The Quest for the Invisible | vonica Duntord
Dark Matter and the LHC | Prvesityoifiedebers




The Standard Model

... of particle physics

All particles are
accounted for



The Standard Model

of cosmology...

DARK MATTER
DARK ENERGY
INFLATION

All three require explanations

From Rocky Kolb



Cosmology needs more particles



Galaxy Rotation Gurves



Gravitation Lensing






The Bullet Cluster



Cosmic Microwave Background

* Angular fluctuations in
power spectra differs for
7 baryonic and dark matter

Sensitive to dark
matter density



Structure Formation



Dark Matter Requirements

“ Stable on cosmological time

scales

* Must interact weakly with
electromagnetic radiation

* Right relic density (although
loopholes exist)



An Alternatve

* Modified Newtonian Dynamics (MOND)



Weakly Interacting Massive Particles

A classic:

supersymmetry

# On life support




T'he Candidate Listis long

+ Axions

+ Wimpzillas
= Little Higgs
« Light scalar dark matter
* Superheavy

= Qballs

+ Mirror particles
+ CHArged Massive Particles (CHAMPs)

+ self interacting dark matter

+ D-matter

* cryptons

+ superweakly interaction dark matter

+ brane world dark matter

* heavy fourth generation neutrinos

= SIMPs

“ etc

Conrad, Reimer (2017)



Dark Matter Detection

Thermal freeze-out; Indirect detection
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Production at colliders




A Miracle?

1 —37 2
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The right relic density requires a cross section

that is typical of particles at the weak scale
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T'he Large Hadron Collider




Challenges to a detector

* High collision rates
« High pile-up (~20 additional proton-proton collisions)

& Huge data storage (~1.5 Gbytes/ sec)

All require the best/advance technology

However... not built in a day






A Collider Experiment in General

The goal: an excellent measurement of photons,

electron, muons, jets and missing energy



The ATLAS Experiment in Particular

Design Goal: Precision measurements of the Standard Model

and New Physics discovery

+ Uncertainties

* Lepton energy
scale ~0.02%

25m

“ Jet energy scale

~1%

46m

“ Luminosity ~2%



The Inner Detector

“ Ability for secondary
vertex, b-tagging

* Challenges:

* Have on average 20
simultaneous
interactions = lots of
tracks

R———



The Calorimeters

« Large coverage, even
for forward particles

+ Challenges
+ High event rates

+ High rate of
additional
Interactions
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+ Additional Toroidal

“ Special fast system for

T'he Muon System

magnet

triggering




Defining “Interesting

Total o

A
“ First trigger decision must .
be made within 2.5 us 2
* Only write to “tape” ~1 kHz -
of the original 40MHz 2
+ Still store 1 GB/sec of data 5
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The Trigger

+ Level 1: Use custom hardware

“ Find electrons, muons, jets,
taus, Missing energy

« High level: Use commercial
CPUs

“ Object reconstruction close to
‘offline’




Detecting Nothing
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MET+Something
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MET+5Something

BT S SN R
ATILAS and CMS have results on all of these
final states




A MET+]et Event



A Classic: MET+]et



T'heory Classifications

* A coarse, non-exclusive classification
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T'heory Classifications

“ A coarse, non-exclusive classification

I EFT to

| Simplified
Models
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T'heory Classifications

A coarse, non-exclusive classification

[; Portals

e

Standard
Model

Mediator




Interpreting Results

arXiv:1503.05916
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The Limits




Can also then get..
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Search for the Mediator

arXiv:1703.09127



The Challenges

Use a sliding window fit to determine the

background spectrum



What about low masses?

ATLAS-CONF-2016-030
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e TLAjets
—— Offline jets selected by any single-jet trigger
— Offline jets selected by j110 single-jet trigger
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Jets within the Trigger

Does jet reconstruction
Keep event?




Jets within the Trigger

Does jet reconstruction
Keep event?

Stores jet 4-momentum




Jet Energy Uncertaintes



Search for bumps



Di-jets: Limits



Putting 1t together

[Similar couplings
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Putting 1t together
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Limits: Similar coupling



Limits: Different coupling



Limits: More Leptons



Conclusions

+ We have done a lot of searches

But have learned a lot —

the area allowed for dark matter is very constrained



Outlook

“ More etfort in combining LHC results and direct/indirect results

DARK MATTER
DARK ENERGY
INFLATION

We have a lot of data - means we can give input and constraints to the

Standard Model of Cosmology as well as Particle Physics






Simulation



Strengths of a Mult-Purpose Detector



