


rASci
T~ |ntro: The intensity frontier at the LHC @

* The LHC is the highest energy collider in the world with a very high luminosity

. Ithwa.s designed to search for heavy strongly produced new particles, and to study heavy Standard Model
physics

* Existing experiments well suited for this, and performing well

* However, given the huge number of light SM hadrons that are produced in the LHC collisions it can also
be used to study intensity frontier physics:
* Weakly coupled, light new particles (dark sector)
*  Weak coupling means very rarely produced, and long-lived
* Neutrinos produced in hadron decay
* Weak coupling means rarely interacting

e Given that the flux of light hadrons produced in the LHC collisions is very collimated around the beam
collision axis, even a small detector situated in this region can have important sensitivity to both dark
sector particles and neutrino interactions

* e.g. 1% of pions with E > 10 GeV are produced in the forward 0.000001% of the solid angle (n > 9.2)
SUSY, top, Higgs, ...




The FASER Experiment
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FASER is a new, small experiment at the LHC designed to take advatage of this and to search for new, light, long-lived particles
(LLPs), and study neutrinos. The experiment is situated ~500m from the ATLAS collision point, on the beam collision axis line-of-

sight (LOS), and started taking physics data in July 2022 with the start of LHC Run 3.

FASER is situated in an unused former injection tunnel which allows the detector to be placed on the LOS, after digging a small
trench ~50cm deep.




~L4A3ed > [ASER Physics: Dark Photons @)

Example:

 Vector portal, contains a new gauge boson, the dark photon
(A') with mass m, and €Q; couplings to SM fermions

J(J’-J
* Produced (very rarely) in meson decays, e.g., .;:fJJ
2 3 L"\
M At
B(r° = A'y) = 2¢° (1 — — ) B(r° = v7) A
m o

and also through other processes
* Travels long distances through matter without interacting,
decays to e*e", u*u for my > 2 m, other charged pairs
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» TeV energies at the LHC - huge boost, decay lengths of
~100 m are possible for viable and interesting parameters



Ld5cn Dark Photon Production @
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FASER takes advantage of the the huge number of light mesons
(% n,..) that are produced at the LHC, predominantly in the very
forward direction.

Mesons in FASER acceptance very boosted O(TeV), allows shorter
lifetimes to reach FASER before decaying.

Run-3 (0.15/ab) will produce a huge number of 1% in FASER angular
acceptance O(101°). Even with large suppression (¢2~108 — 1010 for
relevant region of parameter space) can still have very large number
of dark photons produced.

LHC can be a dark photon factory!
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. Magnets 2
Trigger / pre-shower 8
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10cm radius of active region of detector (<0.2 mrad, n > 9.2)
1.5m long decay volume
2.5m long tracking spectrometer (0.6T dipole field) 6



https://arxiv.org/abs/2207.11427

FASER

FASER was installed into 4 s ,,
TI12 in March 2021. B Sy
We ran for more than a year | : e
with cosmic data taking in

situ before, physics data

taking started in July 2022.
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FASER Operations

Detector operated very smoothly since July 2022.
Collected 97% of delivered data.
All components working as expected!

Zoom in of 1st
tracking station

Event display showing a muon traversing the full detector.

All parts of the detector performing as expected.

Run 8336
Event 1477982
2022-08-23 01:46:15
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Ld3erd - Dark Photon Search — muzosoess

Tracker Tracker Tracker Tracker

Decay volume
) -I II
Magnet Magnet Magnet

Veto Veto Timing Preshower

Calorimeter

* First FASER analysis, designed to be simple and robust (blind analysis to avoid unconscious bias)
* Using 27/fb of 2022 data
* Event selection:
* Nosignal in any of 5 veto scintillators
e 2 reconstructed tracks (extrapolate into veto scintillators)
 >500 GeV energy in calorimeter
* ~50% signal efficiency in relevant region of signal parameter space


https://arxiv.org/abs/2308.05587

Ld3erl . Dark Photon Search iz

(submitted to PLB)
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https://arxiv.org/abs/2308.05587

Ld3cd - Dark Photon Search — eiezososss

(submitted to PLB)

o

* Zero events observed
* Set limits in unconstrained regions of parameter space
* First improvement of sensitivity into the thermal relic region from weak coupling since the 1990’s
* Result also interpretted in B-L gauge boson model

w M~ W] ¢ ww \J\/w\/\/\/\J lU T Ul VA W IV \/U v Vm
o £ |
'>C—< rﬂS:ﬂ —| DM a e - 107 O T T T ]
i — & m - ]
. (@)} L _
= L=27.01fb" M - :
o ] DM e B 7
-+ p— pa PR
[} 2 rdSca
= <ov> ~ 82 7
x 1 0—4 (S ] mA’ L=27.0 fb-1 i
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Note: Preliminary result from NA62 (partially overlapping with FASER excluded region) not shown. 11


https://arxiv.org/abs/2308.05587

@f’b Axion Like Particles

* ALPs with photon-like couplings can be produced by high energy photons in the forward direction
interacting with LHC material (the TAN absorber) via the Primakoff process. “LHC as a photon beam dump”.

The ALP can then decay to 2 photons in FASER: Phys. Rev. D98 no. 5, (2018) 055021

e ALPs with W-like couplings can be produced in b hadron decays, and decay to 2 photons in FASER
* FASER sensitivity nicely fits between existing collider and fixed target

FASER L;,, = 3 ab™!
FASER L, = % fb™!
— E >20GeV -4, =20 pm
E. = 20 GeV - 8. = 300 pm
----- E, > 20 GeV - 4., = 5300 pm

—— S X Gel -4 > 1000 pm

Gaww [GeV!

Gay,=1/f, [GeV]

SeaQuest 1054

10-7LALP = Photon Dominance [
10—2 10—1 1 107! S 10
m, [GeV]
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https://arxiv.org/abs/1806.02348

L3 FASER Neutrino Results @

In addition to dark sector searches FASER has a strong neutrino programme

Observed: 153 events (expected background 0.2+/-1.8)
Selected neutrino characteristics consistent with
expectations (v, v). Selected v of high energy E>200 GeV

22 Lol EASER £=»4b"  First direct observation of collider neutrinos!
| ) —— GENIE . .
v . i .+ nenciiesens | Using electronic detector components to search for v,
1201 ! 5‘"‘379;};5,"5@5;;"‘ g charged current (CC) interaction in 1.1tonne tungsten
100 1 .EII-'|.iL' E target.
N = 3, i Expected: 151+/-40 events
" i

Extrapolated 7, [mm]
=

20

Phys. Rev. Lett. 131 no. 3, (2023) 031801

| L
-1.00 —-0.75 =050 —-0.25 000 025 050 0.75 1.00
L [GeV™] <1072

10°

10! 107 10°

|. . - ° . H
il First direct observation of electron neutrinos!

Using FASERv emulsion detector. Only 70 kg target mass
analyzed (1% of data collected). Selection requires
reconstructed electron candidate with E>200GeV.

Observed: 3 vertices (exp bkg 0.002+/-0.003)
CERN-FASER-CONF-2023-002

Highest energy selected vertex. Reconstructed electron energy 1.5 TeV.


https://arxiv.org/abs/2303.14185
https://cds.cern.ch/record/2868284
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Now to the future... @

e Studies for FASER have highlighted the broad and strong case for physics in the far forward region of the LHC collisions
* To maximally exploit this, we need to enhance the experimental capabilities in this region:
e Larger detectors:
* |Inthe transverse plane increase acceptance for particles from heavy flavour decay
* In the longitudinal plane increased target mass for neutrino experiments and decay volume length for BSM
searches
 Add new detectors with different technologies to allow different signatures to be explored
* mCPs, dark matter scattering etc...
e To realize this, we can no longer rely on the small side tunnel that “happens to be in the right place”
* No room for larger/additional experiments
e Access for detector installation very limited
* Required services missing
=> Build a dedicated facility to house several new experiments in this interesting region!

14
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< Acom dcehensive site selection study by the CE
ideal'locati .
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sample to
study site
geology.
' Looks good
for CE
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 Thesite is on CERN land in France .
*  The cavern is 65 m-long, 9 m-wide/high .{ O
Shielded from ATLAS by 200m of rock
*  Disconnected from LHC tunnel

*  Vibration, safety studies: can construct FPF

without disrupting LHC operations o
\ . Radiation studies: can work in FPF while LHC is
-y running (HL-LHC starts 2029) S

https://cds.cern.ch/record/2851822

k4

, 3 CERN. GIS
N M= SRR S



https://cds.cern.ch/record/2851822
https://arxiv.org/abs/2203.05090
https://cds.cern.ch/record/2851822/

J. Phys. G 50 (2023) 030501, 1-410

e iysics My

FPF Experiments

* At present there are 5 experiments being designed for the FPF.
* Diverse technologies optimized for particular SM and BSM topics.
* FPF covers n >5.5, experiments on LOS covern < 7.

FASER2 FASERV2 FORMOSA
magnetized spectrometer emulsion-based plastic scintillator array
for BSM searches neutrino detector for BSM searches

| 142500,

FASERv2/AdvSYD

>

FASER2 e
10m decay volume
1m transverse radius
0(10%7) r°

0(10Y7) n

0(10%*) D —mesons FLArE
0(10'3) B —mesons electronic LAr based

in FASER2 angular neutrino detector neutrino detector
acceptance in HL-LHC

16


https://arxiv.org/abs/2203.05090

e iysics My

J. Phys. G 50 (2023) 030501, 1-410

The FPF Neutrino Programme

FPF experiments FLArE, FASERv2, and AdvSND will see 10° v,, 10° v, 10* v; interactions at ~TeV energies.

Implications for
— neutrino properties
— QCD (x~10~7 — 0.1, DIS)
— astroparticle physics
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https://arxiv.org/abs/2203.05090
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The FPF BSM Pro grd FJTP;rGﬁ (zeozs> o @

* Wide variety of BSM probes: new physics in neutrino production, propagation, and interaction, FIPs, LLPs, DM
scattering, inelastic DM, and dark sectors.
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Dark Sector Searches
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» Light DM with masses at the GeV scale and
below is famously hard to detect.

« Galactic halo velocity ~ 103 ¢, so kinetic
energy ~ keV or below.

« Atthe LHC, we can produce DM at high
energies, look for the resulting DM to
scatter in FLArE, Forward Liquid Argon
Experiment, a proposed 10 to 100 tonne

LArTPC.

mesons, brem, ... -> A’ -> yx 2 ye > ye EM shower
Single-e-
ATLAS IP prompt FASERV  nitiated
o) : X o* .

‘o' A

] M é
\ %4 "*. e ~
X%
DM production DM scattering

* FLArE is powerful in the region
favored/allowed by thermal freezeout.

Dark Matter Direct Detection
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BC1: Dark Photon FASER FASER 2 !

BC1’: U(1)s.L Gauge Boson FASER FASER 2
FPF experiments would give significant new sensitivity BC2: Dark Matter _ FLArE
in all of the dark sector PBC benchmark models
BC3: Milli-Charged Particle = FORMOSA
Dark Photons, Dark Matter >VW< >WWW >WWW
& millicharged particles . My=0 o BC4: Dark Higgs Boson - FASER 2
AP >;,-,;,;-;—, g BCS: Dark Higgs with hSS - FASER 2
<
BC6-8 2 BC6: HNL with e = FASER 2
Heavy Neutral Leptons }'S;é v
BC7: HNL with p - FASER 2
BC10
EATEN NS :},; """ i»"i >—,», """ < },-,- """ % BC8: HNL with < = FASER 2
Ef:a - BC9: ALP with photon FASER FASER 2
Physics
AT A BC10: ALP with fermion FASER FASER 2

BC11: ALP with gluon FASER FASER 2 21
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Summary
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Kinetic Mixing €

-+ Expected Limit (+10,,,, 90% CL)|

Observed Limit (30% CL)

FASER Experiment \‘

* Operating since the start of LHC Run 3
* 70/fb of data recorded 0°

First search for dark photons: N
* Exclude interesting parameter space motivated by dark matter my [MeV]
» Almost background free search validates detector design/performance; bodes well for future searches with up to 10x more data in Run 3

FASER has opened the door to neutrino studies at the LHC

* First direct observation of collider muon and electron neutrinos

Forward Physics Facility (FPF)
* Maximise the physics output in the far forward region of the LHC collisions in the HL era
* Strong physics case:
* Dark sector searches
* Neutrino physics
* QCD with strong connection to astroparticle physics

Technical studies on the feasibility of the FPF
« Site investigation shows geology good for proposed civil engineering works
e Studies on muon background, radiation level, vibrations with positive results
* Design studies for the propsoed detectors ongoing...

Relic Target m_ ~0.6m,, a,=0.1



https://faser.web.cern.ch/index.php/physics/publications
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« We also thank:
— LHC for the excellent performance
— ATLAS Collaboration for providing luminosity information
— ATLAS SCT Collaboration for spare tracker modules
— ATLAS for the use of their ATHENA software framework
— LHCb Collaboration for spare ECAL modules , s v ke o ¢
— CERN FLUKA team for the background simulation M i or.imsimons ana ek Hesing o FaSER n 172
— CERN PBC and technical infrastructure groups for the excellent support
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FPF BSM Searches

o

Number of events at FASER (D)
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107"

102k

Number of % and B mesons as function of angle wrt LOS and energy (for 150/fb).
Heavier B-mesons are more spreadout around the LOS => only small fraction in

10° 10 10°* 102 107" 1Z
O

Ps[GeV]

104

103}

102}

10

1D

10~

-

102k

B-meson - Spectrum [ab/bin]
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1013
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1010
10°
10°

102 10" 1%

FASER acceptance, but FASER2 starts to get into the bulk of the distribution.
Much better sensitivity for new LLPs produced in B decays (such as Dark Higgs) at
FASER2 than FASER.

Aside: Signals from heavy flavour decay @

Dark Higgs .

101 1
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Many interesting QCD topics
to be studied at the FPF:

Nikhef-2023-909
CERN-TH.2023.1¢5

The LHC ag a Neutrino-Ion Collider

Juan M. Cruz Martines!, pax Fieg?, Tommaso Giani, peyey Krack®4, Tonj A
Tanjona thomauanjaxa“, and Juan Rojot4

"CERN, Theorctical physigy Department, OH.1211 Geneva 23, Suitzerland
* Department of Physicy gng Astronomy, University of California, Irvine, CA' 9297 754
“Department of Physics gng Astronomy, Vre Universiteit, NI, 107 gy Amsterdam
“Nikhef Theory Group, Science Park 105, 1095 x¢z Amstendam, The Netherigngs
*National Centre for Nygjean HRescarch, Pasteury 7, Warsaw, PL-02.093, pojyng

Abstract

18 Sep 2023

Proton-proton collisions af tpe LHC generate a high-intensity collimated boay of neutrinos in the foryarg
(beam) direction, characterige by energies of up to severa) TeV. The recent observagiop of LHC neutrinog
by FASERy and SNDorpc Siguals that this hitherto igngreq particle beam is now aypityp,

[ inquiry. Hero e duantify the impact that neytring deep-inelagtic scattering (DIS) tmeasurements at tho 1 rcy
7 Would have on the pargon distributions (PDFs) of protene and heavy nuclei. We genergte Projections for
& DIS structure functions for FASER» and SNDQLHC o Run 111, a5 well a5 for the FASERv2, AdvSND, ang
FLAE experiments 1o b, hosted at the proposeq Forward Physics Faciliey (FPF) operating concurrently

= with the High-Luminosigy 1,50 (HL-LHC). We determine tha, 1P to one million electron. g muon-neutring
— DIS interactions within eteoyey seeebtance can be expected by tho sy of the HL-LHC, covering 5 kinematic

arXiv:2309.09581 \%

hadron propagation

FPF

neutrino DIS at
the TeV scale

hadron
insi tation
probing intrinsic charm fragmen

strangeness
from dimuons

BFKL dynamics,
non-linear QCD, CGC

forward D-meson
production

constraints on proton &
nuclear PDFs from neutrino
structure functions

ultra small x proton structure
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Millysis By

The FPF Neutrino Programme ) @

* FPF experiments FLArE, FASERv2, and AdvSND
will see 10° v,, 10° v, 10* v, interactions at
~TeV energies.

—_ Ve + Ve interactions at FLARE
= aselin
o)
~ 4| & FF F o incl. statistical
. . — 10 Drwarrillysics Mol iy
* Implications for .;. __!“I uncertainties
— heutrino properties g kaon production .—-!"I
— QCD (x~10~7 — 0.1, DIS) = enhanced i
e |
— astroparticle physics g strangeness ;
1
[= il charm production
o - small-x gluon saturation
= =
St 1
> I
Q ==
=103 p=1
o - sterile neutrino
H s oscillations
LN .

T T.E

neutrino energy [GeV]
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e iysics My

FLArE

On-axis LArTPC neutrino and light DM
detector

1.8mx1.8mx7m, ~10 ton LAr mass

TPC module
insertion

Value

Remarks

LAr detector fiducial mass
Active dimensions
Cryostat dimensions

TPC modules/drift length

>10 tons

1.8m x 1.8m X 7m
3.5m x 3.5m x 9.6 m
3 x 7 (gap: ~30 cm)

not including cryostat
membrane type
short gap TPC

TPC height 1.8 m

Spatial resolution <1 mm in drift and tranverse dimension
Charge readout pixels pixel/wire hybrid approach possible
Trigger and light readout SiPMs/WLS-plates needed for neutrino trigger and time
Background muon rate ~1/cm?/s at luminosity 5 x 10%*/cm? /s
Neutrino event rate ~ 50/ton/fb? for all flavors of neutrinos

Hadronic calorimeter (hadmu) [~ 6 — 10\ interactions lengths

Dimensions
Muon tagger and momentum

1.8 m x 1.8 m x 1.05 m (depth)
1 Tesla magnetized Fe/scint

Fe/scint sandwich
same as the hadmu

Membrane
Cryostat

LArTPC 1.8 x 1.8 x 7.0 m3

oul1Nau nel A3 00S
paleinwis yim Jay14
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Millysis By

height [cm]

-100

Muon Flux at the FPF

Muons from ATLAS IP are the main background for most FPF signals.

FLUKA results for the LHC have been validated to ~30% in Run 3 by FASER

and SND@LHC.

FLUKA results for the HL-LHC are 0.6 Hz/cm? at LOS, much larger at some
locations ~1 m from the LOS; easy to veto for most FPF signals.
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First results
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FPF Site Investigation Works

Forword Physws Facilities (FPF)
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100m deep core:

0.0 to 5.7m: heterogeneous fill comprising
gravel, moraine and molasse rock from
former excavations, as well as concrete and

metal debris.

5.7 to 13.6m: mainly consolidated silty-clay
Wulrmian moraine.

From 13.6m: red molasse, consisting of
alternating marl, sandstone and sandy marl.
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Mass
GeV TeV
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— Weakly Intéracting Impossible to

- LightdParticles Discover
10-6 “The WIMPless Miracle”

Feng, Kumar (2008);
see also Boehm, Fayet (2003)
Pospelov, Ritz, Voloshin (2007)
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LASeR

Scintillator/Calorimeter Performance

(%)) E ! E
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LASeR

Tracker Performance

x10°
8@ [ o T T
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* Noise measured in regular calibrations, stable versus time. Corresponds to noise occupancy <5x10*

e <0.5% bad channels

* High hit efficiency 99.6+/-0.1% at nominal bias voltage of 150V
* Unbiased track hit residuals of <30um in precision coordinate after first detector alignment
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~LAEL-  Tracker Alignment

Current tracker alignment of 2 most sensitive degrees of freedom at module level:

3
LO oo T T TT T 1T { T 1T [ T 17T [ T 11 T T TT | T T 1T [ T 1T l T TTT /g ><T1T OIT { T T T ‘ T T T T T T T T T 7 T T T { T T { T T T ‘ T T T
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o SASER - = B i geometry
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Work ongoing to improve alignment with 6 DOF.
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~ Fﬂ Siﬂ) . . Phys. Rev. Lett. 131 no.3, (2023) 031801
~==<""Observation of collider neutrinos @

A huge number of high energy neutrinos traverse the FASER location.
Allows to detect neutrino interactions at a collider for the first time, using the electronic detector components (not using
the FASERv emulsion, which has a slower data processing workflow).

Search for events with no signal in veto scintillators in front of FASERv, and a reconstructed track with p>100GeV
(extrapolated track must pass through central region of front veto’s). v ?
Topology consistent with a v, charged current interaction in 1.1tonne FASERv tungsten target.

Expect 151+/-40 neutrino interactions to pass the events selection

(error envelope from generators SIBYLL/DPMIJET — no experimental uncertainties included) q X
v FASERv o o . . )
4 scintillator |IFT  Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower

station scintillator station

| . station

\l—l —l
i s i

_ Calorimeter
FASERv tungsten/emulsion detector » * Magnets & decay volume

40


https://arxiv.org/abs/2303.14185

—rdScrd . . Phys. Rev. Lett. 131 no. 3, (2023) 031801
~==="_ Observation of collider neutrinos @

A huge number of high energy neutrinos traverse the FASER location.
Allows to detect neutrino interactions at a collider for the first time, using the electronic detector components (not using
the FASERv emulsion, which has a slower data processing workflow).

Search for events with no signal in veto scintillators in front of FASERv, and a reconstructed track with p>100GeV
(extrapolated track must pass through central region of front veto’s).

Topology consistent with a v, charged current interaction in 1.1tonne FASERv tungsten target.

Expect 151+/-40 neutrino interactions to pass the events selection

(error envelope from generators SIBYLL/DPMIJET — no experimental uncertainties included)

Background studied from:
- Veto inefficiency
- measured in situ
- Neutral hadrons from upstream muon interactions
- estimated using high statistics MC samples
- Muon passing veto and scattering to pass analysis selection
- estimated using data control regions, extrapolated to signal region using MC

Total background estimate 0.2+/-1.8 events
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rdScra . . Phys. Rev. Lett. 131 no. 3, (2023) 031801
~==<"" Observation of collider neutrinos @

After unblinding, observe 153 neutrino candidates (statistical significance ~16sigma)
First direct observation of collider neutrinos.

Characterization of candidates consisent with expectation:

- Observe both neutrino/anti-neutrinos with rates consistent with expectation,

- Selected neutrinos are of high energy (>200GeV)

FASER L£L=354f" FASER L =3854-h=" FASER. =954 b
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In above plots experimental systematic uncertainties are not included on the GENIE MC histograms
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@ . . Phys. Rev. Lett. 131 no.3, (2023) 031801
Observation of collider neutrinos

Final analysis presented at Moriond 2023 Accompanied by nice APS Viewpoint article

Paper Timeline: https://physics.aps.org/articles/v16/113

Submitted: 24 March 2023 .

Accepted: 8 May 2023 . . .
Published: 19 July 2023 The Dawn of Collider Neutrino Physics

Elizabeth Worcester

PHYS | CAL R EV' EW |_ ETTE RS Brookhaven National Laboratory, Upton, New York, US

July 19,2023 - Physics 16,113
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The first observation of neutrinos produced at a particle collider opens a new field of study and offers ways to

test the limits of the standard model.

[ Featured in Physics [l Edito tion Ml Open Access
First Direct Observation of Collider Neutrinos with FASER at the
LHC

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

-
PhYSICS See Viewpoint: The Dawn of Collider Neutrino Physics

Article References No Citing Articles m HTML

> CTP A A Google Earth, imagery (c)2023 Maxar Technologies, map data (c)2023; CERN; adapted by APS/Alan Stonebraker

Figure 1: The Forward Search Experiment (FASER) is installed in a service tunnel that connects the Large
Hadron Collider (LHC) and the Super Proton Synchrotron (SPS). Proton collisions at the ATLAS
experiment’s interaction point (red star) generate beams of ne... Show more

We report the first direct observation of neutrino interactions at a particle collider experiment. Neutrino
candidate events are identified in a 13.6 TeV center-of-mass energy pp collision dataset of 35.4fb 1
using the active electronic components of the FASER detector at the Large Hadron Collider. The
candidates are required to have a track propagating through the entire length of the FASER detector
and be consistent with a muon neutrino charged-current interaction. We infer 15332 neutrino

interactions with a significance of 16 standard deviations above the background-only hypothesis. Neutrinos are among the most abundant particles in the Universe, but they rarely interact with matter: trillions pass
These events are consistent with the characteristics expected from neutrino interactions in terms of through us every second, but most of us will never have even a single one interact with the matter in our bodies.
secondary particle production and spatial distribution, and they imply the observation of both Nonetheless, scientists can study these particles using high-intensity neutrino sources and detectors that are large

neutrinos and anti-neutrinos with an incident neutrino energy of significantly above 200 GeV.

enough to overcome the rarity of neutrino interactions. In this way, neutrinos have been observed from the Sun,
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FASERv
Workflow

In Japan At CERN In Japan
Emulsfon.film Betector Exposure Disassemblin Development Full,ares
production assembling P g P readout

Off-line analysis

Kinematical Search for Vertex Track .
; tau/charm w/elD : : Alignment
analysis deayE reconstruction reconstruction

Interface tracker data

Spectrometer data

500-1000 TB/Run3

~500 TB/Run3
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\—
\Fw
—

200 um & 2- ;:
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~LEA )\ SERy expected signal rate

Expected number of CC interactions (250 fb-)

Generators FASERv

Base.d on light hadrons | heavy hadrons Ve + Ve Vy + Uy Vs + Uy
F. Kling and L. J. Nevay, ———— me—— = — e
“Forward Neutrino Fluxes at the LHC”, . - = e e
Phys. Rev. D 104, 113008 DPMJET DPMJET 5761 11813 161
EPOSLHC Pythia8 (Hard) 2521 0841 57
QGSJET Pythia8 (Soft) 1616 8018 26.8

Combination (all) 285013212 | 9636+ 35ca | 67.5F %3

Combination (w/o DPMJET) || 188015:: | 89101538 | 361373

| /
FASER simulation _{ FASER simulatio
v, CC _ Z ot - v, CC !




LASER

Neutrino production at LHC

* Production mechanism, depends on neutrino flavour, rapidity and energy
e T - vu,K—- v, (at high-energy/off-axisD - v,), D = vt

(50cmx50cm: ve + De | — 1 — A= (50cmx50cm: v, + U, | — o —|AZE (50cmx50cm: v + x| — DA

1013 - | DA¢ | 104 - K —— | DA || 1012 4
’E‘ ,,,,,
_s 1012 11013 | W=t o _iloll J
S f:_-_"f:’};;):f i
= - L T T = -
+ 11 ] 12 | 11010 = m = '
é 10 10 A0 W -

! | - gl
1010 - -:1011 J 109 A T
1( 1l0 1( 10 T T 7T 'i'oz T T 7T ‘i‘oa T "1(

Neutrino Energy [GeV]

Neutrino Energy [GeV]

Neutrino Energy [GeV]

Large differences between generators on rate of forward hadron production, especially for charm:

SIBYLL 2.3d (solid), DPMlJet 3.2017 (short dashed), EPOS-LHC (long dashed), QGSJet II-04(dotted), and Pythia 8.2 (dot-dashed)
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LASER @
Neutrino production at LHC

1.2 Neutrino flux for all flavours maximized on the
- collision axis line of sight.
1L * Muon neutrinos (mostly from pion decay) are

very collimated (~50% flux 10cm from LOS)
* Electrons neutrinos (mostluy from kaon

decay) are more spread out (~50% at 20cm)
* Tau neutrinos (from charm decay) are much

more spread out (~*50% at 50cm)

0.8
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Normalized Neutrino Interaction Rate
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Displacement from Beam Axis [cm] 4



Kinetic Mixing €

Signal Acceptance

LASer

Simulation

1072 ' ' - 107t
Dark Photon Mass my [GeV]
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arxiv:2308.05587

(submitted to PLB)

Kinetic Mixing €

Expected Number of Signal Events
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Axion Like Particles

ALPs with photon-like couplings can be produced by high energy photons in the
forward direction interacting with LHC material (the TAN absorber) via the
Primakof process. The ALP can then decay to 2 photons in FASER.

Phys. Rev. D98 no. 5, (2018) 055021

9

ALPs with W-like couplings can be produced in b hadron decays, and decay to 2
photons in FASER.

Experimentally we can not seperate 2 closely spaced high energy photons
in the FASER calorimeter. We can still carrry out ALP searches with the
current detector, but will have an irreducible background from neutrino
interactions in the calorimeter.

10-7LALP - Photon Dominance , | . We are planning to install a high granularity silicon/tungsten preshower
1072 107" 1 which will allow to separate 2 photons separated by more than 0.2mm:
ol ‘ CERN-LHCC-2022-006
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https://arxiv.org/abs/1806.02348
https://cds.cern.ch/record/2803084/

Axion Like Particles

The LHC as a Photon Beam Dump

IP TA D1 TAN D2 Intersection : Arc FASER
S - T oo - ; B — R
S P Foor b R e e . R ! >
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Phys. Rev. D98 no. 5, (2018) 055021
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rd3cn Dark Photon Search  aviv23os.0sssr

(submitted to PLB)

Systematic uncertainties on expected signal yield:

Source Value Effect on signal yield
: 0.154+(E ,,/4TeV)®
Signal Generator A : 15-65% (15-45%
& 1+(E ,/ /4TeV)® ( )
Luminosity 2.2% 2.2%
- 2
MC Statistics VDO W 1-3% (1-2%)
Track Momentum Scale 5% < 0.5%
Track Momentum Resolution 5% < 0.5%
Single Track Efficiency 3% 3%
Two-track Efficiency 7% ™%
Calo E scale 6% 0-8% (< 1%)
m=50 MeV, e=3-10">
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