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e neutrino oscillations — lepton flavour violation (LFV)
e also charged LFV, processes ¢ — /X, v ¢ X
e in SM+m, suppressed by unitarity, A ~ Gem?2 /1672 ~ 10~%7

e many neutrino mass models have large charged LFV,

e.g. inverse seesaw, radiative mass models
e could be completely unrelated to neutrino mass

e mostly searched for at low-energy precision experiments
— new possibilities at lepton colliders

— compare sensitivity to charged LFV at colliders to low-energy

precision experiments using simplified models and EFT



Charged LFV at a lepton collider



Six simplified models: AL =0

complex scalar
e.g. from electroweak doublet scalar
L= )/QU H2£iPR£_j + h.c. see Dev, Mohapatra, Zhang 1711.08430 for a similar study

left-handed vector

oo possibly from new gauge interaction
L = y! Hiliv" Pit;

right-handed vector

G possibly from new gauge interaction
L= y{UHiuﬁ,-’y'uPRfj


http://www.arxiv.org/abs/1711.08430

Six simplified models: AL =2

doubly-charged (right-handed) scalar

. _ e.g. Zee-Babu model
L=XNnAFTiEprl;+ he.  F )

doubly-charged (left-handed) scalar

.. _ e.g. type-ll seesaw model
L=-Npt Ep +he &P

doubly-charged vector

L= )\gAZf[,-Cv“PRfj +h.c.  eg. embedded in a 331-model



Six simplified models: AL =2

doubly-charged (right-handed) scalar

. _ e.g. Zee-Babu model
L=XNnAFTiEprl;+ he.  F )

doubly-charged (left-handed) scalar
e.g. type-ll seesaw model

L=-MNATTEPY + hc.

doubly-charged vector

L= )\gAZf[,-Cv“PRfj +h.c.  eg. embedded in a 331-model

general assumption: real and symmetric Yukawa coupling matrices



Low-energy precision constraints

LFV trilepton decays, ¢ — 010505

e Muonium antimuonium conversion, e~ — " e™

LFV radiative lepton decays, £ — ¢y

e anomalous magnetic (and electric) dipole moments, a,
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Low-energy precision constraints

LFV trilepton decays, ¢ — 010505

e Muonium antimuonium conversion, e~ — " e™
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Improved sensitivity at future/current experiments:
Belle-1l, COMET, Mu3E, ...



Opposite-sign lepton collider



Lepton colliders

e Cicular Electron Positron Collider (CEPC): 5 ab™! at 240 GeV
e Future Circular Collider (FCC-ee): 16 ab™! at 240 GeV
e International Linear Collider (ILC500): 4 ab™! at 500 GeV

e Compact Linear Collider (CLIC): 5 ab=! at 3 TeV

Basic cuts: pr > 10 GeV and |n| < 2.5
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Hadron colliders — LHC




Charged LFV at hadron colliders: Quark initial state

Processes at LHC: pp — {il; + jets

g q
q l; q l; g 2 g q
q fbj E
q
q Zj q (/J' lj q (j

Signal: opposite-sign different flavour pair of leptons

Recast limits of most sensitive previous searches (at that time)

ATLAS 1503.04430 ATLAS 1205.0725
14 TeV projection
8 TeV 7 TeV
20.3 fb! 21! e Assuming 300 fb1
e, eT, Ut e
,.u . K ,u- e Following exclusive 7 TeV
inclusive exclusive

search
including arbitrary number of jets separated by number of jets



http://www.arxiv.org/abs/1510.02486
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http://www.arxiv.org/abs/1205.0725

Charged LFV at the LHC: setup

Quark initial state caiws 151002086

ATLAS 1503.04430 ATLAS 1205.0725
14 TeV projection
8 TeV 7 TeV
20.3 fb! 21 fb! e Assuming 300 fo!
ey, eT, Ut e . .
. . . e Following exclusive 7 TeV
inclusive exclusive
search
including arbitrary number of jets separated by number of jets
Gluon initial state caiwvsvaenca 1802.00822
g 4
CMS-PAS-EXO-16-058  ATLAS 1607.08079
13 TeV 13 TeV
35.9 fb~! 32!
eu er, uT
g 4
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Charged LFV at the LHC: gluons
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Charged LFV at the LHC: quarks

Cai, MS 1510.02486

au, dd, 5s, éc, bb
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(lepton) colliders complementary way to search for charged LFV
1 <> e flavour: stringent limits from low-energy precision exp.

7 <> £ flavour: future lepton colliders provide competitive limits

similar conclusions for hadron colliders

LHC provides most stringent limits for 7 flavour
also for operators with derivatives and GG

13
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Backup Slides



lepton decays
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Muonium-Antimuonium Conversion
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Radiative lepton decays
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Same-sign lepton collider: Hy,, A;: e"e” = (7'

e 0=
couplings [A$eAS¢] and | AL

e

couplings |y{*yf*| and |yf" y{7|
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