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cLFV experimental search -
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Search forn’ — eu %
A

Charged Lepton Flavor Violation

Highly suppressed in vSM o (Amizj/M\ZN)2~10‘5°.
L, conservation is not associated with underlying conserved current symmetry.
Many NP models naturally introduce CLFV processes.

Searches for CLFV effects have been carried out in decays of bosons (Z, H), leptons
(u, T), pseudoscalar mesons (m,1,1’, K, B) and vector mesons (¢, J/W, U(2S),Y).

Effective Field Theory

- EFT encodes theoretical models for comparison with experimental results.
Lomprr = Lsm + A1 Y, Ci(5)0D=5 +A2Y, Cl_(6)0D=6 F ..

 For quarkonia, Lgpr = Lp + Lyg + Lg

4 q 4 g 2

- X X

0y q ly g 0

(a) Dipole, OP=> (b) Four-fermion, 0P=¢ (c) Gluonic, 0P=7
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Different processes are sensitive to different Wilson coefficients Ci(D )

P — ¢,%, is sensitive to

+ pseudoscalar coefficients in Log Cgf}ﬁﬁ
o axial coefficients in £ cH1tz
£q AL/AR
i . . . qtit,
¢ gluonic coefficients in L; Cer/cr

+ L /R specify the chirality of the heavier lepton
Previous best result: B(n' - eu) < 4.7x10~* (CLEOII).
Sample: N, xB(J/$ - yn') = (47.5 £ 0.6)x10°

Hopeful to improved the UL of B(n' — eu) by 3 orders of magnitude.
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* J/y MC and Data samples

Round Signal MC Inclusive MC Data/pb™1

n' - eu: Data sets and MC

« Continuum samples

Vs/GeV  L/pb™'  f; Wi
3.080  166.3 16.42 0.019
3.650 4545 844  0.051
3.682  404.0 9.66  0.045
3.773 79119 052 0.885

02 0.20 M 0.224 B 82
11 0.20 M 4.600 B
2678
12 0.20 M 4.100B
Total 0.60 M 8.924 B 2760
Signal Monte Carlo
BOSS 7.0.8
Generator
e"et > J/Y+nyg KKMC
J/Y - yn' HELAMP 1010
n' —etut PHOTOS PHSP

Continuum Samples

Scale factor
_ L3097 i

fi = .

L; 53.097

* Weight
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1 n' — eu: Initial Selection

wew
** Yo,

MDC Charged Track Selection
* |cosf| < 093
 [V.]<1cm,|V,] <10cm

* Ncharge = 2,Qtota1 =0

EMC Shower Selection
Barrel |cos 8| € [0.00,0.80]

Particle Identification

+ PID method: probability  based on y?2.
X% = XgE/dx + XTor + XEmc

P = fz PDFX2(3)dx
X

* Fore
 Egmc/P > 0.8
* R,=P,/(P, + P, +Px) > 0.8
- P,>0.001

« Foru
° EEMC € (01,03) GeV

E, > 25 MeV
End cap Icos 8] € [0.86,0.92] 4C Fitting
E, > 50 MeV * Pick photon with largest Expmc
Time window [0, 700] ns e 2. <100
6is, > 10°
N, >1
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n' - eu: Further Selection

u ID (veto rm, ee)
dmuc-P 2D cut
e If P €(0.0,0.5) GeV/c
veto
e IfP€(05,1.1) GeV/c
dvuc/cm > 70xP/(GeV/c) — 40
e IfP e (1.1, ) GeV/c
dmuc/cm > 40

u D & e ID (veto rm, ee)

Xa/ax () + Xag/ax(€) <0

* Xae/dax(€) + Xdp/ax (M) > 2

E 0l o
S 30 .Slgnal MC

#10°
8 [ —— Signal MC ¢ Data
o 1 [ [J Inclusive MC [_] Continuum
F:
c 0.8
[<H)
>
W 0.6
0.4
0.2
110 15 0 5 10H 15
nid + n
dE/dx(u) dE/dx(e)
ed [ — Signal MC + Data
o 200 - ] Inclusive MC [ ] Continuum
a
c 150
b r
4 [
L [
100 -
50 |
110

o (e)+H# ("

15
)

dE/dx dE/dx

E Inclusive MC - =EmEmm -,
S 401 " g Continuum & & _
3 = Eo o e we/aes
R 0 E L
20 ; . S .' .
10F & G
-10 ;MW
0 0.5 1 1.5
P, (GeV/c)
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n' — eu: Signal Yield

Signal Window
S 4 ,
13 - —— Signal MC ¢ Data
S 3.5 F [ Inclusive MC ] Continuum
() -
> 3¢
Q25F
& 2F
9 15[ :
o -
Li 1 E— ® ® '
05F
0 L1
09 092 094 O 96 0. 98

myece! (GeV/cz)
- Mol € (0.932,0.982) GeV/c? (50 range)

Via all selection
Signal efficiency: (17.93 £ 0.06) %
Survived background events: 0 + O (inclusive MC sample + continuum samples)
Survived data events: 2
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n' — eu: Systematic uncertainties .

Source Uncertainty / % Combined / %

Tracking of electron and muon 2.0
PID of electron and muon 6.9

Photon selection 0.5 o. =175
4C kinematic fit 1.7
Statistics of MC sample 04
Number of /] /1 events 0.5

oy , = 1.3
BF of J /Y — yn’ process 1.2 !

O HSA & o &y (U (- # L)
n' ()
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n — eu: Results

3 -
=7 (Nobs | Nyt - B - &+ Npigs “bng) =

- P(Nphsq | Noigi)

) 1_[? (Nlikgz | kagz/fi)

NDODO AC—7 1" 1L |&l
UXo 454 . TP 70.

<6.3"107@ 90% CL

- G(€ | emc Emc - O¢) ol e ——— 2'5"10!6
0o o . .
-GN, |Nd!ata’Nd!ata CON BE
oy n N : :
BF improved by 3 orders of magnitude, WC by 20-30.
Previous result This analysis
1C/A?|
214 By = 4.7x1074 ByL = 6.3x1077
(GeV~2) q=ud q=s q=ud q=s

CIaa/N2]  ep 21x1071 1.9x107' 7.4x1073 6.8x107

I'e}ﬁé/m ey  3.9x10* 3.6x10* 1.4x10° 1.3x10°

|Cgf}g§z//\2| eu 5.0x103 1.8x102
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« New physics models predicting BR(J/y — eu) to 10716~107°,
BR(]/1/; — et(ur)) to 10719~1078, . 3 :
model-independent prediction [1, 2] ; - "

« rotating mass matrix [3]
* unparticle physics [4]
« effective Lagrangian [9]

« MSSM with gauged baryon and lepton number [6]

| oo

« Experimental results

1l

J /P HE%& J/Y - ep! J/Y - et! J/Y - ut!
BES 58 million < 1.1x107%[7] <8.3x107°[8] < 2.0x107°][8]
BESIII 225 million < 1.6x10~7 [9] ; i
"HBO&S &B()*+, -.$*/0$1)23&$4-56$6$780$9"7998$::999<&  1:9"7<&
I #$=8$>7.@)$*/0$1)238$4-58$6$A80$™B9"BS:;9"'<& I7H#$%8.$%8 65 B$1)238$4-5&$6SRO0$9B79;0%$:;9"A<&
I8#$CBEBFG-3+GSHES &SI)*+0$1)238$4-58$6$780$9"7997$ |OHBPLSIE/*SEF* TE+0$1)23&$M-..&$D$B7"0$™;990%$:;998<:
,999<& \A#SDPL$IE/*SEF* TE+0$1)23&$M-..&$D$BRA0S"0;$::991<&

IJ#SK&IL&ESL-B*/0$'EG&$1)23&$M-..&3N$;00$",B9"0;$:;9",<8&#IDPLUUUSIE//*SEF*. TE+0$1)23&$4-5&$6$A00$";9908%:;¢
IB#$6&PPEIH*Q*FGH*+GIN&IN&S1-.FES0$1)23&$4-5&$6$RI0$90JI9;8%
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"#3%&'(&)*&+,--, (& "# %"."&#$./&

o ()($*+,1-.110-1021"3$$#43%(3!56789/0!:;
| <==>*§( - /0-1021"3%(=  BSRI56789/0!::;

B6&'()*+,- $ (/)&00 1$"# 2 34562 77°8

- @AO0!0/0-1B.AI7A21.A0!-C7BD0O2!9E . A*

. F11/0761!1G.!19C.1.A16C.GOB6!7A2!.ABY*

 HG.1.2J 20-7J

- @AOIKA2010-102!AOK1BEA.IGE1CIBEGGEAD!OAOBDJ

- (%&"("-0#,#&.'&" 1, % &2'##,+-$&+,"#




"H$%& (S *+ - LI B

« Background from J /1 resonance and continuum process.

VPN NES N
Sample | 11+08 58+18  69+19 13
Sample Il 257+ 64 37.9+11.5 63.6+13.2 69

» Total systematic uncertainty ~ 4%.
* No excess of events is observed over the background.
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Determination of upper limit at 90% C.L.
with Bayesian method, assuming:

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

L/L ax

Combined result:
« BR(J/Y — et) < 7.5x1078 @ 90% C.L.

This result improves the previous | |l 10°¢
O .

published limits by two orders of 0 005 01 015 02
magnitude and comparable with the B(J/ sAed
theoretical predictions.

The 1st published paper based on full 10
billion ] /1 data of BESII Phys. Rev. D 103, 112007 (2021)




*+ - .11 result -

| 1"H$0%&™ () +)-. /0/"12

I B(J/Y - ep) < 4.5x107° @ 90%C. L.

| 345670/)18/)56/0'792):/21)$'4'1):%):#<17630)
- | E8/)4721)56/<'2/5?@A)2/#6<8)")8/#0%)

E W BO#6C7"94

& \\\\\\\\mm,,f

"H$%"$ "&H%'()*+',,-)

./0//)1.0.23
0.1 0.1
0.08 | Signal MC 0.081 ° ‘&,‘ I. " Fulldata
2006 20.06 » o
TR = %) o
£10.04 - £10.04 - N,
i i [ Ad
0.02 - 0.02 - réf.
b = L ] °® [J
I )
N 0 ........ P I S S S
0.8 0.9 0.8 0.9 1.1 1.2

1 . . . 1
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Search for 2(3454) - 6' 7

Clear kinematics 5 O e @ g0 e
S 03 3015 K

- g i -K < ~K

Continuum background from 202 P S 01 P
- =
ee(y), upu(y),mm € o4 i 20.05;
oy 1 ”
I E'.gr'-.'l'h_\ Fg m Finadtl, :'E
High requirement on particle 00 05040608 112 % %10 20 30 40 5060
E/p Depth/cm
> e ID (Egmc/P) > u ID (penetration depth)
02,
0.15[ i Data
e T,
TSl B IS
Similar 2-d signal region definition as A 0.051
]/ analysis R
_...‘.'5.‘°‘..| ..... T Loy
0 1 11 12
S.E/\s




2(3454)- 6' 7

Based on (2367.0 + 11.1)x10% ¢ (3686) events.
Search for 1(3686) — etu™ for the first time.

UL for B(1)(3686) — e*u™) < 1.4x1078 at 90% CL.
EFT interpretation

Result

Science China: PMA 69,

251012 (2026)

|C/A*)/GeV™2 2,4, J/Y PY(2S)
ey 1.8x107* 7.3x107*
Cort2 /02| et 5.0x1078
Ut 2.6x107* --- 0.2
1.8x10~¢ 6.0x10°° .
| qt1?> 2 o -5 0.15 . Data
Clive/n?| e 11x10 -
-5 S
ut  5.5x10 --- fa 0.1 -
ey 0.80 2.7 Hoosi
ez n2| e 0.23 05p-
UT 1.2 - - Y WP
0 1 11 12
S E/\s
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SR ) +(%,& (J0/12&3 AN
" Peak luminosity 0.5-1! 10% cm?s' at 4 GeV

Energy range E_, = 2" 7GeV
Polarization available on beam (Phase Il)

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 I"#$%&'()*+&() , 14701 (2024)

Dumping Rings Collider Rings

PID system

[ Outer Tracker ]

[ Inner Tracker

~7Tm
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*+, LFV decays at STCF .

« At STCF, 1 trillion J /4 can be obtained per year, taken efficiency from
BESIII, the upper limit can be predicted to be:

B (J /Y = ep)< 4x1071
Bpr(J /W — er)< 7x10710
« The B} (J/y — et ) can be further optimized with better e/ id.

- -
O 107 o
X 10° i
(@]
(@) 7 A
‘_: 10 m
g
The LFV decay of J/p » 5 '°
et at STCF is promisingto & 10” A Uiy o (BESI, BESI
b th h . ' 8: 10 W J/y— et (BESII, BESIII prospect)
pro e e neW p ySICS' 310 ¥ Jiy— ut (BESII)
11 A Vv en (STCF)
1 0 . Jiy— et (STCF)
1072
10° 107 10® 10° 10" 10" 10 10"
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Advantage: S
¢ Threshold production 3
+ Peaking cross section in 4-5 GeV §
¢ At 4.26 GeV, number of tau pairs per year: 2

N~ 1.0ab'!3.5nb=3.5x10° %
e eTe” -yttt is not the main background 'g
+ Improved m/u misid rate at STCF A
Disadvantage:
— Entangled topology of ete™ - tt7~
— Large hadronic backgrounds at low c.m.e
S 426cey  —sonalNo |
%1045 Aee— qa
= = 6.
TEmaxW—_}—ZilnlI;ﬁA >122§

2026/6/18 CLFV2026
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A STCF simulation: / - 111
!"#$ %&'O"$&*+ %$(,_ electronic " muonic X

= pionic 1-prong = others

Signal side: T — 3 leptons
Tag side: T - evv, wvv, nv + nn® (Br = 82%)

Almost background free, sensitivity : B)? (z - uupu)~1/L
Best efficiency (t - pup ): 22.5% (including the tag BF)

90

UL -9
~1.4%x10
2eN .,

STCF with 1ab™": Byl (z - upp) <

S(&IHE WH, Y- W) UR'()"S&H+ B




STCF simulation: 8 — 97 .

L 1" B&'()¥)+ $*-./0&1)% $+R B*-+&0(F4e e By T T F"(-" F(BBWE&T7HH"H#H
Qott+#-+BEPB3(-(#) -9 B&+:
| 1<=>48*0/H8) VoS 8H*) Do+ 4B 7%) +*/#& 1 & SHH0- BEBH-" S0 08 #4414

2400F

| 2#++18BCH &7 &(UDEB - ISR 2200

, 2000; ISR
> ! i = 1800F s
' . 2 2000 —Signal CRond § — Signal
(4(%#)+(3(-*+(&): = = ol
; 1500¢ 4.0 GeV "; 1200f- 4.26 GeV
| 2#+-+8B)HO/IDHASS ] +(RE B ol 2 ok
w E G L E00E
41@ @CRALH?H)+4- ~ 4
' 056204 m 618 2 %0 02040608 1 12141618 2
I G(/" BL'()&4(+9HA+*+(4H(E3 E, (GeV) E, (GeV)
2200 . 900F 2
4+ ($32#88#B BK 2000+ ISR 800F: ISR
> 1800 f- A > 700F: e
2 1600 —Signal g 600k - — Signal
Suwf . 4.6 GeV Bsok | 10.6 GeV
gmoo- 2400:— al
g 800£ % g 300
B
200f- : 3
0 02040608 1 12141618 2 T =
E, (GeV) E, (GeV)




Events / (0.05 GeVi/c)

© N B O ®
Trryprrryrrryprrngy

/| - :1 Odistributions and selecti

x10° < _
E T T E %\ ™—TTT —T T T T T T E 3 35 - I
E o 3 — sianal ] o — signal
- == Iilaggfolnic background = 8 . == ?\?S:)nic background ] ; 30 s gﬁgroggéﬁaggr:g“"d
F @ ditau background i o il ditau background 25 -d' ub kg u d
3 dimu background = 3 20 dimu background — 5 Imu backgroun
3 i =z ] 20
: i Qo 15 - w
§ ] 15
10 J
. : 10
5 . 5
8.0 0.5 X R T 0. 1.0
iiy [GeVi ° cosf, ,
Tag mode Selection criteria Nykg (€) before Npkg (€) after
et v,y c0S bsig y tag charged < —0.2 1.5 x 10 (2.6%) 0 (1.1%)
Ptag_charged = 0.5GeV/c
Emjss < 1.7 GCV
a1, Eiss > 0.7GeV 1.4 x 10* (4.0%) 0.3 (0.5%)
|cOS Bmiss| < 0.6
Eg y > 0.8GeV I"H$96&' ()$%6*$%4+, 908 (2023)
M2, < 0.050GeV?/c*
nt 09, M2, < 0.075GeV?/c* 1.2 x 10% (2.6%) 1.2 (1.5%)
CcOos esig_mu_in_tau,tau_in_cm < 0.8
|cOS Omiss| < 0.9
Total

1.6 x 10* (9.2%) 1.5 (3.1%) 26
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posterior probability

M(y) [GeV/c?]

Results

STCF with 1ab-:

—% 90
] UL -8
E BYL(t - yu) < ~2.8x10
; uL( 140, 2eN.,
< ~ 8.8 X109 with 10ab!
- 220 I"#$%6&'()$%*$%+, 908 (2023
E(yu) [GeV] i 0$%*$ ( )
Pion/muon mis-id rate Muon PID eff. Sensitivity/10~8
0 : [ P ——r——lo o .. x10$ 3% 806% 33
'%00 0.02 0.04 0.06 0.08 0.10
Br(t — 1) 1.7% 65.4% 3.0
u ] 1 . 2-
PID: pi/mu mis-ID % 20.3% 8
EMC resolutions
energy angular
Resolution € Sensitivity/10~8  Resolution € Sensitivity/10~®
Baseline 3.0% 34 Baseline 2.9% 6.9
30% improved 3.1% 34 10% improved 3.0% 5.1
50% improved 3.1% 2.8 20% improved 3.1% 2.8



Summary .
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