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Motivation

• None of the radiative tau decays have been measured before.
• Radiative correction becomes crucial for precision tau physics ,such as 

the lepton universality test in hadronic tau decays, calculation of muon 
g-2 using tau decays.

• Search for tau radiative decay 𝜏 → 𝜋𝛾𝑣𝜏 .
• Challenge : signal has much lower branching ratio than  backgrounds 

(𝐵𝑟(𝜏−→𝜋−𝛾𝜈𝜏)/ 𝐵𝑟(𝜏−→𝜋−𝜈𝜏) ~ 10−2 .

• ML technique is being explored to distinguish signal from backgrounds.

Internal bremsstrahlung (IB)

Structure dependent (SD)

2

vector(𝜌, 𝜔) axial vector(𝑎1)



Signal modelling

⚫ Model DIY ⚫ Theoretical calculation ⚫ Validation



Signal generator 

Use theoretical formulas to 
calculate decay amplitude ,  
member function amps() 
returns the result.

Generate final-state particles’
random four-vector momentum 
and call amps() in a loop 2,0000 
times , then save the maximal 
value.

register model and give 
the model a name to use 
in DecayCard

Boss Version : 7.0.3

BesEvtGen-00-03-90
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Theoretic cross section
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Model validation

In the tau rest frame x is 
the photon energy Eγ

The variable t is the invariant 
mass square of the pion-
photon system

theory predict simulation result
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Study of event selection using BESIII detector

⚫ Background processes ⚫ Event selection ⚫ Upper limit



Inclusive MC sample at BESIII

Boss Version : 7.0.3

𝑠 =4.23GeV

Inclusive sample :

di-tau samples : tau pair generated with KKMC  
decay of tau with EvtGen

di-muon samples : generated with BABAYAGA

Hadronic samples : generated with LUNDARLW 

Luminosity(𝑝𝑏−1) = 1100.91 
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Primary selection 

Tag side :   𝜏+ → 𝜇+ ҧ𝑣𝜏𝑣𝜇

Prob side : 𝜏− → 𝜋−𝛾𝑣𝜏

Criteria for selection：

Good Mdc track = 2
(Interaction Point and Exit Angle) 

Total charge = 0

PID two track is pion and muon 

Good Emc track = 2
(With Valid Shower)
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Note : The event selection 
is studied with BESIII 
detector for now



Final event selection 

The energy distribution of photons

𝐸𝛾 > 0.4 GeV

Criteria for selection

E/p < 0.2 

Angle(𝛾, 𝜋) < 40 

-140 < 𝜃𝑎𝑐𝑜𝑝 < 140

𝑀2
𝑚𝑖𝑠𝑠 > 2 Ge𝑉2

𝑁𝛾 = 1

𝐸𝛾 > 0.4 GeV

Not considered conjugate process
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signal is scaled by 100 for better visibility



Photon number constraint

Constraint the number of 
photon = 1

Most of the di-muon 
process, di-tau process and 
hardronic process are 
removed

About half of the signal has 
been removed, and a large 
number of di-tau processes 
are still retained.

Photon number distribution
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Parameter about 𝜋−

Angle between 𝛾 and prob 𝜋−

Angle(𝛾, 𝜋) < 40 

E/P of prob 𝜋− ( E is the deposited energy in 

EMC and p is the momentum of the track)

𝐸/𝑝 < 0.2
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Parameter about system 

Missing mass squared                         

𝑀𝑚𝑖𝑠𝑠
2 = (σ𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − σ𝐸𝑓𝑖𝑛𝑎𝑙)

2
−(σ Ԧ𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − σ Ԧ𝑝𝑓𝑖𝑛𝑎𝑙)

2

𝑀𝑚𝑖𝑠𝑠
2 > 2 Ge𝑉2

Acoplanarity angle (the angle between the planes 

formed by the momenta of two particles involved in 

the interaction.)        -140 < 𝜃𝑎𝑐𝑜𝑝 < 140
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Expected upper limit

Theoretical articles give relational formulas :   
Γ(𝜏−→ 𝜋−𝛾𝜈𝜏)

Γ(𝜏−→𝜋−𝜈𝜏)
=  ( 1.61± 0.06 ) × 10−2

( PHYSICAL REVIEW D 103, 056017(2021) )

The branching ratio of non-radiative process can be quoted from PDG:

𝐵𝑟(𝜏−→𝜋−𝜈𝜏) = (10.82 ± 0.05)%

So upper limit on the signal can be calculated by ：𝜇𝑠𝑖𝑔
𝑢𝑝

= 𝐵𝑟(𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑) / 𝐵𝑟(theoretical)

= 𝐵𝑟𝑠𝑖𝑔
𝑢𝑝

/ (𝐵𝑟(𝜏−→𝜋−𝜈𝜏) × 1.6 × 10−2)
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𝜇𝑠𝑖𝑔
𝑢𝑝 is the signal strength



Physics potential at the STCF 

An STCF operating at CMEs ranging from 2 to 7GeV would be of great importance to the 
entire field of elementary particle physics. 

It would address a very broad range of physics topics, including QCD tests, hadron 
spectroscopy, precise tests of the electroweak sector of the SM, and searches for new
physics beyond the SM.

The proposed luminosity of the STCF is above 𝟎. 𝟓 × 𝟏𝟎𝟑𝟓𝒄𝒎−𝟐𝒔−𝟏, at this level, it is 
expected to deliver more than 𝟏𝒂𝒃−𝟏 of data samples each year.

Compared with BESIII, the luminosity of STCF is increased by nearly three orders of 
magnitude, and although the cross-section is one-third of BESIII at the central mass of 4.23 
GeV, the number taken is about 300 times that of BESIII
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Expected upper limit

𝜇𝑠𝑖𝑔
𝑢𝑝

∝
1

ℒ

Lumi(4.23Gev) 𝜇𝑠𝑖𝑔
𝑢𝑝
@95% 𝐶. 𝐿 𝐵𝑟𝑠𝑖𝑔

𝑢𝑝
@95% 𝐶. 𝐿

Expected signal 

significance

BESIII 1100.81 𝑝𝑏−1 3.357 5.82 × 10−2 0.6𝜎

STCF(Assuming 

the same event 

selection as BESIII)
1 𝑎𝑏−1(expected) 0.108 1.94 × 10−3 19.7𝜎
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𝜇𝑠𝑖𝑔
𝑢𝑝 and luminosity have such a relationship :

A Bayesian-based maximum likelihood estimator, extended from the profile 
likelihood approach, is used to determine the upper limit of the signal strength.
Nucl. Instrum. Meth. A 551, 493–503(2005), arXiv:physics/0403059



Event selection optimization using CNN

⚫ Sample generation ⚫ Traditional selection ⚫ CNN method



Tau decay mode 

Modes with 

one charged particles
Branch ratio

𝜇 ҧ𝜈𝜇𝜈𝜏 (17.39 ± 0.04)% 𝜋−2𝜋0𝜈𝜏 (17.39 ± 0.04)%

𝜇 ҧ𝜈𝜇𝜈𝜏𝛾 (3.67 ± 0.08) × 10−3 𝐾−2𝜋0𝜈𝜏 (6.5 ± 2.2) × 10−4

𝑒 ҧ𝜈𝑒𝜈𝜏 (17.82 ± 0.04)% 𝜋−3𝜋0𝜈𝜏 (1.04 ± 0.07)%

𝑒 ҧ𝜈𝑒𝜈𝜏𝛾 (1.83 ± 0.05)% ℎ−4𝜋0𝜈𝜏 (1.6 ± 0.4) × 10−3

𝜋−𝜈𝜏 (10.82 ± 0.05)% 𝑎1(1260)𝜈𝜏 → 𝜋−𝛾𝜈𝜏 (4.0 ± 1.5) × 10−4

𝐾−𝜈𝜏 (6.96 ± 0.10) × 10−3

𝜋−𝜋0𝜈𝜏 (25.49 ± 0.09)%

𝐾−𝜋0𝜈𝜏 (4.33 ± 0.15) × 10−3
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Event selection using cuts to variables

The same number of main process events were generated with KKMC 
and decay of tau with EvtGen.
The distribution of photon energy is plotted using the same selection 
conditions as before.

Scale by branch ratioBefore scale

19



20

Event selection using cuts to variables



BESIII EMC

The EMC is divided into a barrel part and two endcaps

barrel : 120×44=5280， endcap : 2×(96,96,80,80,64,64) =960

endcap

endcap

barrel
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CNN model

The signal and one of the 
backgrounds are mixed

𝑃(𝜋−𝛾𝜈𝜏)

𝑃(𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑)

Currently, binary classification between signal and each 
backgrounds is used. Will identify between signal and 
inclusive ditau MC events. 

22



Comparison with traditional methods

CNN can suppress the  

backgrounds with ≥ 3 

photons more effectively.

Therefore, we want to use 

more means to improve 

the classification ability
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Summary 

• The event selection of radiative decay of 𝜏 → 𝜋𝛾𝑣𝜏 is studied at 
BESlll

• The ditau backgrounds are difficult to remove due to very similar signature as signal.

• The expected upper limit of branch fraction of 𝜏 → 𝜋𝛾𝑣𝜏 is 
derived at BESlll and STCF(currently using the event selection at 
BESlII). Expected measurement in STCF is 𝐵𝑟𝑠𝑖𝑔

𝑢𝑝
@95% 𝐶. 𝐿 = 

1.94 × 10−3.
• Simulation and reconstruction using STCF detector will be performed         

• Machine Learning technique is being explored to improve the 
background rejection

• Need to reproduce the inclusive MC samples with EMC hit map info
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Thanks 



Backup  

Primary efficiency di-tau sample gamma energy
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Data Cleansing

Generate samples via 

SingleParticleGun to remove 

the effect of tag side.

Record the center position 

of the charged track in the 

EMC, and remove the hit 

information of the 

surrounding 3x3 cells

Constraint the number of 

photon > 0
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Pi0 and gamma binary separation  
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Possible backgrounds

di-tau:

di-mu with ISR:

hadronic:
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