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LASER

Introduction

* FASER is a new experiment:
* Installed into the LHC complex during LS2
e First data taking in July 2022 at the start of Run 3
* Designed to search for weakly interacting, light new particles and to study high energy neutrinos of all flavours
* Last reportin the LHCC Open session in November 2022: https://indico.cern.ch/event/1219913/
e Reporting on first operational experience and detector performance
e This talk will focus on the first physics results released during 2023:
e Search for dark photons
* First direct observation of collider neutrinos
* First observation of electron neutrinos at the LHC with the
FASERv sub-detector
* While also briefly covering:
* Detector operations and performance
e Upgrade plans
* Long term future plans (the Forward Physics Facility)



https://indico.cern.ch/event/1219913/
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Light LLPs/Neutrinos

LHC magnets

0

100 m of rock

F_____Mf_%

FASERv: 730 layers of 1.1mm thick tungsten
plates and emulsion films

- 1.1tonne target mass
Tracking using spare ATLAS SCT silicon strip
modules

- 80um strip pitch
Main detector volume in 0.6T dipole field
Calorimeter uses 4 LHCb outer ECAL modules
Trigger on signal in pairs of scintillators or
energy in calorimeter

- Maximum trigger rate O(1.5kHz)

dominated by muons from IP

Electromagnetic

Calorimeter

\\e\

g
=
S
5
()

Tracking spectrometer stations

Trigger / pre-shower
scintillator system

Magnets

arxiv: 2207.11427

e FASERV FASER

9

Front Scintillator
veto system

Scintillator
veto system

Interface
Tracker (IFT)

Trigger / timing
scintillator station

FASERv emulsion
detector


https://arxiv.org/abs/2207.11427

LASER
FASER Operations
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LASER
FASERv Operations

* FASERVv is a passive detector, that records signals from all traversing charged particles
while it is installed

* Needs to be replaced every ~25/fb to keep the detector occupancy at an acceptable
level for analysis - ((10°) tracks/cm?

e Typically exchange during LHC Technical Stops

* Heavy workflow:
* New detector assembled in dark room before exchange (~2 weeks)
* Removed detector needs to be developed in dark room (~2 weeks)

* Detector exchange <4hrs
* Thanks to well developed procedure with CERN EN-HE and RP teams

e Dark room activities well coordinated with SND@LHC and DsTau experiments
* Thanks to CERN EP department for support renovating the dark room facility
2023 schedule (updated on Aug 9)
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Scintillator/Calorimeter Performance
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LASeR

Tracker Performance
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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



FASEA > Dark Photon Search — mmosss )

- Y

Energy measurement Tracking Decay volume Scintillator veto
DM ) e
e FASER designed to search for light, weakly coupled dark photons w
* Region of parameter space where dark photon can act as dark matter mediator yielding observed relic density st o
e Assuming standard thermal evolution of universe 5
* Dark photon produced in light meson decay (primarily n°), and with large, O(TeV), boost along the beam direction <gp> ~ 82
ma,

* First FASER analysis, designed to be simple and robust (blind analysis to avoid unconscious bias)
* Using 27/fb of 2022 data
* First 10/fb of 2022 data taken without calorimeter optical filters installed — signals saturate for high energy deposits
* Event selection:
* Nosignal in any of 5 veto scintillators
* 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

rd3cd . Dark Photon Search — assosss

(submitted to PLB)

Studied backgrounds from: o P e e e

* Scintillator inefficiencies g 165 <FASER . Simulation

* Measured in data § 1.4f— L=27.0fb" _f

* Neutral hadrons produced by upstream muon interactions % oF E

* Measured using data control regions with different £ — GENIEMC E

requirements on veto scintillators and number of n .

reconstructed tracks 08 N s = 16 % 10° E

* Neutrino interactions inside main detector volume 0.6/~ -

* Estimated using high statistics MC sample (10%x dataset) 04l =

¢ Dominant background 0_25_ — E

* Non-collision backgrounds - L .
* Studied using events without colliding bunch in IP1 00 o emo - oo0 7200 7400

Calorimeter EM energy [GeV]

Background | Central Value Error (%)
Veto inefficiency - -
Non-collision -

Neutral hadrons 0.8 x107? 1.2 x107° (140%)
Neutrinos 1.5 x107° 2.0 x107° (130%)
Total 2.3 x10~° 2.3 x10~° (100%)

Detector design and excellent performance leads to an essentially background free analysis


https://arxiv.org/abs/2308.05587

FASEA > Dark Photon Search — mmosss <)

* 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
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Note: Preliminary result from NA62 (partially overlapping with FASER excluded region) not shown. 10
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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
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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

12


https://arxiv.org/abs/2303.14185

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)
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In above plots experimental systematic uncertainties are not included on the GENIE MC histograms


https://arxiv.org/abs/2303.14185

@ . . 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

Highlights Recent Accepted Collections Authors Referees Search Press About

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,

14
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@ . . CERN-FASER-CONF-2023-002
First FASERvV Physics @

e First public result using FASERv emulsion detector
* Emulsion processing workflow slow, only use a subset of the full detector for this first result
» Search for neutrino interaction vertices in 150 plates (105 further plates for following down tracks for momentum

measurement and muon ID). Only considering 1/3 of area of each plate, closest to LOS.
* 68 kg target mass used (6% of total target)
* Use 2" FASERv box from 2022, exposed to 9.5/fb of data.
* Expect29.4+5.0(v,)and 11.8 +7.5 (v,) charged current neutrino interactions in target volume before selections
* Average from SIBYLL/DPMJET generators, error is envelope v ?
e Background from Neutral Hadrons, much lower momentum than neutrino signal
» Select vertices with associated lepton candidate (e or p) with E>200 GeV

2108 -
Scanned volume (255 films) (this time) § =] FASER F.’rellmlnary
| o [ Simulation
[ | =
102

EASERY - — neutral hadrons

Vv —» - 730 films and 10 — YV,

tungsten plates g — YV

\—Y—J

Target volume for the first analysis N
(150 tungsten plates) 1071k

C1 11 1 | I |
0 500

1 | | | 1 Ll L 1 L 1 | L | 1
1000 1500 2000 2500 3000
Energy (GeV) 15



https://cds.cern.ch/record/2868284

@ CERN-FASER-CONF-2023-002
First FASERvV Physics

Track resolution measured in data ~0.3um Electron ID and energy measurement.

A

2 c000” FASER Reconstruct EM shower in thin cone.
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@ . . CERN-FASER-CONF-2023-002
First FASERvV Physics @

Background estimated from MC. Modelling of neutral hadron vertex quantities validated using data at lower energy
(before lepton requirement). Expected background:

Background v, CC v, CC
Neutral-hadron interactions | 0.32 £ 0.15 (stat.) £+ 0.16 (syst.) 0.002 £ 0.002 (stat.) 4 0.002 (syst.)
NC neutrino interactions 0.19 £+ 0.15 -
Total 091 == (.24 0.002 = 0.003
Observe 3 v, vertices (5sigma), and 4 v, vertices (2.5sigma). Expect 0.6-5.2 (v, CC) and 3.0-8.6 (v, CC) passing selection.
3: FASER Prelimi 3: FAAER Prelimi 3: FASER Prelimi 3: FASER Prelimi
25; S| re |m|nary_ MC (Ve CC) 25; reliminary 25;_ reliminary 25;_ S| reliminary
2— — Data (v, CC) 2— - 2— 2— -
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: : z 5 T
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CERN-FASER-CONF-2023-002

First FASERvV Physics i

One of selected v, vertices:

FASER Preliminary ... FASER Preliminary

Reconstructed electron energy — 1.5 TeV, highest ever recorded electron neutrino interaction from an artificial source!
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LASER

P res h ower U pg 3 d e CERN-LHCC-2022-006 @

* .(:urrent FASER prEShower adds Some IongItUdlnaI VETO Decay Volume Tracker prgfjs:l:?\::er Calorimeter
information on EM shower development, but no
information in transverse plane

* For new particles decaying to 2 Ehotons (such as ALPs) ! LEIL
want to be able to reconstruct the 2 photons separately I
to control background (v interactions in the calorimeter) Upgraded

VETO Decay Volume Tracker preshower Calorimeter

* In FASER context, high energy photons with very small spatial o I @
Y

separation (due to low mass and large boost of mother
particle)

Y

* Ongoing project to upgrade the preshower to high SLATLL
resolution si icon-pixeF/ tungsten detector
* Designed to be able to identify showers separated by 0.2mm
* 6 layers of pixels and tungsten plates |
* 130 nm SiGe BiCMOS technology

* Hexagonal pixels with 65 um sides 104§

* Current status
* Preproduction chips available in 6/22 and tested
* Testbeam, and lab tests

* Final ASIC production launched 5/23 with delivery expected
in early 2024

* Lots of progress on mechanics, readout, integration etc..
* Plan to install into FASER during YETS 24/25

FASER L, }ah
FASER L, = % fh!
— E 200 GeV - 4 > 200 pm

ALP sensitivity in 2 photon channel
10! ' 10

m, [GeV] 19
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~LAEA-  rorward Physics Facility (FPF) ™7

FPF is proposed new facility to fully exploit the interesting physics along the LOS in the HL-LHC
New cavern and shaft, 600m from IP1

Would allow several new BSM and neutrino experiments - A
* Up to 4 orders of magnitude increase in sensitivity for many BSM searches P}’Wsics
* Increase target mass, and rapidity coverage for neutrino experiments = Be’yond

Study 0(10°) v, O(10°) v, O(10%) v, interactions at highest energies “Colliders
* Broad physics case covering QCD, neutrino physics, dark matter with stong links to astroparticle physics

Site investigation carried out in Q1 2023 — geological conditions looks good for CE works

Ve + Ve interactions at FLARE
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https://cerncourier.com/a/looking-forward-at-the-lhc/
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- -ﬂSEﬂ) https://faser.web.cern.ch/index.php/physics/publications
== Summar &
Y 2

FASER detector operating extremely well so far in Run 3

* Nearly 70/fb of data recorded with data taking efficiency of 97%
* Excellent detector performance

* First search for dark photons:
* Exclude interesting parameter space motivated by dark matter
* Almost background free search validates detector design/performance and 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 observation of collider muon neutrino interactions
* First observation of electron neutrino interactions at a collider
* Highest energy recorded neutrino events from an artificial source
* Demonstrate emulsion-based neutrino experiments can make measurents in challenging conditons at the LHC

e FASER preshower upgrade

* To beinstalled in YETS 24/25
* Will enable sensitive ALP searches

e Based on the excellent performance and smooth operations, we have started the process to request to continue
running FASER after LS3

* Longer term Forward Physics Facility proposal to fully exploit the huge physics potential in the very forward region
during the HL-LHC era

Huge thanks to everyone who has helped with FASER over the last 4 years
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I—I_‘ Swiss National
Science Foundation

« 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 ot imsimons ana wrk Hesing o FaSER n 1723
— CERN PBC and technical infrastructure groups for the excellent support
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~LDEA- £ASER Collaboration @

The FASER collaboration consists of 84 members from 24 institutions and 10 countries
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FASER

To ATLAS IP
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FASER

Event display showing a muon traversing the full detector.
All parts of the detector performing as expected.
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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

=

\—
\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

0.6

0.4

0.2

Normalized Neutrino Interaction Rate

1 10 102

Displacement from Beam Axis [cm)] .
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FASERv Background Validation

MC predicts 216 neutral hadron vertices in analyzed volume.

Observe 133 neutral vertices (not passing high energy neutrino selection).

Comparsion between data/MC shown (MC normalized to data)

30F
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Kinetic Mixing €

Signal Acceptance

LASer

Simulation

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

Acceptance for dark photon
to decay inside FASER

1074

107>

10°¢

1077

1078

10°°

10—10

Kinetic Mixing €

Dark Photon Search

E>500GeV Efficiency

1073

L ASeR

Simulation

1074
10_5§

10_6§

1077 : . ——
1072 101
Dark Photon Mass my [GeV]

Fraction of these with E>500 GeV

arxiv:2308.05587

(submitted to PLB)

Kinetic Mixing €

Expected Number of Signal Events

1073

L ASER

Simulation

10-4 L=27.0 fo~1
10-5_

10—6;

0l g

Dark Photon Mass my [GeV]

10!

100

Truth level expected number of signal
events with E>500GeV and 50% efficiency
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https://arxiv.org/abs/2308.05587

LASE

™ I | 7]
S | -yc= -
X B @/ --------- Expected Limit (+1 6,,,, 90% CL) |
= B L=27.0 fb" Observed Limit (90% CL) [
-_,L:,) = === Relic Target mx=0.6mA., 0,,=0.1 _‘
GCJ Relic Target mx=0.6mA., o=1
2 4 l:'| Relic Target m_=0.6m,, 0.01<a,<1
10 e —
-5
10
L

m,. [MeV] 2



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">
1l0 A, from meson decays I - 0.9 TTTT | TTTT | TTTT | TTTT I |||||||||||||||||||| I ||||| >
& | —— QomEr- e L o2 £
g 0.8l — ST § I _50'18§
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5 08 |5 o P ed01a
~ e/ {04 o o0 % I
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o 0o —0.08
'% 0.2 _— + Muon MC Overaly —fO_OG
=2 _'_l—l - + Data Overlay _f 0.04
_g 0.0 Baseline: EPOSLHC / FWW for pT<1GeV .= |:| A’ MC (m = 100 MeV, < = 10) —50.02
6 1 5 L . . "‘.“ Ll IJ_I_I L1 | LLl] | Ll | LIl I L1l |:0
@ ++2[ parameterisation of
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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
Q = MC in ideal geometry | | MC in ideal t _
o SASER - = B i geometry
a1 2000 L —=— dataw/ alignment g = \r@ﬂ/ —s— data w/ alignment B
— B Preliminary ] ,C_> 500 Preliminary |
g) B data w/o alignment | 5 B data w/o alignment |
1110000 — s ] T B ]
- A § L%’ 4001 ~
8000 — g *, ] B 7
= 4 MPV = 0.977 £ 0.002 - - n
S PO ' 300 .
6000 — ! _ B p=-0.21+£0.02 5
B J ’“ MPV = 1.934 + 0.045 ] B 6=289+00 i
4000— * A — 2001 w=-2.35+0.05 ]
[ ‘v - h Wiy, 1 I _
- RS D . - 6=44.0+0.1 i
[~ L o+ .". "'44' Ea 3 -4*’.4'“‘44’ -H'b % 1 L _
2000 _— - .‘ww “'l». h"’ "w# b *‘«* “ 1 OO j ol 3 = i
Ol_.'...duﬂ"‘r-‘\llllll\\‘llllll‘tl‘\\lll!‘i-... saRenenstueetysengasasl B < P :
O 05 1 15 2 25 3 35 4 45 5 % ssssnsas Ot ST . N ‘
-500 —400 —300 —200 100 0 100 200 300 400 500

Track y2/nDoF
. Residual (um)

Work ongoing to improve alignment with 6 DOF.
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FASER
= Request to keep operating FASER after LSB@

Example increase in sensitivity for FASER after Run 3:

CERN-LHCC-2022-006 2207.11427
| N ] Vi
101 1073 T T L
g S gt
| ' :
FASER L;,; = 3 ab™’ : '
—— FASER L;,, =% fb ,,' :
— E. > 20GeV -4, =200 um :__ Be|||e—|| ‘,’
10~ E. =20 GeV - 4., = 300 um 4 ~ = :’_::’—’-
----- E, > 200 GeV - §,, = 500 pm 10° 5 ‘\l_}‘iCb A's
2 === E > 20 GeV -4, = 1000 pm N
T ]
=10 34 (
S =2 1
) 1075} g
] ~,<'\
g
10 6
10" % park Ph
EDark Photon ———
10 . v - - . 2 5 E S 3 S A | 10—2 10—1
10! 1°
m, [GeV] mA' [GeV]

Large increase in sensitivity for ALP search with upgraded preshower
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https://arxiv.org/abs/2207.11427
https://cds.cern.ch/record/2803084/

QCD at the FPF

Many interesting QCD topics
to be studied at the FPF:

e i ysics GOl

hadron propagation

FPF

neutrino DIS at
the TeV scale f

hadron

probing intrinsic charm T

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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