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FASERV emulsion

Interface detector
Tracker (IFT)

730 layers of 1.1 mm

Trigger / timing tungsten + emulsion
e scintillator station (8 interaction lengths)
\ M N 10mm thick + dual PMT
. agnets -
Trigger / pre-shower & readout (o = 400 ps)
0.57 T Dipoles

scintillator system

1.5 m decay volume

https://arxiv.org/albs/22071427



[FASER Detector - 2024 JINST 19 P0O5066]
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FASERV emulsion
detector

730 layers of 1.1 mm
tungsten + emulsion
(8 interaction lengths)


https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

Tracking spectrometer stations
3 x 3 layers of ATLAS SCT strip modules

Interface
Tracker (IFT)

[FASER Detector - 2024 JINST 19 P0O5066]



https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066
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Trigger / pre-shower
scintillator system
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Front Scintillator

veto system
Scintillator 2 x 20 mm thick

35 x30cm area
veto system

\P
3 x 20 mm thick 10 P:“'AS
30x 30 cm area .

Trigger / timing
scintillator station

10mm thick + dual PMT
readout (o = 400 ps)


https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

Electromagnetic

Calorimeter

4 LHCb Outer
ECAL modules

WLS fibre: @ 1.2 mm
Quantity: 1+ 64
Bundle: @ 10.8 mm
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~ASER during

Start of data taking in July 2022

35.4 fb! of Luminosity in 2022

Exchanges of FASERNnu emulsion boxes

5 times so far

Very high (~98%) data-taki

and excellent detector pe

ng efficiency

formance
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FASER upgrades

& Théo Moretti (Universite de Geneve (CH))
05 June 2024 14:00

® ISEC Room 138
s 12th Edition of the Large Hadron Collider Physics Conference

FASER results on BSM physics

& Charlotte Cavanagh (University of Liverpool (GB))

06 June 2024 14:18

® ISEC Room 142
s 12th Edition of the Large Hadron Collider Physics Conference

Performance overview of SND@LHC and Faser

28 Ettore Zaffaroni (EPFL - Ecole Polytechnique Federale Lausanne (CH)), Anni Kauniskangas (EPFL)

04 June 2024 15:12

® ISEC Room 140
&8s 12th Edition of the Large Hadron Collider Physics Conference




Collider neutrinos...
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[Detecting and Studving High-Energy Collider Neutrinos with FASER at the LHC |



https://arxiv.org/abs/2402.13318
https://arxiv.org/abs/1908.02310

Neutrino measurements witn FASER

Veto nu Preshower
scintillators Veto scintillators Magnets scintillators

Calorimeter

Decay Volume T1m1ng
scintillators

Electronic components of FASER

Analysing FASERNnu emulsion

fme -FASERNU as target (11 t) - using electronic components

to detect muon from charged current interaction

Sensitive to all neutrino flavours | | |
Can separate neutrino and anti-neutrino

Very good spatial resolution

Fast analysis of data possible

Due to scanning and processing
of films time intensive

Only sensitive to muon neutrinos




First collider
neutrino
observation

PHYSICAL REVIEW LETTERS

Highlights Recent  Accepted Collections  Authors Referees Search Press  About Editorial Team N

Access by CERN Library

First Direct Observation of Collider Neutrinos with FASER at
the LHC

Henso Abreu ef al. (FASER Collaboration)
Phys. Rev. Lett. 131, 031801 — Published 19 July 2023

e
PhySICS see Viewpoint: The Dawn of Collider Neutrino Physi

Go Mobile »



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031801

Electronic Neutrino analysis

: FASERv : :
) <cintillator IFT  Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower
scintillator station

| station station station
— - - _ — -

ATLAS LOS Tungsten target
- Calorimeter
FASERv tungsten/emulsion detector ; ' : Magnets & decay volume
+ FASERNU as target . Data collected between July

and November 2022
- Muon track, extrapolated back to the veto

station |
. n. P =151 £ 41; uncertainty

dominated by forward hadron

. Increased activity in IFT, veto and timing
oroduction models) 15

scintillator




Expected backgrounds

FASERy
scintillator FASERv
: scintillator
4 Stann neutra station
L ' Veto»st;:ilntilbtor ﬂmirwgtasxt;intillator Tracking spectrometer stations
ATLAS LOS Tungsten target H_ % _i _i
ATLAS LOS ' . |

Magnets & decay volume

FASERY tungsten/emulsion detector

e Neutral hadrons

 Front-veto inefficiency « Geometric muons

. Estimated through simulation . .
. control region estimate

. AN
QQ}\Q’ - Most neutral hadrons absorbed

Q N tungsten 0.08 + 1.83

0.11 £0.06 10



Signal

region

- Observed events analysed with

maximum likelinood fit

Fvents categorised into background
and signal

n, = 153%12(tot)

—13

. 16 o over background-only hypothesis

e First observation of neutrinos from

colliders
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FASER
Expect neutrinos all across FASER surface
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LHC Fill 8315, Event 47032829,
2022-10-27 08:52:45

FASERNU

Decay Volume

Tracking stations
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First collider
electron neutrino
observation
To appear in PRL

. d I‘Xiv > hep-ex > arXiv:2403.12520
.'_’

High Energy Physics - Experiment
[Submitted on 19 Mar 2024]

First Measurement of the v, and Vv, Interaction Cross Sections at the LHC with FASER's
Emulsion Detector
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https://arxiv.org/abs/2403.12520

FASER Nu

up of 730 layers of interleaved

tungsten plates anc
films, with a total ta
1.1 tonnes

thickness

emulsion
rget mass of

-ach emulsion film with 0.34 mm

Position resolution 0.30um

Data collected between July 26th
and September 13th 2022

(9.5 b1 delivered)

Analysed target mass of 128.6 kg

Emulsion analysis

FASERv detector, 730 films

Target for this analysis, 291 films

plastic base
(210 pm)

tungsten plate (1.1 mm) \ /
emulsion film emulsion layers (65 pm)

21



Signal signature

e Vertex selection

- Neutral vertex in the emulsion - no incoming track

- pboosted outgoing tracks, lepton well separatea
from other tracks, muon penetrating > 100
tungsten plates

- Associated high-energy EM shower > 200 GeV or
muon with p>200 GeV

 Energy and momentum measurement

.« shower formed from reconstructed
segments in the emulsion (e+/e- pair
orod.)

- EM shower reconstruction based on
cylinder around shower axis

_ - Opos < 100 ym
TN —m e .\ 60 < 10 mrad
—_— - dmin < 50 um

! # of segments

. ‘ ——_ Shower maximum
in the cylinder al

depth

- (Muon) momentum measured through
multiple coulomb scattering >




FASER

500 um
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Analysing emulsion films

. Electron neutrino events 2 F _FASER 2 7 FASER
observed: 4 (5.20) 3 250 — MC (v, CC) 3 A — MC (v, CC)
= 2— T — Data (v, CC) < I — Data (v, CC)
+ Muon neutrino events observed:  1.5; of 1
8 (5.70) 1 T T
o5F [ s
 first direct observation of B D | T I ; -
electron neutrinos produced L 1500[662\%)0 %7500 1000 1500 _ 2000
at a particle collider = P [GEV]
2 % FASEA 2 LASER
- Expected background: 3 25F — MC (v, CC) 5 af — MC (v, CC)
= 2— — Data (v, CC) 11 = — Data (v, CC)
» Elec. 0.025 +/- 0015 1.5F of
(neutral hadrons) 1_ I E 1t
5 1+ T H¥F
. Muon 0.22 +/0.09 osm_ﬂ_r‘- n,.nf”j
% 50 100 150 % 50 100 150

(Neutral hadrons, NC) Ad [deg] A¢ [deg]
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(CTOss section measurements
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Further prospects o

- Only small percentage of 2022 data analysed
for emulsion-based neutrino measurements

vet!

« FASER

run approved for Run-4 (HL-LHC)

. Tungsten only Fasernu configuration

. Large statistics for neutrino measurements

. FPF &

-FASER(NU)2 would offer many more

opport

unities!

[ )
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https://cds.cern.ch/record/2882503
https://cds.cern.ch/record/2882503

Conclusions

» Exciting first neutrino results
with 2022 FASER data

» First collider neutrino
observation

» First electron neutrinos from
colliders

» Neutrino cross section
measurements in previously
uncovered energy ranges
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* There is a flux of around 0.5 Hz/cm2
. i Category Events Expectation
of high-energy muons passing Signal 153 My + 1y D1 P2+ hag + Mgeo Fe
through FASER during nominal LHC o : Y
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Backgrounds

- Main background: neutral hadrons produced
infront of FASER or in FASERNuU material

2 -
S 10° FASER Simulation

: : : > =
. Estimated through simulation o F

Z 10°E Ve

. — v

- Suppressed by vertex and energy selections s "
10°E

: neutral hadrons

102;?
neutral hadron | -

LG R

----.
L | [ il S T

T T T R T R Pl el
0 500 1000 1500 2000 2500 3000
E, [GeV]
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Run 3 FASER Simulation

10° - Ve + \?e

Charm fraction

Interacting Neutrinos [1/bin]
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. Slightly smaller efficiency
for anti-neutrinos

- Neutral had

‘On

packgrounc

estimation

Elficiency and backgrounds
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Workflow

In Japan At CERN In Japan

Emulsion film Detector . . Full area
. . Disassembling Development
production assembling readout

Off-line analysis

Kinematical Search for Vertex Track .
: tau/charm u/elD . : Alignment
analysis decays reconstruction reconstruction

Interface tracker data

Spectrometer data

500-1000 TB/Run3

~500 TB/Run3
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