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Introduction to the ICTP
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The Abdus Salam International Centre for

Theoretical Physics (ICTP)was founded in

ICTP is a focal point of cooperation between the
North and South, aiming to support scientists
Eastof Italy who served as its director until contribute to state-of-the-art research in physics

1964 by Abdus Salam, in Trieste in the North-

1993. and mathematics.
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Introduction to the ICTP
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The international Centre for Theoretical Physics (ICTP), Trieste, Italy.

During the Cold War era in the heart of Europe, a continent separated by the iron curtain, ICTP provided a rare line of
communication between scientists from the East and West, and those from developing nations.
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Introduction to the ICTP

ICTP is an institute with 6 main areas of research:

* High energy, cosmology and astro-particle physics
* Condensed matter physics

* Mathematics

* Earth sciences

* Applied physics

* Quantative life sciences

Programmes include

ICTP organises more than 60 - Master programmes, including medical physics

conferences and workshops, - Sandwich (STEP) programmes
with 4000 - 5000 scientists from - Laboratory Opportunities
around 130 nations each year. - Scientific Calander with many workshops and conferences
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ICTP Physics Without Frontiers

ICTP Physics Without Frontiers works to teach, train and motivate physics and mathematics
university students worldwide to help build the next generation of scientists. Each project
Is unique, developed with the country's specific needs in mind.

- Inspire and motivate the next generation of physicists

- Train and educate those with hands-on physics and transferable skills
- Collaborate, providing stimulating networking environments

- Mentor students onto further study and provide career advice
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ICTP Physics Without Frontiers

We work with over 50 countries worldwide, and run around 25 PWF projects around the world every
year, in all areas of physics
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Physics Without Frontiers: Thailand
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High Energy Physics
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My Journey

CATLAS
J2 EXPERIMENT
est  http://atlas.ch
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19 years working on the ATLAS experiment at CERN

2002-2006 Degree in Physics, University of Liverpool, MSc on ATLAS

2006-2010 PhD University of Sheffield, building inner detector, vertex reconstruction, 1.5 years based at CERN
2010-2016 Postdoctoral Fellow at ICTP, based at CERN, Top physics and Luminosity measurements

2016-present Staff Scientist at ICTP (2016-2019 based at CERN) Top and Higgs Physics, using EFT

2018—-present Associate Professor at the University of Sussex (Research on ATLAS experiment and DUNE experiment)
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My Journey

CATERINA DQGLIONI
LUND UNIVERSITY

Inner detector commissioning, vertex reconstruction, luminosity measurements

and calibration

Top quark and Higgs measurements and looking for new particles with the

ICHEP 2020<PUBLIC EVENT

UNIVERSAL.SCIENGE

Meet the Speakers

KATE SHAW
UNIVERSITY.OF SUSSEX

Live YouTube webcast with Q&A
Wednesday, 5 August 2020, 8 PM CET
universalscience.web.cern.ch

ATLAS experiment at CERN

Joined the Deep Underground Neutrino experiment (DUNE) in 2022
Outreach coordinator 5 years (initiated ATLAS Open Data project)

International public talks, training and courses, co-founder of Physics Without Frontiers
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Figure 1: Van der Meer (vdM) scan curve, showing the
number of visible interactions normalised by the

number of protons in the bunches,

beam separation in the horizontal

as a function of the
plane for one

colliding bunch pair, measured with the LUCID-2 sub-
detector in 2017. The curve is fitted and backgrounds

are subtracted to extract the width
scanned direction. (Image: ATLAS
Collaboration/CERN)

of the beams in the
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The Large Hadron Collider

The LHC accelerates some of the
smallest objects in the universe

up to almost the fastest speeds possible in the

universel

Using magnets 1.9 K
(-271.3°C), colder than
outer space!
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The Large Hadron Collider

WHY do we The Big Bang
smash
protons
together at
high energies
millions of
times a
second?
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What does a Particle Physicist do?

Questions we ask:

» Where did everything come
from?

» What is everything made
out of?

» How does it work together
to make our Universe?
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What is everything made out of?

At the beginning of the 20th H T s
Century Lord Kelvin said the e e :%ﬁ
Physics was basically finished e

B e e

Along came
» Quantum Mechanics
» Special and General Relativity

> Quantum field theory that led to the The periodic table, arranges chemical "
Standard Model of particle physics elements by atomic mass.

The Modern World was born!
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What is everything made out of?

1897 electron discovered by J.J.
Thompson

1911 nucleus of the atom
discovered by Ernest Rutherford,
and nucleus of hydrogen a proton

1932 neutron discovered by James
Chadwick

Periodic Table of the Elements
”
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The periodic table, arranges chemical
elements by atomic mass.
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What is everything made out of?

1897 electron discovered by J.J.
Thompson

1911 nucleus of the atom
discovered by Ernest Rutherford,
and nucleus of hydrogen a proton

1932 neutron discovered by James
Chadwick

1905 photon - particle of light and of the
electromagnetic force suggested by Einstein in 1905

Electromagnetic waves could only exist as discrete
wave packets - light quantum or photon

Electromagnetic . .
Photon : Ejected
) Electron

S2003 HowStuffWorks _’f
E photon — hv
00 - 6.22x10° m/s
1.77eV. ssonm ,  _o amo ms
225 gV
400 nm
3 1 eV
'E)

no
electrons

Potassium - 2.0 eV needed to eject electron

Photoelectric effect
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What is everything made out of?

However other particles not part of the atom seemed to appear!
* 1932 positron detected (predicted by Dirac in 1928)
* 1934 neutrinos established in theory — detected in 1956

e 1937 muons were discovered in

cosmic rays

U Who ordered that?

gk * 1947 pions ( atype of meson) were
Y% also discovered!!
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What is everything made out of?

Plethora of NEW particles started coming out
of these atom smashes!

Sigma particles, rho particles, Delta particles,
kaons, Lambda...

Some of the Particles in the "Particle Zoo"
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What is everything made out of?
Break Through!

! e

1960s Murray Gell-Mann of
Caltech said hadrons are
composed of more
fundamental particles
which he called quarks.

The word comes from a line
in Finnegans Wake, a book
written by James Joyce.

21
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What is everything made out of?
DISCOVERY: Bottom, Top, WZ, HIGGS!

1977 Bottom quark discovered at Fermilab
1983 W and Z bosons discovered at CERN

1995 TOP (the best particle!) discovered at OATLA

EXPERIMENT

Fermilab LN |
2000 Tau neutrino Fermilab

2012 Higgs at LHC, CERN
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What is everything made out of and
how does it interact?

Fermions: spin = 1/2 particles

fundamental
scalar particle
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Problems

No Quantum description of Gravity!

=>» |s not described by the Standard Model!
=» No Graviton has been detected

Matter-Antimatter Matter Antimatter
ASymmetry Electrons Positron
_> Why iS Antiproton

everything made of
matter and not
antimatter?

Stars

Totil Matter- |
(319"
< ular Matter
- ”R(JIO‘\‘) ‘ »
AR Galaxies
Dark Matter pe s
(~80%)

> N;‘v
e
lms:}\h Gas

Dark Matter and Dark energy still not explained!
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CERN - An International Laboratory!

CERN and Thailand signed an International Cooperation Agreement (ICA) in 2018.

CERN s a hugely
inspirational place
for fundamental
research and
training!

Opportunities for
Summer
Placements

https://home.web.c
ern.ch/summer-
student-programme

)
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Why do Fundamental Sciences?

‘ Fundamental Science ‘
‘ Applied Science ‘

l

Technology, Engineering and
Innovation

l

‘ Sustainable Development

26



Sustainable Development & SDGs

GENDER
EQUALITY

600D HEALTH QUALITY

POVERTY AND WELL-BEING EDUCATION

e Countries at all income levels are looking to transition
towards digital and green economies

e This vitally involves investment into science, and
accelerating technology transfer into industry

HE GLOBAL GOALS

For Sustainable Development

e Toreach SDG by 2030 countries will need to invest more

DECENT WORK AND ! REDUCED RESPONSIBI
into research and innovation ECONOMIC GROWTH 10 INEQUALITIES O }{JI PToN
A GUNGERNING PIGTUHE nF Progress assessment for the 17 Goals based on assessed targets, 2023 or latest

data (percentage)

G3 E— 1 CLIMATE 1 PEACE AND JUSTICE 1 PARTNERSHIPS

2; [r— — ACTION STRONG INSTITUTIONS FOR THE GOALS

N 3
gg I 1 ".
G8 ]
| |
G0 m— — - ]
((‘1311; I — —

The Sustainable Development Goals Report:

@ ONTRACK GI7 M w— https://sdgs.un.org/documents/sustainable-development-goals-
MODERATELY OR SEVERELY OFF TRACK ° 0 20 30 40 50 6 70 B0 S0 100

. @ On track or target met Fair progress, but acceleration needed re port_2023_53220

. STAGNATION OR REGRESSION — @ Stagnation or regression Insufficient data
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Sustainable Development & SDGs

* The need to solve environmental and developmental

problems requires scientists and scientific and educationa

institutions

* Education and investment into educational, technological
and cultural institutions play a key role in growing a

knowledge-based economy

» Scientific research at universities drives and improves the

level & quality of education at all stages
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Sustainable Development & SDGs

International cooperation builds bridges across nations,
soft diplomacy has real impact! We must intensify and
improve scientific cooperation between countries

Today, CERN has become a model for cooperation in terms
of research, embodying the ‘one-earth’ approach that the
world needs to tackle the global challenges we are facing.
Today CERN has 23 member states, and many countries
participate, Over 11000 scientists from ~100 nations use

CERN’s laboratories.

Distribution of All CERN Users by Nationality on 24 January 2018

MEMBER STATES

OBSERVERS 2718

Japan 314
ussia 1187

ASSOCIATE MEMBERS

India 357 745
Lithuania 3 OTHERS 1872 Bolivia 4 Egypt 31 Kazakhstan 5 Mongolia
Bosnia & Herzegovina 2 El Salvador 1 Kenya 3 Montenegr
Afghanistan 1 Brazil 135 Estonia 15 Korea Rep. 185 Morocco 5
Albania 3 Burundi 1 Georgia 46 Kyrgyzst: 1 Myanmar gua; 1
Algeria 14 Cameroon 1 Ghana 1 Latvia 2 Nepal 10 Senegal Uzbekist 4
ASSOCIATE 118 Ar 27 Canada 161 Hong Kon, 1 Lebanon 23 New Zealand 5 Singapore 4 Venezuela 10
MEMBERS IN A 19 Chile 20 Iceland 3 Luxembourg 2 Nigeria 3 South Africa 56 Viet Nam 13
THE PRE-STAGE A 31 China 510 Indonesia 11 Madagascar 4 North Korea 1 SriLanka 6 Zambia 1
TO MEMBERSHIP Azerbaij 10 Colombia 45 Tran 51 Malaysia 15 Oman 3 Sudan 1 Zimbabwe 2
s 26 Bangladesh 11 Croatia 41 Iraq 1 Malta 9 Palestine (O.T.). 7 Swaziland 1
57 Belarus 48 Cuba 12 Treland 16 Mauritius 1 Paraguay 2 Syria 1
35 Benin 1 Ecuador 6 Jordan 1 Mexico 82 Pem 7 Taiwan 51

Working for Science for Peace!
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The importance of fundamental science for development

Report on the UNESCO forum on Higher Education, Research and Knowledge:
In recent years many countries’ governments have placed unprecendented
emphasis on fundamental science research as a key motor for national
development.

Scientific research is central to adapt and adopt technologies which is needed

in any technology transfer process
- ltcanignite technological progress, economic growth, societal well being, and cultural
enhancement

Investing funding and allowing scientist time to participate in international
research not only strengthens the national scientific capacity, it also provides
opportunities for young people to train up in international cutting edge
fields!
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The importance of fundamental science for development

Investment into fundamental science centres
and researchers can accelerate the pace of
scientific discovery in the understanding of our
Universe and its fundamental particles.

Students will learn the application of cutting-
edge data science and artificial intelligence,

¥ equipping them with enviable technical and

§ computational skills that comes from a rigorous
8 scientific background.

They have the potential to transform sectors
and contribute to the national economy
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Hilum

LARGE HADRON COLLIDER

LHC HL-LHC
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e
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R2E project regions Civil Eng. P1-P5 pilot beam radiation limit Iinstaliation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 IIIIIII
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DEEP UNDERGROUND NEUTIRNO EXPERIMENT

Sanford
Underground
Research Facility

Fermilab

NEUTRINO
PRODUCTION

UNDERGROUND PARTICLE
PARTICLE DETECTOR DETECTOR

Underground

@ Cavern (60 m)

Cryogenics
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Particle Physics Experiments
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Scientific thought and its creation is
the common and shared heritage of
mankind.

e ﬁ(’du«\ S alam —

AZ QUOTES

Human Right to Science - Article 27 of the UN Declaration of Human Rights (1948)
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Thank you

PWF Website:

https://www.ictp.it/physics-without-frontiers.aspx

Social Media: @ictpPWF

Twitter, Facebook, Instagram, LinkedIn

Mailing list:
Email pwf-subscribe@lists.ictp.it with the title SUBSCRIBE

Email us: pwf@ictp.it

Annual Meeting: November 2025
Annual Call: December 2025-January 2026

Email me: k.shaw@ictp.it

OUR IMPACT

We have worked with 160

universities in over 50 countries in

the Global South impacting more
than 14,000 students worldwide,
organising hundreds of activities
and events, and stimulating

I'ESGU{C"I environments.

50

Over 600 students have
been mentored onto
further study, and are
now PhD students,
postdocs, & faculty
around the world, and
mony volunteer for PWF!

GET INVOLVED

SUBSCRIBE to our PWF Mailing List by
sending an email with the subject
SUBSCRIBE to pwf-subscribealists.ictp.it

FOLLOW us on Social Media aictpPWF

APPLY to our call for proposals:
ictp.it/home/a-without-frontiers-apply

JOIN our Annual Meetings.

EMAIL: pwfaictp.it

CALENDER: tinyurl.com/PWFindico
WEBSITE: ictp.it/home/physics-without-
frontiers

¥ ¥l 8 5 =% N

PHYsICS §
WITHOUT
FRONTIERS

THE INTERNATIONAL CENTRE FOR
THEORETICAL PHYSICS (ICTP)
FLAGSHIP INTERNATIONAL OUTREACH
PROGRAMME
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