First Results from FASER at the LHC

XVIth Quark Confinement and the Hadron Spectrum (QCHSC2024)

Daiki Hayakawa (Chiba University) on behalf of the FASER collaboration
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v, interacting spectrum, ®xE/GeV (a.u.)

Introduction

The existing collider detectors (e.g. ATLAS) were designed to find strongly interacting heavy particles
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Energetic light particles are
produced in the far-forward
direction
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Weekly interacting light particles (BSM) search

, HE THERMAL RELIC LANDSCAPE

Mass

WIMPs and other
HeavydParticles

Already
Discovered

Dark Sectorsfand other
LightfParticles

FASER

Impossible to
Discover

There is a rich and unexplored physics program in the far forward direction!



The FASER Experiment

charged particles (p<7 TeV) @ ~5 m
forward jets X aC ) |
------- rTeuFin?, cTérk_pF\?)tc;\ — — > FASER
LHC magnets < T A
p-p collision at IP 480 m ~100 m of rock $§°
of ATLAS < s A

o Large Hadron Collider (LHC): 27 km ring collider, 13.6 TeV proton-proton collisions
o Energetic particles (m, K, D, etc) produced in the far-forward direction of the collisions

« FASER(ForwArd Search ExpeRiment) is a new experiment at the LHC
to search for long-lived BSM particles (dark photon, axion-like-particles)
and study TeV neutrinos



FASER at T112 Tunnel




JINST 19 (2024), P05066

FASER Detector

on the beam collision axis Front Scintillator
Radius: ~10 cm 2.5m long tracker (96 ATLAS SCTs) veto system
Length: ~7 m Tracking spectrometer stations

Scintillator SO o AW ,
veto system -

v . 11 ‘V
0 o
- ’ g
- Y Fu
L ‘ ' f

FASERY emulsion

4 LHCb calorimeter modules

Electromagnetic
Calorimeter

Interface

Tracker (IFT) detector
f s Trigger / timing t y 1 ton
\ - scintillator station
: Magnets z AN
Trigger / pre-shower . : o N
scintillator system 0.6T air-core permanent dipole . X

Scintillators for veto, trigger, and
preshower (particle ID)


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

FASERYV




Phys. Rev. D 110, 012009

FASERvV Expected Number of Interactions
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Generators FASERv at Run 3
licht hadrons | charm hadrons || v, + 77 Vy+ 7, | Vs + 1
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QGSJET 2.04 — 1181 8126 -
PYTHIAforward — 1008 7418 -
- POWHEG Max 1405 1373 76
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e ~10,000 v interactions expected in
LHC Run 3 (2022-2025)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009

Emulsion Detector

Microscopic view Double sided emulsion coating Emulsion film coating system

. - \ ; \ emulsion ! ~65 iLm
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~210 um

~65 uUm

e 200 nm diameter silver halide crystals dispersed in gelatin

Produced gel and film
e O(100) nm position resolution can be achieved at Nagoya University



FASERvV Neutrino Detector

e Emulsion-based detector o Vv flavortagging with topological/kinematical informations
- 730 X [tungsten (1.1 mm thickness) + emulsion film] o
| | A l’l' S T _~—--
- 250 mm X 300 mm, 1 m long, 1.1 tons (220 Xo) Vel? TS V> ———— . V7> ‘4
- Install (exchange) emulsions 3 times a year Aok

Emulsion film Tungsten plate (1.1 mm)

Veto scintillator (2 layer)

o Global reconstruction with FASER spectrometer

e Muon charge identification (v,) 9



FASERvV Emulsion Detector

CERN

TRATEER '
'l . =
o

CCCCCCCCC

" HTS-1 at Nagoya
Film production ™= Assembly ™= Exposure ™= Disassembling === Development—> Readout

Offline analysis

Physics analysis 4- Kinematical ™= \/ertex reconstruction ™= Track reconstruction

= Alignment

* analysis,
%0-8#“5“ .. FASERv L : -..<
3 , e epton ID,
% O4m::""“*"+i+%+; etC
’ 0.2} | :;
102 10° 10* = —
E [GeV]
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First detection of ve and v, with FASERv detector

o Dataset for current analysis:

'w?‘ r iy \w"ﬂs “!l SRR - fho1 i
’u? ﬂ“’ﬁﬂ”,“l’““;} \\\m\s‘ \ - 9.510-11n 2022 run
pib (ko I w“ Mﬁu IRDIL\MRIER L - ~1.7% of data collected so far

- Analyzed target mass of 128.6 kg

-
L Wv b gwﬁl 0y

----------------------------------------------------

zone/ §§ zone8
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zoneb ;; zoneb
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Analyzed vol 398 fil % :
nalyzed volume, ms I 30 cm
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plastic base
(210 pln) zonel & zone?2
tungsten plate (1.1 mm) \ Vs :
'™\ F221 20-191

emulsion film emulsion layers (65 ym) IS e



N tracks

Detector Performance
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~300 nm position resolution

Angular spread of peaks
~ 0.4 mrad

Position deviation
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Performance of Energy/Momentum Measurement

Electron energy measurement
e Searching for track segments in a cylinder of
radius 100 um around the EM shower axis

Muon momentum measurement
e Calculate muon momentum based on
multiple Coulomb scattering using 100 plates
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Efficiency
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First detection of ve and v, with FASERv detector

Background control

Selection
[ %)
| FASER Simulation S 08
- '6 L
[ Ve E I
— +Ve 0.6
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500 1000 1500 _ 2000 _ 2500
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o Vertex reconstruction: (Ntrack = 5,
Ntrack(tane S0.1)24)

e Ecorp,>200 GeV

e tanO. ortan0,>0.005

° (I)>90°

»n 60r pp—— o»n 60 pp———
[ FASER Simulation S ¢ N \:‘7%17’ S O \:‘7%17’
[ v, L Fp—e et IR S
- =V, 40 405__|_
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E, [GeV] N tracks P ignest LCEV]
e« The modeling of neutral-hadron
backgrounds are validated using data
Expected Expected .
P p Observed | Significance
background signal
veCC |0.025+0015 9010 1.1-3.3 4 .20
v uCC | 0.22+009,07 | 6.5-12.4 8 5.70 14




Neutrino Characteristic

Electron
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o Kinematics of observed v interactions are in good agreement with MC

e Vinteractions at TeV range
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Phys. Rev. Lett. 133, 021802 (2024)

First cross section measurement at TeV energies
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e First measurement of ve, vyinteraction cross section at the LHC with emulsion detector

e Large uncertainty from neutrino flux
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https://doi.org/10.1103/PhysRevLett.133.021802
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Phys. Rev. Lett. 131 (2024), 031801

‘“Electronic’” Neutrino search

o Collision event with good data quality (35.4 fb-1, 2022 data)
e No signlal (<40 pC) e Signal (>40 pC)

FASERv | \ | |
Y IFT  Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower

scintillator - .
| station station station f scintillator station
Z \ l

FASERV tungsten/emulsion detector | | Magnets & decay volume

e Timing and pre-shower consistent with > 1MIP
o Exactly 1 good fiducial (r <95 mm) track

- p>100GeV and 6 <25 mrad

- Extrapolating to r <120 mm in front veto

Calorimeter

Background
. . - Veto inefficiency: negligible
 Expect151 X 41 events from GENIE simulation _ Neytral hadrons: 0.11+0.06 events (MC)

- Uncertainty from DPMJET vs. SIBYLL - Scattered large-angle muons: 0.08 =1.83 events

- No experimental errors (sideband)

19


https://doi.org/10.1103/PhysRevLett.131.031801

Results

FASER

140 A

120 +

100 1

Extrapolated 7 ..,, [Mmm]

T

"1, "L.
" it

80 -
[ |
60 - = =
[ | [ [ ]| | ] ..I
n 'l .F N
404 ® O =
l.-
90 - ll n " ]
0 [ | - [ |
[ | l.. [ |
[ |
0 S
10! 102 103

e Observed 153113 events

p, [GeV]

—12

- 102

# Events
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FASER L =354
150
Extrapolated track positions o« Data
------------------- ® LOS
100 7 ’ * o .
o 0® .:
50 - *
[ g ) ®e
[ ... :
O ] .. .~ N ... o *
g © S o..
~50 1 .
(] ® ...
—100 1 &
—150 I I T T T
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(151 = 41 events expected)
o Signalsignificance of 160

e First directory observation of collider neutrinos

Category Events
Signal 153
o | ;o
e | 6
"""""""""""""" v | 64014695
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Neutrino Characteristics

FASER L£=2354fh" FASER L£=354f" FASER L=354f" FASER L£=2354f"
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76 0 = F___ __ T T ! T 1 — e _— | T T T T T T T T T T ™ " +
0 20 40 60 80 < 100 10 0 5 10 15 %0 55 —1.00 —0.75 —0.50 —0.25 0.00 0.25 050 0.75 1.00 0 102 10°
_ —2
# IFT Clusters 0 [mrad] L [GeVT] x10 p, [GeV]

High occupancy in IFT Large u polar angle More v, than 7, High L momentum

o Only statistical errors are shown
e Most events at high momentum (E, > 200 GeV)
¢« Good agreement with expectations from simulation



Phys. Lett. B 848 (2024), 138378

Search for Dark Photons

VetoNu scintillator Veto scintillator Pre-shower
station (2 layers) station (3 layers) Magnets scintillator station
| IIiT \ I ! ! (2 Iayers)i
, I
B __4 ________ =Ml _______ —_— £ 000
e —>——{000—
] ] ] :
FASERv tungsten/emulsion Decay Volume TimingT 4 4 4 Calorimeter
detector scin.tillator Tracking spectrometer stations
. station V
e 27.0 fb-1 collected in 2022
o Electron-positron pairin a decay volume Tl H}I\I\r
o Selection T~ N
- 2 opposite-sign tracks
. . e Dark matter from MeV-GeV can be
- >500 GeVin calorimeter thermal relics
- Nothing in all 5 veto scintillator counters « Dark photon(A’): U(1) gauge boson,
- Something in downstream scintillators nidden sector particle
o Negligible backgrounds: (2.3 = 2.3) X103 events
22

- Veto inefficiency, neutral hadrons, large-angle muons, neutrinos, non-collision events


https://doi.org/10.1016/j.physletb.2023.138378

Search for Dark Photons

T T T 1 T _'110_4

IrdsScra _
L = 27.0 fb™

iy |

[
T

Kinetic Mixing €

—t
=
EeN
|
|

- Expected Limit o
(£1 G oy 90% CL)

= Observed Limit =

(90% CL)

— Relic Target -
my=0.6m,, 0;=0.1

10° B =

IrdScra
L =27.0 fb™

Expected Limit
(£1 Gy 90% CL)

Observed Limit
(90% CL)

A O

1 l | 1 | I I L 10—6
10 10° 10

m, [MeV]

e« No events observed
e« New limits on unexplored parameter space
o Constrained a massive gauge boson from a U(1)s.. model
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Search for ALPs

« FASER is sensitive to ALPs coupling to SU(2). gauge bosons

Conf note: CERN-FASER-CONF-2024-001

b/s t/c/u s/d

- > - Y
L“wf{ ° Tt "’M
W Y

g(LWW\ S~

~

~
a ~

e ALP decays to two photons

Faserv o Pre-shower
scintillator Vet9 scintillator scintillator
station (2 layers) |F-|-Staf.!-g n (3 layers) ¢ Magnets station (2 layers)
d
S —— = em - = — -
l ATLASLOS
Calorimeter
Faserv tungsten/emulsion detector Timing T
scintillatorT T
station Tracking spectrometer stations

e 57.7fb! collected in 2022 and 2023
o Very collimated energetic photon pair produced

- Ahigh energy deposit in the electromagnetic (EM) calorimeter

e Selection e Negligible backgrounds
- Nothingin all 5 veto counters - Neutral hadrons
- Evidence of EM shower in preshower - Large-angle muons
- >1.5TeVin calorimeter - Non-collision / cosmics

- In time with LHC collision

24


http://cds.cern.ch/record/2892328

ALPs Results
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o 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

o Observed 1 event after unblinding

e Probing new parameter space of this ALPs Model

25



Future Prospects

26



New Pre-shower Calorimeter

o Resolve di-photon events by upgraded pre-shower
calorimeter with high X-Y granularity

- Improve v BG suppression in the search for ALPs

e 6 detector planes + 2 scintillators

- Each plane: tungsten absorber + monolithic SiGe pixel sensors
e Project approved by CERN: CERN-LHCC-2022-006

o Targeting installation in December 2024
- Data taking during last year of LHC Run 3 and HL-LHC

65 um side (hexagonal)
Pixel dynamic range 0.5+ 65fC

Cluster size 0(1000) pixels
Readout time < 200 ps

Power consu ption <150 mW/cm?

Time resolution <300 ps

27


https://cds.cern.ch/record/2803084?ln=en

Forward Physics Facility (FPF) P

Q axion-like
: lepton
$ 0\“ dark particles umversallty
quirks ™ intera ctlonsjlf\/mmm“os
arXIV:2203005090 mllllcharged neutrallnos neutrino

particles s
dark nuclear
sectors FOrs
oy 0/‘%/5/0' ysics e /// el
namics |}
scattering ! Q
N intrinsic low-x §
______________ e ey |
(777 inflaton prompt fﬁ;:rir: ,
atmospheric .' 4
DM pher production | "

detection puzzie

FORMOSA

o FPF is a proposal to create a new facility ~650 m away on the LOS for HL-LHC era
o Probes topics that span multiple frontiers including QCD

e Studies proton/nuclear PDFs

- Essential input to realizing the full potential of the HL-LHC (More details in backups)

e Provides opportunities for interdisciplinary studies
- Understanding hadron production related to cosmic-ray experiments 28



FASERV2

FASERV2

40 cm x 40 cm

o 20 tons target mass emulsion neutrino detector
o Studying possibility of installing a dedicated sweeper magnet to reduce muon background

- Emulsion detector replacement: Once per a year

e ~0O(1000) expected tau neutrino interactions

- First detection of Anti-tau neutrino

29



QCD at FPF

p X
proton-proton NDOQ00QOC
scattering @ LHC
8
P X

QCD in Neutrino Production
¢ Small-x gluon & large-x charm PDFs

Juan Rojo (6th FPF workshop)

QCD in Neutrino Scattering

¢ Deep-inelastic scattering with TeV neutrinos

¢ Antiquark flavour separation & strangeness PDF

¢ Constraints on nuclear structure

¢ Cross-sections for oscillation & atmospheric v's

]!

neutrino scattering @ d
LHC forward detectors

¢ BFKL, non-linear QCD, cross-sections for UHE neutrinos

& D-meson fragmentation

¢ Forward light hadron production & cosmic ray modelling 30



https://indico.cern.ch/event/1275380/contributions/5379619/attachments/2662969/4613853/rojo-FPF6-WG1.pdf
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¢ BFKL, non-linear QCD, cross-sections for UHE neutrinos
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Momentum Fraction x

¢ Forward light hadron production & cosmic ray modelling




QCD at FPF J. Cruz-Martinez et al, “The LHC as a Neutrino-lon Collider” (2023)

strangeness PDF (FASERv2, AdvSND, and FLArE10) QCD in Neutrino Scattering
7)) -
ey ¢ Deep-inelastic scattering with TeV neutrinos
2 Q= 10°GeV? § Ant i
i ) ¢ Antiquark flavour separation & strangeness PDF
B %> Baseline (BL) ¢ Constraints on nuclear structure
<< BL+FPF, stat . iy st
1.2 H+ BL+FPF, stat+syst ¢ Cross-sections for oscillation & atmospheric v's
1
N W~
i neutrino scattering @ d
0.8 LHC forward detectors U
N YF"TE/’ )
| | llIIllI | | | .I‘l‘llll | ./§
1073 102 10~ .G

X

e Impacton proton PDFs quantitied by the Hessian protiling of PDF4LHC21 (xFitter) and by
direct inclusion in the global NNPDF4.0 fit 37



https://link.springer.com/article/10.1140/epjc/s10052-024-12665-1

Summary

o FASER is successfully taking data in the very forward region of the LHC from 2022

o Obtained physics results
- Dark photon limits
- ALPs limits
- First detection of collider neutrinos

- First ve, vy, Cross section measurements at a TeV range with emulsion detector
(2% of data collected so far)

o Pre-shower calorimeter upgrade
e Discussing extended physics programs in Forward Physics Facility in HL-LHC era
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Backups
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FASER Collaboration
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ATLAS  [FasER]

e FASER is situated inthe T112 tunnel
e Detectors were installed in 2021
o Data taking from 2022 in LHC Run3
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Film Production

Gel production

|

" ot

e Produced gel and film at Nagoya University
o Total area of 730 films: ~55 m2 per replacement

Fl

Emulsion film coating system
| | 17!

37



Module Assembly

floor, mtrdern clin ntrol «licl |
lock system |. | |

-

vacuum packed module
10 emulsion films +
10 tungsten plates

X733
modules

. Sub-module: 10 films \ tungsten plates

e Vacuum-pack to keep alignment for several months

e 10-12 days to complete 73 packs

o Apply external force (equivalent to 1 bar) to the sub-modules in the FASERvV box

33



Film Development

o Installed new development chains and drying racks at the renovated CERN darkroom facility
- Sharing the facility with other emulsion experiments: NA65/DsTau, SND@LHC, etc

e 10-12 days to complete 730 films
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Prog. Theor. Exp

Readout

. Phys. 10 (2017), 103H01

'i Computers i - | P 1Y . |
i - g ——e

| | Images
Image
Image plane sensor
Focal plane \ Objective lens
& —Emulsion layer
—
1 — Plastic base
Emulsion
UELL — Emulsion layer
V- _' ' Y ]

>

& X

HTS-1 (8

< ™= Condenser lens
A

AV

<] >

I's

Illuminator

e Transport films to Japan after development
« Readout by Hyper Track Selector-1 (HTS-1)

Field of view: 5.1 mm X 5.1 mm

- 60-80 minutes per a film

l

Processors and/or computers
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FASERvV Cross-Section Sensitivity

(150 fb-1)
1.
° Ve + Ve vy and vy | 'vr and b |

0.8 1 i}
~ I ]
Q
- 0.6- : P -
%U . I ! I _1; T | 1 Vy,
| . $$ T I — — i
@ 1 1 CDHS
=041 - DONUT T \ NQMATD . /{/ \
,L\li E/I_J__II I: .__T : : / I : T
u [ | o - DONUT

0.2 FASERv [ g FASERV

FASERv 1
102 103102 103 102 103

Neutrino Energy [GeV]

Neutrino Energy [GeV]

Neutrino Energy [GeV]

(inner error bars: statistical uncertainties, outer error bars: uncertainties from neutrino production rate)

o Three flavors neutrino cross-section measurements for unexplored energy ranges

e Neutrino energy reconstruction with resolution of 30% expected from simulation studies

41



Momentum Measurement

Coordinate method to measure momentum
(1) Calculate paositian difference s;

2

' 2

.. —————

RMS ’ 2 13.8MeV Zeoall = =
Spiane N (V'g. » Neell * Zeell '_r. + (\'(wms)

y+2nceu

Gphos - POSItion resolution

Zqeu + The thickness of one emulsion film and tungsten plate
Xc . Compound radiation length (4.57 mm, cf: X,=3.5 mm)

Haruhi Fujimori, Neutrino 2024

The test beam experiment had conducted at the H4 beamline at the SPS in August 2023
« Momentum measurement with 60-layer detector, irradiated with 300 GeV muons and

(D) 200 GeV electrons
« Compared with the result of single muon MC using p;ye

= [270, 330] GeV

HHIHHH\

HHHIIHH
L RO IHI

% Module: 10.0 x 12.5 x 8.4 cm?

rrrprrrrypyrrrgyprrregyprrn
I I | |

I

I

0

% A charged particle is deflected by MCS _
@ Plot s™5 vs.neay
5) Fi i 200 GeV e~
Zi Ziemey Zit2new 5) Fit the plot with formula (1)
\ Y A J ‘E‘ E : :
Neat  MNeell 9,5 - Ptrue = 1000 GeV, Prec = 1070 GeV
@ Shift 1 segment and calculate s; = “F Lowmomentum 300 GeV u*
(3) Calculate s®M¢ and attach error considering "
independent stats o
'S 400
B /’__“\_/",_’ ‘\\\_ B =
- = Z 350
e 300
floai =< e ‘ . e' R intercept \"g”}ms 250
Increase n,.; and repeat L~3 200
- Test reproducibility in data, by splitting long tracks into two and pl 1-100
comparing the reconstructed momentum of the two in both data | i 150
and MC. \ 100
« The uncertainty of the measurement around 200 GeV have been — :
checked to apply momentum cut to recent FASERv analysis for lizee e [ 50
removing background events | piocona 0
- Applied high purity selections to reject mis-connections et
150 < Pree *PIE < 250 GeV

1000

- = T — s, & s o
= 10':  FASed P, > 4000 GeV 3 ook La3cd . '&' & zgpFASER preliminary
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- FASER preliminary Test beam data é 3oo—FASER preliminary Test beam data
Muons 300 GeV ; Muons 300 GeV
250 Data
i Mean = 3.50 x 10~ /GeV
Data 200~ Sigma = 1.07 x 10 /GeV
Mean = 315 GeV "
RMS = 120 GeV 150 MC expectation
- Mean = 3.33 x 103 /GeV
MC expectation 100f RMS = 098 x 103 /GeV
Mean = 329 GeV B
RMS = 116 GeV _
50
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_ Center value Resolution

Test beam data 286 GeV 31%
MC expectation 300 GeV 30%
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Future Prospects
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Dark Photon

e Dark matter from MeV-GeV can be thermal relics

o Dark photon(A’): U(1) gauge boson, hidden sector particle

Produced in very rare meson decays:

2.\ ° e Mass mp
B(r" — A'y) = 2¢ (1 mf) B(r" = 77) N . .
Mo e Kinetic mixing: € (couplings to SM fermions )

Travels long distances through matter without interacting, decays to e+e- (u+pu-)

10-51° [E4 ] [100 MeV
TeV

2
L=cfry =~ (80 m) [ ] (Ear > mar > me)

€ mA/

TeV energy at the LHC: huge boost, decay lengths of ~100 m possible

Very large number of dark photons are produced. LHC can be a dark photon factory 44



Neutrino Background (ALP)
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Background Estimation (1)

Veto inefficiency Neutral hadrons
"
H “"Ve
................. L
P |

FASERvV FASERV
Veto scintillator (2 layer)
o Estimated from events with just o Expect ~300 neutral hadrons with E>100 GeV

e Negligible background expected

. ok o Estimated from 2-step MC simulations
due to very high veto efficiency

e Estimate 0.111+0.06 events "



Background Estimation (2)

FASER L =354 fp!

Sideband : 90 mm < rypr < 95 mm, # IFT Clusters < 8
---- fit: 0.2 £ 4.1 events with p, > 100 GeV

Scattered muons (geometric BG)

102 4 . I—I—I No 7., , Selection
I B S 2 WP rowo. < 120mm
\\\|\+| |
L AN i
3 :
g 10 BN e
H* o7 |
- T T :
FASERV 0 : i
. . 3x 100 4x100  6x10t 102
e Estimated from sideband
p, [GeV]

- Fit to extrapolate to higher momentum
o Calculate scaling factor using MC simulations to extrapolate to signal region
o Estimate 0.08£1.83 events (uncertainty from varying selection)

47



Event Display of “ALPtrino”
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Calorimeter energy of 1.6 TeV
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Upgraded Pre-shower Calorimeter S. Zambito LHCP2023

Upgraded
VETO Decay Volume Tracker pre-shower  Calorimeter

Signal: decays A,

into 2 fermions ---- R
(0.1-5 TeV)
bbbl b b
Upgraded
VETO  Decay Volume Tracker pre-shower  Calorimeter
Signal: decays o
into 2 photons ===--
(0.1-5 TeV)

bz hbbs

y
fine X-Y granularity, ]
high dynamic range 49
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Upgraded Pre-shower Calorimeter S. Zambito LHCP2023

Monolithic active pixel sensor
130 nm SiGe BiCMOS technology (IHP SG13G2)

S5l Discriminator SN
: + memory
control ==

=P High-resistivity (220 Q-cm) substrate, about 130 um thickness

=P Hexagonal pixels integrated as triple wells; 80 fF pixel capacitance
=» High dynamic range for charge measurement (0.5+65 fC); fast readout of many channels

Main specifications

pmos nmos

\ U BT

Pixel Size 65 um side (hexagonal)
Pixel dynamic range 0.5+ 65 fC

Cluster size O(1000) pixels
Readout time < 200 ps

Power consuption < 150 mW/cm?

Time resolution < 300 ps
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— E, > 200 GeV - 0., > 200 um
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Y
l
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Ideal detector,
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10=6 \\1“\
10°
\ma [MeV]
o Realistic efficiencies, L=90 fb-!
W Fy > 200 GeV, dyy > 200 pm
107 o .

m, [GeV]
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|mpaCt on BSM Searches at the HL-LHC  iuanRojo (LHCP2024

Higgs coupling Direct searches bp = Z — L0+ X
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https://indico.cern.ch/event/1253590/contributions/5843970/attachments/2866601/5017627/rojo-LHCP24-LHCneutrinos.pdf

Muon Puzzle
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Turning a fraction fs of forward pions
into kaons ... can solve muon puzzle!
Anchordoqui et al, JHEAp 34:19,2022

# of neutrino interactions [1/bin]

Subir Sarkar (7th FPF workshop)

There is a suggestion of this in ALICE data ...
(Enhanced production of multi-strange hadrons
in high-multiplicity proton-proton collisions,
ALICE collaboration, Nature Phys. 13:535,2017)
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This can be tested directly at the FPF
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https://indico.cern.ch/event/1358966/contributions/5806440/attachments/2809999/4904237/FPF_Physics.pdf

Prompt Neutrino

* Hadronic

intferactions
proton-proton oFk
proton-gammad
at source

* Super massive
blackhole *
accelerator
beam many light
years of
baseline

* Energy ranges *
from TeV to EeV

enith angle = 0 deg

Lu Lu (7th FPF Workshop)

Extragalactic

ASTROPHYSICAL

events
4

Iso’topically distributed

-
e N L e

Cos(zeni'&k)

A »

54


https://indico.cern.ch/event/1358966/contributions/5806509/attachments/2811543/4907430/FPF_charm_icecube_uploaded.pdf

Prom pt Neutrino Lu Lu (7th FPF Workshop)
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https://indico.cern.ch/event/1358966/contributions/5806509/attachments/2811543/4907430/FPF_charm_icecube_uploaded.pdf

