Grundlagenforschung in einer
Internationalen Perspektive

CERN — European Organization for Nuclear Research
The Organization, current research, and education.
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Science for peace
CERN was founded in 1954 by 12 European Member States

CERN'’s annual budget

Is 1228 MCHF (equivalent
to a medium-sized European
university)
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23 Member States

Austria — Belgium — Bulgaria — Czech Republic
Denmark — Finland — France — Germany — Greece
Hungary — Israel — Italy — Netherlands — Norway
Poland — Portugal — Romania — Serbia — Slovakia
Spain — Sweden — Switzerland — United Kingdom
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As of 31 December 2021
Employees:
2676 staff, 783 fellows

Associates:

_ 11 175 users, 1699 others
More than 50 Cooperation Agreements
with non-Member States and Territories

Albania — Algeria — Argentina — Armenia — Australia — Azerbaijan — Bangladesh — Belarus — Bolivia

Bosnia and Herzegovina — Brazil — Canada — Chile — Colombia — Costa Rica — Ecuador — Egypt — Georgia — Iceland
Iran — Jordan — Kazakhstan — Latvia — Lebanon — Malta — Mexico — Mongolia — Montenegro — Morocco — Nepal

New Zealand — North Macedonia — Palestine — Paraguay — People's Republic of China — Peru — Philippines — Qatar
Republic of Korea — Saudi Arabia — Sri Lanka — South Africa — Thailand — Tunisia — United Arab Emirates — Vietnam

7 Associate Member States

Croatia — India — Latvia — Lithuania — Pakistan — Tlrkiye — Ukraine

CERN
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A laboratory for people around the world

Distribution of all CERN Users by the country of their home institutes as of 31 December 2021
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Geographical & cultural diversity
Users of 115 nationalities
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and from 77 countries -
~ 23% women o .
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Member States 6642

Austria 74 — Belgium 122 — Bulgaria 39 — Czech Republic 227
Denmark 42 — Finland 71 — France 811 — Germany 1129
Greece 133 — Hungary 69 — Israel 67 — Italy 1423

Netherlands 157 — Norway 69 — Poland 278 — Portugal 89
Romania 105 — Serbia 36 — Slovakia 66 — Spain 328

Sweden 88 — Switzerland 372 — United Kingdom 847

Associate Member States 55

In the pre-stage to membership
Cyprus 10 — Estonia 24 — Slovenia 21

Associate Member States 367 Other countries 1194

Croatia 36 — India 130 — Latvia 11 — Lithuania 11 — Pakistan 30 Algeria 3 — Argentina 16 — Armenia 10 — Australia 20 — Azerbaijan 3 — Bahrain 2 — Belarus 24 — Brazil 106
Tirkiye 122 — Ukraine 26 Canada 189 — Chile 23 — Colombia 18 — Cuba 3 — Ecuador 6 — Egypt 16 — Georgia 36

Hong Kong 17 — Iceland 3 — Indonesia 6 — Iran 11 — Ireland 6 — Jordan 5 — Kuwait 5 — Lebanon 15
Madagascar 1 — Malaysia 4 — Malta 2 — Mexico 48 — Montenegro 5 — Morocco 18 — New Zealand 8 — Oman 1
People’s Republic of China 314 — Peru 2 — Philippines 1 — Republic of Korea 113 — Singapore 3
South Africa 52 — Sri Lanka 10 — Taiwan 45 — Thailand 18 — United Arab Emirates 6
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* (Associate) Member States: jeweils 2 Delegierte

CERN Council . ex-officio

President: E. Rabinovici = . gg(\:/C\J;SitZ_
. Q orsitz
LBl LEA LG 1= — - Verschiedene Beobachter auf Einladung, incl. ECFA Vorsitz
. i » (Associate) Member States: jeweils 1-3 Delegierte
Finance Committee - ex-officio
Chairperson: L. Salzarulo  E3 * Council Prasident(in)
« SPC Vorsitz
* 14 individuelle Mitglieder
. . . * ex-officio
Scientific Policy Committee - ECFA Vorsitz

U

» Vorsitzende von CERN Komitees (LHCC, MAC,SPSC, INTC)

« standig Eingeladene
+ CERN DG, Council Prasident(in), FC Vorsitz

Chairperson: H. Montgomery

Audit Committee Tripartite Employment Forum Pension Fund Governing Board

Chairperson: J. Schieck Chairperson: B. Asman - Chairperson: O. Malmberg e

<) CERN — Die Organisation
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Council Secretariat Director General Internal Audit
Legal Service Fabiola Gianotti I I Health, Safety, and Environment Unit

Finance and Human : Accelerators and
Research and Computing
Resources Technologoy

i i N
RafaelBello [J GORCHITRCH Mike Lamont =i=

International Relations
Charlotte Warakaulle ==

Finance and
Administrative Procedures
Florian Sonnemann

Experimental Physics Beams Education, Communication,
Manfred Krammer Rhodri Jones and Outreach

Human Resources Theoretical Physics Engineering Diplomatic and Stakeholder
James Purvis Gian Giudice Katy Foraz Relations

Industry, Procurement, and
Technology Transfer
Christopher Hartley

Information Technologies Systems
Enrica Porcari Brennan Goddard

Site and Civil Engineering Technology
Mar Capeans Jose Miguel Jimenez

@) CERN Labor-Organisation 2021-2025 (b 30.06.2021)



Die Misson®

Grundlagenforschung Innovative Technologien

fur die Forschung

Qn

Bildung und Wissensvermittlung

u.a. die Aus- und Weiterbildung von Wissenschatftler(inne)n und Ingenieur(inne)n.
aber eben auch Bildungsprogramme fir Alle

an der Grenze des menschlichen Wissens

Q

Zusammenarbeit
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Die Wissenschaftliche Herausforderung
Forschung uber die Geschichte des Universums

1028 cm

13.8 Millarden Jahre

1028 cm




force carriers
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leptons
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stars Daryon neutrinos

dark energy dark matter

&) Standard Model




weltere
orschungsfragen

das frihe Universum Antimaterie Dunkle Materie




Die Misson®

Grundlagenforschung Innovative Technologien

fur die Forschung

Qn

Bildung und Wissensvermittlung

u.a. die Aus- und Weiterbildung von Wissenschatftler(inne)n und Ingenieur(inne)n.
aber eben auch Bildungsprogramme fir Alle

an der Grenze des menschlichen Wissens

Q

Zusammenarbeit

il






Disease: PET Scan

ClearPEM

‘ “ I m ag I n g F) ET Scan ner Brain Metabolism in Alzheimer’s

. 4mm) Hadron Therapy

LY _Tumour +
';, Target s N
4 = 4 Protons /
B light ions 3 5 4
Accelerated Particle Beams : X-ray protons
~30’000 accelerators world-wide >70'000 patients/a world-wide (30 institutes)
~17°000 for medical applications >21°000 patients/a in Europe (9 institutes)

&) Medical Applications
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Was passiert gerade?




The 2023 Draft LHC Schedule in Numbers

Feb Mar oko et Apr|
Wk 3 4 5 [ 7 8 9 10 11 12 13
Mo 16 23 30 ] 13 20 27 ] 13 20 é?
Tu i admin.
We ure £ 4
TFh Som == o g % ________ e
Activity Duration | Ratio =
[days] [%0]
Beam Commissioning & Intensity ramp-up 47 21.7 T I T T o s e T T e T T T T
. 3} Easter 10 17 24 1st May q B ¥ 15 22| |Whitsun 29 5 12 19 vdm 26
Scrubbing 2 0.9 0 e |
We He-ci : = :
25 ns physics (>1200 bunches) 97 44.7 m | e o =
. . . . ) = ..m.sw&mmp . 7 5
Special physics runs (incl. setting-up) 7 3.2 =
Pb-Pb ions & p-p ref. setting-up 6 2.8 Aug sep | UEET oct
Pb-Pb ions phySICS & p-p ref' run 32 14'7 ::: = 3 = 10 = 17 - 24 = a1 - T = 14 - 21 = 28 ~ 3 = 1 = 18 = 25
Technical stop 8 3.7 we = s
™ ot | g
Technical stop recovery 2 0.9 " ‘ R Ef 1
Machine Development blocks (incl. floating MDs) 16 7.4 > —— =
N D
TOtaI : 217 100% Wk 40 41 42 43 |1 *:v 45 46 47 *;c 49 50 51 52
Mo 2 9 16 23* 30 (-] 13 20 27 4 1 18 Xmas 25
Tu M4
We
Th LHE Pl Phlon 1 I o i
Fr
Sa
Su

28.09.2022 R. Steerenberg | 2022 LHC Schedule Update &

Draft 2023 LHC Schedule




Long Term Schedule for CERN Accelerator complex

2022 2023 2024 2025 2026 2027
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LHC

Injectors

. Long Shut-down (Re)Commissioning . Operation . Technical Stops
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CERN Quantum Technology Initiative

Established in September 2020 -
@) TECHNOLOOY
Achievements in 2021: @ | 1IQ) st

+ Setting up the initiative and its governance CERN
o Coordination Task Force, Advisory Board, Web site, comms Quantum Tecm.‘.OIO.gy
Initiative

channels, branding, awareness
Projects and PhD programme

Strategy and Roadmap

o Research programme as part of CERN DOCT programme
o Research collaborations with institutes in the Member States and

beyond (17 ongoing projects)
Infrastructure

v.0.4-Rev3

o Local classic cluster for quantum computing simulations, a dedicated
simulator, and access to quantum hardware from different providers
Strategy and Roadmap

15 September 2021

o Developed in discussions with the CERN community, the Advisory

Board and experts from the HEP/quantum communities, published in QUANTUM
) lQ) TECHNOLOGY

September 2021 INITIATIVE

https://doi.org/10.5281/zenodo.5553774

'I(iEm | 13.01.2022 J. Mnich | Experiments and Computing 10
L


https://doi.org/10.5281/zenodo.5553774
https://doi.org/10.5281/zenodo.5553774

Und dann?

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group




‘ ‘ CERN Scientific
European Strategy ! ‘ — Priorities for the Future

Implementation of the recommendations
of the 2020 Update of the European
Strategy for Particle Physics:

Fully exploit the LHC & HL-LHC.

Build a Higgs factory to further understand
this unique patrticle.

Investigate the technical and
financial feasibility of a future energy-frontier
100 km collider at CERN.

Ramp up relevant R&D.

Continue supporting other projects around
the world.




FUTURE The FCC Integrated Programme

CIRCULAR

COLLIDER Inspired by successful LEP — LHC Programmes at CERN

Complementary physics, common civil engineering and technical infrastructures, building on and reusing CERN'’s
existing infrastructure, FCC integrated project allows seamless continuation of HEP after HL-LHC

Phase 1 : FCC-ee Phase 2 : FCC-hh
electron — positron Collider proton — proton Collider
Higgs, Z, W, ttbar Factory at highest lumi High- energy frontier (pp ion,eh)
A (IP) —LDS
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FUTURE
CIRCULAR

COLLIDER

Timeline of the FCC Integrated Programme

" R KN 7 R KD

FCC-ge,

Feasiity Sudy | ESPP |

~ 15 years operation

Geological investigations, infrastructure
detailed design and tendering preparation

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector R&D and technical

design

Superconducting magnets R&D

FCC-ee accelerator and detector
construction, installation, commissioning

Long model magnets,

prototypes, pre-series

Technical
schedule

10 years

[ recin
~ 25 years operation

FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh

High-field magnet
industrialization and
series production

FCC-hh accelerator and detector
construction, installation, commissioning

Vs L/IP (cm2s) | Int. L/IP(ab') | Comments FCC-hh accelerator
ete" ~90GeV  Z | 230x10% 75 2-4 experiments and detector R&D
FCC-ee 160 ww 28 5 and technical design
240 H 8.5 25 Total ~ 15 years of
~365 top 1.5 0.8 operation
L pp 100 TeV 5 x10% 2+2 experiments
FCC-hh 30 20-30 Total ~ 25 years of
operation
PbPb Vsnn = 39TeV 3 x 102 100 nb'/run | 1 run =1 month
FCC-hh o operation
ep 3.5TeV 1.510% 2 ab" 60 GeV e- from ERL
Fcc-eh Concurrent operation
with pp for ~ 20 years
e-Pb \Vsen=2.2TeV | 0.510% 1 fb-1 60 GeV e- from ERL
Fcc-eh Concurrent operation
o with PbPb_

O Feasibility Study: 2021-2025

O If project approved before end of
decade - construction can start
beginning 2030s

0 FCC-ee operation ~2045-2060

QO FCC-hh operation 2070-2090++

F. Gianotti
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CERN Education Programme for Teachers and Students o
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Teacher Programmes
Science Gateway
Competitions
Internships
Publications

Collaboration ==

Physics Education Research

<) Education Team 2023 ... just now



Teacher Progamme Participants 1998-2022 (Total: 13 871)
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Member States 11056

Austria 300 - Belgium 149 — Bulgaria 821

Czech Republic 171 — Denmark 348 — Finland 550
France 465 - Germany 1142 — Greece 952
Hungary 561 — Israel 56 - Italy 1139

Netherlands 227 - Norway 158 - Poland 588

rmeaa e

Portugal 495 — Romania 20 — Serbia 84 sess

Slovakia 307 — Spain 705 - Sweden 311 i

Switzerland 135 — United Kingdom 1372

Associate Member States

in the pre-stage to Membership 165 Non-Member States and Territories 1182

Cyprus 16 - Estonia 105 — Slovenia 44 Algeria 11 — Angola 11— Argentina 3 — Armenia 3 — Australia 14 — Azerbajan 2 — Bahrain 3 — Bangladesh 1 - Belarus 11
Bosnia & Herzegovina 36 - Brazil 273 - Burundi 2 — Cameroon 11 - Canada 20 - Cape Verde 5 - Chile 4 -~ Colombia 8

Associate Member States 889 Costa Rica 4 - Dominican Republic 73 - Ecuador 2 - Egypt 3 - Eswaltini 1 - Georgia 194 — Ghana 7 - Guinea Bissau 2

Croatia 114 — India 15 - Latvia 76 - Lithuania 64 Indonesia 3 - Iran 15 — Ireland 10 - Jordan 13 — Kazakhstan 14 - Kenya 4 - Kuwait 1 - Kyrgyzstan 1 - Lebanon 21

Pakistan 9 - TUrkiye 403 - Ukraine 208 Madagascar 2 -~ Malaysia 3 - Malta 51 - Mexico 113 -~ Moldova 4 - Mongolia 1 - Montenegro 17 — Morocco 2
Mozambique 24 — Nepal 6 — New Zealand 5 — Nigeria 2 — North Macedonia 13 — Palestinian Territories 5

Observers 579 People’'s Republic of China 3 - Philippines 2 — Qatar 1 — Republic of Korea 49 — Rwanda 20 - Sao Tome 8

Japan 12 - Russia (suspended) 431 Saudi Arabia 1 - Singapore 2 - South Africa 9 — Sri Lanka 3 ~ Taiwan 1 ~ Tajikistan 1 - Tanzania 1 - Thadand 23

United States of America 136 Timor-Leste 10 - Uganda 3 ~ United Arab Emirates 1 - Uruguay 3 - Venezuela 1 - Vietnam 2 - Zimbabwe 1

@) Teacher Programmes



* Live interactive
demonstrations
of scientific
phenomena

 Links to CERN
research

* Questions and
answers

Various
languages

&) Virtual Science Shows — the pandemic as great opportunity
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@) High-School Students Internship Programme



» Competition for High-
School Student Teams

* Normally at CERN'’s PS,
2019-21 at DESY

* Participation 2021
2021

. 208 prOposals o I
2019 S ——
5 2018 —— T ——
* 2022 ? 2017 i —
* back at CERN for the 2016 i ——

finals of the competition 2015

« with 1T additional winning 2014
team at DESY 0 100 200 300 400 powared DY C5

Number of Proposals/Countries

) Beamline for Schools Competition



What would you like high-school students to know about CERN and particle physics?

Evaluation of CER
Anja Kranjc Horvat

Link to CERN :
Evaluation of CERN's Tea

overview of conceptsintt iy

« inform and improve C
e create a valuable teac

Paper: Kranjc Horvat, A., Wiener, J., Si
Learning goals of professional deve
institutions: A Delphi study with differe
Teacher Education. VA e




Fostering |
Sarah Zochling

Development of
Interest in partic
students’ interes
contexts to ...

 define interest

e (glve recomme
material



Eye Tracking in PER
Novices Experts

Slide courtesy of Sarah Zachling



CERN Science Galeway
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SGAC Jun 2021

CERN Science Gateway

CERN
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THAT CONMCLUDES MY
TWO-HOUR PRESENTA-
TION. ANY QUESTIONS?

22003 Uniked Fealure Syndicale, Inc.

wwedilbert.com  scotadarma® selosm

DID YOU INTEND THE
PRESENTATION TO BE
INCOMPREHENSIBLE,
OR DO YOU HAVE SOME
SORT OF RARE "POLJER -
POINT ™ DISABILITY?

Imn

© 2003 Unived Festure Syndioats,
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ARE THERE
ANY QUESTIONS
ABOUT THE
COMTENT?

THERE WAS
CONTENT?
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