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Evidence of Dark Matter
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Production of Dark Matter in LHC
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Dark Matter particles escape detection

Proton constituents in the hard scatter have
almost no momentum in the transverse plane.

What could create such an imbalance?

Could it be DM particles that recoil against a
visible object like a jet, y, W, Z or a Higgs boson?

LHC




The Emiss + Higgs(bb) signature

Event display :

Signal Event Selection

e High missing transverse momentum

e b-jets from the Higgs decay

e No Ieptons (U’ €, T) Invariant mass of the jet 121GeV and jet transverse momentum 1.2TeV.

Source: ATLAS Conference Note, ATLAS-CONF-2021-006

e Requirements to suppress multijet events


https://inspirehep.net/files/81f4ef238d97afaee3d5ebb66b2d854e

Background processes

Lepton in the final state not
Standard Model process with neutrinos and 'dentified or out of acceptance

jets in the final state.
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Z control region

Z(v)+jets — estimated from Z(£1) :

e Anpair of charged £ (up or ee) in the final state

Selection is applied in data and all bg simulated
e |m(l)-m(2)|=10GeV

events.
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Looking for deviations from Standard Model
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Limits on the cross-section of new physics

exp

e Produces a limit in the
cross-section to observe
new physics, instead of
only excluding a
parameter space for a
specific model
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Summary/Outlook

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

In this talk: @)s

e Pair produced DM particles can be studied when they recoil ATL
against a Higgs boson

e Based on signal characteristics — SR event selection

e Definitions of control regions to estimate the major bg
contributions

e No significant deviations from SM expectations — limits on
cross-section for new physics

Search for dark matter produced in association
with a Standard Model Higgs boson decaying into
b-quarks using the full Run 2 dataset from the
ATLAS detector

The ATLAS Collaboration

[hep-ex] 30 Aug 2021

arXiv:2108.13391

What was not included:

e Interpretation of the analysis results using two Higgs doublet simplified models:
o Z'2HDM

g . h .
O 2HDMa // // h h
. . . . Z 4 7 i
e Producing limits on the mediator 4 X ‘b A = X
~ N X b
masses h \< i < : <
X
q X X b


https://arxiv.org/pdf/2108.13391.pdf

Auxiliary Material



The Emiss + Higgs(bb) signature

Signal Event Selection

High missing transverse momentum

Two small radius jets or one jet with large radius jet
No leptons (u, €, T)

Quality Requirements to suppress QCD events

rse Momentum

ssing Transvel

se Momentutm

Events in the signal region are divided to slices
based on the ETmiss:

[150,200) GeV, [200,350) GeV, [350,500) GeV,
[500,750) GeV, [750,00) GeV

And on the humber of b-jets : exactly 2, 3 or more 11



Limits on the cross-section of new physics

Make a hypothesis on the signal strength :

“dummy” signal
with cross-section

Nobs :@NS' e NB

of 1fb
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-/ +background
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1 —[pe
p-value from

background only

Any hypothesis with CLs > 0.05 is rejected for
95% CL.
e The steps are repeated for several values of y =
Find p for CLs =0.05
e Translate this to visible/observed cross-section
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From ATLAS Conference Note, ATLAS-CONF-2021-006
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One lepton control region
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Interpretation- part 1 : Z’2HDM model

q h
z - .
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Distributions of the Higgs candidate mass (Other E miss slices)
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Interpretation- part 2 : 2HDMa model

Models that create final state with H(bb) + Emiss:

Simplified DM mediator model that involve an extended two-Higgs-doublet sector
(2HDM)
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