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Strong phase



Some experimental observables















consistent with the result using U-spin relation



here no similar U-spin relation for the charged case







Four-body decays

CP violation effects Proposed by Bigi

H.B. Li, 0902.3032[hep-ex]
X.W. Kang and H.B. Li, 2010

Cappiello,  Cata, D’Ambrosio,2012

Motivated by the CP study in 



Amplitude has two major contributions:  

M1 CP conserving
DE

E1 CPV very small

IB  CPV

Direct Emission (DE) , magnetic + small electric

Inner Bremssstrahlung (IB) , electric



Thus the amplitude  of

can be written as

The Lorentz  invariant form factors        and         stand  
for  the magnetic and electric transitions, respectively, 
depending  on scalar products of     ,        and       , which 
can be calculated in chiral perturbation theory.



Kinematics
Five independent kinematic varibles:



The range of the variables is:

Angle will play important role in CP violation



Now the differential decay rate takes the form

where I is from squaring the amplitude. 

The differential decay rate with respect  to         ,  after integration

over other four variables, will be in a general form  as

The angular distribution will give a CP-violating asymmetry,
which is due to interference of CP-even and CP-odd parts.

We will see



is defined,  in the       rest frame, as 

with

under C under Punder CP

is a CP-odd quantity!!



CP-violating asymmetry is defined as



A large CP violating asymmetry

The predicted value is 

To be compared with the observed value by 

Heiliger and Sehgal,PRD (1993)

KTeV and NA48

(PDG 2006)



The comparable IB and M1 contributions lead to a large

CP-violating asymmetry IB  suppressed by CP  symmetry
M1  CPC   but               in CHPT

Theory by Heiliger and Sehgal (1993)

Data From PDG06 (NA48 and KTeV)



Similar analysis of CP violating asymmetry in

by KLOE Collaboration
2009

Therefore, the search for  
CP violation (confirm or 
rule out ) in this decay 
clearly requires much 

more data 

has been done in (Gao, 2002)

Similar study in through



Summary

Thank you !




















