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The Dark Matter mystery
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Electrically neutral
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The Dark Matter mystery
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Electrically neutral

Observed via gravity, massive

Weakly interacting

Elementary particles created in the early universe
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The Dark Matter quest
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The Dark Matter quest
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The collider ansatz

non-SM particles

SM particles
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Particles
detection and
identification

Production
mechanism /
theoretical
framework
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1. Detection and
identification




DM Collider experiments

Focus Mediator-models & SUSY
E%I,!ThﬁNST DM Results Public Page

Overview : DM Summary Paper

Focus Mediator-models & SUSY

DM Results EXOTICA, B2G

Overview (2018): DM summary plots

Focus B-mesons, loops, resonance
% DM Results  Public page
) Focus B-mesons, dark sector
/> DM Results DMPuzzle2018, Bellell Book

Belle II
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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/pub/CMSPublic/PhysicsResultsEXO/DM-summary-plots-Jul17.pdf
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
https://indico.desy.de/indico/event/19155/session/6/contribution/19/material/slides/0.pdf
https://arxiv.org/abs/1808.10567
https://agenda.infn.it/event/14377/contributions/24435/attachments/17476/19824/krokovny_latuile_2018.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://arxiv.org/abs/1903.01400

DM Collider experiments

Focus Mediator-models & SUSY
AI!T@.\% DM Results Public Page

Overview : DM Summary Paper

Focus Mediator-models & SUSY

DM Results EXOTICA, B2G

Overview: DM summary plots

Disclaimer: The talk is heavy on ATLAS results
but the two experiments have very similar

programs and sensitivities!
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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/pub/CMSPublic/PhysicsResultsEXO/DM-summary-plots-Jul17.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://arxiv.org/abs/1903.01400

Particles detection

Events with only dark matter particles in the final state are
undetectable in the hadronic collision environment

M Y X m\ll.Sible,
X
X |./1’
SM / Y X |
? Inuisible
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Particles detection

Dark matter is detected as momentum imbalance (missing energy)
when produced in association with visible particles

SM SM X » \isible

C. Doglioni TeVPa2018 “’I\IIS: ble,
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Particles detection

Particles produced in the collision are detected as analogue signals by the sub-
detectors, digitised, recorded and reconstructed offline as particle-objects. Their
performance directly contributes to the dark matter identification

Park Matter
® Electrons

® Muons
® Photons

/J/L‘a X

Inuisible

® jets

® b-jets/c-jets

C. Doglioni TeVPa2018

® invisible
particles

SM particle
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2. Production
mechanism




DM Theoretical framework

COMPLETE
THEORIES

(e.g Susy)

A}1piauab |Ppow

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

Not Visible
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https://lpcc.web.cern.ch/content/dark-matter-wg-documents

Mediator simplified models
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https://lpcc.web.cern.ch/content/dark-matter-wg-documents

Mediator simplified models

SM SM SM
¢
OSM ESM
f\
SM SM Mg SM
Messenger decaying back to
known particles

Dark matter recoiling against a
known particle

ETmiSS + X
90UEBUOSOY

DESY. |F
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The strange case of spin-0 mediators

Enhanced cross-section for

tops and bottoms
(small cross section for light quarks)

= 1

(*) will show later that there are more channels with top quarks that matter

DESY. | P. Pani | Detecting Hidden Activity - DESY Colloquium 2021
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3. Highlights for
simp




pin-1 medlators masses

16
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-021/

pin-1 medlators masses

16
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pin- -1 medlators masses
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-021/

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.

DESY. | P. Pani | Detecting Hidden Activity - DESY Colloquium 2021 Page 26



ATLAS

EXPERIMENT

P

WAV vy,

|

)
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2HDM-based models ﬁ{{fﬁ%

2HDM DM models

<7/l <7 B o a * Richer phenomenology:
X Higgs bosons productions
o & and decays, mixing, many
a
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 ﬁﬁ'ifﬁk

Non-resonant production/ Resonant production/
also present in simplified model new in 2HDM!

g

g

g

e Benchmarks set
m(H) = m(A) = m(H*)

* Nature might differ,
need to investigate
all three signatures!

DESY. | P. Pani| Detecting Hidden Activity - DESY Colloquium 2021 Page 29
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ATLAS-CONF-2021-006

—ET*4+Z(Il), 139 fb
ATLAS-CONF-2021-029
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arXiv: 2011.09308
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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/

Res U |ts (l) ATLAS-CONF-2021-036/

- ‘ATLAS Preliminary ~ | —ET™+h(bb), 139 fo'
= 7 p ATLAS-CONF-2021-006

= (s=13TeV, 13917 - - )
= 4oL “Limits at 95% CL Lol =—E;+Z(I1), 139 fb

- — Observed .. 2 ATLAS-CONF-2021-029
- i *\ --- Expected —_—
% " 2HDM+a, DiragD *

i My = 10 GeV, .\
= ‘m _ 250 Gev'l.g H*tb, 139 fb™ %
E i 0 0.7 J JHEP 06 (2021) 145 +
S | ssin i
Q- " h(bb)+Ermiss * v %] =— Combination
.L_) H tb : mlss (bB) mlss (”)
U= +
ST
O
Q.
n —

s t\V\W+ ETmlss
N AV N N F/mA > 20%

200 400 600 800 1000 1200 |New analysis led

masses of the heavy Higgs partners [GeV] by my YIG
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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/

ATLAS-CONF-2021-036/

Results (l)
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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/

Res U |ts (l) ATLAS-CONF-2021-036/

| =ET**+h(bb), 139 fb

‘ATLAS Preliminary
| \I‘—13Tev 139 fb"

tan
=

H+tb

specific parameter
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1 —E+Z(Il), 139 b
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ATLAS-CONF-2021-029
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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/

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

DESY. | P. Pani | Detecting Hidden Activity - DESY Colloquium 2021 34


https://arxiv.org/abs/1812.07831
https://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc

Conclusions

® Unglsrstanding the nature of dark matter is one of the

~ greatest challeliges inllu‘lerstanding gur/nivgrse
® Colgdé}s have tl@ potential tb provide a uniq’gpto

constrafh and eventually measure dark matter properties

and interactions | ‘ »
; n N ) yF » .

-

mz TheHiggs Bd,s‘on' discovery
£ | *2016 The Gravitational Waves discoirery : .

1+ & S “/..

s <2024 ...° |

- . | - &




Part 2: K40 Radiation for
Advanced Neuroimaging Of

Strokes. KANOS




Thanks for
your attention!

Contact

DESY. Deutsches
Elektronen-Synchrotron Dr. Priscilla Pani

www.desy.de ATLAS Group Campus Zeuthen
priscilla.pani@desy.de

https://atlas.desy.de/external _grants/priscilla_pani_yig/


mailto:priscilla.pani@desy.de

Backup
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Missing Energy performance
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Techniques 1 - Eymiss + X

q g/v/v X

&

Zy/a

sighature ATLAS Ref CMS Ref
jet+ Etmiss |arXiv:2102.10874 see Summary

g+ Eymiss  |arXiv:2011.05259 see Summary

V/h+ ETmiss CONF-2020-054 arXiv:2008.04735
tW+ Eqmiss |arXiv:2011.09308 arXiv:1901.01553
tt+ Etmiss  |see Summary arXiv:1807.06522

bb+ Etmiss |arXiv:2101.12527 -

t/b squarks |public page public page
electroweakinos |public page public page
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-63/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#DM_summary_plots
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-054/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-43/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-049/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-34/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/STOP.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/STOP.html

Etmiss + X commonalities

1) Definition of a set of Signal
enriched Regions (SR)

2) Definition of a set of Control
Regions (CR) to derive a data-
driven normalisation of MC with
transfer factors (TF).

3) Validation of the TF in the
Validation Region (VR)

D. Miller PASCOS18

observable 2

CRilS

SYSTEMATIC

STATISTIC

contamination

observable 1

CR closeness to Sé‘?>

Events / GeV

Data/SM

T T 1 I I T T T I T T T I T T T I T
107 ATLAS 4 Daa
{s =13 TeV, 139 fb™ 320 Standard Model w. unc.
6 . . P Z(— vv) +jets
10 Slg_nal Reglon VBF Z(— Il / vv) + jets
5 pT(]1) > 150 GeV 0 W(— Iv) +jets
10 VBF W(= Iv) + jets
4 tt + single top
10 Diboson
0 Muttijet + NCB
10° = m{, %) = (600, 580) GeV
= = = m(z, Z,) = (1, 2000) GeV
102 === DE, M, = 1486 GeV
10 GRS el — .
O (0 o
1
............................................................................... I I}I_
----- ¥ |- =
T 3
" § Data/SMafter CRfit ¢ Data/SMafter SR+«CRfit [ ] Total Uncertainty E
.......................................................... e s
800 1000 1200

p:co" [GeV]

4) Unblinding ! check whether an
excess is observed (p-value)

5) If no excess is found the results
are interpreted in terms of limits
on selected models.
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Techniques 2 - resonances

EXOT-2018-03

_.g 109 C L L L L I I ' I?:
¢ " E ATLAS . Data =
b/tf WI0E 513 Tev, 139 fb” — Background fit E
10" Inclusive — BumpHunter interval =
106;§ - 0-- q:, m,.=4TeV ?;
105;E q,mq*=6TeV E;
10* .;— g*, 6 x10 —;.
10° ; p-value = 0.89 ;
102 e
10 é
1 T
10_1 ;Eu | | I | | | IE;
8 ZE_I [ I T 1T 1 | T T 1 | T T 1 | T T 1 | 1T T 1 | T 1T 1 |
c -
i
* LOW_maSS determined by trigger 5 _2: ] 11 1 1 | L1 1 1 | I I | | | I I | | I I | | L 1 1 1 | ]
N

(TLA/di-jet+ISR have the lowest 1 2 3 4 5 6 7 8
mass sensitivity) m; [TeV]

* Sensitive to the mediator width
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A word on Dark Photons

10’

! ! ! L ! ! ! ! o ! ! ! ! |
LHCDb E=> isolation prompt-like sample

Vs = 13TeV ) applied | pr(p) > 1GeV, p(p) > 20 GeV
;“.\_/ \J : :

prompt g~
o
B b+ hpg &

S
4

Candidates / a[m(u*pn=)|/ 2

10° it

5 /5
102 .

1 1 1 PR |

10’ 10* 10°

m(p ) [MeV]

A’ A’
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Techniques 3 - Long Lived Particles

®* macroscopic
decay length
models

e hidden DM

e weak-scale
hidden sectors

e SUSY LLPs

' 4 P\
displaced multi-track \

vertices in ID + MET, | non-prompt

jets, leptons ‘§ oo

disappeaﬁing tra{cks

.-~ photons
I N

displaced leptons, lepton

jets, or lepton pairs emerging jets

/4

le or meta-stable

charged particles
v

trackless
jets with low
EMfrac

displaced multi-
track vertices
in Muon
Spectrometer

e

Well established in SUSY, less interpretation in other DM models.

Disclaimer: not covered further in the results!
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Spin-0 mediators| -
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Spin-0 mediators (scalar)

. CMS Preliminary LHCP 2020
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Results (I)
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Results (I)
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Mass scales overview

Specific model parameters

odd/even parity

Mmed for Mpm > 1/2 Mmed gsm = 0.25 Qom = 1

odd parity

| Mmed for Mbm > 1/2 Mmed gsw = 0.1/0.01 gow = 1

S supersymmetry

© pre-LHC Msusy for Mpbm < 100 GeV : squark/gluino, bino DM

O 5

E pre-LHC Mbm/Msusy ' electroweakino, wino DM

Q pre-LHC Mom/Msusy electroweakino, higgsino DM
e e
© | spin-1 neutral mediators

V4

—

()

©

spin-0 neutral mediators
Mmed for Mpm < 1/2 Mmed

even parity Qgsv = gom = 1

Mmed for Mbm < 1/2 Mmed odd parity gs=gm=1

odd parity, extended Higgs
Mmed for Mbm < 1/2 Mmed gow = 1, tanp = 1

| L1 1 1 1111 | | I I I | I A I . | I A

b o -

1 Gev 10 GeVv 100 Gev 1 Tev 10 Tev
mass scale

Physik Journal Issue August 2020

DESY. | P. Pani | Detecting Hidden Activity - DESY Colloquium 2021 Page 49



Relic density perspective
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Understanding the relic prediction

1 O 3 N History of the Universe
102 - Mpm = M,/2
101 -
100 - Mpm = Miop
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L 10714
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10~4 ] \ Mpm = (Ma + Mp)/2
_ Mpm = (Mg + Mp)/2
107> ' ' ' '
0 100 200 300 400 500
Mpm(GeV)
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Relic density perspective
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Spin-1: features explained
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Spin-1: features explained
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Spin-1: features explained
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Spin-1: features explained
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Spin-1: features explained
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Spin-1: features explained
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Spin-1: features explained
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