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Searching for dark matter with
the Higgs boson and the ATLAS

detector in Run 1

Introduction

Although dark matter (DM) contributes a large
fraction of the mass-energy of the universe, its prop-
erties and interaction with standard model (SM) par-
ticles remain unknown. The leading hypothesis sug-
gests that most DM consists of stable, electrically
neutral, massive particles, i.e., Weakly Interacting
Massive Particles, denoted here by “x.” This sce-
nario gives rise to a potential signature at a proton-
proton collider where one or more SM particles “X "
is produced and detected, recoiling against missing
transverse momentum (with magnitude E;"*) asso-
ciated with the non-interacting DM. When “X" is a
Higgs boson, the signature is called "mono-h."

Presented here is a search for mono-h described by

Effective Field Theory (EFT) models and a Z’-two-
Higgs-doublet model (Z’-2HDM) where the Higgs
boson decays to two b-quarks. The EFT signature is
more model independent, but suffers from EF T valid-
ity constraints, while Z’-2HDM is model dependent
but does not suffer these validity constraints.

EFT Models

EF T models of mono-h use non-renormalizable con-
tact operators characterized by a mass scale A to de-
scribe the DM-SM interaction. A generic EFT mono-
h Feynman diagram is shown below with the contact
operator indicated by the circle on the right.
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Four EFT models with operator dimensions of 4,
5, 6, and 8 were used for this search. The only pa-

rameters for these models are the mass scale A, or
coupling A, and dark matter mass, m,.

Z/"-2HDM Model

A renormalizable simplified model is also considered
which contains a Z’ gauge boson and two Higgs fields
resulting in five Higgs bosons where the DM particle
is coupled to the heavy pseudoscalar Higgs boson A,
as shown in the following Feynman diagram.

q

q

The Z’-2HDM model is characterized by five free
parameters: M 4, Mz, My, tan(3), and gz

Resolved Channel

In the “resolved” channel, the b-hadron decay of the
Higgs boson is reconstructed as two R = 0.4 anti-kp
jets. These jets are required to be b-tagged. For this,
a multi-variate analysis of variables characterizing the
long-lived decay features of b-hadrons was used. This
is illustrated in the following cartoon.
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This reconstruction technique works well for low
pr Higgs bosons corresponding to low Efrmss. Since
the Z’-2HDM signal exhibits a lower EL"™ spectrum
than the EFT models in general, the Z’-2HDM model
was considered exclusively in the resolved analysis.

The reconstructed Er}mss of the signal is harder than
the background after all event selections, as shown in
the plot below. No significant excess is seen.
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Z'-2HDM Interpretation

Using the cross section limits obtained from the
analysis, limits on m 4 vs Mz for fixed m, = 100
GeV, tan(B) =1, and gz = 0.8 are shown in the fol-

lowing plot. The region below the lines are excluded.
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Boosted Channel

When the Higgs boson becomes boosted, the b-
hadron decay products become collimated and dif-
ficult to reconstruct as two R=0.4 jets. Instead, the
Higgs boson is reconstructed as one R = 1.0 jet with
trimming applied to reconstruct the Higgs mass and
b-tagging applied by matching two R = 0.3 b-tagged
track jets. This is illustrated in the following cartoon.
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Also, the more boosted the Higgs boson, the higher

the B, Since the EFT models exhibit a harder
EX' spectrum than the Z'-2HDM model, only the
EFT models were considered in the boosted analysis.

The reconstructed E%HSS of the signal is harder than
the background after all event selections, as shown in
the plot below. No significant excess is seen.

1 IIIIIII__

=< SM exp.

[ JZ(-vv)tjets

[:::lVV(—>N0[Z(—+H)+jeES

[ tt + single top

] Diboson

@ vh

........ x9 xHD,H: m =65 GeV
--- Xy*xB,,HD"H: m,=65 GeV

\s =8 TeV, 20.3 fb?
Boosted SR

Events / 50 GeV

I IIIIIII|
I I IIIIIIII I IIIIIIII

10

I IIIIIII|
N\
\ _+_
N\
i
N\
1 S
.E
-
l:.\
ERN

St

|/
| II 1 1 1 1 1
I I S/, ////

-------------------- -/yyyyy/y-/ o 9/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/7/
L

500 700 800 9_00 1000

EFT Interpretation

Using the cross section limits obtained from the
analysis, bounds on the mass scale A as a function
of the DM mass were obtained and are shown below
for the dimension-8 EFT model.
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» This is the first time the boosted channel was
applied to a mono-h search, and this provided
the most stringent constraints on the EFT
models.

» | he first limits from this search in the
Z/'-2HDM model were made.
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