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The landscape of new particles at colliders

LHC experiments typically focus on heavy, strongly 
interacting particles  

• Require large transverse momenta of detected particles  

• Produced ~isotropically and at relatively low rates 
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The landscape of new particles at colliders
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• Motivated by the lack of results in “traditional” 
searches and new physics scenarios 

Explosion of ideas! 
Build a new detector to profit the LHC collisions to find 
elusive LLPs and TeV neutrino (and muon) beams. 
Perfect detector would 

➔ Have 0 background 
➔ Have 100% coverage 
➔ Be very cheap (no civil works needed. )

“LIFETIME” A characteristic of weakly interacting particles 

Distinct signatures 

Opportunity for exploration!

New 

LLP 

exp.
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SND@LHC

MoEDAL-MAPP

FASER(ν)

✦ Long-lived (neutral) particles (LLP) that decay in 
detector volume to charged particles 

✦ collider-originated neutrino measurements
high-energy neutrinos in unexplored energy region (~TeV)
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From searches for weakly interacting particles to first measurements of 
collider neutrinos

FORWARD SEARCH EXPERIMENT
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 Overview
 Searches for new weakly-interacting light long-lived particles

❖ New particles produced in decays of light mesons,  
❖ copiously present at zero angle,  
❖ escaping detection in ATLAS/CMS 

➢ 2x10  % solid angle but still O(10  ) π  in RUN 3!
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15 0-6

An almost perfect location 
• Shielded by LHC components and rock 
✓ Low radiation levels  
‣ no radiation-hard electronics needed

●Distinctive detector signature:~ TeV long-lived particles 
produced in the forward region

‣ situated along the beam collision axis line of sight (LOS) in TI12 tunnel (former injection tunnel for LEP) 
‣ 480 m from IP1 (ATLAS) with Transverse radius of 10 cm covering the mrad regime (η>9.1) 
‣ After beams start to bend 
‣ A few meters from the LHC beam line
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Example Physics Studies

Anna Sfyrla Physics potential: Phys. Rev. D 99, 095011
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 Searches for new weakly-interacting light long-lived particles
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MAPP-MoEDAL Aparatus for Penetrating Particles
The LHC’s First Dedicated Search Experiment
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IP8

BSM scenarios through searches for :
• highly ionizing particles, such as 

magnetic monopoles 
• multiply electrically charged 

particles, as avatars of new physics.

MoEDAL-The Monopole and 
Exotics Detector at the LHC 

MoEDAL physics program 
Int. J. Mod. Phys. A29 (2014) 1430050
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The LHC’s First Dedicated Search Experiment

✦MAPP the MoEDAL Experiment will be sensitive to 3 clear avatars of new physics:  
✦ Highly ionizing particles (HIPs) 
✦ Mini-charged Particles ( mQPs)  
✦ Long-lived Particles (LLPs)
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Overview

Consists of 2 sub detectors  
‣ MAPP-LLP: The very long-lived weakly 

interacting particle detector
‣ MAPP-mQP: The core milli-charged particle 

detector
• Particles with charges <<1e

❖ MAPP-1 (mQP+LLP) for RUN 3

➡ Constructed of 3 nested boxes formed from 
scintillator strip hodoscope planes

➡ The readout structure are scintillator strips 
in an x-y configuration readout by SIMPs

Deployed in the UGC8 Galery adjacent to 
MoEDAL’s intersection point IP8
• ~55m away from the IP
• @ an angle of 5 w.r.t beam axis
Protected by
• 100m of rock overburden
• 25 m of rock from IP 

0

“Box-within-a-box” 
structure to detect 
charged tracks from 
neutral-particle decays 

IJMPA, September 2014, Vol. 29, No. 23
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MAPP-LLP EXAMPLE PHYSICS STUDIES
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The LHC’s First Dedicated Search Experiment
DARK HIGGS Scenario

Benchmark Process: 

• Reach for MAPP-1 (30 fb  /300 fb  ) for the scenario 

where the Higgs mixing portal admits inclusive 

• B → Xsφ decays 

where φ is a light CP-even scalar that mixes with the 

Higgs, with mixing angle θ ≪ 1

-1 -1

Promising physics reach for MAPP-LLP also for R-parity violating SUSY and sterile neutrino models [e.g. 
Dreiner et al, 2008.07539 & 2010.07305, respectively

https://arxiv.org/abs/2008.07539
https://arxiv.org/abs/2010.07305
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Neutrinos at the LHC

SND@LHC FASER(ν) On-axisoff-axis

1.2- ton emulsion based detector

➡ ATLAS provides an intense and strongly collimated beam of TeV-energy neutrinos along beam collision axis.

➡ The neutrino beam passes through the side tunnels TI12 and TI18,~480 m downstream from ATLAS, 
‣ shielded by ~100 m of rock from the IP,

๏ providing a natural location for LHC neutrino experiments

‣ huge flux of neutrinos in the forward direction,mainly from: ✤ π, K and D meson decay

Neutrinos detected from many sources, but not from colliders.

• FASERν : will be placed in front of the 
FASER main detector

•  distinguish all flavor of neutrino 
interactions. 

identification and measurement of the three 
neutrino flavours, νe, νµ, ντ detection of 
feebly interacting particles

Symmetric to TI12 tunnel where 
FASER is located

Angular acceptance: 7.2<𝜂< 8.6
0.8- ton emulsion based detector FASER main detector

FASERν
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 FASERν in FASER
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 approved in Dec.2019

Measurement at highest man-made neutrino energies 
• A high-intensity beam of neutrinos will be produced in the far-forward direction. 

• FASER𝜈 will be centered on the LOS (in the FASER trench) to maximizes fluxes of all neutrino flavors

• expect to collect ~10000 CC interactions (distinguishing the flavors) in LHC-Run3 
(2022-2024). {F.Kling, Forward Neutrino Fluxes at the LHC, arXiv:2105.08270}

Will be installed in October for Run3!

Aims :  
• Detect collider neutrinos for the first time  

• Probe neutrino interactions in an energy range 

where neutrino cross sections are 

unconstrained, especially tau neutrinos  

• Probe BSM neutrino physics…

Neutrino physics: EPJC 80, 61 (2020)

• Expected cross section reach: extends current 
measurements already with 150/fb

FASER Collaboration, Eur. Phys. J. C 80 (2020) 61, arXiv:1908.02310

Expected spectra

-1

https://arxiv.org/abs/2105.08270
https://link.springer.com/article/10.1140/epjc/s10052-020-7631-5
https://link.springer.com/article/10.1140/epjc/s10052-020-7631-5
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First neutrino interaction candidates at the 
LHC, arXiv:2105.06197

This result demonstrates detection of neutrinos at the LHC!

preparing for data taking in LHC Run-3!

Pilot Run in 2018 (LHC Run-2)
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• Performed measurements in the tunnels TI18 and TI12, 480 m from the ATLAS IP.  

• For neutrino detection, a 30 kg emulsion detector was installed in TI18 and 12.2 fb    data was collected. 

• Analyzed target mass 11 kg 
• 18 neutral vertices were selected 
• by applying # of charged particle ≥ 5, etc.  
• Expected signal 3.3       events, BG 11.0 events

Aim: demonstrate neutrino detection at the LHC for the first time

-1

In BDT, an excess of neutrino signal is observed. Statistical significance 
2.7𝜎 from null hypothesis

+1.7
−0.9

https://arxiv.org/abs/2105.06197
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SND@LHC-Scattering and Neutrino Detector

14

‣ SND@LHC A newly proposed, compact and stand-alone experiment designed to:
measuring neutrinos produced at the LHC in an unexplored pseudo-rapidity region 
‣ searching for feebly interacting particles (FIP) through scattering off atoms in the detector target
Detector optimised for neutrino searches in a region where they act as a probe of heavy (mostly charm) quark production 
• BSM searches possible (relying on the topology and on the time-offlight measurements), sensitivity under evaluation

• Data taking will start in early 2022

approved in March 2021

❖ The identification of three neutrino 
flavours in the SND@LHC detector 
offers a unique possibility to test the 
Lepton Flavor Universality (LFU)

LEPTON FLAVOUR UNIVERSALITY TEST

SND@LHC: Technical Proposal

‣ The measurement of the νe/νµ ratio can be 
used as a test of the LFU for E>600 GeV

‣ Sensitive to ν-nucleon interaction x-section 
ratio of two neutrino species

https://cds.cern.ch/record/2750060/files/LHCC-P-016.pdf
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‣ Refurbishment of TI12 to be an experimental site was completed in 
Winter 2020.  
‣ All detectors have been installed in TI12 as of March 2021  
‣ Already starting to collect cosmic-ray data.  
‣ Aiming to start data taking in LHC Run-3 from 2022 for:  

‣ discovery of a light weakly- coupled particle in MeV-GeV range

15

External LLP detectors for the LHC can probe deep into LLP parameter 
space, for both scalar-portal-FIPs and general LLPs.

All equipment for the new 
particle searches are installed 

❖ FASER(Run3)

‣ Potential to increase sensitivity with FASER 2 upgrade for HL-LHC: 
➡opportunity to probe more benchmarks

❖ FASER2(HL-LHC)

❖ MoEDAL-MAPP (Run3)

‣ Successful mQP prototype tested during LHC Run 2.  
‣ Full detector planned for LHC Run 3.  
❖ MoEDAL-MAPP-1 is planned for 2022/UGC1 gallery must be upgraded to house 

MAPP in 2021/22. 
‣ Envisage approval in 2022 and the start of data taking in 2023. 

❖ MoEDAL-MAPP-2 (HL-HLC) installed for Run-4  will give a greater fiducial volume for the LLP search 

will be sensitive to 3 clear avatars of new physics: HIPs, mQPs and LLPs

SUMMARY

For timeline photos
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❖FASER𝜈 (Run 3)

SUMMARY

‣ Design and strategy are all defined

FASERν  &. SND@LHC will make measurements of neutrinos produced at a 
particle collider for the first time ~ open a new frontier in neutrino physics ~

❖FASER𝜈2 (HL-LHC)

❖SND@LHC recently approved (March 2021)

‣Detector under construction  

‣Possible extensions beyond Run3 would highly benefit from the development of a Forward Physics Facility

‣Aiming data-taking at LHC Run3 in (2022-2024). 
 ~10000 n CC interactions (distinguishing the flavours) are expected 

‣ Neutrino analysis from Pilot run available  
‣ First neutrino interaction candidates at the LHC 

submitted to journal: arXiv:2105.06197

‣A large detector for precision 𝜈𝜏 physics with 10-30 tons of target

‣Will be installed in October 2021. 

‣Data taking will start in early 2022

‣ Will register neutrinos from a collider for the first time

‣Planning neutrino measurements in the HL-LHC era.

‣ aiming to register ~2000 n CC interactions (distinguishing the flavours) 
in 2022-2024

https://arxiv.org/abs/2105.06197
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Thank you for your attention!
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experiments targeting dark sector 
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https://moedal.web.cern.ch/moedal-detector
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Timeline

April 2020! November 2020!

April 2021March 2021

August 2019!

May 2021!

Emulsion detector 

All equipment for the new 
particle searches are installed 
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Detector Design

Kristof Schmieden

FASER: tracker and calorimeter, detects LLP 
decay to pair of TeV charged tracks

Many Thanks !!!  
Recycling existing spare modules:  
ATLAS SCT modules (Tracker)  
LHCb ECAL modules (Calorimeter)

21

 Searches for new weakly-interacting light long-lived particles
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BEYOND FASER ?-backup

)
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 Searches for new weakly-interacting light long-lived particles

Physics potential: Phys. Rev. D 99, 095011

Anna Sfyrla
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Beyond FASER ? FASER2
FASER 2 is a speculative extension for the HL-LHC

23

Increased detector radius to 1 m allows sensitivity to particles produced in heavy meson (B, D) decays 
increasing physics case beyond just increased luminosity 

Potential to increase sensitivity with FASER 2 upgrade for HL-LHC

upgrade to FASER 2 in LS3 (2023-25) for HL-LHC (2026-35, 3 ab  )

2
-1
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FASER Background

24

-1

M. Queitsch-Maitland: FASER

https://indico.uu.se/event/766/attachments/1122/1560/Uppsala_FASER_MQueitschMaitland_011020.pdf
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MAPP-2 FOR HL-LHC

MAPP-2 is an extension fo MAPP1 down 
the UGC1 gallery 

The MAPP-1 technology would be used 
to provide a cost effective approach 

MAPP-2 extends MAPP1’s sensitivity

25
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MAPP-2 EXAMPLE PHYSICS STUDIES

Using the same Higgs mixing portal benchmark 

So that is competitive with the SHIP’s

Pair production of right-handed neutrinos from the 
decay of an additional neutral Z0 boson in the gauged 
B-L model- Phys. Rev.D100(2019),035005 

Luminosity assumed in figure:

26
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MALL- Monopole Aparatus to search for very Long Lived charged particles

❖ Push the search for the decays of new charged, massive and very long-lived long-lived particles 

27

• After exposure and SQUID scan, MoEDAL 
MMTs will be monitored for decaying 
electrically charged particles possibly 
trapped in their volume.  

• Sensitive to charged particles (e, µ, had.) 
and to photons with energy as small as 
1~GeV • Estimated MALL probed lifetimes 
~10 yrs.  

• MALL planned to be installed during Run-3 
at the UGC1 gallery of IP8
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 FASERν Detector
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 approved in Dec.2019
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 FASERν Detector
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 approved in Dec.2019
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 FASERν Neutrino Expectation
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Tomoko Ariga: 
Detecting and studying high-energy 
neutrinos with FASER𝜈 at the LHC

https://indico.cern.ch/event/982783/contributions/4365132/attachments/2251750/3825997/20210526_tariga_FASERnu_Pheno_v2.pdf
https://indico.cern.ch/event/982783/contributions/4365132/attachments/2251750/3825997/20210526_tariga_FASERnu_Pheno_v2.pdf
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 FASERν Pilot run
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Tomoko Ariga: 
Detecting and studying high-energy 
neutrinos with FASER𝜈 at the LHC

https://indico.cern.ch/event/982783/contributions/4365132/attachments/2251750/3825997/20210526_tariga_FASERnu_Pheno_v2.pdf
https://indico.cern.ch/event/982783/contributions/4365132/attachments/2251750/3825997/20210526_tariga_FASERnu_Pheno_v2.pdf
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Physics Potential 

• The tau neutrino flux small in SM. A new light weakly coupled gauge bosons 
decaying into tau neutrinos could significantly enhance the tau neutrino flux.

• Measure neutrino cross-section for all species in collider-energy range (100GeV-TeV)

• FASERv could act as a short-baseline neutrino experiment.

• FASERv will detect ~10 tau neutrino interactions. 

• Thousands of tau neutrino events possible at HL-
LHC, allowing for precision studies of tau neutrino 
properties 

• FASERv will record neutrino interaction event shapes 
with high precision.  

• This could be useful for validation/tuning of 
neutrino event generators. 

• SM neutrino oscillations are expected to be negligible 
at FASERv. However, sterile neutrinos with mass 
~40eV can cause oscillations. 
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Scattering and Neutrino Detector

33

• SND@LHC is a compact experiment proposed to make measurements with 
neutrinos of all three neutrino flavours from the LHC in the pseudo-rapidity 
range of 7.2 < η < 8.6. 

• This range of pseudo-rapidity is currently unexplored , and a large fraction of 
the corresponding neutrinos originate from charmed-hadron decays. 

• Together with the FASERν experiment, SND@LHC will first observe the 
neutrinos produced by a collider 

• SND@LHC is sensitive to Feebly Interacting Particles (FIP) through 
scattering off atoms in the detector target. 

• The direct-search strategy gives the experiment sensitivity in a region of the 
FIP mass-coupling parameter space that is complementary to other indirect 
searches

‣Hybrid detector optimised for the identification of three neutrino flavours and 
for the detection of feebly interacting particles
‣VETO PLANE: tag penetrating muons 
‣ TARGET REGION: - Emulsion cloud chambers (Emulsion+Tungsten) for 

neutrino interaction detection - Scintillating fibers for timing information and 
energy measurement 
‣MUON SYSTEM: iron walls interleaved with plastic scintillator planes for 

fast time resolution and energy measurement

SND Detector

SND@LHC: Technical Proposal

https://cds.cern.ch/record/2750060/files/LHCC-P-016.pdf
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NEUTRINO EXPECTATIONS

‣Expectations in 150 fb-1 ‣ Upward crossing angle
Neutrino production in LHC pp collisions performed with 
DPMJET3 embedded in FLUKA
‣Particle propagation towards the detector through FLUKA model 
of LHC accelerator
‣

SND@LHC Neutrino Expectation  
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SND@LHC Future 
Giovanni De Lellis:SND 

https://indico.cern.ch/event/955956/contributions/4022176/attachments/2139574/3604659/SND_FPF.pdf

