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The Dark Matter mystery
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The Dark Matter mystery
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The Dark Matter quest
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The Dark Matter quest

Very different
assumptions!
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The collider ansatz

non-SM particles

SM particles
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Focus

Overview (2018): DM summary plots
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Mediator-models & SUSY

E‘X\P-[!Thﬁé DM Results Public Page
Overview : DM Summary Paper
Focus Mediator-models & SUSY
DM Results EXOTICA, B2G
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots_AN1
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://arxiv.org/abs/1903.01400

DM Theoretical framework

COMPLETE
THEORIES

(e.g Susy)

SIMPLIFIED MODELS

theoretical completeness

EFFECTIVE FIELD THEORIES
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Mediator simplified models

* Reduce a complex model to a
simple one with DM +
mediator

* Few free parameters: mo, my,
gSM, gDM, I'p

* Nature of mediator and DM can
(also) be systematically
classified based on their spin

and CP
% Very rich phenomenology

arXiv:1507.00966 (and ref. therein) + LPCC WG
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Not Visible
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https://lpcc.web.cern.ch/content/dark-matter-wg-documents
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Mediator simplified models
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Messenger decaying back to
known particles

Dark matter recoiling against a
known particle

ETmiSS + X
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The strange case of spin-0 mediators

() wi

DESY

Enhanced cross-section for

tops and bottoms
(small cross section for light quarks)

|

| show later that there are more channels with top quarks that matter
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3. Highlights for

simplified models

»

Run: 302393
Event: 738541529
2016-0€=20 07:26:47 CESI



in-1 medlators masses

1.6 T ATL-PHYS-PUB-2020-021
LAJ 43 Prellml 'ary , L" Q'q,/ i Dijet, 139 1"
1 113 TeV, March 2021 L4

JHEP 03 (2020) 145
1.2

~

Dijet TLA, 29.3 fb’
PRL 121 (2018) 081801
Dijet+ISR, 79.8 fo™
PLB 795 (2019) 56

Boceted dijet+ISR, 36.1 fb’
PLB 788 (2019) 316

Bocsted di-b+ISR, 80.5 fb
ATLAS-CONF-2018-052

m, [TeV]

— tf resonance

36.11b"
EPJC 78 (2018) 565

— bb resonance

139"
JHEP 03 (2020) 145

— EP54X

Er +jet, 139 fb"
arXv:2102.10874
E “+y, 139 b

Dijet

Illllllllllllllllllllll

L1 1

Axial-vector mediator, Dirac DM
gq=0- ,g'=0, gx=1

All limits at 95% CL arXv:2011.05259
PRt PO T T W W T | E‘:“'*V(had). 36.1 fbI

| 2l5 - 3 35 - 4 JHEP 10 (2018) 180

Er - +Z(ll), 36.1 fb’

mZ.A [TeV] PLB 776 (2017) 318

X
==
2
£
-
LL

Axial-vector mediator
Page 14



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-021/
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Spin-0 mediators (scalar)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots_AN1

Considerations on the results

* Simplified models are good
phenomenology proxies.

* Simplified models are simplified
models.

* All exclusions need to be taken
with a grain of salt.

* Simplified models are not full and
complete theories, which might
have more complex topologies.
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4. highlights for less

simplified models: 2HDMs

SOATLAS

EXPERIMENT

» - - \ N\
. x \
., -
AN \ \%/ 1
. ‘l‘*\'\ am
/ \.\\ I' I}

Run: 302393
Event: 738541529
2016-0€~20 07:26:47 CESI



2HDM-based models ﬁ(’fﬁk

2HDM DM models

5l BB * Richer phenomenology:

B il LI Higgs bosons productions
A and decays, mixing, many
final states.
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https://arxiv.org/abs/1810.09420
https://lpcc.web.cern.ch/content/dark-matter-wg-documents

2HDM-based models ﬁ(fﬁk

Non-resonant production/
also present in simplified model
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Resonant production/
new in 2HDM!
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e Benchmarks set
m(H) = m(A) = m(H*)

* Nature might differ,
need to investigate
all three signatures!
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ReS U |tS (I) Combination h(bb)+ET'fnISS and Z+Eqmiss
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-054/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-036/
https://link.springer.com/article/10.1140/epjc/s10052-020-08739-5

Further considerations

* Many results with the full Run-2 datasets still in
preparation but we can already plan ahead:
leave no stone unturned!

* HL-LHC Yellow Report shows many projection on
searches evolution in the next data-taking periods,
reaching higher higher DM & mediator masses

*x LPCC DMWG working on establishing
additional “less simplified” frameworks
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https://arxiv.org/abs/1812.07831
https://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc

Conclusions

:‘

® Un’,dgrstanding the natuse of dark matter is one of the
~ greatest challenges in understanding our ﬁnivgrse

and interactions

o Colliders have the potential to prov'id'e a uniql_’to‘dﬁo
constrafh and eventually measure dark matter properties
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Thanks for your attention!
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