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ÅMotivation to new physics BSMand dark sectors

ÅDark Sectors Production via Proton Bremsstrahlung

ÅGluon-coupled ALP production at proton beam 

facilities 

ÅHunting for millicharged particles at the LHC

ÅProbing Neutrino EM properties at the LHC



Motivation for BSM

ÅDark mater evidence

- Electrically neutral (dark!)  
- Cold (structure formation)  
- Non-baryonic (BBN)

ÅNeutrino mass and mixing

ÅParticle physics puzzles

- anomalies in data e.g., Ὣ ς
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WIMP Searches

ÅWeakly Interacting Massive Particles:
- Minimal & linked to EWSB
- Cosmological abundance generated via 

thermal freeze-out

ÅDifferent Strategies to search for 
DM non-gravitational interactions
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Sub-GeV DM: ά ά ά
Direct detection sensitivitydropsdue to recoil 
thresholds
A high intensity relativistic beam isadvantageous!

[Snowmass Summary ô13]

Saeid Foroughi-Abari (University of Victoria)



Dark Sectors Paradigm

ÅViable thermal relic density for a sub-GeV WIMP requires new annihilation channels 
through light states as part of a hidden sector

ÅDark Sector: a collection of particles that are neutral under the SM forces
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Standard 
Model

Dark 
Sector

Non-gravitational 
portals

Mediator Interaction

[Pospelov, Ritz, Voloshin '07]

[Boehm & Silk et al.]

2022-06-08 Saeid Foroughi-Abari (University of Victoria)



Portals to Dark Sectors

ÅEFT for a DS:

Generic interactions are irrelevant (dimension > 4), but there are three UV-complete 
relevant or marginal άportalsέ to a neutral hidden sector

ÅVector portal                                                                                         Dark Photon AΩ

ÅHiggs portal                                                                                           Dark Higgs S

ÅNeutrino portal                                                                                    Sterile neutrino?

ÅAxion portal (dim-5) Axions & ALPs
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[Okun; Holdom; Foot et al.]

[Patt, Wilczek]
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Proton-Beam Fixed Target Probes

ÅProduction of a high intensity άnew weakly coupled light mediator beamέfollowed by 
the decay or recoil in the detector

ÅProduction channels:  proton bremsstrahlung, and secondary meson decays

ÅPast, existing and near Future neutrino experiments:  
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LSND, CHARM, MiniBooNE, MicroBooNE, 
MINOS, NOvA, SBND, SeaQuest, SHIP,Χ

[Batell, Pospelov, Ritz Ψ09]
[McKeen, deNiverville, Ritz Ψ14]
[Krnjaic, Kahn et al Ω17]
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Dark Sector in the far-forward region @ LHC
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ÅLHC Higgs factory: new physics searches focus on the central region. (high-ὴ)

ÅBut light particles mainly directed in the forward region! (Energetic, low ὴ)

ÅForward Physics Facility for the HL-LHC

FPF experiments provide sensitive and complementary probes of models of light DS:

long-lived particles,    dark matter,    millicharged particles  +  neutrinos (¢ͯŜ±)

[Feng, Batell, Kling, Trojanowski, et al.] 

Forward Physics Facility 
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Dark Sectors
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DS production via proton bremsstrahlung

Search for gluon-coupled ALP

Millicharged particle hunt @ FPF

Neutrino EM properties @ FPF

Higgs portal @ LSND
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Proton Bremsstrahlung

ÅPrimary production channel for dark sector mediators with mass ~ πȢυȟρȢυGeV
at proton beam facilities 

ÅImportant regime near vectors (”,Χ), and scalar (Ὢ,Χ ) meson resonances,‫
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[Blümlein& Brunner Ψ13] 

[SF & Ritz Ψ21] 


