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@ Why LFV at colliders?

@ LFV decays of heavy SM particles

138 fb! (13 Tev)
e

o Hint of LFV Higgs?

95% CL limit on o(pp - X — ep) [fb]

TR TR IO VN T P T
P61 126" 125 13615 140 145 150 155 160

m [GeV]

e LFV Z' at future colliders




How do we know LFV exists?

((Neutrino Flavor Violation is observed ! )
e LFV is forbidden in the SM due to an accidental global ﬂ ﬂ
symmetry: U(1)p x U(1)r, x U(1)z, x U(1)z,.

@ Observed neutrino oscillations already imply LFV. E Q‘ 9

@ But we don’t see LFV in the charged lepton sector.
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@ Opportunity for new physics: m2 /m3, — m% /A2
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@ Could be enhanced by orders of magnitude over the SM. .

[see talk by S. Davidson]



How do we know LFV exists?

LFV is forbidden in the SM due to an accidental global
symmetry: U(1)p x U(1)r, x U(1)r, x U(1)L,

Observed neutrino oscillations already imply LFV.

But we don’t see LFV in the charged lepton sector.
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Opportunity for new physics: m2 /m¥, — m% /A%
Could be enhanced by orders of magnitude over the SM.
[see talk by S. Davidson]

Low-energy experiments are doing a great job.

High-energy colliders provide a powerful complementary
probe of LFV (e.g. in the Higgs sector).

Connection to g — 2, EDM, neutrino mass, dark matter,

baryogenesis, ... [Universe special issue on CLFV, eds. Bernstein and Echenard]
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LFV decays of heavy SM particles

Process Current bound on BR Future sensitivity
(Snowmass review 2205.10576)

h s ei;ﬁ 4.4 x 10:2 (CMS 2305.18106) 2 % 105 aio)
6.1 X 107 ° (ATLAS 1909.10235)

h oy etrF 2.0x 1073 (ATLAS 2302.05225) 2 x107% 1o
2.2x%x 1073 (CMS 2105.03007) 5 x 107 @L-Luo)

N ,ui7} 1.5 x 1072 (CMS 2105.03007) 2 X 107?1 (ILC)
1.8 x 1077 (ATLAS 2302.05225) 5 x 10™* HL-LHO)

Z — ei;fF 2.62 x 1077 (ATLAS 2204.10783)

7 — errF 5.0 x 1078 (aTLAS 2105.12491) (’)(10_9) (FCC-ce)

Z — uiv'1 6.5 x 107° (aTLAS 2105.12491)

t — epu 7.0 x 1078 (Ms 2201.07859)

t — euc 89 x 1077 (CMS 2201.07859) (’)(10_8) (HL-LHC)

t — utq 1.1 x 107% (arLAS-CONF-2023-001)

[see talks by G. Pezzullo and A. Lusiani for details]



Comparison with low-energy probes
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Comparison with low-energy probes
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HL-LHC Prospects for h(125) — ptrT
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HL-LHC Prospects for BSM Higgs H — p* 7+

Type-lI: my =400 GeV, tanf=6.0, cos(B—a)=0.1
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Leptophilic Higgs




Leptophilic Higgs
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Leptophilic Higgs
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Leptophilic Higgs @LHC?

CMS 138 fb! (13 TeV)
95% CL limits. ]
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95% CL limiton o(pp —» X - ep) [fb]

TR oI R
m, [GeV]
3.80 (2.80) local (global) excess @
o(pp — H(146) — ep)oms = 3.897135 fb
Hint of LFV?



Leptophilic Higgs @LHC?
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3.80 (2.80) local (global) excess ©@ no excess ®

o(pp — H(146) — ep)ons = 3.897125 fb o(pp — H(146) — ep)arras < 3 fb
Hint of LFV? (ballpark estimate only, not conclusive)



Leptophilic Higgs @LHC?

7001 T T T T T
CMS 138 fb! (13 TeV) E E ATLAS s=13Tev, 139"
o R R R A RARM AR = 600> E
oy 95% CL limits ] 2 £ ¢ Data E
= 9 E € 500 — Background model 3
© 7 Opserved E . i3 —— Signal BH - e)=0.05%
! Bl e E 400E" =
x ] E El
1 6 = Expected 20 E 300; E
g 9 E 200F- 5
© 1 C ]
S 4 E 100F =
= 3 B E L L L L L L L |
£ ] R I
g = B o
< | b S e
2 1 I SRR A it
@ el L o ] 60E 1 T
10 115 120 125 130 135 140 145 150 155 160 110 115 120 125 130 135 140 145 150 155 160

m, [GeV] M, [GeV]

3.80 (2.80) local (global) excess ©@ no excess ®

o(pp — H(146) — ep)ons = 3.897125 fb o(pp — H(146) — ep)arras < 3 fb
Hint of LFV? (ballpark estimate only, not conclusive)

o At face value, simplest interpretation: Leptophilic
(pseudo)scalar resonance.

o Use lepton content of the proton. [Bertone, Carrazza, Pagani, Zaro

(JHEP ’15); Buonocore, Nason, Tramontano, Zanderighi (JHEP "20, *21)]

e Leptophilic 2HDM: —Ly D YasLa Hals r + H.c.



Leptophilic Higgs @LHC?
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Explaining the CMS ep excess in a leptophilic 2HDM
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Explaining the CMS ep excess in a leptophilic 2HDM
MpyA= 146 GeV
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ATLAS exclusion
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How about muon g — 2?

MpyA= 146 GeV
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BMW fits better than WP

mH/A:146 GeV
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LEP dimuon constraint
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Muonium-antimuonium oscillation is the killer

mH/A=146 GeV
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Can be evaded for a degenerate scalar spectrum

my=ma=146 GeV
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LFV in the Higgs sector, but no CLFV at tree level

Myg=mpua= 146 GeV
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LFV vector boson

A simplified model: —£ D g7 (iy* P + 0,y Prvs) Zh + gr(iy® Pr7) Z5+H.c.



LFV vector boso

A simplified model: —£ D g7 (iy* P + 0,y Prvs) Zh + gr(iy® Pr7) Z5+H.c.
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LFV vector boso

A simplified model: —£ D g7 (iy* P + 0,y Prvs) Zh + gr(iy® Pr7) Z5+H.c.
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LFV vector boso

A simplified model: —£ D g7 (iy* P + 0,y Prvs) Zh + gr(iy® Pr7) Z5+H.c.
[Altmannshofer, BD, Chen, Soni, 1607.06832 (PLB *16)]
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LFV Z"in U(1)r,—r,: Current constraints

L2 ¢ Zy(Lav" Lo + €raY"er,a — Ley" L — €rs7" R ).
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LFV Z'inU(1)r,—1,: Future collider prospects
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Conclusion

o LFV isa ‘smoking gun’ signal of BSM physics.

o High-energy colliders provide a powerful probe of LFV (from heavy BSM physics),
complementary to the low-energy CLFV searches.

@ Cover the possibility of LFV originating from the Higgs (or top) or BSM sectors.

@ The recent CMS ey excess should be carefully scrutinized.
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o LFV isa ‘smoking gun’ signal of BSM physics.

o High-energy colliders provide a powerful probe of LFV (from heavy BSM physics),
complementary to the low-energy CLFV searches.

@ Cover the possibility of LFV originating from the Higgs (or top) or BSM sectors.
@ The recent CMS ey excess should be carefully scrutinized.

o A flavorful way to BSM physics?




