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The LHC Machine and Experiments

LHCf

Totem

MoEDAL
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FASER
SND@LHC

9 experiments(*)

*LHCC/Greybook counting

The Large Hadron Collider and Experiments



LHC: So far no New Physics 
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No signal of new physics so far!!

Classical Searches
-Superymmetry
-Exotica
-Flavor Universality
-é

LFU ñviolationò RK(*) went away L



Are we leaving no stones unturned?

ÅThe LHC BSM searches are indispensable and should be 

continued in the new energy regime and with increasing 

statistics (higher mass, lower couplings) 

ÅBut are we looking at the right place and do we leave not 

stones unturned? ->  Recent focus on long lived particles

ÅTime for more effort in thinking of complementary searches:  

-> What could the LHC miss with the present detectors?

Are we looking at the right place?
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Leave no stone unturned!!
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Long Lived Particles

ÅRP Violating SUSY

ÅAMSB SUSY

ÅGauge Mediated SUSY

ÅSplit SUSY

ÅHidden Valleys Models

ÅDark QED/Dark Photons

ÅMagnetic monopoles

ÅQuirk Models

ÅDark Matter Models

ÅStable Sexaquarks

ÅAxion-Like Particles

Åé. 6



LLP Community Workshops

https:// indico.cern.ch/event/1381368/

LLP Community White Paper: arXiv:1903.04497

https:// indico.cern.ch/event/1119695/

e.g. https:// indico.cern.ch/event/1369776/

14th workshop
this year



Long Lived Particles @ LHC
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Examples of the distance travelled before decay in a central detector 
(example for ATLAS) depending on lifetime and kinematics



Long Lived Particles @LHC
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Signatures 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 (>2029)
address these issues.
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Long Lived Searches: Examples 

metastable R-hadrons 

displaced leptons dark photonsdisplaced jets

stopped particles Hidden Valley searches
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Long Lived Searches: Examples 

LLPs in muon system 

displaced photons Small displacementsdelayed jets

Disappearing tracks  RPV searches



Developments @ LHC Analyses 

ÅTriggers improvements:

ïExamples LHCb software trigger, displaced objects, 

timing, é   (see eg:2210.14675)

ÅData collection improvements

ïScouting of data & data parking techniques

ÅAnalysis improvements 

ïBetter use of the detector capabilities, timing, LLP search 

in all subsystems eg muon system, new reconstruction 

methods, Machine Learningé

ÅDetector upgrades for HL-LHC: 

ïExtended fast timing (4D reconstruction) and improved 

triggers (displaced tracks), smart FPGAs in DAQé

ÅNew/extended experiments @ LHC   -> next
12



13

LLP Summary Plot for Hidden Sector Models

95% CL exclusion limits on Higgs branching to a pair of spin-0 LLPs 



Long-Lived Particle Overview
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Some recent results wil be covered in talks by 
G. Landsberg, Alex Oh.,  Andrea Perrottaé



Example: Heavy Neutral Leptons
Neutrino portal: ȊMSM (Neutrino Minimal Standard Model) 

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

D.Gorbunov, M.Shaposhnikov JHEP 0710 (2007) 015 

Now we have LHC studies with displaced jets/lepton analyses with  L~ 1m

Addresses the masses of neutrinos, baryon asymmetry and dark matter



Search for long-lived 
heavy neutral leptons (HNLs)

Search for Long Lived Leptons (HNL) 

HNLs produced through mixing 
with SM neutrinos in final state 
of 2 charged leptons + 2 jets

Low mass HNLs are long lived

Search for 2 leptons; one forms a 
displaced vertex with jets

Different sensitivities for Dirac and
Majorano neutrinos

arXiv.2312.07484

q

q

q

q


