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The FASER Experiment



FASER is a new forward LHC experiment to
detect light long-lived BSM particles and
neutrinos

Located along beam axis about 480m
downstream of ATLAS IP: covers n>9

Shielded from IP by ~100m of rock



FASER Detector.

Front Scintillator
veto system
Scintillator 2 x 20 mm thick

35x30cm area
veto system
2 x 20 mm thick
30 x30 cm area

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

Electromagnetic
Calorimeter

4 LHCb Outer
ECAL modules

FASERvV emulsion

Interf
beriaRe detector

Tracker (IFT)
730 layers of 1.1 mm

Trigger / timing tungsten + emulsion
scintillator station (8 interaction lengths)
10mm thick + dual PMT

Magnets readout (o = 400 ps)

0.57 T Dipoles

1.5 m decay volume

Trigger / pre-shower
scintillator system

[The FASER Detector, arXiv:2207.11427]
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Data taking started in
summer 2022

Successfully operation
throughout 2022

Recorded 96.1% of
delivered luminosity

Analyses presented use
- 27.0/fb (dark photons)
- 35.4/fb (neutrinos)

FASER Operation
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FASER Operation.
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Figure 4: Collision event with a muon traversing FASER. Measured momentum of 21.9 GeV.The ATLAS interaction point is on the picture in the
left direction. The detected hits in the semiconductor tracker modules are shown with blue lines and the reconstructed track is shown with a red
line.
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Search for Dark Photons with FASER



Dark Photon Model

Dark photons (A’) arise in many hidden sector models
- (massive) gauge boson of a U(1)D gauge group
- weakly coupled to SM via kinetic mixing with photon

1 B
LD §m31/A’2 — eequfA'f
f

A’ phenomenology at FASER
- MeV A’ s produced mainly in meson decays

m2 ’ 3
BR(7% = vA") = 2¢ (1 —— >

m3
- FASER targets small €, where A’ has long decay length
10—5]2[34, ] [100 MeV] ?
TeV ma
- for mA'<2mu: A only decays to e+e- pair

stomBe{

€

Signal simulation
- use hadron fluxes from CRMCs as input
- A’ spectra simulated using FORESEE
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https://arxiv.org/abs/2105.07077

Dark Photon Analysis.

FASER performed a first search for dark photons: [FASER, CERN-FASER-CONF-2023-001]
- simple and robust A’° e+e- selection, optimised for discovery

- blind events with no veto signal and E(calo) > 100 GeV

- efficiency of ~40% across region sensitive to

1. Collision event with good data quality

2. No signal (< 40 pc) in any veto scintillator
3. Timing and preshower consistent with 22 MIPs

Simu’ated ’ ; )
rdsScril =25 Mey, ¢ < 3e-5) 5 ;
DR LTl r 18nal witp, E(calo) =
Simulation Preliminary =645 Gev
4. Exactly 2 good fiducial tracks 5. Calo E > 500 GeV

p>20GeVandr<95mm
Extrapolating to r < 95 mm at vetos
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https://cds.cern.ch/record/2853210

Backgrounds
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3. Neutrino interactions

- primarily coming from vicinity of timing layer

- estimated from GENIE simulation (300/ab)

- uncertainties from neutrino flux & mismodelling
- predicted events with E(calo) > 500 GeV

N=(1.8+24)x1073

4. Neutral hadrons

Backgrounds

o
X

(Scaled) Expected Events
o

I
©

0.6
0.4
0.2

%

- (e.g. Ks) from upstream muons interacting

in rock in front of FASER
- heavily suppressed since

* muon nearly always continues after interaction
* has to pass through 8 interaction lengths (FASERV)
* decay products have to leave E(calo) > 500 GeV
- estimated from lower energy events with 2/3 tracks

and different veto conditions

N=(2.2+3.1)x10*
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I ASEA . Simulation Prelim
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Results.

# of Events

# of Events

No events in unblinded signal region
Not even any with =1 fiducial track
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Results

Based on this null results, FASER sets limits in previously

unexplored parameter space!

Probing region interesting from thermal relic target.

Kinetic Mixing €

107

10°°

=

LU A AR AL

A5cr i
Preliminary =~

_ -1
_L=27.01b
""""" Expected Limit (+1 ,,, 90% CL)

Observed Limit (90% CL) -

E Existing Limits

Relic Target mX:O.GmA., 0,=0.1 —
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First Neutrino Observation with FASER



Collider Neutrinos.

The LHC produces a huge flux of TeV energy neutrinos of all three flavours in the
forward direction, mainly from 1, K and D meson decays. [De Rujula et al. (1984)]

FASER is uniquely placed to exploit this neutrino beam. The FASERv emulsion
neutrino detector was added for this purpose. [FASER, 1908.02310]

| 4
s o~ i energy ranges of
.9F 8 0.9 accelerator data E- oscillated v, measurements
' E E 08 I €<— IceCube v, ¥,
! E 80 <— SKv,7,
2 07 o 0.7 F<— OPERA v
x F EB3v = ’
20.6F 206 S 0.6F
€ E DONUT v,, ¥, W 3
©° 0.5 ; —>-05 o 0.5F
04f E53 " od E DONUT v, ¥,
A Ve . g 04
3 RASERY ° FASERv
0.3¢ Ve Spectrum (a.u.) 0.3 x03 v, spectrum (a.u.)
0.2F 02 Woo
= =]
0.1 0.1 0.1
o) S ) IS B S 0 0
10 10° 10* 10? 10° 10*
E, (GeV) E, (GeV) E, (GeV)

FASER can also detect CC vy using just the
spectrometer and veto systems!
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https://arxiv.org/abs/1908.02310

Analysis.

FASER can also detect CC vy using just the spectrometer and veto systems!
[FASER, 2303.14185]

1. Collision event with good data quality 5. Exactly 1 good fiducial (r < 95 mm) track
_ _ -p > 100 GeV and 6 < 25 mrad
2. No signal (<40 pc) in 2 front vetos - extrapolating to r < 120 mm in front veto

3. Signal (>40 pC) in other 3 scintillators
4. Timing and preshower consistent with 21 MIP

y FASERv

scintillator IFT Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower
station station station scintillator station
Z
. [

Calorimeter
FASERw tungsten/emulsion detector ' i Magnets & decay volume

expect 151 £ 41 events (using CRMC + Particle Transport + GENIE)
- uncertainty from DPMJET vs SIBYLL

- no experimental errors

- currently not trying to measure cross section
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https://arxiv.org/abs/2303.14185

Backgrounds.

1. front veto inefficiency MH ol T:k__/ﬂ ——

- muon passes i Nl ] a°
front veto undetected VR

- background found negligible due to very high veto efficiency

2. Neutral hadrons — T ll mll [ I

- simulation predicts ~300 I L] L H

neutral hadrons with E>100 Gev =~ ™"
- most accompanied by u but conservatively assume missed
- estimate fraction of these passing event selection
- most are absorbed in tungsten with no high-momentum track
- pedict N = 0.11 £ 0.06 events

[

3. Scattered muons — I | | —
- estimated using extrapolation L

from sideband region vetohle
- predict N = 0.08 + 1.83 events
- uncertainty from varying selection/extrapolation procedure



Results.

Upon unblinding find 153 events with no veto signal

First direct detection of collider neutrinos: signal significance of 160

] 3 N
il l
1] | ! g

Neutrino candidate
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Neutrino Characteristics.

. . . FASER imi — -1
candidate neutrino events match expectation eer Preliminary £=354M0
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- more v than anti-vu @ _
510t H
g
. ©
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FASERvV Neutrino Detector



FASERv.

FASERV neutrino detector in front of FASER
-25cm x 25cm x 1.3m, 1.2 ton mass
- expect 10000 neutrinos during LHC Run 3

Emulsion detectors technology

- used by CHORUS, DONUT, OPERA

- 1000 emulsion films interleaved with 1mm tungsten plates
- provide 3D image of interaction with sub-um resolution

- global reconstruction with the FASER detector possible

Emulsion film Cross-sectional view
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Highly ve-like CC Candidate Event.

vertex with 11 tracks
- 615 pym inside tungsten

e-like track from vertex
- single track for 2X0

- shower max at 7.8X0
- Be = 11 mrad to beam

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

Preliminary 7\ \
” \ \\\\ Analysis of FAESRv
/ N emulsion detector

s
100ym Beam View / \\ \\ data underway
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Connection to Astroparticle Physics



Neutrino Flux Simulation

simulation and analysis

- flux + GENIE + Geant4 + cuts
- no experimental uncertainties included at the moment

- presented analysis was not a flux measurement

So one cannot really say anything, except
that it roughly matches expectations.

- follow-up flux / cross section measurement planned

-- proton beam
n~ with 8,=150urad, E=2TeV
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1 .,,‘.1‘02 103
Neutrino Energy [GeV]

- introduced in 2105.08270

- hadrons from CRMC

generators
(SIBYLL and DPMJET)

- propagation of light hadrons
through LHC infrastructure

- hadron decays into neutrinos
(following Pythia)



https://arxiv.org/abs/2105.08270

Neutrino Flux Origin.

Neutrinos Interacting with Detector [1/bin]

103 ]

102 1

101 ]

109 1

Where do the LHC neutrinos come from?

--- DPMJET 3.2017 'FASERV: Ve+Ve] -
— SIBYLL 2.3d — | —
- — EPOSLHC

------ QGSJET 11-04
—--- Pythia8 (Hard)
—.— Pythia8 (Soft)

— A= FASERv: v + A

Neutrino Energy [GeV] Neutrino Energy [GeV]

LHC neutrinos = probe of forward particle production
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cosmic ray muon puzzle: observed excess of muons

Interacting Neutrinos [1/bin]

22+ . — R
compared to predictions from hadronic interaction models Foe T —
20 [ T
c
solutions: extensive studies suggest that an enhanced g s 18} .
forward strangeness could explain the discrepancy Qg
[Albrecht et al, 2105.06148] § & *°[ B |
-] R g
E L - ‘\\""‘ ‘‘‘‘‘‘‘‘ !
toy model: turn a fraction fs of forward pions into kaons: - Sliﬂ‘f'?’d
solves muon puzzle and testable at FASER Yty U b
[Anchordoqui, Garcia Canal, FK, Sciutto, Soriano, 2202.03095] ** & 10 2
E [EeV]
—R e oo o o 4
AT L
LT i H-
- == e T = e
10 T T o T2 LS

Neutrino Fluxes and Muon Puzzle.

104
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101 i

10°
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Neutrino Energy [GeV]

100
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https://arxiv.org/abs/2105.06148
https://arxiv.org/abs/2202.03095

do/dE [mb/GeV]

MC/Data

Predictions with Pythia

Multi-purpose MC generators can also be used to simulate forward particle production
Default version of Pythia overestimates forward photon production compared to LHCf data
Dedicated forward physics tune:

- modify modelling of beam remnant fragmentation

- tune fragmentation parameters and primordial kT to LHCf data

Parameterization of flux uncertainties using tuning variations (mainly kT).

10-3 LHCf 13 TeV: y FASERV at 13.6 TeV with 150 fb~1: v, + D,
T LHCH fs=13TeV photoh 140 | Tune/Generator
L i — fit —— Pythia: Forward Tune
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do/dprdy [ub/GeV]

Forward Charm Production.

Forward charm hadron production can, in principle, be calculated using perturbative QCD

Predictions from 5 theory groups, using using different approaches on physics modeling
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10t
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LHCb 13 TeV: Do + Do
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= ——
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b—e—sq 2<0<25
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4 6 8
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101 ]

10°

FASERvV 13 TeV: ve + Ve

SIBYLL

DPMJET )
NLO w/o kt smearing
NLO w/ kt smearing
NLO matched w/ PS
hybrid: w/o saturation
hybrid: w/ saturation
full kT

from charm

10°
Neutrino Energy [GeV]

FASER will be able to distinguish predictions that LHCb cannot.
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do/dprdy [ub/GeV]

Forward Charm Production.

Prediction using kT-factorization (hybrid approach)
[Bhattacharya, FK, Stato, Sarcevic: in progress]

LHCb 13 TeV: Do + Do FASERV 13 TeV: Ve + De

10°
~~~~~~ linear
—— saturation

—— saturation

=
o
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=
o
o

Interacting Neutrinos [1/bin]
-
o

study of gluon
saturation at low-x

4<y<4.5 (x1072) 3<y<3.5(x107))
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dominating modelling
uncertainty at the .
moment: hadronization
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Collider Neutrino Physics.

intrinsic
large x charm
PDFs: x~1

|

ultra low-x ]

PDFs: x~1077 color glass

condensate

|

TeV Energy Neutrino Interaction

neutrino DIS

charm
fragmentation

|

] at TeV scale

Forward Particle Production

color
transparency

|

hadronization
in nuclear
medium

[ strangeness ][

nuclear PDFs ]

[ shadowing

] [ EMC effect ]
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LHC Muon Measurements



Data on Muons

muon charge and energy spectrum

400 FASERv

I preliminary

300F
[ o =0.00042

200

100~

1 L 1
-0.012 -0.01 -0.008 -0.006 -0.004
tandx

FASERv: precision angular
distribution around LOS

flux modules: spatial and angular
distribution away from beam axis

‘ Fluence rate (GeV"' cm2 s*') for muons: 10 GeV threshold

:: " [ negative muons
S107E positive muons
5 -
g |
g 107 E
10° 2
100 1000 20000 3000 2000 5000
kinetic energy (GeV)
[FLUKA Simulation, 1812.09139]
[Jamie Boyd, EPES5 talk]
FASER tunnel

muon flux modules



https://arxiv.org/abs/1812.09139
https://indico.cern.ch/event/1196506/contributions/5110447/

Muon Simulation.

forward muons originate from various sources: hadron decay, secondary interactions

full simulation of particle transport through LHC needed

u* fluence averaged from 617.43 m to 618.43 m distance to IP W spectra at the entrance of FPF cavern
600 10t 102 . .
w0 7 & _[Marta Sabate Gilarte, EPFS5 talk]
. . = 2 ;
FLUKA simulation woll w I 2 RSA
5 > 10%
(by CERN EN-STI team) ¢ «o} ;8
= 101 o » 105
fluences of mu+ and mu- & = 8 %
2 g S
. L & o -6 b ¥ .
MC sample available o UE-I Tl il
o T Im<x<-0m —
g 10 om<x<1lm
00 B Sreyam ul
300 -200 -100 O 100 200 300 400 500 600 . 1075 500 1000 1500 2000 2500 3000 3500 4000 4500
horizontal axis [cm] kinetic enerav [GeV1
. FPF: Origin in Z of Muons reachinga2 x2 m?atZ =617 m
—— Sweeper
107 —+= ut
= us H H
102 . BDSIM simulation

(by Laurie Nevay)
full trajectory and event history of muons

| [FPF WP, 2203.05090] M Animation of Muon Flux Origin
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Global Z from IP1 (m)
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=
o
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https://arxiv.org/abs/2203.05090
https://www.dropbox.com/sh/5jvgq3gowjw67mf/AADAlbA5UssV-jarbPqP0vm9a?dl=0&preview=FPF-muon-flux-narrow-preliminary.mp4

The Forward Physics Facility



The Forward Physics FaC|I|ty

FASER just started operation with
beginning LHC Run 3

few 103 neutrinos

. T A
i XS { LHC

1< FASER 1 i A
E 22 ~~-’
: SPS
W
= ”/ : e
ATLAS T2 S

proposal to create a dedicated
Forward Physics Facility for the
HL-LHC

few 10° neutrinos
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FPF Experiments.

The FPF would house a suite of experiments that will greatly enhance the LHC'’s
physics potential for BSIV physics searches, neutrino physics and QCD.

FASER2 FASERV2
magnetized spectrometer emulsion-based

for BSM searches neutrino detector

FORMOSA
plastic scintillator array
for BSM searches

stairs B D ure s FASER\ lac FASERv2/Adv;D FORMOSA . % l4D
\ / T ‘- Y “\ - II i \\ é Aump
o\ ol N‘ / f ? o = i \ ‘ = i D‘ Line of Sight
< _—“I%H d o, o 5 ne of si
SN S i T = ?=— 4
A - : ik = |-
09}‘/&@_%/ 1.3 25 N £ 8 : 1.2 4 1.2 o .6 5 23. .
L | | Y o
i y 4
e e S VAT
B Planfiew - Cavern 7
1:100
AdvSND FLArE
electronic LAr based

neutrino detector neutrino detector
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FPF Documentation.

FPF workshop series:
FPF1, FPF2, FPE3, FPF4,
FPES, EPE6 (June 8/9

FPF Paper:
2109.10905
~75 pages, ~80 authors

Snowmass Whitepaper:
2203.05090
~450 pages, ~250 authors

Recent Summary:
FPF Update

4th Forward Physics Facility Meeting

31 January 2022 to 1 February 2022

Europe/Zurich timezone Q
Overview
Call for Abstracts Starts 31 Jan 2022, 16:00 There are no materials yet. 2
Ends 1 Feb 2022, 21:00
Timetable

Contribution List

The Forward Physics Facility (FPF) project is moving forward!

My Conference

L My Contributions

Atthe ath Forward Physics Facility Meeting we will discuss the facility, experiments, and physics goals of the

proposed FPF at the HL-LHC. The meeting takes place just before the completion of the FPF Snowmass White
Book of Abstracts Paper and will provide an opportunity to summarize the current status of the White Paper and the final steps in its
preparation. The whole event will be held online.

Registration

The Zoom links are:

Participant List Plenary. sessions (hoth Mondav and Tuesdav): https://uci.zoom.us/j/91591021575

The Forward Physics Faci

ity
Sites, Experiments, and Physics Potcntlal

uive zoom.us
3QnRzT]lpdz09
$i//uiowa z0om.us/}/94645515841

Luis A. Anchordoqui,}+* Akitaka Atiga3 Tomoko Ariga. Weidong Bai? Kineso Balazs® 0om.us/}/97280888150

Brian Batell.” Jamic Boyd,® Joseph Bramante,® Adrian Carmon:
Francesco G. Celiberto, 212 Grigorios Chachamis, " Matthew Citre
Albert de Rocek, Hans Dembinski,’® Peter B. Denton,® Antor
Milind V. Diwan 2 Liam Dougherty,2* Herbi K. Drciner.22 Yong
Yasaman Farzan,2® Jonathan .. Feng, 21 Max Fieg,2® Patricl
Foroughi-Abari 2 Alexander Fricdland ?* Michacl Fucilla, 3
Maria Vittoria Garzelli,**# Francesco Giuli,* Victor P. Gonea |
Francis Halson T Juan Carlos Helo % Christopher S. Tilé|
Ameen Tsmail, 2 Sudip Jana,® Yu Seon Jeong," Krzysztof Jo
Kumar® Kevin J. Kelly, Felix Kling,4"-5 Rafal Maciula,
Abrabam 4 Julien Manshanden.® Josh McFayden® Mohammed
Pavel M. Nadolsky, " * Nobnchika Okada, 5" John Oshorne® Hic
Pandoy,?46:* Alessandro Papa,®3 Digesh Raut,® Mary Hall Ri|
Adam Ritz® Juan Rojo"® Tna Sarcevic,":* Christiane Scherb
Tor

Holger Schulz,” Dipan Sengupta,® Torbjirn Sjsstrand o'+
Anna Stasto."? Antoni Szeznrck,® Zahra Tabrizi 5 Schastia
Yu-Dai Tsai, 24 Douglas Tuckler,% Martin W. Winkler % Kepin |

The Forward Physics Facility (FPF) is a proposal Lo create a
infrastructue to support a suite of far-forward experiments at 1|
during the High Luminosity era. Located along the beam collis
the interaction point by at least, 100 m of concrete and rock, the k|
that will detect particles outside the acceptance of the existing I
will observe rare and exotic processes in an extremely low-backgy
work, we summarizo the current stetus of plans for the FPF, it
civil engineering in identifying promising sites for the FPF: the 1
envisioned to realize the FPIs physics potential: and the many
physics topics that will be advanced by the FPF, including searc
probes of dark matter and dark scctors, high-statistics studies of |
flavors, aspects of perturbative and non-perturbative QCD, anc
physics.

— \

Submitted to the US Community Study
on the Future of Particle Physics (Snowmass 2021)

overrilysics Mzl

The Forward Physics Facility
at the High-Luminosity LHC

igh energy collisions at the High-Lnminosity Large Hadron Collider (LHC) produce o large
mimber of paticles along the beam collision axis, ontside of the acceptance of existing L
periments. The proposed ooy Physics Facility (FPF), to be located several hundred meters
from an LHC interaction point and shielded by coucrete and rock, will Lost a suite of experiments
to probe standard model processes and search for physics beyond the standard model (BSM). Tn
his report, we review the status of the civil engineering plans and the experiments to explore
the diverse physics signals that can be wniquely probed in the forward region. FPF experiments
will be sensitive to a broad range of BSM physics throngh searches for new particle

docay siguatures and deviations from standard model cxpectations in high statistics
TeV ueutrinos in this low-background enviroument. High statistics neutrino detection wil trace
back to fundamental topics in perturbative and non-perturbative QCD and i weak interactions
Experiments at the FPF will enable synergies between forward partiele production at the LHC and
astroparticle physics to be exploited. We report here on these physics topics, on infrastructure.
detector and simulation studies, and on future directions to realize the FPF's physics potential
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https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://indico.cern.ch/event/1196506/
https://indico.cern.ch/event/1275380/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090
https://pbc.web.cern.ch/sites/default/files/2023-04/FPFSummary_final.pdf

FPF Facility.

site selection completed: several sites considered by the
CERN civil engineering team preferred location on CERN
land in France, 620-685 m west of the ATLAS IP

65 m-long, 8 m-wide cavern:
10 m from the LHC and disconnected from it

preliminary (class 4) cost estimate:
25 MCHF (CE) + 13 MCHF (services)

site investigation study was performed
(take core at the FPF site)

: i
| —
+365.98 1.25% r —_i_ ! 7T*3€5.|7




FPF Timeline.

radiation protection studies indicate that there is no danger from
working in the FPF while the LHC is running

vibration studies indicate that construction of the FPF, installation of services,
experiments, will not interfere with LHC operations

envisioned timeline presented at Chamonix (Jan 2022)

2026 2027 2028 2029 2030 2031
J|F J|J|AISIOND|] F J|JJAISIOND|] |F| J|JJAISOND}J|FMAM J ] AISIONID ) [FiMAMI ) |3 ]AlsloINIDI 3 [FIMAM 3] 3]alsloINIDI 3 [FIMIA
Long Shutdown 3 (LS3) Run4
Pure CE works Installation  Installation, Physics
Construction of experiments of services commissioning

by CERN  of experiments
teams



FPF Neutrino Fluxes

Detector Number of CC Interactions

Name | Mass | Coverage |Luminosity VetVe | vty | vt

FASERv | 1 ton n > 8.5 150 fb~1 [[ 901 / 3.4k | 4.7k / 7.1k | 15/ 97

SNDQLHC | 800kg | 7<n <85 | 150 b1 | 137 /395 | 790 / 1.0k | 7.6 / 18.6

FASER»2 |20 tons| 7 >85 3ab-! |[[178k / 668k |943k / 1.4M|2.3k / 20k

FLATE |10 tons| 7 2>7.5 3ab 1 || 36k / 113k | 203k / 268k | 1.5k / 4k

AdvSND |2tons |7.2<n<92| 3ab ! | 65k /20k | 41k / 53k | 190 / 754

The FPF experiments will detect millions of neutrinos.
This will provide the necessary statistics for precision studies.



FPF: Physics Summary.
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Summary

FASER is a dedicated experiment to
search for light LLPs and detect
high energy neutrinos at the LHC.

FASER has recently observed the collider
neutrinos for the first time!

Broad physics potential associated with
collider neutrinos.

The FPF is proposed to continue this
program during the HL LHC era and
significantly extent the LHC'’s physics
programme.

For questions and comments,
please contact me via
felix.kling@desy.de



mailto:felix.kling@desy.de

Backup



Collider Neutrino Physics.

Momentum Transfer Q [GeV]

103

102 i

101 .

107 10-° 107> 10_4 1073 10-2 107! 10°

Momentum Fraction x



FASER Detector

FASER main detector

LOI: 1811.10243
FASERV TP: 1812.09139
neutrino detector

LOI: 1908.02310
1P: 2001.03073

o

2m long
spectrometer

|.5 m long
decay volume

3 tracking stations

\ 0.6T permanent
magnets 1m
< >

scintillators interface tracker
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https://arxiv.org/abs/1908.02310
https://arxiv.org/abs/2001.03073
https://arxiv.org/abs/1811.10243
https://arxiv.org/abs/1812.09139

FASER Construction.

A snapshot

The challenge: Short time scale!

Concept born

ForwArd Search ExpeRiment at the LHC Civil engineering (2019)

Jonathan L. Feng,"" Iftah Galon,"" Felix Kling,"* and Sebastian Trojanowski'>*
'Department qf Physics and Astronomy, University of California, Irvine, California 926974575, USA
“National Centre for Nuclear Research, Hoza 69, 00-681 Warsaw, Poland

23

Dry assembly above surface (end 2020)

®  (Received 13 October 2017; published 5 February 2018)

| S | Tm . IR
Installation in tunnel (March 2021)

pelay due to cOVID-19
pandemic

FASER approved March
FASER installed

Trigger Rate (Hz) |
Veto scintillator station 35

Timing scintillator station 10

Cosmic- Ray stand: Pre-shower scintillator station 0.25

P . 2021 Calorimeter 0.25
FASER Scintillators + tracker planes (Summer 2020) Random 1
Total rate 15

2021 in tunnel: 125 Million cosmic ray/noise induced events collected




Long-Lived Particles.

For details on many
more models see
1811.12522 and
2203.05090.



https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/2203.05090

Neutrinos at the LHC.

NUTRINO AND MION FISICS IN THE COLLIDER MIDE OF RUTRS ACCELERATOSS ")

There is a huge flux of neutrinos in the forward
direction, mainly from 1, K and D meson decays.

§.(the) = 222 Li (2/10% om?sec)

8 65-10° (-‘Z/IO" o w_‘-n)

¢, (ss¢) =

UJ12 P

—_

200 pm

--@; =FA In 2018, the FASER collaboration placed ~30 kg pilot
emulsion detectors in TI18 for a few weeks.
i f

First neutrino interaction candidates were reporied.
-




Neutrinos at the LHC

FASER Pilot Detector

suitcase-size, 4 weeks
$0 (recycled parts)

6 neutrino candidates

all previous collider detectors
building-size, decades ~$1B
0 neutrino candidates



emulsion detectors allow for]
neutrino search via neutral vertices
lepton flavour identification
energ/measuremeﬂt vialMCS

low energy particle

example: tau neutrino event in OPERA




(InA)

“£——— exp. error

IIIIIIII\‘

Based on Kampert & Unger, Astropart. Phys. 35 (2012) 660

Application in Astroparticle Physics.

forward charm production at the LHC

!

constraints on prompt atmospheric
neutrino flux at lceCube

KASCADE, IceCube, TUNKA Pierre Auger, Telescope Array

data (Nw)

IIII|III

LHC LHC
pO@10 TeV. pp@14 TeV

E [eV]

z

~<— exp. error

T
[

10" 10'® 10" 10" 10" 10%°

10—4 1 1 1
mmm Conv. atmospheric v, + 7, (best-fit)

10-5 mmm Prompt atmospheric v, + 7, (flux limit) B
mm Astrophysical v, + 7, (best-fit)
+++ HESE unfolding: PoS(ICRC2015)1081

transition region

“®,.5/CeViem s sr!
—
<
8

2
v

H
9

cosmic ray muon puzzle:
observed excess of muons compared to hadronic
interaction models

forward pion/kaons fluxes will provide
crucial input
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FPF: BSM Physics.

production

_v\ FASER2 B TRrrem

"FASERv2

~..\:“‘_~:.[‘-'orward..bhygics Facility

production oscillation self-interactio




FPF: BSM Physics.

If mA'=0: X is effectively milli-charged with Q=gee — search for minimum ionizing
particle with very small dE/dx

MilliQan was proposed as dedicated LHC experiment to search for MCPs near CMS

But it was noted that sigal flux is ~100 times larger in forward direction.

10° ]
For details see |1 ep  |MS
: MicroBooNE o
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- 0.4% DM
milliQan detector: 1607.04669 ( ) =
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https://arxiv.org/abs/1607.04669
https://arxiv.org/abs/2010.07941

