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New physics in a dark sector
Empirical evidence for new physics, e.g. neutrino mass, dark matter, arguably points to a 
dark/hidden sector (but not directly to a specific mass scale)

Dark sectors present a huge model-
space a priori, but an EFT approach 
to the mediator channel allows for a 
classification (large community 
effort over past decade)

May contain light states, if 
sufficiently weakly coupled
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Visibility Frontier

Direct 
searches

UV Physics 
• Neutrino mass - (HL)(HL)/ΛUV 
• DM - WIMPs etc

IR Physics 
• Neutrino mass - light (RH) singlets 
• DM - axions, sterile neutrinos, etc

Discoverability frontier

Standard Model  Dark Sector
mediators
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EFT for a (neutral) dark sector

Standard Model  Dark Sector
mediators

(+ gravity)

Axion portal
[Weinberg, Wilczek, KSVZ, DFSZ]
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There are just three UV-complete relevant or marginal “portals” to a SM-neutral 
hidden sector, unsuppressed by the (possibly large) new physics scale Λ

[Patt & Wilczek]
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Vector portal Higgs portal Neutrino portal
[Okun; Galison & Manohar; 
Holdom; Foot et al]

CERN PBC 
benchmarks 
BC 1-11
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EFT for a (neutral) dark sector

Standard Model  Dark Sector
mediators
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• minimal models of neutrino mass, and leptogenesis  
• viable (and minimal) non-thermal cold DM candidates (sub MeV) 
• new `dark force’ mediators enabling sufficient annihilation of thermal 

relic MeV-GeV dark matter in the early universe

There are just three UV-complete relevant or marginal “portals” to a SM-neutral 
hidden sector, unsuppressed by the (possibly large) new physics scale Λ

Minimal models 
using portals:  
a, A’, S and N: 
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Progress over the past decade

[Fabbrichesi et al ’20]

E.G. Visible decays A’ → dileptons
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Forward Physics at the HL-LHC

Light DM  
LLPs & mediators 
Millicharge 
More…

Dark mediators 
• 1018 π0 → A’ 
• 1015 B → S 
• etc

Neutrinos 
• 1018 π → νµ 
• 1017 K → νe 
• 1016 D → ντ

➠

[Kling & Trojanovski ’21]

Unique combination of sensitivity to 
GeV-mass new physics (LLPs), and 
TeV neutrino (and muon) beams.

TeV neutrinos 
Cross sections 
v DIS

➠
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Forward Physics at the HL-LHC

TeV neutrinos 
Cross sections 
v DIS

Light DM  
LLPs & mediators 
Millicharge 
More…

Neutrinos 
• 1018 π → νµ 
• 1017 K → νe 
• 1016 D → ντ

SMBSM

Dark mediators 
• 1018 π0 → A’ 
• 1015 B → S 
• etc

➠ ➠
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Forward Physics at the FPF

SMBSM

TeV neutrinosLight DM 

High-energy 
scattering 
signatures

[Batell et al ’21]
[Batell et al ’21]

[see talk by S. Trojanovski]
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TeV neutrinosLight DM 

[Batell et al ’21]
[FASERv ’19]

Forward Physics at the FPF

SMBSM
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Millicharge TeV Muons

Forward Physics at the FPF

[Foroughi-Abari et al ’20]
[FASERv ’19]

SMBSM
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LLPs & mediators QCD pdfs from v DIS

Rare decays

Forward Physics at the FPF

[FASER ’19]
[Ethier & Nocera ’20]SMBSM
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LLPs & mediators QCD in the forward region

Forward Physics at the FPF

Rare decays[FASER ’19]

Dark mediators 
• 1018 π0 → γA’ 
• 1016 η → γA’ 
• Bremsstrahlung

SMBSM
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LLPs & mediators 

Forward Physics at the FPF

[deNiverville et al ‘16]

[FASER ’17]

A(p0, pj)
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Revisiting A’ production 
from the ρ/ω resonance 
region

[see talk by S. Foroughi-Abari]SMBSM
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LLPs & mediators 

Forward Physics at the FPF

[deNiverville et al ‘16]

[FASER ’17]

0.0 0.2 0.4 0.6 0.8 1.0 1.2
mV [GeV]

10�2

10�1

100

101

102

103

�
/✏

2
[m

b
]

p
s = 14 TeV

✓CM
V < 0.2 mrad⇡0 ! �V

⌘ ! �V

ISR

Modified FWW (BB)

Preliminary!

[see talk by S. Foroughi-Abari]

Revisiting A’ production 
from the ρ/ω resonance 
region

[Foroughi-Abari & AR, to appear]SMBSM
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SMBSM

Outlook

FPF at the HL-LHC provides a unique 
combination of BSM + SM opportunities: 
- sub-GeV new physics (LLPs, light DM, 

MCPs, other) 
- TeV neutrino interactons 
- Forward QCD, MC validation, neutrino DIS 
- TeV muons 
- Cosmic ray physics 
- More…


