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from the Infinitely'Big
to the Infinitely Small_—-
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Your virtual conference

Format

Presentation (40 minutes in total)

Questions and answers (20 minutes in total)
During presentation

Ask questions using the chat

Use microphone or camera only if needed
After presentation

Please fill out survey on Indico page

Material and links available on Indico page
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Hello!

| am a particle physicist
| studied in Italy, then | started traveling

| have been working at CERN since 2009 with the CMS experiment
| am an anomaly detection expert,

in a traditional way or

with machine learning technology

my collaboration
my desk




CERN. ?f
What is it




CERN is

a Scientific Laboratory, that devises its own solutions
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Science Technology Engineering The Arts Mathematics




What does CERN stand for ?

1954

1952 Conseil

Européen pour la
Recherche
Nucléaire

Organisation
Européenne pour la
Recherche
Nucléaire




Nuclear?

European laboratory for particle physics
we study the nucleus




CERN
What for?







What is the matter made of ?

atom electron nucleus proton neutron quark
End of Begining of
th _ eth
oo 1gth 20" 1960s
century century

Video on CERN youtube channel: https://youtu.be/7WhRJV_DbAIE


https://youtu.be/7WhRJV_bAiE
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Standard Model and Lagrangian equation

three generations of matter

mass
charge
spin
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https://commons.wikimedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg
https://iopscience.iop.org/article/
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https://www.youtube.com/watch?v=joTKd5j3mzk Ep. 1: https://www.youtube.com/watch?v=so2nCu2Jkbc
@\ https://www.youtube.com/watch?v=1AamFQWwh94 Ep. 2: https://www.youtube.com/watch?v=pW4LTunIXS4
N_/) Ep.3: https://www.youtube.com/watch?v=8-WFBGCw-w 13

Ep. 3.5: https://www.voutube.com/watch?v=0USWORsTza0



https://www.youtube.com/watch?v=so2nCu2Jkbc
https://www.youtube.com/watch?v=pW4LTunlXS4
https://www.youtube.com/watch?v=8-WFBGCvv-w
https://www.youtube.com/watch?v=0USWORsTza0
https://www.youtube.com/watch?v=joTKd5j3mzk
https://www.youtube.com/watch?v=1AamFQWwh94

AMS: https://home.cern/science/experiments/ams

AD:

https://home.cern/science/accelerators/antiproton-decelerator
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https://home.cern/science/experiments/ams
https://home.cern/science/accelerators/antiproton-decelerator

Answering quest
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Answering questions...
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Collaborating ... best practice

Observe and question Find solutions To ask questions

CE/RW
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CERN
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Who is it?




Member States
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Budget (2020) L0 =
1,168 billion CHF = —
0,970 billion GBP = -
1,210 billion USD in- o

a cup of coffee per inhabitant per year
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A world collaboration

23 members
8 associated

61 cooperation agreements

\/wl

Nvard



20 000!

How many persons?

fellows
apprentices
students
15 000 physicists
companies

associated
2 000 external

2 600 staff
800
550
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And the general director ... is?

Dr. Fabiola Gianotti, Physicist







CERN recipe for fundamental research
(and win a Nobel Prize)

Accelerator + Detector + computing

technology
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CERN'’s
Accelerator
Complex
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https://youtu.be/pQhbhpU9Wrg
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Who is this man?

https://www.youtu be.com/watch?v=sBO_ohLM3Kg27



B|II|ons of CoII|S|ons

CMS Experi N R
' Data recorad: 2015-)uR-03 06:48:32.27955 848 32. 279552 N :




Tracks Detection




Particle
Detection

Tracks
in CMS

. Muon
= Electron

Charged Hadron (e.g. Pi
= = = Neutral Hadron (e.g. Neutron

= = === Photon




The largest
computing
grid

42 countries
170 data centers
Over 2 million tasks executed

1 million computer cores
1 storage exabyte







World Wide Web

CE/RW


https://home.cern/science/computing/birth-web

Medical applications

<O

Hadron theraphy “ Radio theraphy

CERN
S 34



https://home.cern/tags/hadrontherapy
https://home.cern/tags/medical-applications

Humanitarian missions
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| See inset up view of affected roads g% ¢
around the Baradim Stadium in Mukalla City | .
- P - vv = m W

R e

N e

HADRAWMAUT:

/ A

- |Possible landslide
*. | caused by floods

g I PRE - IMAGE 24 OCTOBER 2015

UNOSAT

RAPID MAPPING


https://unitar.org/unosat
https://unitar.org/maps/map/2298
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Thanks for your attention!

To learn further. .. 2024 e
* home.cern. \ !
e visit.cern Thanks for filling

* careers.cern up survey!
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Our innovations (some)

Medical applications
PET / CT / MRI scan technologies
Detectors, superconducting magnets, cryogenics, vacuum
Radiation therapy: accelerators, detectors

Space applications
High-radiation environment materials / devices

Other computing developments
Data analysis & simulation frameworks

Grid middleware
Indico — meeting and conference management

Invenio - digital library management ....and much much more
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https://kt.cern/general-public

Who visits CERN

CERN is an open laboratory

with certain constraints and regulations

Every year, ~300°000 people visit CERN

Open days September 2019: 75000 people visited in 2 days!!!
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CERN thinks bigger
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https://cerncourier.com/a/cern-thinks-bigger/
https://home.cern/science/accelerators/future-circular-collider

Invariant mass peak? yes please

Events / 5 GeV

Data - Background
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SM signal strength
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To make this graph we took all the collisions in which
four muons, four electrons or two muons and two
electrons were recognized inside the ATLAS / CMS
detector (it depends) and for each of the events we
calculated what the mass of the particle would have
been " mother "from which these four particles could
have come if they had been generated in the decay
of an original particle.

Do you see that excess of events that accumulates
around 125 times the mass of a proton? in blue?
That's the sign of the existence of the Higgs boson,
one of the traces that allowed us to declare its
discovery in 2012!



https://home.cern/science/physics

What is the LHC power consumption?

The total power consumption of the LHC (and experiments) is equivalent
to 600 GWh per year, with a maximum of 650 GWh in 2012 when the LHC
was running at 4 TeV.

For Run 2, the estimated power consumption is 750 GWh per year.

The total CERN energy consumption is 1.3 TWh per year while the total
electrical energy production in the world is around 20000 TWh, in the
European Union 3400 TWh, in France around 500 TWh, and in Geneva
canton 3 TWh.
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Standard Model
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https://scoollab.web.cern.ch/sites/scoollab.web.cern.ch/files/ParticleGame/






