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Lepton Flavor Violation

» In the SM, charged lepton flavor violation is suppressed by the tiny
neutrino mass splittings

e.g. BR(yx — 3e) ~BR(u — eI/eI/H)

» Any observation in the foreseeable future would be an
unambiguous sign of new physics.
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Lepton Flavor Violation

» In the SM, charged lepton flavor violation is suppressed by the tiny
neutrino mass splittings

e.g. BR(yx — 3e) ~BR(u — el/eI/H)

» Any observation in the foreseeable future would be an
unambiguous sign of new physics.

» Can search for lepton flavor violation in many different ways:

1) Atlow energies in lepton or meson decays: p — ey, Bs — T, ...
2) At high energies in decays of heavy resonances: Z — ue, h— tp, ...
3) At high energies in non-resonant production: ete™ — Tp, ...
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New Physics Sensitivity of LFV at Low Energies

» Generic scaling of a new physics effect with the flavor changing
coupling gnp and the new physics scale Ayp

BR(x — 3e) 2 v 4< —12
BR(: = evre) ~ IV (A ) =10

BR(m — 3pu) e (v 4<1O_8
BR(T—),UJ/#DT) P Anp ~
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New Physics Sensitivity of LFV at Low Energies

» Generic scaling of a new physics effect with the flavor changing
coupling gnp and the new physics scale Ayp

BR(x — 3e) 2 v < 10-12
BR(: = evre) ~ IV (A ) =10

BR(m — 3p) , (v’ s
BR(T — ,ul/#ﬂ,.) 9np ANp 510
» For O(1) couplings, this corresponds to new physics scales of
Anp 2 100 TeV  for muons

Anp 2= 10 TeV  for taus
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New Physics Sensitivity of Heavy Resonance Decays

» Consider LFV decays of the Z boson, the Higgs, the top in the
presence of generic new physics

BR(Z>ue) , [ v\’ BR(H—1n)  , [ v\’
BR(Z = ) ~ P\ Aw ) © BRH= 1)~ (A

BR(t > cue)  ghe [ v\
BR(t — Wb) 1672 \ Ayp
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New Physics Sensitivity of Heavy Resonance Decays

» Consider LFV decays of the Z boson, the Higgs, the top in the
presence of generic new physics

BR(Z>ue) , [ v\’ BR(H—1n)  , [ v\’
BR(Z = ) ~ P\ Aw ) © BRH= 1)~ (A

BR(t > cue)  ghe [ v\
BR(t — Wb) 1672 \ Ayp

» Same dependence on new physics as the low energy probes, but
typically much less Z, Higgs, top available in experiments.

» Note: these are extremely generic/naive expectations;
situation can be different in concrete models.

[for a review see WA, Caillol, Dam, Xella, Zhang 2205.10576]
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New Physics Sensitivity of Non-Resonant LFV

» The scaling of LFV cross sections with the center of mass energy
depends on the type of operator:

o(ete™ = 1u)
o(lete = 7+717)
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( lu) Ngﬁp( >7gl%lP( >7

o(lete = 7+717) Nip Ap
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New Physics Sensitivity of Non-Resonant LFV

» The scaling of LFV cross sections with the center of mass energy
depends on the type of operator:

olete” ) o (VPN o (SN L, (8
slete- 1) 9NP N » NP N » NP Ao

» For some operators one will have enhanced sensitivity at high
energies. (Assuming one does not resolve the higher dimensional
operators.)

» How sensitive is one to T production at future et e~ colliders?
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New Physics Sensitivity of Non-Resonant LFV

» The scaling of LFV cross sections with the center of mass energy
depends on the type of operator:

olete” ) o (VPN o (SN L, (8
slete- 1) 9NP N » NP N » NP Ao

» For some operators one will have enhanced sensitivity at high
energies. (Assuming one does not resolve the higher dimensional
operators.)

» How sensitive is one to T production at future et e~ colliders?

» In WA, Munbodh, Oh 2305.03869 we show that 160 GeV, 240 GeV,
350 GeV runs of circular et e~ colliders have sensitivity that is
comparable and complementary to other probes.
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Systematic SMEFT Parameterization of New Physics

Oaw = (Fo*° T?Pru)H W2,

dipoles
Ous = (Fo*’ PrRu)H Bug
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Systematic SMEFT Parameterization of New Physics

Oaw = (Fo*° T?Pru)H W2,

dipoles
Ous = (70*° Pap)H Bags
0D = (H'I DEH)(79" TPy
Higgs ) ot Cw
currents Oy = (H'i Do H) (77" Prpu)

= Ca
Ohe = (H'i Do H) (77 Prp)
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Systematic SMEFT Parameterization of New Physics

Oaw = (Fo*° T?Pru)H W2,

dipoles
Ous = (70*° Pap)H Bags
OF) = (H'/BEH)(7* T*Pup)
Higgs 1 R o
cur?egnts Oy = (HT:E“H)(T”Y Py
Ohe = (H'i Do H) (77 Pay)
Ou = (eY*PLe)(FyaPLp)
4-fermion Oce = (87" Pre)(Fa Pas)
contact

interactions Ore = (87" PLe)(7Va Prp)
Oer = (é’ya Pne)(F’yaPLy,)
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Dependence on the Center of Mass Energy

LEP
T PCCw/CERC » 77 background falls

— e T (CHR like 1 /S
— ete = Tu(CHR)

(
— e T EC,“’) >

; 7 production
\\ increases linearly with
1 s for 4-fermion

operators

100+

o [pb]

» 7u production is flat in
s for dipole operators

» 7 production falls like
1/s for Higgs current
operators

107650 60 70 80 9(‘) 160 200 300 400 500 » resonance at S = m%

if Z-mediated
WA, Munbodh, Oh 2305.03869
(inthe plot Anp =3 TeV, G = 1)
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Signal and Most Important Background

signal: efe” — g a0 [ . . 7
% 35 f bckg: Z T with T Ivv]

bkg: ete” =771 — Tuvv | signal: 2 Tl E
» Signal is a sharp peak at ® e ;
X:pu/pbeam:1 0 3 E

15 E

» Background is a smooth w0k 3
distribution with x < 1 X 3 ]
» Width of the signal peak and 0 b s
spread of background to x > 1 =P/ Py,

is determined by the beam Dam 1811.09408

energy spread and the muon

. (study on the Z peak)
momentum resolution.

» Impact of initial state radiation? (work in progress with Munbodh)
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Existing Constraints from LEP

WA, Munbodh, Oh 2305.03869 » LEP has searched for
ete~ — T at the Z pole

A=30TeV B /5~ my(Z - pole)

o) _— (e.g. OPAL Z.Phys.C 67 (1995) 555-564)
=194 GeV ~
e and at /s ~ 200 GeV
BR(T = ) x 00 (OPAL PLB 519, (2001) 23-32).
204 BR(Z — 1)

» Z pole search mainly sensitive
to the Higgs current operators.

» High /s search mainly
sensitive to 4-fermion operators.

—40

» LEP searches have sensitivity
0 mé % I comparable to Z — 7 at the
(oY) LLHC, but cannot compete with
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Projections for Circular e e~ Colliders

machine and detector parameters from FCC-ee CDR vol. 2, 1909.12245, 2107.02686, 2203.06520
(table for CEPC looks very similar)

V5 [GeV] Lo [b™'] D209 221073 g, [107°] Nokg o [ab]
91.2 (Z-pole) 75 0.93 1.35 1.55 9700 £ 100 45
87.7 (off-peak) 375 0.93 1.33 1.46 520 £ 20 21
93.9 (off-peak) 375 0.93 1.37 1.59 930 + 30 28

125 (H) 20 0.03 1.60 1.44 12+3 8
160 (WW) 12 0.93 1.89 2.44 6+ 2 10
240 (ZH) 5 117 2.60 4.39 241 18

365 (1) 15 1.32 3.78 8.61 0.5 £ 0.7 50

» Estimate background efficiency by imposing a cut x > 1.
(could be further optimized)

» Expect sizable background on the Z-peak, very few background
events at higher energies.

» Can achieve sensitivity to e"e~ — 7 cross sections of O(10 ab).
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Complementarity of Different Observables

WA, Munbodh, Oh 2305.03869
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» As in the case of LEP, the Z-pole searches and the high-y/s
searches are complementary.

» Expected FCC-ee sensitivity rivals the one from current and future
searches for (CEPC plot looks very similar).
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Summary of Generic Sensitivities

WA, Munbodh, Oh 2305.03869

10% ~ B 0 BR(r — ppp) B efe™ — 7 (Vs = my)
A [ BR(r = pee) O e'e =7 (Vs =my)
My allf 3 BR(r — ) [ efem — 7p (high /s)
il HiL B BR(r - pr)  EEE Z - rp (LHC)
102 " 0 BR(7 — up)
L 3 BR(r — po)
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If a Signal is Seen ...

» If a signal is seen at one +/s:
= look at different /s to identify the operator class
(dipole, Higgs current, 4-fermion)
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If a Signal is Seen ...

» If a signal is seen at one +/s:
= look at different /s to identify the operator class
(dipole, Higgs current, 4-fermion)

» The signal can be further characterized by angular distributions
(0 = angle between the beam axis and the outgoing muon)
and CP asymmetries (77p~ vs. 77 u™)

1 dlo+a) 3 , 5
—==—-(1-Fp)(1 A °Fp

Oot dCOSO 8( D)( + cos 9)+ FBCOSQ+4 'p sin 97

1 do-5) 3, .cp cp , o 3

o deost — 3 AT T 5L+ cos?0) + AFF cos 6+ TFET sin’6

» For a sufficiently large signal, it might be possible to pinpoint the
precise operator that is resposible for ete= — 7
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Summary B

Non-resonant e"e~ — 7 offers interesting opportunities
to probe lepton flavor violation at circular e e~ machines.

Different LFV operators show characteristic dependence
on the center of mass energy.

Estimated sensitivity rivals the one from rare tau decays.

Most relevant machine/detector parameters:
beam energy spread and muon momentum resolution.

Linear colliders are also interesting:
higher center of mass energy and polarized beams.
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Another Background at High Energies?

ete” - WW~ — ruvv
» Muon momentum does not extend all the way to x = 1

» Decay kinematics is such that

42
x<1<1+ 1- mW><1
2 S

» e.g. for /s = 240 GeV one has x < 0.87

= this background is not an issue.
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