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• Non-observation of LFV:

high NP scale

• gµ − 2 anomaly:

rather low NP scale

• What to make of this?

→ gµ − 2 excess confirmed

⇒ should we see LFV?

→ no gµ − 2 excess

⇒ constraints on LFV!
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Introduction – Summary

• We see no definite sign of new physics at colliders (UV experiments)

• But new physics is needed: ν masses, DM, DE, B asymmetry, . . .

• Maybe Λ� mHiggs

⇒ Need a “telescope” to look at the distant physics!

⇒ Lepton flavor violation (LFV) and

⇒ Leptonic anomalous magnetic moments (g − 2) are very sensitive

• Both are related:
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Introduction – Standard Model

µ→ eγ:

• forbidden in SM with

mν = 0,

• mν 6= 0 implies LFV by

neutrino flavor conversion

• charged LFV:

BR(µ→ eγ) ∼ 10−55 due

to tiny neutrino mass

µ e
U∗

µi
νi Uei

γ

W W

(g − 2) ∝ m2
e/µ/τ :

• electron: very precise

measurement of fine

structure constant αem

• muon: 3.3σ discrepancy

between SM prediction and

measurement

• tau: very short life-time,

but most sensitive to NP

` `

SM:

hadronic,

QED, EW

γ
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Introduction – current status

measurement principle:

spin-precession frequency:

−−→waµ =
e

mµ

[
(gµ − 2)

−→
B −

(
aµ −

1

γ2 − 1

)
︸ ︷︷ ︸

=0 for “magic” γ=29.3

−→v ×
−→
E

]
,
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Introduction – current status
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(g− 2)µ

• µ→ eγ: reached

unprecedented

precision: [MEG]

BR(µ→ eγ) ≤ 4 · 10−13

• (gµ − 2): 3.3 σ excess over

SM prediction:

∆aµ = 288 · 10−11 [BNL E821]

Maybe we are at the verge of seeing new physics in O(1 . . . 10) years!
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Our work
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The general approach – EFTs

Start from an EFT point of view (NP ⇒ d = 6 operators):

Leff =
µM
ij

2
`iσ

µν`jFµν +
µE
ij

2
`i iγ

5σµν`jFµν + off-shell contributions

Consider form factors µ
M/E
ij ≡ e miA

M/E
ij /2:

⇒ ∆a`i ≡ (g − 2)/2− (g − 2)SM/2 = AM
ii m

2
i (no sum)

⇒ BR (`i → `jγ) =
3(4π)3αem

4G 2
F

(∣∣AM
ji

∣∣2 +
∣∣AE

ji

∣∣2)BR (`i → `jνiνj)
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The general approach – simplified models

Calculate contributions to AE/M from one field of spin s = 0, 1/2, 1 and

electric charge Q = 0, 1, 2 coupling to SM leptons:

Scalar

`i `j
φ0

γ

`f `f

`i `jνf

γ

φ− φ−

...

Fermion

`i `j
N

γ

W W

`i `j
Z

γ

E E

...

Vector

`i `jνf

γ

W ′ W ′

`i `j
Z ′

γ

`f `f

...
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The general approach – SU(2)L invariant models

An example: scalar doublet φ = (φ+, φ0)T ,

Lint = gije iR φ
† · Lj + h.c.

gij = g

 1 10−3 10−6

10−3 1 10−3

10−6 10−3 1



A(`i → `j γ) =

`i `j
φ0

γ

`f `f +

`i `jνf

γ

φ− φ−
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The general approach – SU(2)L invariant models

An example: scalar doublet φ = (φ+, φ0)T ,

Lint = gije iR φ
† · Lj + h.c.

gij = g

 1 10−5 10−8

10−5 1 10−5

10−8 10−5 1



A(`i → `j γ) =

`i `j
φ0

γ

`f `f +

`i `jνf

γ

φ− φ−
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UV complete models arXiv:1610.06587 [hep-ph]

• Minimal Supersymmetric Standard Model (MSSM)

• Left-Right symmetric model

• Two-Higgs-doublet models

• Scotogenic model (radiative seesaw)

• Zee-Babu model

• B − L gauge symmetry (also with inverse seesaw)

• SU(3)× SU(3)× U(1) model

• Lµ − Lτ gauge symmetry

• Dark Photon

• Seesaws
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MSSM – (gµ − 2)

SUSY: connects bosons & fermions ⇒ ‘doubling’ of SM field content + 2nd Higgs

• Many contributions (χ0, χ±, µ̃, ν̃µ)

• Large viable parameter space,

e.g. tanβ = 〈H2〉
〈H1〉

⇒ Make simplifying assumptions
similar SUSY masses−−−−−−−−−−−→

LHC

µ µ
χ0

γ

µ̃ µ̃

µ µ
ν̃µ

γ

χ− χ−
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⇒ Make simplifying assumptions
similar SUSY masses−−−−−−−−−−−→

LHC

∆aSUSY
µ ' ∆aχ

±

µ

' 10−9 tanβ

(
100GeV

MSUSY

)2

µ µ
ν̃µ

γ

χ− χ−
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MSSM – general discussion

parameter study:
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Radiative seesaw model [Ma, 2006]

• 1-Loop-level ν-mass generation

• 2nd inert Higgs doublet & RH νR

• ν-masses via DM interactions

→ scotogenic

• LYuk = −y ij
ν νR i η̃

† · Lj + h.c.

∆aµ < 0!

AM/E
µe =

∑
i

(
y†νyν

)
µe

2(4π)2

F
(

mνR

mη+

)
m2
η+

νi νj

〈
H0
〉 〈

H0
〉

νR

η0 η0

`i `j
νR

η+ η+

γ

This model gives no viable explanation for the (gµ − 2) excess!
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Radiative seesaw – results

“mild hierarchy”

“strong hierarchy”
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Radiative seesaw – other LFV observables[Vicente, Yaguna, 2014]

µN → eN

normal

ordering

µ→ 3e

inverted

ordering
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Conclusions



What else is out there? Some recent ideas

A fair account:

• Use gauge structure to evade LFV

• However, light sleptons and gauginos strongly constrained by LHC

• extended soft SUSY breaking required
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What else is out there? Some recent ideas

• Could gravity induce the shift in (g − 2)µ measurements?

• No flavor structure!

• However, . . .
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What else is out there? Some recent ideas

• The absolute potential is not physical due to the equivalence

principle

• φ ∼ M
R ⇒ Sun > ×10, galaxy > ×2000

• Finally, it was noted that . . .
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Summary

• LFV decays and (g − 2) are closely related

• Use one to constrain the other and reconcile potential signals with

constraints

• Catalog of contributions to both processes ranging from simplified

models, SU(2)L invariant models to UV complete models

• Some recent ideas as to how evade LFV, while keeping (g − 2)µ
sufficiently large

• Increasing tension between (g − 2)µ and other constraints (LHC)
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Summary Table

Model ∆aµ > 0? LFV okay?

MSSM 4 M2
SUSY ∼ tanβ (100GeV)2 4 (LHC: MSUSY & 1TeV)

LR-symmetric 4 MWR
∼ 100GeV × gR/gL 4 MWR

∼ 5TeV × gR/gL

2HDM (type III) 4 4

radiative Seesaw 8 4

Zee-Babu 8 4 mh,k & 1TeV · |y |
0.1

gauged B − L 4 (ruled out by LHC) 4 (gauge)

with inverse seesaw 4 (ruled out by LHC)
∣∣∣∑i Uµν i

R
Ueν i

R

∣∣∣ < 10−5

SU(3)c × SU(3)L × U(1)X 4 MZ ′ ∼ 800GeV 4 MZ ′ & 3TeV

Lµ − Lτ

4 MZ ′ ∼ 600GeV · g ′

4 MZ ′ . 100MeV &

g ′ ∼ 10−3

MZ ′ & 750GeV · g ′

(ν trident)

4MZ ′ . 100MeV · g ′
Dark photon 4 (ruled out by kin. mix.) 4 (no LFV)

seesaw type I 4 4

seesaw type II 8
4 m∆++ & 500GeV,

but LHC: & 2TeV
seesaw type III 4 (?) 4 (LHC: mΣ & 1TeV)

4 = okay, 4 = “okay, but. . . ” , 8 = not viable
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Thank You!

How much money would you bet?
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Backup slides



The full photonic amplitude

Both on- and off-shell contributions:

Aphotonic = −eA∗µ(q)u`j (pj)

[ off-shell︷ ︸︸ ︷(
f jiE0(q2) + γ5f

ji
M0(q2)

)(
γµ − /qqµ

q2

)
+

+
(
f jiM1(q2) + γ5f

ji
E1(q2)

)
︸ ︷︷ ︸

on-shell

iσµνqν
mi

]
u`i (pi ).

• on-shell: µ→ eγ, g − 2

• off-shell: µN → eN, µ→ 3e, etc.



Radiative seesaw – results from [Toma, Vicente, 2013]



Type I seesaw bounds

= parameter point in

agreement with all constraints

and ∆aµ = 288 · 10−11
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