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Who are LHCbôs Main Rivals?

ÅPresent other LHC experiments

ïATLAS, CMS, MoEDAL(+)

ÅNew proposals/ideas for LHC experiments

ïFASER, MilliQan, MATHUSLA, MAPP, CODEX-b, AL3X, 

ANIBUS and recently XSEN, FASER-Nu, SND@LHC

ÅFixed target/BDF experiments eg at CERN

ïSee Physics Beyond Collider-2018 study

ÅNeutrino experiments present/future

ïSBN, NOVA, T2K, and in future DUNE/T2HK, (ESS-Nu)

ÅBelle II  (50 ab-1 in 2027, but not this talk)
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New Physics Hunters @ the LHC

The ATLAS experiment

The CMS experiment

éAnd also LHCband MoEDAL



Coverage Sketch
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Xabier:
first day



LHC: So far no New Physics 
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Classical Searches
-Superymmetry
-Exotica
-Flavor Universality
-é

No signal of new physics so far!!



ATLAS/CMS Searches

ÅGenerally high mass, high pT                     

An important issue is the trigger

ÅCross section (x BR) limits to ~0.01 fb

ÅA few low mass analyses - often 

resonance searches but also eg DM 

searches via mono-object productioné

ÅExamples of searches ->
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Dark photon > 250 MeV

Dark Matter > 1 GeVAxion > 5 GeV

HIG-16-035



Trigger Improvements for Run3/Phase 2 

ÅTrigger upgrades in hardware trigger 

part for run3 for LLPs

ïHCalorimeters: delayed jets, energy 

depth and timing lifetimes nanasecods to 

micro seconds)

ïMuons: less constrained from the vertex 

ÅMore tailored software triggers in run3 

for LLPs, GPUs?

ÅLLP trigger updates for the Phase 2

ïTracking trigger at hardware level

ïMuon trigger improvements for LLPs

ïGood timing in barrel and endcaps (30ps)
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Data Set Collection Improvements

ÅNormally the data taking rate is ~1 kHz, for events of about 

1.5 Mb in size. This is mostly limited by the data handling 

off-line (prompt ReCo). Special data taking:

ÅScouting data: reduce event information by a factor ~100, 

and collect much higher rate (eg jets evts with low treshold)

ÅParked data: collected another 1-2 kHz of data but just 

store them. Processing of these data at quiet times (eg 

shutdowns). Eg unbiased b-sample -> 1010 events in 2018!

ÅMinimum bias data: All triggers have the hard scatter event  

+ 20-30 minimum  bias events. Exploring how we can use 

these events for  -> potential to access low masses and 

couplings for new particles (HNLs, A0, LDMé)

ÅSpecial runs: (especially in 2021) with lower rates
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Long Lived Particles @LHC
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Some of the Challenges

Triggers: Tracking detectors
are powerful but difficult
to use in trigger

SM backgrounds often low. 
But need special studies
(punch through, secondary
interactions, tails, cosmicsé)

Special reconstruction is 
often needed

Some detector upgrades for
High-Luminosity LHC (>2026)
address these issues.

Signatures of LLPs



ÅDisplaced jets, dijets, vertices

ÅDisappearing tracks 

ÅDisplaced leptons & lepton jets 

ÅDisplaced photons

ÅDark photon decays

ÅHeavy Stable Charged Particles

ÅStopped particles

ÅEmerging jets/dark showers

ÅMonopoles

ÅHeavy Neutral Lepton searches

ÅStrongly Interaction Massive Particles 

Åé.  

ATLAS/CMS LLP Searches 
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Long Lived Searches: Examples 

metastable R-hadrons 

displaced leptons disappearing tracksdelayed jets

stopped particles Low mass dark photons



Search for Heavy Neutral Leptons

Neutrino portal: ȊMSM (Neutrino Minimal Standard Model) 

Minimal extension of the SM fermion sector by Right Handed HNLs: N1, N2, N3. 

arXiv:1802.02965

-> HNL hunting also focus of the SHIP experiment proposal

arXiv:1905.09787
Tri-lepton analysis



Run-2 data analysis base on 794 kg Aluminium to ñstopò the monopoles and 
search for them with a SQUID precision magnet   (4.0fb -1) arXiv:1903.08491

Monopole Searches: MoEDAL @ 13TeV

·Limits for different  

monopole charges
·First monopole search 

result @LHC at 13 TeV
No signal yet.



Monopoles Stopped in the Beampipe 

Test performed with pieces of material from the LHC from 18 m away from 
the interaction region in 2012: set up SQUID procedure

A beampipe analysis effort has been put into place in MoEDAL
-> CMS beampipe being prepared for the ETH SQUID in Alberta right now
Other beampipes under discussion (RHIC, BaBaré)

ADR et al., Eur. Phys .J. C72 (2012) 2212 

CERN Courier 18/2/2019!!
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LHC Monopole Searches
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V. Mitsou



Proposals for New Experiments @LHC
MilliQan: searches for 
millicharged particles
MAPP: Similar to MoEDAL

CODEX-b: searches for long lived
weakly interacting neutral particles 

MATHUSLA: searches for long lived
weakly interacting neutral particles 

ANUBIS:searches 
for long lived weakly 
interacting neutral 
particles

+ Experiment 
Proposals for 
TeV neutrinos

Also: AL3X (óALICEô for LLP arXiv.1810.03636)é 



FASER Experiment
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arXiv:1708.09389

FASER

~ 480m



FASER: The Idea

J. Feng



FASER Approval
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The FASER experiment (phase-I) has 
been approved March 5th

FASER is the 8th LHC experiment
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Dark Photon Detection


