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Introduction
• Tree-dominated B0! J/ψ KS is the golden 

mode for extracting  sin(2φ1) from SJ/ψ KS
.

• Penguin pollution is believed to be 
negligible, but a complete and reliable 
estimate of its effect is not yet available.

• This estimate is essential for precision 
measurement, ie., for revealing new 
physics.



If no overlap…
New physics?



Previous estimates
• Boos, Mannel, Reuter (04): naïve estimate
• Only the u-quark loop from tree operators 

was included. Penguin operators have 
been overlooked---underestimate.                    
ΔSJ/ψ KS 

= SJ/ψ KS
-sin(2φ1)» O(10-4)

• Ciuchini, Pierini, Silvestrini (05): rely on 
input of B0! J/ψπ0 data to fix the penguin 
amplitude ΔSJ/ψ KS

=0.000±0.017» O(10-2).
• Theoretical uncertainty comes from exp 

error---overestimate.



B-Bbar mixing











μ2













,φ3

φ2

φ1,



Calculating λ

decay K-Kbar mixing





Penguin correction



Sources of ΔS
• Corrections to the B-Bbar mixing, to the 

decay, to the K-Kbar mixing cause ΔS.
• Will concentrate on correction to the 

decay---penguin pollution.
• If the decay involves additional amplitude 

with different phase                            
Vcs*Vcb! Vcs*Vcb + r Vus*Vub,                      S 
deviates from sin(2φ1), ΔS» O(r).

• Direct CP asymmetry A deviates from 0.
• How small is r?



Penguin pollution

• A(u) 
J/ψ KS

: u-quark loop

• A(t) 
J/ψ KS

: penguin contribution through   
Vtb* Vts =-Vcb* Vcs -Vub*Vus



U-quark loop
• U-quark loop is small.
• The gluon emission produces the color-

octet c-cbar pair. Needs one more gluon.
• If it is hard, higher order, negligible (30%).
• If it is soft, three-parton distribution 

amplitudes are antisymmetric under 
interchange of xc and xcbar. Vanish exactly.

• The photon emission is suppressed by 
small coupling α (5%). J/ψ

xcbar



Leading-power
penguin
contribution at
O(αs)
Factorizable
amplitude
Compute them
in QCDF

Nonfactorizable
amplitude
Compute them 
in PQCD

O3-10 X FBK ( mJ/ψ )

End-point singularity from xq! 0 in QCDF



Results
• Penguin pollution is of O(10-3)!

• Data
• A larger form factor F^{BK} can account 

for the central value of the data. 

Complete uncertainty Hadronic uncertainty



Conclusion
• Perform the most complete analysis of 

penguin effect up to leading power in 1/mb
and to NLO in αs. It is of O(10-3).

• Previous estimate O(10-4) by Mannel et al. 
is due to the overlook of penguin operators.

• O(10-2) by Ciuchini et al. comes from exp 
uncertainty.

• Our result provides a SM reference for 
verifying new physics from B0! J/ψ KS data.
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