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Testing laws of conservation

n Many of them
u CPV
u BNV
u CLFV
u CPT

2026/6/18 2

ICHEP 2018, Seoul (7/11/18)                                                                                          Paul Langacker (IAS) �3

- Fermi theory, Cabibbo mixing, V-A

Happy 50th birthday Standard Model!
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- GIM, charm (1974); 3rd family       
(CP violation)
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High precision tests of these 
conservation laws provide an excellent 
window to search for BSM physics

CLFV2026
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cLFV experimental search channels
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𝜂/𝜂!

𝜓!𝜂"𝜒"#

This talk: 
BESIIII, STCF
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BEPCII collider and BESIII detector
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Uniqueness and Strength for NP@BESIII
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2 3 41

Close collab of 
theory and 
experiment

Unique energy 
region and 

data samples

High statistics, 
high quality 
data

On-threshold 
production; 
correlated 
tags

Rich Physics with clean environment
Chin. Phys. C 44, 040001 (2020)
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Search for 𝜂! → 𝑒𝜇
Charged Lepton Flavor Violation  

n Highly suppressed in νSM ∝ Δm$%
&/M'

& &~10()*.
n Lℓ conservation is not associated with underlying conserved current symmetry.
n Many NP models naturally introduce CLFV processes.
n Searches for CLFV effects have been carried out in decays of bosons (Z, H), leptons 

(µ, τ), pseudoscalar mesons π, η, η!, K, B and vector mesons ϕ, J/ψ, ψ 2S , Υ .

Effective Field Theory
• EFT encodes theoretical models for comparison with experimental results.

   ℒ,-./0 = ℒ,- + Λ(1 ∑2 𝐶2
())𝒪56) + Λ(& ∑2 𝐶2

7 𝒪567 +⋯

• For quarkonia, ℒ./0 = ℒ5 + ℒℓ8 + ℒ9 
`1

¯̀
2
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(a) Dipole, 𝒪!"# (b) Four-fermion, 𝒪!"$ (c) Gluonic, 𝒪!"%

NEW
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𝜂! → 𝑒𝜇: EFT and Wilson coefficients
n Different processes are sensitive to different Wilson coefficients 𝐶!

(#)

𝐶/Λ% ∝ ℬ 𝑃 → ℓ&)ℓ%

n 𝑃 → ℓ&)ℓ% is sensitive to

u pseudoscalar coefficients in ℒℓ( 𝐶)*/),
(ℓ&ℓ'

u axial coefficients in ℒℓ( 𝐶-*/-,
(ℓ&ℓ'

u gluonic coefficients in ℒ. 𝐶 /.*/ /.,
(ℓ&ℓ'

u 𝐿/𝑅 specify the chirality of the heavier lepton.
n Previous best result: ℬ 𝜂0 → 𝑒𝜇 < 4.7×1012 (CLEOII).
n Sample: 𝑁3/4×ℬ 𝐽/𝜓 → 𝛾𝜂0 = 47.5 ± 0.6 ×105

n Hopeful to improved the UL of ℬ 𝜂0 → 𝑒𝜇 by 3 orders of magnitude.
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𝜂! → 𝑒𝜇: Data sets and MC

Signal Monte Carlo
n BOSS 7.0.8
n Generator
𝑒(𝑒) → 𝐽/𝜓 + 𝑛𝛾*+,    KKMC
𝐽/𝜓 → 𝛾𝜂-    HELAMP 1 0 1 0
𝜂- → 𝑒±𝜇∓    PHOTOS PHSP

Round Signal MC Inclusive MC Data/pb(0

02 0.20 M 0.224 B 82
11 0.20 M 4.600 B

2678
12 0.20 M 4.100 B

Total 0.60 M 8.924 B 2760

𝑠/GeV ℒ/pb(0 𝑓1 𝑤1
3.080 166.3 16.42 0.019
3.650 454.5 8.44 0.051
3.682 404.0 9.66 0.045
3.773 7911.9 0.52 0.885

• 𝐽/𝜓 MC and Data  samples • Continuum samples

Continuum Samples

• Scale factor

𝑓1 =
ℒ2.45%
ℒ1

⋅
𝑠1

𝑠2.45%
• Weight

𝑤1 =
ℒ1
∑6 ℒ6
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𝜂! → 𝑒𝜇: Initial Selection

EMC Shower Selection
n Barrel cos 𝜃 ∈ 0.00,0.80

𝐸7 > 25	MeV
n End cap cos 𝜃 ∈ 0.86,0.92

𝐸7 > 50	MeV
n Time window 0, 700 	ns
n 𝜃89: > 10∘

n 𝑁7 ≥ 1

Particle Identification

• PID method: probability 𝒫 based on 𝜒<.
𝜒< = 𝜒=>/=@< + 𝜒ABC< + 𝜒DEF<

𝒫 = P
G!

H
PDFG! 2 d𝑥

• For 𝑒
• 𝐸DEF/𝑃 > 0.8 
• 𝑅I ≡ 𝒫I/ 𝒫I + 𝒫J + 𝒫K > 0.8 
• 𝒫I > 0.001 

• For 𝜇
• 𝐸DEF ∈ 0.1,0.3 	GeV

4C Fitting

• Pick photon with largest 𝐸DEF
• 𝜒LF< < 100 

MDC Charged Track Selection

• cos 𝜃 < 0.93

• 𝑉M < 1	cm, 𝑉N < 10	cm

• 𝑁OPQRST = 2,𝑄UVUQW = 0
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𝜂! → 𝑒𝜇: Further Selection
𝝁 ID (veto 𝝅𝝅, 𝒆𝒆)
n 𝑑EXF-𝑃 2D cut

u If 𝑃 ∈ 0.0, 0.5 	GeV/𝑐
veto

u If 𝑃 ∈ 0.5, 1.1 	GeV/𝑐
 𝑑EXF/cm > 70×𝑃/ GeV/𝑐 − 40

u If 𝑃 ∈ 1.1, ∞ 	GeV/𝑐
𝑑EXF/cm > 40

𝝁 ID & 𝒆 ID (veto 𝝅𝝅, 𝒆𝒆)

• 𝜒=>/=@
Y 𝜇 + 𝜒=>/=@

Y 𝑒 < 0

• 𝜒=>/=@
I 𝑒 + 𝜒=>/=@

I 𝜋 > 2
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𝜂! → 𝑒𝜇: Signal Yield

Via all selection
n Signal efficiency: (17.93 ± 0.06)	%
n Survived background events: 0 + 0 (inclusive MC sample + continuum samples)
n Survived data events: 2

• 𝑀7
RTOV8W ∈ 0.932,0.982 	GeV/𝑐< (5𝜎 range)

Signal Window

0.9 0.92 0.94 0.96 0.98 1
)2 (GeV/crecoil

!M

0

0.5

1

1.5

2

2.5

3

3.5

4)2
E

ve
nt

s 
/ (

2.
20

 M
eV

/c Signal MC Data
Inclusive MC Continuum

2)

BESIII
 P

re
lim

ina
ry

2026/6/18 CLFV2026 11



Dayong Wang

𝜂! → 𝑒𝜇: Systematic uncertainties

! " G # $% &
' HIJ

' K! ( )
* ' K! & ' L/M ( ! +, - # . " G

Source Uncertainty / % Combined / %

Tracking of electron and muon 2.0

𝜎6 = 7.5

PID of electron and muon 6.9

Photon selection 0.5

4C kinematic fit 1.7

Statistics of MC sample 0.4

Number of 𝐽/𝜓 events 0.5
𝜎7Z[ = 1.3

BF of 𝐽/𝜓 → 𝛾𝜂0 process 1.2

2026/6/18 CLFV2026 12
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𝜂! → 𝑒𝜇: Results
ℒ ℬ, 𝜀, 𝑁:! , 𝑁;<=1, 𝑁;<=&

= 𝒫 𝑁>;?	|	𝑁:! ⋅ ℬ ⋅ 𝜀 + 𝑁;<=1 + 𝑁;<=&
	 ⋅ 𝒫 𝑁;<=1$@A 	|	𝑁;<=1

	 ⋅U
2

𝒫 𝑁;<=&2 	|	𝑁;<=&/𝑓2

	 ⋅ 𝒢 𝜀	|	𝜀-B, 𝜀-B ⋅ 𝜎C

	 ⋅ 𝒢 𝑁:! 	|	𝑁:!
DEFE, 𝑁:!

DEFE ⋅ 𝜎G" !

𝐶/Λ<
ℓ0ℓ<

Previous result This analysis
ℬX\ = 4.7×10(L ℬX\ = 6.3×10(%

GeV(< 𝑞 = 𝑢, 𝑑 𝑞 = 𝑠 𝑞 = 𝑢, 𝑑 𝑞 = 𝑠

|𝐶]^/]_
`ℓ"ℓ! /Λ<| 𝑒𝜇 2.1×10(0 1.9×10(0 7.4×10(2 6.8×10(2

|𝐶b^/b_
`ℓ"ℓ! /Λ<| 𝑒𝜇 3.9×10⁴ 3.6×10⁴ 1.4×10³ 1.3×10³

|𝐶 cd^/ cd_
`ℓ"ℓ! /Λ<| 𝑒𝜇 5.0×10³ 1.8×10²

! " G # $% / 0123 45YZ!" !#$%!&'

BF improved by 3 orders of magnitude, WC by 20-30.
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Charged LFV in ! " #  decays 
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• New physics models predicting BR J/𝜓 → 𝑒𝜇 to 101&5~1018,
BR J/𝜓 → 𝑒𝜏(𝜇𝜏 ) to 101&9~101:.

• model-independent prediction [1, 2]
• rotating mass matrix [3]
• unparticle physics [4]
• effective Lagrangian [5]
• MSSM with gauged baryon and lepton number [6]
! "

• Experimental results

!"#$%&$'&$()*+, -.$*/0$1)23&$4-5&$6$780$9"7998$:;999<&
!; #$=&$>?.@)--.$*/0$1)23&$4-5&$6$A80$""B9"B$:;9""<&
!8#$C&$DEFG-3*+G$H&$'&$I)*+0$1)23&$4-5&$6$780$9"7997$
:;999<&
!J#$K&$L&$L?+-.$*/0$'EG&$1)23&$M-..&$N$;O0$";B9"O;$:;9";<&$
!B#$6&$P&$H*Q*FG$*+G$N&$N&$1-.FE50$1)23&$4-5&$6$RJ0$9OJ9;8$

:;9"7<&
!7#$%&$%&$6E+,$-.$*/0$1)23&$4-5&$6$RO0$9B79;O$:;9"A<&
!O#$DPL$IE//*SEF*.TE+0$1)23&$M-..&$D$B7"0$"";99O$:;998<&
!A#$DPL$IE//*SEF*.TE+0$1)23&$M-..&$D$BRA0$"O;$:;99J<&
!R#$DPLUUU$IE//*SEF*.TE+0$1)23&$4-5&$6$AO0$"";99O$:;9"8<&

𝑱/𝝍!"#$%&' 𝑱/𝝍 → 𝒆𝝁! 𝑱/𝝍 → 𝒆𝝉! 𝑱/𝝍 → 𝝁𝝉!

BES 58 million < 1.1×10(7 [7] < 8.3×10(7 [8] < 2.0×10(7 [8]
BESIII 225 million < 1.6×10(H [9] - -
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!"#$%& '($ $"%& ' ! ( "

V !"#$%&'(&)*&+,--,'(&! "# %"."&#$./&
! ()($*+,!-.//0-102!"3$$#43$(3!56789/0!:;
! <==>*$(,!-.//0-102!!"3$(= ?3$(#!56789/0!::;

V $%&'()*+,- $. (/)&00 1$! "# 2 345 6 2 77J8
! @A0!0/0-1B.A!7A2!.A0!-C7BD02!9E.A*

! F1!/0761!1G.!9C.1.A!6C.G0B6!7A2!.A0!6g*
! HG.?I.2J ?20-7J
! @A0!KA2010-102!A0K1BEA.!GE1C!8E66EAD!0A0BDJ

V !-,(%&"("-0#,#&.'&"1',%&2'##,+-$&+,"#
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!"#$%&'()$  *+, - . ! / "
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• Background from 𝐽/𝜓 resonance and continuum process.

• Total systematic uncertainty ~ 4%.
• No excess of events is observed over the background. 
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𝑈I2JJ = 𝐸I2JJ −𝑐|𝑃I2JJ|

𝑵𝒃𝒌𝒈
𝑱/𝝍 𝑵𝒃𝒌𝒈𝒄𝒐𝒏𝒕. 𝑵𝒃𝒌𝒈𝒕𝒐𝒕𝒂𝒍 𝑵𝒅𝒂𝒕𝒂

Sample I 1.1 ± 0.8 5.8 ± 1.8 6.9 ± 1.9 13
Sample II 25.7 ± 6.4 37.9 ± 11.5 63.6 ± 13.2 69

Phys. Rev. D 103, 112007 (2021)
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Search Result0'*+, - . ! / "
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Phys. Rev. D 103, 112007 (2021)

• Determination of upper limit at 90% C.L. 
with Bayesian method, assuming: 

• the survived data events ~ Poisson, 
• detection efficiency ~ Gaussian,
• background estimation ~ Gaussian.

• Combined result:
• 𝐵𝑅(𝐽/𝜓 → 𝑒𝜏) < 7.5×101: @ 90% C.L.

• This result improves the previous 
published limits by two orders of 
magnitude and comparable with the 
theoretical predictions.

• The 1st published paper based on full 10 
billion 𝐽/𝜓 data of BESIII
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*+, - . ! 1"  result
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! !"#$%&'"()*+),-. /0/"12
! 𝓑 𝑱/𝝍 → 𝒆𝝁 < 𝟒. 𝟓×𝟏𝟎1𝟗@𝟗𝟎%𝐂. 𝐋.
! 345670/)18/)56/0'792):/21)$'4'1):%);#<176)7;)> 𝟑𝟎
! )=8/)4721)56/<'2/>?@A)2/#6<8)'")8/#0%)

B9#6C7"'94

!"#$%"$ "&#%'()*+',,-)
../0//)1.0.23
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Search for 2 3454 - 6! 7"

2026/6/18 CLFV2026 19

! Clear kinematics 

! Continuum background from

! High requirement on particle ID

! Similar 2-d signal region definition as 
𝑱/𝝍 analysis

NEW



Dayong Wang

2 3454 - 6! 7"  Result
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! Based on 2367.0 ± 11.1 ×105 𝜓(3686) events.
! Search for  𝜓 3686 → 𝑒±𝜇∓ for the first time.
! UL for B 𝜓 3686 → 𝑒±𝜇∓ < 1.4×101: at 90% CL.
! EFT interpretation

Science China: PMA 69, 
251012 (2026) 
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" Peak luminosity 0.5-1! 1035 cm-2s-1 at 4 GeV 
" Energy range Ecm = 2" 7GeV 
" Polarization available on beam (Phase II)
" Basic Features of machine : 

" Symmetric machine with  dual-ring, 600-1000meter
" Large Piwinski angle collision + crabbed waist solution for the IR 
" Siberia snake for polarization 

! "#$%&' (" )* +(%,&- (./0/12&3!'*- 4

!"#$%&'()*+&() , 14701 (2024)
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*+, LFV decays at STCF

2026/6/18 CLFV2026 !!

• At STCF, 1 trillion 𝑱/𝝍 can be obtained per year, taken efficiency from 
BESIII, the upper limit can be predicted to be:

ℬK*89(𝐽/𝜓 → 𝑒𝜇)< 4×101&& 
ℬK*89(𝐽/𝜓 → e𝜏)< 7×101&9

• 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!
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Features of / at STCF

n Advantage: 
u Threshold production
u Peaking cross section in 4-5 GeV
u At 4.26 GeV, number of tau pairs per year: 

u 𝒆K𝒆( → 𝜸𝝉K𝝉( is not the main background
u Improved 𝝅/𝝁 misid rate at STCF 

2026/6/18 !#

• Disadvantage:
– Entangled topology of  𝑒K𝑒( → 𝜏K𝜏(

– Large hadronic backgrounds at low c.m.e

𝑵𝝉𝝉~ 1.0 ab-1 ! 3.5 nb = 3.5×𝟏𝟎𝟗

4.26 GeV 7.0 GeV

CLFV2026
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STCF simulation: / - 111
! !"#$ %#&'()"$&*+ %#$(,-

! .$(,&/# %0"#/, %*+ %!()) %.&'()"$&*+ %$*%1*'/
2026/6/18 CLFV2026 !$

STCF with 1ab−1: 𝓑𝑼𝑳𝟗𝟎 𝝉 → 𝝁𝝁𝝁 <
𝑵𝑼𝑳𝟗𝟎

𝟐𝜺𝑵𝝉𝝉
~𝟏. 𝟒×𝟏𝟎(𝟗
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! !"# $%&'()*)+ $,*-./0&1)% $*+$2$3*-+&0(#4$(4$𝑒⁺𝑒⁻$5$𝛾!"# 𝜏⁺𝜏⁻6$7"(-" $7(88$8&7#0$+"#$

%#+#-+(&)$#33(-(#)-9$*$8&+:

! ;!<=>4$8*0/#$*)%$-8#*)$%*+*4#+$(4$*%?*)+*/#&14$+&$4#*0-"$3&0$41-"$@0&-#44#4:$

! 2#++#0$ABC$+&$*?&(%$DEF$

'(4(%#)+(3(-*+(&):

! 2#++#0$#)#0/9$0#4&81+(&)$+&$

41@@0#44$𝛾!"#$#?#)+4:

! G(/" $81'()&4(+9:H4+*+(4+(-4$7(88$

4+(88$$II2#88#JBBK

STCF simulation: 8 → 97
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/ - :1 0 distributions and selections
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!"#$%&'()$%*$%+!" , 908 (2023)
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/ - :1 0S/B in three tag modes
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!"#$%&'()$%*$%+!" , 908 (2023)

𝑒! "𝜈!𝜈"!

𝜋%&𝜈"!

𝜋%𝜋' 𝜈"!
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Results

n PID: pi/mu mis-ID
n EMC resolutions

2026/6/18 CLFV2026 28

STCF with 1ab-1: 

𝓑𝑼𝑳𝟗𝟎 𝝉 → 𝜸𝝁 <
𝑵𝑼𝑳𝟗𝟎

𝟐𝜺𝑵𝝉𝝉
~𝟐. 𝟖×𝟏𝟎(𝟖

                                  < ~ 8.8	×10−9 with	10ab-1

energy angular

!"#$%&'()$%*$%+!" , 908 (2023)
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Summary
" 3 ,45&-67,&"(%&4''%&%$.$8.'9&2$9:'97"(8$&$("+-$&

!;<===&#$(#,.,1$&.'&>?@&%$8"0#
" A5$&&9$#6-.#&B,.5&)*!&9" : "(%&CDE!&# ;<=< 0,$-%&.5$&

+$#.&-,7,.#D&F'9$&85"97'(," &85"(($-# &"9$&+$,(4 &#.6%,$%D
" !;<===&29$-,7,("90&9$#6-.&':&>d 2 3?&,729'1$ &29$1,'6#&

+$#.&-,7,.&%9"7".,8"--0G&>&&9$#6-.&B,--&8'7$D
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2026/6/18 29CLFV2026



Dayong Wang

!"#$%&'(

2026/6/18 CLFV2026 30


