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Dont believe just because someone has a “title”
(argument by authority is never a good argument in my mind)
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https://www.healthcare.siemens.dk/robotic-x-ray/twin-robotic-x-ray/multitom-rax

A very good MICroscope

Electron microscope Siemens, 1943
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https://bitesizebio.com/30796/three-dimensional-scanning-electron-microscopy-for-biology/
https://www.ssplprints.com/image/99132/siemens-electron-microscope-germany-1943
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https://cern.ch/cds

You see wnat you get

X-ray electron source proton source
Sun
tube + accelerator + accelerator
Photon
1 eV

~ 1000 eV =1 keV

Electron

® Proton
~100 000 eV = 100 keV

@
~ ~10 000 000 000 000 eV =10 TeV

13 orders of magnitudes (1019)
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You get what you see

1 eV Photon 1 keV Photon 100 keV @ Electron 10 TeV @ Proton

fluorescent electron
. screen detector

photo

particle detector
eye . plate

low energy sensor
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Our source: Large Hadron Collider

100 m underground

40 millions/sec collision frequency
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LHC accelerator
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allows us to investigate

HISTORY OF THE UNIVERSE
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The concept for the above figure originated in a 1986 paper by Michael Turner.

Structure
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formation

Background radiation
is visible

Particle Data Group, LBNL © 2015
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.. o test this



https://tex.stackexchange.com/questions/262049/how-can-i-typeset-this-equation-standard-model-of-physics
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The A Toroidal LHC ApparatuS

25 m

ﬁ 7000 tons
weight

‘_-: 3000 km

cables

channels

diameter
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Principles of a Particle Detector

We want to
|dentify Particles
Muon . . . .
Estimate their Kinematics

Spectrometer

:_f\leu‘t_rirjﬂ,

Hadronic
Calorimeter

Proton
Neutron , The dashed tracks
' /4 are invisible to
the detector

’
.
)
r
.
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Solenoid magnet oete !
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4 £
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Principles of a Particle Detector

Inner Tracker
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Radiation Complicated pattern recognition
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Principles of a Particle Detector

Inner Tracker

charged
particle

250 um

Most commonly semiconductor
based detectors



Principles of a Particle Detector

Calorimeter

We want to

stop all particles

& measure their energy
& identify them

*
Neutrino
’

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Electromagnetic calorimeter
Hadronic calorimeter



Principles of a Particle Detector

Calorimeter
Technology A




Principles of a Particle Detector

Muon System

We want to trace muons:
measure their kinematics
& identify them




Principles of a Particle Detector

Muon System

ATLAS

EXPERIMENT

Run: 281411
Event: 312608026
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Principles of a Particle Detector

What about these guys?

Neutrinos do not cary at all for a
small detector like ATLAS.




Principles of a Particle Detector

What about these guys?

Neutrinos do not cary at all for a
small detector like ATLAS.

ot R
Neutnr]ol
’

IceCube Laboratory
Amundsen-Scott

@)Surface Array \ . /Statlon <

You need a
bigger tool
for that.
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LHC in action - data acquisition

Collision rate 40 MHz
PLAY> every 25 nanoseconds

Level 1 Trigger to 100 kHz
on detector electronics

|

High level trigger ~1kHz
close-by computer farm

l

Full processing of events
~1000 events/second
raw event size of 1.5 Mbyte/event

|

Data Analysis & publication

| .

29 Nobel prize



LHC big data - how big is big"’

Full processing of events
~1000 events/second

<7~ raw event size of 1.5 Mbyte/event

multiple experiments,
simulation

300.000 PByte
processed
per day

>300 PByte ~ 1 PByte
. stored at processed
CERN per day

[Data Source World] [Data Source CERN] 30



https://information-technology.web.cern.ch/sites/default/files/CERNDataCentre_KeyInformation_Nov2021V1.pdf
https://explodingtopics.com/blog/data-generated-per-day

Why the hassle?
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Physics - or why boring things are boring

The boring regime:

“probability” of = - 10 a0 ATLAS Preliminary neory
any interaction Run 1,2 5 =7, 8, 13 TeV LHC pp V5 =7 TeV
10° F BOM oo 45-40m0
g LHC pp Vs =8 TeV
10° g Al Data 2037 E
X Ao
10 - LHC pp Vs =13 TeV
1 O 10° " BO Data 008-36.1f07! 3
103 E o _
| A O IO i
-v- - 102 g_ A O © A n _§
The exciting regime: : > o :
1 N L T | Y I . © AT et E et S
probability” of 1 i -
: 10° £ (u 2.0 fb7! o =
a Higgs boson ; A
_ - VBF
production - H
1 — A VH n =
. "E ?7?
- A tiH X ]
107 F . The crazy regime:
- - ?
PP W Z tt t WW H Wt WZ ZZ t ttW ttZ tZj super §ymm§try.
t-chan Tohan extra dimensions?
Figure: magnetic monopoles?
Standard Model cross sections measured with the ATLAS experiment v

and compared to theoretical predictions, July 2017

32



AN ... yean, and the Higgs poson

FINDING THE AlGGS BoSsoN

\S LIKE LOOKINI(> FoR
oNE SPECLAL SAND CORN

IN A SWIMMIN (7 FoolL

lllustration:

B kusSsiN 33



Creating the Higgs boson...

Beam A ~ - Beam B

1071 protons 1071 protons

5.5 cm

~ 40 individual proton-proton interactions
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Creating the Higgs boson...




Finding the Higgs poson. ..

N

Dete

ctor



Finding the Higgs boson. ..

Collision rate 40 MHz
every 25 nanoseconds

37




Finding the Higgs boson. ..

\4

Level 1 Trigger to 100 kHz
on detector electronics

|

33



Finding the Higgs boson. ..

\4

Level 1 Trigger to 100 kHz
on detector electronics

|

High level trigger ~1kHz 4 lepton signals
close-by computer farm confirmed
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Finding the Higgs boson. ..

\4

Level 1 Trigger to 100 kHz
on detector electronics

|

High level trigger ~1kHz
close-by computer farm

l

Full processing of events
1000 events/second

40

4 lepton signals
confirmed

2 positive leptons
2 negative leptons
and measured



Finding the Higgs boson. ..

Lessoin 1 -~ Munlkkowskl aribthwekbic

enerqgy  momentum

Invariank maoss:

MZ = £ 2 mPXZ ijZ MPZZ

\4

Level 1 Trigger to 100 kHz
on detector electronics

|

High level trigger ~1kHz
close-by computer farm

l

Full processing of events
1000 events/second

|

Data Analysis

41

4 lepton signals
confirmed

2 positive leptons
2 negative leptons
and measured



FInding the Higgs poson... Now really
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\4

Level 1 Trigger to 100 kHz
on detector electronics

l

High level trigger ~1kHz
close-by computer farm

l

Full processing of events
1000 events/second

Data Analysis
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https://cds.cern.ch/record/2230893

FInding the Higgs poson... Now really

\4

Level 1 Trigger to 100 kHz
on detector electronics

l

High level trigger ~1kHz
close-by computer farm

Events /1.5 GeV
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https://cds.cern.ch/record/2230893

FInding the Higgs poson... Now really

© Nobel Media AB. Photo: A. Mahmoud

Francois Englert

Prize share: 1/2

[Animation sourcel]

© Nobel Media AB. Photo: A. Mahmoud

Peter W. Higgs

Prize share: 1/2

v

Level 1 Trigger to 100 kHz
on detector electronics

l

High level trigger ~1kHz
close-by computer farm

l

Full processing of events
1000 events/second

|

Data Analysis & publication
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https://cds.cern.ch/record/2230893
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Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC ™

ATLAS Collaboration*
This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their
contributions to the experiment.
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ARTICLE INFO ABSTRACT
6 Article history: A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector at
Received 31 July 2012 the LHC is presented. The datasets used correspond to integrated luminosities of approximately 4.8 fb~!

Received in revised form 8 August 2012 collected at ./s=7 TeV in 2011 and 5.8 fb~! at /5 =8 TeV in 2012. Individual searches in the channels

2::;2:;: ;;l:“;g:':t Azl?gljst 2012 H—ZZ" - 46, H—yy and H—> WW® — evuv in the 8 TeV data are combined with previously

Editor: W.-D. Schlatter published results of searches for H — ZZ™, WW®), bb and t+7~ in the 7 TeV data and results from
improved analyses of the H — ZZ™ — 4¢ and H — yy channels in the 7 TeV data. Clear evidence for
the production of a neutral boson with a measured mass of 126.0+0.4 (stat)+0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7 x 1079, is compatible with the production and decay of the Standard Model
Higgs boson.
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Large Hadron Collider

WAT1CERN

GROWTH INDUSTRY

Over the past 35 years, experimental teams in high-energy
physics have increased in size by two orders of magnitude.
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m CEteam s one of the

_smaller collaborations at the
i Large Hadron Collider.

Social scientists have embedded themselves at CERN to study the world’s biggest
research collaboration. Zeeya Merali reports on a 10,000-person physics project.

anthropologist Arpita Roy when
introducing herselfin 2007 to a room-
ful of partide physicists. At the time,
those sclentists were racing to finish work on
the world's biggest machine, the Large Hadron
Collider (LHC) at CERN, Europe’ high-energy
physics laboratory near Geneva, Switzerdand
The LHC carries the hopes of generations
of physicists, who have designed It to reach
energles never before achleved In a collider
and — possibly — to produce a zoo of par-
ticles new to sclence. But the LHC 1s also a
huge human experiment, bringing together
an unprecedented number of sclentists. So
In recent years, soclologists,

/1 | am here to watch you” So began

anthropologists, histortans B [EF L0410

experiment,” he says, noting that roughly
10,000 physicists around the world are taking

part in the LHC expertments and 2,250 of them
are employed at CERN. Just reflecting on the
size of the collaboration he co-manages makes
Bertaluccts head ache. “Imagine the organi-
zation needed when 3,000 people all want
to know In advance If they can go home for
Christmas,” he says.

Managers at CERN have endured a series of
headaches since the LHC powered up in Sep-
tember 2008. A little more than a week after
the collider came online, a faulty electrical
coupling caused an explosion that brought the
project to a halt for 14 months. That setback
demoralized the sclentists at
CERN, particularly the grad-

G il busbl that youcan't (R
these densely packed physt- ki sl LS says Roy. A graduate student

cists collide, ricochet and ECETRITFTASETIISTONG  herself, from the University

somet Imes explode.
“The LHC allows a unique soclologlcal
study of how an experiment develops In real
time: how sclentists form opinions, make
technical decisions and circul ate knowledge
In such a big project.” says Arlanna Borrelll, a
partkle physkist and phtlosopher of physics
at the University of Wuppertal in Germany.
Sergio Bertaluccl, CERNS research director,
1s acutely aware of the Importance of cohestve
collaboration. “This 1s an Incredible social

of Caltfornia, Berkeley, Roy
has been camped out at CERN on and offfor
three years to cbserve the “language, taboos
and rituals of this exotic community”.

The collider restarted in November 2009
and should gather two years of data before it
shuts down for a year of scheduled upgrades
In 2012. Next month, the LHC 1s expected to
achleve record energles of 7 teraclectronvolts.
The collider will reach such an extreme by
accelerating two beams of protons to nearly

© 20 Macmilan Publishars Limkad. All rights reserved

the speed of light and then sending them In
opposite directions around a 27-kilometre
underground track. The beams cross each
other at four spots alongthe ring and it 1s here
that the real sclence happens, within glant
detectors swrrounding each collsion zone. The
two biggest particle detectors, A Torotdal LHC
Apparatus (ATLAS) and the Compact Muon
Solenotd (CMS) experiment, are the size of

apartment bulldings and each beasts ateam of
nearly 3,000 people.

Population explosion

Each generation of collider has brought a jump
In the size of the expertmental collaborations

(see graph, opposite), a trend that provides

ample cppoartunities for researchers Interested
In human Interactions. Kartn Knorr Cetina, a
sociologist at the University of Constance in
Germany, 1s one of the few soclal sclentists to
have wit nessed this growth directly over multi-
ple generations. She has been studying CERN's
collaborations for almost 30 years.

When Knorr Cetina first arrived, physkists
there were working on a smaller collider and
thelr detector teams were less than one-tenth

the stze of today’s. “In those days 100 people In
a team was considered huge” she says. Knorr
Cetina says she was met with friendly bemuse-
ment by particle physicists, who were helpful,
but thought of a sociol ogdst “as a poor cousin
of real sclentists™.
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HEP and Artificial Intelligence

Event reconstruction becomes increasingly

difficult

- Artificial Intelligence / Machine Learning
has seen a boost in the tech industry

- Can we profit from that?




< walltime/event > [s]

* Combinatorial problem

* And it clearly scales
like such
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DESIGN/ACTUAL LUMINOSITY OF LHC
(+ DETECTORS, + ALGORITHMs)

HEP and Artificial Intelligence

BEFORE/AFTER PANDEMIC;

DURING PANDEMIC;
M 24h =
T 200 o imoo
HIGH LUMINOSITY LHC (HL-LHC) FCC-HH 25NS SCENARIO
(EXP 2027) (EXP ?)

VERY NAIVE SCALING: HL-LHC DETECTORS & ALGORITHMS PERFORM WAY BETTER!
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HEP and Artificial Intelligence

Event reconstruction becomes increasingly

difficult

- Artificial Intelligence / Machine Learning
has seen a boost in the tech industry

- Can we profit from that?
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HEP and Artificial Intelligence
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ATLAS Simulation Preliminary
ITk layout - Tracks in buckets
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[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]

[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ]



https://indico.cern.ch/event/742793/contributions/3274332/attachments/1822988/2997320/SHTR_CTDWIT19.pdf
https://indico.cern.ch/event/831165/contributions/3717122/attachments/2022757/3382937/20200400-msmk-hashing_tracking-v4.pdf

HEP and Artificial Intelligence

Object detection and recognition is a Al standard problem
- big advances achieved in the last years

- Both in object detection & object calssification

- Can we use this for HEP?
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and Artificial Intelligence

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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@ATLAS @ATLAS

EXPERIMENT Positron (100%) EXPERIMENT
http://atlas.ch http://atlas.ch

Run: 203602 Run: 203602
Event: 82614360 Event: 82614360
Date: 2012-05-18 Date: 2012-05-18
Time: 20:28:11 CEST Time: 20:28:11 CEST

Positron (92%)




HEP and Artificial Intelligence

Generative Models have experienced a
tremendous boost in the last years

https://labs.openai.com/

@ DALLE History Collections

Edit the detailed description

[ https://labs.openai.com/ ]

applauding audience after exciting seminar talk
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http://alicematters.web.cern.ch/?q=ALICEoverview
http://www.thispersondoesnotexit.com
https://labs.openai.com/
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What’s next?
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The duck question

A IO

. ] 10° F ° . = N 5
The exciting regime: : . :
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s-chan

precision measurement

of the Higgs sector The crazy regime:

super symmetry?
extra dimensions?
magnetic monopoles?

“If it looks like a duck, quacks like a duck, smells like a duck ...”




Is It a duck’’
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What’s our™ fate’/
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W Nave aiscovered the mecnanism

—uture Collider:
let's check the dynamics

*the universe’s



What’s our™ fate’/
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What’s next’” |
The future, obviously.

New accelerator
projects under study:

- linear collider as
*Higgs factory”

- “Future circular
collider (FCC)”
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VWhat to take away ...

To understand the big things,
you sometimes have to look
for the small things.

Be persistent, even if it takes long.
(Higgs published 1964)

When uncertain, try to simulate It.

Even crazy things.

1Thanks.



