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Motivation

• neutrino oscillations → lepton flavour violation (LFV)

• also charged LFV, processes `→ `′X , ν /∈ X

• in SM+mν suppressed by unitarity, A ∼ GFm
2
ν/16π2 ∼ 10−27

• many neutrino mass models have large charged LFV,

e.g. inverse seesaw, radiative mass models

• could be completely unrelated to neutrino mass

• 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
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Charged LFV at a lepton collider



Six simplified models: ∆L = 0

complex scalar

L = y ij2 H2
¯̀
iPR`j + h.c .

e.g. from electroweak doublet scalar

see Dev, Mohapatra, Zhang 1711.08430 for a similar study

left-handed vector

L = y ij1 H1µ
¯̀
iγ
µPL`j

possibly from new gauge interaction

right-handed vector

L = y ′ij1 H ′1µ ¯̀
iγ
µPR`j

possibly from new gauge interaction

2

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


Six simplified models: ∆L = 2

doubly-charged (right-handed) scalar

L = λij1∆++
1

¯̀c
i PR`j + h.c .

e.g. Zee-Babu model

doubly-charged (left-handed) scalar

L = −λij3∆++
3

¯̀c
i PL`j + h.c .

e.g. type-II seesaw model

doubly-charged vector

L = λij2∆++
2µ

¯̀c
i γ

µPR`j + h.c. e.g. embedded in a 331-model

general assumption: real and symmetric Yukawa coupling matrices
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Low-energy precision constraints

• LFV trilepton decays, `→ `1 ¯̀
2

¯̀
3

• Muonium antimuonium conversion, µ+e− → µ−e+

• LFV radiative lepton decays, `→ `′γ

• anomalous magnetic (and electric) dipole moments, a`
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Improved sensitivity at future/current experiments:

Belle-II, COMET, Mu3E, . . .
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Opposite-sign lepton collider



Lepton colliders

• Circular Electron Positron Collider (CEPC): 5 ab−1 at 240

GeV

• Future Circular Collider (FCC-ee): 16 ab−1 at 240 GeV

• International Linear Collider (ILC500): 4 ab−1 at 500 GeV

• Compact Linear Collider (CLIC): 5 ab−1 at 3 TeV

Basic cuts: pT > 10 GeV and |η| < 2.5
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H1µ: e+e− → e±µ∓(e±τ∓)
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same result for

right-handed H ′1µ

τ efficiency not included in figure
60% τ eff. ⇒ 77% (60%) sensitivity reduction for 1 (2) τ leptons
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H1µ,H2: e+e− → µ±τ∓
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∆1, ∆2µ: e+e− → `+`′−

e+

e−

`−

`′+
X−−

relevant couplings

|λeeλe`| and |λeµλeτ |
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Hadron colliders – LHC



Charged LFV at hadron colliders: Quark initial state Cai,MS 1510.02486

Processes at LHC: pp → `i`j + jets
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Signal: opposite-sign different flavour pair of leptons

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

ATLAS 1503.04430 ATLAS 1205.0725

8 TeV 7 TeV

20.3 fb−1 2.1 fb−1

eµ, eτ , µτ eµ

inclusive exclusive

including arbitrary number of jets separated by number of jets

14 TeV projection

• Assuming 300 fb−1

• Following exclusive 7 TeV

search
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Charged LFV at the LHC: setup

Quark initial state Cai,MS 1510.02486

ATLAS 1503.04430 ATLAS 1205.0725

8 TeV 7 TeV

20.3 fb−1 2.1 fb−1

eµ, eτ , µτ eµ

inclusive exclusive

including arbitrary number of jets separated by number of jets

14 TeV projection

• Assuming 300 fb−1

• Following exclusive 7 TeV

search

Gluon initial state Cai,MS,Valencia 1802.09822

CMS-PAS-EXO-16-058 ATLAS 1607.08079

13 TeV 13 TeV

35.9 fb−1 3.2 fb−1

eµ eτ , µτ

g

g

`i

`j
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Charged LFV at the LHC: gluons

OX , ŌX 2.541.631.17

O′X , Ō′X 1.631.17e
µ

OY ,Z 1.640.98

OX , ŌX 1.030.610.42

O′X , Ō′X 1.030.610.44e
τ

OY ,Z 1.060.47

OX , ŌX 1.230.900.43

O′X , Ō′X 1.230.900.46µ
τ

OY ,Z 1.230.67 low-energy

LHC
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current limits

Cai, MS, Valencia 1802.09822
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Ōij

X = i αsG
a
µνG

aµν
(
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Charged LFV at the LHC: quarks

ēµ µ̄e ēττ̄ e µ̄τ τ̄µ
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ūu, d̄d, s̄s, c̄c, b̄b
τ → `M

τ → `f0

µ− e
M → `ν

LHC8
LHC14

Cai, MS 1510.02486

Qledq = (L̄α`)(d̄Qα) , Q(1)
lequ = (L̄α`)εαβ(Q̄βu)
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Summary

(lepton) colliders complementary way to search for charged LFV

µ↔ e flavour: stringent limits from low-energy precision exp.

τ ↔ ` flavour: future lepton colliders provide competitive limits

similar conclusions for hadron colliders

LHC provides most stringent limits for τ flavour

also for operators with derivatives and GG̃

Th
an
k
yo
u
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Backup Slides
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Tri-lepton decays
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Muonium-Antimuonium Conversion
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Radiative lepton decays
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H2: e+e− → e±µ∓(e±τ∓)
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Same-sign lepton collider: H1µ, ∆1: e−e− → `−`′−
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