The charged Lepton Flavor Violation with
trilinear R-parity Violating SUSY

H S (Yu-Qi Xiao)
F i8R BEARFFEGEM R AT (TDLI)

In collaboration with
Xiao-Gang He, Hong-Yi Niu and Rong-Rong Zhang
2601.18237 (to appear in JHEP)
2026.04 1EFK



Outline

* Introduction
e Motivation
 Experimental status
e EFT framework

* cLFV in RPV-SUSY model

 Introduction to RPV-SUSY
e Contributions to cLFV
* Numerical results

 Conclusions and Prospects

Yu-Qi Xiao (TDLi)



Introduction

Neutrinos can have flavor changing,
how about charged leptons?

Yu-Qi Xiao (TDLi)



Introduction

Neutrinos can have flavor changing,
how about charged leptons?

e SM contribution on cLFV:
Bsm(p — ey) ~ O(107°%)

3 m?

2o > 1 (VeMmNs) 4 (VPMNS) s Méi
Yu-Qi Xiao (TDLi)

B(p — ey) =




Introduction

Neutrinos can have flavor changing,
how about charged leptons?

e SM contribution on cLFV:

Bsm(p — ey) ~ O(107°%)
Y

Highly
suppressed

€

>

3& X ml/i
2o D1 (VPMNs) i (VPMNS )¢ M2,

Yu-Qi Xiao (TDLi)

2 2

B(p — ey) =




Introduction

e New Physics contribution on cLFV-:

Neutrinos can have flavor changing, | | ,
Simple example with heavy neutrino

how about charged leptons?

e SM contribution on cLFV:

Bsm(p — ey) ~ O(107°%)
Y

Highly
suppressed

€

>

576! . ms,
2o D1 (VPMNs) i (VPMNS )¢ M2,

Yu-Qi Xiao (TDLi) 3

2 2

B(p — ey) =




Introduction

e New Physics contribution on cLFV-:

Neutrinos can have flavor changing, | | ,
Simple example with heavy neutrino

how about charged leptons?

e SM contribution on cLFV: ~ 0(9-1)
— 92 _6 . My, 2
Bsw (i — ey) ~ 0(10752) B(i— ey) <9x 1075, K} Kei G 5%))
Y W

Highly
suppressed

€

>

576! . ms,
2o D1 (VPMNs) i (VPMNS )¢ M2,

Yu-Qi Xiao (TDLi) 3

2 2

B(p — ey) =




Introduction

Neutrinos can have flavor changing,

how about charged leptons?

e SM contribution on cLFV:

Bsm(p — ey) ~ O(107°%)
Y

Highly
suppressed
a > > ) 2
B(u — ey) = 235 >_1 (VPMNs) i (VPMNS ) 172
%4

Yu-Qi Xiao (TDLi)

e New Physics contribution on cLFV-:
Simple example with heavy neutrino

~ 0(0.1)

m 2
B(i— ey) <9x 1075( X, Kiy KeiG(ak)

mw

Any extension of SM with NP mass at
TeV scale can generate large cLFV



Introduction

e New Physics contribution on cLFV-:

Neutrinos can have flavor changing, | | ,
Simple example with heavy neutrino

how about charged leptons?

e SM contribution on cLFV: ~ 0(9-1)
— 92 _8 . my, 2
Bsw (i — ey) ~ 0(107%2) B(i— e7) <9x 1078, K2 KeiG(—k)
i 1Y%

Any extension of SM with NP mass at

Highly TeV scale can generate large cLFV
suppressed
S S S 12 Observation of cLFV would indicate
3 « : :
B(p — ey) = - 1 (VPmns) ; (VPMns) = a clear signal of New physics y

327 i M2,
Yu-Qi Xiao (TDLi) 3



Introduction: Experiment Status

Yu-Qi Xiao (TDLi)



Introduction: Experiment Status

ULFV offers better experimental

reach, cleaner observables, and
stronger sensitivity to new

physics than 7TLFV.

Yu-Qi Xiao (TDLi)



Introduction: Experiment Status

ULFV offers better experimental

reach, cleaner observables, and
stronger sensitivity to new

physics than 7TLFV.

Yu-Qi Xiao (TDLi)

Decay modes Limits on Br. Exp.
n+Ti—e+Ti <6.1x10713/1998| SINDRUM II
u+Au—e+Au <7x1071 2006 SINDRUM II

ut — ety <1.5x10713/2025 MEG-II

ut —etete™ < 1.0x 107121987 SINDRUM
w+ Al —e+ Al ~3x10 ' (2027 |COMET (Phase I)
p+Al—se+Al ~3x 10717 COMET (Phase II)
w+Al e+ Al ~6.2x10 192027 Mu2e (Run I)
w+Al e+ Al ~3x10'7 [2030| Mu2e (Run II)

ut — ety ~6.0x 10712026 MEG-II

ut —etete ~20x10 2026 Mu3e (Phase I)

ut —etete ~ 10~ 12030| Mu3e (Phase II)

4



Introduction: Experiment Status

ULFV offers better experimental
reach, cleaner observables, and

stronger

sensitivity to new

physics than 7TLFV.

 New progress on /i — ¢y in 2025

 Best limits from Exp. Searches

on N — eN and u — 3¢ are

given by 20~40 years ago

- Near future plans for yN — e/N

and ;1 — 3e

Yu-Qi Xiao (TDLi)

Decay modes Limits on Br. Exp.
n+Ti—e+Ti <6.1x10713/1998| SINDRUM II
u+Au—e+Au <7x1071 |2006| SINDRUM II

ut — ety <1.5x10713/2025 MEG-II

ut —etete™ < 1.0x 107121987 SINDRUM
w4+ Al —e+ Al ~3x10 ' (2027 |COMET (Phase I)
n+Al—e+ Al ~3x10717 COMET (Phase II)
w+Al e+ Al ~6.2x10 192027 Mu2e (Run I)
w+Al—e+Al ~3x10'7 12030] Mu2e (Run II)

ut — ety ~6.0x 10712026 MEG-II

ut—etete ~20x10 12026 Mu3e (Phase I)

ut —etete ~ 10~ 12030| Mu3e (Phase II)




Introduction: EFT approach

E
— T /Axp
L
Ll
>
Agw
-
L
LI
-
~2GeV A)(

Yu-Qi Xiao (TDLi)



Introduction: EFT approach

£ NP model

ANP Match

L
s
AEW
-
LL.
LLl
-
~2GeV A)(

Yu-Qi Xiao (TDLi) 5



Introduction: EFT approach

£ NP model

ANP Match

L
)
AEW
-
LL.
LLl
-
~2GeV A)(

Yu-Qi Xiao (TDLi) 5



Introduction: EFT approach

£ NP model

I ANP Match
LL

; )
? AEW Match
-

LL

LL]

—t

~2GeV A)(

Yu-Qi Xiao (TDLi) 5



Introduction: EFT approach

£ NP model

ANP Match

m dim-even running

AEW Match

LEFT SMEFT
=
N E
g

dim-5
(ELPO'“VERT)FMV

Contribute to
all 3 processes

~2GeV

Yu-Qi Xiao (TDLi) 5



Introduction: EFT approach

£ NP model

ANP Match

m dim-even running

AEW Match

LEFT SMEFT
=
N E
g

dim-3
(Erpyc"” Egy) F
Contribute to Contribute to
all 3 processes uN — eN

~2GeV

Yu-Qi Xiao (TDLi) 5



Introduction: EFT approach

£ NP model

— ANP Match
LL
» ANEY Match
-
LL
LL]
- dim-5
(ELpa“”ERT)FW
Contribute to Contribute to Contribute to
all 3 processes
~2GeV A)( ply — el = e

Yu-Qi Xiao (TDLi) 5



Introduction: EFT approach

£ NP model

ANP Match

m dim-even running

AEW Match

LEFT SMEFT
=
N E
g

dim-5 running
(Erpc"” Egy) F
Contribute to Contribute to Contribute to
all 3 processes uN — eN u — 3e

~2GeV

Yu-Qi Xiao (TDLi) 5



cLFV in RPV-SUSY: Model

Yu-Qi Xiao (TDLi)



cLFV in RPV-SUSY: Model

Name spin-0 | spin-1/2 |SU(3)c x SU(2)r, x U(1)y
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sqaurk, quark | U Ur Ur (3,1,2/3)
D| Dg Dg (3,1,—1/3)
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E| Eg ER (1,1,-1)
H,|(H, HY)|(H}, Hy) (1,2,1/2)
Higgs, higgsino o
Hd (HgaHd—) (HSaHu_) (132,_1/2)
Name spin-1 | spin-1/2 [SU(3)c x SU(2)L x U(1)y
gluon, gluino g g (8,1,0)
W bosons, winos | W* WO | W+ W0 (1,3,0)
B boson,bino BY B (1,1,0)
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cLFV in RPV-SUSY: Matching Conditions (SMEFT to LEFT)

b RPV-SUSY

- ANP Match
LL

O S
? AEW Match

n
H di—m-6 == running
(B Err)(UrLsyuULt) Ceu™ lprst(Arw) = [Cp; — '
}pmt(AEW) — [Cﬁﬁ]prst(AEW) T C,Z (gzz/m%)
~2GeV A){ ...... :
Deriving the WCs around 2 GeV 1709.04486

Yu-Qi Xiao (TDLi) 8



cLFV in RPV-SUSY: Pheno.
For uN — eN:
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cLFV in RPV-SUSY: Pheno.

For uN — eN:
S,RR SaRL L n,u n
Lconv = (Ceu,1211 T Ceu,1211 (Gg’ S(p) T GS S( ))

)
Conion + Cfc’iﬁgll) (G%dS P) 4 Gg’dS("))

S,RR | S,RL

ed,1222 T ed,1222

: ) (e + as)

Ce‘;},ﬁgn T Cgl,lign) (sz)/’uv(p ) + G?/’"V(”))
)
)

_|_
_|_
_|_
T CZQ,I}SH T CZQ,I{];H

(
(
(
( GHvE) 4 Gptv)

(
CYER) (v + v )

V,LL
T (Ced,1222 T ed,1222

. 2
+ DCg, 12/ (2my,) | + ...

D, S»m vy . overlap integrals 2203.00702

Different values in Ti, Au, Al
The integral uncertainties: 2%-~5% for Al, Ti
8%~10% for Au
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cLFV in RPV-SUSY: Pheno.

For uN — eNN: For u — ey:
Ceone = | (C5350 + €505 ) (G5 S + Gats™) (m?% —m?)?
ewizn G Br( = 7) = 7 X e ([Cy 1ol + [Coral?)
¢S, RR S RL , n.d o(n H
+( ed,1211 T Ced 1211) (Gp S® +Ggest ))
SRR | oS.RL | n,s a(n
T (Ced 1922 T Ced 1222) (Gg SP) + Gy )) For u — eee:
oViLL V.LR iy nuy r(n
T ( en1211 T Ceu 1211) (Gp Ve 4+ Gprve )) 1 crp |2 < rp |2
ndr(n Br(u — 3e) = ( Ceer121| T+ [Ceen112 )
+ (b i) (G v + Gtv) 64G2 \| e ’
2
V,LL V,LR p,s1/(p) n,s (n)>  Olem m 17 > >
(Ced 1922 T Ceq 1222) (G VP +GyV G2 (ln m‘g‘ ; ) (ICeqy12|” + |Cery,21]7)
—I_DCB'%]-Z/ zm:u | + ... | 1 9 CV’RR 4e C* 2 9 CV’LL 4€C 2
'8G’2F ee, 1112 m, ev,12 T ee, 1112 . ey,21
D, S»n v - overlap integrals 2203.00702 1e 2 4e 2
V.LR " V.LR
Different values in Ti, Au, Al + [Cee 1112 Ceni2 + [Cee,1211 #Cewl )

The integral uncertainties: 2%-~5% for Al, Ti
8%~10% for Au
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Numerical RGSUltS Keep one combination nonzero at a time

'O uN—eN (COMET-I)
0 uN-eN (w/ RGE)
B uN-eN (w/o RGE)
O u—»ey MEG-II)
O u—ey (w/ RGE)
l u«—ey (w/o RGE)
1 u—3e (Mu3e-I)
O u—3e (w/ RGE)
B 1—3e (w/o RGE)
\_

10~ 7=

/% / /% / /% / /% / /%
|A211Alll| |’\212A112 |A213A113 |A22l’\121 |A231’\l3l
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Numerical RGSUltS Keep one combination nonzero at a time

-

[0 uN-eN (COMET-I) | « For UN — eN in most of

B uN-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 uoey (MEG-II) dominate.

Eu::y gfongé) « For i — ey and u — 3e, only

EIZ 30 (Mule_) loop-level can contribute

O p-3e (w/ RGE) « future uN — eN exp. can give
10-7 : Ll SR ) the stronger limits.

|A'I2]]A,l]l| |A,212A,1*12 IA',ZISA,]*llil |’\,221’\,1*21 |A',23]A',l§l
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Numerical RGSUltS Keep one combination nonzero at a time

-

[0 uN-eN (COMET-I) | « For UN — eN in most of

B uN-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 uoey (MEG-II) dominate.

Eu::y gfongé) « For i — ey and u — 3e, only

EIZ 30 (Mule_) loop-level can contribute

O p-3e (w/ RGE) « future uN — eN exp. can give
10-7 : Ll SR ) the stronger limits.

|A'I2]]A,l]l| |A,212A,1*12 IA',ZISA,]*llil |’\,221’\,1*21 |A',23]A',l§l
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Numerical RESUltS Keep one combination nonzero at a time

s

[0 uN-eN (COMET-I) | « For UN — eN in most of

B uN-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 uoey (MEG-II) dominate.

Eu::y gvV;ongé) « For i — ey and u — 3e, only

EIZ 30 (Mule_) loop-level can contribute

O p-3e (w/ RGE) « future uN — eN exp. can give
10-7 * By WO REE) ] the stronger limits.

|A',2]]A,lll| |A,212A,l*l2 IA',ZISA,]*[Zil |’\,221’\,1*21 |A"23]A,l*;31
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NumeriCal RESUltS Keep one combination nonzero at a time

-

[0 uN-eN (COMET-I) | « For UN — eN in most of

B «N-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 uoey (MEG-II) dominate.
B p-ey (w/ RGE) e For iy — ey and u — 3e, only
Ml ji—ey (wjo RGE) loop-level can contribute
1 u—3e (Mu3e-I) P
O p—3e (w/ RGE) « future uN — eN exp. can give
3 RGE .
10-7 . | | | BuoeWOREE ] the stronger limits.
IA;I ]A,l*l | | |A',212A,l*l2 IA',ZliiA,]*llil IA,ZZlA,I*ZI |A"23] A,l’.;il

For 1 — ¢y, u — 3e, contributions are
GIM suppressed
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Numerical RESUltS Keep one combination nonzero at a time

s

[0 uN-eN (COMET-I) | « For UN — eN in most of

B uN-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 uoey (MEG-II) dominate.
B p-ey (w/ RGE) e For iy — ey and u — 3e, only
Ml ji—ey (wjo RGE) loop-level can contribute
1 u—3e (Mu3e-I) P
O p—3e (w/ RGE) « future uN — eN exp. can give
3 RGE .
10-7 . | | | BuoeWOREE ] the stronger limits.
|A,2] ]A,l*] | | |A,212A,1*12 IA',ZlIiA,]*llil IA,22IA,I*2[ |A"23] A,l,.;il

For 1 — ¢y, u — 3e, contributions are
GIM suppressed
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NumeriCal RESUltS Keep one combination nonzero at a time

(

[0 uN-eN (COMET-I) | « For UN — eN in most of

B «N-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 ey (MEG-II) dominate.

O pu-ey (w/ RGE) » For ;. — ey and u — 3e, only

l y—ey (w/o RGE) .

0 1o3e (MueT) loop-level can contribute

B p-3e (W/ RGE) e future u/N — eN exp. can give
R -

i R ) the stronger limits.

1077 -

|’\"z|1)"111| |A',2|2A,l*l2| IA‘,ZI.'SA,]*liil IA,ZZIA,I*ZI |A‘I23]A,l’.;$l

For 1 — ¢y, u — 3e, contributions are
GIM suppressed

For uN — eN, the RG running can give
~80% improvement of the limit.
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NumeriCal RESUltS Keep one combination nonzero at a time

(

[0 uN-eN (COMET-I) | « For UN — eN in most of

B «N-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 ey (MEG-II) dominate.

O pu-ey (w/ RGE) » For ;. — ey and u — 3e, only

l y—ey (w/o RGE) .

0 1o3e (MueT) loop-level can contribute

B p-3e (W/ RGE) e future u/N — eN exp. can give
R -

i R ) the stronger limits.

|'\’z| IA,I*I 1 | |A',212A,l*l2| IA',ZI.'SA,]*liil IAIZZIA,I*ZI |A€231 A,l’.;il

For 1 — ¢y, u — 3e, contributions are
GIM suppressed

For uN — eN, the RG running can give
~80% improvement of the limit.

Neutrino mass will give much stronger

limits than cLFV NPB 231 (1984) 194
(N2 Ahas| < O(1077 ~ 1078) x (m TeV 1)
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NumeriCal RESUltS Keep one combination nonzero at a time

(

[0 uN-eN (COMET-I) | « For UN — eN in most of

B «N-eN (w/ RGE) cases, tree level contributions
Bl uN-eN (w/o RGE)

0 ey (MEG-II) dominate.

Eﬂ:ZY E‘V)VV;ORIS(?I)E) « For ;i — ey and u — 3e, only

- Z 3 (Mude_) loop-level can contribute

B p-3e (W/ RGE) e future u/N — eN exp. can give
10~7 Ll st ) the stronger limits.

|'\’z| IA,I*I 1 | |A',212A,l*l2| IA',ZI.'SA,]*liil IAIZZIA,I*ZI |A€231 A,l’.;il

102 | | | For 1 — ¢y, u — 3e, contributions are
PRD 26, 287 (1982)
GIM suppressed
-1
107 K]
dig 7 dml
04 / N g For uN — eN, the RG running can give
/i L . Y /\I_ E #J o . .
10-S Aik ’ ~80% improvement of the limit.
(/V/.- L (i;_- R - - .
10-€ 3 > ; ; ; Neutrino mass will give much stronger
™m l : ! . -
o My~ a2 NiggNis3—=> + . .. | ; ; limits than cLFV NPB 231 (1984) 194
10 " . 5 .Y .y Ai33Ao33] < O(1077 ~ 107°) x (i TeV™')
SR LA Y YN

2 v W 2 \‘\) \C\, \C\‘y 10
J Ny J J J J N J J J



Numerical RQSUltS Keep one combination nonzero at a time

TP PRRARETEE KamLAND-Zen / GERDA give limit " 4N — eN in most of

dRr _)éﬂ >— UL 111 /m ims < 4 X 10~4 TeV—5 ase.s, tree level contributions
—> €], ominate.
/ —2
0 = A1 < 1077 It TeV scale m; ; or i — ey and u — 3e, only
- - )op-level can contribute
dp —>——>— UL +0 below the GeV scale Leads to jture uN — eN exp. can give
107 . Ovpp 41111 <10 211212658 36 stronger limits.
|A2|l 11| i'
1072 B SN NN S For 11 — ¢y, u — 3e, contributions are
PRD 26, 287 (1982) )a' . ;
10- GIM suppressed
([/H S e ‘([, I
104 For uN — eN, the RG running can give
10 ~80% improvement of the limit.
10~¢ Neutrino mass will give much stronger
: limits than cLFV NPB 231 (1984) 194
107 (NjagMhaa| < Q1077 ~ 1078) x (m TeV™!)

CARN 10
g I




Numerical Results Keep one combination nonzero at a time

* If no signhals In these exp.:
para. space can be constrained by the exp. limits

. If signals have been found in ; — ey,u — 3¢, but no signals in
uN — eN in near future exp. with similar sensitivities:
Most of these combinations can be ruled out
Things maybe different when keep more than one nonzero at a time

'O uN—eN (COMET-I)
O uN-eN (w/ RGE)
B «N-eN (w/o RGE)
O u—»ey MEG-I1I)
O u—ey (W/ RGE)
B u—ey (w/o RGE)
] u—3e (Mu3e-I)
O u—3e (w/ RGE)

B 1—3e (w/o RGE)
\_

.

10~/ *

lA'IleA"l]ll lAIZIZAII*IZ IA',ZI.'iA,]*lZS‘ IA,ZZIA,]*ZI |’\',23]A',l’.;$l
Yu-Qi Xiao (TDLi) 11




Numerical Results Keep one combination nonzero at a time

N—eN (COMET-I)
O uN-eN (w/ RGE)

B uN-eN (w/o RGE)
u—ey MEG-II)

O p—ey (w/ RGE)

B u—ey (w/o RGE)
u—>3e (Mu3e-I)

O u—3e (w/ RGE)

B 1—3e (w/o RGE)

| A121 A 722 |A131A732] [A231AT31] [A231A535] [A232AT35] [A233AT 35

For the first three cases: For the last three cases:

» Tree-level contribution to ;i — 3e * No tree-level contribution to 1 — 3e

» Future y — 3e exp., e.g., Mu3e Phase-  Future uN — eN exp., e.g., COMET
l, will give the most stringent limits on Phase-I, will give the stronger limits.
the para.
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Numerical Results Keep one combination nonzero at a time

PRD 26, 287 (1982)
R .
6)11?/"' .’\(\m L
J Z
AL > ")\,‘/,-/ /\_/'m/._': . &
f/.u.n
M VP
- | | ' | —6
107’ ' s R — _— : | 423341331 <3 X 10
[A121A722| [A131AT52] [A231AT51]| [A231A555] [A232AT50] [A233AT33)
For the first three cases: For the last three cases:
» Tree-level contribution to y — 3e * No tree-level contribution to 1 — 3e
» Future y — 3e exp., e.g., Mu3e Phase-  Future uN — eN exp., e.g., COMET
l, will give the most stringent limits on Phase-I, will give the stronger limits.

the para.
Yu-Qi Xiao (TDLi) 12



Conclusion & Prospects

As there will be cLFV experimental improvements in the near future, it iIs
necessary to pay more attention to how they can play roles in NP models.

We follow the EFT framework, matching the RPV-SUSY model to SMEFT at tree
and one-loop level, and accounting for RG running effects.

We find that the u/N — e/N can give much stronger limits than u — ey, u — 3e
in most cases for A’ terms, also the same for specific cases of A terms. In certain

cases, u/N — eN conversion is the only process that can provide constraints.

The can play an important role and
IN certain cases.

Combined analysis of all the possible phenomena will lead to a much more
comprehensive examination on the parameter space.

Yu-Qi Xiao (TDLi) 13
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IN certain cases.
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