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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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DARK MATTER SEARCHES AT THE LHC

SM

Search for DM pairs 

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

‣ SUSY searches involving MET

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

‣ resonant searches, such as di-jet, di-lepton, 
ttbar final states

e.g: e.g:

Di-XMono-X



ATLAS-CMS DM forum (1507.00966)
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PARTICLE DM MODELS

Complete 
Theories

contact interaction assumed between DM and SM 

parametrization based on spin and parity of the interaction 

invalid at high Q2

renormalizable minimal extension of SM  

involving DM candidate + Mediator 

not covered by SUSY 

usually neglect mass generation

born to explain the hierarchy problem 

naturally provide DM candidate 

dark sector is usually more expanded

Com
pleteness

MSSM

LED

Simplified 
Models

EFT

spin-1 s-channel mediator

EFT contact interaction

LHC DM Working group (link)

https://arxiv.org/abs/1507.00966
https://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc
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THE MARKET OF THE MODELS
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directly, leading to a di↵erent phenomenology. For completeness, we exam-
ine a model where � is a Standard Model (SM) singlet, a Dirac fermion; the
mediating particle, labeled �, is a charged scalar color triplet and the SM parti-
cle is a quark. Such models have been studied in Refs. [?, ?, ?, ?, ?, ?]. However,
these models have not been studied as extensively as others in this Forum.

Following the example of Ref. [?], the interaction Lagrangian is written as
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Figure 1: Representative Feynman diagram showing the pair production of Dark
Matter particles in association with tt̄ (or bb̄).
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Model Type spin parity color

Simpli 1 +1, -1 neutral

Simpli 0 +1, -1 neutral

Simpli 0 +1 charged

Simpli Models involving Higgs boson and/
or additional Higgs bosons 

EFT Higher-dimension operators, 
involving EW bosons
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MONO-JET
PAPER is OUT! EXOT-2016-27
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W(ev)+jets CR W(μv)+jets CR

Z(μμ)+jets CR top CR

Most abundant mono-X reaction 

‣ MET trigger 

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

‣ W(lv)+jets O(35-20%) 

‣ top O(4%)

jet 
pT> 250 GeV 

|η|<2.4
μ/e veto 

ETmiss > 250 GeV 

up to 3 more jets 
pT > 30 GeV 

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 ~ pT(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

Signal Region

For cross-section ratio analysis, 
 see EXOT-2016-03

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-JET EXOT-2016-27
PAPER is OUT!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/
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MONO-Ɣ EXOT-2016-32

ɣ
pT
ɣ > 150 GeV

up to 1 jet 

ETmiss > 150 GeV 

μ/e veto 

Clean signature 

‣ triggering on photons -> go to 
lower MET 

‣ Z(vv)ɣ irreducible background, 
estimated through Z(ll)ɣ control 
regions 

‣ W(lv)ɣ estimated through W(lv)ɣ 
control region 

‣ Backgrounds from fake photons (jets 
and electrons) entirely data-driven
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‣ Uncertainties: stat 4-10%, jet fake syst 1-5%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/
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MONO-Z(II) HIGG-2016-28
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Another clean signature 

‣ triggering on leptons -> go to even 
lower MET 

‣ ZZ dominant background, estimated 
from simulation 

‣ WZ normalized from control region 

‣ Z+jets estimated through ABCD 
method 

‣ largest uncertainties from lepton and jet 
scale, lepton efficiency

b-jets veto 
third lepton veto 

l
l

ETmiss > 90 GeV 

Z

Invisible Higgs decays

Axial-vector

limit on BH->inv = 67%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-28/
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MONO-H(bb) EXOT-2016-25

Higgs boson as event tagger 

‣ trigger on MET 

‣ top and Z+jets dominant backgrounds, W+jets smaller, normalization taken 
from lepton control regions 

‣ other backgrounds (O(10%)) from MC, multi-jet data-driven 

‣ shape fit on mjj / mJ
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‣ Largest experimental uncertainties:  
b-tagging efficiency, jet energy scale  
and resolution, jet mass, MC statistics

for mono-H(ɣɣ) see EXOT-2016-25

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-25/
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MONO-W/Z(HADRONIC) EXOT-2015-08

Large R-jets to capture W/Z hadronic 
decays 

‣ anti-kT R=1.0 

‣ trigger on MET 

‣ Z(vv)/W(lv)+jets dominant background 

‣ Z/W/top normalized in the CRs 

‣ main uncertainty from modeling of 
the large-R jet observables 
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MONO-HF NEW RESULT! SUSY-2016-18

(Pseudo-)scalar mediators couple preferentially to heavy quarks              MET + heavy flavor quarks
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for hadronic final states 
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‣ ttbar major background

For semi-leptonic decay, see  
SUSY-2016-16
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MONO-HF NEW RESULT! SUSY-2016-18
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-18/
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DI-JET SEARCHES
Searches for SM decays of mediator in s-channel spin-1 models

Di-jet Di-jet + ISR Di-jet at Trigger Level

Bump in mjj distribution ~ mass of the mediator
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arXiv: 1703.09127
1−Dijet, 37.0 fb

95% CL upper limits
Expected
Observed

Can reach low couplings 

Classic di-jet search 

Rely on single jet triggers 

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

EXOT-2016-21 ATLAS-CONF-2016-030ATLAS-CONF-2016-070

Trigger on ISR object to reach 
lower resonance masses 

Sensitive to masses 
200GeV-1TeV

Overcome single jet trigger 
prescale limitations by reducing 
amount of stored information 

Sensitive to masses 450GeV-1TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-070/
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MONO-X VS DI-X
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/


15

Maria Giulia Ratti - Università di Milano and I.N.F.N. 11/12/2017

ATLAS VS DIRECT DETECTION
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ATLAS results translated to direct 
detection plane (arXiv:1603.04156) 

Nice complementarity between 
ATLAS and direct detection 

experiments 

Axial-vector

Vector

ATLAS results limited to model 
and coupling assumptions 

Can exploit complementarity 
between channels (MET+X, di-jet) 
to cover coupling parameter space 

https://arxiv.org/pdf/1603.04156.pdf


✦ 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 2HDM+Pseudo-Scalar 

‣ optimization of search techniques 
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CONCLUSIONS
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CONCLUSIONS
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DM vector interaction
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Light squarks

PAPER is OUT! EXOT-2016-27

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/

