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Forward Region at the LHC
•The importance of  the forward direction at the LHC was recognized as early as 1984. 



Forward Region at the LHC

More than 30 years later this idea 
was resurrected as FASER, 
ForwArd Search ExpeRiment at 
the LHC .


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

https://inspirehep.net/literature/1620922


FORWARD SEARCH EXPERIMENT AT THE LHC

• Idea in 2017, experiment proposed in 2018.


• Detector installed in 2021 and taking data during Run3.


• FASER is small compact experiment, leveraging LHC infrastructure and 
producing fantastic physics results quickly.

LOI: 1811.10243

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

Technical Proposal: 1812.09139 

4 authors, 2 institutes

14 authors, 8 institutes

https://inspirehep.net/literature/1704963
https://inspirehep.net/literature/1620922
https://inspirehep.net/literature/1711174


FASER COLLABORATION
111 collaborators, 28 institutions, 11 countries

International laboratory 
covered by a cooperation 

agreement with CERN 



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

https://inspirehep.net/literature/1620922


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


• FASER : 25cm x 30cm x 1m tungsten emulsion detector.


• Located 480m downstream of  ATLAS interaction point.

ν

Detector paper: 2207.11427

FASER : 1908.02310, 2001.03073ν

https://inspirehep.net/literature/2122416
https://inspirehep.net/literature/1748271
https://inspirehep.net/literature/1774688


Location of FASER 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

https://inspirehep.net/literature/2760401


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 neutrino results!!!

https://inspirehep.net/literature/2760401


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 
using only the electronic components of  
the detector.

νμ
−1

https://inspirehep.net/literature/2645730


 and  events at FASERνe νμ ν
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https://inspirehep.net/literature/2769917
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Image courtesy Tomohiro Inada’s slides, NOW 2024

https://inspirehep.net/literature/2769917
https://agenda.infn.it/event/39753/contributions/240112/attachments/124601/183454/2024_NOW_FASER.pdf


 and  events at FASERνe νμ ν
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• Vertex selection


• Neutral vertex


• N 


• Lepton selection


• E  GeV


• 


•

track(tan(θ) ≤ 0.1) ≥ 4

l > 200

tan(θ) > 0.005

Δϕ > π/2

Interaction Backgrounds 
(Mainly NHs)

Expected 
Signal Observed

1.1-3.3 4

6.5-12.4 8

0.025+0.015
−0.010

0.22+0.09
−0.07

 CCνe

 CCνμ

https://inspirehep.net/literature/2769917


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

https://inspirehep.net/literature/2769917


BSM Searches: Long Lived Particle searches at 
FASER

pp LLP  → 480m γγ, ee, μμ ⋯



Dark Photon Searches at FASER
2 parameter model: mA′￼

, ϵ

Production: 


•  ; 


• 


•

π0 → A′￼γ mA′￼
< mπ0 ∼ 135 MeV

η → A′￼γ ; mA′￼
< mη ∼ 548 MeV

pp → ppA′￼ ; mA′￼
> 𝒪(2 GeV)

Decay: 


• A′￼ → ee ; 2me < mA′￼
< 2mμ
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https://inspirehep.net/literature/2687000


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

Signal Selection:


• Event time consistent with collisions at IP1


• No signal in the veto scintillators


• 2 charged tracks


• p>20 GeV


• Within the fiducial volume (r<9.5cm)


• Calorimeter E>500 GeV

Backgrounds (for 27 fb ):


• Neutral Hadrons from muons in rock


• 


• Neutrinos


• 


• Total = 

−1

(8.4 ± 11.9) ⋅ 10−4

(1.5 ± 1.9) ⋅ 10−3

(2.3 ± 2.3) ⋅ 10−3

https://inspirehep.net/literature/2687000


Dark Photon Searches at FASER

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

0 events observed with an expected 
background of  (2.3 ± 2.3) ⋅ 10−3

https://inspirehep.net/literature/2687000


Dark Photon Searches at FASER

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

New parameter space is probed by FASER Can re-interpret the result for U(1)
model as well

B-L

https://inspirehep.net/literature/2687000


ALP Searches at FASER

Shining Light on the Dark Sector: Search for Axion-like 
Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

Production: 


• FCNC decays of  B mesons

Decay: 


• a → γγ

ALP coupling to SU(2)  gauge bosonL

The acceptance for events from the ALP 
model at truth level to decay inside FASER.


https://inspirehep.net/literature/2839642


ALP Searches at FASER

• Unlike the dark photon search, we are now looking for photonic final states.


• This changes the backgrounds and signal selection criteria.

Shining Light on the Dark Sector: Search for Axion-like 
Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

https://inspirehep.net/literature/2839642


Signal Selection:


• No signal in the veto scintillators


• No signal in the timing scintillators


• Preshower ratio to have EM shower in 
preshower (> 4.5)


• 2nd preshower layer to have a signal 
(>10 MIPs)


• Calorimeter E>1.5 TeV

ALP Searches at FASER

Overall signal selection 
efficiency of  ~ 75%

Shining Light on the Dark Sector: Search for Axion-like 
Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

https://inspirehep.net/literature/2839642


ALP Searches at FASER

Backgrounds:


• Neutral Hadrons from muons in rock


• Negligible with the higher 1.5 TeV cut


• Neutrinos


• Neutrino CC and NC interaction with 
components within FASER


•  for 57.7 fb(0.42 ± 0.38) −1

1 event observed, consistent with 
signal and neutrino background: 
“ALPtrino”.

Shining Light on the Dark Sector: 
Search for Axion-like Particles and 
Other New Physics in Photonic Final 
States with FASER; 2410.10363

https://inspirehep.net/literature/2839642


ALP Searches at FASER

Event display of  ALPtrino recorded on 13th October 2022.

Shining Light on the Dark Sector: 
Search for Axion-like Particles and 
Other New Physics in Photonic Final 
States with FASER; 2410.10363

https://inspirehep.net/literature/2839642


ALP Searches at FASER

ALP coupling to SU(2)  gauge bosonL

Shining Light on the Dark Sector: 
Search for Axion-like Particles and 
Other New Physics in Photonic Final 
States with FASER; 2410.10363

https://inspirehep.net/literature/2839642


One Analysis To Bound Them All

Shining Light on the Dark Sector: Search for Axion-like Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

ALP-photon (PBC BC 9)

Production: 


• Primakoff  process

https://inspirehep.net/literature/2839642


One Analysis To Bound Them All

Shining Light on the Dark Sector: Search for Axion-like Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

ALP-gluon (PBC BC 11)

Production: 


• Mixing with pseudo-scalars

https://inspirehep.net/literature/2839642


One Analysis To Bound Them All

Shining Light on the Dark Sector: Search for Axion-like Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

U(1)B

Production: 


• Bremsstrahlung and  decayπ0

https://inspirehep.net/literature/2839642


One Analysis To Bound Them All

Shining Light on the Dark Sector: Search for Axion-like Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

Up-philic

Production: 


• Rare decays of  η′￼, η

https://inspirehep.net/literature/2839642


One Analysis To Bound Them All

Shining Light on the Dark Sector: Search for Axion-like Particles and Other New Physics in Photonic Final States 
with FASER; 2410.10363

Type-1 2HDM

Production: 


• FCNC decays of  B mesons

Light Scalars at FASER; 2212.06186

https://inspirehep.net/literature/2839642
https://inspirehep.net/literature/2613867


So what’s next?



High Precision Preshower
Preshower TP

Planned to be installed in time for 2025 data taking.

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


High Precision Preshower
Preshower TP

• Can resolve photons as finely 
separated as 0.2mm.


• This can significantly enhance 
the physics potential of  the 
FASER detector.

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


FASER approved for Run 4
Run 4 proposal for FASER

Many more models to be explored …..

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


And after that?



Proposed Expansion for HL-LHC: Forward Physics Facility

FPF is proposed to house 4 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

Update of Facility Technical Studies for the FPF; CERN-PBC-NOTE 2024-004

https://inspirehep.net/literature/1926149
https://inspirehep.net/literature/2049796
https://cds.cern.ch/record/2904086/files/FPF_PBC_Note_July2024_final.pdf


Dark Photon Searches at FASER2

Felix Kling, Sebastian Trojanowski; 2105.07077

ℒ ⊃
1
2

m2
A′￼

A′￼2 − ϵef̄γμ fA′￼μ

https://inspirehep.net/literature/1863558


mCP Searches at FORMOSA

Saeid Foroughi-Abari, Felix Kling, Yu-Dai Tsai; 
2010.07941

mCPs passing through 
the detector can result 
in scattering, and 
ionization signatures

Felix Kling, Jui-Lin Kuo, Sebastian 
Trojanowski, Yu-Dai Tsai; 2205.09137

https://inspirehep.net/literature/1823401
https://inspirehep.net/literature/2085195


The future is FORWARD
FASER collaboration meeting, 2024


