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DARK MATTER SEARCHES AT THE LHC :

The DM problem connects with particle physics by assuming some kind of interaction other than
gravitational between DM and SM particles.

Essentially two ways to search for DM production at the LHC
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Search for DM pairs

Mono-X

» Missing transverse momentum (MET) recoiling
against a “visible” X=jet,y,W,Z,h from ISR

» SUSY searches involving MET

Maria Giulia Ratti - Universita di Milano and [.N.F.N.

SM SM

Di-X

Assume the same particle DM model and
search for mediator decays into SM

» resonant searches, such as di-jet, di-lepton,
ttbar final states
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PARTICLE DM MODELS 3

ATLAS-CMS DM forum (1507.00966) [ > LHC DM Working group (link)
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Theories naturally provide DM candidate

dark sector is usually more expanded

Supersymmetric
“shadow" particles
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https://arxiv.org/abs/1507.00966
https://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc

THE MARKET OF THE MODELS
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Most abundant mono-X reaction
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MET trigger

v

Z(vv)+jets irreducible background
O(55-70%)

» W(lv)+jets O(35-20%)
» top O(4%)
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V+jets backgrounds reweighted to

perturbative calculations at NLO QCD +

NNNLO EW (arXiv:1705.04664)

Simultaneous fit in CRs on the shape of the

MET ~

pr(V):

» Same normalization factor for all V+jets
processes

» One

normalization factor for top

Precision on the background estimation: 2-7%

Residual uncertainties: lepton veto efficiencies

=>

For cross-section ratio analysis,
see EXOT-2016-03
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/
https://arxiv.org/abs/1705.04664
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-03/
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MONO-H(bb)
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Higgs boson as event tagger

» trigger on MET
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(Pseudo-)scalar mediators couple preferentially to heavy quarks
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r::> MET + heavy flavor quarks

Target final states with bottom
quarks:

» low jet multiplicities
» one or two b-tags

» large MET

» Z(vv)+jets dominant background
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Di-JET SEARCHES

Searches for SM decays of mediator in s-channel spin-1 models

i

EXOT-2016-21

Classic di-jet search

Bump in mj; distribution ~ mass of the mediator

Rely on single jet triggers

Sensitive to resonance masses
in the between 1TeV-2.6 TeV

Maria Giulia R

Can reach low couplings

| Divjet + |SRJ

ATLAS-CONF-2016-070

Trigger on ISR object to reach

lower resonance masses

Sensitive to masses
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CONCLUSIONS -

+ Extensive program of DM searches at the LHC

» Many searches and a variety of DM models

» A summary paper of ATLAS DM searches to come soon...

+ New developments in view of full Run-2 dataset and beyond
» interpretation with multi-signature models, such as 2ZHDM+Pseudo-Scalar

» optimization of search techniques

Maria Giulia Ratti - Universita di Milano and [.N.F.N. 11/12/2017
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