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K→π→π→π→πeνγνγνγνγ photon spectrum (MC) KS→π→π→π→πeνγνγνγνγ acceptance in KLOE (MC) 

In a large fraction of Ke3 decays photons have more than 5-10% of CM 
energy:Softer  momentum spectra of ππππ and e;Different acceptance.



—MC
• Data - bkg

Impact on BR measurement: Event counting
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Event counting often performed by fitting data distr ibutions.

Exemple 1:
In KS→π→π→π→πeνννν decays we fit the Emiss-Pmiss distr ibution. The r ight tail of the 
distr ibution is longer because of the presence of the photons. Neglecting the 
radiation the event counting is wrong by 1-2%.  



Impact on BR measurement: Event counting
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Exaple 2:
The KL BR’s are 
measured by fitting the 
Pmiss-Emiss distr ibution.
Neglecting the radiative 
tail the Ke3 BR changes 
by ~2%.

Pmiss –Emiss(ππππe) distr ibution in a Ke3-enr iched  sample



The KLOE MC generators
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There are two main problems for  the simulation of radiative K decays:
• The IR divergency of the decay amplitude at O(αααα).
• A large production of MC events (~109 K decays) requires a short time for  
the generation  of a single event (t<1 ms). A simple ‘Hit or  Miss’ procedure is 
very ineffective or  even impossible for  differential decay width that are 
strongly peaked or  divergent in some region of the phase space. 

KLOE studies with high precision decays of both charged and neutral 
kaons. Therefore, we need a complete descr iption of the radiation in our  
MC simulation: the photon emission from all the charged par ticles must be 
added coherently.     
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The Bremsstrahlung amplitude from Low Theorem.        
ΓΓΓΓ0 is the decay width for  the bare process.

Adding, in the soft photon limit, the real and vir tual 
contr ibutions to all order in αααα, the decay width is finite. 
M is a cut-off energy (the decaying particle mass).

Der iving w.r .t. the photon 
energy: 

Solid angle integral (bond factor ).



The KLOE MC generators

C.Gatti                     Workshop on radiative corrections San Diego March 2005

b

BremTOT

M

E

dE

od

dE

d
��
�

�
��
�

�Γ=Γ
� γ

γγ

α ))((

The recipe: 
Use full O(αααα) amplitude instead of the Low amplitude:

))(())(( αα oo BremLow Γ�Γ

b~αααα and >0

ΓΓΓΓBrem(αααα) mainly from o(p2) Bijnens et al. 
In the Dafne Handbook
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2) Collinear ity

Relevant for  m = me

• Divergent terms are extracted using the inverse-transform method
• A ’Hit-or-Miss’  on the remaning ‘ flat’  par t is used to weight the 
kinematical var iables extracted from the previous step.

(0≤≤≤≤ F ≤≤≤≤1)
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• MC generators for  neutral and charged kaons into leptonic, semileptonic 
and into two and three pions have been wr itten and inser ted into the KLOE 
official library.
• The sampling time for  an event is <1 ms/evt (except for  k+→→→→eνννν t~1.5 ms).
• MC generators use full O(αααα) amplitude, including also inter ference terms.
• the extension of the soft-photon approximation to the whole energy range 
gives a satisfactory descr iption for  the kaon radiative decays.
• Absolute difference between MC and order  αααα calculations are < ~10-3÷10-4 .

C.Gatti ‘MC generators for  kaon radiative decays’
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