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Dirac versus Majorana

» Two possibilities to define fermion mass
N
v >
il

Dirac mass analogous to other fermions Majorana mass, using only a left-handed
but with ™/, =~ 107'? couplings to Higgs neutrino — Lepton Number Violation
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Dirac versus Majorana

» Origin of neutrino masses beyond the Standard Model

» Crucial role of total lepton number L symmetry

Arises accidentally as global U(1); in SM from particle
content and gauge symmetry

L broken non-perturbatively but B — L conserved
Global symmetries expected to be broken gravitational effects?
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Too small to explain oscillations
but too large as subdominant splitting

Connection to matter-antimatter asymmetry
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Heavy Sterile Neutrinos

» SM + Sterile Neutrinos
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Seesaw Mechanism with TeV scale heavy neutrinos
Standard Seesaw with small Yukawa couplings
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HNL Searches - Current
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HNL Searches - Propose

7
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HNL Searches at FCC-ee

Electron coupling dominance: Ui: Ufl: U2 =1:0:0
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» Production and
decay via
active-sterile
mixing
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» HNLs are long-
lived

» Displaced
vertex search ——— e e

”
» Difficult to my (GeV)

reach European Strategy for

Particle Physics
Seesaw _ Preparatory Group,
expectation Update 2020
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vSMEFT

» Consider
HNL EFT
operators

» Describing
New Physics
portals for
production
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HNL Production
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» CS calculated at LO
» EFT operators implemented in
Feynrules

Simulated in
MadGraph_aMC@NLO
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HNL Decay
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FCC-ee Sensitivity
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FCC-ee Sensitivity

Existing bounds |

recast in
Fernandez-
“»._ Martinez et al.,
“~JHEP 09 (2023)
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FCC-ee Sensitivity
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Conclusion

» Neutrinos much lighter than other fermions
> Dirac or Majorana? Lepton Number Violation?
> Determination of absolute mass scale

» Searching for HNLs
> Testing the mechanism of neutrino mass generation
- Baryon asymmetry of the Universe via Leptogenesis

> Light neutrino masses -2 small active-sterile mixing
- HNLs are LLPs
- Suppressed production via SM NCs and CCs

> Consider efficient HNL portals beyond mixing > vSMEFT
» HNL SMEFT at FCC-ee

> Analysis of monophoton and displaced vertex searches for dim-6
and dim-7 operators

> Strong sensitivity to vSMEFT scales up to A = 60 TeV

Frank Deppisch | Probing the vSMEFT at FCC-ee | 20/05/2025



	Slide 1: Probing the nSMEFT at FCC-ee
	Slide 2: Dirac versus Majorana
	Slide 3: Dirac versus Majorana
	Slide 4: Heavy Sterile Neutrinos
	Slide 5: HNL Searches - Current
	Slide 6: HNL Searches - Proposed
	Slide 7: HNL Searches at FCC-ee
	Slide 8: nSMEFT
	Slide 9: HNL Production
	Slide 10: HNL Decay
	Slide 11: FCC-ee Sensitivity
	Slide 12: FCC-ee Sensitivity
	Slide 13: FCC-ee Sensitivity
	Slide 14: Conclusion

