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FASER (ForwArd Search ExpeRiment)[1]

• Planned small-scale and cost-effective 
experiment at the Large Hadron 
Collider (LHC) at CERN

• Optimized for searches of light and 
weakly-interacting particles, such as 
neutrinos and new non-standard model 
particles that could be produced during 
LHC collisions

• Located along the beam collision axis, 
480m downstream from the ATLAS 
experiment[2] interaction point

• Detector volume cylindrical with length 
5m and radius 10cm consisting of 
tracking and calorimeter sections

• Commissioning will begin in 2020 
• Will collect 150 fb−1 of data from 

2022-24 during LHC Run 3

Simulation routine:

Model composited from various geometry sources
• FLUKA IP1 accelerator tunnel complex with several shielding blocks 

(pyg4ometry / GDML)[6]

• BDSIM generic tunnel between IP1straight section and FASER location
• Custom tunnel prepared using pyg4ometry in GDML for FASER location
• BDSIM beam line including LHC-style dipoles with customised proportions and 

aperture model from BE / Sixtrack used in beam line conversion from MADX

Figure 3: A schematic drawing of the LHC and the far-forward infrastructure 
downstream from the ATLAS interaction point IP1.

Figure 2: Model of tunnel section between ATLAS and FASER detectors.

Figure 5: Energy spectrum of particles reaching the 
FASER detector.

Figure 4: Muon and neutrino fluxes at a 
15x15m plane at FASER IP. FASER is located at 
(0,0) coordinates.

Muon flux:
• Visible outline of the LHC and 

TI12 tunnels and a 
• Lower number of particles at the 

location of FASER (10 cm radius 
from 0,0 coordinates), which is 
important, as muons are the 
background for neutrinos and 
BSM particles
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Energy spectrum of neutrinos and muons:
• Muon neutrino signal is the  dominant particle type reaching FASER by an 

order of 10 on electron neutrinos and by an order of 100 on muons
• Tau neutrinos are not part of the physics list in the simulation and are 

therefore missing from the result

CRMC[3] →
• Cosmic Ray Monte 

Carlo event 
generator

• SIBYLL model 
(hadronic interaction 
model)

• Generating proton-
proton collisions at   
√s = 14 TeV (LHC 
Run 3 conditions)

BDSIM[4] →
• Particle transport simulation 

in accelerators and 
interaction with the 
accelerator material

• CRMC input with correction 
for crossing angle

• Geant4[5] model of accelerator 
and surrounding material

• Simulates accelerator 
background hits in a plane 
upstream of FASER

FASER 
• Detector software 

for online and 
offline analysis 
compatible with 
ATLAS analysis and 
simulation software 
framework

• Features an 
interface module for 
converting BDSIM 
data

Figure 1: FASER detector at its location in 
TI12 service tunnel).

Neutrino flux:
• Maximum at FASER location
• Surrounded by a hexagonal 

shape - the outline of the 
neutral absorber TAN (located at 
140m from the ATLAS IP and 
shielding some of the signal)

The detector response to Standard Model (SM) particles from the ATLAS IP and 
natural radiation must be simulated to estimate the background level of Beyond 
Standard Model (BSM) searches. For the analysis, the important results are the 
fluxes of signal and background at FASER interface plane (FASER IP) and their 
energy spectra. Due to the thickness of material shielding the experiment from 
incoming particles, only neutrinos and muons are capable of reaching the 
detector. 
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Different models are being explored to understand the effects of using different 
event generator, crossing angle of incoming colliding protons, geometry effects 
etc. on the number of particles reaching the FASER detector. 

The total number of particle flux reaching FASER detector is 3. 92721×107 ±
1.8×103 (stat.) cm-2 fb (normalized to Run 3 parameters).

FASER is designed to search for beyond Standard Model, light and weakly-
interacting particles and study the interactions of high-energy neutrinos. A 
model of particle propagation was prepared using BDSIM to evaluate the species 
and number of particles which can be detected. The flux and energy spectra of 
particles reaching the detector (neutrinos and muons) were presented. 
The estimated total number of particle flux reaching FASER detector is 
3.93×107 ± 1.76×103 (stat.) cm-2 fb. Future work will evaluate the systematic 
uncertainty.


