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Heavy exotic hadrons – why bother ? 

New energy regime must be 

probed for  new particles with 

various colours, spins, lifetime. 

Hierarchy problem -> TeV solutions

Metastable coloured particles (R-

hadrons) in many/most commonly

studied BSM theories, eg Split-

SUSY.

Focus on stable R-hadrons

(ctau~detector)  

Still lead to dark matter candidates.



Previous searches for long-lived

particles

Typically ”generic”

searches for long-

lived particles

mostly sensitive to 

heavy lepton-like

objects.

hep-ph/0611040



(1) Charge states

Mass hierarchy and 

charge composition of 

stable states

Eg ~g-g state

(2) Scattering in matter

Charge exchange

Dominant baryon production

(hep-ex/0404001) 

Unknown x-section

Pheno models

Special challenges for R-hadron

searches

Issues particularly acute for R-hadrons with colour octets



R-hadron hadronisation and scattering effects

Typically ~5 interactions in calorimeter

LArge charge exchange effects

hep-ph/0908.1868



R-hadron search strategy at ATLAS

• A priori unknown fraction of charged R-hadrons will

penetrate into muon system (expected large neutrals for 

sbottom, gluino)

• A prior unknown fraction of gluino R-hadrons will be 

produced with electric charge  

• Consider muon-agnostic and muon-based searches





Muon agnostic search

• Data-driven bg estimates from dE/dx and Tile-

speed spectra

• BG free counting experiment



Muon-agnostic search

Sensitive to any production mechanism leading

to charged R-hadrons after hadronisation



Muon-based R-hadron search



Muon-based R-hadron search

Sensitive to scenarios in which the R-hadron appears as charged after 

hadronic scattering even if it was produced as a neutral object.









Assuming the handle is turned with more data and no 

changes are made, we’ll see R-hadrons IF they exist in 

nature at the TeV-scale AND 

Hadronic scattering is very roughly as we expect it to be 

•AND 

ctau ~>detector AND charged in muon chamber

•OR 

ctau ~>detector AND charged in inner detector AND 
Jet/MET above certain thresholds

•OR

ctau ~> detector AND decays in a jetty way. 

•OR

ctau << detector AND decays in a way to satisify standard 
SUSY/exotics searches



How could we miss seeing R-hadrons ? 

• Hadronic scattering is eccentric eg cross section
ridiculously higher than expected
– short, split tracks etc. 

• R-hadron is dominantly neutral and associated
jet/MET too low for high lumi triggers (assuming
pair production) . Missed by monojet + MET 
inclusive analyses. 

• R-hadron has ctau>~detector size and decays in a 
way not expected in current ”stopped searches”

• R-hadron has ctau<<detector size and decays in a 
way missed by other displaced vertex searches.
– Trigger objects (associated production) 



Summary

• ATLAS has a set of complementary search

strategies for R-hadrons

• Guided by extreme cases of ”what can

happen” but results are largely independent 

of non-perturbative QCD phenomenology

• Searches for non-decaying and decaying R-

hadrons

• Published mass limits up to ~600 GeV. 


