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motivation for new physics
● Matter-antimatter asymmetry
● Neutrino masses and oscillations
● Non-baryonic Dark Matter

nicely introduced by Luca Stanco yesterday

where to search for?
● Large (not explored) mass 

– energy frontier 

● Feebly interacting particle 
- intensity frontier
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mass scale of dark matter candidates

SM HSmediator

Hidden Particles:
● Hidden Sector Light Dark Matter
● Mediators to Hidden Sector
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Physics Beyond Colliders (CERN) FIP searches



10/13/23  5

how it works?
"Dark Sector Theory" lecture by Brian Batell at 
14th International Neutrino Summer School 2023 at F
ermilab

production
(beam dump or

collisions)
detectorDecay volume

Intermediate decay length

https://indico.fnal.gov/event/57378
https://indico.fnal.gov/event/57378
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FIPs

vector portal (spin 1): dark photon 
couples to the hypercharge field

Higgs portal (spin 0): dark scalar 
couples to the Higgs field

neutrino portal (spin 1/2): heavy neutral lepton 
(HNL) couples to one of the left-handed doublets of 
the SM and to the Higgs field with a Yukawa 
coupling

more complicated cases - for example, 
axion portal : axion-like-particles (ALP)



10/13/23  7

HNL
Neutrino portal: MSM - neutrino Minimal Standard Modelν
Minimal extension of the SM with three Right Handed (Majorana) Heavy Neutral Leptons : N1 
, N2 , N3 .

mixing N1 – dark matter?
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SHiP experiment
SHiP Technical Proposal - 2015
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W
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Comparable for ECN3
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dark photon

UPD: ECN3
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UPD2022: SHiP sensitivity ECN3 are comparable 

dark scalar HNL
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waiting for the decision...
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