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First detectors at the LHC
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Neutrino sources
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113005

Neutrinoenergies

Neutrino interactions in SND@LHC 290 fb-1
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arxiv: 2207.11427
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https://arxiv.org/abs/2207.11427

SND@LHC detector

Veto system
2 (2022;2023) / 3 (2024) scintillator planes
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Observations of
Collider Neutrinos



Phys. Rev. Lett. 131 no. 3, (2023) 031€

First observation of collider Neutrinos z
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Simple/robust event selection
- No signal in front veto scintillators
- Reconstructed charged particle track
- P>100GeV
- Within central region of scintillators when extrapolated to the veto

# Events
I

Backgrounds considered:
- &intillator inefficiency
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- Large angle muons that miss the veto 4 (Gev-1] e
- Neutral hadrons produced by upstream muon interactions in rock
- Basically background free Observel50 events

(expected neutino signal 151+41)
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Display ofa 11 CC candidate event at SND@LHC
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Phys. Rev. Letl.33 021802
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Electron neutrino candidate (electron energy estimated at 1.5 TeV)
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First observation of electron neutrinos produced at a collider
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https://arxiv.org/abs/2403.12520

o(E,)/E, [10738cm?GeV 1]

Phys. Rev. Let1.33 021802
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First neutrino interaction cross section measurements in this energy regime
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arXiv:2412.03186

Firstdifferential measurements

Result interpreted in 2 ways:

o(E,)/E, 1073 cm? GeV ™' nucleon™]

Assume neutrino flux, and measure cross section
Assume theoretical cross section and measure the neutrino flux
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http://arxiv.org/abs/2412.03186

StrongBSM search programme
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The Forward Physics Facility

FPF working group under CERN/PBC
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Site selection:

627m from ATLAS IP1

90m deep; 75m long; 21m wide
10m away from LHC tunnel
Shielding > 200m rock/concrete

Surface buildings




FPF: Complementary technologies

Baseline design

Complementary technologies & capabilities maximise scientific reach

Tungsten/Emulsion
High spatial resolution
for tau/charm

FASERv2

FASER2

Liquid Argon TPC
FLATE broad-purpose detector,
wide dynamic range, 10 ton

Service alcove
(Turbo-Brayton, storage,

electronics) FORMOSA
- al 3y SGA0 aLSOoi NRKiSHK "tEaaga,
Scintillator detector - i ursi Nuy
4 ton b OFt2NAYSUSNI 29t0n

~600m from ATLAS IP

Good energy containmenthigh density) high spatial resolution(for ¥
neutrinos) andlow threshold (for DM scattering)
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Scientific case

Expected datasetp 1’ ~p 11’ and~p 1’ interactions from HILHC
A x 100compared to estimates for the current program with FASTRRERnand SND@LHC

Unigue impact orHL-LHC discovery potentiaQCD astrophysics andneutrino physics

Broad program fodiscovery science or BSM physiend rare phenomena
A Searchor dark sectordecays to SM particles: dark photons, dhitigs heavy neutral
leptons, axioHike particles
A Unique sensitivityto inelastic dark matter. Decays of dark matter into lighter DM and SM
particles
A DM scatteringwith electrons or nuclei
A Millicharged particles
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scattering ; i ionization
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o(E)/E [10738 cm?/GeV]

Electron neutrino Imm
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FPF experimentbBave potential to detect:
O(10°) muon neutrinos, A(0°) electron neutrinos, Q%) tau neutrinos
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kinetic mixing €

Dark sector searches

101
inelastic dark matter LEP
ap=0.1, my, =1.05my,, ma =3m,,
== DM relic target
o
@
10?2 {o
2}

N

FASER2

10731 ,
/SHiP

| Bélle 2

5 10 15 20 25 30
DM mass my, [GeV]

Heavy inelastic dark matter
Inelasticto be above threshold to produce

magetic moment y,, [GeV~!]

1072

1073 f\

1074 4

167=

Unique FPF sensitivit

inelastic dipole dark matter
my, = 1.001m,,

BaBaR /

Nwra oS

DM relic target

FASER

FASER2

DM mass m, [GeV]

Light inelastic DM\ need energy/boost to observe

The FPF can discover a wide variety of new particlecématotbe
discovered at fixed target facilities or other LHC experiments. 24



millicharge €

Milli-charged particles and quirks
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Neutrinos as a probe ... o

color
transparency

hadronization
In nuclear
medium

[ strangeness ][ nuclear PDFs ]

[ shadowing ] [ EMCeffect]
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Enhancing HLHC discovery potential

20
Baseline ®  Baseline (PDF4LHC21)
— @ HLLHC,/s = 14 T
15k +D = ve, vy QFPF C.Vs eV A Baseline + DISQFPF (stat)
> —— DGHP24R=0_,1 (Sat.)
< w0 N NN N e DGHP24p_30 (Sﬂt.) N
LN ™~ k L
(ci 10 AW+ L r
H 5 r L
< hjj (VBF) g 2
ST
\‘6; 0 = i
S v )4 — U L i
—5F
I i
- W+Z b -
_]‘0 11 IIIIIII ’I 11 III11 HI 1 IIIIIII 11 IIIIIII | M L 1 1 1
10" 10% 107 107t 107* 107 -3 —2 —1 0 1 2
X dpato(pp — X) (%)
FPF measures thiigguon probability Improves predictions dfliggs andweak gauge
(PDFat low momentum fractions bosoncross sections at the HIHC

13/06/2025 Alan Barr, University of Oxford, WIN25



Improvingastroparticlephysics

Unique laboratory validation of O
extreme scattering processes in APP /
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scattering ; i ionization
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Status of Technical Studies and Integration

CERN beam physics graulibration/tunnel movement are
not expected to be an issue either during construction or
operation.
CERN radioprotection groupCan access cavern for trained
personnel during beam operations.
Muon backgrounds CERN fluke team, muon flux will be < 1
Hz/cm”2 in a region 1 meter around LOS. Generally
acceptable for experiments.
CERN site investigatioiGeological conditions appear good
for proposed excavation.
CERN safety Addition of ovetpressure safety corridor allows
a single access point (no physical connection to LHC).
Thecryosystem to be separated underground; has an
industrial cooler(Turbo Brayton)Arand LN2 storage ; all
Y B sized to be installed thru shaft.

Conceptual installation plaror all services and detectors
developed at FPF8

Wwww!BANDICAM com)




A Achievability & practicality:
A Makesuse of the existing HELHC beams
A The detectors deliverable with existing detector technologies

A Allowance for future technologies and upgrades

A Can be constructed and operated in parallel with the operation of the LHC

ATimescale:
A The FPF needs to operate within the HLHC running window

A Collect as much of the HI-LHC luminosity as possible

A Constraints from scheduling and approval requirements can be accommodated

A Step-change in the capability of the FPF

A factors of order100 larger active volumes beyond the pathfinder experiments

A that the sensitivity will world-leading almost as soon as the experiments are operational

In all scenarios it should be the scientific goal to fully exploit the physics
potential of the HL-LHC, including thecollider neutrino and forward dark
sector programmes- which can be added at modest marginal cost.
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CtICy F2NXNIF GA2Y { KSS
A Effort Name: Forward Physics Facility and Experiments at the High Luminosity LHC.

A Short Abstract: ThEorward Physics Facility (FR& g proposed new underground cavern at the
Large Hadron Collider (LHC) that will host a suite of new experiments during theunanghosity
LHC (HLHC) eraThe existing large LHC detectors havanstrumented regions along the
beam line, and so miss the rich physics opportunities provided by the enormous flux of particles
produced in the fafforward direction.A diverse set of experiments are planned to detect
millions of neutrinos and a wide range of new physics possibilities.

A Contact: https://fpf.web.cern.ch/

A Useful Link:https://pbc.web.cern.ch/, https://pbc.web.cern.ch/fpfresources

A White papers:https://arxiv.org/abs2411.04175
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FPMetector parameters and physics (summary)

P

J
v

Detector Design/Parameter Standard Model Physics Dlscc_)very and Rare Phenomena
Physics

Liquid argon TPC/10 ton active |High eff. Muon/Electron neutrino [LLP interactions with low thresho
FLArE target/~ns timing/FeScin hadronigspectrum. wider eta coverage, Lokelastic DM, DM scattering, mC

calorimeter(40 ton) purity Tau neutrinos spectrum  |interactions. Neutrino Tridents

Tungsten/emulsion/20 ton/high High eff Tau neutrino detection.
FASERNuU2 g : : g Charm detection. Muon/electron |DM scattering, Neutrino Tridents

spatial resolution <1micron. : :

neutrino spectra at high eta

Magnetic Spectrometer/§0|F|/~4 [High acceptance Muon Dark sector decays of neutral LLF
FASER2 meter/aperture ~ 3mx1lm; spectrometer for FLArE and Inelastic DM, Quirks

dp/p ~ 5% @ TeV FASERNu2 ’

Plastic Scintillator Array/high Millicharged particles with
FORMOSA resolution dE/dx (4 layers, 4 tons]" sensitivity g~16 Quirks

Each detector is designed to have unique scientific reach. System of detectors enhance the scientific case for the
facility. Simulations are in progress to evaluate acceptances and resolutions.



Full simulation of muon backgrounds shows that detector background rates on LOS are
manageable

Overlayed background events ib87.5 ugFLArE acquisition

Event display from @ simulations
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