L. error bar 

: SM prediction 

Magnitude of (δd  )23 
LR 
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 Numerical analysis for (δd  )23 

LR,RL 



Phase of (δd  )23 
From Acp From BR(b → sγ) 

: 1σ error bar 

: SM prediction 
: |(δd  )23|= 10  

LR -3 
: |(δd  )23|= 10  

LR -４ 

LR 
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 Numerical analysis for (δd  )23 

LR,RL 



 Numerical analysis for (δd  )23 

LR,RL 

From Acp From BR(b → sγ) 

Phase of (δd  )23 
LR 
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Time dependent CP asymmetry Sf 

・<O8G> is dominant.  
   We can estimate NLO <O3> ～ <O7γ>  
 using factorization relation. 
 

・Sign between <Oi> and <Oi> is different due to parity of final 
state. 

～ 
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Time dependent CP asymmetry Sf 

・<O7γ> is dominant. <O２> and <O８G> are sub-leading. 
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SKγ ＊ 

90％C.L. 

1σ 
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SφKs vs  SKγ ＊ 
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Acp vs  SηK 

Numerical analysis result 



Acp vs  SKγ ＊ 

Numerical analysis result 



 Buck Up 

DO anomaly 



B d 

B s 

 hq and σq plot   with D0 and CDF collaboration results 

  SM is disfavored  
   at 3.9 σ level ! 
     New Physics  ?? 

Like-sign dimuon charge asymmetry 

SM prediction 

Experimental result 

 event number of              

Large deviation ! hq 

σq 

But… 

By  D0 and CDF collaboration @Tevatron  



B d 

B s 

& 

By  LHCb collaboration  @LHC  

CP asymmetry of non-leptonic decay  

hq 

σq 

SM prediction 

Experimental result 

Consistent with SM… 

   but error is still large ! 
  so we have prospect of 

    New Physics .  

 hq and σq plot   with including LHCb results (2011 Dec. ) 



Like-sign dimuon charge asymmetry 
@ D0 (Tevatron)  

(D0 2010) 
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(D0 2010) 

SM prediction 

Experimental result 

D0 anomaly 

3.9 σ 
Large deviation ! 

Like-sign dimuon charge asymmetry 
@ D0 (Tevatron)  
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Comment on D0result 

Our NP parameters give 

D0 result 

3.5 σ deviation 

SM prediction 
3.9 σ deviation 

Like-sign dimuon charge asymmetry 

 event number of              
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So it is difficult to explain the Tevatron anomaly  
 in our framework of the squark flavor mixing. 


