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ÅMichel parameters  
¸Assuming QFT and Lorentz invariance, amplitude of †ɠs leptonic 

 decay is expressed as a sum of S, V and T interactions with Ὣ . 

 

 

 

 

 

¸bilinear combinations of Ὣ  are experimentally observable ќⱬ, Ɫ, Ⱪ♯, Ⱪȟ Ɫ, Ⱪⱥ 

¸Measurement of ⱬ, Ɫ, Ⱪ♯, Ⱪ are already ongoing in ordinary leptonic decay ⱲO ■ⱨⱨ. 

¸Of all MPs, Ɫ ÁÎÄ Ⱪⱥ are measured only by the radiative leptonic decay ⱲO ■ⱨⱨ♬  

Å Small branching ratio : ꜞ †O Ὡ’’ḐρȢχυϷ, ꜞ †O ‘’’ḐπȢσφϷ ȟ% ρπ MeV (CLEO experiment) 

 

 

Introduction  
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PDG summary table 

MP ⱬ Ɫ Ⱪ♯ Ⱪ▐  Ɫ Ⱪⱥ 

SM 0.75 0 0.75 1 0 0 

EX Ȣ Ȣ  Ȣ Ȣ  Ȣ Ȣ  Ȣ Ȣ  

The purpose of this study is to measure the values of  ⱢȟⱩⱥ   

 

not measured yet  

good unbiased test of 
the SM, where only 
Ὣ ρ is nonzero 
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PDG Chin. Phys. C38, 090001 (2014). 

S : scalar 
V : vector 
T : tensor  



Physics motivation  

ÅObservation of  is equivalent to the measurement of 
polarization of the daughter lepton:  

çoupling of † with the right handed daughter lepton θ  ρ ‚  

‚̧ ‚ τ‚‖ψ‚Ⱦσ 

 

Å –Ӷ gives a constraint on each term 
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Final piece to reveal 
the ὠ ὃ structure!  

Ὣ πȢυς 

Ὣ πȢυρ 

Ὣ ςȢπρ 

Ὣ πȢωυ 

PDG Tau decay parameters 

These values are not 
well known yet  

Further constraint 
on NP models  



ÅÄɜ† ᴼὰ’Ӷ’θ ═ ║ ẗ Ὓ  
 

 

 

 

 

ÅMeasurement of Ⱪⱥ requires information of †ɠs spin 

ÅWe use correlation of the †† pairs  

¸The ÃÒÏÓÓ ÓÅÃÔÉÏÎ under the definite direction of spin ὛȟὛ  is expressed 

as  Ὀ Ὀ ὛὛȡὈ  spin- independent, Ὀ  spin-dependent coefficients.  

ÅWe use † ᴼ” ᴼ““ ’Ӷ decay as a spin analyzer. 

¸Äɜ† ᴼ ”’ ═ ║ ẗ Ὓ  
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Method 
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where Ὡ is direction of Ὧ ὰȟ and ὲzᶻ are known function, whose arguments are experimentally 
observable. 

ἬⱭⱲⱲ ᴼ ■ⱨⱨ♬ ⱬⱨ  
ᶿ╓══ ╓░▒║░║▒ 

Ɫ               Ⱪⱥ  PDF of signal 

Äɜ  



Method  
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ÅThe Michel Parameters are fitted using the 

    likelihood function: fl–Ӷȟ‚‖ В ÌÏÇ ὖὈὊ  

Ȱ̧ÂÁÒÅȱ 0$&  ᶻ ᶻ ᶻ ᶻ ᶻ  

 

 

 
  

 
 
 
 
Ὓ̧ὼᴆ: the visible PDF for observable ὼᴆ (ὔ Ȣ= 12)  

Ὓ̧ὼᴆ has a form: 

† side † side 

ὐ
Ὁᶻȟɱᶻ

ὖȟɱ
ẗ
Ὁᶻȟɱᶻ

ὖȟɱ
ẗ
ɱzȟɱ

ὖȟɱȟɮ
 Convert to CMS 

integrate out  

Ä„

ÄὖÄɱÄὖÄɱÄὖÄɱÄά ÄɱÄɮ
 

Final formula 

ɮ is an angle 
along the arc 

ὓ π 
ὓ π 

Ὓὼᴆ
Ä„

ÄὖÄɱÄὖÄɱÄὖÄɱÄά Äɱ
    

Ä„

ÄὖÄɱÄὖÄɱÄὖÄɱÄά ÄɱÄɮ
 Äɮ 
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ÅEvent selection & existence of BG O the visible PDF is 
formulated as sum of signal and BGs 

ὖ̧ ὼᴆ ρ В‗ ẗ
ᴆ ᴆ

᷿ ᴆ ᴆ ᴆ
В‗

ᴆ ᴆ

᷿ ᴆ ᴆ ᴆ
 

 

 

 

  

Å ‐ὼᴆ does not depend on ⱢȟⱩⱥ and drops when fl is 
formulated: њno necessity of the tabulation of ‐ὼᴆ 

ÅNormalization is evaluated by MC  
¸Ὓὼᴆ ὃ ὼᴆ ὃ ὼᴆẗⱢ ὃ ὼᴆẗⱩⱥ 

¸ Ä᷿ὼᴆὛὼᴆ‐ὼᴆ Ä᷿ὼᴆ‐ὼᴆὃ ὼᴆ
Ɫ Ⱪⱥ 

В
Ɫ Ⱪⱥ 

 

Ὓὼᴆ: PDF of signal 

ὄ ὼᴆ: PDF of i- th  background 

‗: fraction of i- th  background component 
‐ὼᴆ: selection efficiency  

Ὥȡ index of background 

„‐Ӷ

ὔ
ρ ὔ ẗⱢ ὔ  ẗⱩⱥ 

„ Ä᷿ὼᴆὃ ὼᴆ 

„ȡ absolute normalization  
ὔ , ὔ  : relative normalization  



ÅWe use all data taken with ɭτὛ energyȡ χπσ ÆÂ 

ÅPreselection of †† 
1. exactly two oppositely charged tracks 

¸Äὶ πȢυ ÃÍ, Äᾀ ςȢυ ÃÍ, one ὖ πȢυ 'Å6Ⱦὧ, the other ὖ πȢρ 'Å6Ⱦὧ 

2. ECL cluster energy < 9 GeV 

3. opening angle of two tracks ςπʐ  ρχυʐ 

4.  ὔ<5 for Ὁ>80 MeV  

5.  1 GeV/ὧ<ὓ <7 GeV/ὧ 

6.  σπᶼ<— <ρχυᶼ 

 

Event selection 
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In particular, the last two requirements 
well discriminate other physics 
processes like 
Å Bhabha ὩὩ ᴼὩὩ  
ÅὩὩ ᴼ‘‘  
Å Two photon processes 



Event selection 

ÅFinal selection  

Ȩlectron: πȢω, Muon: πȢω 

P̧ion: πȢτ 

“̧  candidate: 115 MeV/ὧ<ά <150 MeV/ὧ for Ὁ>80 MeV  

”̧ candidate: 0.5 GeV/ὧ<ά <1.5 GeV/ὧ 

—̧ ωπᶼ 

 ̧cos—  > 0.9848,  cos—  > 0.9700 

Ȩnergy of photons which are not associated with any tracks 
Ὁ <0.2 GeV for †O Ὡ’’Ӷ and 

   Ὁ <0.3 GeV for †O ‘’’Ӷ  
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†O Ὡ’’Ӷ candidates 
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Ὁ —  

‐ τȢττ πȢρωϷ ὔ † ᴼὩ’’Ӷ τςπππυ 

ὔ † ᴼὩ’’Ӷ τρςφσω 


