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Dark Matter Observation

Cosmological observation

1(1+1)Cyf2m (uK2)

Dark matter properties:

“* Stable, |
¢ Gravitationally interacting, 3 i T 0 e
% Cold (non relativistic), i L Msotonaue
** Dark (Does not interact with light)
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Dark Matter Interaction

For WIMPs &
thermal freeze-out (early Univ.)

Indirect detection (now)
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Dark Matter Production at Colliders

“*Probe SM - dark matter particle interactions up to the TeV
scale

*Measure the properties of the dark matter particles (once
detected)

*Develop methods to enhance the complementarity with
direct and indirect dark matter searches



Dark Matter Models
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Direct production

Generally referred to as
“Mono-X" searches

X
Mediator <
X

q
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Search for deviation from the
Standard Model expectation

Missing transverse energy plus
visible objects
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Direct production

Generally referred to as
“Mono-X" searches

X
k\ ediator <
X

jet/photon/W/Z

Search for deviation from the
Standard Model expectation

Missing transverse energy plus
visible objects

ATLAS mono-jet candldate
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Mono-X / Missing Energy
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/?TTES PJIT4[IE)P9()71 ((22%13 102962005 M O n O J Et / V(h a d) S e a rC h more than 3 jets

pr>3
Most powerful search at hadron colliders
jet
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CMS: PRD 97 (2018) 092005
ATLAS : JHEP 01 (2018) 126

Systematically limited

/ 35.9\1 (13 TeV)
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CMS: PRD 97 (2018) 092005
ATLAS : JHEP 01 (2018) 126
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seeves o Mono-V(hadronic) Search
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Dark matter with b and t

% Favoured if couplings are Yukawa-like
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Dark matter with b and t
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bh-tagged
small-R jets *

Mono-h(bb) Search

Probe coupllng of Higgs boson to mediator

wu/elt veto

Y —> (-,

bh-tagged

H large-R jet

ATLAS-CONF-2018-039

CMS: arXiv:1908.01713

% m(jj) resonance or m(J)[~m(h),
** top and Z+jets dominant backgrounds,
** normalised in lepton control regions
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ATLAS: PRD 96 (2017) 112004 Mono-h yy SearCh

CMS: arXiv:1908.01713 ) Z 2HDM
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zlr(;(v:lvs;%r(‘)%tltj)f699 M OnO'Z(I I)y SearCh
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wsrsmseorns  MIONO-Leptoquark Search

+ Leptoquark (c/s+p)

+ Pm> 100 GeV, pr(p/j) > 50/100 GeV

< e/T/b/Z vetoes

+ look for a peak in m(p/j) distribution
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Higgs Portal

Most sensitive
channel is VBF

production

PLB 793 (2019) 499
PRL 122 (2019) 231801
PLB 793 (2019) 520
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Searches for the Mediators

No dark matter in the final state: model dependent q

jet
Indirectly constrain
g, g, resonance
Constraints on couplings (See exclusion plots) M
) jet
Traditional bump-hunting: look for di-jet resonances  *
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Constraints on Couplings

JHEP 05 (2019) 142
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Conclusion/Outlook

Much more to come from Run2 data..
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