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Introduction
Weakly interacting massive particles (WIMPs) 

can be produced in LHC 

can be detected by the momentum imbalance of the recoiling SM particles 

Search for dark matter in events with a large missing transverse momentum (MET) 
and a vector boson, decaying hardronically,  in ATLAS detector at LHC 

DM production in associated with a W/Z boson (mono-V analysis) 

SM-like Higgs boson decaying into a pair of DM particles (H->invisible analysis) 

DM production in associated with a potentially new vector boson Z’,       
(mono-Z’ analysis, first time!) 

Latest result performed with 36.1 fb-1 of collision data at centre-of-mass energy of 
13 TeV collected by ATLAS detector 

published on April 2018 ATLAS-CONF-2018-005
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See talk from Mario Martinez: 
Overview of DM searches in ATLAS 
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Signal models

�3

simplified vector-mediator model (mono-V), figure (a) 

mass m𝛘  {1 GeV, 1 TeV}, mZ’ {10 GeV, 10 TeV} 

coupling gSM = 0.25, gDM = 1.0 

invisible Higgs boson decays (H->invisible), figure (b) 

BH->invisible  = 1.0 

all SM production modes considered 

dark-fermion model and dark-Higgs model (mono-Z’), figure (c) (d) 

mZ’ {50 GeV, 500 GeV}, gSM = 0.1, gDM = 1.0
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Event selection
at least one large-R jet or two small-R jets 

MET above 250 GeV (150 GeV) 

Lepton veto 

Vector boson mass window 

Events categorised into 0/1/2 b-jet region
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Merged topology

Resolved topology

MET > 250 GeV

MET > 150 GeV

≥ 1 large-R jet 
R=1.0

≥ 2 small-R jets 
R=0.4
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Background estimation
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Control regions (CR) with one or two leptons 
targeting W(lv)+jets, Z(ll)+jets and ttbar 

similar selections as in 0-lepton SR 

ttbar enriched in 1/2 b-jets categories 

Dedicated multijet control region with reverted 
angular cuts from SR 

Sideband of vector boson mass window in 0-lepton 
as a validation region for all the background

The dominant background in signal region (SR) are Z(vv)+jets, W(lv)+jets and ttbar

Z+jets
46%

single top
1%

diboson
3%

multijet
4%

ttbar
9%

W+jets
38%

background contamination  
in 0-lepton SR
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Statistical analysis
A profile likelihood fit to the data on the discriminate variable MET is performed to 
interpret the observation of the search 

signal strength μ as the parameter of interest  

background normalisation and systematics uncertainties as nuisance parameters
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Result
No significant excess over the SM prediction observed 

Set limit on signal strength μ at 95% CLs for each 
signal model and interpreted them into limit on: 

DM and mediator mass for mono-V model 
branching ratio of H->invisible decay 
cross section for mono-Z’ model
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observed expected + 1σ - 1σ

limit on 
BR(H->inv) 0.83 0.58 0.81 0.42
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Summary

For simplified vector-mediator model 
mediator mass mz’ of up to 650 GeV are excluded for dark matter 
mass m𝛘 of up to 250 GeV 

For invisible Higgs boson decays 
upper limit of 0.83 is set on branching ratio BH->invisible 

For dark-fermion and dark-Higgs model 
cross section exclusion for dark-fermion and dark-Higgs model are 
set in light and heavy dark sector scenario
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A search of dark matter has been performed in events with hadronically decaying 
vector boson and large MET in ATLAS detector 

Results are in agreement with SM and translated into exclusion limits on DM-pair 
production

Xsec. Exlusion. for 
80<mZ’<500 GeV light dark sector scenario heavy dark sector scenario

dark-fermion 0.68 - 27 pb 0.066 - 9.8 pb

dark-Higgs 0.80 - 5.5 pb 0.064 - 2.4 pb
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Publications

ATLAS Run1 

2013, mono-W/Z  arXiv:1309.4017 

2015, H->invisible arXiv:1504.04324 

ATLAS Run2 

2016, mono-W/Z arXiv:1608.02372 

2018, mono-W/Z, H->invisible and mono-Z’ ATLAS-CONF-2018-005
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Event Selection
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Yields - W/Z
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Yields - Z’ (90GeV)
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Yields - Z’ (350GeV)
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Uncertainties
Two parts of uncertainties are considered: data statistical uncertainty (5-21%) 
and systematic uncertainties (21-45%) 

Systematic uncertainties further contain experimental uncertainties and 
modelling uncertainties 

large-R jet (9-23%), small-R jet (3-13%) 

MET and MET trigger (1-4%) 

b-tagging (2-11%), leptons (4-15%), luminosity (3-4%) 

signal modeling (7-20%) 

background modelling (0.3-15%) 

MC statistical uncertainty (10-20%) 

The impact of uncertainties varies with different signals and analysis categories
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Systematics impact on signal strength
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Profile likelihood fit
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SR plus CR

Poisson  
distribution

observed  
event

expected  
signal and  

background

signal 
strength

nuisance parameters for 
background normalisation 

and systematic uncertainties

Gaussian function 
for constraint on 

nuisance parameter
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Model independent interpretation
A generic CLs upper limit on the allowed visible cross-section σvis of potential 
W+DM and Z+DM production are also performed with W/Z final state 

Selection similar to SR but with inclusive b-jet multiplicity and no separation in 
W/Z mass window 

The exclusion upper limit on σvis thus apply to any processes which have a generic 
back-to-back topology with W/Z boson recoiling against MET from weak 
interacting particles
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Upper limit on gSM in mono-Z’
Upper limit on the coupling gSM in mono-Z’ models is also 
performed, assuming gDM=1
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