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Forward Region at the LHC

pp collisions at the LHC produce many light and weakly coupled
particles in the forward direction.

They are currently being missed by the conventional detectors at
LHC.
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Forward Physics Facility
FPF is proposed to house many detectors in the forward direction
to study SM and BSM physics, ∼ 500m downstream from ATLAS
IP.

Currently, 5 experiments are being considered.

2109.10905, 2203.05090
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Detectors at FPF
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Physics in the Forward Direction

DM, millicharged particles, LLPs, neutrinos, etc. can all be probed at the

FPF.
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First Neutrino Events at FASERν and FASER

2105.06197 (FASERν), 2303.14185 (FASER), 2305.09383 (SND@LHC)
See Thursday’s talk by Tobias Boeckh (FASER) and by Simona Ilieva (SND).
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Neutrinos at the FPF
Neutrinos are produced in the forwards direction from the weak decays of
mesons.
νe : K −→ πeνe , D −→ Keνe
νµ: π

± −→ µνµ , K± −→ µνµ
ντ : Ds −→ τντ

FLArE10 can see ∼ 104 νe , 105 νµ, 103 ντ interactions in the 100 GeV -

few TeV range. FASERν2 can see more (∼ 10X).

2109.10905, 2203.05090, 2105.08270
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NC cross-section and NSI at FLArE10

Neutral current interactions are slightly more difficulty to detect.

Using ML techniques, they are also measurable at the FPF.

Ahmed Ismail, R. Mammen Abraham, Felix Kling; 2012.10500 (for FASERν)
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Neutrino Electromagnetic (EM) Properties
Neutrino effective electromagnetic current:

Λµ
fi (q) = γµ(Qfi − q2

6

〈
r2
〉
fi
)− iσµνqνµfi .

Qfi = Neutrino millicharge (NMC)〈
r2
〉
fi
= Neutrino Charge Radius (NRC)

µfi = Neutrino Magnetic Moment (NMM)

R. Mammen Abraham, Saeid Foroughi-Abari, Felix Kling, Yu-Dai Tsai, 2301.10254
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Active to Sterile Neutrino Transition Magnetic Moment
SM neutrinos can couple to sterile neutrinos via a dipole portal.

Ldipole ⊃ 1
2µ

α
ν ν̄
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The red dashed line is from considering only double bang events at
FLArE10. Ahmed Ismail, Sudip Jana, R. Mammen Abraham, 2109.05032.
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DM in the Forward Direction

Image courtesy B. Batell

Dark photon models with ϵ ∼ 10−3 − 10−4, and MA′,χ ∼ MeV - GeV can
produce the right thermal relic density via the freeze out mechanism.

DM in these models are dominantly produced in the forward direction.
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DM result at FLArE10
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DIS (Mχ ≳ 100 MeV) and DM-e (Mχ ≲ 10 MeV) scattering are
important.

Brian Batell, Jonathan L. Feng, Ahmed Ismail, Felix Kling, R. Mammen Abraham, Sebastian Trojanowski,
2107.00666
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Hadrophilic Models
Hadronic collisions could be particularly sensitive to hadrophilic
mediators; U(1)B (x=0) and U(1)B−3τ (x=1).

Many signatures at FPF:

LLP searches: V →
hadrons.

Excess of ντ : V → ντ ντ .

Neutrino NC scattering: ντ
N → ντ N.

DM scattering: χ N → χN.

DM annihilation: χχ →
SM SM.

Brian Batell, Jonathan L. Feng, Max Fieg, Ahmed Ismail, Felix Kling, R. Mammen Abraham, Sebastian
Trojanowski, 2111.10343
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Milli-Charged Particles (mCP)
mCPs passing through the detector can result in scattering, and
ionization signatures. 2010.07941, 2205.09137
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Long Lived Particles
Dark photon mixing with SM photon.

L ∼ 1
2m

2
A′A

′2 − ϵeqf f γ
µfA

′
µ 2105.07077

See Noshin Tarannum’s previous talk on dark photon searches at FASER. 15 / 26



QCD at FPF
Neutrino flux is a novel and complementary probe of forward hadron
production.

Muon puzzle (observed excess of muons in high-energy cosmic ray air
showers) could be solved by enhanced rate of forward strangeness
production. 2202.03095

Probe PDFs at low small-x (for example, gluon saturation).
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SM Physics: Weak Mixing Angle at FPF

sin2 θW could be measured to 3% precision at FLArE10.

R. Mammen Abraham, Saeid Foroughi-Abari, Felix Kling, Yu-Dai Tsai, arXiv:2301.10254
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Summary

Many physics opportunities exist in the forward direction at LHC.

FASER, FASERν, SND are all currently taking data in the forward
direction.

The FPF is proposed to significantly enlarge the scope of physics
that can be studied at the LHC.

Neutrinos, DM, QCD Physics, mCPs, LLPs, etc. can all be probed
at the FPF.

Much more physics remains to be studied. We invite the LHC
community to join this program.
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Summary
FPF workshops: FPF1, FPF2, FPF3, FPF4, FPF5 (highly active
community)

FPF6, Jun 8-9. (much more physics to be studied, invitation to join in
this exciting venture.)

FPF Snowmass Whitepaper

Contact: rmammen@okstate.edu
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https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352/
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://indico.cern.ch/event/1196506/
https://indico.cern.ch/event/1275380/
https://arxiv.org/pdf/2203.05090.pdf


Backup slides - FPF Timeline

Slide courtesy F. Kling
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Backup slides - Neutrino Fluxes in the Forward Direction

Neutrinos are produced in the weak decays of mesons.
νe : K −→ πeνe , D −→ Keνe
νµ: π

± −→ µνµ , K± −→ µνµ
ντ : Ds −→ τντ

Neutrino flux and CC interactions at FLArE for L = 3 ab−1.

2109.10905, 2203.05090, 2105.08270
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Backup slides - Predictions for Neutrino EM properties

▶ QSM = 0.

▶ Non-zero neutrino mass =⇒ Non-zero NMM.

▶ NCR is generated at loop level within the SM,〈
r2νℓ

〉
SM

= Gf

4
√
2π2

[
3− 2 log

m2
ℓ

m2
W

]
.

▶
〈
r2νe

〉
SM

= 4.1× 10−33cm2

▶
〈
r2νµ

〉
SM

= 2.4× 10−33cm2

▶
〈
r2ντ

〉
SM

= 1.5× 10−33cm2
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Backup slides - Modified Rates at FPF: ν − e elastic
scattering

Neutrino Millicharge:

L ⊃ Qν(ν̄γµν)A
µ. Adds coherently with SM amplitude.

Due to the interference term, we are sensitive to the sign of neutrino
millicharge.

R. Mammen Abraham, Saeid Foroughi-Abari, Felix Kling, Yu-Dai Tsai, arXiv:2301.10254
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Backup slides - Modified Rates at FPF: ν−nuclear
scattering

Neutrino Charge Radius:

Vector coupling in the NC DIS is modified as,

gq
V → gq

V − 2
3Qqm

2
W ⟨r2νℓ⟩ sin

2 θw Vogel and Engel, 89

We use a heavier target (nuclear scattering) for higher signal event
rates.

R. Mammen Abraham, Saeid Foroughi-Abari, Felix Kling, Yu-Dai Tsai, arXiv:2301.10254 24 / 26



Backup slides - Light Dark Matter Models

SM connected to the dark sector via a GeV scale dark photon A’

Dark Currents

DM Lagrangian

2101.10338
Brian Batell, Jonathan L. Feng, Ahmed Ismail, Felix Kling, R. Mammen Abraham, Sebastian Trojanowski,
arXiv:2107.00666
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Backup slides - Hadrophilic Models
▶ Hadronic collisions could be particularly sensitive to hadrophilic

mediators.

▶ We also consider U(1)B (x=0) and U(1)B−3τ (x=1) models.

Brian Batell, Jonathan L. Feng, Max Fieg, Ahmed Ismail, Felix Kling, R. Mammen Abraham, Sebastian
Trojanowski, arXiv:2111.10343 image courtesy B. Batell 26 / 26


