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Physics Motivation

• Hidden (dark) sector
• DM may be part of more complex NP sector
• Interacts with SM through a mediator/portal

• Vectors e.g dark γ 
• Scalars e.g. dark H 
• Pseudoscalars e.g. ALPs
• Fermions e.g HNLs
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• A large variety of BSM theories predict new light, weakly/feebly interacting particles (known as FIPs)
• Growing interest since can yield DM with correct relic density and may resolve low-E discrepancies (e.g. g-2)

• Coupled with lack of signs of new physics at the LHC 

Weakly 
interacting à 

long lived 
particles (LLPs) 

• Many dedicated experiments (existing or 
proposed) to search for FIPs from LHC/SPS
• Can be forward or transverse relative to GPD
• Advantages: shielded from bkg, targeted design, …

Transverse 
LLP Detector

Forward
 LLP Detector

Rock/shielding

GPDp p

SM particles

LHC/SPS

LLP
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Lighter 

particles
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particles

• As well as BSM physics, the light FIPs include SM neutrinos à directly detect/measure collider νs
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Current Experiments
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FASER/SND@LHC

• New run-3 LHC experiments located 480 m downstream of ATLAS
• High-signal: large LHC collision rate + forward-peaked meson production 
• Low-background: LHC magnets and 100 m of rock shield most background 

Neutrino flux

• FASER (Ti12)
• Spectrometer + dedicated 

FASERν detector on LOS
    LIV, MAN, SUSS, RHULLight LLPs / FASER/

SND@LHC

Ti
12

/T
i1
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• SND@LHC (Ti18)
• Hybrid off-axis neutrino

(7.2 < η < 8.4) detector
    UCL, Imperial
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Neutral π flux

• Meson decays also give
rise to large neutrino flux
• Direct detection of TeV 

collider neutrinos
• X-sect measurement in 

unexplored phase space

Neutrino cross sections

νe νμ ντ
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Tracking spectrometer stations

Electromagnetic 
Calorimeter

Trigger / pre-shower 
scintillator system

Trigger / timing 
scintillator station

Scintillator 
veto system

To ATLAS IP

Magnets

FASERn emulsion 
detector

y 

z 
x 

Interface 
Tracker (IFT)

Decay volume

Front Scintillator 
veto system

0.57 T Dipoles
1.5 m decay volume 

10mm thick + dual PMT 
readout (σ = 400 ps)

2 x 20 mm thick
30 x 30 cm area

2 x 20 mm thick
35 x 30 cm area

3 x 3 layers of ATLAS SCT strip 
modules

730 layers of 1.1 mm 
tungsten + emulsion
(8 interaction lengths)

4 LHCb Outer 
ECAL modules

FASER Detector
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(1.1 ton)

• Small (10 cm radius, 7 m long), inexpensive detector

Will be upgraded for 2025
• Highly efficient data-taking 

throughout 2022 & 2023

From

ATLAS

Detector paper

https://arxiv.org/abs/2207.11427
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FASER: Dark Photons
• Search for A’ à e+e- using 2022 data (27 fb-1) 

• No veto signal, 2 good tracks with timing/preshower signal, Calo E > 500 GeV
• Small background mainly from neutrino events, modelled with GENIE

≥ 1 track    

≥ 1 track 
+ no veto   
   

2 tracks 
+  no veto
   

Dark Photon B-L Gauge Boson

• Observe 0 events for background prediction of (2.02 ± 2.4) x 10-3 events

PLB 848 (2024) 138378
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ε

π0 production

https://arxiv.org/abs/2308.05587
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FASER: ALPs
• Search for ALP coupling to SU(2)L with a à γγ using 2022+23 data (57.7 fb-1)

• No signal in veto/timing, preshower signal from EM shower, Calo E > 1.5 TeV
• Main background from CC neutrino interactions near calo: GENIE validated in CRs

• Preliminary result: observe 1 event for exp. background of 0.4 ± 0.4 events

See Lottie’s parallel talk for more info
CERN-FASER-CONF-2024-001
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B-meson production

https://indico.cern.ch/event/1388874/
https://cds.cern.ch/record/2892328
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FASER: Muon neutrinos in Electronic Detector 
• Muon νs interacting in FASERν tungsten produce a muon that can be detected in spectrometer

• No signal in front veto but a signal in second veto station + 1 good track with timing/preshower MIP signal
• Background mainly from neutral hadrons (0.11±0.06 from MC) and large-angle muons (0.08±1.83 from data)

• Observe 153 + 12 – 13 CC νμ interactions (151 ± 41 exp) in 35.4 fb-1

• First direct observation of collider neutrinos (16σ)!  

TeV energies

+ve muons 
à anti νμ

-ve muons 
à νμ

Muon momentumMuon charge/momentum

PRL 131 (2023) 031801
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Neutral hadrons 

Large-
angle μ

https://arxiv.org/abs/2303.14185
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FASER: Neutrinos in Emulsion Detector

• Analysed fraction of 2022 exposure 
• Candidate CC vertices reconstructed 

& selected by scanning emulsion films 
• Elec energy from shower multiplicity
• Muon momentum from RMS of MS

• Background mainly from neutral hadrons 
• Produced in muon interactions in rock

νe νμ
Bkg 0.03 ± 0.01 0.22 ± 0.08

Exp 1.1 – 3.3 6.5 – 12.4

Obs 4 8

Sig 5.2σ 5.7σ

• Measure both νe and νμ CC cross-section in unexplored region with 9.5 fb-1

• Results after vertex selections:

Submitted to PRL
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νe candidates

Ee = 1.5 TeV

https://arxiv.org/abs/2403.12520
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SND@LHC Detector

• Vertex detector and EM calorimeter
• 5 sets of emulsion/tungsten to detect neutrino interactions
• 5 sets of scintillating fibres for timing and E measurement 

• Hadronic calorimeter and muon system
• Iron interleaved with plastic scintillator for had. 

E measurement (first 5) and muon ID (last 3)

• Veto
• 2+1 (2024) scintillator 

layers to tag muons 

Emulsion/tungsten: 
1200 layers
830 kg 

• 1 m x 2.6 m off-axis detector (7.2 < η < 8.4)
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Detector paper

https://arxiv.org/abs/2210.02784
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SND@LHC: Neutrinos

• CC νμ: updated result with extended fiducial volume + 2023 data
• Look for event interacting after 1st target wall with no veto signal
• Large SiFi and HCal activity + 1 muon track associated to vertex
• Predict 0.25 ± 0.06 background events mainly from neutral hadrons (MC)

PRL 131 (2023) 031802
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Moriond QCD Talk

• Observe 32 νμ CC events 
in 68.6 fb-1 (19.1 ± 4.1 exp)
• Rate high but kinematics 

agree with prediction

• NC + CC νe: shower-like events with no muons in 2022 + 23 data
• No veto signal, large SiFi & HCal activity, no hits in last 2 muon layers, 
• Predict 0.20 ± 0.11 background events mainly from νμ and ντ (MC)

• Observe 6 events in 68.6 fb-1, compared to 4.66 expected signal
• 4.7σ observation of NC + CC νe
• Paper in preparation 

https://arxiv.org/abs/2305.09383
https://moriond.in2p3.fr/QCD/2024/TuesdayAfternoon/Vilela.pdf
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SND@LHC: Hidden Sector Projections

• Beyond its primary neutrino goal, SND@LHC also has predicted sensitivity to hidden-sector particles
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• Decay signature 
• Dark scalars (s), dark photons, HNLs
• Decaying into pair of charged tracks

• Scattering signature
• E.g. Leptophobic DM (χ) interacting 

with nucleus via vector portal (V)

ElasticInelastic

s

B decays

Brem

Meson 
decay

D-Y

JHEP O3 (2022) 006 

• Stay tuned for first BSM search results

https://arxiv.org/abs/2104.09688
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Future Experiments
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SHiP Experiment 

• New dedicated beam-dump experiment recently approved for ENC3 cavern at CERN’s SPS NA
• Aiming for TDR in 2026, followed by PRR and installation in 2028/9
• Start data-taking in latter half of run 4, aiming to collect 6 x 1020 POT over 15 years 

• Currently 4 UK institutes: Bristol, Imperial (spokesperson), UCL, Warwick 
• But several more interested in joining now formally approved   

• High-density 
proton target
• hadron 

absorber
• muon shield

• 4 straw 
trackers  
in B=1 T 

• EM Calorimeter
• 3 muon layers

• Tungsten 
instrumented 
with emulsion 

• With liquid 
scintillator 
bkg tagger

400 GeV p

Letter of Intent
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ECN3

https://cds.cern.ch/record/2839677/files/SPSC-I-258.pdf
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SHiP Physics Reach 

• World-leading sensitivity to a wide range of Hidden sector models, probing uncovered phase space 

• Decay signature: 
• Dark scalars, dark photons, HNLs (N), ALPs

• Scattering signature: 
• E.g. Light dark matter interacting 

with e or p via vector portal (V)

• In addition, large sample of neutrinos up to ~100 GeV
• Especially ντ from Ds à τν
• Measure cross-sections for neutrino oscillation expts.

SPSC Open Meeting Talk
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N

B decays

https://indico.cern.ch/event/1303571/contributions/5482375/attachments/2708718/4703150/SHiP_SPSC_5Sept_v2.pdf


Click to edit Master subtitle style
Forward Physics Facility (FPF)
• Proposed dedicated forward-physics facility at the HL-LHC

• New ~65m long cavern, 620 m from ATLAS

• 5 dedicated experiments with very broad physics program 
• New particles, DM, neutrinos, QCD, astroparticle physics

• Conceptual design ongoing, aiming for LoI in early 2025 
• Could take data in late run-4 (FASER approved for run 4)

White paper

• IoP half-day meeting held at Liverpool last Oct
• Significant UK interest across several institutes 
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Q
C

D

Astroparticle Physics

New Partic
les

D
ark M

atter

lepton
universalitydark

photons

dark
sectors

sterile
neutrinos

axion-like
particles

inelastic
DM

inflaton

DM
scattering

quirks

millicharged
particles

low-x
PDFs

muon
puzzle

DM
indirect

detection

prompt 
atmospheric 

neutrinos

BFKL
dynamics

intrinsic
charm

nuclear
PDFs

forward
hadron

production

neutrino
MCs

tau
neutrinos

n non-
standard

interactions

� �

A0

⌫ `
c

c

� �

A0

⌫ `
c

c

� �

A0

⌫ `
c

c

� �

A0

⌫ `
c

c

neutralinos

16

Site suitability tests 
already carried out

https://arxiv.org/abs/2203.05090
https://indico.cern.ch/event/1328003/
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FPF Experiments

• FASER 2: 3 m2 aperture spectrometer in B = 2-4 T field 
• 1000x decay volume for LLP searches 

5m

1m
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• FORMOSA: W + plastic scintillator 
• For milli-charged particles

• FASERν 2: 20T W + emulsion • AdvSND: electronic detector

• FLArE: 10T LAr TPC
• For neutrinos and DM• On- and off-axis neutrino detectors with 10x target mass

(Also investigating Ti18 upgrade)
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FPF Physics Potential 

• Differential ν flux measurements for all flavours at TeV
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neutrinos

• Hidden sectors

• Light DM scattering

White paper

• Millicharged particles

PRD 104 (2021) 035014
PRD 99 (2019) 095011

https://arxiv.org/abs/2203.05090
https://arxiv.org/abs/2010.07941
https://arxiv.org/abs/1811.12522
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Other Proposals with UK involvement
• CODEXb: 25m away (transverse)

• RPC for Run 4 (β prototype now) 
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Codex-β 
demonstrator

• MoEDAL-MAPP: 55m away (forwards)
• Scintillator + PMT for HL-LHC 

LHCb (IP8)

Dark Higgs

BHAM

Bristol, Imperial, KCL, QMUL

• ANUBIS: 25m from 
ATLAS (transverse)
• RPC for HL-LHC
• proAnubis demo.

proANUBIS 
demonstrator

CAM, Durham

CODEXb

h à ss

MoEDAL-MAPP
ANUBIS

At CMS 
(no UK)

https://arxiv.org/abs/2203.07316
https://arxiv.org/pdf/2209.03988.pdf
https://arxiv.org/abs/1909.13022
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Conclusions

• Growing interest in searches for long-lived weakly interacting particles
• With several experiments taking data and many more planned / proposed

• Current experiments showcase the power of small, inexpensive detectors
• Providing a wealth of complementary physics results in previously unexplored areas

• In addition to FIPs, they provided first direct observation of TeV-scale neutrinos from colliders
• Opening up a new frontier in neutrino measurements and a new window for discovery 

• Proposed programs are highly complementary
• Different models, lifetimes and masses probed

• UK well placed to exploit these

20
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Backup

21
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22

FASER Detector (2)Successfully Installed in Ti12

Calorimeter

Preshower

Trackers

Decay volume
Veto

FASERnu

From 
ATLAS
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FASER Operations

• All detector components performing excellently
• More than 350M single-muon events recorded

• Example: muon leaving track passing through full detector 
+ scintillator/calorimeter deposits consistent with MIP 

23
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FASER: Dark Photon Backgrounds

• Veto inefficiency 
• Measured layer-by-layer via muons 

with tracks pointing back to vetos
• Layer efficiency > 99.998%
• 5 layers reduce exp. 108 muons to 

negligible level (even before cuts)

24

• Non-collision backgrounds
• Cosmics measured in runs with no beam
• Near-by beam debris measured in non-

colliding bunches
• No events observed with ≥1 track or 

E(calo) > 500 GeV individually

0 100 200 300 400 500 600
 Total Calorimeter Energy Deposit (GeV)

1

10

210

310

Ev
en

ts

No track selection

 >= 1 Track

 =2 Tracks

Preliminary

Cosmic candidates (No beam runs)
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• Main background is from neutrino interactions
• Primarily coming from vicinity of timing detector
• Estimated from GENIE simulation (300 ab-1)

• Uncertainties from neutrino flux & mismodelling
• Predicted events with E(calo) > 500 GeV 

FASER: Dark Photon Backgrounds (2)
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• Neutral hadrons (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 (FASERν) 
• Decay products have to leave E(calo) > 500 GeV

• Estimated from lower energy events with 2 or 3 
tracks and different veto conditions

N = (1.8 ± 2.4) x 10-3

N = (2.2 ± 3.1) x 10-4

• Total background prediction 

N = (2.02 ± 2.4) x 10-3 
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FASER: ALPs backgrounds
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LHC Neutrinos
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FASER: Neutrinos in Emulsion Detector

Ee = 1.5 TeV

Eμ = 360 GeV

• Electron neutrinos

• Muon neutrinos
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Neutrino Energy
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Neutrino Momentum
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Successfully Installed in Ti18

LHC
SND@LHC

December 2021

March 2021
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SND: Muon Neutrinos
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SND: Muon Neutrinos (2)
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SND: Shower-like 0-muon Neutrino Events
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SND: Shower-like 0-muon Neutrino Events (2)
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SND: Shower-like 0-muon Neutrino Events (3)
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SND: Electron Neutrinos in Emulsion

37



Click to edit Master subtitle style
Modified SHiP Geometry
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SHiP: FIPs via Decay
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SHiP: FIPS via Scattering
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SHiP: Roadmap
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FASER: Preshower Upgrade

42



Click to edit Master subtitle style
FPF Design Study
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FPF & P5
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FPF Physics
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FPF: mCP
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FPF: Strongly Interacting Dark Sectors

• Quirks
• Long-lived exotic 

particles charged 
under both SM and 
new confining gauge 
group

• Gives rise to oscillatory 
behaviour
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FPF: LLPs from Compressed Spectra
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