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Motivation
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uModels may enhance LFV 
effects up to a detectable level, 
such as leptoquark, Compositeness, 
Supersymmetry, Heavy Z’ and 
Anomalous boson Coupling model.

u Since LFV decay is forbidden in the SM, the observation of
any LFV decay would be a signal of new physics beyond SM.

u In SM, Lepton Flavour is conserved for zero degenerate 𝝂
masses and now we have clear indication that 𝝂s have finite 
mass. 



Motivation

uBoth experimental searches and upper-limit predictions, including 𝜇, 𝜏 LFV decays,
𝜋, 𝐾 LFV decays and 𝜙, 𝐽/𝜓 two-body LFV decays, etc.
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Diagram via a Z’ in TC2 modelsDiagram via leptoquarks

Leptoquarks can
couple to a
lepton-quark pair
and induce the
LFV two-body
decays of 𝐽/𝜓.

Phys. Rev. D 67, 114001 (2003)
Phys. Lett. B 496, 89 (2000)

u In the charged lepton sector, LFV is heavily suppressed in 
the Standard Model.

Neutrinoless muon decay



Z’	model for CLFV

Jing-Shu Li 5Search for charged lepton flavor violating decays at BESIII

u Z’ , a neutral vector boson with the same couplings to fermion-antifermion as the Z, but 
with a larger mass.

u𝜇 to 𝑒 conversion u𝜇% → 𝑒%𝛾

𝐺!: the	Fermi	constant,	 𝛼: the	fine	structure	constant, 𝑚": the	muon	mass

𝑍#$$, 𝐹%: nuclear	parameters,				Z	:	the	atomic	number,				N :	the	number	of	neutrons	in	the	nucleus

𝑆& :	the	sine	of	the	weak	mixing	angle

Z$ − e − 𝜇 coupling



RPV Sneutrino model
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uR-parity violating (RPV) SUSY allows terms that violate lepton number conservation and 
terms that violate baryon number conservation

uAssume the sneutrino resonance is a %𝜈!, expected to be the lightest sneutrino in many 
SUSY models and it makes the coupling indices specific.

𝑣:	neutrino				ℓ:charged	lepton			 u, 𝑑:up(down)-like	quark tilde	over	a	field	indicates	a	superparticle field
superscripts	c	denote	charge	conjugate	fields
superscripts	∗	:	complex	conjugate	fields



BESIII data samples

ψ(3770) 2.9 fb-1

ψ(3686) 3.0x109

ψ(4040) 0.5 fb-1

𝑺 [GeV]

ψ(4415) 1.1 fb-1

ψ(4160) 3.2 fb-1

J/ψ 1.0x1010

u BESIII has collected the largest data samples of  𝐽/𝜓 & 𝜓(3686)

on threshold in the world, > 20 fb−1 above 4.0 GeV in total

DAΦNE
VEPP-II
ADONE

BEPCII
KEKB
PEP-II PEP/

PETRA LEP
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Motivation

uThe cLFV decays of vector mesons 𝑉 → 𝑙%𝑙& are also predicted in various of extension 
models of SM:

ℬ 𝐽/𝜓 → 𝑒𝜇 to	10'()～10'*@	90%	C.L.

ℬ 𝐽/𝜓 → 𝑒(𝜇)𝜏 to	10'(+～ 10',@	90%	C.L.

u Experimental results before:
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Decay mode BESII UL BESIII UL

Number of 𝐽/𝜓 58×10' 225.3×10'

ℬ( ⁄𝐽 𝜓 → 𝑒𝜇) < 1.1×10(' < 1.6×10()

ℬ( ⁄𝐽 𝜓 → 𝑒𝜏) < 8.3×10(' -

ℬ( ⁄𝐽 𝜓 → 𝜇τ) < 2.0×10(' -

Phys. Rev. D 63, 016003.
Phys. Rev. D 63, 016006
Phys. Rev. D 83, 115015
Phys. Lett. A 27, 1250172
Phys. Rev. D 94, 074023.
Phys. Rev. D 97, 056027

Phys. Lett. B 561, 112007 
Phys. Lett. B 598, 172 

Phys. Rev. D 87, 112007



Search for charged lepton flavor 
violating decay  𝐽/𝜓 → 𝑒𝜏
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Data samples
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𝑒!𝑒"
𝑱/𝝍

𝑠 = 3.097 GeV

u BOSS version: 7.0.5

u Based on 10 billion data set: 1310.6M collected @2009+2012 
(sample I), 8774.01M collected @2017-2019 (sample II).

Generator and number of events list for exclusive MC samples of 2018 and 2019

Generator and number of events list for exclusive MC samples of 2009 and 2012

u Inclusive samples: 

225 million @ 2009 

1000 million @ 2012

4600 million @ 2018

4100 million @ 2019

u 1 million τ inclusive events 
with J/ψ → eτ and τ inclusive 
decays to any decay channels



u𝐽/𝜓 → 𝑒𝜏, 𝜏 → 𝜋𝜋+𝜈
uSelect	one	electron	and	one	charged	pion

uAt	least	two	photon	showers	and	one	𝜋*

uThe	final-state	electron	from	the	process 𝐽/𝜓 → 𝑒𝜏 is	monochromatic,	therefore	the	momentum	of	
the	electron 𝑃# and	the	recoiling	mass	against	the	electron	𝑀#_,#-./0

uOne	undetected	neutrino	with	missing	energy	𝐸1233 > 0.43𝐺𝑒𝑉

Event Selection
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𝐸1233 = 𝐸456 − 𝐸# − 𝐸7 − 𝐸7"
𝑝⃗1233 = 𝑝⃗8/: − 𝑝⃗# − 𝑝⃗7 − 𝑝⃗7"



Cut flow
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The relative efficiency for each event selection criterion for 2018 and 2019 



uThe	dominant	background	contaminations	stem	from	the	continuum	process	(e.g.	
radiative	Bhabha)	and	from	hadronic	𝐽/𝜓 decays	such	as	𝐽/𝜓 → 𝜋%𝜋&𝜋'

u𝑈()** = 𝐸()** − 𝑐 𝑃()** ,	The	areas	between	the	arrows	represent	the	signal	region.

uIn	total,	𝟔. 𝟗 ± 𝟏. 𝟗 (𝟔𝟑. 𝟔 ± 𝟏𝟑. 𝟐) background	events	are	expected	for	the	data	
sample	I	(II).

Background study
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1310M 𝐽/𝜓 8776M 𝐽/𝜓



Results
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uDetermination	of	upper	limit	at	90%	

confidence	level	(C.L.)	with	Bayesian	method.	

Combined	result:

ℬ 𝐽/𝜓 → 𝑒𝜏 <7.5×10&+@	90%	C.L.

uThe	1st	submitted	paper	based	on	full	10	

billion	𝐽/𝜓 data	of	BESIII

uThis	result	improves	the	previous

published	limits	by	two	orders	of	magnitude	and	

comparable	with	the	theoretical	predictions. Phys. Rev. D 103, 112007 (2021)



Search for charged lepton flavor 
violating decay  𝐽/𝜓 → 𝑒𝜇
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Data samples
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p BOSS Version: 7.0.5 Data size 09+17-19 (10')

Ø Data: Full 𝐽/𝜓
𝜓(3770)
𝜒-;(1𝑃)

𝟖𝟗𝟗𝟖
2.93 vb(;

458.21 pb(;

3.080GeV data 168.58 pb(;

Ø Signal MC: 𝐽/𝜓 → 𝑒𝜇 0.1+0.1+0.1 PHOTOS VLL

Ø Exclusive MC
𝐽/𝜓 → 𝑒𝑒
𝐽/𝜓 → 𝜇𝜇
𝐽/𝜓 → 𝜋𝜋
𝐽/𝜓 → 𝐾𝐾
𝐽/𝜓 → 𝑝𝑝

133.8+5239
133.6+5230
0.33+12.90
0.64+25.10
4.75+1860

PHOTOS VLL
PHOTOS VLL

VSS
VSS

J2BB1

Ø Continuum MC:
𝑒𝑒 → 𝑒𝑒(𝛾)
𝑒𝑒 → 𝜇𝜇(𝛾)

81+526.1
0.3+1.9

Babayaga
Babayaga

Ø Inclusive MC: Full 𝐽/𝜓 230+8774 Evtgen & LundCharm

𝑒!𝑒"
𝑱/𝝍

𝑠 = 3.097 GeV



Preliminary Selection
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Ø Good charged track:
• 𝑉$ < 1.0 𝑐𝑚;

• 𝑉% < 10.0 𝑐𝑚;

• 𝑐𝑜𝑠𝜃 < 0.93;

• 𝑁&'($)*
)++, = 2, Σ𝑄 = 0;

• Two charged tracks ∆𝑇 ≤ 1.0 𝑛𝑠

Ø Good photon:
• Barrel ( 𝑐𝑜𝑠𝜃 < 0.80) 𝐸-. > 25𝑀𝑒𝑉;
• Endcap (0.86 < 𝑐𝑜𝑠𝜃 < 0.92) 𝐸-/ > 50𝑀𝑒𝑉;
• Gap (0.80 < 𝑐𝑜𝑠𝜃 < 0.86) 𝐸-0 > 50𝑀𝑒𝑉;
• TDC time window [0, 700] ns;
• Angle with nearest charged track > 20°;
• Reject the events with 𝑁- > 0

Ø Particle ID:
• 𝜋: prob 𝜋 ≥ 0 && prob 𝜋 ≥ prob 𝐾 ;
• 𝐾: prob 𝐾 ≥ 0 && prob 𝐾 ≥ prob 𝜋 ;
• 𝑝: prob 𝑝 ≥ 0 && prob 𝑝 ≥ prob 𝐾 && prob 𝑝 ≥ prob 𝜋

e

𝝁



Event Selection
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u Each 𝐽/𝜓 candidate is reconstructed with two back-to-back good charged tracks, which will be further 
identified as electron and muon. 

Electron identification : 
• Not associated in the MUC
• −1.5 < 𝜒<=/<># < 1.5 (𝜒#$/#&' is defined as the 

difference between measured and expected 𝑑E/𝑑𝑥
under the electron hypothesis normalized by the 
𝑑E/𝑑𝑥 resolution)

• 𝐸/𝑝 > 0.96 (𝐸 is the deposite energy in the EMC 
and 𝑝 is the modulus of the momentum from the
MDC)

Muon identification : 
• 0.1 < 𝐸 < 0.3 GeV, 𝜒<=/<># < −1.6
• The penetration depth of the track in the MUC 

> 40 cm
• Each candidate track must penetrate more 

than three layers in the MUC, and 𝜒?@AB < 100



Selection and Background study
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uThe	signal	region	is	defined	with	 ∑𝒑 / 𝒔 ≤
𝟎. 𝟎𝟐 and	𝟎. 𝟗𝟓 ≤ 𝑬𝒗𝒊𝒔/ 𝒔 ≤ 𝟏. 𝟎𝟒
u ∑𝑝⃗ :	the	magnitude	of	the	vector	sum	of	the	momenta
u 𝐸234 :	the	total	reconstructed	energy	of	𝑒 and	𝜇 in	the	
event

u 𝐽/𝜓 MC eventsà 𝐽/𝜓 decay background (𝑵𝒃𝒌𝒈𝟏)
u𝜓 3770 , 𝜒P( 1𝑃 and	3.080𝐺𝑒𝑉 dataà
Continuum background (𝑵𝒃𝒌𝒈𝟐)

uThe	normalized	is	estimated	to	be	𝑵𝒃𝒌𝒈𝟏
𝒏𝒐𝒓𝒎 =

𝟐𝟒. 𝟖 ± 𝟏. 𝟓 and	𝑵𝒃𝒌𝒈𝟐𝒏𝒐𝒓𝒎 = 𝟏𝟐. 𝟎 ± 𝟑. 𝟕.

u By	analyzing	the	full	data,	29	candidate	events
are	observed



Systematic uncertainty
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Sources ∆𝒔𝒚𝒔 [%]
Tracking and PID 13

TOF timing 0.52

Photon veto 0.83

∆𝜃 and ∆𝜙 2.6

Total 14

uControl samples 𝑱/𝝍(𝒆V𝒆') → 𝒆V𝒆' and 𝑱/𝝍 → 𝝁V𝝁' are used to estimate
the systematic uncertainties of tracking and PID of electron and muon, TOF 
timing, 𝛾 veto, and ∆𝜃 and ∆𝜙 requirement.

uThey are added in quadrature to the total efficiency-related systematic 
uncertainty of 14%.



Upper limit
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L = 𝑃 𝑁./*|𝑁 ⁄1 2 l ℬ l ̂𝜀*)3 + p𝑁/435 + p𝑁/436 l 𝐺 ̂𝜀*)3|𝜀*)378 , 𝜀*)378 l 𝜎*)378

l 𝑃 𝑁)9:
1/2&;<| p𝑁/435 l 𝑓5 l ∏4 𝑃 𝑁:.9=4 | p𝑁/436 l 𝑓6 l 𝐺 𝑁1/2|𝑁1/2>?=?, 𝛿𝑁1/2>?=?

𝑵𝒐𝒃𝒔: Observed events

𝑵𝒄𝒐𝒏𝒕𝒌 : Continuum background at different energy points

𝑵𝒊𝒏𝒄
𝑱/𝝍: ⁄𝐽 𝜓 decay background

𝜺𝒔𝒊𝒈𝑴𝑪: Detection efficiency

𝝈𝒔𝒊𝒈𝑴𝑪: Relative systematics

uℬ 𝐽/𝜓 → 𝑒𝜇 <4.5×10'*

@	90%	C.L.

arXiv: 2206.13956



Results
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uExcluding	the	parameter	space	of	some	

models,	such	as BLMSSM	model,	a	

supersymmetric	model	where	baryon	(B)	

and	lepton	(L)	numbers	are	local	gauge	

symmetries.

uImproves	the	previous	published	limits	

by	a	factor	of	more	than	30	and	comparable	

with	the	theoretical	predictions

uThe	most	precise	result	of	CLFV	search	in	

heavy	quarkonium	systemsPhys. Rev. D 97, 056027 (2018)

<	4.5×10"5

ℬ 𝐽/𝜓 → 𝑒𝜇 <4.5×10&@ @	90%	C.L.

Branching Ratios Sensitive parameters,
Diagonal elements in 𝑚67 ,	𝑚 68



Summary

uSome	new	physics	models	can	inspire	the	CLFV	decay	rate	up	to	a	

detectable	level.	

uThe	latest	searching	results	for	CLFV	decays	on	𝐽/𝜓 are	reported.

uThe UL is set to be ℬ ⁄𝐽 𝜓 → 𝑒𝜏 < 𝟕. 𝟓×10W𝟖@ 90% CL.

uThe UL is set to be ℬ ⁄𝐽 𝜓 → 𝑒𝜇 < 𝟒. 𝟓×10W𝟗@ 90% CL, which is the

most stringent result up to now.
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Thank you 
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Back up
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Leptoquark model
Lagrangian: PRD.67,114001 

𝓑 ⁄𝑱 𝝍 → 𝒆𝝁 < 𝟑. 𝟓×𝟏𝟎"𝟏𝟓



Back up
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𝑥

𝑧

𝑦

𝑒

𝜇

𝜃;

𝜃<

𝜙;

𝜙<

𝑃;

𝑃<

Ø ∆𝜽 = 180∘ − 𝜃( + 𝜃�
Ø ∆𝝓 = 180∘ − 𝜙( − 𝜙�

𝐽/𝜓→𝑒𝜇 angle

CLFV	in	SM
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Ø Signal efficiency: 𝜺𝒔𝒊𝒈𝑴𝑪 = ∑𝝐𝒔𝒊𝒈𝒊 × 𝒏𝒊

𝑵 = 𝟐𝟏. 𝟏𝟖 ± 𝟎. 𝟏𝟑 %

Ø 𝝌𝒅𝑬/𝒅𝒙𝒆 : difference between the measured and expected 𝜒#'#& for the electron hypothesis.

Ø𝒅𝝁: penetration depth in MUC 𝑵𝒖𝒎𝑳𝒂𝒚𝒆𝒓𝒔: penetration layers 𝑴𝒂𝒙𝑯𝒊𝒕𝒔𝑰𝒏𝑳𝒂𝒚𝒆𝒓: Max hits in one layer 

Backup 𝐽/𝜓→𝑒𝜇 cut	flow



Backup

Jing-Shu Li 28Search for charged lepton flavor violating decays at BESIII

Sample Mode Size 09+17-19 (M) Survived Scale factor Normalized

Exclusive MC

𝐽/𝜓 → 𝑒!𝑒" 133.8+5239 0+58 1/10.0 5. 𝟖𝟎 ± 𝟎. 𝟕𝟔

𝐽/𝜓 → 𝜇!𝜇" 133.6+5230 1+174 1/10.0 𝟏𝟕. 𝟒𝟎 ± 𝟏. 𝟑𝟐

𝐽/𝜓 → 𝜋!𝜋" 0.33+12.90 0+27 1/10.0 𝟐. 𝟕𝟎 ± 𝟎. 𝟓𝟐

𝐽/𝜓 → 𝐾!𝐾" 0.64+25.10 0+0 1/10.0 0

𝐽/𝜓 → 𝑝!𝑝" 4.75+1860 0+0 1/10.0 0

Inclusive MC 𝐽/𝜓 → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔 230+8774 0+6+9=15 8.2 𝟏. 𝟖𝟑 ± 𝟎. 𝟒𝟕

Continuum MC
𝑒!𝑒" → 𝑒!𝑒" 𝛾 81+274.8+251.3 0 9.0 0

𝑒!𝑒" → 𝜇!𝜇" 𝛾 0.3+1.0+0.9 0+0+0 9.0 0

Data
𝜓(3770) data à 09 2.93 Wb"# 10 1.3416 𝟏𝟑. 𝟒𝟐 ± 𝟒. 𝟐𝟒

𝜒$#(1𝑃) data à 18,19 458.21 pb"# 1 7.4390 𝟕. 𝟒𝟒 ± 𝟕. 𝟒𝟒

3.080GeV data 224.04 + 877.52 0 15.5533 -

u 𝐽/𝜓 MC events à 𝐽/𝜓 decay background (𝑵𝒃𝒌𝒈𝟏)

u 𝜓 3770 , 𝜒:5 1𝑃 and 3.080𝐺𝑒𝑉 data à Continuum background (𝑵𝒃𝒌𝒈𝟐)

𝐽/𝜓→𝑒𝜇 background
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u The normalized background in the signal region 𝑁JKL;M.,N is calculated as,

𝑵𝒃𝒌𝒈𝟏
𝒏𝒐𝒓𝒎 = 𝑵𝒃𝒌𝒈𝟏

𝑱/𝝍(𝑴𝑪 � 𝒇𝟏, 𝒇𝟏 =
𝑵𝑱/𝝍𝒅𝒂𝒕𝒂

𝑵𝑱/𝝍𝑴𝑪

• 𝑁JKL;
8/:(?A : the number of 𝐽/𝜓 background decays in the 𝐽/𝜓 inclusive and exclusive MC samples

• 𝑁8/:<Z[Z : the total number of 𝐽/𝜓 events in the data

• 𝑁8/:
?A : the total number of equivalent 𝐽/𝜓 events in the 𝐽/𝜓 inclusive and exclusive MC samples

The normalized number in the signal region is estimated to be 𝑵𝒃𝒌𝒈𝟏𝒏𝒐𝒓𝒎 = 𝟐𝟒. 𝟖 ± 𝟏. 𝟓.

u By assuming a 1/𝑠 energy-dependence of the cross sections, the normalized number of continuum
backgrounds at the 𝐽/𝜓 peak, 𝑁JKLB

M.,N,K, can be obtained by

𝑵𝒃𝒌𝒈𝟐
𝒏𝒐𝒓𝒎,𝒌 = 𝑵𝒄𝒐𝒏𝒕𝒌 ×𝒇𝟐𝒌, 𝒇𝟐𝒌 =

𝓛𝑱/𝝍
𝓛𝒌

×
𝒔𝒌
𝒔𝑱/𝝍

• 𝑁-.M[K : the number of background events survived in the signal region at the energy with index 𝑘
• ℒK, ℒ8/: : the integrated luminosities at energies 𝑘 and at the 𝐽/𝜓 peak
The normalized number is estimated to be 𝑵𝒃𝒌𝒈𝟐

𝒏𝒐𝒓𝒎 = 𝟏𝟐. 𝟎 ± 𝟑. 𝟕.

Back up 𝐽/𝜓→𝑒𝜇 background



Back up
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BLMSSM

In the BLMSSM, the local B and L are spontaneously broken at the TeV scale.

The superpotential of the BLMSSM is written as:


