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Dark Matter Searches

- Indirect detection: look for the Feynman diagram

products of the annihilation of DM

particles.

* Direct detection: look for the \ //
recoil produced when a DM
particle scatters against a target.
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Large Hadron Collider (LHC)

«ALICE

* Most powerful accelerator ever built
» Collides protons, accelerating them at ~speed of light
» 27 kKm in circumference




Compact Muon Solenoid (CMS)

3.8T Solenoid
ECAL

IRON YOKE

Muon System

Endcap
(CSC+RPC)

TRACKER

* Very large and complex detector
- |t takes a collaboration of ~3000 physicists all around the world to built it and to operate it




Compact Muon Solenoid (CMS)
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Compact Muon Solenoid (CMS)
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Missing Transverse Momentum (p‘TniSS)
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Missing Transverse Momentum (pm‘SS)
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Experimental Approach

q DM
Initial state radiation of a
gluon p]n:tiss
q DM

If produced together with a visible object, DM manitest itself as pz’”'?i”




Compact Muon Solenoid

CMS Experiment at LHC, CERN

Data recorded: Fri Oct 5 20:41:32 2012 CEST
Run/Event: 204553 / 26729384
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Why at Colliders?

* If DM interacts, it does through a mediator

* At colliders, unique possibility to produce the mediator and measure Its
properties

- p?m represents the mediator pT

. Every pz’”f”'ss-based DM search is essentially a search for the mediator
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Theoretical Interpretation
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Presentation of Results (Example) LHC DM WG, arxiv:1603.04156
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Our analysis

* First search for dark Higgs boson
decaying into a b-quark pair in CMS
» Using full Run-2 dataset (138 fb-1)
- Still ongoing
- Pre-approved, going for approval




Dark Higgs Model https://arxiv.org/abs/1701.08780

. Dark Higgs (/,)is the lightest state in

the dark sector DM
- Does not decay into DM q

» Mixes with the SM Higgs 7
- Unstable, decays into “bb”

=> Relic density set primarily by the <
he
b

DMDM — > hhannihilation channel
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Signal MC Samples https://arxiv.org/abs/1701.08780
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Event Selection
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Event Selection

PFMET > 250 GeV

. AD(AK4 jets, PEMET) > 0.5
z . AD(AK15 jets, PFMET) > 1.5
* T/e/mu/photon veto

» Zero b-tagged AK4 jets

outside leading AK15 cone
b
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AK15 p-> 160 GeV

40 GeV < AK15 mgp < 300 GeV
DeepAK15 > WP (90% signal eff)




Features of the Signal
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Signal Region Yields

2016 2017 2018
H— bb 57.6 +0.3 72.0 +£0.3 83.8 + 0.3
Z(— £0)+jets 56.8 + 2.2 433 + 2.0 37.1 + 3.0
QCD multijet 93.3 + 25.8 1549 + 41.7 163.2 + 64.6
Diboson 718.0 =175 623.4 1+ 17.8 606.4 + 20.8
Single t 646.0 + 10.9 567.4 + 12.5 614.6 + 12.8

Total expected 18570.7 = 208.1 172979 =92.4 18094.2 - 163.4

M,1000-M,, 130-M,,,150 684.8 + 4.1 626.7 + 3.9 6872 + 4.6
M;1000.M,, 130.M,,,500  (381.6 £2.1)x10"*  (357.6 £2.0)x10"*  (399.6 +2.4)x10"*
M,1000_M,, 130.M;,,, 1000 (13412 £6.7)x10°8 (10059 £ 6.7)x10"% (1341.2 £ 10.1)x10®




Expected Results
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Summary

* Dark matter is an exciting topic
- One of the most important open questions in modern physics
- It Is interdisciplinary by construction

* The LHC has a crucial role in the dark matter quest
- And entire physics program has been built
- Multiple searches testing different hypotheses in the same broad theoretical framework
* With similar search strategies and experimental techniques

» Our analysis is the first search for dark Higgs boson decaying into a b-quark
pair in CMS
- Using full Run-2 dataset at 138 fb-1
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