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•  Studying branching ratioR=Γ(π+→e+νe)/Γ(π+→μ+νμ). 
•  This branching ratio R is calculated in SM. 
 
 
 
•  me<<mμ⇨π→eν decay mode is suppresed  

    (helicity suppression) 
•  ge,gμ:coupling constant → ge=gμ in SM  
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•  R is precisely calculated in SM 

RSM=(1.2352±0.0001)!10-4 (0.008%) 
•  Experimental value 
REXP=(1.2265±0.0034±0.0044)!10-4(0.5%) (1992 TRIUMF)

REXP=(1.2346±0.0035±0.0036)!10-4(0.4%) (1993 PSI)

↓ 

Measure the branching ratio  
more precisely than 0.1%
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•  PIENU experiment set up.
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•  π+→e+ν 2bodies decay: Ee=69.3MeV 
•  π+→μ+→e+νν 3bodies decay: Ee=0~52.3MeV 
→Identify decay mode by detecting positron’s energy 
deposit in NaI.
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•  Simultaneous fit time spectrum of π→eν and 
π→μν ⇨ determined raw branching ratio Rraw. 

•  Branching ratio is calculated by correcting this raw 
branching ratio Rraw.
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•  Beam time: This August ~ December in TRIUMF. 

⇨Total ~4600 runs (~3!105 events/run) 
•  We did some special runs and data taking. 
•  One of this special run is “Muon polarization run”. 

!  Last year’s run data of muon lifetime was different from 
world average value about 1%. 

　→If muon lifetime shifts , REXP is affected!!(R is calculated by  
  using positron time spectrum. (Life time longer → R smaller)). 
!  This difference might be caused by muon polarization. 
! We did special run to understand muon polarization. 
!  To understand this problem, I studied muon spin influence 

in PIEUN experiment by using “Toy Monte Carlo simulation”.
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•  Direction of positron depends on muon spin direction. 
    →N(θ)∝1+Acosθ (A:asymmetry) 
•  Muon has magnetic momentum. 
    →Spin rotates in magnetic field. So occurs oscillation.  
•  Muon spin’s angular momentum ω in B can write 
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Muon Decay(B1)
Entries  853268
Mean   0.6751
RMS    0.4305

 / ndf 2!  5.243e+04 / 1998
Constant  0.002± 8.265 
Slope     0.0005± -0.4555 
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Mean   0.6751
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Constant  0.002± 8.265 
Slope     0.0005± -0.4555 

Muon Decay(B1)
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•  Test this program.ω=10 rad/μs (T=2π/ω~0.63 μs) 

Muon Decay(T1)
Entries  851934
Mean   0.6692
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Constant  0.002± 8.264 
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Entries  851934
Mean   0.6692
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Constant  0.002± 8.264 
Slope     0.0005± -0.4558 

Muon Decay(T1)
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•  Magnetic field B is from cyclotron and below 

1Gauss and vertically. 
•  Muon life time is 2.197μs (λ=1/2.197=0.4551μs-1) 
•  If life time shifts ~1%, the difference between T1

(down stream) and B1(up stream) is ~ 2% . 
•  ω~848B[rad/μs] (B[T]) 

ex. B=1Gauss → ω=0.0848 rad/μs 
•  Use this program and study life time shifting.
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Muon Decay(T1)
Entries  2229651
Mean    2.077
RMS     1.922

 / ndf 2!   1016 / 998
Constant  0.001± 9.244 
Slope     0.0003± -0.4591 

[usec]
0 1 2 3 4 5 6 7 8 9 10

210

310

410

Muon Decay(T1)
Entries  2229651
Mean    2.077
RMS     1.922
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•  Under magnetic field B ~0.71 Gauss 

 
 
 
•  Now, spin direction assumes polarize 100% and 

asymmetry A=1/3. 
•  In fact, muon depolarizes in plastic scintillator.  
•  I haven’t analyzed run data. So I will analyze run 

data.
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G'::1$3
•  Purpose of PIENU experiment is measuring the 

branching ratio of Γ(π→eν)/Γ(π→μν) more 
precisely than 0.1%. 

•  Beam time did this August ~ December and we 
took some special run and data taking. 

•  Result from MC simulation, it can occur shifting life 
time ~1% by muon polarization. 

•  I have to analyze run data. 
•  Next beam time will be acted next year.
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I%0)#$%".GH+(#$':
•  F(t)πe~ Aexp(-t/τπ) 
•  F(t)πμe~ B(exp(-t/τμ)-exp(-t/τπ)) 
                ⇩ 
　Rraw~ F(t)πe/F(t)πμe 

　　⇨(In case life time shifts longer, Rraw becomes smaller.) 
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•  Tail of the π→eν extend under the π→μ→e 

distribution because of leak current. 
•  We have to estimate low-energy tail and correct 

raw branching ratio Rraw. ⇨ Tail correction. 
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•  We measured e+ energy by using NaI. 
•  Changed positron’s incident angle. 
•  To estimate leak current and lin-shape, we did this 

special run. 
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