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FASER - New experiment at the LHC Run3
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FASER has started operation since July 2022
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ldea and Motivation

The LHC produces an intense and strongly collimated beam of highly
energetic particles in the forward direction.

B 4
e.g. 1014 0 within 1 mrad of beam e
Central Region ,,/,
H, t, SUSY = _
= SM Physics: ve, vy, vT

Explore a rich BSM and SM

physics programs
in the far farward region
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FASER

® ForwArd Search ExpeRiment (FASER) at the LHC ® Very low background from collision

»Placed 480 m downstream of the ATLAS IP on the beam axis ® Only high-energy muon at about

2 Started the operation from July 2022 (LHC run3) 1/cm?/sec
® Low radiation level from the LHC

e 4x106 1-MeV neutron/cm2/year

® Favorable location

® Physics motivation

zNew long-lived particle searches in MeV-GeV masses
2z All flavors of neutrinos at the TeV-energy frontier

charged particles (P<7 TeV) \’\‘\Cmm\e\
forward jets

| LHC magnets < >
p-p collision at IP . 100 m of rock

of ATLAS 480 m \
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FASER detector

JINST 19 (2024), PO5066

On the beam axis Front Scintillator
10cm radius 2.5m long tracker (96 ATLAS SCTs) veto system

7m_lon g Tracking spectrometer stations

Scintillator
veto system

4 LHCb calorimeter modules

Electromagnetic
Calorimeter

FASERvY emulsion

Interface 9
w - Trigger / timing 1 y 1 ton
\ scintillator station
. Magnets Z ’
Trigger / pre-shower . : . P
scintillator system 0.6T air-core permanent dipole b

Scintillators for veto, trigger, and
preshower (particle ID)
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

FASER, Tomohiro Inada (CERN)
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Neutrino Physics
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CO"ider neutrinos W/ rdScr \/E =13.6 TeV = lab. frame 100 PeV p-p interaction

Possible to study hadron interaction models of neutrino flux
e.g. application into air-showers study like prompt neutrino

Center-of-mass energy /s [GeV]
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https://arxiv.org/pdf/2203.08096.pdf

Neutrino flux Phys. Rev. D 110, 012009

FASERv (Emulsion-based detector) Electric detectc?r technique
Sensitive to all 3 flavors Charge separation Vﬂ/yﬂ
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009

Phys. Rev. D 110, 012009

Neutrino flux

FASERv (Emulsion-based detector) Electric” detector technique

Sensitive to all 3 flavors

e about 10-15% from light hadrons
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009

Observing Neutrino Candidates in FASER spectrometer

« Try to make a first observation of neutrinos using trackers and veto system
 Signal: no signal in two front veto and one high momentum track in the rest of detector

1. Good collision events 4. Timing and preshower consistent with >1 MIP
2. No signal (<40 pc) in 2 front vetos 5. Exactly 1 good fiducial (r < 95 mm) track

3. Signal (>40 pC) in other 3 vetos e pr>100 GeV and 6<25 mrad
e Extrapolating to r<120 mm in front veto

Expect 151 * 41 signals
| ' . from GENIE simulation
f 3 'ﬁ ' "« Uncertainty from
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| « No experimental
errors

|
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First detection of collider neutrino Phys. Rev. Lett. 131, 031801 12024)

e Upon unblinding find 153 events with no veto signal

V enriched Events 153, (151+41, MC)

« Just 10 events with one veto signal (Passed all event selection)
o First direct detection of collider neutrinos! | bvents 4
(1 veto signal at the first layer)
e With signal significance of 160 Events
. . , , (1 veto signal at the second 6
Candidate neutrino events match expectation from signal .
Ve 64014695

« see both neutrinos and anti-neutrinos with about the expected  (Vetosignals for both layers)

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

FASERV Emulsion detector flavor tagging with topological/kinematical informations

Emulsion /tu ngsten detector Detection of neutrino interactions in emulsion detector

- 730 x [tungsten plates(1.1 mm thickness) + emulsion films, el L11d u 1 4 L : _____
25%30 cm2, 1 m long, 1.1t (220 Xo) Ve > V> —— V>
- Emulsion films will be replaced every 30-50 fb-! A X
(3 times per year) Emulsion film Tungsten plate (1mm thick)

.
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FASERvV Emulsion detector flavor tagging with topological/kinematical informations

Emulsion /tu ngsten detector Detection of neutrino interactions in emulsion detector

- 730 x [tungsten plates(1.1 mm thickness) + emulsion films, el L11d u 1 4 L : _____
25%30 cm2, 1 m long, 1.1t (220 Xo) Ve > V> —— V>

- Emulsion films will be replaced every 30-50 fb-! A X
- (3 times per year) Emulsion film Tungsten plate (1mm thick)

N | Veto

| K
v/ FASER
' /1 -

Film production m== Assembly === Exposure == Disassembling == Development sl Readout

Offline analysis l

Physics analysis ﬁVertex reconstruction s Track reconstruction e Alignment

08
s XL . . FASERv
R [
06 b1

o

3

;

o

.04

ué I 1 1
0.2

Overview for emulsion analysis
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flavor tagging with topological/kinematical informations

FASERv Emulsion detector

Detection of neutrino interactions in emulsion detector

Emulsion/tungsten detector

- 730 x [tungsten plates(1.1 mm thickness) + emulsion films, e u
25x30cm?2, 1 m long, 1.1t (220 Xo)

- Emulsion films will be replaced every 30-50 fb-!
- (3 times per year)

—

Vo= -

VH_> 'ﬁ‘ VT_>
AR

Emulsion film Tungsten plate (1mm thick)

0 Veto

EF, FASER
'Y/A 4

-

n —

Film production m== Assembly === Exposure == Disassembling == Development sl Readout

Overview for emulsion analysis
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FASERv Analysis toward v, and v, detections

Data set:
e 2022 second module—>9.5 fb-1;

e Target mass: 128.6 kg;
o - 1.7% of data collected to date.

Selection criteria:
Vertex reconstruction:

* Ntrack 2 5

* Ntrack(tane S 0.1) 2 4

Lepton requirements:
* Ec or py, >200GeV

* tanB. or tanB, > 0.005
Back-to-back topology: A¢p > 90°

> >
€ ,gL FASER Simulation € ,g_ FASER Simulation
S | S |
o [ Ve o [ *Vu
0.6_— —I—Ve 0.6_— —l—\lu
0.4 , $ 0.4 ——
_ $ # 1 _ — :
U | + 0.2
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500 1000 1500 2000 2500 500 1000 1500 2000 2500
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@)
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N
o

N
o
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o
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o

emulsion film

Background model

tungsten plate (1.1 mm)

W
o

L AdSer

u MC (neutral hadron interactions)

Data except for v candidates

A

o

- —|—_|_
T B |V e
6 8 10 12 14 16
N tracks

N events
@)
o

30

FASERy detector. 730 films

plastic base
(210 pm)

emulsion layers (65 pm)

o))
o

20F

10F

L AdSER

_— MC (neutral hadron interactions)

Data except for v candidates

ot

Hhth,,

10°
[GeV]

10?

hlghest
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W

rd3cr rd3ci

— MC (v, CC) — MC (v, CC)
— Data (v, CC) — Data (v, CC)

N events

U, events

® E.=1.5TeV, highest v, measured
® VIC normalized to number of observed events. | | L

500 1000 150 a 2\900 . 0.1 0.15 % 200 400 600 800 1000
plep[ © ] tand P [GeV]

all tracks

all tracks

Side View 9 Beam View FﬂSiﬂ
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FASEA LASER LA3EA

— MC (Vu CC) — MC (V“ CC) - — MC (Vp CC)
— Data (VM CC) — Data (V“ CC) — Data (Vp CC)

Izﬂ events

N events

® p, =360 GeV.
® MC normalized to number of observed events.

500 1000 1500 2000 | . | 200 400 600 800 1000
P, [GeV] o [GeV]

all tracks all tracks

Side View
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Results from FASERL:

v,and v, events!

e First observation of v, at the LHC!

Phys. Rev. Lett. 133, 021802 (2024)

Interaction Expected Expected Observed Significance
background signal

v, CC 0.0251901% | 11-3.3 4 5.20

v, CC 0.22%307 6.5—12.4 8 5.70

® First neutrino cross-section measurement in the TeV range!

® [arge uncertainty from neutrino flux
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.021802

Beyond the Standard Model
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Da rk PhOton Sea rChes Analysis was blinded for E>100 GeV

events without any veto signals

VetoNu scintillator Veto scintillator Pre-shower
station (2 layers) station (3 layers) Magnets scintillator station
| IIiT / ! l I (2 Iayers)i
/ — ]
B ______ A ________ <Nl _______ —_— _© ————000
e~ ~—>—000— <
| BN —— /] Calorimeter
FASERv tungsten/emulsion Decay Volume  jying? T T
detector scintillator Tracking spectrometer stations
station
- Used 27.0 fb-1 obtained in 2022
\Y; - Electron-positron pair in a decay volume
T [\1 ‘J ® Signal criteria
N ® Exactly two good quality tracks with p>20 GeV inside fiducial
T~ , volume (r<95mm)
A ® No signal in any of veto scintillators (<40 pC ~ 0.5 MIP)

® Timing and preshower scintillators consistent with 22 MIPs

o .
- Dark Photon(A’): U(1) gauge-boson, Calorimeter E > 500 GeV

hidden sector particles

, , . ® Background: (2.3 + 2.3) x 10-3 events
- Dominant source is neutral pion decay

® \/eto inefficiency, neutral hadrons, large-angle muons,
neutrinos, non-collision evens
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Results Phys. Lett. B 848 (2024), 138378

Dark photon U(1)s.L gauge boson
W W Ty ‘ ! VV | N HJ v l l U | | V/ lL
S UL AL ISR A :
S rdcn - :
= L = 27.0 fb -
E dSca i
S n L=27.0fb"
— / --------- Expected Limit ( £16,,,, 90% CL):
: | ---- Expected Limit (+15,,,, 90% CL)
— Observed Limit (90% CL) —
- Relic Targetm =0.6m,, 0p=0.1 _| Observed Limit (90% CL) E
107° — = :
L 1 1 X L - . o
10 10° 10 ’
10 10
mA. [MeV] mA'B L [MeV]

® NoO events seen In unblinded signal regloi

® Based on this null results, FASER sets limits in previously unexplored parameter space!
® Probing region interesting from thermal relic target

® Also, constrained massive gauge boson from U(1)s.. model
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https://linkinghub.elsevier.com/retrieve/pii/S0370269323007128

Axion Like Particles Conf note: CERN-FASER-CONF-2024-001

Faserv

o Pre-shower
scintillator Vtett? scm3t|IIIator Magnets scintillator
station (2 layers) IFTsaﬁ"lAgn( ayers) ¢ g¢ ¢ station (2 layers)
da
el = - - - - - - — = - ———— -
l ATLASLOS ' :
Calorimeter
Faserv tungsten/emulsion detector Timing T
scintillator
station Tracking spectrometer stations
b/s  t/c/u  s/d - Used 57.7 fb obtained in 2022 and 2023

- Very collimated energetic photon pair produced
- - A high energy deposit in the EM calorimeter

JGaWw =~

S~ ® Signal criteria
a - . . .
® No signal in all 5 veto scintillators
. . . ® EM shower (> 1.5 TeV) in calorimeter

® FASER is sensitive to ALPs coupling to SU(2). e Good timing along with LHC collision

gauge bosons
® Dominant source is b(s)-flavoured hadrons ® Background negligible

decay ® Neutral hadrons, large-angle muons, non-collision / cosmics
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https://cds.cern.ch/record/2892328

Data/ MC

Results

FASER . Preshower Region/ Signal Region
— light my=140MeV, g =2 x 10"/ GeV
Preliminary charm m,=120MeV, g_  =1x 10/ GeV
77 syst.® stat.= = m, =300 MeV, 9.y =2 X 10>/ GeV
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— f
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10?
m, [MeV]

® Main background: Neutrinos produced upstream of FASER through light/charm hadron decays
® Evaluated with MC simulations and validated in different detector regions
® Expecting 0.42 + 0.38 from v CC interactions in pre-shower station

® Observed 1 event after unbinding
® Probing new parameter space of ALPs Model
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Event Display of “ALPtrino”
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» This event has a calorimeter energy of 1.6 TeV
« Shows Pre-shower deposits constant with an EM shower

« Even consistent with both being an ALP signal event or a v, background event
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Summary

104

Accelerator v Astro v

rdScr
® LHC-FASER is taking data in Run3 of LHC operation, L=9.5 b, m=128.6 kg
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~70 fb-1 collected E I s ias i shlind il R
O Providing timer physics results i AT e gt :mpmq]ugmtpu.g,g ________ mmm = :
e Firstv,, v, cross sections (with 2 % of data) ;10_ ’ L
® ALPs limits o Rt
® Dark photon limits |immememmatn (P e s o
i A T T "
Prospects Neutrino Energy E, [GeV]
® Additional 180 fb-1 to be collected in 2024. 2025 )
® Pre-shower detector upgrade in 2025 to enhance & case. 2 WWW D s
® FASER in Run4 approved ;Q 1 TR
® Discussing extended physics programs in Forward 2 = 10
Physics Facility (2031-) in HL-LHC era " -y :

2
m, [MeV] 10 T m, MeV]
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Future upgrade plan for ALPs

e Upgrade to enable 2-y physics

® enable to measure Axion Like Particles and long live particles

decaying into two photons

® current preshower to be replaced with a high-resolution silicon

pre-shower detector using monolithic pixel ASICs

® hexagonal pixels of 65 um side

Tracker stations

Tracker “backbon

Pre-shower and
backsplash stopper

Veto
station

\ AR “\V

Calorimeter

Magnets

Trigger / pre-shower
station

Planned to be ready for 2024
data taking

Charge distribution [fC]
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2-photon pairs with
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FASER preliminary
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The Forward Physics Facility FASER2

.20m

50m

50m

B Magnets

B Scintillators
Tracker stations

I Preshower

B Calorimeter

B Iron
B Muon detector

In LHC HL-era, it is expected to increase
statistics (x20 Run3, 3000 fb-1) in HL-LHC era

e.g. Expected Neutrino Flux =

Detector Number of CC Interactions
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