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Diversity and Outreach in
ngh Energy Physu:s

High Energy Physics is inherently international,
and our community understands that to get the
best talent we need to encourage diversity,
equity and inclusion!

To achieve our ambitious goals in HEP we need
hational and international support.

As scientists we know its our responsibility to
reach out to the public, students and policy
makers to communicate what we do and why!




IIIIIIIIII
SSSSSSSS

EDI: Very important for our community

Equity: Treating people of all identities and
backgrounds fairly and respectfully with regard to
opportunities, access, treatment, power, outcomes,
and resources.

Diversity: Embracing differences, which may
iInclude ethnicity, gender identity or expression,
family status, disability status, sexual orientation,
age, and socioeconomic situation.

Inclusion: Intentionally creating welcoming and
respectful environments and systems in which

Inequities in power and privilege dre addressed
and everyone is given an opportunity to flourish.
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“l am really passionate about
the importance of diversity in
all its forms and this includes
hational and regional
inclusivity.”

“It is an agenda that | pursued in my last two
positions. At the Deep Underground Neutrino
Experiment, | was really keen to engage the
scientific community from Latin America, and |
believe this has been mutually beneficial. At STFC,
we used physics as a way to provide opportunities
for people across Africa to gain high-tech skills. “
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Mark Thomson, CERNs new Director General

Inclusivity

succes nin the goal to develop a pipeline of
ented by CERN management

and progression
aS soon as possible our maternity/paternity offering:

gupling the paternity/partner leave from 2 to 4 weeks (following concertation with the Staff
Association and Council approval)

Immediately moving to a 5-month maternity leave provision, rather than 4 + 1

ﬂf""“ﬁé Mark Thomson | CERN 2026-2030 C E R N We I come 13 January 2026 27



https://indico.cern.ch/event/1623724/contributions/6857807/attachments/3199355/5695375/CERN-2026-2030-final.pdf
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Monoculture can create mono
approaches

A group of people with different
experiences and perspectives brings
innovation and creativity

If certain groups are under-represented,
our talent pool is smaller

e see that the more diverse a group s . A
the more Inclusive it becomes for R e 3.8 W gEEy
everyone, and more people are attracted "ﬁ E P =
to a welcoming environment ‘R . -
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Is Physics

Dive rse? Well.. not as much as we would like

:» Nationally

, * Many under-represented groups in
physics (aspects such as gender,
sexuality, disability, ethnicity, social-
economic background, geographical
location)

e Its not enough for under-represented
groups to be welcomed, they must also
have a seat and a voice at the table




“Physics knowledge and skills are What are the most significant

Powemfl drivers of productivity and barriers preventing the UK from
innovation and open doors to a .
range of rewarding careers across developing the workforce needed for

the entire economy.” physics R&D to thrive?

Physics: investing in our future
Powering the new industrial era

1. Teaching workforce challenges: There are serious shortages of
teachers with a physics background in secondary and further
education.

2. Lack of diversity and inclusive culture: \Women, people from

| disadvantaged backgrounds, disabled people, those who identify as
“Increasing R&D investment LGBT+, and minority ethnic groups are all underrepresented.

to 2.4% of GDP by 2027 would 3 |nhflexible research careers & interaction with industry: Research
generate an additional 80,000

jobs and £30.5bn in GDP'”

career structures are narrow with few incentives for industrial
engagement, preventing people from moving easily between

IOP Report: Physics: investing_in our future academia and ind ustry.



https://www.iop.org/sites/default/files/2022-09/Physics-Investing-in-our-future.pdf
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IOP: Physics Education in Schools & Universities

Physics Student numbers have been on the up (until 2021/22): Gender balance has been improving at UK
universities, but less in schools.

Physics GCSE entries England Fhysics A level entries England 100 First year Physics undergraduates UK 100 First year Physics postgraduates UK
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Gender & Participation: The Pipeline

Physics has an even gender split at GCSE in England & Wales. It’s then very male-dominated at further education- slightly less so in higher education.

All Subjects %

Broad Category Category MNumber doing physics Phiysics % Female Female
Secondary Education GCSE (Northern Ireland 2022/23) 2,759 42% 51% I . '.
16 years old GESTE (Wales, aged 15- 2021/22) ~ 5 O % 8,159 51% 50% . ®
National 5 (Scotland, 2022/2023) 13,235 28% 50% - 9 ®
GCSE (england- 2021,/22) 164,948 50% 49% ®
Further Education A Levels in Wales 1,326 20% 56% — ® @ |
A Levels in England (2021/22) 35,894 55% _ I ®
Scottish Advanced Highers (2022/23) 2,085 55% | ® o
18 years old scomisn Highers (2022/23) ~ 2 3 % 7,995 54% B ® ®
Science T-Levels 152 51% @
Engineering T-Levels 1,632 51% | ® ®
English Apprenticeships (any connection to physics) 29,360 50% - (] 9
English Apprenticeships (strong connection to physics) 210 50% ! , |
Higher Education First Year Postgrad Degrees (English Domiciled) o 2,120 65% | ® 9
(Seudents) First Year of Postgrad Degrees (Scottish Domiciled) ~3 O /O 125 65% e o
Unive rsity First Year of Undergrad Degrees (Scottish Domiciled) 425 0% ¢ ¢
BSc/ MPHYS First vear of Undergrad Degrees (English Domiciled) 5,195 56% I » B |
Graduates (in work in  Graduates working in Education (graduating 5 years before 2021) 235.62 T4% . .
GBin 2021) Graduates in industry, graduating 1 year before 2021 1,340 59% | [ ) @
Graduates graduating 3 years before 2021 1,720 58% | ® ¢
Graduates graduating 5 years before 2021 1,870 58% ALL ® @
Graduates Graduating 10 years before 2021 1,500 57% sy b j e Ct S [ ] 9
Graduates working in Financial Services (graduating 5 years before 2021) 186 44% ® ®
Graduates working in Manufaquring (eraduating 5 vears before 20211 15082 i o .
Higher Education (5taff) All non-academic staff 1,850 B3% I . '.
Technical Professionals 500 61% 9 ®
Junior Researchers / Lecturers 2,005 52%
Researcher Mid-Level Researchers [ Lecturers 875 51% || .. :
Senior Researchers / Lecturers 805 43% | (] @
PROF Professors 0 1,015 30% | - @
~ 14 /O 0K 50K 100K 150K 0% 10% 20% 30% 40% 50% 60% 70%
Percen tage Number doing physics % Female
Sources: Fem ales in Measure Mames

Department for Education (England)

S0A [Scotland)
CCEA (Northern Ireland)
StatWales (Wales)

HESA / JISC (University Data)

1op

Physics
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IOP: University Physics Student Ethnicity

Representation Level

Black or Black British is the

Subject

most underrepresented « E g £ %ﬂ EE g
group in A level Physics. g E 3 - 2 55
- § 5 3 3 5 g
Characteristic -
Chinese - - . - - -
Asian or Asian British - Indian . . . . -
Mixed I
Unknown/Not applicable . - . .
White
Other Asian background l I . - .
Other l .
Asian or Asian British - Bangladeshi .
Asian or Asian British - Pakistani | . . .
Black or Black British - African . I -
Black or Black British - Caribbean ] [ L] L]
Other Black background - l -

Students from Black and some Asian backgrounds continue to be under-represented in physics at university: More-
so than in many other comparable subjects

Sources: Department for Education (DfE), HESA/JISC
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|JOP: Socio-economic background
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Physics University
Students from the
UK are especially
likely to come
from more
advantaged parts
of the country

Characteristic
Unknown/Not applicable
B Quintile 5 (Least disadvantaged)
B Quintile 4
B Quintile 3
B Quintile 2
Quintile 1 (Most disadvantaged)

Sources: Department for Education (DfE), HESA/JISC

Among
comparable
subjects, Physics
students are the
most likely to
have attended
privately funded
schools

Unknown/Not applicable
State funded school or college
M Privately funded school

IOP Institute of Physics -

All University Subjects
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Promoting EDI in Physics

e |n our different scientific communities we must
work on cultivating an inclusive environment
for all

e |Investigate and tackle barriers and issues
encountered by different groups and different
stages of their careers

e Develop outreach initiatives to encourage the
next generation of scientists, focused on those
under represented groups
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Is Physics

Diverse?

Well.. not as much as we would like

Internationally countries in the Global South fare much worse

(in generall!)

> Many students, researchers and scientists live in countries that
lack educational and training resources, their universities lack
Investment

- Many scientists do not have any access to research / travel
funding, or governmental support

-» Many students and young people lack exposure to research,
and access to research opportunities

- This costs us valuable talent and scientists!



IIIIIIIIII
SSSSSSSS

Human Development Index, 2023

The Human Development Index (HDI) is a summary measure of key dimensions of human development: a long

and healthy life, a good education, and a decent standard of living. Higher values indicate higher human
development.

No data 0.4 0.5 0.6 0.7 0.8 0.9 1
' | I o ——

Data source: UNDP, Human Development Report (2025)

Our World in Data

CurWorldinData.org/human-development-index | CC BY

Global South countries
account for 80% of the
worlds population but
only 28% of the worlds
scientists come from
these countries

UNESCO Science Reports



https://ourworldindata.org/grapher/human-development-index
https://www.unesco.org/reports/science/2021/en
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Physics for Sustainable Development

B0 HEALTH ABALITY E GENDER

EORALTY

@

EIUCATION

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

s -' THE GLOBAL GOALS

For Sustainable Development
“an”

CECENT MEX AN [ '"] REDCED
ECTl GROWTH INETILAITES

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

To reach SDG by 2030 countries will need to invest more
into scientific research and innovation

LAY AD ST 1? PRRTNERSHIPS

TR ESTTTI NS FOR THE BOALS
F ]

The Sustainable Development Goals Report: https://sdgs.un.org/documents/sustainable-
development-goals-report-2023-53220



https://sdgs.un.org/documents/sustainable-development-goals-report-2023-53220
https://sdgs.un.org/documents/sustainable-development-goals-report-2023-53220
https://sdgs.un.org/documents/sustainable-development-goals-report-2023-53220

Physics outreach and communication in all
countries around the world is vital to promote

scientific literacy in the population:

School students benefit from enquiry based
learning (observation, measurement and

experimentation)

Understanding scientific discovery requires

continual readjustment with new facts

Democracy relies on a scientific literate

population



International Cooperation

. . . Science for peace
Internatlonal Cooperatlon bUIl.dS CERN was founded in 1954 with 12 European Member States

bridges across nations, soft diplomacy pss——"

Users of 110 nationalities

23.7 % women
CERN's annual budget

h aS real. i m p aCt is 1200 MCHF (equivalent

to a medium-sized European
24 Member States university)

Ausftria — Balgium — Bulgaria — Czech Republic
Danmark — Estonia — Finland — France — Garmany
Greaca — Hungary — Israel — Italy — Natherlands Em PlD}'E'EEZ

MNarway — Poland — Porlugal — Romania — Sarbia
Slovakia — Spain — Sweden — Swilzerland — United Kingdom 2666 E_tﬂﬁ’ 1002 gral:l uates
Associates:

C E R N h aS b e CO m e a m O d e l fO r ][LAanj:lcle:t?Pﬂequl?E{IE:jatﬁsldll 12 370 users, 1513 others

Pakistan — Slovenia® — Torkiye — Ukraine

L] .
t. t f h ~ 50 Cooperation Agreements
cooperation Iin terms ofr researc Albaria  Agaria— Arentina - Aveia — Ausralia  Azeeblan  Bavan — Sangladesh — Bl ~ Bosria and Hoczegovi
) : . ) Canada — Chile — Colombia - Costa Rica - Ecuador — Egypt — Georgia — Honduras — Iceland — Iran — JINR - Jordan
* Associate Mamber Stale in the pre-stage to Membarship Kazakhstan — Lebanan — Malta — Mexico — Mongolia — Mentanagro — Maroceo — Nepal — New Zealand

art Qoniz BN araguay — Fraopie s Repubic of L £ L 5 — JdAlE puc
Data as of 31 December 2023 Saudi Arabiz South Africa — Sri Lanka Thailand Tunisia — United Arab Emirates — Uruguay — Vietnar

embodying the ‘one-earth’ approach

that the world needs to tackle the Today CERN has 24 member states
Over 12000 scientists from ~110 nations use

global challenges we are facing. .
CERN'’s laboratories.



International Cooperation

== a8 M_--'--_-‘- R & UiBeh aten R —

SESAME: Synchrotron-light for Experimental

Science and Applications in the Middle East, N al 2
Jordan. g
Pooling resources to build scientific capacity =3

within the region, create research and career

opportunities that can limit the brain drain

Functions as a bridge between its diverse

culturally and politically conflicting societies
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ICTP Physics Without Frontiers @iétpPWF

Phy:

Internationally, richer countries have the I |
lions share of scientists, funding, supportive | |
scientific environments ( P —— g

> ¥

e many countries lack resources and
their universities lack investment

e many scientists do not have the same
access to funding and governmental

|

support i ity, Balestini
e many students and young people lack — |
exposure, access and opportunity -Lacks time for research

-No access to research grants

o 1 M I
e This costs us valuable scientists! results and meet new collaborators

-No funding to travel to conferences to present
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Physics Training & Outreach

We must reach out to students and researchers across
the world

— Seek out & provide study (MSc/PhD) or training opportunities
— Provide funding for students/scientists to come to your
conference or workshop (or/and provide free online access)

— Build cooperation and networks with new collaborators

— Go to conferences in underrepresented regions

Physics Without AIMS African School of | Scholar Rescue

Fund

scholarrescuefund.org/

Frontiers nexteinstein.org mysn:s

ictp.it/home/physics- africanschoolofphysics.org/
without-frontiers



https://www.ictp.it/home/physics-without-frontiers
https://www.ictp.it/home/physics-without-frontiers
https://nexteinstein.org/
https://africanschoolofphysics.org/
https://africanschoolofphysics.org/
https://www.scholarrescuefund.org/
https://www.scholarrescuefund.org/
http://scholarrescuefund.org/
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ICTP Physics Without Frontiers @lctpPWF

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 @lctpPWF

Aims of the Project

e To expose and introduce new ideas in physics to undergraduate and master students,
provide courses and training in key analysis and transferable skills

e To identify top students, provide mentoring and supyport for further study and career

e To connect with scientists, build networks and
. . . L. My physics journey started
support them with international opportunities RUEIIHETZEIY:

. course in 2013, and now [
Ond COIICIbOI‘CItIOh hold a PhD degree in

particle physics from one Gf

the most prestigious

e Bring awareness to the university and policy |ESSEEkEElS

Tasneem Salem from Ramallah, Palestine. Mow a
ey —_—

makers to the importance of supporting
physics departments and ultimately research
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ICTP Physics Without Frontiers @ictpPWF

We run around 25 PWF projects around the world every year, in all areas of physics with
some focus on least developed countries and conflict regions

Physics Without Frontiers

WOMEN IN

PHYSICS
WITHOUT _§
FRONTIERS

" e
% -

PHYSICSK
WlTHOUT . COUNTRIES IN THE
FRONTIERS Sl

THE INTERNATIONAL CENTRE FOR
THECRETICAL PHYSICS (ICTP)
FLAGSHIP INTERNATIONAL OUTREACH

500

| l@m‘gﬁ‘m 1_@?% ALUMNI
PP 4 S o

.l
& . W



https://indico.ictp.it/category/13/
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ICTP Physics Without Frontiers @ictpPWF

Physics Without Frontiers

PHYS'CS WITHOUT ! At . PHYSICS WITHOUT F-RONTIERS PHYSICS WITHOUT FRONTIERS

FRONTIERS: MALY: BANGLADESH UGANDA

_ SCHOOL ON GENERAL RELATIVITY EAST AFRICAN TRAINING WORKSHOP ON
COURSE'ON ORDINARY % i : - AND COSMOLOGY "APPLICATIONS I SPACE WEATHER AND:
Bgi%?%ﬂgé%h%OUATIONS T R IONOSPHERIC RESEARCH{ 3.2
: ey f - .8 8-12 SEPTEMBER 2025
FUNGHION. 2325237355 1o, oot = o -

Register: indico.ictp.it/event/11010/
Deadline 14 MAY 2025

|/ e -y A

Datés: 5 - 16MAY 2025 4 r Indicc::‘ ictp.it/ovent 11049/ . ;
Location: Faculty.of Sclences and Téchnigues, University of - ~ Regjistration Form: tinyurl [PWEECUADOR X e alt, % Indico: Indloadetp.fevent 1009/
Sciences, Techniques and Technologies of Bamako [USTTE), Mali — = - — Speakers and Coordinators: K & Uni jarm, Nothorlands : Location: UcoBs Boardroom-Mbarara University of Sclence and Technolagy [MUST). Uganda
Indico: indiceJdetp.it/ovent/M0O04/ ; Registration: tiny.cc/PWFSudan | Hernén Andrés Morales-Hayariehs, UDLA, Ecuador iy L . Dr. Patrick Mungufeni, Muni University, Arua, Uganda
; ) Webpage: indico.ictp.it/event/11030/ Paulina Vizsaine, UIDE, Esuador

SPEAKER: - = - -
Dr. Laute GOUBA!Iiternational Cantre for Thnar.lieul Physics (ICTP); Aloa Mohombned I:ri- Bakhit, .. o - (MpC), 5 I . )
Triaste,italy, Dr. Abubakr Y. A. Ibrahim, |m‘“m»“.m‘ : ';dli::i::’tmc:'ﬁi"’ u..h.-:.:i A ’ . Val Mbarara University of Sclence and Technology, Mbarara, Uganda
LOCAL COORDINATOR: Auténoma de Barcelona (UAB), s, . | i L . Dr. Gooffray Andima, Busitema University, Tororo, Uganda
DrKaniba Mady KETTA Faeiilty of Séiences and Tehniques; : Br. Phillip Gplo, Mountaina of the Moon University, Fortportal, Uganda
University of Scisnces, Techniques and Technologiesof Bamiako

(USTTB), Mali

AS

- £ inppraigery - - -
7o) i, - O

We work to bring physics to each corner of the Globe, with focus on:

Economic Frontiers: Low income & science & technology lagging countries
Social Frontiers: Women and Girls, cultural frontiers
*Geographical Frontiers: Rural and remote areas

PHYSICS WITHOUT FRONTIERS
AFGHANISTAN

AFGHAN PHYSICS STUDENTS
CONFERENCE 2025

7-8 November 2025
https://indico.ictp.it/event/10781/

, Kabul Un m;-l'y Afgha

© . Sod Mcn}ucn&ndl msl.s

*Sociopolitical Frontiers: under represented ethnicities and conflict regions or political turmoil
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Open Science Movement

Open
Evaluation
&R
A

Open Crowd-
Innovation Funding

UNESCO Open Science website

Citizen "Ii%%ill’
Science

Open
Educational
Resources

Open science is an accelerator for the
Sustainable Development Goals (SDGs) 2030
and a powerful tool to bridge the science divide
between and within countries

Open science aims at making scientific

knowledge openly available, accessible and
reusable.

The key elements include open access to
scientific publications, data, educational
resources, software and hardware, and open
infrastructures

Open Science at CERN website



https://www.unesco.org/en/open-science
https://openscience.cern/
https://www.unesco.org/en/open-science
https://openscience.cern/
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CERN OPEN DATA POLICY

Level 1: Published Results
e Available with Open Access
e HEPData: Repository for publication-related HEP data
e Rivet toolkit: Robust Independent Validation of
Experiment and Theory

Level 2: Outreach and Education
e Dedicated subsets of data selected and formatted to
provide rich samples to maximise their educational
Impact, and to facilitate the easy use of the data.

Level 3: Reconstructed Data
e Experiments release calibrated reconstructed data
useful for algorithmic, performance and physics
studies

Level 4: Raw Data - Not feasible

Open Science at CERN website

CERN Open Data Policy for the LHC Experiments.”
https://cds.cern.ch/record/2745133 , November 2020

CERM Open Data Policy for the LHC Experiments
Nowember, 2020

The CERN Open Data Pollcy reflects values that have been enshrined in the CERN Convention for more
than sixty years that were reaffirmed in the European Strategy for Particle Physics (2020), and alms to
armpower the LHC experiments to adopt a consistent approach towards the openness and presarvation
of experimental data. Making data avallable responsibly (applying FAIR standards), at different lavels
of abstraction and at different polnts in time, allows the masimum realisation of thelr sclentific potential
and the fulfillment of the collective moral and fiduciary responsibllity to member states and the broader
glokbal selentific community. CERN understands that in order to optimise reuse apportunities, immediate
and continued resources are needed. The level of support that CEAN and the experiments will be able
to prowvide to external users will depend on avallable resources.

This palicy relates to the data collected by the LHC experiments, for the maln physics programme of the
LHC — high-energy proton—proton and heavy-lon collision data. The foreseen use cases of the Open
Data Include relnterpratatbon and reanalysis of physics results, aducation and outreach, data analysis
for technical and algorithmic developrents and physics research. The Open Data will be released
through the CERN Open Data Portal which will be supported by CERN for the lifetime of the data, The
data will be tallored to the differant uses, and will be made avallable In formats defined by each
experiment that afford a range of opportunities for long-term use, reuse and preservation. In general,
fowr bevels of complexity of HEF data hawve been [dentified by the Data Preservatbon and Long Term
Analysis in High Energy Physics [DPHEPF) Study Group®, which serve varying audiences and Imply a
diversity of openness solutions and practices.

Published Results [Level 1) Polley: Peer-reviewed publications represent the primary sclentific cutput
from the experiments. In compllance with the CERM Open Access Policy, all such publications are
avallable with Open Access, and so are avallable to the public. To maximise the sclentific walue of their
publications, the experiments will make public additional Information and data at the time of
publication, stored in collaboration with portals such as HEPData," with selection routines stored in
specialised tools. The data made avallable may Include simplified or full binned likelihoods, as well as
unblnned likellhoods based on datasets of event-level observables extracted by the analyses.
Relnterpretation of published results is aleo made pessible through analysls preservation and direct
collaboration with external researchers.

Outresch and Education [Lewel 2) Polley: For the purposes of education and outreach, dedicated
subsets of data are used, selected and formatted to provide rich samples to maximise thelr educational
impact, and to facllitate the easy use of the data. These data are released with 8 schedule and scope
determined by each experiment. The data are provided In simplified, portable and self-contalned
formats sultable for educatbonal and public understanding purposes; but are not intended nor adequate
for the pulblication of sclentific results. Lightwaight emvironments to allow the easy exploration of these

! Eurapean Strategy Group [2020], 2020 Update of the European Strategy for Particle Physacs’.

* FAIR Guiding Principles for scientific data management and stewardship, fwvaitable at: hitpss) Sawa go-
fair.ong/fair-principles).

* Data managernent plans are defined by the LHC experiments to sddress the long-tesm preservation of internal
data products. See: Akapoy et al., Status repgort of the DPHEP Study Growg: Tewards a global effart for
sustainable data presereation in kigh energy physice. ariiv preprint a1 305 4667 (2012)

* Repasitary for publication-related High-Enengy Physics data: http:fwes hepdata net.
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https://cds.cern.ch/record/2745133/files/CERN-OPEN-2020-013.pdf
https://www.hepdata.net/
https://rivet.hepforge.org/
https://openscience.cern/
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CERN OPEN DATA PORTAL

Explore more than five petabytes

of open data from particle physics!

About -

Help =

L]
search examples: collision datasets, keywords:education, energy:7TeV
[ ]
L]
Explore Focus on
datasets ALICE = .

software ATLAS
environments CMS

documentation DELPHI
LHCb

OPERA

PHENIX

T0TEM

CMS, | o N

~—
PH ENIX

Data Science

https://opendata.cern.ch

ATLAS $t\bar(t}$ simulation for ML-based jet flavour tagging (JetSet)
Flavour-dagging — the iask of iderditying the flavaur of jets — is essential for many physics analyses af the ATL
train and ovalu...

ATLAS releases first open data from heavy-ion collisions
The ATLAZ Callaboration has released its first opan data of heawy I_D|_'l colisions for resaarch purposes, This da
ruclean pair, recordad in 25 as part of tha Large l-_a_l:[cn Collider's socond aparation period (LHC Run 2).

ATLAS releases 65 TB of open data for research
Explore aver 76 bilion LHC calision avenis — from home

ATLAS DAOD_HION14 format Run 2 2015 Pb-Pb _h_lfl simulation
Aun 2 3015 Pb-Pb MC simulation from the ATLAS axperiment

ATLAS DAOD_HION14 format Run 2 2015 Pb-Pb collision data
Run 2 2015 Pb-Pb caolision data from the ATLAS experimant

DAOD_HIOM14 format 2015 Pb-Pb Open Data for Research from the ATLAS experiment
2015 P-Pb Opan Data for Resoarch from the ATLAS experimant

ATLAS top tagging open data set with systematic uncertainties
Bioosted top tagging is an essential binary classificalion task for experiments at $he Large Hadron Collider (LHC
Cpen Daka Satis..

DADD_PHYSLITE format 2015-2014 Open Data for Research from the ATLAS experiment
20152016 Opan Dala for Research from the ATLAS experiment

ATLAS DAOD_PHYSLITE format MC simulation top systematic variation samples

I'_|.1I§ simulation bop systemafio wariation samples from the ATLAS experiment

O SISO ERD o
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https://opendata.cern.ch/

ATLAS OPEN DATA for Research

Webpage

Proton-Proton Collisions Lead-Lead Collisions
ATL AS 13 TeV Proton-Proton

collision datasets, 36
fb-!, 2015-2016, 65 TB in
PHYSLITE files , with 2
billion events of

e simulated datao

5 TeV Lead-Lead

collision datasets,

W 486ub-', 2015, 4 TB in

. 4 DAOD_HIONI14 files, with
il corresponding

simulations

Coming soon
e Event generation data in HEPMC format

o provided in 10,000 event text files, tarred and gzipped to save space, for both 13 TeV
and 13.6 TeV configurations

e Heavy ion data from the hard probes stream with corresponding simulations


https://opendata.atlas.cern/docs/data/for_research/pp_data
https://opendata.atlas.cern/docs/data/for_research/hi_data
https://opendata.atlas.cern/docs/category/data-for-research
https://opendata.atlas.cern/docs/data/for_research/evgen_data
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ATLAS OPEN DATA Wesbhite

High Energy Physics data for everyone.

For Education @ For Research ¢

To provide data and tools to high school, undergraduate and graduate students,
as well as teachers and lecturers, to help educate them and exercise in physics

To provide researchers with high-quality data recorded by the ATLAS detector,
enabling them to conduct state of the art analyses in particle physics.

analysis techniques used in experimental particle physics.

Our values

The collaboration shares the data gathered by the ATLAS detector committing to three fundamental principles:

Accessibility ¢ Transferable expertise «w Usability °X

Make the data and the tools openly available for Along with particle physics analysis and ATLAS Different target audiences, with different

everyone to use, without technology, region, or learning objectives, provide skills in programming, backgrounds and skills must be able to use the data

knowledge restrictions. software and machine learning. and tools for a wide range of learning cbjectives.

For Education Webpage

Events
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Datasets on

CERN Open
Data Portal

inlcuding first

and second
releqases.

Fully accessible website with step-by-step tutorials, tools, videos, data visualisation (Histogram Analyser,
Machine Learning online application, teacher workshop, Jupyter Notebook analyses, and analysis facilities.



https://opendata.atlas.cern/docs/category/data-for-education
https://opendata.atlas.cern/
https://opendata.atlas.cern/docs/visualization/the_display_histograms_13TeV
https://ml-visual-dashboard-atlas-open-data.app.cern.ch/
https://indico.cern.ch/event/1464600/contributions/6168656/attachments/2948939/5183047/TeachersWorkshop_ATLASweek_October2024.pdf
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata
https://opendata.cern/record/93910
https://opendata.cern/record/93910
https://opendata.cern/record/93910
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LHC OPEN DATA
OPEN DATA: How is it used? WORKSHOP

UNIVERSITY OF LOME, TOGG

Theorists/ scientists wanting to do studies READING AND

UTILISING LHC
OPEN DATA

PhD training, undergraduate courses and BSc 20 September 2025

Register Here: ElllE

and MSc projects n9.cl/togolhe [

e Students can dive into the learning objectives / L
. ° ° ° ° ° ° f ’ ‘ . . 4 y -
I m med Iate Iy (p hys I CS StOtIStICS G nq Iys I S S kl I | S The workshop will introduce LHC Open Data and the CERN Open Data Portal fo
4 4 participants, for scientists wishing to use the data for research and for
. . . . . education. Open Data for education is used by lecturers and teachers to develop
S u C h O S flttl n g G n d m G C h I n e I ed r n I n g) / courses and projects primarily for MSc and BSc students, as well as secondary
school students enabling them to perform data analyses, and to learn particle
physics techniques and statistical skills, along with python and other
programming skills. The students and researchers will acquire training to access
and exploit the resources.

Training and outreach activities such as Orgarising Cammitie, and Spackors:

Kate Shaw, ICTP, Trieste, ltaly, ATLAS experiment
Farid Ould-Saada, University of Oslo, Norway, ATLAS experiment

h q c kt h o n s d n d Wo r ks h o ps, W it h P h D St u d e n t S, Simon Connell, University of Johannesburg, South Africa, ATLAS experiment

Thomas McCauley, University of Notre Dame, USA, CMS experiment

university students, 16-18 year olds or even omas ] ) B, ©
younger &Y | iy

EXFERIMENT
L




Getting Started

We use Matomo to internally analyze traffic and help us improve your experience.; check our privacy
policy!

— [l ATLAS Open Data Q

1] > Get Started

Get Started

In this section you will find different suggested paths to get involved with ATLAS Open
Data. This are just suggestions on what we think it will be more usefull to check in each
case. However, feel free to check the website freely.

» % Quick start

The quickest way to start learning with ATLAS Open Data.

e No technical knowledge required
e Full introduction provided

e Step-by-step tutorials

e Instructions how to access data
e Histogram Analyser

Get Started Webpage

Histogram Analyser

Tool shows how physicists differentiate between physics

processes applying cuts using just your mouse.

How to Separate Signals: Higgs to WW

Let's lock at the simulated data.

Using the Histogram Analyser we can look at each sample separately and understand a little more about their charactenstics.
This will help us separate our signal from the background later.

Select the sample by clicking on the bar in the Expected Number of Events histogram.
The rest of the histograms now just display the characteristics of your chosen sample.

H—- W™W
H-aW'W =

{ £ = electron, muon)

Curriculim Learning Objective: Particle decay balancing with
charge

[see e.g. OCR A-level physics 6.4.2]

Why does the higgs boson decay into particles whose charges sum to zero?

Curriculum Learning Objective: Classification of leptons
[see e.g. QCR A-lovel physics 6.4.2(d]]
Electron and muon channels are shown separately in the histograms.

Our signal is the Higgs boson which decays into two W besons which subsequently decay into leptons and neutrinos.
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The histograms explained
Histogram Analyser displays nine histograms. The description of each follows.

The histograms. can take about 30 seconds to load. Whilst loading you'll only see the histegram titles. Once loaded you'll see the
histograms appear under their titles.

We think it really helps to be able to see all nine histegrams on your screen at the same time. So if this isn't the case to start with, we
suggest decreasing the zoom in your web browser until you can see all nine (e.g 67%).

Reconsiructed Dilepton Mass Number of Jets
g -
£ snoood
&

50,000

40,008 -4

M} [GreV] NiJetsh

Number of b-tagged Jets Tdal Lepton Transverse Momentum Missing Transverse Momentum (MET)

Events
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You can select just the ¢£.2 events by clicking on the (€2 in the 'Expected Number of Events® histogram.


https://opendata.atlas.cern/docs/category/get-started
https://opendata.atlas.cern/docs/visualization/the_display_histograms_13TeV

0 Dash

(&) A\ Not Secure

Machine Learning Online Interactive Application

e Machine Learning tutorial using only your mouse!!

e https://ml-visual-dashboard-atlas-open-data.app.cern.ch/
e Run a Neutral Network to discover Dark Matter!

0.0.0.0:8080

bl Proton Mail  §fY Sussex Direct: Stu...

Select event:

ZTIZI0 - DM _300

Power on:

O

]

Imput Layer:

U5 Research students...
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Size of Layer |

\ .

u Physics Activities:...

Number of Hidden Layers:

B

Size of Layer 2

nELrans

Hidden layers:

) Birthdays

r In} (@ verity thatit's you | New Chrome available :

[ Linkedin @ Jedi Costume Sta... Dashboard » [0 ANl Bookmarks

Accuracy

\ 5 Fl-scare:

Layer 2 Cratput Layer.

Background probability:

Signal probability

oo
oo

o Dash

(& A\ Not Secure

0.0.0.0:8080 r In} @; verity that it's you

hall Proton Mail Ef Sussex Direct: Stu.. US Research students.. 4l NewMemberChec.. [ Physics Activities:.. ) Birthdays [} Linkedin @ Jedi Costume Sta... Dashboard

Which design is best?

INSERT TEXT HERE

How do we use our machine learning output?

Output of the Neural Network

Significance:

1.28

[0

0

Histogram above shows distribution of the NN outputs of the whole data set. Move the slider to select the (signal) data to the right
cutting out (background) data to the left

New Chrome available :

b

[ All Bookmarks


https://ml-visual-dashboard-atlas-open-data.app.cern.ch/

Teacher workshop

Welcome to ATLAS Open Data in the
Classroom

An application to facilitate the
learning of useful experimental
particle physics techniques

Available in languages:
English, Spanish, Italian

CA_3th ] =
} - lmm[ Joutt | 1 -

(taus.size() » )

CA_3th_1 = taus( Jo#t »

Google Chrome

ATLAS Open Data in
the Classroom

D Getting Started

D Foundations of

Particle Physics

> Experimental

Particle Physics

> Analyze ATLAS
Open Data

> Intro to Python

D Classroom Toolkit


https://atlas4teachers.app.cern.ch/

CITATION

Jupyter Notebooks w m_;&mbﬂv 5‘%?{?‘5 Developing of online tutorials:
i Jupyter notebooks analyses (with & without
Uproot ’ "*‘**fﬂ#iﬁ,*,_f ROOT framework), in C++, pyROOT 8 TeV and 13
2-.35,_;__*..,...%,#,.Hﬁ”f';";';” i TeV & uproot.
HiggS to ZZ m & 5& 50 100 150 200 250 300 350 400 4!-50

L
pL* [Gev]

This notebook uses the 2025 release of the ATLAS Open Data to show yot
to rediscover the Higgs boson yourself! You will discover the Higgs boson

Different frameworks available to suit different
learning objectives and use cases:

into a pair of Z bosons, which are in turn decaying into a lepton-antilepton

Physics:
Coding: ® Python
Time: o C++

i e e RDataFrame

e Uproot [ Coffea

L
All Notebooks are available on the GitHub
repository

Higgs to yy analysis [{I313

This notebook uses the 2025 release of ATLAS Open Data, with 36.1 fb_l,

Jupyter Notebooks



https://opendata.atlas.cern/docs/13TeV25Doc/13tutorial
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata
https://github.com/atlas-outreach-data-tools/atlas-outreach-cpp-framework-13tev
https://github.com/atlas-outreach-data-tools/atlas-%20outreach-Python-uproot-framework-13tev
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata
https://opendata.atlas.cern/docs/documentation/ethical_legal/citation_policy

FIND THE
HIGGS

ATLAS Open Data
Tutorials

@ by ATLAS Experiment

Playlist - 8 videos - 4,280 views

Video tutorials explaining different ways to use Open Data
from the ATL xperiment at CERN.

p Playall H K=

FIND THE
HIGGS

INTRO TO =
JUPYTER Jupyter

;-'

OPEN DATA
TUTORIAL

ANALYSE
THE HICGS

INSTALL A
VIRTUAL
MACHINE

OPEN DATA
TUTORIAL

MAKE SELECTION
CUTS WITH
PYROOT 1

OPEMN DATA
TUTORIAL

CREATE
HISTOGRAMS
WITH PYROOT

OPEN DATA
TUTORIAL

Find the videos here

9:18

| Find the Higgs boson with your mouse - ATLAS Open Data Tutorial

ATLAS Experiment « 3.3K views - 4 years ago

Data analysis in a web browser — ATLAS Open Data Tutorial

ATLAS Experiment * 1.9K views + 4 years ago

How to rediscover the Higgs boson — ATLAS Open Data Tutorial

ATLAS Experiment * 3.2K views * 4 years ago

Installing a VirtualBox - ATLAS Open Data Tutorial

ATLAS Experiment » 700 views * 4 years ago

Installing a Virtual Machine - ATLAS Open Data Tutorial

ATLAS Experiment « 1.5K views - 4 years ago

Making Selection Cuts with PyROOT — ATLAS Open Data Tutorial

ATLAS Experiment * 1.8K views - 3 years ago

Create Histograms with PyROOT - ATLAS Open Data Tutorial

ATLAS Experiment » 2.5K views - 3 years ago

— Jupyter HZZAnalysis (mosifi) 0. oin this repo's Video Chat

B B 4+ % MExécuter B C W Makdown ~w ®m &ADownload & & O GitHub % Binder

en Data Videos on YouTube

& HZZAnalysis - Jupyter Notebo

hub-binder.mybinder.ovh

View  Inseri  Ce Kemel  Widgets  Help Mon fiable

@ATLAS

How to rediscover the Higgs boson yourself!
This notebook uses ATLAS Open Data hitp.//opendata atias cern to show you the steps to rediscover the Higgs boson yoursaif!

ATLAS Open Data provides open access to proton-proton collision data at the LHC for educational purposes. ATLAS Open Data resources are ideal for high-
school, undeng and postg ate stucents

Notebooks are wab applications that allow you to create and share documents that can contain for example:

1. live code
2. visualisations
3. narrative text

The idea is that cuts increase the ratio of signal (H — ZZ — ££##) 1o background (Z .11, ZZ — ££¢5

8 so that you have an introduction to the analysis.

Than tha amant of 77 — FFAFF e raducad whilst kaanina ae misch I — Z 7 . £FFF sianal as nnasihla

Getting Started with ATLAS Open Data

Sl ATLAS Experiment + 2.1K views * 1 year ago

J - 1
LA

'GET STARTED


https://www.youtube.com/playlist?list=PL1qU3k-RDRsvy3jhxUTmq7ZJQTdFvjLJn

summary

EDI is such an important part of building our
community, we all must invest in SUPPOrtiing JkE s iiibhniin i

Islamic University of Gaza

Initiatives, and support the international
community

Outreach and Open Data is an important
part of our experiments deliverables, for & |
research and education, to build trustand K - | believe physics islife
help secure support | B oS and life is physics!

ayla, physics student
\ B

Get in touch with your collaboration EDI
team or outreach team, many resources out
there.
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Mark Thomson, CERNs new Director General

Pillars 3 & 4

Pillar 3 (Value for CERN’s stakeholders), where the main priorities will be
* Improve the balance of return to CERN’s Member States and Associate Member States

« At a time when we will soon be seeking approval for FCC-ee, this is absolutely essential, we will
need the strong support of our member states

 We need to achieve balance in both “industrial return” and “personnel return”

« Strengthen our relations with the EU and other key partners
* Including Canada, Japan and the US, as well as with other laboratories in CERN’s member states

« Continue to collaborate with neighbouring scientific fields within resource constraints
« We will prioritise existing commitments and activities that support of CERN's other strategy goals

* Including projects important to European Science and our Member States, e.g. Einstein Telescope
Pillar 4 (Wider impact), with main priorities to
* Inspire the next generation
« Support the European technological landscape
* Further increase the impact of CERN’s KT activities

@) Mark Thomson | CERN 2026-2030 13 January 2026 23
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European Strategy for Particle Physics

Talk from the Open Symposium on the European Strategy for Particle Physics

General guiding principles
Outreach and Communication

m Strengthen public trust in science through outreach that fosters critical thinking, counters misinformation,
and inspires future scientists.

m Shift science communication from scientific discoveries to research processes, personal stories, and the value
of international collaboration and DEI.

m Expand outreach to diverse and underrepresented audiences to boost interest in STEM. Use social media to
ensure a broad reach.

B Communicate effectively and transparently to build public and political support for the next European
flagship project.

y
Training and Education
m Strengthen training in instrumentation (and thereby support a timely execution of the ESPP).
m Establish closer ties with industry. WG6 Composition
m Integrate modern physics into school curricula. ) EJB‘::::;”;S(E::;“”

L. de Paula (Brazil)

S. Ozkorucuklu (Tiirkiye)

M. Pimenta (Portugal)

P. Van Mechelen™ (Belgium)
L. Zivkovic (Serbia)

*

Open Science

m Promote Open Access to scientific knowledge.

chair

m Encourage the use of Open Data in education, outreach, and citizen science.



https://agenda.infn.it/event/44943/contributions/265703/attachments/137639/206964/Open_Symposium___WG6_report.pdf
https://agenda.infn.it/event/44943/

