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Study of KL→πeνee 



Todays talk

• Background analysis.

• asymmetry of angle of ee plane and Pi-e 
plane

•  Amplitude including Vector currents 
simulation.

• Summary and Plan
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Raw cuts 
90 m < Z-Vertex < 158 m

0.95 < E/p for e < 1.05

E/p for pi < 0.8

VtxChi < 40

3 < number of Hclus < 5

-0.001<OffMag for Pi <0.001

Mee > 0.004 GeV

Energy of elec(Ke3). > 7 GeV
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• MC
Generation: π+π-π0→e+e-γby KTeVMC
Force π+/π- →e+/e- (Event weight)

• Strategy
1. pp0kine<-0.005(GeV/c)2
2. Number of Hardware cluster = 3
3. TRD probability 

< 0.02 for Electron track
> 0.1 for Pion track
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π0→e+e-e+e- 
by KTeVMC

:Signal MC

:Data
:B.G. MC

Pν//*2 (GeV/c)2



pnucm2

Entries

Mean

          18992

 0.4632E-02

1

10

10
2

10
3

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

KL → π
±

π
∓

π
0

pp0kin × Hclus ×  TRD

157 ± 8
(153.8±1.0)×102

=1.02 ± 0.05 %

→ e
∓

e
±

e
+
e
−

#B.G
#Signal =

pp0kin × Hclus × TRD
×Pν//*2 < 0.013 (GeV/c)2

10.2 + 2.1
(143.7±1.0)×102

=0.071 ± 0.015 %

#B.G
#Signal =

pnucm2

Entries

Mean

            353

 0.1807E-01

1

10

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Pν//*2 (GeV/c)2

:Signal
not scaled

:B.G.



→ e
+
e
−

γ

• MC
Generation: π±e +νπ0→e+e-γby KTeVMC

• Strategy
Number of Hardware cluster = 3

KL → π
±

e
∓

νπ
0

pp0kin × Hclus ×  TRD × (Pν//*2 < 0.013 (GeV/c)2)

57.1 ± 3.0
(143.7±1.0)×102

=0.397 ± 0.021 %

#B.G
#Signal =



• MC
Generation: Modified KL→π+e-νe+e- to  
                        KL→π+μ-νe+e- 

• Strategy
1. Muon anti.
2. Energy of electron(muon fakes) > 7GeV/c2

KL → π±µ∓νe+e−

e
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• MC
Generation: KL→π±e +νγ by KTeVMC
then γis converted at Vacuum W and DC1

• Strategy
1. Invariant mass of ee >0.004 GeV/c2
2. Each track goes throuh different cell at x 

view of DC1

KL → π±e∓νγ
→ e

+
e
−with materials



:Mee>0.004GeV/c2
        × different cell hit

KL → π±e∓νγ
→ e

+
e
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• Reconstructed vtxZ of 
ee pair protrudes from 
Vacuum W to upper 
stream.

• 38 events remain in 
11369 signal events

me+e- VertexZ
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as we get 
(112.8±1.1)×102 signals
in ‘97 winter data set

Systematic errors are from only branching ratios of B.G.
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Invariant mass Meee and Mee
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Amplitude ofKL→π±e
-νe+e-

ε̄(q) =
e

q2
ū(p2)γµv(p1)

F 0
µ = pµ + p′µ

p : Kaon momentum
p′ : pion momentum
pl : momentum of lepton of Ke3
pν : neutrino momentum
q : momentum of virtual γ

p1, p2 : momentum of e+e−

+
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Direct emission
T = GF√

2
eV ∗

usε̄(q)
∗
[(

gµν −

2qνp′

µ

p′q+q2

)
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• Lacking term in the amplitude I used
1. e±e± exchange term
2. Direct emission term
3. Higher order term
|TA − TB |2 = |TA|

2
+ |TB |2 − 2ReTATB

TA = T (p, p′, pν , pl, p1, p2)

TB = T (p, p′, pν , p1, pl, p2)



bad pairing ratio depending on
(mee_heavy-mee_light)/(mee_heavy+mee_light)
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After all cuts (112.8±1.1)×102 KL→πe ν ee events 
remain in ‘97 winter data set with 88.8 back ground 
events 

I did not find asymmetry in between 
π±e+ plane and e+e- plane

The longitudinal momentum of neutrino and invariant 

mass of  π±e+e+e- of MC have good agreement with 

those of data, but invariant mass of e±e+e-  and 

invariant of e+e- do not have.

Conclusion 



Analysis of Normalization Mode.
Estimation of external conversion event in data.
MC with exchanging term
MC with Structure dependent term.
MC with higher order term.

Plan 


