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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



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



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



Using  emulsion detectorFASERν

Backgrounds:

Akitaka Ariga, Reuven Balkin, Iftah 
Galon, Enrique Kajomovitz, Yotam 
Soreq

2305.03102

Using missing momentum technique



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



Production from 3 body 
decays near ATLAS IP

Significant event rates 
expected at FASER during 
Run 3.


But what about backgrounds?

Preliminary



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 .Ecalo > 1.5 fb−1

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


3 body decays (cont.)

Applying the same energy cut, we 
do not probe the (g-2) band at 
FASER.

Preliminary

Work with Max Fieg



Production from Bremsstrahlung 
in Rock

• Incoming muon bremss off  S within the rock 
in front  of   detector. 


• Muon undergoes multiple scattering in the 
rock, away from the FASER detector.


• Decay length is given by

FASERν

LS = 200 m × ( Es

30 GeV ) × ( 5 × 10−4

gS )
2

× ( 100 MeV
mS )

4

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



Production from Bremsstrahlung 
in Rock (cont.)

• Even without imposing an 
energy cut, bremsstrahlung 
production in rock is not 
sensitive to the (g-2) band.

Work with Max Fieg

Preliminary



Production from Bremsstrahlung 
in FASERν

• Incoming muon bremss off  S within the 
 detector. 


• The target is Tungsten.


• Decay length is given by

FASERν

LS = 20 m × ( Es

3 GeV ) × ( 5 × 10−4

gS )
2

× ( 100 MeV
mS )

4

Chien-Yi Chen, Maxim 
Pospelov, Yi-Ming 
Zhong; 1701.07437Signal mainly from low energy S



Production from Bremsstrahlung 
in FASER  (cont.)ν

Heavier (lighter) S takes away more (less) energy



Production from Bremsstrahlung 
in FASER  (cont.)ν

We expect the muon to enter the detector, not scatter away.



• The signal we expect is 1 muon track with some energy deposition in the 
calorimeter.


• But this was an important background to FASER’s dark photon search. 

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

Production from Bremsstrahlung 
in FASER  (cont.)ν



There is an overwhelming 
number of  background 
events that can mimic our 
signal.

Can we use the fact that 
low energy S from soft 
muons dominate our signal 
reach?

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

Production from Bremsstrahlung 
in FASER  (cont.)ν



Di-photon Energy Spectrum

• Most of  the signal events 
have low .


• This is due to the short 
decay length requirement.

Eγγ

Preliminary



Di-photon Seperation Spectrum

• Low energy S tend to decay 
into 2 photons with greater 
separation. 


• 


• Can we see such small 
spatial separation between 2 
photons?

Δγγ ∼
mS

ES
* Δz

Preliminary



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


Preshower TP

Expected to be installed before 2025 data taking!!!

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


Bremsstrahlung in FASER  With High Precision Preshowerν

• 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 probe the unconstrained (g-2) 
band below !!!!

Δγγ > 0.2

fb−1

fb−1 fb−1

2 * mμ

Run 4 proposal for FASER

Preliminary

Work with Max Fieg

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


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


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


• Neutrinos were the prime target so far, with muons an annoying background.


• We propose a simple detection scheme to probe muon (g-2) band at FASER 
using just 2025 data at LHC.


• It is the era of  Multimessenger Collider Physics.

Thank You Borrowed from Max Fieg


