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Michel parameters  
 Assuming QFT and Lorentz invariance, amplitude of 𝜏’s leptonic 

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

 

 

 

 

 

 bilinear combinations of 𝑔𝑖𝑗
𝑁 are experimentally observable →𝝆, 𝜼, 𝝃𝜹, 𝝃, 𝜼 , 𝝃𝜿 

 Measurement of 𝝆, 𝜼, 𝝃𝜹, 𝝃 are already ongoing in ordinary leptonic decay 𝝉 → 𝒍𝝂𝝂 . 

 Of all MPs, 𝜼  and 𝝃𝜿 are measured only by the radiative leptonic decay 𝝉 → 𝒍𝝂𝝂 𝜸  

• Small branching ratio : ℬ𝑟 𝜏 → 𝑒𝜈 𝜈𝛾 ∼ 1.75%, ℬ𝑟 𝜏 → 𝜇𝜈 𝜈𝛾 ∼ 0.36% , E𝛾> 10 MeV (CLEO experiment) 

 

 

Introduction 
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PDG summary table 

MP 𝝆 𝜼 𝝃𝜹 𝝃𝒉  𝜼  𝝃𝜿 

SM 0.75 0 0.75 1 0 0 

EX 𝟎. 𝟕𝟒𝟕 ± 𝟎. 𝟎𝟏𝟎 𝟎. 𝟎𝟏𝟑 ± 𝟎. 𝟎𝟐𝟎 𝟎. 𝟎𝟕𝟒𝟔 ± 𝟎. 𝟎𝟐𝟏 𝟎. 𝟗𝟗𝟓 ± 𝟎. 𝟎𝟎𝟕 

The purpose of this study is to measure the values of  𝜼 , 𝝃𝜿   

+ 

not measured yet  

good unbiased test of 
the SM, where only 
𝑔𝐿𝐿
𝑉 = 1 is nonzero 
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PDG Chin. Phys. C38, 090001 (2014). 

S : scalar 
V : vector 
T : tensor  



Physics motivation 

Observation of 𝛾 is equivalent to the measurement of 
polarization of the daughter lepton: 
coupling of 𝜏 with the right handed daughter lepton ∝ 1 − 𝜉′  

𝜉′ = −𝜉 − 4𝜉𝜅 + 8𝜉𝛿/3 

 

 𝜂  gives a constraint on each term 
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+ 

Final piece to reveal 
the 𝑉 − 𝐴 structure! 

𝑔𝑅𝐿
𝑉 < 0.52 

𝑔𝑅𝐿
𝑇 < 0.51 

𝑔𝑅𝐿
𝑆 < 2.01 

𝑔𝐿𝑅
𝑆 < 0.95 

PDG Tau decay parameters 

These values are not 
well known yet 

Further constraint 
on NP models  



dΓ 𝜏− → 𝑙−𝜈 𝜈𝛾 ∝ 𝑨− − 𝑩− ⋅  𝑆− 
 

 

 

 

 

Measurement of 𝝃𝜿 requires information of 𝜏’s spin 

We use correlation of the 𝜏𝜏 pairs  

 The cross section
d𝜎

dΩ𝜏
 under the definite direction of spin (𝑆−, 𝑆+) is expressed 

as  
d𝜎

dΩ𝜏
= 𝐷0 + 𝐷𝑖𝑗𝑆𝑖

−𝑆𝑗
+: 𝐷0 spin-independent, 𝐷𝑖𝑗 spin-dependent coefficients.  

We use 𝜏+ → 𝜌+(→ 𝜋+𝜋0)𝜈  decay as a spin analyzer. 

 dΓ 𝜏+ → 𝜌+𝜈  = 𝑨+ − 𝑩+ ⋅  𝑆+ 

 

𝑛𝑉 + 1 −
4

3
𝜌 2𝑛𝑆 + 𝑛𝑉 − 𝑛𝑇 + 𝜼 2𝑛𝑆 − 2𝑛𝑉 + 𝑛𝑇  

 − 𝑆− ⋅ 𝝃  𝑒𝑘  𝑛𝑉
𝑘 −

1

3
1 −

4

3
𝛿 2𝑛𝑆

𝑘 + 5𝑛𝑉
𝑘 − 𝑛𝑇

𝑘 + 𝜿 2𝑛𝑆
𝑘 − 2𝑛𝑉

𝑘 + 𝑛𝑇
𝑘

𝑘=𝑙,𝛾  

𝑨− 

Method 
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𝜏− 

𝜏+  

𝑆− 

𝑆+ 

𝑒+ 𝑒− 

𝑩− 

where 𝑒𝑘 is direction of 𝑘 = 𝑙, 𝛾 and 𝑛∗
∗ are known function, whose arguments are experimentally 

observable. 

𝐝𝝈(𝝉−𝝉+ → 𝒍−𝝂𝝂 𝜸 (𝝆+𝝂 )) 
∝ 𝑫𝟎𝑨

−𝑨+ + 𝑫𝒊𝒋𝑩𝒊
−𝑩𝒋

+ 

𝜼                𝝃𝜿  PDF of signal 

dΓ = 



Method  
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The Michel Parameters are fitted using the 

    likelihood function: ℒ 𝜂 , 𝜉𝜅 =   log (𝑃𝐷𝐹)  

“bare” PDF= 
d𝜎

d𝐸𝑙
∗dΩ𝑙

∗d𝐸𝛾
∗dΩ𝛾

∗dΩ𝜌
∗ d𝑚𝜌

2dΩ 𝜋dΩ𝜏
 

 

 

 
  

 
 
 
 

𝑆(𝑥 ): the visible PDF for observable 𝑥  (𝑁dim.= 12) 

𝑆 𝑥  has a form: 

𝜏− side 𝜏+ side 

𝐽 =
𝜕(𝐸𝑙

∗, Ω𝑙
∗)

𝜕(𝑃𝑙 , Ω𝑙)
⋅
𝜕 𝐸𝛾

∗, Ω𝛾
∗

𝜕 𝑃𝛾, Ω𝛾

⋅
𝜕(Ω𝜌

∗ , Ω𝜏)

𝜕(𝑃𝜌, Ω𝜌, Φ)
 Convert to CMS 

integrate out 

d𝜎

d𝑃𝑙dΩ𝑙d𝑃𝛾dΩ𝛾d𝑃𝜌dΩ𝜌d𝑚𝜌
2dΩ 𝜋dΦ

 

Final formula 

Φ is an angle 
along the arc 

𝑀𝜈𝜈 ≥ 0 
𝑀𝜈 = 0 

𝑆 𝑥 =
d𝜎

d𝑃𝑙dΩ𝑙d𝑃𝛾dΩ𝛾d𝑃𝜌dΩ𝜌d𝑚𝜌
2dΩ 𝜋

=      
d𝜎

d𝑃𝑙dΩ𝑙d𝑃𝛾dΩ𝛾d𝑃𝜌dΩ𝜌d𝑚𝜌
2dΩ 𝜋dΦ

Φ2

Φ1

 dΦ 
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Event selection & existence of BG → the visible PDF is 
formulated as sum of signal and BGs 

𝑃𝑡𝑜𝑡 𝑥 = 1 −  𝜆𝑖 ⋅
𝑆 𝑥 𝜀 𝑥 

∫ d𝑥 𝑆 𝑥 𝜀 𝑥 
+  𝜆𝑖

𝐵𝑖 𝑥 𝜀 𝑥 

∫ d𝑥 𝐵𝑖 𝑥 𝜀 𝑥 
 

 

 

 

  

 𝜀 𝑥  does not depend on 𝜼 , 𝝃𝜿 and drops when ℒ is 
formulated: ←no necessity of the tabulation of 𝜀 𝑥  

Normalization is evaluated by MC 
𝑆 𝑥 = 𝐴0(𝑥 ) + 𝐴𝜂 (𝑥 ) ⋅ 𝜼 + 𝐴𝜉𝜅(𝑥 ) ⋅ 𝝃𝜿 

∫ d𝑥 𝑆 𝑥 𝜀 𝑥 = ∫ d𝑥 𝜀 𝑥 𝐴0(𝑥 )
𝐴0+𝐴𝜂 𝜼 +𝐴𝜉𝜅𝝃𝜿 

𝐴0
=

𝜎0𝜀 

𝑁sel
 

𝐴0+𝐴𝜂 𝜼 +𝐴𝜉𝜅𝝃𝜿 
𝐴0

𝑘  

𝑆 𝑥 : PDF of signal 

𝐵𝑖(𝑥 ): PDF of i-th background 

𝜆𝑖: fraction of i-th background component 
𝜀 𝑥 : selection efficiency 

𝑖: index of background 

=
𝜎0𝜀 

𝑁𝑠𝑒𝑙
1 + 𝑁𝜂 ⋅ 𝜼 + 𝑁𝜉𝜅 ⋅ 𝝃𝜿  

𝜎0 = ∫ d𝑥 𝐴0(𝑥 ) 

𝜎0: absolute normalization 
𝑁𝜂 , 𝑁𝜉𝜅 : relative normalization 



We use all data taken with Υ 4𝑆  energy:  703 fb−1 

Preselection of 𝜏𝜏 
1. exactly two oppositely charged tracks 

 d𝑟 < 0.5 cm, d𝑧 < 2.5 cm, one 𝑃𝑡 > 0.5 GeV/𝑐, the other 𝑃𝑡 > 0.1 GeV/𝑐 

2. ECL cluster energy < 9 GeV 

3. opening angle of two tracks 20∘ < 𝜓 < 175∘ 

4.  𝑁𝛾<5 for 𝐸𝛾>80 MeV  

5.  1 GeV/𝑐2<𝑀missing<7 GeV/𝑐2 

6.  30∘<𝜃missing<175∘ 

 

Event selection 
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In particular, the last two requirements 
well discriminate other physics 
processes like 
• Bhabha 𝑒+𝑒− → 𝑒+𝑒− 
• 𝑒+𝑒− → 𝜇+𝜇− 
• Two photon processes 



Event selection 

Final selection 

Electron: 
𝑃𝑒

𝑃𝑒+𝑃𝑥
> 0.9, Muon: 

𝑃𝜇

𝑃𝜇+𝑃𝜇+𝑃𝐾
> 0.9 

Pion: 
𝑃𝜋

𝑃𝜋+𝑃𝐾
> 0.4 

𝜋0 candidate: 115 MeV/𝑐2<𝑚𝛾𝛾<150 MeV/𝑐2 for 𝐸𝛾>80 MeV  

𝜌 candidate: 0.5 GeV/𝑐2<𝑚𝜋𝜋<1.5 GeV/𝑐2 

𝜃𝜌(𝑙𝛾) > 90∘ 

 cos𝜃𝑒𝛾 > 0.9848,  cos𝜃𝜇𝛾 > 0.9700 

Energy of photons which are not associated with any tracks 
𝐸extra𝛾<0.2 GeV for 𝜏 → 𝑒𝜈𝜈 𝛾 and 

   𝐸extra𝛾<0.3 GeV for 𝜏 → 𝜇𝜈𝜈 𝛾  
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𝜏 → 𝑒𝜈𝜈 𝛾 candidates 
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𝐸𝛾 𝜃𝑒𝛾 

𝜀EX = (4.44 ± 0.19)% 𝑁𝑠𝑒𝑙 𝜏
− → 𝑒−𝜈𝜈 𝛾 = 420005 

𝑁𝑠𝑒𝑙 𝜏
+ → 𝑒+𝜈𝜈 𝛾 = 412639 



𝜏 → 𝜇𝜈𝜈 𝛾 candidates 
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𝐸𝛾 cos𝜃𝜇𝛾 

𝜀EX = (3.40 ± 0.15)% 𝑁𝑠𝑒𝑙 𝜏
− → 𝜇−𝜈𝜈 𝛾 = 35984 

𝑁𝑠𝑒𝑙 𝜏
+ → 𝜇+𝜈𝜈 𝛾 = 36784 



Analysis of the experimental data 
𝑃tot 𝑥 = 1 −  𝜆𝑖 ⋅

𝑆 𝑥 𝜀MC 𝑥 

∫ d𝑥 𝑆 𝑥 𝜀MC +  𝜆𝑖
𝐵𝑖 𝑥 𝜀

MC

∫ d𝑥 𝐵𝑖 𝑥 𝜀
MC 

 

 

𝑃𝑡𝑜𝑡 𝑥 = 1 −  𝜆𝑖 ⋅
𝑆 𝑥 𝜀MC 𝑥 𝑅 𝑥 

∫ d𝑥 𝑆 𝑥 𝜀MC𝑅 𝑥 
+ 𝜆𝑖

𝐵𝑖 𝑥 𝜀
MC𝑅 𝑥 

∫ d𝑥 𝐵𝑖 𝑥 𝜀
MC𝑅 𝑥 

 

The difference of the efficiencies b.t.w MC and EX is 
taken account by the correction factors 𝑅 𝑥 . 

𝑅 𝑥 = 𝑅trg 

    × 𝑅𝑙(𝑃𝑙 , cos𝜃𝑙) 

    × 𝑅𝛾 𝑃𝛾 , cos𝜃𝛾  

              × 𝑅𝜋(𝑃𝜋 , cos𝜃𝜋) 

              × 𝑅𝜋0(𝑃𝜋0 , cos𝜃𝜋0) 
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𝜀EX(𝑥 ) → 𝜀MC(𝑥 ) ⋅ 𝑅(𝑥 ) 

⋯ trigger efficiency correction  

⋯ lepton efficiency correction  

⋯ photon efficiency correction  

⋯ pion efficiency correction  

⋯ neutral pion efficiency correction  

with 𝑅 𝑥 =
𝜀EX(𝑥 )

𝜀MC(𝑥 )
 



Analysis of the experimental data 
𝑅𝑙 𝑃𝑙 , cos𝜃𝑙 ≡ 𝑅rec ⋅ 𝑅𝐿𝐼𝐷  

reconstruction efficiency correction is taken using 𝜏 → 𝜋𝜋𝜋𝜈 

lepton ID efficiency correction is estimated from two photon 
events: 𝑒+𝑒− → 𝑒+𝑒−𝑙+𝑙− 

  𝑅𝜋 𝑃𝜋 , cos𝜃𝜋 ≡ 𝑅rec ⋅ 𝑅𝜋𝐼𝐷 
pion ID efficiency correction is estimated from 𝐷∗+ → 𝐷0𝜋+ 

decay 

𝑅𝛾 𝑃𝛾 , cos𝜃𝛾 , 𝑅𝜋0 𝑃𝜋0 , cos𝜃𝜋0  
photon and 𝜋0 efficiency corrections are taken from a 

comparison between 𝜏 → 𝜋𝜋0𝜈 and 𝜏 → 𝜋𝜈 decays 

𝑅trg 
trigger reconstruction efficiency correction is extracted 

based on the independent neutral and charged signal 
information  
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Evaluation of systematic uncertainties 
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𝝉 → 𝒆𝝂𝝂 𝜸 𝝉 → 𝝁𝝂𝝂 𝜸 



Input of branching ratio 
Uncertainties from existing Br values 

the error is taken from the PDG values 

the selected fractions 𝛿𝜆𝑖/𝜆𝑖 are varied and movement of 
fitted MPs are evaluated 

Normalizations 
The uncertainty comes from finite number of MC events 

The errors from the normalizations are estimated based on a 
central limiting theorem: 𝛿𝑁2 = Var(𝐴/𝐴0)/𝑁𝑀𝐶  

Correction factor tables 𝑅(𝑥 ) 
The effect of the error of 𝑅 (𝛿𝑅) is estimated by varying the 
𝑅 values and observing the shift of MPs. 

14 

Evaluation of systematic uncertainties 



Effect of the detector resolution is estimated by 
turning on/off the unfolding with the resolution 
function. 

 

The effect of the beam energy spread is evaluated by 
varying the 𝑠 values based on the uncertainties when 
we calculate PDFs: 𝑆 𝑥  and 𝐵(𝑥 ). 

 

15 

Evaluation of systematic uncertainties 



Result 
Due to the poor sensitivity of 𝜏 → 𝑒𝜈𝜈 𝛾 events, 𝜂  is 

extracted from only 𝜏 → 𝜇𝜈𝜈 𝛾 events 

 𝜉𝜅 𝑒 is fitted by fixing 𝜂 = 𝜂 SM = 0. 

𝜂 𝜇 and 𝜉𝜅 𝜇 are fitted simultaneously 

 

 

 

 

 

 

 

Correlation between 𝜂 𝜇 and 𝜉𝜅 𝜇 is small (~7%) 
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The first error is statistical and the 
second is systematic.  𝟏𝝈 to 𝟑𝝈 statistical 

deviations from 
inner to outer side 

Fit contour for 𝜏 → 𝜇𝜈𝜈 𝛾  

𝜼  

𝝃𝜿 

(−𝟐. 𝟎, 𝟎. 𝟖) 

SM 

𝜉𝜅 are naively combined: 



Conclusion 
We present the first measurement of the Michel parameter 
𝜂  and 𝜉𝜅 in radiative leptonic decay 𝜏 → 𝑙𝜈𝜈 𝛾 using all 
703 fb−1 available Belle data. 

Both 𝜂  and 𝜉𝜅 are important to constrain general couplings 
of 𝜏 into leptons 

The 𝜂  is obtained only from 𝜏 → 𝜇𝜈𝜈 𝛾 mode due to the 
poor sensitivity of electron mode while the 𝜉𝜅 is obtained 
using both modes 

The results: 
 

 

The statistical uncertainty is larger than the systematic. 
The Belle II experiment (×50 stat.) allows us to do further 
precision tests. 

The conference paper (BELLE-CONF#1610) will be 
submitted on arxiv. 
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Thank you! 



Backup 
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Canon EOS 6D 



Belle experiment  
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KEKB accelerator  
 𝑒𝑒 collider located at Tsukuba, Ibaraki, Japan 

 Energy asymmetry: (𝐸𝑒− , 𝐸𝑒+) = (8.0,3.5) GeV, 𝑠 = 𝐸Υ(4𝑆) = 10.58 GeV 

 𝐵-factory: collects 𝑒𝑒 collision data for 12 years. 

 Total integrated luminosity: 1ab−1:  Υ(4𝑆) → 𝑜(109) 𝐵𝐵-pairs, 𝜏𝜏-pairs 

Belle detector 
1.5 T magnetic field 

Vertexing 
• double sided silicon strip detector 

Momentum tracking 
• drift chamber (He + C2H5) 

Calorimeter 
• 𝛾: CsI(TI): 16X0   

Particle Identifications 
• TOF (time of flight) counter 

• aerogel Cherenkov counter 

•
𝑑𝐸

𝑑𝑥
 using drift chamber 

• 𝐾𝐿 , 𝜇: RPC/Fe sandwich 

Mt. Tskuba 

Linac 

KEKB ring 

Interaction 
point 

1 km 

𝐾/𝜋 

𝑒/𝜋 

𝐾𝐿 

m / KL detection 
 14/15 lyr. RPC+Fe 

Central Drift Chamber 

       small cell +He/C2H6 

CsI(Tl)  
   16X0 

 Aerogel Cherenkov cnt. 
              n=1.015~1.030 

Si vtx. det. 
   3/4 lyr. DSSD 

TOF counter 

SC solenoid 
   1.5T 

8 GeV e- 

3.5 GeV e+ 


