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Charged Lepton Flavor Violation

. . Solar
Lepton Flavor is not conserved: — @

Neutrino Oscillations ,\' %

Charged Lepton Flavor Violation (CLFV):

Neutrino oscillation between three i "}/
m 2
BR ~ ( ”) ~ 107
mw
S. Petcov, ‘77; W. Marciano and A. Sanda, ‘77
I] > T_; VT‘ Ve " e
8
A. CLFV is sensitive to the NP
B. CLFV could be related to the neutrino mass
generation mechanism;
NP
Tree level or Loop level
7_—: > T -

For example: Two loop neutrino mass model
QHC, SLC, E. Ma, Bin Yan, DMZ, PLB779 (2018)430-435



Charged Lepton Flavor Violation

Focus on tau lepton
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For example:
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The first Global Picture

Dipole, Yukawa and Vector/Axial vector current

Upper limit on LFV coupling and lower limit on new physics scale L =100 fb™ !
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E. =20 GeV, E, =250 GeV
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EIC is comparable to LHC limits
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CLFV and EFT

Full Theory
L, b)

Linear realized EFT

Higgs is a fundamental particle
Weak interacting

E
M t Strin . d=4 operators:
T & describe what we see
M, GUT, ...
SUT ==

Agrv 4 q — d>4 operators:

SM L < suppressed by 1 /A% *

SM: SU(3)xSU(2)xU(1)

Matter+G Hi

EW atterriaugeHiees d=2 operator: A%y H?
T k why mp<Asm ?

W. Buchuller, D. wyler 1986
B. Grzadkowski et al, 2010
L. Lehman, A. Marin, 2015
B. Henning etal, 2015

H-L. Li et al, 2020

L = CgO0¢ + Cs0g + ...

EFT

Howard Georgi, Annu.Rev.Nucl.Part.5ci.1993.43:209-52 5



CLFV and EFT

Four types operators:

4 N
\ é ’ v é \ ’
\_ J
vector/axial currents dipole Yukawa four-fermion
For example: _ g (1) (3) _ _
P L = _26W Zy, [(CLSO +CL‘P)Te Ty er, +ce¢TRvueR]
€ e — uv F g e — uv 7
_%[ fy]TeTLO- €R uv m[ Z]TeTLU €RrR U
Four-fermion operatrors: [CLd]dd [CLd]ds [Cw]db
we assume the generic quark flavor structures CLd],;. = [CLd]sd [CLd]ss [CLd]sb

[Cld]bd [CLd]bs [Cld]bb



CLFV and EFT

High energy
Low energy ) X
observables ~Few GeV 100 GeV Few Tey oObservables
-

Babar, Bell 11
LHC

The RG running effects should be included

The operator mixing effects: double lines: top quark
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To constrain the top quark component 7




DIS production @EIC
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k 2 P
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ql( 2P.q P.p.
p ‘\ > X
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The generic cross section: ) i
& Unpolarized Cross Section

L doyoa, 1 1= Xe 0 | sa 1+ .. ..
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Polarized Cross Section

Ae, AT polarization of electron and proton



Polarized and unpolarized cross section

B. Fuks, J. Proudom, J. Rojoand I. Schienbein, JHEP05(2014)045

NNPDF2.3, Q? = 10° GeV? NNPDFpoli.1, Q®= 10* GeV?
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R.Boughezal, F. Petriello, D. Wiegand, arxiv: 2004.00748
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Polarized cross section was suppressed by PDF and we will focus on the unpolarized case g



Collider analysis @ EIC

1 T Signal:  E. =20 GeV, E, =250 GeV
e ]: (e ™ p =17 X = e U X;
C]l ( (2)e p—=17 X = p v X;
p ‘\ >y Be p—=17 X —>v, Xp X
P

Background: SM DIS production

The electron and hadronic decaychannels would be challenge due to the

large backgrounds; Background cut efficiency: €cut ~ 0(10_4)

Based on Pythia8+Delphes
Pl > 10 GeV, ph > 20 GeV

Cut efficiency

Br > 15 GeV, |n.| <3
NN |\ Background free process

0 10 20 30 40 50

P}"ll"cut [GeV] 10




The sensitivity of CLFV@ EIC

-
k'/
k (1) The cut efficiencies are sensitive to the
> quark flavor in the initial state;
ql ( (2) The cut efficiencies are not sensitive to the
polarization of tau lepton
> \ >
> X
P
TL || (Coou)u | (Cou)ee | (CLg,p)ad | (Crg,p)ss | (CLg,p)s C% + Cg?o
ecut(%) 9.9 2.6 5.8 3.2 0.91 4.9
TR (Ce.u )uu (Ceu)cc (Ced)dd (Ced ) 38 (Ced)bb Cecp
ecut(%) 9.6 2.5 5.6 3.1 0.85 3.3
(CGG)Te (Fe-)‘re (F%)‘re (CGG)eT (Fe-)e‘r (F%)e‘r
7 v
ecut(%) 6.8 0.15 19 6.4 0.15 18
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The sensitivity of CLFV@ LHC

(1) Z and Higgs decays HL N

ATLAS: anxiv:2010.02566 . = s ATLAS: PLB 800 (2020)135069 Yikawa
_ —3
BR(Z — er) <81 x 107° BR(H — er) <4.7x 10
(2) Top quark decays ><
four-fermion ATLAS-CONF-2018-044

BR(t — geT) < 2.2 x 10~*

(3) High invariant mass Drell-Yan . é ) i-) Y
\\ ’/ N s
e data S

10° — [Co,vluu=1-1073
— [Cio,ulec=1"1072 vector/axial currents dipole Yukawa

four-fermion
— rg=02
10? I background
(o neeranyy POWHEG + Pythia8 + Delphes @NLO

events

10t

ATLAS: EPIC 76 (2016) 10,541

10°

77, £ =36 fb'@l13 TeV

2
Mee (TeV)
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The sensitivity of CLFV@ low energy

BR (90% CL)

T —ev | (1.230£0.004) 1074

K — ev | (1.58240.007)-107°

D — ev

<88-10°6

D—tv | (1.20£0.27)-1073

D, — ev

<83-10°

D; = 7v | (5.4840.23)-1072

B — ev

<98-1077

B—puv | (6.46+2.74)-1077

B —s7Tv | (1.09+40.24)-1074

Observable Upper limit on BR (90% C.L.)
T —e vy <33x10°8
T — e ete’ <2.7x1078
T e putuT <2.7x1078
T~ e <80x107%
T —€en <92x1078
T e <1.6x1077
T — e_Kg <2.6x1078
T- s et~ <23x1078
T e ntK™ <3.7x1078
T~ e m Kt <3.1x1078
BY — e*7F <28x107°
Bt s ntetr™ <T74x107°
Bt - nte 7t <2.0x107°
BT - Ktetr™ <43 x107°
Bt - Kte 1" <1.5x107°

BR (90% CL)

Kt s 7ntuvp

K — 7
Bt 5 ntui

Bt 5 Ktvw

<1.78-10"10
<3.0-107°
<14-107°

<1.6-107°

Indirect
bounds
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The sensitivity of CLFV@ low energy

Examples:

four-fermion

>< Indirect constraints
four-fermion

o
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I
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C(u=1TeV)
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The sensitivity of CLFV

Dipole, Yukawa and Vector/Axial vector current

Upper limit on LFV coupling and lower limit on new physics scale L =100 fb™ !
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m LHC (middle)
1 Low energy (right)
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The sensitivity of CLFV

Four-Fermion operators

—1
Upper limit on LFV coupling and lower limit on new physics scale L =100 fb
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The sensitivity of CLFV@ low energy

Global analysis:
Scenario Operators
1
t-channel | A &) 1CLo vluas [CLo D] [CLuluu, [CLd]
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M=1 TeV ! R (1.3) . .
Ly s [CLQ,D]dd,sspbs [CLddd,ss,bb
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Summary

A. CLFV can unveil/constrain mechanism for neutrino mass generation;
B. EICis an ideal machine to probe the CLFV effects;

C. EICis competitive and complementary to LHC and B factories;

Upper limit on LFV coupling and lower limit on new physics scale
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