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Why Dark Matter?

cosmic microwave background 

rotation velocity curves 
of stars in galaxies galaxy clusters

structure formation

‣ compelling evidence for existence of non-luminous 
matter on largely different cosmological scales     
=> "Dark Matter"

‣ ~1/4 of the universe’s matter-energy budget
‣ ~5 times as much as ‘normal' matter

Planck result

https://darkmatterdarkenergy.com/2015/03/07/planck-mission-full-results-confirm-canonical-cosmology-model/
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Dark Matter Searches
‣ no viable candidate within Standard Model (SM)

SM DM

DMSM

ETmiss

SM DM

DMSM

collider

indirect

direct

j, γ, Z, W, …

‣ popular generic class of new particles: 
weakly interacting massive particles (WIMPs)

‣ interacting = interacting non-gravitationally

‣ weakly interacting

‣ missing transverse energy (ETmiss) 
from recoiling WIMPs

‣ additional (high pT) object to trigger on

‣ => "mono-X" searches 

‣ massive —> can account for relic density

—> escape collider experiment undetected

‣ broad search programme, mainly 3 approaches
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Models
‣ LHC Run-1: “traditional" effective field theory (EFT) approach

18 atlas+cms dark matter forum
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Figure 2.1: Representative Feynman
diagram showing the pair production
of Dark Matter particles in association
with a parton from the initial state via
a vector or axial-vector mediator. The
cross section and kinematics depend
upon the mediator and Dark Matter
masses, and the mediator couplings to
Dark Matter and quarks respectively:
(Mmed, m

c

, g
c

, gq).
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The coupling gq is assumed to be universal to all quarks. It is also
possible to consider other models in which mixed vector and axial-
vector couplings are considered, for instance the couplings to the
quarks are axial-vector whereas those to DM are vector. As men-
tioned in the Introduction, when no additional visible or invisible
decays contribute to the width of the mediator, the minimal width
is fixed by the choices of couplings gq and g

c

. The effect of larger
widths is discussed in Section 2.5.2. For the vector and axial-vector
models, the minimal width is:
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q(x) denotes the Heaviside step function, and b f =

r

1 � 4m2
f

M2
med

is the velocity of the fermion f with mass m f in the mediator
rest frame. Note the color factor 3 in the quark terms. Figure 2.2
shows the minimal width as a function of mediator mass for both
vector and axial-vector mediators assuming the coupling choice
gq = g

c

= 1. With this choice of the couplings, the dominant con-
tribution to the minimal width comes from the quarks, due to the
combined quark number and color factor enhancement. We specif-
ically assume that the vector mediator does not couple to leptons.
If such a coupling were present, it would have a minor effect in in-
creasing the mediator width, but it would also bring in constraints
from measurements of the Drell-Yan process that would unneces-
sarily restrict the model space.
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Figure 2.14: One-loop diagrams of
processes exchanging a scalar (S) or
pseudoscalar (P) mediator, leading to a
mono-jet signature.

complex phenomenology with respect to what considered in this
Section (for a more complete discussion, see Refs. [BFG15; HR15]).
In the interest of simplicity, we do not study models including
those interactions in this report as early Run-2 benchmark models,
but we give an example of a model of this kind in Appendix A.4.

Relative to the vector and axial-vector models discussed above,
the scalar models are distinguished by the special consequences
of the MFV assumption: the very narrow width of the mediator
and its extreme sensitivity to which decays are kinematically avail-
able, and the loop-induced coupling to gluons. The interaction
Lagrangians are
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where f and a are respectively the scalar and pseudoscalar media-
tors, and the Yukawa couplings y f

i are normalized to the Higgs vev
as y f

i =
p

2m f
i /v.

The couplings to fermions are proportional to the SM Higgs
couplings, yet one is still allowed to adjust an overall strength of the
coupling to charged leptons and the relative couplings of u- and d-
type quarks. As in the preceding sections, for the sake of simplicity
and straightforward comparison, we reduce the couplings to the
SM fermions to a single universal parameter gq ⌘ gu = gd = g`.
Unlike the vector and axial-vector models, the scalar mediators are
allowed to couple to leptons.4 4 This contribution plays no role

for most of the parameter space
considered. The choice to allow
lepton couplings follows Refs. [BFG15;
Har+15].

The relative discovery and exclusion power of each search can
be compared in this framework. However, we again emphasize the
importance of searching the full set of allowed channels in case vio-
lations of these simplifying assumptions lead to significant modifi-
cations of the decay rates that unexpectedly favor different channels
than the mix obtained under our assumptions. The coupling g

c

parametrizes the entire dependence on the structure between the
mediator and the dark sector.

DM Forum report

‣ 2 parameters: WIMP mass (m𝝌) & suppression scale (M*) 

‣ assume mediator too heavy to be produced

‣ some comparisons to simplified models

‣ for Run-2: benchmark simplified models (where possible)

‣ collected by ATLAS/CMS DM forum 
(now LHC DM working group)

‣ Dirac-fermionic WIMPs

‣ mostly 4 parameters: 
‣ mediator mass (MMed)
‣ WIMP mass (m𝝌)
‣ 2 couplings (gDM ,gq), typically (1, 0.25)

‣ different types of mediators, minimal width

‣ provide basis for re-interpretations (distinct kinematics)

https://arxiv.org/abs/1507.00966
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Models
‣ LHC Run-1: “traditional" effective field theory (EFT) approach
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tioned in the Introduction, when no additional visible or invisible
decays contribute to the width of the mediator, the minimal width
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= 1. With this choice of the couplings, the dominant con-
tribution to the minimal width comes from the quarks, due to the
combined quark number and color factor enhancement. We specif-
ically assume that the vector mediator does not couple to leptons.
If such a coupling were present, it would have a minor effect in in-
creasing the mediator width, but it would also bring in constraints
from measurements of the Drell-Yan process that would unneces-
sarily restrict the model space.
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Figure 2.14: One-loop diagrams of
processes exchanging a scalar (S) or
pseudoscalar (P) mediator, leading to a
mono-jet signature.

complex phenomenology with respect to what considered in this
Section (for a more complete discussion, see Refs. [BFG15; HR15]).
In the interest of simplicity, we do not study models including
those interactions in this report as early Run-2 benchmark models,
but we give an example of a model of this kind in Appendix A.4.

Relative to the vector and axial-vector models discussed above,
the scalar models are distinguished by the special consequences
of the MFV assumption: the very narrow width of the mediator
and its extreme sensitivity to which decays are kinematically avail-
able, and the loop-induced coupling to gluons. The interaction
Lagrangians are
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i ūiui + gdyd

i d̄idi + g`y`i ¯̀ i`i

⌘

, (2.6)

La = ig
c

ac̄g5c +
iap

2 Â
i

⇣

guyu
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where f and a are respectively the scalar and pseudoscalar media-
tors, and the Yukawa couplings y f

i are normalized to the Higgs vev
as y f

i =
p

2m f
i /v.

The couplings to fermions are proportional to the SM Higgs
couplings, yet one is still allowed to adjust an overall strength of the
coupling to charged leptons and the relative couplings of u- and d-
type quarks. As in the preceding sections, for the sake of simplicity
and straightforward comparison, we reduce the couplings to the
SM fermions to a single universal parameter gq ⌘ gu = gd = g`.
Unlike the vector and axial-vector models, the scalar mediators are
allowed to couple to leptons.4 4 This contribution plays no role

for most of the parameter space
considered. The choice to allow
lepton couplings follows Refs. [BFG15;
Har+15].

The relative discovery and exclusion power of each search can
be compared in this framework. However, we again emphasize the
importance of searching the full set of allowed channels in case vio-
lations of these simplifying assumptions lead to significant modifi-
cations of the decay rates that unexpectedly favor different channels
than the mix obtained under our assumptions. The coupling g

c

parametrizes the entire dependence on the structure between the
mediator and the dark sector.

DM Forum report

‣ 2 parameters: WIMP mass (m𝝌) & suppression scale (M*) 

‣ assume mediator too heavy to be produced

‣ some comparisons to simplified models

‣ for Run-2: benchmark simplified models (where possible)

‣ collected by ATLAS/CMS DM forum 
(now LHC DM working group)

‣ Dirac-fermionic WIMPs

‣ mostly 4 parameters: 
‣ mediator mass (MMed)
‣ WIMP mass (m𝝌)
‣ 2 couplings (gDM ,gq), typically (1, 0.25)

‣ different types of mediators, minimal width

‣ provide basis for re-interpretations (distinct kinematics)

Validi
ty@LHC?

https://arxiv.org/abs/1507.00966
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General Remarks
‣ main challenge: estimation of irreducible/dominant backgrounds

‣ in most cases “global fit” to all CRs simultaneously

‣ sub-dominant backgrounds often taken from MC
‣ typical exceptions: multi-jet and non-collision background (data-driven)

‣ in most cases ETmiss as discriminant variable
‣  search for excess in different regions of high ETmiss

‣ if no excess: limits on model parameters

‣ all results based on full 2015 data set, 
i.e. 3.2/fb @ √s=13 TeV 

‣ data taking efficiency: 93%

‣ control regions (CR) in data 
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Mono-Jet - Analysis (CRs) preprint

‣ ETmiss > 250 GeV (trigger: 70GeV)
‣ leading jet: pT > 250 GeV
‣ ≤3 additional jets with pT > 30 GeV
‣ ∆𝜑(ETmiss, jets)>0.4 (suppress multijet)

dominant 
backgrounds: 
Z(νν)+jets                  
W(lν)+jets

‣ 1 muon, 0 electrons
‣ mT in [30,100] GeV

‣ 1 electron, 0 muons ‣ 2 muons
‣ mll in [66,116] GeV

W(µν)+jets CR W(eν)+jets CR Z(µµ)+jets CR

‣ good agreement in CRs —> confidence in background modelling

jet

Z
ν
ν W

jet

ν
l

http://arxiv.org/abs/1604.07773
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Mono-Jet - Analysis (SR) preprint

‣ SRs: muon and electron veto
‣ inclusive and exclusive in ETmiss

no significant excess

‣ inclusive regions for model independent limits

‣ exclusive regions (=bins) for limits on DM model

‣ largest uncertainties:
‣ W/Z transfer: 2-4%
‣ data statistics in CRs: up to 10%
‣ theory uncertainties on top: 3%

http://arxiv.org/abs/1604.07773
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Mono-Jet - Limits preprint

‣ axial-vector mediator (A)

complementarity

A

q
g

�

q̄ �̄

gq g�

Figure 1: Left: A generic diagram for the pair production of squarks with the decay mode q̃ ! q + �̃0
1. Right:

Diagram for the pair production of weakly interacting massive particles, with a leptophobic Z0-like mediator A with
axial-vector couplings exchanged in the s-channel. The presence of a jet from initial-state radiation is indicated for
both processes for illustration purposes.

are not allowed and the miminal mediator width is taken, defined in accord with Ref. [41] as

�min =
g2
�mA

12⇡
�3
�✓(mA � 2m�) +

X

q

3g2
qmA

12⇡
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where ✓(x) denotes the Heaviside step function and � f =

r
1 � 4m2

f

m2
A

is the velocity of the fermion f with

mass m f in the mediator rest frame. The sum runs over all quark flavors. The monojet-like signature in
this model emerges from initial-state radiation of a gluon as shown in Fig. 1 (right).

The paper is organized as follows. The ATLAS detector is described in the next section. Section 3
provides details of the simulations used in the analysis for background and signal processes. Section 4
discusses the reconstruction of jets, leptons, and missing transverse momentum, while Section 5 describes
the event selection. The estimation of background contributions and the study of systematic uncertainties
are discussed in Sections 6 and 7. The results are presented in Section 8 and are interpreted in terms of
limits in models for ADD LED, SUSY in compressed scenarios, and WIMP pair production. Finally,
Section 9 is devoted to the conclusions.

2 Experimental setup

The ATLAS detector [44] covers almost the whole solid angle2 around the collision point with layers of
tracking detectors, calorimeters, and muon chambers. The ATLAS inner detector covers the pseudora-
pidity range |⌘| < 2.5. It consists of a silicon pixel detector, a silicon microstrip detector, and a straw
tube tracker that also measures transition radiation for particle identification, all immersed in a 2 T axial
magnetic field produced by a solenoid. During the first LHC long shutdown, a new tracking layer, known
as the Insertable B-Layer [45], was added at a radius of 33 mm.

2 The ATLAS experiment uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the
center of the detector and the z-axis along the beam pipe. The x-axis points from the IP to the center of the LHC ring, and
the y-axis points upward. The azimuthal angle � is measured around the beam axis, and the polar angle ✓ is measured with
respect to the z-axis. The transverse energy is defined as ET = E sin✓, the transverse momentum as pT = p sin✓, and the
pseudorapidity as ⌘ = �ln[tan(✓/2)]. The rapidity is defined as y = 0.5 ⇥ ln[(E + pz)/(E � pz)], where E denotes the energy
and pz is the component of the momentum along the beam direction.

4

‣ gq=0.25, g𝝌=1

‣ presentation of results as recommended by the DM WG (arxiv:1603.04156)

http://arxiv.org/abs/1604.07773
http://arxiv.org/abs/1603.04156
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Mono-Photon - Analysis preprint

‣ ≤1 jet with pT > 30 GeV
‣ ∆𝜑(ETmiss, γ or jet)>0.4 dominant backgrounds: 

Z(νν)+γ , W(lν)+γ

‣ ETmiss > 150 GeV, pTγ > 150 GeV

7 Results

Table 1 presents the observed number of events and the SM background predictions in the SR, obtained
from the simultaneous fit to the single-bin CRs. The same numbers are also shown in the three lepton
CRs and in the PhJetCR. The contribution from W/Z� with W/Z decaying to ⌧ includes both the leptonic
and the hadronic ⌧ decays, considered in this search as jets. The fraction of W(! ⌧⌫) and Z(! ⌧⌧)
with respect to the total background corresponds to about 12% and 0.8%, respectively. The post-fit Emiss

T
distribution and the photon pT distribution in the SR are shown in Fig. 5.

Table 1: Observed event yields in 3.2 fb�1 compared to expected yields from SM backgrounds in the signal region
(SR) and in the four control regions (CRs), as predicted from the simultaneous fit to all single-bin CRs. The
MC yields before the fit are also shown. The uncertainty includes both the statistical and systematic uncertainties
described in Section 8. The individual uncertainties can be correlated and do not necessarily add in quadrature to
equal the total background uncertainty.

SR 1muCR 2muCR 2eleCR PhJetCR

Observed events 264 145 29 20 214

Fitted Background 295±34 145±12 27±4 23±3 214±15

Z(! ⌫⌫)� 171±29 0.15±0.03 0.00±0.00 0.00±0.00 8.6±1.4
W(! `⌫)� 58±9 119±17 0.14±0.04 0.11±0.03 22±4
Z(! ``)� 3.3±0.6 7.9±1.3 26±4 20±3 1.2±0.2
� + jets 15±4 0.7±0.5 0.00±0.00 0.03±0.03 166±17

Fake photons from electrons 22±18 1.7±1.5 0.05±0.05 0.00±0.00 5.8±5.1
Fake photons from jets 26±12 16±11 1.1±0.8 2.5±1.3 9.9±3.1

Pre-fit background 249±29 105±14 23±2 19±2 209±50
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Figure 5: Distribution of Emiss
T (left) and photon pT (right) in the signal region for data and for the background

predicted from the fit in the CRs. Overflows are included in the final bin. The error bars are statistical, and the
dashed band includes statistical and systematic uncertainties determined by a bin-by-bin fit. The expected yield of
events from the simplified model with m� = 150 GeV and mmed = 500 GeV is stacked on top of the background
prediction. The lower panel shows the ratio of data to expected background event yields.

13

no significant excess

‣ SR: muon and electron veto

‣ Wγ/Zγ CRs:                                              
leptons selected, mass cuts

‣ γ_jet CR:                                              
85<ETmiss<110 GeV, ∆𝜑(ETmiss, γ)<3

‣ statistically limited
‣ 9% stat. uncertainty from CRs 

(total: 11%)

‣ photon trigger, pT > 120 GeV

http://arxiv.org/abs/1604.01306
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Mono-Photon - Limits preprint

Effective Operatorcouples to photons and is produced in association with a photon, the detector signature is a � + Emiss
T

event. Examples of graviton production are illustrated in Fig. 2.

�

�̄

med

q̄

q

�

q

q̄

�

�

�

�̄

Figure 1: Production of pairs of dark matter particles (��̄) via an explicit s-channel mediator, med (left) and pro-
duction of pairs of dark matter particles (��̄) via an e↵ective ����̄ vertex (right).

Figure 2: Graviton (G) production in models of large extra dimensions.

The search follows a strategy similar to the search perfomed using the 8 TeV data collected during the
LHC Run 1 [7] . Due to the increased centre-of-mass energy, the search presented here achieves better
sensitivity for the ADD model case where direct comparison with the 8 TeV search result is possible, as
is shown later. Di↵erent DM models, proposed in Ref. [12], are also considered.

The paper is organized as follows. A brief description of the ATLAS detector is given in Section 2.
The signal and background Monte Carlo (MC) simulation samples used are described in Section 3. The
reconstruction of physics objects is explained in Section 4, and the event selection is described in Section
5. Estimation of the SM backgrounds is outlined in Section 6. The results are described in Section 7 and
the systematic uncertainties are given in Section 8. The interpretation of results in terms of models of
new phenomena including pair production of dark matter candidates or large extra spatial dimensions is
described in Section 9. A summary is given in Section 10.

4

no ISR!

to address question of EFT validity: 
truncation, i.e. remove events with 
√s > gM* for various values of g

Simplified Model

effective vertex: 𝛾𝛾𝝌𝝌
(gq=0.25, g𝝌=1)

http://arxiv.org/abs/1604.01306
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Mono-W/Z - Analysis

‣ ≥1 large-R (=1.0) jet, pT > 200GeV,                     
boson-tagged (boson mass, substructure)

‣ anti-multijet selections

dominant backgrounds: 
Z+jets , W+jets

‣ ETmiss > 250 GeV

no significant excess

‣ SR: muon and electron veto

‣ W/Z/tt CRs:                                              
leptons selected, relaxed mass cuts, 
(anti-)b-tagging, ETmiss > 200GeV

ATLAS-CONF-2015-080

‣ shape fit

‣ largest uncertainty:
‣ large-R jet parameter modelling: ~10%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-080/
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Mono-W/Z - Limits ATLAS-CONF-2015-080

Effective OperatorSimplified Model

no ISR!
‣ gq=0.25, 

g𝝌=1

effective vertex: ZZ𝝌𝝌

no exclus
ion 

in mass plane

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-080/


Ruth Pöttgen June 17, 201613

Mono-Higgs

‣ no ISR! (small coupling)

1 Introduction

The discovery of a boson in 2012 by the ATLAS [1] and CMS [2] collaborations, consistent with the
Standard Model (SM) Higgs boson, has opened up new possibilities in searches for new physics. In
particular, events with a Higgs boson and missing transverse momentum (Emiss

T ) in the final state can be
sensitive probes of scenarios predicting dark matter (DM) candidates.

The ATLAS collaboration has previously reported the results of a search for such events at a centre-of-
mass energy of

p
s = 8 TeV [3]. That search required the Emiss

T in the event to be larger than 90 GeV.
The analysis reported in this note extends the previous search by introducing categories, using 3.2 fb�1 of
proton-proton collision data collected at

p
s = 13 TeV with the ATLAS detector in 2015.

This note is organized as follows. Section 2 summarizes the DM production models in which the results of
the analysis are interpreted. Section 3 gives a brief description of the ATLAS detector. Section 4 describes
the dataset and the signal and background Monte Carlo (MC) simulation samples used. Section 5 explains
the reconstruction and identification of objects, while Section 6 outlines the optimisation of the event
selection and categorisation. Section 7 summarizes the signal and background modelling. Section 8
discusses the experimental and theoretical systematic uncertainties that a�ect the results. Section 9
presents the results and their interpretations, and Section 10 gives a summary.

Throughout this note, a lowercase h refers to the observed Higgs boson, while an uppercase H refers to
the heavy scalar in the model described in Section 2.1.

2 Theoretical Models

The results of the search are interpreted in two theoretical models. In the first model, a heavy scalar decays
into a Higgs boson as well as a pair of DM candidates. In the second model, which is a simplified model
of DM production, a massive vector mediator emits a Higgs boson and subsequently decays into a pair of
DM candidates. The models are briefly described below.

2.1 Heavy scalar model

t

t

t
g

g

H H

h

�

�

Figure 1: Production of a heavy scalar H via gluon fusion (left), and decay of H into a Higgs boson (denoted as h)
and a pair of dark matter candidates via an e�ective coupling (right).

The heavy scalar model [4] introduces a heavy scalar H in the mass range of 2mh < mH < 2mtop, which
is produced primarily via gluon fusion (ggF) as shown in Fig. 1 (left).
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1 Introduction

The discovery of a boson in 2012 by the ATLAS [1] and CMS [2] collaborations, consistent with the
Standard Model (SM) Higgs boson, has opened up new possibilities in searches for new physics. In
particular, events with a Higgs boson and missing transverse momentum (Emiss

T ) in the final state can be
sensitive probes of scenarios predicting dark matter (DM) candidates.

The ATLAS collaboration has previously reported the results of a search for such events at a centre-of-
mass energy of

p
s = 8 TeV [3]. That search required the Emiss

T in the event to be larger than 90 GeV.
The analysis reported in this note extends the previous search by introducing categories, using 3.2 fb�1 of
proton-proton collision data collected at

p
s = 13 TeV with the ATLAS detector in 2015.

This note is organized as follows. Section 2 summarizes the DM production models in which the results of
the analysis are interpreted. Section 3 gives a brief description of the ATLAS detector. Section 4 describes
the dataset and the signal and background Monte Carlo (MC) simulation samples used. Section 5 explains
the reconstruction and identification of objects, while Section 6 outlines the optimisation of the event
selection and categorisation. Section 7 summarizes the signal and background modelling. Section 8
discusses the experimental and theoretical systematic uncertainties that a�ect the results. Section 9
presents the results and their interpretations, and Section 10 gives a summary.

Throughout this note, a lowercase h refers to the observed Higgs boson, while an uppercase H refers to
the heavy scalar in the model described in Section 2.1.

2 Theoretical Models

The results of the search are interpreted in two theoretical models. In the first model, a heavy scalar decays
into a Higgs boson as well as a pair of DM candidates. In the second model, which is a simplified model
of DM production, a massive vector mediator emits a Higgs boson and subsequently decays into a pair of
DM candidates. The models are briefly described below.
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and a pair of dark matter candidates via an e�ective coupling (right).

The heavy scalar model [4] introduces a heavy scalar H in the mass range of 2mh < mH < 2mtop, which
is produced primarily via gluon fusion (ggF) as shown in Fig. 1 (left).
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‣ widely used simplified model:                                                          
s-channel vector mediator radiating Higgs

‣ other models considered in some analyses:

‣ s-channel scalar mediator radiating Higgs

‣ Z’-2HD simplified model

‣ scalar 2HD simplified model

‣ additional parameters, e.g. gZ’Z’h, mixing angle…

‣ new in run-2
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Mono-h(bb) - Analysis

‣ anti-multijet selections

‣ ETmiss > 150 GeV, pTmiss > 30 GeV
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‣ SR: lepton veto, 2 b-tagged jets

‣ CRs: orthogonal cuts on Nb-jet & Nlep

‣ merged:                                                       
1 large-R jet                                      
+ 2 track jets

‣ resolved:                 
2 small-R jets

‣ fit to shape of (di)jet mass 

ATLAS-CONF-2016-019

‣ largest uncertainties:
‣ b-tagging
‣ background normalisation (theo.)
‣ total: few %

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-019/
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Mono-h(bb) - Limits ATLAS-CONF-2016-019

imrpovement wrt 8TeV
new in run-2

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-019/
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Mono-h(γγ) ATLAS-CONF-2016-011

‣ diphoton trigger

‣ 4 event categories

‣ ≥2 photons with mγγ  in [105, 160] GeV

‣ cuts on ETmiss, pTγγ, pT sum of γ's & jets

‣ simultaneous fit to all regions

highest sensitivity 
to both models

ETmiss > 100 GeV , pTγγ > 100 GeV

1 Introduction

The discovery of a boson in 2012 by the ATLAS [1] and CMS [2] collaborations, consistent with the
Standard Model (SM) Higgs boson, has opened up new possibilities in searches for new physics. In
particular, events with a Higgs boson and missing transverse momentum (Emiss

T ) in the final state can be
sensitive probes of scenarios predicting dark matter (DM) candidates.

The ATLAS collaboration has previously reported the results of a search for such events at a centre-of-
mass energy of

p
s = 8 TeV [3]. That search required the Emiss

T in the event to be larger than 90 GeV.
The analysis reported in this note extends the previous search by introducing categories, using 3.2 fb�1 of
proton-proton collision data collected at

p
s = 13 TeV with the ATLAS detector in 2015.

This note is organized as follows. Section 2 summarizes the DM production models in which the results of
the analysis are interpreted. Section 3 gives a brief description of the ATLAS detector. Section 4 describes
the dataset and the signal and background Monte Carlo (MC) simulation samples used. Section 5 explains
the reconstruction and identification of objects, while Section 6 outlines the optimisation of the event
selection and categorisation. Section 7 summarizes the signal and background modelling. Section 8
discusses the experimental and theoretical systematic uncertainties that a�ect the results. Section 9
presents the results and their interpretations, and Section 10 gives a summary.

Throughout this note, a lowercase h refers to the observed Higgs boson, while an uppercase H refers to
the heavy scalar in the model described in Section 2.1.

2 Theoretical Models

The results of the search are interpreted in two theoretical models. In the first model, a heavy scalar decays
into a Higgs boson as well as a pair of DM candidates. In the second model, which is a simplified model
of DM production, a massive vector mediator emits a Higgs boson and subsequently decays into a pair of
DM candidates. The models are briefly described below.

2.1 Heavy scalar model
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Figure 1: Production of a heavy scalar H via gluon fusion (left), and decay of H into a Higgs boson (denoted as h)
and a pair of dark matter candidates via an e�ective coupling (right).

The heavy scalar model [4] introduces a heavy scalar H in the mass range of 2mh < mH < 2mtop, which
is produced primarily via gluon fusion (ggF) as shown in Fig. 1 (left).

2

‣ largest uncertainties:
‣ γγ-vertex selection, ETmiss

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-011/
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Mono-h(ZZ) 

‣ various lepton triggers

‣ m4l  in [110, 140] GeV

‣ form lepton quadruplets

ATLAS-CONF-2015-059
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no significant 
excess

‣ largest uncertainties:

‣ jet energy scale ~50-60%
‣ ETmiss soft term ~10%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/
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Summary 

‣ already large suite of mono-X searches @13TeV at ATLAS

‣ from “work horse” monojet to new mono-H searches

‣ transition EFT —> simplified models where possible

‣ no significant excess —> exclusion bounds on various models

‣ more data is coming!
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Additional Material
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Mono-Photon - Limits preprint

Simplified Model (gq=0.25, g𝝌=1)

http://arxiv.org/abs/1604.01306
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DM+Heavy Flavour Eur. Phys. J. C (2015) 75:92

‣ 4 signal regions                                               
defined by various variables:                                                                     
ETmiss > 200-300 GeV ,                                             
many or high-pT (b-)jets,                                         
small lepton multiplicity…

‣ increased sensitivity to effective 
operators that contain quark mass

‣ in addition: b-flavoured DM model (b-FDM), 
preferred by FERMI gamma-ray excess

no significant excess

‣ 20.3/fb @ 8 TeV

http://arxiv.org/pdf/1410.4031v2.pdf
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DM+Heavy Flavour - Limits Eur. Phys. J. C (2015) 75:92

Effective Operator (example)

Simplified Model              
(b-FDM)

much stronger 
bounds on scalar 
models than e.g. 
mono-jet

http://arxiv.org/pdf/1410.4031v2.pdf

