Flavor Violation In the
Charged Lepton Sector

Joachim Kopp
Flavo(u)r and DM 2017 | Heidelberg, Germany | September 25—28, 2017

JG|U



In this Talk

M LFV in the Standard Model
[M Search Strategies

M Implications for BSM Physics
M Summary

@ PRiISMA er C



Lepton Flavor Violation
in the Standard Model
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Lepton Mixing in the SM

LD %V_jU;jeaW: — MVl + h.c.

M Observing Flavor violation requires two flavor measurements

N [/;

O Neutrino oscillations: FV at tree level

O Charged Leptons: FV at loop level W

Diagrams from 1301.7/654, 1506.01465 ®
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http://arxiv.org/abs/arXiv:1301.7654
http://arxiv.org/abs/arXiv:1506.01465

GIM Suppression

Y

U v, v, e

Diagram from 1506.01465

M Suppressed by

O small m;

O Unitarity: Zj UajUgs; = 0ap

& Branching ratio: BR(p — ey) ~ O(107°%)

M Similar conclusions for u—3e, p—e conversion, etc.
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http://arxiv.org/abs/arXiv:1506.01465

Search Strategies
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Benchmark: Flavor Violating Higgs Couplings

=J
LD mJeLeR yZ]eLeRh

e

IZ' POSSlble Orlglns Harnik JK Zupan 1209.1397

and references therein

O Type-lll Two Higgs Doublet Model:
£ y(l)LLeRH(l) ysz)LiLeg[{H(Q)

O More generally: any scenario with several sources of electroweak
symmetry breaking

O Higher-dimensional operators

Lo D 34 (fi fH)H(H H)



https://arxiv.org/abs/1209.1397

Benchmark: Flavor Violating Higgs Couplings

=J
LD mJeLeR yZ]eLeRh

e

M Expectation (to avoid tuning in the mass matrix)

TrL I 4

YiiYi| S —
v
M Possible Consequences
O LFV bonanza
O Flavor-violating Higgs decays @ LHC

O Similar processes in the quark sector

Harnik JK Zupan 1209.1397
and references therein
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https://arxiv.org/abs/1209.1397

M — ey: The MEG Experiment @ PSI

im

COBRA Magnet
Drift chamber

[ S 1
] 1
/‘:”’: ---—-- -.'
Liquid Xenon jr 1

Scintillation Detector

MEG Collaboration 0908.2594

@ PRiISMA


https://arxiv.org/abs/0908.2594

M — ey: The MEG Experiment @ PSI
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E, (MeV)

M — ey: The MEG Experiment @ PSI
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https://arxiv.org/abs/1605.05081

E, (MeV)

M — ey: The MEG Experiment @ PSI
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https://arxiv.org/abs/1605.05081

E, (MeV)

M — ey: The MEG Experiment @ PSI
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MEG-Il Goal: BR(u — ey) <4 x107'* (90% CL)
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https://arxiv.org/abs/1605.05081

M — 3e: The Mu3e Experiment @ PSI
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M — 3e: The Mu3e Experiment @ PSI
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M — 3e: The Mu3e Experiment @ PSI
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M — 3e: The Mu3e Experiment @ PSI
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https://arxiv.org/abs/1605.02906

M — e Conversion in Nucleli
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M — e Conversion in Nucleli
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M — e Conversion in Nucleli
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M — e Conversion in Nucleli
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M — e Conversion in Nucleli
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Other Processes
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Lepton Family number (LF’), Lepton number (L),or
¥ Baryon number (B) violating modes

g4 ey <3.3x%x1078
I[85 Wy <4.4%1078
['gs e x" < 8.0x 1078
["187 ITE <1.1x107’
[Mg5 e K¢ <2.6x1078
Cigg u K <23%x10°%
190 e n <9.2x107°
Lot uy <6.5x%1078
['192 e pY <1.8x%x10°®
W 0 APPSO
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Implications for BSM Physics
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Results for FV Higgs Benchmark
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-001/index.html

LFV in BSM Scenarios

Sensitivity to Different Muon Conversion Mechanisms //)

M Y

Supersymmetry Compositeness
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Leptoquarks

3000 (A 4heq) 2 TeV/ch

After W. Marciano

W. Molzon, UC Irvine The MECO Experiment to Search for Coherent Conversion of Muons to Electrons Seplember 27, 2002
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-001/index.html

Complementarity Between Searches

LD cpz&m, (o™ Prp)F s

72

— 15, |98.5(ePrin) (a0) + g p(ePri) (1750)
+ 91v (@ Pop)(avua) + 97 a4 (" Pop) (G7.759)

+ %Q%T(EUQBPRM)(CYU@BQ)} + Lo R
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Complementarity Between Searches

~accessible to p—ey

— 15, |98 5 (€Prin)(00) + 63 p(ePri) (a750)
+ g7 (ev* Pru)(qv.q) + 93 4(€v" Pru)(qv.v59)

+ %Q%T(EUQBPRM)(qUaBQ)} + Lo R
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Complementarity Between Searches

_— \\
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accessible to y—e conversion
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Complementarity Between Searches
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Summary
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4 SM rates for cLFV negligible = clean search for new physics

[M Search Strategies:
O u—ey
O u—3e
O u—e conversion in nuclel

O Muonium—antimuonium oscillations
O g—2, EDMs
O 17e/u+ X

M Implications for BSM Physics
O cLFV rather generic in BSM scenarios
O Complementarity between searches
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