
cLFV Searches at BESIII and Super
Tau-Charm Factory

Dayong Wang
Peking University 

dayong.wang@pku.edu.cn
(for BESIII Collaboration)

LFV and LUV in meson and baryon decays

Sep 29  2020



Outline
• About BESIII Exp
• Example: J/ψ → eµ  Analysis
• Ongoing and Potential cLFV topics
• Future prospects at BESIII & STCF
• Summary

2020/9/29 2Dayong Wang



BEPCII and BESIII Exp

• BEPCII is an e+e- collider currently running at τ-charm energy
• First collision in 2008, physics run started in 2009
• BEPCII reached peak lumi of 1x1033 cm-2s-1@1.89GeV in April 2016
• More than 300 journal publications
• BESIII collaboration includes ~500 collaborators, still growing
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BEPCII: a t-c Factory
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p Rich of resonances, charmonia and  charmed mesons.
p Threshold characteristics (pairs of t, D, Ds, charmed baryons…).
p Transition between perturbative and non-perturbative QCD.
p New hadrons: glueballs, hybrids, multi-quark states
p New Physics: high lumi, large datasets, hermetic detector with 

good performance

4
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BESIII Detector
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Ref:
NIM A614, 
345 (2010)

Clean environment and high luminosity at BESIII are 
helpful for indirect probe of new physics

2015 ETOF upgrade: 60ps

2022: Inner tracker
upgrade

Dayong Wang

BESIII Detector Performance

Exps.
MDC

Spatial 
resolution

MDC

dE/dx
resolution

EMC

Energy 
resolution

CLEO-c 110 µm 5% 2.2-2.4 %

BaBar 125 µm 7% 2.67 %

Belle 130 µm 5.6% 2.2 %

BESIII 
115 µm <5%

(Bhabha) 2.4%

Exps.
TOF

Time 
resolution 

CDFII 100 ps

Belle 90 ps
BESIII 68 ps (BTOF)

60 ps (ETOF)

MUC:    Efficiency ~ 96%
BG level:  < 0.04 Hz/cm2(B-MUC), < 0.1 Hz/cm2(E-MUC)

LXR Seminar at Center for HEP, PKU., 2017 14



BESIII data samples
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∼ 0.5 B        𝜓(3686) events             ∼ 24×CLEO-c

∼ 1.3 B       𝐽/𝜓 events                     ∼ 21×BESII
∼ 2.9/fb      𝜓(3770) ∼ 3.5×CLEO-c

~16/fb XYZ		states	above	4	GeV				Unique
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• 20 points for R &QCD Scan: 500/pb
in 2015

• Y(2175) resonance: 100 /pb :
• 3/fb Ds data at 4170 MeV ∼

5×CLEO-c
• 3/fb 4.6-4.7GeV data in 2020

∼ other data sets: tau, Lc, resonance 
scan and continuum, etc.

Dayong Wang



General: Search for cLFV

2020/9/29 7

New	Physics	Contributions	to	CLFV

A	broad	array	of	New	Physics	models	contribute	to	CLFV
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Supersymmetry Heavy	Neutrinos Extended	higgs models

LeptoquarksCompositeness New	Heavy	Bosons	/
Anomalous	Couplings

May	2018 D.Glenzinski	|	Fermilab 7

Charged Lepton Flavor Violation
• cLFV rate in the Standard Model with 
non-zero neutrino mass is too small 
to be observed in experiments; O(BR) 
< 10-50 

• No SM Physics Background 
• Observation = clear evidence of NP 
• Motivated by many kinds of new 
physics models BSM
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GIM Suppression
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Considering neutrino
mixing, extended vSM

Possible CLFV from NP models
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cLFV in Jpsi decays
• The cLFV search in lepton decay, pseudoscalar meson decay 

and vector meson decay etc with no evidence. Equally 
important to search it in heavy quarkonium decays. 

• The cLFV decays of vector mesons 𝑽 → 𝒍𝒊𝒍𝒋 are also 
predicted in various of extension models of SM[1]: 

ℬ./01(𝐽/𝜓 → 𝑒𝜇)< 10234

ℬ./01(𝐽/𝜓 → e(𝜇)𝜏) )< 1020

• 𝐽/𝜓 LFV decays have been measured by BES collaboration. 
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BES BESIII
𝐽/𝜓 → 𝑒𝜇 < 1.1×1012 < 1.6×1013

𝐽/𝜓 → 𝑒𝜏 < 8.3×1012 -
𝐽/𝜓 → 𝜇𝜏 < 2.0×1012 -

[1]: Phys. Rev. D 63, 016003, Phys. Rev. D 83, 115015, 
Phys. Lett. A 27, 1250172, Phys. Rev. D 97, 056027

Dayong Wang



Search for J/ψ → eµ(w/ 225M Jpsi)
Signal box definition based on MC
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Signal efficiency:

PRD87, 112007 (2013) 
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Event Selection Optimization

cut optimization
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Background study

2020/9/29 11

From Exclusive MC From Inclusive MC
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Systematic Uncertainties
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Relative, most from control 
samples, in percentage

Dayong Wang



J/ψ → eµ: Unblinded Results
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Among 225M 
J/ψ, 4 events in 
the signal box

PRD87, 112007 (2013) 

Dayong Wang



Future BESIII upgrade & data sets
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Chinese Phys. C 44, 040001 (2020).

Extended running of another 5-8 years, with upgrade in both energy and lumi
Top-up injection since 2019, energy increase up to 4.9GeV soon

Dayong Wang



Jspi cLFV decay beyond eµ
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ü From preliminary MC studies, 
the efficiencies could reach 
~30-35%, and the BR 
sensitivity could be in the level 
of 1E-8 to 1E-7

ü Better up limit could be 
achieved  if QED description & 
PID on muons improved 

üDetailed data analysis without photons is 
being performed (J/ψ-> e τ/μτ )

üChannels with photons are also in
investigation (J/ψ-> γeτ/γμτ )

Dayong Wang

cLFV processes from psi(2S), D, 𝛈 𝐚𝐧𝐝 𝛈% decays are also possibly to 
search at BESIII, esp for final datasets



cLFV searches in 𝐉/𝛙: Prospects
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20 6. Exotic Decays and New Physics in Charm

Table 6.5: Current and future BESIII constraints on B(J/ ! `1`2).

`1`2 µ⌧ e⌧ eµ

Current UL 2.0⇥ 10�6 8.3⇥ 10�6 1.6⇥ 10�7

BESIII projected(CC) 3.0⇥ 10�8 4.5⇥ 10�8 1.0⇥ 10�8

BESIII projected(MVA/ML) 1.5⇥ 10�8 2.5⇥ 10�8 6.0⇥ 10�9

of Wilson coe�cients and New Physics scale ⇤, both current and projected, can be found

in Table 6.6.

One way of increase sensitivity of J/ decays to CLFV operators is to consider ra-

diative lepton-flavor violating (RCLFV) transitions of J/ ’s. Addition of a photon to

the final state certainly reduces the number of the events available for studies of CLFV

decays. However, a dataset of J/ ’s accumulated by BESIII is huge, and it also makes it

possible for other operators in Le↵ to contribute. Since the final state kinematics is less

constrained than in two-body decays, the constraints on Wilson coe�cients of e↵ective

Lagrangian would depend on a set of V ! � form factors that are not very well known

[55]. To place meaningful constraints on the Wilson coe�cients from non-resonance J/ 

RCLFV decays one would need to employ single-operator dominance hypothesis, i.e. as-

sume that only one operator contributes at a time. For the axial, scalar, and pseudoscalar

operators one has [55]

�A(J/ ! �`1`2) =
1
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The J/ ! �eµ channel is experimentally challenging, so we focus on J/ ! �µ⌧ and

J/ ! �e⌧ , where there is an ongoing analysis involving the current dataset. If MVA

is used, the e�ciency could be estimated to be about 35% for both channels. There is

no detailed projection study yet, but the sensitivity to branching fractions could at least

reach (1� 3)⇥ 10�8 or even better.

6.5.4 �c ! l1l2 via photon tagging in  (2S) ! ��c, �⌘c

Similarly to probing operators with vector quantum numbers, as described in Sect. 6.5.3,

scalar and pseudoscalar operators in Eq. (6.16) can be probed in decays of scalar and pseu-

doscalar charmonia. A major problem encountered in doing so is related to the production

mechanism for those states. This problem could be alleviated by noting that branching

ratios for some radiative decays V ! �M(! `1`2) are rather large and could provide a

Phys. Rev. D 87, 112007 (2013).

𝑱/𝝍 →e(µ) t
𝑱/𝝍 →e µ
𝑱/𝝍 →g e(µ) t
𝝍(2s) → g e(µ) t

𝑱/𝝍 ->e + t
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6.5.3 CLFV decays of J/ , (2S) ! l1l2, l1l2�

Experimental constraints on J/ ! `1`2 branching fractions can be e↵ectively con-

verted to bounds on Wilson coe�cients of vector and tensor operators in Eq. (6.16). Those

Wilson coe�cients can then be related to model parameters of explicit realizations of pos-

sible UV completions of the e↵ective Lagrangian in Eq. (6.15). The examples of particular

new physics models include Z
0 scenarios [60], R-parity violating supersymmetric models

[61, 62, 63], and other approaches [64, 65].

The most general expression for the J/ (or any  (nS)) ! `1`2 decay amplitude can

be written as

A(V ! `1`2) = u(p1, s1)
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where V = J/ or  (2S), and A
`1`2
V , B

`1`2
V , C

`1`2
V , and D

`1`2
V are dimensionless con-

stants which depend on the underlying Wilson coe�cients of the e↵ective Lagrangian

of Eq. (6.16) as well as on hadronic e↵ects associated with meson-to-vacuum matrix el-

ements or decay constants. Neglecting dipole and tensor operator contributions implies

that C
`1`2
V = D

`1`2
V = 0 [55]. We shall neglect them from now on. The amplitude of

Eq. (6.18) for the vector  states leads to the branching fraction, which is convenient to

represent in terms of the ratio
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Here ↵ is the fine structure constant, Qc = 2/3 is the charge of the c-quark, we neglected

the mass of the lighter of the two leptons, and set y = m2/mV . The coe�cients A`1`2
V and

B
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The constraints on the Wilson coe�cients also depend on the meson decay constants,

h0|q�µ
q|V (p)i = fV mV ✏

µ(p) , (6.21)

where ✏µ(p) is the V -meson polarization vector, and p is its momentum [66]. The de-

cay constants are fJ/ = 418 ± 9 MeV and f (2S) = 294 ± 5 MeV. They are known,

both experimentally from leptonic decays and theoretically from lattice or QCD sum rule

calculations.

Experimentally, there is an ongoing analysis based on 1.3B J/ data at moment. The

e�ciencies for both J/ ! µ⌧ and J/ ! e⌧ are around 14%. Based on the same analysis
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low energy theorems [59] or experimental data [56] constrain gluonic matrix elements

model-independently.

With this, P = ⌘c CLFV decays will be mainly sensitive to axial operator contributions

in L`q of Eq. (6.16),
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while scalar S = �c CLFV decays will uniquely probe scalar CLFV operators of Eq. (6.16),
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where decay constants are f⌘c = (387 ± 7) MeV [66], and f�c
⇡ 887 MeV [67], for the

pseudoscalar and scalar states, respectively.

The resulting constraints on the combination of Wilson coe�cients and New Physics

scale ⇤, both current and projected, can be found in Table 6.6.

Table 6.6: Constraints on the Wilson coe�cients of four-fermion operators. Note that the

constraints on the right-handed couplings (L ! R) are the same. Also, “�” means that

no constraints are currently available, “FPS” means that the decay is forbidden by phase

space, and “n/a” means that BESIII sensitivity studies are yet to be performed.

Leptons Constraints

Wilson coe↵ (GeV
�2) `1`2 Current Projected

µ⌧ 5.5⇥ 10�5 [5.0, 7.1]⇥ 10�6
��Ccc`1`2

V L /⇤2
�� e⌧ 1.1⇥ 10�4 [6.5, 8.7]⇥ 10�6

eµ 1.0⇥ 10�5 [2.8, 3.7]⇥ 10�6

µ⌧ � 7.4⇥ 10�4
��Ccc`1`2

AL /⇤2
�� e⌧ � 7.4⇥ 10�4

eµ � n/a

µ⌧ � 2.0��Ccc`1`2
SL /⇤2

�� e⌧ � 2.0

eµ � n/a

µ⌧ FPS FPS��Cuc`1`2
AL /⇤2

�� e⌧ � n/a

eµ 1.3⇥ 10�8 2.2⇥ 10�8

𝑱/𝝍 ->µ + t

Expected to
𝑖𝑚𝑝𝑟𝑜𝑣𝑒 𝑡ℎ𝑒 𝑈𝐿
𝑏𝑦 ~102

efficiencies ~30-35%

Dayong Wang



𝐉/𝛙 → 𝐞𝛕 via hadronic modes
• Search for Charged Lepton Flavor Violation Process 𝐽/𝜓 → 𝑒𝜏

with 𝜏 → 𝜋𝜋>𝜈 with 10 billions 𝐽/𝜓 events.
• Semi-blind analysis is used in this study to avoid possible biases 

from the experimentalist. 
• Signal MC sample, 𝐽/𝜓 inclusive MC sample, 𝐽/𝜓 exclusive 

MC samples, and continuum data are used to optimize event 
selection criteria and study background.

• Most systematic uncertainties are determined from comparisons 
of MC with clean, high statistics control samples.

• Small portion (~10%) of data are used for validation. The upper 
limit is given with a profile likelihood method.

• After verifying the analysis strategies, the whole data set is 
unblinded and the final upper limit is given.

2020/9/29 17Dayong Wang



Sensitivity projection

• Cocktail MC sample is comparable with the 𝐽/𝜓
data sample in the sideband regions.

• The upper limit of branching ratio could be up to 
1025 with 10 billion 𝐽/𝜓 data.

2020/9/29 18Dayong Wang



Search for 𝐽/𝜓→𝛾𝜇𝜏/𝛾𝑒𝜏

• Non-trival Yukawa coupling? enhance flavor changing rates
• Higgs induced CLFV with the Cheng-Sher Ansatz
• Inspire search in heavy quarkonium decays

2020/9/29 19Dayong Wang



Sensitivity projection
• Set 3σ  band in M"## distribution as signal region.

• MVA method with cocktail MC and toy model 

• Sensitivity projection with 10 billion J/ψ sample: 10-8

2020/9/29 20Dayong Wang



Proposed STCF in China

• Peaking luminosity (0.5-1)×1035 cm-2s-1 at 4 GeV
• Energy range Ecm = 2-7 GeV
• Potential to increase luminosity and realize beam polarization
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𝑱/𝝍 LFV decays at STCF
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• At STCF, 1 trillion 𝑱/𝝍 can be obtained per year, taken efficiency from 
BESIII, the upper limit can be predicted to be:

ℬ'()*(𝐽/𝜓 → 𝑒𝜇)< 4×10+,,

ℬ'()*(𝐽/𝜓 → e𝜏) )< 7×10+,*

• The 𝓑𝑼𝑳𝟗𝟎(𝑱/𝝍 → 𝐞𝝉) ) can be further optimized with better e/𝜋 id.

The LFV decay of 𝑱/𝝍 →
𝒆𝝉 at STCF is promising 
to probe the new physics!

Dayong Wang



LFV decay of 𝛕 at STCF
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Ø STCF with 1ab-1: 

𝓑𝑼𝑳𝟗𝟎 𝝉 → 𝝁𝝁𝝁 <
𝑵𝑼𝑳𝟗𝟎

𝟐𝜺𝑵𝝉𝝉
~𝟏. 𝟒×𝟏𝟎+𝟗

𝓑𝑼𝑳𝟗𝟎 𝝉 → 𝜸𝝁 <
𝑵𝑼𝑳𝟗𝟎

𝟐𝜺𝑵𝝉𝝉
~𝟑×𝟏𝟎+𝟖

X. Zhou @ RF5 workshop
Aug 26. 2020
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Summary

• High lumi and good detector enables BESIII 
sensitive to LFV in meson decays

• The published results on J/ψ → eµ yield the 
best limit from Heavy Quarkonium decays, 
updates with 10B Jpsi is ongoing. 

• LFV J/ψ decays involving τ are going on, 
would be more close to probe some models

• With further BESIII operation and STCF, 
more possibility will be further explored
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