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Classification of models (according to minimality)

Dark Matter makes up ~20% of our universe; Number of nev fields
an EW scale particle seems to be a good fit

Number of
new symmetries

Scalar singlet DM

Inert doublet model “simplified models™

QOh? ~0.1= (ov) ~1pb-c

Today worning!

= m, ~ O(10° — 10°) GeV; g ~ ggw

What are minimal EW possibilities?

> K A
= B

e SU(2) doublet fermion (a.k.a. Higgsino) = ~ 1.2 TeV %

e SU(2) triplet fermion (a.k.a Wino) = 2.7 TeV %*)- :
: 1

e SU(2) 5-plet fermion (MDM) = ~10 TeV M

e SU(2) 7-plet scalar MDM) = ~10 TeV 100 TeV?

Collider



What about next-to-minimal scenarios?

e One SU(2) x U(1) singlet y + one SU(2) N-plet
e 72 stablilises the lightest state
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Collider searches: Quintuplet model
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DIRECT DETECTION CONSTRAINTS
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Triplet
Quintuplet
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* L ook at parameters that gives right relic density
* Low mixing angle gives low DD cross section; however, not a problem at

the LHC because production is primarily Drell-Yan!

Bruemmer, Bharucha, Ruffault (2017)
Bruemmer, Desai, Bharucha (in prep.)



Prompt search limits: SUSY searches

Limit on Chargino
pair production

May 2017 ATLAS Preliminary Vs=8,13 TeV, 20.3-36.1 fo
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LHC limit on WH final state; not stronger than displaced leptons



Other possible limits: charged track searches
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The CMS displaced lepton search (arXiv:1409.4789)
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Exclusions for displaced lepton search

Exclusion for x** Exclusion for y ™
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For currently published 13 TeV data (~ 2/fb), displaced searches give worse
sensitivity at 13 TeV due to high pT cuts (to remove displaced leptons from
heavy flavour)



Summary

e Next-to-minimal models (with relic density constraint) predict
new particles in LHC discovery range

e |In 5-plet model, lifetime of doubly charged particles imply
displaced signatures/charged tracks

e Above pion mass threshold, current limit ~ 300 GeV (from
displaced leptons)

e Below pion mass (lifetime > 1m), current limit ~ 600 GeV.

e Limits from chargino/neutralino production not significant



