
Momentum measurement 

Reproducibility of momentum measurement

Purpose
Momentum measurement of charged particles in the TeV range is critical for 

kinematic analysis in FASERν
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Momentum measurement in the FASERν detector 

in the LHC-FASER experiment
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• Neutrino measurement in the unexplored TeV region and search for long-lived particles

• First 𝜈𝑒 , 𝜈𝜇 cross-section measurements in the TeV range (see poster ID 270 by J. Atkinson)

 [arXiv:2403.12520] to appear in PRL

LHC(Large Hadron Collider) at CERN 13.6 TeV p-p collision

The FASERν detector 

𝜈 

High spatial resolution

FASER experiment

• 730 x [tungsten (1.09 mm) + emulsion film thickness]

• 25 x 30 cm2, 1.1 tons (8 𝜆𝑖𝑛𝑡, 220 𝑋0)

• Expected 250 fb-1 during Run3

• Accumulate ~10000 neutrino interactions

• First collider 𝜈𝜇 observed at 15.9 𝜎 with the FASER spectrometer [PhysRevLett.131.031801]

• Flat momentum distribution of muons from 1 GeV to 3000 GeV.

• Momentum measurement using 100 tungsten plates and emulsion films.

Performance evaluation using MC simulations

Test beam experiment

target mass 128.6 kg

Dataset: 2022 second module 9.5 fb-1 

𝝂𝝁 observation with momentum measurement

Expected BG 0.22−0.07
+0.09 

Expected signal 6.5-12.4

Observed 8

Significance 5.7 σ

Summary of 𝜈𝜇 events

• The test beam experiment had conducted at the H4 beamline at the SPS in August 2023 

• Momentum measurement with 60-layer detector, irradiated with 300 GeV muons and 

200 GeV electrons

• Compared with the result of single muon MC using ptrue = [270, 330] GeV

Module: 10.0 x 12.5 x 8.4 cm3

Differential cross section measurements LFU test using 𝜈𝑙 CC charm
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Test beam 2024 plans • Muons and hadrons with momenta of 50, 100, 200 and 300 

GeV will be irradiated with 100-layer modules at different 

incident angles

• The hadron sample will also be used to study hadron 

interactions with tungsten to eliminate charm backgrounds 

for future studies

Charged particle tracks are 

recorded as grains.

A 𝜈𝜇 event display

18th of June 2024, XXXI International Conference on Neutrino Physics and Astrophysics, Milan, Italy
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Coordinate method to measure momentum
① Calculate position difference 𝑠𝑖

② Shift 1 segment and calculate 𝑠𝑖
③ Calculate 𝑠𝑅𝑀𝑆 and attach error considering 

independent stats

Increase 𝑛𝑐𝑒𝑙𝑙 and repeat ①~③

④ Plot 𝑠𝑅𝑀𝑆 𝑣𝑠. 𝑛𝑐𝑒𝑙𝑙
⑤ Fit the plot with formula (1)

𝑧𝑐𝑒𝑙𝑙：The thickness of one emulsion film and tungsten plate

𝑋𝐶：Compound radiation length (4.57 mm, cf: 𝑋𝑊=3.5 mm)

𝜎𝑝𝑜𝑠：Position resolution

A charged particle is deflected by MCS

MC expectation 

𝜎 = 0.42

• Test reproducibility in data, by splitting long tracks into two and 

comparing the reconstructed momentum of the two in both data 

and MC.

• The uncertainty of the measurement around 200 GeV have been 

checked to apply momentum cut to recent FASERν analysis for 

removing background events 

• Applied high purity selections to reject mis-connections

Center value Resolution

Test beam data 286 GeV 31%

MC expectation 300 GeV 30%

MC expectation

Mean = 329 GeV

RMS = 116 GeV

Data

Expected  sensitivity (150 fb-1)

MC expectation

Mean = 3.33 x 10-3 /GeV

RMS = 0.98 x 10-3 /GeV

Data

RMS = 0.33

150 ≤ ptrue ≤ 250 GeV
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