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INTRODUCTION & OUTLINE

• After the discovery of the Higgs in 2012 ATLAS has greatly intensified the search program for signs of physics 
beyond the SM and in particular for Dark Matter 

• exploiting the increase in data statistics from LHC Run 2 

• engaging the problem from several sides: indirect searches from precision measurements, direct search for 
DM particles or DM mediators, searches for non-WIMP DM … 

• In this summary selected results on: 

• highlights on most recent ATLAS results: precision measurements, top, Higgs, searches 

• review of the status of the searches for signals from Dark Matter  

• future prospects
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NOTE: impossible to cover in detail everything here. A full updated list of results from ATLAS available in:  
https://twiki.cern.ch/twiki/bin/view/AtlasPublic 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic


LHC RUN 2

 3

The Large Hadron Collider is a multipurpose and flexible machine 
Run 2 (2015-2018):  
- 156 fb-1 of proton-proton interactions delivered at √s = 13 TeV 
- Heavy Ions (2.3 nb-1 @ 5 TeV Pb-Pb, p-Pb, Xe-Xe), low-pileup p-p, p-p for diffractive physics



ATLAS DATA IN RUN 2
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2/19 calibration

excellent data taking (94%) and data quality (95%) efficiencies

ATLAS-CONF-2019-021

EWSB

- YUKAWA 
COUPLINGS 

- VH INTERACTIONS 
- HIGGS POTENTIAL

BSM

- DIRECT&INDIRECT 
SEARCHES  

- SUSY, ED, HV, … 
- DARK MATTER

PRECISION TESTS 
OF THE SM

- TOP, EW/ QCD 
- FLAVOUR PHYSICS

Higgs ~7.7 106

Top ~300 106

Z→ll ~300 106

W→lν ~3 109

Yields at 13 TeV  
w/ 139 fb-1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-021/


ATLAS DETECTOR IN RUN 2

 5

- improved physics capabilities  
- achieved excellent reconstruction performance 

up to very large pileup values (x3 above 
design) 

- widespread use of machine learning techniques for 
particle reconstruction & identification 

- dedicated algorithms/calibrations for specific physics 
cases (low-pT leptons, hadronic taus, b-tagging,   
boosted hadronic objects, …)

Z→ll candidate  
with μ=65



RECONSTRUCTION PERFORMANCE
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already reached sub-percent precisions in a large pT range for jet, b-tagging and lepton 
reconstruction. Additional improvements expected soon 

 [GeV]jet
T
p

20 30 210 210´2 310 310´2
 

M
C

R
 / 

da
ta

R

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15 ATLAS Preliminary
-1 = 13 TeV, 80 fbs

 = 0.4 (PFlow+JES)R tkAnti-

+jetg
 + jetee ® Z
 + jetµµ ® Z

Multijet
Total uncertainty
Statistical component

data-driven calibrations for muon efficiency and energy calibration of standard particle flow jets 

ATLAS-MUON-2019-03 
JETM-2018-006

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2019-03/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2018-006/


SM STATUS 

 7arXiv:1903.10415 

evidence for weak  
3-boson production

Harvest of ATLAS cross 
section measurements 
confirms the predictive 

power of the SM 

almost all theoretical 
calculations now at NNLO

https://arxiv.org/abs/1903.10415


OBSERVATION OF VECTOR BOSON SCATTERING
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ATLAS DRAFT
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Figure 1: Typical diagrams for the EW (first row) and QCD (second row) production of Z Z j j.

2 ATLAS detector70

The ATLAS experiment [11, 12] at the LHC is a multi-purpose particle detector with a forward-backward71

symmetric cylindrical geometry and a near 4⇡ coverage in solid angle.1 It consists of an inner tracking72

detector (ID) surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field,73

electromagnetic and hadron calorimeters, and a muon spectrometer. The inner tracking detector covers74

the pseudorapidity range |⌘ | < 2.5. It consists of silicon pixel, silicon microstrip, and transition radiation75

tracking detectors. Lead/liquid-argon (LAr) sampling calorimeters provide electromagnetic (EM) energy76

measurements with high granularity. A hadron (steel/scintillator-tile) calorimeter covers the central77

pseudorapidity range (|⌘ | < 1.7). The end-cap and forward regions are instrumented with LAr calorimeters78

for both EM and hadronic energy measurements up to |⌘ | = 4.9. The muon spectrometer (MS) surrounds79

the calorimeters and is based on three large air-core toroidal superconducting magnets with eight coils each.80

The field integral of the toroids ranges between 2.0 and 6.0 T m across most of the detector. The muon81

spectrometer includes a system of precision tracking chambers and fast detectors for triggering. A two-level82

trigger system [13] is used to select events for o�ine analysis. The first-level trigger is implemented in83

hardware and uses a subset of the detector information. This is followed by the software-based high-level84

trigger, reducing the event rate to about 1 kHz.85

3 Data and simulation86

The data sets for this analysis were recorded using single and multi-lepton triggers. The transverse87

momentum (pT) thresholds of these triggers vary from 8 to 26 GeV, depending on the lepton flavour and88

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upwards.
Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-axis. The pseudorapidity
is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). Angular distance is measured in units of �R ⌘

p
(�⌘)2 + (��)2.

June 29, 2019 – 20:25 4

extends SM x-section tests over 14 orders of magnitude

ZZjj: very rare (σ<fb) but clean modes using Z decays to 
charged leptons; exploit multivariate analysis to separate 
EW signal from strong interaction background
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σ(fid) = 0.82 ± 0.21 fb (SM: 0.61 ± 0.03 fb) 
significance 5.5σ: first observation of ZZjj VBS 

ATLAS-CONF-2019-033; ATLAS-CONF-2019-039

Zγjj electroweak production:  
- sensitive to SM quartic gauge coupling diagram 
-4.1σ significance observed (3.8σ expected)

https://cds.cern.ch/record/2682845
https://cds.cern.ch/record/2686248


CHARGE ASYMMETRY MEASUREMENT  
- resolved and boosted top-quark decays in lepton+jets events 
- asymmetry at LHC from higher order QCD effects from qqbar and 
qg initial states 

TOP PRECISION PHYSICS
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- template fit of 𝑚𝑙𝑏 (leptons 
paired the closest b-jet) 

- significant improvement from 
8 TeV results 

NNLO prediction 1.322 GeV 
(uncertainty ~ 1%)

ATLAS-CONF-2019-041

ATLAS-CONF-2019-038

NEW PRECISION TOTAL X-SECTION MEASUREMENT 

TOP QUARK DECAY WIDTH WITH FULL LHC RUN 2 DATASET

 Γt = 1.94+0.52
−0.49 GeV

<500 [500,750] [750,1000] [1000,1500] > 1500
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ATLAS-CONF-2019-026

2.4% uncertainty due to state of the art 
reconstruction performances for e/μ 

σtt̄ = 826 ± 20 pb
σ(NNLO) = 832 ± 45 pb

Ac≠0 at 4σ level 

https://cds.cern.ch/record/2686255
https://cds.cern.ch/record/2684952
https://cds.cern.ch/record/2682109


EXPLORING DIFFERENTIAL X-SECTIONS
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ATLAS DRAFT

to measure the Z� production rate in the ⌫⌫� channel in a phase space region with photon transverse energy,51

E
�
T, greater than 150 GeV [16]. The analysis presented below measures the Z� production cross-section52

using the full ATLAS Run 2 dataset, with an integrated luminosity of 139 fb�1, for events in which the Z53

boson decays into an electron or muon pair, Z ! `+`� (` = e, µ). Compared to the neutrino channel, the54

e
+

e
�� and µ+µ�� channels allow cross-section measurements to be made over a wider range of E

�
T and55

with lower background, but have reduced sensitivity to anomalous couplings of gauge bosons [2, 17].56

Inclusive samples of e
+

e
�� and µ+µ�� events are selected and used to measure the Z� production57

cross-section within a fiducial phase space region defined by the kinematic properties of the lepton pair and58

the photon, including a requirement that the invariant mass, m(``), of the `+`� pair be greater than 40 GeV59

and that the sum, m(``) + m(``�), of the invariant masses of the lepton pair and the `+`�� system be60

greater than 182 GeV, approximately twice the mass of the Z boson. The latter requirement ensures that the61

measurement is dominated by events in which the photon is emitted from a quark line in the hard-scattering62

process, as in Figure 1(a), rather than from a final-state lepton, as in Figure 1(b). The contribution from63

events in which the photon is produced from the fragmentation of a quark or a gluon, as illustrated in64

Figures 1(c) and 1(d), is removed experimentally by requiring that the photon be unaccompanied by65

significant activity from other particles in the event (isolation), and theoretically by imposing smooth-cone66

isolation criteria on the photon at parton level [18].67
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Figure 1: Feynman diagrams for `+`�� production: (a) photon radiation from a quark leg; (b) final-state photon
radiation from a lepton; and (c,d) contributions from the Z + q(g) processes in which a photon is produced from the
fragmentation of a quark or a gluon.

The measurements of the rate and kinematic properties of Z� production in the fiducial phase space68

region are compared with SM predictions obtained from parton-level calculations carried out in pQCD at69

next-to-leading order (NLO) and next-to-next-to-leading order (NNLO) in the strong coupling constant ↵S,70

as well as with predictions from parton shower Monte Carlo (MC) event generators at leading-order (LO)71

and NLO. The di�erential cross-sections are measured as function of the kinematic variables of the photon,72

m(``�), the pT of the ``� system and the di�erence in azimuthal angle between the dilepton system and73

the photon. The dependences of the cross-section on the latter two variables have not previously been74

measured for the Z� process. They are very sensitive to QCD radiation, and were selected to test how well75

the higher order calculations and MC generators are able to describe this aspect.76

31st May 2019 – 21:53 5

0 2 4 6 8 10 12

3-10

2-10

1-10

1

10

210]-1
G

eV
×

 [f
b

g T
dE
sd

MATRIX NNLO
MATRIX NLO
Data

MATRIX NNLO
MATRIX NLO
Data

MATRIX NNLO
MATRIX NLO
Data

ATLAS Preliminary
1-= 13 TeV, 139 fbs

gll)®Z(

 [GeV]g
TE

0.8
1

Pr
ed

./D
at

a

30 40 50 60 70 80 100 120 150 200 300 500 120030 40 50 60 70 80 100 120 150 200 300 500 120030 40 50 60 70 80 100 120 150 200 300 500 1200

high-precision measurement of differential Zγ 
diboson cross sections, probing EW gauge 
structure of SM and tests QCD
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Higgs differential cross section measurements: H→γγ and H→ZZ*→4l 
- well described by POWHEG NNLO+PS up to 1 TeV  
- constrain EFT parameters and charm Yukawa coupling → NP effects

ATLAS-CONF-2019-032 

HIGGS

Zγ

https://cds.cern.ch/record/2682846
https://cds.cern.ch/record/2682844
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PROBING NP WITH HIGH PRECISION HIGGS MEASUREMENTS
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higgs sector directly connected with most important open 
questions of the SM: naturalness, vacuum stability & energy, 
flavour 

a broad experimental programme that will extend till the end 
of HL-LHC … 

COUPLING  
MODIFIERS

k2j =
�j

�SM
j

 
�j

�SM
j

!

major progresses in the last year: 
-observation of H→bb decay 
-observation of ttH and VH productions 

all major production and higgs decay modes now observed 
Higgs couplings measured at 10-20% precision 

ATLAS-CONF-2019-005 
ATLAS-CONF-2019-028

https://cds.cern.ch/record/2668375
https://cds.cern.ch/record/2682155


PROBING NP WITH HIGH PRECISION HIGGS MEASUREMENTS

 12

next frontier: test higgs interactions with lighter generation fermions
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HIGGS SELF INTERACTIONS
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(a)
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Figure 1: Examples of one loop �HHH -dependent diagrams for the Higgs boson self energy (a) and the single Higgs
boson production in the VBF (b), VH (c), and ttH (d) modes. The self-coupling vertex is indicated by the filled
circle.

1 Introduction

After the discovery of the Higgs boson by the ATLAS [1] and CMS [2] experiments, the properties of this
new particle have been probed by the two experiments, testing their compatibility with the prediction of the
Standard Model (SM). During the two runs of data-taking of the Large Hadron Collider (LHC) at CERN, the
Higgs production cross-sections and decay branching ratios in various channels have been measured with
an increasing precision, as well as the Higgs boson couplings with the SM particles [3–5]. Nevertheless
the properties of the Higgs scalar potential, and in particular the Higgs boson self-coupling, are still largely
unconstrained. The most recent constraints on the Higgs boson trilinear self-coupling, �HHH , have been
set in the context of a direct search of double Higgs boson production. Results are reported in terms
of � = �HHH/�SMHHH

, which is the ratio of the Higgs boson self-coupling to its SM expectation. It is
constrained to at 95% confidence level (C.L.) to �5.0 < � < 12.1 [6] and �11.8 < � < 18.8 [7] by
ATLAS and CMS, respectively, using up to 36 fb�1of Run-2 data.

An alternative and complementary approach to study the Higgs boson self-coupling has been proposed in
the Refs. [8–13]. Single Higgs processes do not depend on �HHH at leading order (LO), but the Higgs
trilinear self-coupling contributions need to be taken into account for the calculation of the complete
next-to-leading (NLO) electro-weak (EW) corrections. In particular, �HHH contributes at NLO EW
via Higgs self energy loop corrections and additional diagrams, as shown by the examples in Figure 1.
Therefore, an indirect constraint on �HHH can be extracted by comparing precise measurements of single
Higgs production yields and the SM predictions corrected for the �HHH -dependent NLO EW e�ects.
Refs. [8, 9] propose a framework for a global fit to constrain the Higgs trilinear coupling, where all the
Higgs boson production and decay channels are modified by parameters:

µi f (�) = µi(�) ⇥ µ f (�) ⌘
�i(�)
�SM,i

⇥
BR f (�)
BRSM, f

, (1)

2
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Figure 1: Examples of one loop �HHH -dependent diagrams for the Higgs boson self energy (a) and the single Higgs
boson production in the VBF (b), VH (c), and ttH (d) modes. The self-coupling vertex is indicated by the filled
circle.
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global fit of λHHH in NLO corrections to combined Higgs STXS 
measurements, assuming no other new physics present
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Figure 5: Profile likelihood scan, in terms of �2 ln⇤(�), performed as a function of � on Asimov datasets [32]
generated under the SM hypothesis for each Higgs boson production mode (a) and each decay channel (b). In (a) the
scan is performed parametrising all branching fractions and the selected production mode cross-section as a function
of �, while fixing the cross-section of the other production modes at the SM value, in (b) all production mode
cross-sections and decay branching fractions are expressed as a function of �, but only the categories of the selected
channel are included in the fit. The ttH multi-lepton categories are excluded from the H ! Z Z

⇤, H ! WW
⇤, and

H ! ⌧⌧ fits.

physics could a�ect only the Yukawa type terms (V = 1) of the SM or only the couplings to vector bosons
(F = 1), in addition to the Higgs boson self-coupling (� ) [34].

The theory parametrization used in this study in terms of cross section dependence on � and V or F
assumes partial factorization of the changes to the cross section induced by the single-Higgs coupling
modifiers V , F , and those induced by the self-coupling modifier �. While this assumption is not
justified in the presence of large deviations from the SM expectations, it also reflects the fact that NLO
EW correction are not theoretically well defined after introducing LO-motivated single-Higgs coupling
modifiers. While a more complete theoretical framework (such as an E�ective Field Theory approach) is
needed to overcome these di�culties, the results presented in this section give a rough indication of the
simultaneous sensitivity to both Higgs boson self-coupling and single Higgs boson couplings with the data
statistics currently available for the input analyses. The results are summarised in Table 6.

Figure 6 shows negative log-likelihood contours on the (�, F ) and (�, V ) grids obtained from fits
performed in the V = 1 or F = 1 hypothesis, respectively. As expected, including additional degrees of
freedom to the fit reduces the constraining power of the measurement. In particular, the sensitivity to � is
not much degraded when determining F at the same time, while it is degraded by 50% (on the expected
lower 95% C.L. exclusion limit) when determining simultaneously V and �. An even less constrained fit,
performed by either fitting simultaneously �, V and F , or fitting simultaneously � and a common single
Higgs boson coupling modifier ( = V = F ), results in nearly no sensitivity to � within the theoretically
allowed range of |� | < 20.
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produced, for example, through the gluon-fusion mode shown in Figure 1 (c). Models with two Higgs53

doublets [5], such as the minimal supersymmetric extension of the SM [6], twin Higgs models [7] and54

composite Higgs models [8, 9] involve the addition of a second complex scalar doublet. This implies55

the existence of a heavy Higgs boson that could then decay to two of its lighter, SM-like, partners. In56

addition, the Randall-Sundrum model of warped extra dimensions [10] predicts both spin-0 radions and57

spin-2 gravitons that could couple to a Higgs boson pair in this way.58

In addition to the resonant production discussed above, there can also be non-resonant enhancements to59

the di-Higgs cross-section. These can either come through loop-corrections from new particles, such as60

light, coloured scalars [11], or through non-SM couplings: either additional couplings not present in the61

SM or alterations to SM couplings between the Higgs boson and other particles. Anomalous couplings,62

such as contact interactions between two top quarks and two Higgs bosons [12], can also enhance the63

SM cross-section, although no interpretation in terms of such processes is considered here. Deviations64

from SM couplings can be quantified using �, which measures deviations in the Higgs self-coupling65

(� = �HHH/�SM), and t , which measures deviations in the Yukawa coupling between the top quark and66

the Higgs boson (t = yt/yt,SM ), where the SM subscript refers to the SM value of these parameters.67

H

H
(a) (b) (c)

Figure 1: Leading-order production modes for Higgs boson pairs. In the SM, there is destructive interference between
(a) the heavy-quark loop and (b) the Higgs self-coupling production modes, which reduces the overall cross-section.
BSM Higgs boson pair production could proceed through changes to the Higgs couplings, for example the tt̄H (red
vertices) or HHH (blue vertices) couplings which contribute to (a) and (b), or through an intermediate resonance,
X , which could, for example, be produced through a quark loop as shown in (c).

This paper describes a search for the production of pairs of Higgs bosons in pp collisions at the LHC. The68

search is carried out in the ��bb̄ final state, and considers both resonant and non-resonant contributions.69

For the resonant search, the narrow-width approximation is used, focusing on a resonance with mass (mX)70

in the range 260 GeV < mX < 1000 GeV. Although this search is for a generic scalar decaying to a pair71

of Higgs bosons, the simulated samples used to optimise the search were produced in the gluon-fusion72

mode. Previous searches have been carried out by the ATLAS [13] and CMS [14] collaborations in the73

��bb̄ channel at
p

s = 8 TeV, as well as in other final state searches [15–18] performed at both
p

s = 8 TeV74

and
p

s = 13 TeV.75

Events are required to have two isolated photons, accompanied by two jets, at least one of which is tagged76

as originating from a b-quark. These jets are required to have dijet invariant mass (mj j) compatible with77

the mass of the Higgs boson, mH = 125.09 GeV [3]. Events with one or two b-tagged jets are classified78

into separate signal regions. Two analysis selections are defined, one which is more sensitive at the low79

end of the resonance mass range and the other which is more sensitive for high masses – hereafter these80

are termed the ‘low mass’ and ‘high mass’ selections. For non-resonant production, the signal consists81

of a narrow peak around mH in the diphoton invariant mass (m��) spectrum on top of a smoothly falling82

background and can be extracted using an appropriate fit to the m�� distribution of the selected events.83

For resonant production, the signal consists of a peak in the four-object invariant mass (m�� j j) spectrum84
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arXiv:1906.02025 [hep-ex]

DI-HIGGS PRODUCTION

λHHH

No observation yet …  
-5.0 < kλ < 12.0 @95% CL

SELF-COUPLINGS

https://cds.cern.ch/record/2667570/files/ATL-PHYS-PUB-2019-009.pdf
https://arxiv.org/abs/1906.02025
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kλ @ HL-LHC

arXiv:1902.00134 [hep-ph]
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ATLAS-CONF-2019-030 

-search for HH production in 4b channel  
-data-driven backgrounds using mbb sidebands 

BSM resonant 
contributions

-can observe HH production at 4σ 
-can measure kλ with 50% uncertainty 

https://arxiv.org/abs/1902.00134
https://cds.cern.ch/record/2682801
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ATLAS NEW PHYSICS 
SEARCHES SUMMARY

both signature-based and model-targeted searches  
probed masses in the 1-10 TeV range



DIRECT SEARCHES FOR DM@LHC

 16

DM LHC/COLLIDERS PARADIGM

if in some way DM particles interact with ordinary 
particles LHC can in principle produce them

pp

at LHC we need something visibile to detect 
invisibile things …

MONO-X SEARCHES

ASSOCIATE 
PRODUCTION OF 

DM WITH SM 
PARTICLES

DM MEDIATOR 
SEARCHES

DM  
Mediator

tt,W,Z,…

g,γ,H,V,t,…



DM BENCHMARKS
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valid as long as we can 
integrate out higher-scale 

physics (mediator)

EFFECTIVE FIELD THEORIES

MODEL 
COMPLEXITY

SIMPLIFIED MODELS

COMPLETE THEORIES

able to capture common 
aspects of different models 
depends on few parameters 
easy to compare with direct 

detection experiments

UV-complete models (ex. SUSY) 
results more sensitive to 

specific models but also more 
model dependent



MONO-X SEARCHES
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Benchmark models: 
- s-channel exchange of spin-1 mediator with axial-
vector (vector) couplings 

- t-channel scalar coloured mediator, spin 0 
- sensitive to many other BSM scenarios 

Search strategy: 
- look at ISR objects recoiling against DM system (MET) 
-αs ≫ α → larger signal yield in case of mono-Jet 
-most sensitive channel for vector mediator DM

t-channel result: 
mediator masses up to 

about 1.67 TeV excluded at 
95%CL for light DM 

data-driven 
backgrounds  

((W/Z→l/νν)+jets) 
from orthogonal control 

regions

JHEP 01 (2018) 126

https://arxiv.org/abs/1711.03301


RESONANCES (DIJET/DILEPTON) SEARCHES

 19

if the DM mediator couple to quarks or leptons in addition to mono-X signals it will also 
affect di-jet /di-lepton spectra 
- check the di-jet / di-lepton invariant mass distributions against expectations from SM processes 
- search for “bumps” in the mjj/mll, describing background shapes with smooth functional forms 
- probed jets and leptons with transverse momenta up to multi-TeV
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A DI-JET 
EVENTS SEEN 
IN ATLAS

Run 2 2017 
√s = 13 TeV 
mjj = 9.3 TeV 
jet pT 2.9 TeV



RESONANCES (DIJET/DILEPTON) SEARCHES

 21Phys. Rev. Lett. 121 (2018) 081801; Phys. Lett. B 795 (2019) 56 

LOWER MASS: TRIGGER LEVEL ANALYSIS

EVEN LOWER MASS: JJ+ISR

https://arxiv.org/abs/1804.03496
https://arxiv.org/abs/1901.10917


COMBINATION

 22

bounds on DM-mediator mass plane from mono-X and di-jet searches

VECTOR MEDIATOR

IMPORTANT: ALL INTERPRETATIONS HIGHLY DEPENDENT ON ASSUMPTIONS!

AXIAL-VECTOR MEDIATOR

Vector Mediator (gq=0.25,gl=0,gDM=1) Axial-Vector Mediator (gq=0.1,gl=0.1,gDM=1) 



COMPLEMENTARITY WITH DIRECT SEARCHES

 23

VECTOR MEDIATOR

ATLAS (95% CL) limits converted in spin independent or spin dependent  χ-nucleon cross-sections 

AXIAL-VECTOR MEDIATOR



SCALAR MEDIATOR PROBES: DM + HF

 24

most sensitive channel for spin 0, scalar or pseudo-scalar, color neutral mediator 
- looks for final states with top and bottom enhanced  
by Yukawa coupling between DM and SM sectors 

- 0, 1 and 2-leptons final states 
- final discriminant variables: stranverse-mass and MET 

SCALAR PSEUDO-SCALAR

Eur. Phys. J. C 78 (2018) 18 
JHEP 05 (2019) 142

- excluded mediator mass up to 45 GeV 
(scalar) and 15-25 GeV (pseudo-scalar) 

- results do not depend on the DM mass, 
as long as the DM is on-shell 

https://arxiv.org/abs/1710.11412
https://arxiv.org/abs/1903.01400


DM THROUGH H→ INVISIBLE

 25

- Search for Higgs decaying into WIMPs 
- connection with Dark Matter (or general hidden sectors) via Higgs or scalar portals 
- SM B(H→ZZ→4ν)~0.12% 
- most sensitive channel at LHC: VBF 

VH and ggF exp. signature:  
MET measured from 
recoiling V or Jet

  
 

B(H→inv) < 0.26 (0.17) 
@95% CL

Interpretation in the context of the Higgs Portal model 

B(H→inv) → Γinv → couplings → cross-section DM-Nucleon

Phys. Rev. Lett. 122, 231801 (2019)

http://link.springer.com/article/10.1007/JHEP01(2016)172
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
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https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105
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https://arxiv.org/abs/1904.05105
https://arxiv.org/abs/1904.05105


- looks at events with large hadronic activity, 
MET and no leptons 

- cut-based and MVA approaches

SUSY SEARCHES

 26

- a large number of analyses performed or onging in ATLAS, looking at very diverse signatures, two representative ones shown here: 
- strong SUSY production in events with large hadronic activity and 0-leptons: sensitive to gluino/squark production  
- electroweak SUSY production in events with multi-leptons: sensitive on EWKino production 

- dominate if squark/gluinos are very heavy 
- events with 1 lepton + jets, 2 or more leptons and no jets + MET 
- discrimination based on based on stranverse and contransverse 

masses: MT2, MCT 
- dedicated signal regions with ISR jets targeting ”compressed” 

spectra

ATLAS-CONF-2019-040 
ATLAS-CONF-2019-008  
ATLAS-CONF-2019-031 
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STRONG STOP PRODUCTION
SUSY SEARCHES

 27EW SUSY PRODUCTION
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jets targeting 
”compressed” 
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LIGHT DM SEARCHES THROUGH UNCONVENTIONAL SIGNATURES

 28

Displaced leptons, 
lepton-jets, or 
lepton pairs

Displaced 
multitrack vertices

Multitrack vertices in 
the muon spectrometer

Meta-stable charged 
particles

Trackless, 
low-EMF jets

Emerging jets

Non-pointing 
(converted) photons

Disappearing or 
kinked tracks

unconventional signatures expected in many 
NP models that can provide viable solutions 
for DM:  
- small phase space (ex. mass degeneracy in 
compressed SUSY models) 

-weak couplings, energy barriers, etc. (ex. dark/
hidden sectors)

a diverse set of signatures analysed in ATLAS: 
most of them requiring special triggers and/or 
dedicated reconstruction and non-standard 
analyses …

here just two examples of such searches …



SEARCH FOR LONG-LIVED NEUTRAL PARTICLES

 29

HEAVY NEUTRAL LEPTONS LIGHT DARK PHOTONS

arXiv:1905.09787 [hep-ex]; ATLAS-EXOT-2017-28

right-handed Majorana neutrinos give rise to type-I see-saw 
mechanism and provide DM candidates 
- looks for lepton number conserved / violated decays with prompt / 

displaced leptons

- expected in many extensions of the SM with hidden sectors 
- connection to the hidden sector through kinetic mixing (ε) 
- SM-dark-sector strength determines lifetime of dark photons  
- predict low mass dark photons decays to collimated pair of 

electrons/muons/hadrons

eV]

https://arxiv.org/abs/1905.09787


PROSPECTS

 30

NEXT STEPS: 
  NOW:  LS2 PHASE → COMPLETE PHASE I UPGRADES 

~2021:  RUN 3 → EXPECTED ~300 FB-1 @ 14 TEV 
~2024:  LS3 PHASE → INSTALL PHASE II UPGRADES 
~2027:  RUN 4 (HL-LHC) → x10 DATA STATISTICS OF PHASE I



DIRECT DM SEARCHES

 31

MONO JET

axial-vector mediator 
probed up to 2.7 TeV

ATL-PHYS-PUB-2018-043 
ATL-PHYS-PUB-2018-024

MONO-TOP

vector mediator up 
to 4.5 TeV
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Figure 1. Projected uncertainties on ki, combining
ATLAS and CMS: total (grey box), statistical (blue),
experimental (green) and theory (red). From Ref. [2].

These coupling measurements assume the absence of sizable
additional contributions to GH . As recently suggested, the patterns
of quantum interference between background and Higgs-mediated
production of photon pairs or four leptons are sensitive to GH .
Measuring the off-shell four-fermion final states, and assuming
the Higgs couplings to gluons and ZZ evolve off-shell as in the
SM, the HL-LHC will extract GH with a 20% precision at 68% CL.
Furthermore, combining all Higgs channels, and with the sole
assumption that the couplings to vector bosons are not larger than
the SM ones (kV  1), will constrain GH with a 5% precision at
95% CL. Invisible Higgs boson decays will be searched for at
HL-LHC in all production channels, VBF being the most sensitive.
The combination of ATLAS and CMS Higgs boson coupling mea-
surements will set an upper limit on the Higgs invisible branching
ratio of 2.5%, at the 95% CL. The precision reach in the mea-
surements of ratios will be at the percent level, with particularly
interesting measurements of kg/kZ, which serves as a probe of
new physics entering the H ! gg loop, can be measured with an
uncertainty of 1.4%, and kt/kg, which serves as probe of new
physics entering the gg ! H loop, with a precision of 3.4%.

A summary of the limits obtained on first and second gen-
eration quarks from a variety of observables is given in Fig. 2
(left). It includes: (i) HL-LHC projections for exclusive decays of
the Higgs into quarkonia; (ii) constraints from fits to differential
cross sections of kinematic observables (in particular pT); (iii)
constraints on the total width GH relying on different assumptions
(the examples given in the Fig. 2 (left) correspond to a projected limit of 200 MeV on the total width from the mass shift
from the interference in the diphoton channel between signal and continuous background and the constraint at 68% CL on the
total width from off-shell couplings measurements of 20%); (iv) a global fit of Higgs production cross sections (yielding the
constraint of 5% on the width mentioned herein); and (v) the direct search for Higgs decays to cc using inclusive charm tagging
techniques. Assuming SM couplings, the latter is expected to lead to the most stringent upper limit of kc / 2. A combination of
ATLAS, CMS and LHCb results would further improve this constraint to kc / 1.

The Run 2 experience in searches for Higgs pair production led to a reappraisal of the HL-LHC sensitivity, including several
channels, some of which were not considered in previous projections: 2b2g , 2b2t , 4b, 2bWW, 2bZZ. Assuming the SM Higgs

Figure 2. Left: Summary of the projected HL-LHC limits on the quark Yukawa couplings. Right: Summary of constraints on
the SMEFT operators considered. The shaded bounds arise from a global fit of all operators, those assuming the existence of a
single operator are labeled as "exclusive". From Ref. [2].

2

HL-LHC: is a Higgs factory for precision 
Higgs coupling measurements

HIGGS COUPLINGS

https://cds.cern.ch/record/2650050
https://cds.cern.ch/record/2645274


OUTLOOK

• An impressive set of precision measurements and searches for new physics effects 
from ATLAS in Run 2 

• analysis of the full dataset in full swing with already many results based on 2018 data 
• expand the exploration of possible physics BSM and our knowledge of nature of fundamental 

interactions  

• No evidence of Dark Matter from multiple searches up to now, but … 
• powerful constraints set on a variety of different benchmarks  

• extension to searches beyond WIMP simplified models (less simplified and complete models, 
dark sectors, …) 

• Run 2 data still under analysis and much more to come in Run 3 and HL-LHC (300, 3000 fb-1), 
with many regions still unexplored and substantial space available for surprises & discoveries! 

 32



ADDITIONAL MATERIAL



ATLAS UPGRADES

 34

- new LAr calorimeter electronics 
finer segmentation available @L1 
improves L1 calo trigger 

- new inner end-caps muon 
system (New Small Wheel) 

reduce trigger rate from fake muons 
preserve resolution/efficiency @ 
HL-LHC  

- trigger/DAQ 
enhanced jet-rejectons/pile-up 
subtraction 
improved muons trigger information  
fast inner detector tracking

PHASE II (HL-LHC) UPGRADE

PHASE I (RUN 3) UPGRADE



COMBINED MEASUREMENT OF SIMPLIFIED TEMPLATE CROSS SECTIONS (STXS) 

 35

STXS allow to combine different 
channels in well defined phase space 
regions* with reduced theory input

*incl. regions sensitive to new physics (such as high 
pT) that might not manifest itself in total cross-section
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0.43+  0.57  

ZZB × < 120 GeV H
T

p ≤, 1-jet, 60 H→gg )0.15−
0.18+ ,  0.31−

0.33+   (0.34−
0.38+  0.87  

ZZB × < 200 GeV H
T

p ≤, 1-jet, 120 H→gg )0.30−
0.39+ ,  0.65−

0.71+   (0.72−
0.81+  1.30  

ZZB × 200 GeV ≥ H
T

p 1-jet, ≥, H→gg )0.32−
0.43+ ,  0.64−

0.73+   (0.72−
0.84+  2.05  

ZZB × < 200 GeV H
T

p 2-jet, ≥, H→gg )0.26−
0.32+ ,  0.44−

0.46+   (0.51−
0.56+  1.11  

ZZB ×, VBF topo + Rest Hqq→qq )0.21−
0.27+ ,  0.32−

0.36+   (0.38−
0.45+  1.57  

ZZB ×, VH topo Hqq→qq )0.24−
0.32+ ,  1.11−

1.31+   (1.13−
1.35+ -0.12  

ZZB × 200 GeV ≥ j
T

p, Hqq→qq )0.72−
0.69+ ,  1.29−

1.34+   (1.48−
1.51+ -0.95  

ZZB × < 250 GeV 
T
Vp, νHl→qq )0.55−

0.71+ ,  0.85−
1.02+   (1.01−

1.24+  2.28  

ZZB × 250 GeV ≥ 
T
Vp, νHl→qq )0.66−

1.81+ ,  1.00−
1.44+   (1.19−

2.32+  1.91  

ZZB × < 150 GeV 
T
Vp, Hll→gg/qq )1.22−

0.76+ ,  0.98−
1.01+   (1.57−

1.26+  0.85  

ZZB × < 250 GeV 
T
Vp ≤, 150 Hll→gg/qq )0.70−

0.79+ ,  0.90−
1.02+   (1.13−

1.29+  0.86  

ZZB × 250 GeV ≥ 
T
Vp, Hll→gg/qq )0.71−

2.38+ ,  1.33−
1.87+   (1.50−

3.03+  2.92  

ZZB × ttH + tH )0.19−
0.24+ ,  0.27−

0.30+   (0.33−
0.39+  1.44  

2− 0 2 4 6 80.5

5

                      Total    Stat.     Syst.

ZZ/BγγB )0.06−
0.07+ ,  0.11−

0.12+   (0.12−
0.14+  0.86  

ZZ/BbbB )0.22−
0.27+ ,  0.18−

0.22+   (0.28−
0.35+  0.63  

ZZ/BWWB )0.11−
0.12+ ,  0.11−

0.13+   (0.16−
0.18+  0.86  

ZZ/B-τ+τB )0.14−
0.19+ ,  0.19−

0.22+   (0.24−
0.29+  0.87  
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ATLAS LLP 
SEARCHES SUMMARY

study of LLPs  
is a new and 

very promising 
direction in the 
interests of the 
LHC community



DARK-SECTORS PROSPECTS
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DISPLACED DARK-PHOTONS

ATL-PHYS-PUB-2019-002

https://cds.cern.ch/record/2654518


DIRECT DM SEARCHES

 38

MONO JET

axial-vector mediator 
probed up to 2.7 TeV

ATL-PHYS-PUB-2018-043; ATL-PHYS-PUB-2018-038 
ATL-PHYS-PUB-2018-036; ATL-PHYS-PUB-2018-024

DM + HEAVY QUARKS 

MONO-TOP

vector mediator up 
to 4.5 TeV

scalar mediator up to 
~0.5 TeV

https://cds.cern.ch/record/2650050
https://cds.cern.ch/record/2649443
https://cds.cern.ch/record/2649243
https://cds.cern.ch/record/2645274


lightest chargino nearly degenerate with lightest neutralino, resulting 
in long chargino lifetimes) 

striking experimental signature: 

with charged pion too soft to be  
reconstructed (~100 MeV) that  
leads to chargino that “disappear”  
- dedicated track reconstruction & triggers (ISR-jet, MET)

HIGGS / SUSY PROSPECTS

 39

HIGGS COUPLINGS

ATL-PHYS-PUB-2018-031
DISAPPEARING TRACKS
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Figure 1. Projected uncertainties on ki, combining
ATLAS and CMS: total (grey box), statistical (blue),
experimental (green) and theory (red). From Ref. [2].

These coupling measurements assume the absence of sizable
additional contributions to GH . As recently suggested, the patterns
of quantum interference between background and Higgs-mediated
production of photon pairs or four leptons are sensitive to GH .
Measuring the off-shell four-fermion final states, and assuming
the Higgs couplings to gluons and ZZ evolve off-shell as in the
SM, the HL-LHC will extract GH with a 20% precision at 68% CL.
Furthermore, combining all Higgs channels, and with the sole
assumption that the couplings to vector bosons are not larger than
the SM ones (kV  1), will constrain GH with a 5% precision at
95% CL. Invisible Higgs boson decays will be searched for at
HL-LHC in all production channels, VBF being the most sensitive.
The combination of ATLAS and CMS Higgs boson coupling mea-
surements will set an upper limit on the Higgs invisible branching
ratio of 2.5%, at the 95% CL. The precision reach in the mea-
surements of ratios will be at the percent level, with particularly
interesting measurements of kg/kZ, which serves as a probe of
new physics entering the H ! gg loop, can be measured with an
uncertainty of 1.4%, and kt/kg, which serves as probe of new
physics entering the gg ! H loop, with a precision of 3.4%.

A summary of the limits obtained on first and second gen-
eration quarks from a variety of observables is given in Fig. 2
(left). It includes: (i) HL-LHC projections for exclusive decays of
the Higgs into quarkonia; (ii) constraints from fits to differential
cross sections of kinematic observables (in particular pT); (iii)
constraints on the total width GH relying on different assumptions
(the examples given in the Fig. 2 (left) correspond to a projected limit of 200 MeV on the total width from the mass shift
from the interference in the diphoton channel between signal and continuous background and the constraint at 68% CL on the
total width from off-shell couplings measurements of 20%); (iv) a global fit of Higgs production cross sections (yielding the
constraint of 5% on the width mentioned herein); and (v) the direct search for Higgs decays to cc using inclusive charm tagging
techniques. Assuming SM couplings, the latter is expected to lead to the most stringent upper limit of kc / 2. A combination of
ATLAS, CMS and LHCb results would further improve this constraint to kc / 1.

The Run 2 experience in searches for Higgs pair production led to a reappraisal of the HL-LHC sensitivity, including several
channels, some of which were not considered in previous projections: 2b2g , 2b2t , 4b, 2bWW, 2bZZ. Assuming the SM Higgs

Figure 2. Left: Summary of the projected HL-LHC limits on the quark Yukawa couplings. Right: Summary of constraints on
the SMEFT operators considered. The shaded bounds arise from a global fit of all operators, those assuming the existence of a
single operator are labeled as "exclusive". From Ref. [2].

2

HL-LHC: is a Higgs factory for precision 
Higgs coupling measurements

https://cds.cern.ch/record/2647294

