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The FASER Detector
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FASERvV Emulsion Detector
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https://arxiv.org/abs/2504.13008

Neutrino at FASER

FASERv emulsion detector
105 fb~! data collected by 2024

Neutrino candidates with Run2 data
PhysRevD.104.L091101

1000 pm

First ve, v, cross section measurements

PhysRevlLett.133.021802
PRL editor’s suggestion

Update with increased statistics
CERN-FASER-CONF-2025-002

Run 2 FASER electronic detector
190 fb~! data collected by 2024
2018
First observation of collider neutrinos
2019 PhysRevLett.131.031801
PRL editor’s suggestion
2020 | , N
2021 T e /
Run 3 g 5 /
2022 + i e
palGeV) # of v Candidates: n,
2023
Differential vV, Cross section and flux
2024 measurements as a function of energy
PhysRevlett.134.211801
|
2025 |
Neutrino rapidity measurements
I CERN-FASER-CONF-2025-001
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Neutrino at FASERv
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Data Set and Simulations

29/09/2025

v
Data Sets: —
-9.5fb™1, LHCRun 3 -
- Target mass: 314.7 kg in latest analysis  —
MC Samples: -
- Light hadron production (4 samples:
EPOS-LHC, QGSJET 11-04, SIBYLL 2.3d, PYTHIA 8)
- Charm hadron production (1 sample:
POWHEG+PYTHIA 8)
2]
g 10° FASER Simulation
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CERN-FASER-CONF-2025-002

FASERv detector, 730 films
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Neutrino Event Selection eusevetissonse

vertex reconstruction: Event SeleCtion 5
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vV, C

C events

% 3 £ASEA . Preliminary % FASEA - Preliminary
P > — MC (v, CC > — MC (v, CC
V, event characteristics z _Datf& cé) z .0 —Dat:& C():)
Qv 2
lepton T “I_ LT
_1 -I_l I — 1 I NP
05 0 15 "0.02 004 006 008 0.
A ¢ N tracks tan6,.,
‘g 3: £ASE7 - Preliminary % FASER - Preliminary
. > [ _ > _
« E_=1.5TeV, highest v, measured. £ ! ME®.CO - B MC (v, €O
e k e Z a4 —Data(,CC) | Z — Data (v,CC) |
* MC normalized to number of i
observed events. S |
Lo !
2000 — y=x i -|_|'L h—LFHJ_,-"L’J
1750 1 - - i Pl P TR AT R S 1 e R | L
P % 500 1000 1500 2000 50 100 150
E 1500 C’:e(/:i(r:ninary L P,ep [GeV] A¢ [deg]
g 1250 1 2.00 5o
§ 1000 ] wo20mcev | Electron energy found using
B 7501 o Buxs S multiplicity in core of EM shower:
. o AE /E at (100, 2000) GeV ~ 0.21
0| il latest preliminary result My presentation at WIN2025
75 e
0 0 2%0 50'0 7SVO 10‘00 12‘50 15'00 17‘50 20b0 200 2.0 15 1.0 -05 0.0 0.5 1.0 15 2.0

29/09/2025

True Energy (Primary Electron) [GeV]

CERN-FASER-CONF-2025-002
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vV, CC events )

beam view
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v” CC eve nts CERN-FASER-CONF-2025-002
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o(E,)/E, [10738cm?2GeV~1]

Neutrino Cross Section Measurements
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* First observation of v, at the LHC (2023)
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target mass 128.6 kg, 4 v, + 8 v,

 First neutrino cross-section measurement in the TeV range (2024) PrL.133.021802

* Working on a differential cross section measurement with the full

1.1 tons detector volume for 9.5 fb~1 data (2025)
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FASER Electronic Detector

o o
LHC Fill 9043, Event 30273235

rdScr
S~————"""2023-07-07 18:51

B gecay VO™

N
FAS
detectof / \
e silicon strip trackers

Interface scintillator * |dentifies momentum & charge
Tracker (IFT)  veto system « Seperatesvand v !

* Focus on high-pr muons
Request no upstream

scintillator signal
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Neutrino at FASER Electronic Detector

# Neutrino interactions/cm?

o

L =65.6fb!

1 FdSER
. o, (7)
v, (K)
v, (D.AL)

—
|
¢+ Data

8.5 9.0

9.5 10.0

10.5 oo
Y

CERN-FASER;CON F-2025-001

Muon momentum is unfolded into
* v, energy (3 bins),

* v, energy (2 bins),

* a high energy bin for v, + v,,.

29/09/2025
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Latest neutrino results at Faser electronic detector
rdScr v, Cross section measurement . = 65.6 fb—l

Accelerator v, Collider v, Astro v,
= 0 U
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Summary and Outlook

e FASER historic achievements:
e first neutrinos observed at a particle collider
* first detection of v, and v, at the LHC

* first neutrino cross-section measurements in the TeV range

* Current data taking:
* Run3 expectations: ~10,000 neutrino interactions
e 200 times more events with full Run3 dataset
* FASER continues through LHC Run4

* Future: Forward Physics Facility amxiv2503.19010
 Ambitious upgrade program for HL-LHC (FASER2 & FASERv?2)
* Target: ~1,000,000 high-energy neutrino interactions

29/09/2025 XXI Workshop on Neutrino Telescopes
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FASER Physics Targets

* Explore forward physics

(particles in very forward region
not seen by ATLAS/CMS)
« Search for new light, long- * Detect and study collider

SUSY, top, Higgs, ...

lived particles neutrinos
PRL 134.211801
JHEP 2025, 199
— 1072 — . . w 3 Accelerator v ey ey
g 8 FASER LASER
= I “ e Ve
g L =57.7 fb™ T: . v B
~(_§ ALP-W Ng 10 T E=ai
8 o B wg -_IL_. ................
a S
< % D
, fu\i; 1071 —
ExpectedLimit (210, 90%CL) 5 3 E Ei:;: :tv;t.+syst.unc
Observed Limit (90% CL) 7 +E - Bodek-::rt::'\:nc
10_5 = - 4+ E —- Bodek-Yang, Ve
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Kinematic Tools Performances

* 300 nm position resolution has been achieved -> 0.04 mrad
angular resolution for a 1 cm track.

* Momentum measurement from Multiple Coulomb Scattering
(MCS): AP /P at 200 GeV ~ 0.30

* EM shower energy found using segment multiplicity in core of
EM shower: AE /E at 200 GeV ~ 0.21

< 2] 2000
- - FASER Simulation P, > 4000 GeV < — v =x
¢ 4000 I ©
— FoQi T += 1750 1
Q_@ | Single muon MC = \.FJSEI?,
o : : — Simulation
o 102 2 15001 Preliminary
3000(— B ve CC
= s
| 5 1250 A
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20001— g 1000 -
L o
- 10 & 750 A
(%)
B 2 .
1000 § 500 L e
- 2507 t'
0;’1 P T S R R ]--4>_|2>>|,=,| -7|> 1 1 o o
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p [GeV] True Energy (Primary Electron) [GeV]

true
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Data Set and Simulations

FASERv 13.6 TeV: v+,

 Data Sets: s R
-2022 second module > 9.5 fb™?! 1501 ==~ Pythia 8.3 (forward) =l

Neutrions from DA,
125] — POWHEG+PYTHIA - } ]

-Target mass: 128.6 kg

-~1.7% of the data collected to date. ;%100' run 3TASER simdaten &° B S

* MC Samples: S
-Light hadron production (4 samples: o R
EPOS-LHC, QGSIJET 11-04, SIBYLL 2.3d, ok 10 - e i}
PYTHIA 8)
-Charm hadron production (1 e ron
sample: POWHEG+PYTHIA 8) BRSO

| Neutrions from DA, .
—— POWHEG+PYTHIA B

Differences between the generators checked

with the same propagation model (RIVET-module) Run 3 FASER Simulation | |~/

DPMJET SIBYLL Pythia8
Ve, Ve | 3390, 1024 800, 452 826,477

w
o
o

Interacting Neutrinos [1/bin]
3
S

V.,V | 8270,2391 | 6571,1653 | 7120, 2178 _ o
Vr, Vq 111,43 16,6 22,11

10! 102 103 10
Neutrino Energy [GeV]
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Systematic Uncertainties

* several factors of systematic uncertainties have been considered.
* total systematics: sum in quadrature.

Source Relative uncertainty
v, v,
Luminosity 2.2% 2.2%
Tungsten thickness 1% 1%
Interactions with emulsions ig'ﬁ% fg'ﬁ%
Flux uncertainty oo % 0%
Line of sight position 2% 0%
Efficiency from hadronization  "2°% 23%
Efficiency from reconstruction 20% 20%
Efficiency from MC statistics 4.9% 2.8%
Total 0% (lux) 9% (Aux)
+30 +31

51 % (other)  57% (other)
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First X-section Measurements smeietisoiso

* First observation of v, at the LHC (2023)

* First neutrino cross-section

measurement in the TeV range (2024)

* Large uncertainty from neutrino flux.

101
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7 4530, -- Bodek-Yang, v.
= = E53 e —- Bodek-Yang, Ve
% DONUT =+ Bodek-Yang, weighted average
1072 B | T T T T T T
102 103

Neutrino Energy E, [GeV]

* 4v, observed
« expected background 0.025+9-912
* significance: 5.20
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