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Introduction

® Lepton flavor violation (LFV) is absent in the Standard Model (SM). Standard Model Effective Field Theory (SMEFT)
® But, neutrino oscillation indicates flavor violation in the neutral sector. '
- . (d=6)

® Experimental searches for charged lepton flavor violation (cLFV): Lomerr = Lsm+ Y GO+ Y [Clor[Ojlor+ > Y [Cilprst [Oklprst

= u— ey (MEG, MEG II), u — 3e (Mu3e), un — e (COMET). ] j P.r k p,rs,t

= 70y, 71— 3, T —In/lp/lp (Belle, BaBar, Belle Il).

= Z — eup/er/ur (LEP, LEP I, LHC), h — eu/er/ur (LHC). ® O : Operators constructed out of SM fields. C : Wilson’s coefficients (WCs).
® However, there hasn’t been any significant evidence of cLFV till date. ® Flavor indices (p,r,s,t). Non-diagonal indices quantify flavor violating effects.

We investigate cLFV induced by flavor non-diagonal SMEFT operators via ¢t¢— — ¢=rF production at future high-energy ete— and u*pn— colliders.

Framework Analysis
® List of SMEFT operators relevant for cLFV studies at eTe~ /utp~ colliders: ® \We organize our analysis into two complementary lepton collider setups:
Operators: Dipole (I2HX) | Operator: Four-Fermion (¥4, LLLL) Processes ete” — etrT pntum = ptrT
Oewlpr.  (Ipr@c“Pe))HWA 5 Olprst (Ioylr) (Isyalt) Collider Setup, (v/s) | CLIC(v/s=3TeV) uC3 (v/s=3TeV)
(OeBlpr (lpc*’er)HB 5 Operator: Four-Fermion (¥4, LLRR) Luminosity, (Lijnt) 1ab? 1,10 ab™?
Operators: Current (\pz‘HZD) Olelprst (Io7%lr)(Esyaet) Polarization, (Ps,+,P,~) Unpolarized, (0,£80%)  Unpolarized
Onilpr (7pyo‘lr)(HTiFaH) Operator: Four-Fermion (74, RRRR)
Onelor (épwo‘er)(HTiﬁaH) Oeelprst (€py7er)(Esyaet) ® Polarized (+) setup: 0.5 ab~! with (0,+80%), and 0.5 ab™* with (0, —80%).
® We study the effect of both luminosity and polarization on sensitivities.

® S ; : ic 7 Jet. : WTW—, 7.
® We study LFV processes: ete~ — etrT/utu— — u=rF, where one of the Signal: ¢(u/e) ,, where, 7, : hadronic 7 jet. SM backgrounds: W™W—, 777

Initial state remains intact in the final state. If dipole/current operators are

considered, in addition to s-channel, a t-channel diagram is also present Cuts: M, >2TeV, Eqis<1TeV.
(shown in Feynmann diagram below), which is not suppressed at higher
energies, distinctive from LFV processes like ete™ — y=rF/utp= — e*r 7. ® Cut efficiency (¢): Signal ~ 75%; Background: WTW— ~ 25%, 777~ =~ 12%.

Sensitivity

Optimal Observable Technique (OOT)

® Say, observable: O, function of WCs: {f, h} and phase space variable, cos¥6.

® Simplified WCs to reduce parameters, while retaining operator structures:

~ do(f,h,cos0) | |
O(f h,cost) = ———— = Z g;(f,h) O;(cosh)
hKT — [CHI]KT — [CHe]ET dET — [CeW]ET — [CeB]éT ; Oi(COSIH)Oj(COS 9)
fit = [Cileeer = [Creloeer = [Ceeloeer = [Cylleree = [Creleree = [Ceelirur X60T = Lint > _ 09;09; / 00.0.cosd) d(cos0)
J I,j Y Y

g,(f,h) ={90,91,9>}, Oj(cosd) = {1, cos 9,0082 0}

Constra | Nnts ® 95% C.L. sensitivity intervals are shown below for different collider setups:
CLIC (/s =3 TeV) uC3 (/s =3 TeV)
® Stringent constraints on cLFV branching ratios of r/Z from experiments: T e ] N
hex [—2.1,+2.4] x 10~ 2 Iy T__ [~1.9,4+2.2] x 102 _
B(r —3e) <2.7x1078 B(r —3u) <1.9x10°8 == Unpolaized | B L= b -
~8 _8 [ Polarized () I 0 Zu=10ab ' -
B(T — E’}/> <3.3x10 B(T — /L’}/) <42 x10 —6.8,48.1] x 103 [ [-22,423]x 105
B(r — EWO) <80x108 B(r — ,u7TO) <1.1x10"’ Jez T fue | ST ]
B(T—>e,00) < 2.2 X 10_8 B<T—>,u,00) <1.7x 10_8 —16—1 | —16—3 | —16—5 | 10|—5 | 1()'—3 | 1()'—1 —1(|)—1 | —16—3 | —16—5 | 1o|—5 | 10I—3 | 10I—1
B(r — ep) <2.0x108 B(r = up) <2.3x1078 Bounds (TeV =) Bounds (TeV )
6 —0
Bz —+er) <50x10 B(Z = p7) <65x10 ® For f, sensitivities improve by more than an order of magnitude over r

decay. For h, the sensitivities are comparable to bounds from 7 decay.
® Constraints on cLFV WCs translated from different r/Z decay branchings:
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® Constraints on dipole WCs are too stringent to be probed even at higher
energies. Hence, we only study four-fermion and current interactions. ® Polarization — breaks degeneracy. Luminosity — improves sensitivity.

Conclusion

Future lepton colliders can improve four-fermion operator sensitivities by over an order of magnitude beyond current bounds from + decay,
while the sensitivities of the current operators remain near existing limits, highlighting the strong cLFV reach of future lepton colliders.
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