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Introduction

• 𝜓 2𝑆 decay to lepton pairs, the relationship of their branching 
fractions of these decays with Lepton Flavor Universality (LFU ) 

hypotheses: Bee ≅ B𝜇𝜇 ≅
B𝜏𝜏

0.3890
≡ B𝑙𝑙

• The combined results of B factory and LHCb show a deviation from 
the SM prediction by 3.1σ. the ratio read 𝑅 𝐷∗ =
Γ(𝐵→𝐷(∗)𝜏+𝜐𝜏)

𝛤(𝐵→𝐷(∗) 𝑙+𝜐𝑙)
𝑙 = 𝑒, 𝜇

• BESIII Collaboration have collected about 3B 𝜓(2𝑆) events, more 
precise measurements are expected 
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Data sets and MC simulation

➢Data sets :𝜓 2𝑆 2259.3M (2021)

➢ Signal MC:𝜓(2𝑆) → 𝜏±𝜏∓ (𝑒±𝜈𝑒𝜈𝜏𝜇
∓𝜈𝜇𝜈𝜏)  (ConExc)
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• Particle vpho 3.686 0.00093                                                                                          

• Decay vpho

• 1.0 ConExc -2 15 -15;

• Enddecay

• Decay tau-

• 1.0000         e- anti-nu_e nu_tau PHOTOS TAULNUNU;

• Enddecay

• Decay tau+

• 1.0000         mu+nu_mu anti-nu_tau PHOTOS TAULNUNU;

• Enddecay

• End

e+ e-ψ(2S)

𝑊−

𝑊+

𝜏−

𝜏+

𝜇−

υμ

υτ

υ𝜏

𝑒+

υ𝑒



Data sets and MC simulation
• Background simulations:

processes MC generator σ [nb] No. of 
events

𝜓(2𝑆)→𝑒+ 𝑒− PHOTOS VLL PDG 500K

𝜓(2𝑆)→𝜇+𝜇− PHOTOS VLL PDG 500K

𝜓(2𝑆)→𝜋+𝜋− PHOTOS VLL PDG 500K

𝜓(2𝑆) → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔 Lundcharm PDG+Model 1 Lum 

𝜓(2𝑆) → 𝑒𝜋3𝜈 PHOTOS VLL PDG 1M

𝜓(2𝑆) → 𝑒𝜋𝜋03𝜈 PHOTOS VLL PDG 1M

𝜓(2𝑆) → 𝜇𝜋3𝜈 PHOTOS VLL PDG 1M

𝜓(2𝑆) → 𝜋𝜋2𝜈 PHOTOS VLL PDG 1M
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processes MC generator σ [nb] No. of 
events

𝑒+𝑒−→𝑒+ 𝑒− Babayaga 544.13 500K

𝑒+𝑒−→𝜇+𝜇− Babayaga 6.70 500K

𝑒+𝑒−→𝛾𝛾 Babayaga 25.89 500K

𝑒+𝑒− → 𝑒+𝑒−𝑒+𝑒− DIAG36 414.0 1M

𝑒+𝑒− → e+e−𝜇+𝜇− DIAG36 30.49 1M

𝑒+𝑒− → 𝑒+𝑒−𝜂 EKHARA 0.29 1M

𝑒+𝑒− → 𝑒+𝑒−𝜂′ EKHARA 0.26 1M

𝑒+𝑒− → 𝑒+𝑒−𝐾+𝐾− GALUGA2.0 0.18 1M

𝑒+𝑒− → 𝑒+𝑒−𝜋+𝜋− GALUGA2.0 2.33 1M



Event Selection

➢Track level  

• Charged track (Vr<1cm, |Vz|<10cm, |cosθ|<0.93, ptrk<1.2GeV, vertex fit）

• Neutral track (Emc>25MeV(barrel), Emc>50MeV(Endcap), 0<T𝐸𝑀𝐶 <
14 50𝑛𝑠 , 𝜃𝛾,𝑡𝑟𝑘 > 10°)

• PID for electron (0.8 < E/p < 1.2, 𝜒𝑑𝐸/𝑑𝑥
2 < 4, ∆𝑡𝑜𝑓 < 0.3𝑛𝑠)

• PID for muon (E/p < 0.7, 𝜒𝑑𝐸/𝑑𝑥
2 < 4, ∆𝑡𝑜𝑓< 0.3𝑛𝑠, 𝜇𝑑𝑒𝑝 > 81*(ptrk-0.65) cm

• 2.5 < Tof < 5 ns
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Event Selection(II)

➢Event level

• Nch𝑎𝑟𝑔𝑒𝑑=2

• 𝑵𝜸=0

• Sum of deposited energy of the two charged 
tracks less than 2.0 GeV

• Mass of the missing particles less than 3.05 GeV. 
(M_mis <3.05 GeV)

• Polar angle of the missing particles |cosθ|<0.8
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Background analysis

Nbkg = 11531
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Cut flow

Criteria efficiency requirements

Basic selectioin 0.8206 Ntrk=2, |cosθ|<0.93, ΣQ=0, vertexFit

Emc>0.025 GeV(Barrel) Emc>0.050GeV 

emuDecay=1 0.4245 Electron muon events requirement

Tof requirement 1 0.4233 2.5<TOF1<5.0

Tof requirement 2 0.4221 2.5<TOF2<5.0

Ngam = 0 0.3503 Number of photon is zero

Mmis<3.05 GeV 0.3491 Missing mass requirement

|cosθmis|<0.8 0.3086 Absolute value of missing cosθ

EnergyDep<2.0 0.3065 Deposited energy of two tracks in EMC
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Comparison of MC and Data
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Cross section of (e+e-→ ττ)

Δ Energy spread
𝑠 nominal C.M. energy

𝑠′ actual C.M. energy 
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Cross section of (ee→ ττ)(II)
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Cross section (ee→ ττ)

𝜎𝑄+𝐼 =2.125nb
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Branching ratio calculation

➢ B  fraction of 𝜏+𝜏− events yielding the eμ topology. 0.6190（PDG）

➢ 𝑁𝑒𝜇 , 𝑁𝑏𝑔 , 𝑁𝜓 2𝑆 Events number of eu, background and ψ(2S)

➢ 𝝴  detection efficiency

➢ 𝜎𝑄+𝐼 𝑄𝐸𝐷 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 cross section 2.125nb 

➢ ℒ the accumulated luminosity 𝜓(2S)

𝐵 ττ =

𝑁𝑒μ − 𝑁𝑏𝑔
𝐵𝝴

− σ𝑄+𝐼ℒ

𝑁ψ(2𝑆)

This term  is 
estimated  by  
QED calculation 
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Branching ratio calculation(II)

Nobs Nbkg 𝓛
(pb-1)

𝝴 σ(nb) Nψ’(106) Br(10-3)

280412 11839 3208.5 0.3065 2.125 2259.3 3.240±0.023(sta.)
±0.081(sys.)

This work                   (3.240±0.084)X10-3

(3.1 ± 0.4) X 10 -3 (PDG) 
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Systematic uncertainty

• tracking efficiency                  1%                  [3][4]

• 𝜓(2S) total number                0.5%               [5]

• MC statistic      
1

𝑁

(1−𝜀)

𝜀
0.1%

• Tau  branching fraction           0.3%  (PDG)  [6]

⚫ Luminosity                                1.1% [7]
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Systematic uncertainty (II)

• PID for e & μ 1.2%           
• μ and π separation         0.5%
• 𝑁𝛾 requirement 1.0%
• 𝑀𝑚𝑖𝑠 requirement           0.8%
• |cos𝜃mis|  requirement        0.1%
• Background rejection      0.3%
• cross section calculation 0.4%
• Total systematic uncertainty 2.5%  
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Branching ratio of lepton pairs

Bee   (10-3) Bμμ(10-3) Bττ /0.3890 (10-3)

7.93±0.17 8.00±0.60 8.33±0.24
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Summary

• The branching fraction ℬ𝜏𝜏 of 𝜓(2𝑆) → 𝜏+𝜏− has been measured with 
improved precision.

• Assuming lepton universality, the average value of branching fraction 
of lepton pairs ℬ𝑙𝑙 are determined and total width of resonance 𝜓 2𝑆
has been calculated.

• This result, along with previous data of  ℬ𝑒𝑒 and ℬ𝜇𝜇 is in agreement 

with the relation  predicted by the sequential lepton hypothesis.
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Thanks for your attention !



Systematic uncertainty study (back up 1)
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e & μ  PID’ uncertainty π &  μ difference uncertainty



Systematic uncertainty study (back up 2)
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𝑁𝛾=0 uncertainty 𝑀𝑚𝑖𝑠 & |cosθ| uncertainty

Background uncertainty 𝑠 and ∆ uncertainty
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