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Introduction to me

* Particle physicist working on the
ATLAS experiment

e Science communicator
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My career path

Postdoctoral research positions: LAL, France & Goéttingen, Germany

MANCHESTER Hardware: Research planar pixel detectors for the ATLAS ITk upgrade project
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The University of Manchester Top quark: ttH, ttV and ttZ, tt production

Analysis: Higgs -> 1T cross-section measurement

cross-section, tttt production cross-section

Masters on the DO at
Fermilab

Top quark cross-section measurement

PhD in particle physics working on

the ATLAS Experiment at CERN Currently:
Research on 3D silicon pixel detectors for - . s &
the Insertable B-Layer upgrade of ATLAS [ RadbOUd Unlve rSlty % E;
;1, N

Radboud Excellence Initiative Fellow e«

Top quark: tttt production cross-section, elastic top production with
forward protons.

ATLAS

EXPERIMENT
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Machine learning: Anomaly detection to search for new physics
(potentially dark matter).

Operations: ATLAS Control Room Operations for Run 3. 3
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What’s missing?
Dark matter

Dark energy

Gravity!



Standard Model Production Cross Section Measurements Status: July 2021
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But what are we looking for?
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By colliding heavy ions in
the LHC, also recreate the
conditions in the early .
Universe and an exotic

~ form of matter known as

‘quark-gluon plasma.



The Big Questions Y

"Dark matter

26.8%

Dark energy

68.3%

Image: Jorge Cham / PhD Comics




The discovery of a new boson!

The Higgs boson — a major success of the first LHC run.
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Colliding
protons

ATLAS Online, 13 TeV JLdt=148.5fb'1

2015: <u> =134
2016: <u> = 25.1
2017: <u>=37.8
2018: <u> = 37.0
Total: <pu> = 34.2
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We wanted to explore a high range
of masses: from 50 GeV to 1 TeV
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B-tagging

Secondary
Vertex

b-jet

Displaced
Tracks
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2002

ATLAS Installation in the cavern
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2004

AT L A S Installation in the cavern
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ATLAS
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Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electiromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transifion radiation tracker

Semiconductor tracker
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JALELIE]
Algeria
Argentina
Armenia
Australia
Austria
Azerbaijan
Bangladesh
Belarus
Belgium
Bosnia and
Herzegovina
Botswana
Brazil
Bulgaria
Burundi
Canada
Chile
China
Colombia
Costa Rica
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Ecuador
Egypt
Finland
France
Georgia
Germany
[ ELE]
Greece
Honduras

Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Iraq
Ireland
Israel

Italy
Japan
Jordan
Kazakhstan
Kenya
Kyrgyzstan
Latvia
Lebanon
Lithuania
Luxembourg
Madagascar
Malaysia
[ELE]
Mauritius
Mexico
Mongolia
Montenegro
Morocco
Nepal
NEGEGELLE
New Zealand
Niger
Nigeria
Norway
Pakistan
Palestine

Peru
Philippines
Poland
Portugal
Romania
Russia
Saudi Arabia
Senegal
Serbia
Slovakia
Slovenia
South Africa
South Korea
Spain

Sri Lanka
SGED]
Swaziland
Sweden
Switzerland
Syria
Taiwan
Thailand
Tunisia
Turkey
Ukraine
UAE

UK

USA
Uruguay
Uzbekistan
Venezuela
Vietnam
Zambia
Zimbabwe

“ ATLAS Collaboration

member nationalities

Over 5500 members of 103 nationalities

Status: November 2018
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Principles of particle interaction

lonisation

Pair production

Compton scattering
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ATLAS
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Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electiromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transifion radiation tracker

Semiconductor tracker
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The inner detector

rR= 1082 mm

« This is the closest part of the detector to the
collision point.

TRT<

TRT

\_R& 554 » Tracking
r H= 514 mm « Momentum and positions of charged
R =443 4 particles.
SCT{ R =371 mm « Millions of channels to provide multiple hits.
| R =299 mm * Needs to be radiation hard.

set H

R=122.5mm Pixels
Pixels { R = 88.5 mm
R =50.5 mm
R=0mm
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The pixel detector

HV guard ring ATLAS Pixel Module

Type connector

readout
electronics
bump-bond
decoupling
capacitors flex
430mm
sensor

sensor

uce P
\

End-cap disk layers

dimensions: ~ 2 x 6.3 cm?
weight: ~ 2.2 ¢
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How a pixel detector works

T A
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Research on pixel detectors for the ATLAS IBL
upgrade
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Clara Nellist | University of Amsterdam | 07/03/2022 30



Transition
Radiation
.~ [racker




Calorimeters

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr eleciromagnetic
barrel

LAr forward (FCal)
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LAT

Calorimeters
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1IC

Hadron

Calorimeters
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Muon S p ectrometer Thin-gap chambers (T&GC)

Cathode strip chambers (CSC)

 Subsections of the Muon
System:

« Thin Gap Chambers

 Resistive Plate Chambers

 Monitored Drift Tubes

« Cathode Strip Chambers

Barrel toroid

' Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift ftubes (MDT)
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Muon Spectrometer
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Magnet system

Field lines of
the toroidal
magnetic field

Field lines of
the solenoidal
magnetic field
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Toroid barrel
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Forward detectors: AFP

«  When one or both protons remain intact.

« Due to the lower energy after interaction,
protons are bent more by the LHC and are
detected in AFP, 210m away.

. Silicon pixel detectors are installed 2mm from
the proton beam.

Lepton

AFP

AFP

Scattered Scattered
proton =-— —» proton

Proton beam Froton beam

Lepton 210m
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Forward detectors: FASER

. ForwArd Search ExpeRiment
. Search for new, undiscovered, light
and weakly interacting particles
. E.g. dark photons, axion-like
particles and sterile neutrinos
. If low mass, can be produced in
rare decays of hadrons.




600 million collisions
every second



We are here

HilLumi

LARGE HADRON COLLIDER

136Te

Diodes Consolidation

13.6 - 14 TeV

13 TeV

splice consolidation cryolimit LIU Installation 4
ot 7 TeV 8TeV_ button collimators interaction o ) inner triplet HL-LHC
B c—— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

ez | 2mes es | 2oz | over | 2o | 2o [l

5 to 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

penipipes 2 x nominal Lumi 2 x nominal Lumi HELpsiace

nominal Lumi [l et ALICE - LHCb } 1
upgrade

Have only

taken ~ 10%
-7 = Laso o' ] oo of planned
HL-LHC TECHNICAL EQUIPMENT: data SO far

DESIGN STUDY ¢ PROTOTYPES / CONSTRUCTION ‘ INSTALLATION & COMM. HH PHYSICS

HL-LHC CIVIL ENGINEERING:
DEFINITION EXCAVATION BUILDINGS
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Upgrades




Future upgrades
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Backup

Here's one | prepared earlier



