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New Physics Hunters @ the LHC

The ATLAS experiment

The CMS experiment

éAnd also LHCband MoEDAL



LHC: So far no new physics 
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Classical Searches
-Superymmetry
-Exotica
-Flavor Universality
-é

No signal of new physics so far!!



Are we leaving no stone 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 if we still do not see more than a 2 sigma at the end of 

run 3, the HL-LHC will be likely mostly a precision physics 

machine, searching for subtle deviations 

ÅAre we looking at the right place? Time for more effort in 

thinking of complementary searches? 

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



Long Lived Particles

ÅRP Violating SUSY

ÅASMB SUSY

ÅGauge Mediated SUSY

ÅSplit SUSY

ÅHidden Valleys Models

ÅDark QED/Dark Photons

ÅMonopoles

ÅQuirk Models

ÅDark Matter Modelsé

ÅStable Sexaquarks

ÅAxion-Like Particles

Åé. 5



Long Lived Particles @LHC
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Some of the Challenges

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

Backgrounds often low. 
But need special studies
(punch throughs, secondary
interactions, cosmicsé)

Special reconstruction is 
often needed

Signatures



ÅDisplaced jets, dijets, vertices

ÅDisappearing tracks 

ÅDisplaced leptons & lepton jets 

ÅDisplaced photons

ÅDark photon decays

ÅHeavy Stable Charged Particles

ÅStopped particles

ÅEmerging jets

ÅMonopoles stuck in material

ÅHeavy Neutral Lepton searches

ÅStrongly Interaction Massive Particles 

Åé. (othersénew ideasé ) 

Long Lived Searches Overview 
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Long Lived Searches: Examples 

metastable R-hadrons 

displaced leptons disappearing tracksdisplaced jets

stopped particles Hidden Valley searches



Long Lived Particle Searches
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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 

First LHC results on prompt studies
Majorana/Dirac? Now studies with displaced jets/lepton analyses. L~ 1m? 



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



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. 

Sensitivity plot for the LLP white paper/ Philippe Mermod



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. 

Sensitivity plot for HNLs/Marco Drewes et al.



SHIP Beam Dump Experiment Proposal
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arXiv:1504.04956



Monopoles

Symmetrizes Maxwell equations

Searched for at all colliders

Tevatron direct limits ~ 400-800 GeV

Magnetic Monopoles to explain the quantization of electric charge (Dirac ó31)

= n 68.5e

arXiv: 1112.2999



2016 data analysis base on 222 kg Aluminium to ñstopò the monopoles and 
search for them with a SQUID precision magnet   (2.11fb -1) arXiv:1712.09849

Monopole Searches: MoEDAL @ 13TeV

�yLimits for different  

monopole charges

�yFirst monopole search 

result @LHC at 13 TeV
No signal yet..


