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CP violation in

• CP violation in tau decay in one kaon was firstly predicted by Bigi and 
Sanda (arXiv:hep-ph/0506037);

• The origin of CP asymmetry is the mixing;

• K-short in final state is identified by a two pion system ;



Experimental search 

• Bigi and Sanda (arXiv:hep-ph/0506037):

• BaBar collaboration (Phys. Rev. D 85, 099904):

• BELLE collaboration (PhysRevLett.107.131801): 
compatible with zero with precision 

Measurement 
are 3-sigma 

away from SM 
prediction
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Theoretical prediction 
is wrong! Missing KS-KL 

interference  



interference

• The K-short in final state is identified by a two pion system

• The interference amplitude is as important as the pure K-short

Asymmetry depends on the experimental reconstruction efficiency 



Fixed experimental cuts in 
Kaon’s reference frame:



Relevance for BELLE II

• The efficiency function                  must be determined as part of the 
experimental analysis and is part of the theoretical prediction;

• The dependence on the decay time and t and energy makes the CP 
asymmetry for other decay modes non trivial:
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Experimental efficiency

Realistic example: fixed length cuts in LAB frame:

The experimental efficiency depends of the 
decay time t and the energy of the kaon.



CP asymmetry in tau decay in 2 kaons

• We are looking at the process and would expect 
A3=0 because the asymmetry of K and K-bar cancel each other;



CP asymmetry in tau decay in 2 kaons

• We are looking at the process and would expect 
A3=0 because the asymmetry of K and K-bar cancel each other;

• However, the energy dependence of the efficiency function makes 
the asymmetry non vanishing when and        are produces with 
different energies:



CP violation in 

• The A3 asymmetry is only a consequence of the different energy 
(different time dilatation) of K and Kbar;

• The asymmetry is a consequence of the energy dependence of 
F=F(t,E): finite experimental efficiency. We would have A3=0 in a 
perfect experiment;

• Need of Kaons spectrum for theoretical predictions;



Relevance for BELLE II

• We need the reconstruction efficiency of the experiment 
parametrized by kaon decay time and energy in the LAB frame 

For each kaon event we measure 
energy E and decay length:





The relative selection efficiency is the ratio 
between the decay time distribution and the 
reference one.





Predictions for BELLE II

• Need of energy distribution for K and Kbar, 
simplified toy model with K* resonance:

• This sets an upper bound on A3:



Conclusions

• CP asymmetry has been studied in with measurement 
that at 3 sigma are not consistent with the SM;

• BELLE II aims to study CP violation in tau decay into kaons: we need 
theoretical predictions for all the decay modes involved:

• The asymmetry depends on the reconstruction efficiency F(t,E)
parametrized by the decay time and the energy of the kaon;

• The energy dependence makes the asymmetry A3 non vanishing;



Backup Slides



Toy model for Kaon and anti-Kaon energy spectrum to set an upper bound for the A3 asymmetry.

Boost in LAB frame

Extreme case: Kaon at max energy 
and anti-Kaon at min energy

Toy model case: 



Fixed experimental cuts in the the Kaon’s frame:





It does not make sense to take fixed 
experimental cuts in the Kaon frame: 
we fix time cuts in LAB frame



Fixed time cutes in the LAB frame:

• Kaons energy spectrum in the hadronic reference frame 
(CM of K, Kbar and pion); 

• The asymmetry A3 is only a consequence of the different 
energy of K and Kbar: more precisely is a consequence of 
different time dilatation effect for the two kaons;

• This is not a realistic model! But makes us understand that 
the origin of the asymmetry A3 is the energy dependence 
of the efficiency function



The asymmetry A3 is a consequence of the energy dependence of the efficiency function F=F(t,E):

• In the case of fixed time cuts in Kaon frame (Grossman paper):

• In the case of fixed time cuts in LAB frame:

The asymmetry A3 is only a consequence of the limit of experimental efficiency: if we were integrating the all the times 
then A3=0; On the other hand A1 is a physical CP symmetry;

Fixing time cuts in the LAB frame is not a realistic model. A more realistic model is to fix length cuts in the experimental 
apparatus:



Fixed length cuts of the experimental apparatus: we detect all the Ks that decay within the length L1 and L2:

Fix lengths cuts in LAB frame means 
energy dependent time cuts in Kaon 
frame



The origin of asymmetry A3 is 
to fix cut-offs in the LAB frame

This creates energy dependent cuts in the Kaon 
rest frame because of time dilatation that make 
the A1 asymmetry energy dependent:

(fix time cuts, fix length cuts)

Since Kaon and anti Kaon are emitted with different 
energy they will have different time dilatation and 
asymmetry A1 that will not cancel out:



Real experiment case

• We need the experimental efficiency function F(t,E) parametrized by kaon decay time and energy in the LAB frame;

Dividing the whole experimental energy spectrum into 10 bins 
and building the efficiency function for each bin (Thank you Paolo!)

• We need the energy distribution for the Kaon and Kaon-bar;
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