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Forward Region at the LHC

• pp collisions at the LHC produce an intense flux of  particles in the forward direction 

• These particles are light and weakly coupling:  

• SM ( , , …) and BSM (ALPs, dark photon, DM, …) 

• Conventional transverse detectors will miss these particles 

ν μ

Jonathan L. Feng, Iftah Galon, Felix Kling, 
Sebastian Trojanowski;1708.09389



ForwArd Search ExpeRiment( ) - FASER( ) ν ν
• FASER: 25cm x 25cm x 1.5m decay volume 

• 1708.09389 (first paper), 1811.10243 (LOI), 1812.09139  

• FASER : 25cm x 25cm x 1m tungsten emulsion detector 

• 1908.02310, 2001.03073 

•  coverage.

ν

η ≳ 8.5



Location for forward detectors at LHC



Neutrino Flux at FASER

F.Kling, L. J. Nevay; 2105.08270

Neutrino Rate Predictions for FASER;

2402.13318

L=250 fb  
(run3)

−1

CC events



Neutrino Flux at FASER

F.Kling, L. J. Nevay; 2105.08270

Neutrino Rate Predictions for FASER,

2402.13318

L=250 fb  
(run3)

−1

Already many new exciting results!!!



First Observation of Collider Neutrinos

First Direct Observation of Collider Neutrinos with FASER at 
the LHC; 2303.14185

~150  CC events with 

35.4 fb  of  data.

νμ
−1

At FASER



First Neutrino Cross-Section Measurements at LHC

First Measurement of the  and  Interaction Cross Sections at the 
LHC with FASER’s Emulsion Detector; 2403.12520

νe νμ4  and 8  events with 

9.5 fb  of  data.

νe νμ
−1



 and  events at FASERνe νμ ν
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Dark Photon Searches at FASER

Search for Dark Photons with the 
FASER detector at the LHC; 
2308.05587



ALP Searches at FASER

Search for Axion-Like Particles in 
Photonic Final States with the FASER 
Detector at the LHC; Conf note

https://cds.cern.ch/record/2892328/files/CERN-FASER-CONF-2024-001.pdf


Proposed Expansion for HL-LHC: Forward Physics Facility

FPF is proposed to house 5 detectors in the forward direction to study SM and 
BSM physics.

The Forward Physics Facility: Sites, Experiments, and Physics Potential; 2109.10905
The Forward Physics Facility at the High-Luminosity LHC; 2203.05090



Forward Physics Facility

The Forward Physics Facility: Sites, Experiments, and Physics Potential; 2109.10905
The Forward Physics Facility at the High-Luminosity LHC; 2203.05090



Many Physics opportunities at FPF



Some Work in the Forward Direction

• Neutrino Physics 

• Muon Physics

All these neutrinos deserve some 
BSM attention too!!! 

And also the muons, they are not 
just backgrounds!!!



Neutrino Electromagnetic (EM) Properties

• s have zero electric charge and no tree-level EM interactions. 

• They can arise at loop level or via BSM effects. 

•  

• In the ultra-relativistic limit, where at low-q , it reduces to 

•   

ν

νf(pf)jμ
ν,EMνi(pi) = uf(pf)Λμ

fi(q)ui(pi)

2

Λμ
fi(q) = γμ(Qfi −

q2

6 ⟨r2⟩fi
) − iσμνqνμfi

Neutrino millicharge (NMM) Neutrino Charge Radius (NCR)

Neutrino Magnetic Moment (NMM) 

Carlo Giunti, Alexander Studenikin; 
1403.6344



• Non-zero neutrino masses implies non-zero neutrino magnetic moment, 

, and . 

• Measuring NMM this can shed light on the nature of  neutrinos; Dirac – 
diagonal and transition, Majorana - transition NMM.

μD
ν ∼ 10−19( mν

1ev )μB μM
ν ∼ 10−23μB

Neutrino Electromagnetic (EM) Properties

•
NCR is generated at loop level within the SM, . ⟨r2

νℓ⟩SM
=

Gf

4 2π2 [3 − 2 log
m2

ℓ

m2
W ]

 

 

⟨r2
νe⟩SM

= 4.1 × 10−33cm2

⟨r2
νμ⟩SM

= 2.4 × 10−33cm2

⟨r2
ντ⟩SM

= 1.5 × 10−33cm2



Results

R. M. A., Saeid 
Foroughi-Abari, Felix 
Kling, Yu-Dai Tsai; 
2301.10254



 can be measured 
to 3% precision at 
FLArE10.

sin2 θW

R. M. A., Saeid 
Foroughi-Abari, Felix 
Kling, Yu-Dai Tsai; 
2301.10254

• If  the SM value shifts, 
 

then 
. 

• Modifies NC DIS similarly 
to NCR. 

sin2 θW → sin2 θW + Δ sin2 θW

gq
V → gq

V − 2QqΔ sin2 θW

Weak Mixing Angle at FPF



But what about all these muons? 

Are they just backgrounds or can we 
do some physics with them?

Muons at Forward Detectors



, through FASER during Run3!!! Nμ ∼ 2 * 109

One Scientist’s Background is Another’s Signal

FASER intentionally avoids the maximum flux of  
muons

First neutrino interaction 
candidates at the LHC; 
2105.06197

FASER  T.P, 2001.03073ν



Muon (g-2) puzzle

4.2  difference!!!σ

Slide from Ethan T. Neil

DPF-Pheno 24



Simple model with a muonphilic scalar

• A SM singlet scalar, , that couples only to the 
muons. 

•  

• Contribution to  is given by 

S

ℒ ⊃
1
2 (∂νS)2 −

1
2

m2
SS2 − gSSμ̄μ

Δaμ = (g − 2)μ
/2

Chien-Yi Chen, Maxim Pospelov, Yi-Ming Zhong; 1701.07437

Rodolfo Capdevilla, David Curtin, Yonatan Kahn, Gordan Krnjaic; 2112.08377



Simple model with a muonphilic scalar (Cont.)
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See also,

Brian Batell, Ayres Freitas, Ahmed Ismail, David McKeen;

1712.10022

• Current constraints miss a small region 
near . 

• For ,  decays to 2 photons. 

mS ≲ 2 * mμ

mS ≲ 2 * mμ S

Only Kaons, 0 
backgrounds



Production from 3 body 
decays near ATLAS IP

Implemented via FORESEE

Felix Kling, Sebastian Trojanowski, 
2105.07077

• Scalar decays via W Carl E. Carlson, Benjamin C. Rislow; 1206.3587

• Vector decays via γ
Manimala Mitra, Dibyakrupa Sahoo; 2103.08284

Decay constant Squared amplitude

Work with Max Fieg



Production from 3 body 
decays near ATLAS IP

Significant event rates 
expected at FASER during 
Run 3. 

But what about backgrounds?



3 body decays (cont.)

• The signal we expect is “no activity” with some energy deposition in the calorimeter. 

• Very similar to FASER’s ALPs analysis. (Conf  note) 

• The dominant background there is from neutrino interactions.

ALP search at 
FASER

•  TeV reduces the neutrino backgrounds to ~ 0.42/50 . 

• Its a non-negligible background as we go to higher luminosities.

Ecalo > 1.5 fb−1

https://cds.cern.ch/record/2892328/files/CERN-FASER-CONF-2024-001.pdf


High Precision Preshower
• The FASER collaboration is working on a High Precision Preshower.  

Preshower TP

https://cds.cern.ch/record/2803084/files/LHCC-P-023.pdf


High Precision Preshower Preshower TP

https://cds.cern.ch/record/2803084/files/LHCC-P-023.pdf


3 body decays - High Precision Preshower

• Requiring  mm suppresses 
most of  the backgrounds.   

• In 2025, FASER expects ~ 90  
with preshower. 

• This is a reduction in luminosity  (300 
 -> 90 ). 

• But even with only 2025 data, FASER 
can begin probe the unconstrained 
(g-2) band below .

Δγγ > 0.2

fb−1

fb−1 fb−1

2 * mμ

Run 4 proposal for FASER

https://cds.cern.ch/record/2882503/files/LHCC-I-039.pdf


Looking to the Future: FPF@FCC

•LHC:  TeV, 300 fb  

• HL-LHC:  TeV, 3 ab  

• FCC-hh:  TeV, 30 ab  

s = 13 ℒ = −1

s = 14 ℒ = −1

s = 100 ℒ = −1

•FASER, FASER , SND@LHC 

•FPF 

•FPF@FCC ? 

ν

Forward detectors have proven to be a very cost effective way to expand collider 
physics scope.



Looking to the Future: FPF@FCC

R.M.A, Jyotismita Adhikary, Jonathan L. Feng, Max Fieg, Felix Kling, Jinmian Li, Junle Pei, Tanjona R. 
Rabemananjara, Juan Rojo, Sebastian Trojanowski; 2409.02163

FCC is decades in the future, but we should already start phenomenological studies 
for it.



Looking to the Future: FPF@FCC

• Enormous flux of  
neutrinos upto 40TeV. 

• Comfortably bridges 
the gap between low 
energy neutrino 
experiments and 
IceCube Neutrinos. 

• Significant number of  
neutrinos produced 
from p-Pb, Pb-Pb 
collisions can be 
detected.



Looking to the Future: FPF@FCC

• Similar detector 
design as 
proposed for 
FPF will see 
tens of  millions 
of  neutrinos. 

• More ambitious 
detector 
designs also 
considered. 



Looking to the Future: FPF@FCC
BSM physics

• Measure the  charge radius 
down SM prediction, sensitive 
to BSM contributions. 

• Sensitive to  LLPs from Higgs 
decays with masses as large 
as 62 GeV, and . 

• Quirks masses upto 14 TeV. 

• mCPs with masses upto a few 
100s of  GeV, and .

ν

θ ∼ 10−8

q ∼ 10−3eΛdark ≪ mQ



Looking to the Future: FPF@FCC
QCD physics

Constraints on unpolarized, polarized and nuclear PDFs. 

R.M.A, Jyotismita Adhikary, Jonathan L. Feng, Max Fieg, Felix Kling, Jinmian Li, Junle Pei, Tanjona R. 
Rabemananjara, Juan Rojo, Sebastian Trojanowski; 2409.02163



Summary
• There is a lot of  physics to be studied in the forward region at LHC, HL-LHC, FCC. 

• Neutrinos, Muons, QCD, PDFs, DM, ALPs,….. 

• It is the era of  Multimessenger Collider Physics.

Thank You

Borrowed from Max Fieg



Back Up Slides



Modified Rates at FPF: nuclear scatteringν−
Neutrino Charge Radius: 

• Vector coupling in the NC DIS is modified as, 

•  

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

gq
V → gq

V − 2
3 Qqm2

W⟨r2
νℓ

⟩sin2 θw Vogel and Engel, 89

R. M. A., Saeid 
Foroughi-Abari, Felix 
Kling, Yu-Dai Tsai; 
2301.10254



Weak Mixing Angle at FPF

• If  the SM value shifts,  then 
. 

• Modifies NC DIS similarly to NCR. 

• One can recast NCR results to measure to the  at the FPF. 

• Could be interesting if  the NuTeV measurement is actually anomalous. Their 
measured value is 3  above SM value.

sin2 θW → sin2 θW + Δ sin2 θW
gq

V → gq
V − 2QqΔ sin2 θW

sin2 θW

σ

hep-ex/0110059

https://pdg.lbl.gov/2022/reviews/rpp2022-rev-standard-model.pdf



LLP and Polarized detectors at FPF@FCC

LiD target similar to COMPASS detector6


