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The presence of a non-baryonic Dark Matter component in the Universe is inferred from the
observation of its gravitational interaction. If Dark Matter interacts weakly with the Standard
Model particles it may be produced at the Large Hadron Collider (LHC), escaping detection and
leaving large missing transverse momentum as its signature. New results from the Dark Matter
search programme of the ATLAS experiment are presented, based on LHC proton-proton collision
data collected at a center-of-mass energy of 13 TeV.
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Dark Matter searches with the ATLAS Detector

1. Introduction

Investigating the particle nature of Dark Matter (DM), whose existence is supported by strong
observational evidence[1], is one of the main goals of the ATLAS experiment at the Large Hadron
Collider (LHC). ATLAS searches are based on various theoretical frameworks beyond the Standard
Model (SM), such as simplified models[2, 3, 4, 5] which provide rather generic descriptions of
the DM-SM interaction, or supersymmetric models. In this document, the most recent search
results based on proton-proton collisions at 13 TeV are presented. The ATLAS detector is described
elsewhere[0].

2. ESS 4 jets

The highest sensitivity to scenarios where pairs of weakly-interacting DM particles are pro-
duced through the s-channel exchange of a mediator is provided by the final state with large missing
transverse momentum, E%liss, recoiling against a high-pr jet originating from the hadronisation of
a gluon from initial-state radiation (“mono-jet”). The ATLAS search[7] is based on 36.1 fb~! of
collision data collected in 2015 and 2016. Events passing a EX* trigger are selected if they have
at least one jet reconstructed with the anti-kt algorithm[8] with radius parameter R = 0.4, with
pr > 250GeV and pseudorapidity || < 2.4, EMs > 250GeV and no electron or muon. Up to
three additional jets with pt > 30GeV are allowed; the difference in azimuthal angle between

ESS and any jets must be A¢ > 0.4.

The dominant backgrounds to this search come from the Z(vv) + jets process and from the
W(uv) + jets and W(tv) + jets processes, where the muon is not reconstructed or the 7 lepton
decays hadronically or into a neutrino and a charged lepton which escapes detection. Next-to-
leading-order (NLO) QCD corrections and NLO electroweak corrections, supplemented by Su-
dakov logarithms at two loops, are applied to the simulated samples for the W /Z + jets processes
as a function of the boson pr, following the prescription of Ref. [9]. A simultaneous binned likeli-
hood fit to the W /Z pr distribution in four control regions enriched in W (uv) + jets, W (ev) + jets,
tf and Z(up) + jets events is used to derive a common normalisation factor for all the W /Z + jets
backgrounds, and a separate normalisation factor for top-quark processes. Uncertainties due to the
different effect of higher-order corrections to Z(vv) +jets, W (£v) +jets and Z(¢¢) + jets processes
are taken into account across the full E%li“ spectrum, and have an impact of about 1% on the total
background uncertainty in the signal region. Additional contributions come from the uncertainty
on the muon and electron selection efficiencies and from the uncertainty on the jet energy scale
and resolution. The total background uncertainty varies between 2% and 7%; no significant excess
with respect to the SM prediction is observed.

Results are interpreted in terms of simplified models of DM-SM interaction, with the s-channel
exchange of an axial-vector or vector mediator, with a coupling g, = 1/4 to SM quarks and a
coupling g, = 1 to DM. Exclusion contours at 95% CL are presented in Fig. 1 for the two cases:
mediator masses up to 1.55 TeV are excluded for low values of the DM mass. The case of pseudo-
scalar interactions, with a mediator exchanged in the s-channel through a top-quark loop, was also
considered, but the analysis has not yet enough sensitivity to a mediator coupling g = 1.
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Figure 1: Observed and expected exclusion contours as a function of the DM mass m, and the mediator
mass mz, , » for the simplified model with an axial-vector (left) or vector (right) mediator. From Ref. [7].

3. Z(vv) +jets/Z(¢l) + jets cross-section ratio

Similar results can be obtained by comparing the measured differential Z(vv) + jets/Z(¢¢) +
jets cross-section ratios, corrected for detector effects, to predictions from new physics models.
The ATLAS measurement[10], based on 3.2 fb~! of collision data collected in 2015, studies both
a mono-jet and a vector-boson fusion (VBF) topology. The measured ratio is expressed as a func-
tion of the boson pr and, in the case of the VBF topology, the mass of the di-jet system and the
difference in azimuthal angle between the two jets. Figure 2(a) shows such ratio as a function of
the boson pr in the mono-jet topology. A re-interpretation of these results in the context of the
axial-vector model of Sec. 2, under the assumption that the detector effects are similar for both the
SM backgrounds and this simplified model, is shown in Fig. 2(b).

4. EMSS 4 Z(ee/pp)

Final states with a Z boson decaying into electrons or muons and missing transverse momen-
tum constitute another clear signature for the production of DM, where the Z boson may come
for example from initial state radiation. The ATLAS search[11] is based on 36.1 fb~! of data col-
lected in 2015 and 2016. Events are selected with a pair of electrons or muons with invariant mass
compatible with the decay from a Z boson, recoiling against EF'S > 90GeV.

The dominant background, coming from ZZ production, is estimated from simulation; data-
driven techniques are used to determine the WZ background, as well as the contribution from non-
resonant backgrounds. The main uncertainties come from the modelling of the ZZ process, lepton
momentum scale and resolution and uncertainties on the lepton reconstruction and identification
efficiencies and jet energy scales.



61

62

63

64

65

66

67

68

69

Dark Matter searches with the ATLAS Detector

3 T
é 12 ATLAS : ! i
r F Vs=13Tev 32f" e ATLAS (5=13TeV, 3.2 fb"
i E 3 V4 T : 3 Axial-vector mediator
— [0) - Dirac fermion DM
3 = 3§ 9,=025,g,=1
3 E I Py +ets)
i — T g (T +jets
-+ SM + simp. DM (M =10 GeV, M,=1 TeV) E| 3 il ots)
— SM+H- inv (MN:\l/Z v, B=50%) = = Exp.limit 95% CL (+10,,,)
[— zx : ES Sx g: p ] Obs. limit 95% CL (+10{2, ")
o L L A | Perturbativity limit
s  l4f Relic density
& E
Z ¥ L l -+ Exp. PRD94 (2016) 032005
] + t -+ Obs. PRD94 (2016) 032005
)5}
o E E
200 400 600 800 1000 1200 1400 L b =
miss
Pr [Gev] m, [GeV]
(@ (b)

Figure 2: Left: measured ratio between the fiducial cross-sections for the Z(vv) + jets and Z(¢¢) + jets
processes, Ruiss, as a function of the boson p, for the mono-jet topology. Right: observed and expected
95% CL exclusion contours as a function of the DM mass m, and the mediator mass my, for the simplified
model with an axial-vector mediator; expected results are compared to a mono-jet search performed with the
same data. From Ref. [10].

No significant excess is observed with respect to the SM prediction. Fig. 3 shows the 95%
CL exclusion contours for the simplified model with an axial-vector or vector mediator: mediator
masses up to 560 GeV are excluded for low values of the DM mass.
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Figure 3: Observed and expected exclusion contours as a function of the DM mass m, and the mediator
mass mmed, for the simplified model with an axial-vector (left) or vector (right) mediator. From Ref. [11].

5. Summary

Fig. 4 compares all ATLAS search results sensitive to the considered simplified model, in-
cluding both searches for DM production in final states with E%liss and direct searches for medi-
ator decays into two jets. Results for axial-vector (vector) interactions with this specific choice
of the couplings g, and g, are expressed in terms of 95% CL limits on the spin-dependent (spin-
independent) DM-proton (DM-nucleon) interaction cross-section, as a function of the assumed DM
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70 mass. Complementary results are obtained with respect to the ones from direct detection experi-
71 ments for light DM.
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Figure 4: Observed limit on the DM-proton (top) or DM-nucleon (bottom) interaction cross-section, as a
function of the DM mass, for the simplified model with an axial-vector (top) or vector (bottom) mediator.
From Ref. [12].



75
76

77

78

79
80

81
82
83

84
85

86
87
88

89

90
91

93
94
95

97

98

100

Dark Matter searches with the ATLAS Detector

References

[1]

(2]

[7]

(8]

[10]

(11]

[12]

G. Bertone et al., Particle Dark Matter: Evidence, Candidates and Constraints, Phys. Rept. 405
(2005) 279-390.

J. Abdallah J. et al., Simplified Models for Dark Matter Searches at the LHC, Phys. Dark Univ. 9-10
(2015) 8-23.

D. Abercrombie et al., Dark Matter Benchmark Models for Early LHC Run-2 Searches: Report of the
ATLAS/CMS Dark Matter Forum, arXiv:1507.00966 [hep-ex].

A. Boveia et al., Recommendations on presenting LHC searches for missing transverse energy signals
using simplified s-channel models of dark matter, arXxiv:1603.04156 [hep-ex].

A. Albert et al., Recommendations of the LHC Dark Matter Working Group: Comparing LHC
searches for heavy mediators of dark matter production in visible and invisible decay channels,
arXiv:1703.05703 [hep-ex].

ATLAS Collaboration, The ATLAS Experiment at the CERN Large Hadron Collider, JINST 3 (2008)
S08003.

ATLAS Collaboration, Search for dark matter and other new phenomena in events with an energetic
Jjet and large missing transverse momentum using the ATLAS detector, ATLAS-CONF-2017-060
(http://cdsweb.cern.ch/record/2273876).

M. Cacciari et al., The anti-k; jet clustering algorithm, JHEP 04 (2008) 063.
J. M. Lindert et al., Precise predictions for V + jets dark matter backgrounds, arXiv:1705.04664
(hep-ph].

ATLAS Collaboration, Measurement of detector-corrected observables sensitive to the anomalous
production of events with jets and large missing transverse momentum in pp collisions at

/s = 13TeV using the ATLAS detector, arxiv:1707.03263 [hep-ex] (submitted to Eur.
Phys. J. C).

ATLAS Collaboration, Search for an invisibly decaying Higgs boson or dark matter candidates
produced in association with a Z boson in pp collisions at \/s = 13 TeV with the ATLAS detector,
arXiv:1708.09624 [hep—ex] (submitted to Phys. Lett. B).

ATLAS Collaboration,

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/



