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Symmetries of the (leptonic part of the) standard model
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break the flavor symmetry



Now let’s add (Majorana) neutrino masses
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Crucially U(1)e ⇥U(1)µ ⇥U(1)⌧ 6= U(1)1 ⇥U(1)2 ⇥U(1)3

Charged lepton AND neutrino masses break the 
flavor symmetry to just lepton number:

U(3)L ⇥U(3)R ! ⇥U(1)e+µ+⌧
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Lepton flavors are not symmetries of SM+neutrino masses!
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But is this an opportunity to conclusively find new physics?
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So minimal LFV will never be seen…

Neutrino oscillation (LFV…) 
also sensitive to mass 
differences

Fukuda et al. (Super-K) ‘98



New Physics for LFV
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Giudice & Strumia 
Arkani-Hamed, Kaplan, & Weiner 
Many others See poster by Rosiek for detailed study in MSSM
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Resonances, … Composite Higgs

Leptoquarks, Z’, 2HDMs…

Observation is “unambiguous 
sign of New Physics”

DM, Pospelov, Ritz

See also Moroi & Nagai, Harnik & 
Altmannshofer, ...



Model independent parameterization

    interpolates between 
transition dipole and 4-
fermion operator

De Gouvea & Vogl 1303.4097

Already probing the PeV scale
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Model independent parameterization

    interpolates between 
transition dipole and 4-
fermion operator

De Gouvea & Vogl 1303.4097

Already probing the PeV scale
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LFV search status
From Heeck ‘17

Enormous number of probes. See talks later this 
session for Mu2e and COMET
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What else are we sensitive to at LFV experiments?
Mu3e at PSI
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Model Building a Dark Sector 
or: what is a “portal”?

SU(3)c ⇥ SU(2)L ⇥ U(1)Y ! SU(3)c ⇥ U(1)em
Standard Model 

gauge 
symmetries

Standard Model 
particle content
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Renormalization: lower dim. operators (fewer fields/particles) 
more important at lower energies
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Portals: coupling via stuff uncharged w.r.t. SM

kinetic 
mixing/
vector:

Fµ⌫ Vµ⌫
Higgs/
scalar: H

†
H S2

SU(3)c ⇥ SU(2)L ⇥ U(1)Y ! SU(3)c ⇥ U(1)em
Standard Model 

symmetries

Lead to minimal difficulties incorporating hidden sectors

Nneutrino: LH

Model Building a Dark Sector 
or: what is a “portal”?



Vector Portal Okun ’82 
Galison & Manohar ’84 
Holdom ‘86
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Vector Portal

And now…
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Vector Portal
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µ�Couple dark photon to dark sector:

Dark photon decays 
to invisible stuff 

(DM?)
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Vector Portal

L � �gDA0
µ�̄�

µ�Couple dark photon to dark sector:

Dark photon decays 
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Vector Portal
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Dark photon decays 
to invisible stuff 
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Vector Portal
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Scalar Portal

Vector portal very constrained even 
for invisible decays as e.g. g-2 

solution. What if instead we coupled 
a scalar to leptons?

Coupling to 
electrons relatively 

suppressed
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Scalar Portal

A UV completion involves 
lepton-specific 2HDM

Batell, Lange, DM, Pospelov, & Ritz 1606.04943
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Summary

LFV exists
In the SM (with neutrino masses) it is unobservable

Dark sectors well motivated
Study of them has exploded

Standard scenarios already 
constrained, sensitivity to more 

involved models

Lots of BSM models predict LFV—
observation is “unambiguous” sign of NP


