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100 m of rock
480 m

The FASER experiment

• Targets neutrinos (and 𝜇𝜇) and long-lived BSM particles (e.g. A’, ALPs)
• First experiment to utilize “collider neutrinos”

Neutrinos and LLPs

LHC magnets

p-p collision at ATLAS

Neutral hadrons

Charged particles

FASER

FORWARD SEARCH EXPERIMENT AT THE LHC

FASER TP arXiv:1812.09139, 
FASER𝜈𝜈 Eur. Phys. J. C (2020) 80: 61
FASER web page: https://faser.web.cern.ch/

https://arxiv.org/abs/1812.09139
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://faser.web.cern.ch/


Readout

AlignmentTrack reconstructionVertex reconstructionPhysics analysis

DevelopmentExposureAssemblyFilm production Disassembling

Japan JapanCERN

Offline analysis

3

𝑒𝑒, 𝜇𝜇 ID
𝜏𝜏 decay search
charge ID
E𝜈𝜈 reco
charm/beauty
etc. 



1.1 tons 8 𝜆𝜆𝑖𝑖𝑖𝑖𝑖𝑖, 220𝑋𝑋0

300 nm

1.3 m



100 µm

5000 µm

• Vertex with 11 tracks
• 615 µm inside tungsten

• e-like track from vertex
• Single track for 2X0

• Shower max @ 7.8Χ0

• θe = 11 mrad to beam

• Back-to-back topology
• 175° between e & rest

Beam View

Side View

𝐸𝐸𝑒𝑒 = 1.5 TeV

Enjoy an interactive 3D display here!

https://physics.s.chiba-u.ac.jp/lepp/pika-nu.html


Pile up of 108 
events!

1 tracks
10 𝜇𝜇𝜇𝜇×10 𝜇𝜇𝜇𝜇

!
in a same angular space

•  makes difficult to differentiate by angle

FASER𝜈𝜈 with 10 fb−1 in
 2 mm × 2 mm × 10 films
  

Track density
~3 × 105 tracks/cm2 

50 mrad



hit
5D vector

𝑥𝑥, 𝑦𝑦, 𝑧𝑧, tan𝜃𝜃𝑥𝑥 , tan𝜃𝜃𝑦𝑦

groups (or lists) of segments 

Alignment Track reconstruction Vertex reconstruction
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Start

Read nodes

Make edges Chi2 for two nodes.
Thresholding on chi2

Make uniquely 
linked paths

Resolve 
multiple paths

Reconnect 
fragmented 

paths

Write file

End

Comparison of all possible 
paths to choose the best

edge

A B C
D

Edges are searched within 4 plates.
There will be 
A-B, A-C, A-D
B-C, B-D
C-D
Think 3 nodes links
A-B-C, A-C is included in A-B-C, 
remove A-C. A-D is included in A-B-
D, remove A-D

Take two nodes, calculate chi2 to be an 
edge. If it is accepted,  make an edge.

(p=0.99999)

If there are multiple edges to a single 
node, compare chi2. If an edge has 
delta-chi2 (delta from minimum chi2) 
more than an threshold (p=0.9), reject 
the edge.



Start

Read nodes

Make edges Chi2 f   
Thresh   

Make uniquely 
linked paths

Resolve 
multiple paths

Reconnect 
fragmented 

paths

Write file

End

Comparis     
paths to   

A B
edge A-B C

D

Follow edges, if there is not branches, 
promote to “paths”.

edge C-Dedge B-C

Path A-B-C-D

If there are branches, stop making unique path.



Start

Read nodes

Make edges Chi2 for tw  
Thresholdin   

Make uniquely 
linked paths

Resolve 
multiple paths

Reconnect 
fragmented 

paths

Write file

End

Comparison o    
paths to choo   

Follow edges, if there is not branches, 
promote to “paths”.
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Comparison of all possible 
paths to choose the best

Credibility of all the paths is evaluated by a function. 
Current implementation is based on areas.

B
C

A
|ABxAC|/2

B
C

A

area by position

area by angle
Σδθi∆z/2/2

Smaller area, better path.
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Multi connected edges (orange)      After resolving multiple connection
Unique paths (green)                                                                                                    After reconnection of paths









• It works at low density

• For high density 
combinations explode

• Can AI find the right path without 
exploring them all?

• GNN-based sequential pruning?
longer-

range information? Transformer / 
Attention…









• Muons brings rich info to validate beamline simulation
• Eventually we could validate hadron production models 

at 𝑝𝑝-𝑝𝑝 collisions

Angular distribution (Data)

±20 mrad

0.5 fb-1

10 fb-1

From IP
From backward

FASER 
preliminary
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Electromagnetic showers

50 um bin

50 um bin

1 um bin

2 cm x 2 cm area

200 um x 200 um area
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