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Symmetries of the (leptonic part of the) standard model
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Possesses U(3)r, x U(3)g symmetry
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The Yukawa couplings
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break the flavor symmetry
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Now let’s add (Majorana) neutrino masses

L5 ——L(HL)(HL;) + he. = (md)a(ve)i(ve); + hec

breaks U(S)L — U(l)l X U(1)2 X U(].)g
Crucially U(1), x U(1),, x U(1); # U(1); x U(1)2 x U(1)3

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

UB3)z x UB)g = XU(L)espir

Lepton flavors are not symmetries of SM+neutrino masses!



Minimal Lepton Flavor Violation
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So minimal LFV will never be seen...
But is this an opportunity to conclusively find new physics?




New Physics for LFV

High scale SUSY "

Predicted range for the Higgs mass
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Olbservation is “unambiguous
sign of New Physics”
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See poster by Rosiek for detailed study in MSSM
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Model iIndependent parameterization
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Already probing the PeV scale
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Model iIndependent parameterization
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L FV search status

From Heeck ‘17

Group Process Current Future
A(L,—L,) =2 u— ey 42 x 10715 [11] 4 x 107 [12]
U — eee 1.0 x 10712 [13] 10716 [14]
[l — e conv. O(10712) [15] 10~17 [16,17]
h — eji 3.5 x 1074 [18] 2 x 1074 [19]
Z — ejfi 7.5 x 1077 [20] co
had — eji (had) 47 x 10712 [21] 10712 [22]
A(L,—-L,) =2 T ey 3.3 x 1078 [23] 1077 [24]
T — eee 2.7 x 1078 [25] 1079 [24]
T — e 2.7 x 1078 [25] 1079 [24]
7 — ehad O(107%) [10] 1077 [24]
h — et 6.9 x 103 [18] 5% 1073 [19]
Z = et 9.8 x 1076 [26] e
had — e7 (had) O(107%) [27,28]
A(L,—L,)=2 T — uy 4.4 x 1078 [23] 1079 [24]
T > pee 1.8 x 1078 [25] 1079 [24]
T — pip 2.1 x 1078 [25] 1079 [24]
7 — phad O(107%) [10] 1077 [24]
h — ut 1.2 x 1072 [7] 5x 1073 [19]
Z -z 1.2 x 1075 [29]
had — x7 (had) O(107%) [27,28]
Enormous number of probes. See talks later this

session for Mu?2e and COM




What else are we sensitive to at LFV experiments”?

Mu3e at PSI
N

T~

N
\ /
— —
(" beam
Echenard, Essig, & Zhong i j
1411.1770 10 I
e €—|‘ - o 2 8 E
et 5| |\ |1
A/ Ve 10 ? > % :
,LL+ < W+ ¥ i ay.+2 o favored Al
\\ 107 E774 BaBar
1% i
i 7 I DarkLight e HPS
5 e 10 phzlllseel Mu3e APEX
€ n i phase II
/ / ) 10785
W‘“:f —— et E141
ILL_|_ - I HPS
\ D,u 10_9?
e’
10710
Wt Ve Orsay/E137/CHARM A, ‘%&
W+’* . e 10—117 oo |
pt —a— N A ot 1073 1072 10!
Vi my [GeV]

What is A"



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

Standard Model
gauge SU3)e x SUR2), xU(1)y = SU3)e x U(1)em
symmetries

- (i) -
CL
Standard Model 3
particle content Ur
Q: dL UR dR
/0+ a b a
H:<U+h+p0> G, W,, B,—G,, A,

Renormalization: lower dim. operators (fewer fields/particles)
more important at lower energies



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

Standard Model
symmetries SU3)e x SUQ2)L x U(l)y = SU@3)e X U(1)em

Portals: coupling via stuff uncharged w.r.t. SM

Lead to minimal difficulties incorporating hidden sectors

klpgtlc Higgs/ 5
mixing/ | Fuvl<— V,, scalar H'H «— §
vector: |

neutrino: LH«— N
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And now...

Dark photon decays
to visible stuff e.g.

Vector Portal

1074

1073 102 100" 1

(Dark sectors 2016
1608.08632)

Pre-2021
Co |

ma [GeV]



Vector Portal
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Couple dark photon to dark sector: £ D —gp A WXV X

Ny—Ny m,=10 MeV a'=0.1 POT=2x10%

Dark photon decays
to invisible stuff
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Vector Portal
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Vector Portal
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Vector Portal
Couple dark photon to dark sector: £ D —gp A} xy*x
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Dark photon decays
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Scalar Portal

Lo AIH|?S
Vector portal very constrained even |
for invisible decays as e.g. g-2 )
solution. What if instead we coupled . — %@ )2 — %mg s2ies S M,
a scalar to leptons? lmepir
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Scalar Portal

o LD {A11HIH1—|—A22H§H2+A12 (H]THQ‘FHng)] P
A UV completion involves

lepton-specific 2HDM ~ (LYeHier + QYaHadg + QYuHyup + hic.)
(See Chen, Davoudigsl, Batell, Lange, DM, Pospelov, & Ritz 1606.04943
Marciano, Zheng for a different 100

UV completion)
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Summary

LFV exists
n the SM (with neutrino masses) it iIs unobservable

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

Dark sectors well motivated
Study of them has exploded

Standard scenarios already

constrained, sensitivity to more
iInvolved models



