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Four pillars underpin CERN’s mission

RESEARCH

EDUCATION

& TRAINING COLLABORATION
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TECHNOLOGY
& INNOVATION
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What Is the universe made of?

We study the elementary building blocks of matter and the forces that control
their behaviour

Quark

<1018 m

Proton
~105m

(\ /M\ Nucleus
/ _~ -14
\&; Electron om

~ Matter Atom
0,1m ~1010m
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Big B ]

Accelerators T AR R R

380 000 years

13.8 Billion Years

./
* | <Telescopes

1028 cm

» Today

How did the
universe begin?

We reproduce the
conditions a fraction of

a second after the Big
Bang, to gain insight into
the structure and evolution
of the universe.



The Higgs boson was discovered in 2012; without
it fundamental particles would be massless
and atoms could not form.

2l 1 I‘ k)
Carlo Rubbia @ AN B Georges Charpak

Several CERN scientists have received
for key discoveries .
In particle physics. Ay B 1064
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CERN develop technologies in three key areas

ACCELERATORS
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The bigDW
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CMS detector High-granularity detectors

(100 Million channels 3D Digital Cameras)

4 Tesla

Muon detectors — ,
superconducting magnet

Inner Tracker
silicon pixel and silicon strip

Electromagnetic calorimeter
lead tungstate crystals
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The Worldwide LHC Computing Grid (WLCG)
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Used to store, distribute, process

and analyse data.
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1 million processing cores in
about 170 data centres
and 42 countries.

More than 1000 Petabytes of

CERN data stored world-wide.
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Science for peace
CERN was founded in 1954 with 12 European Member States

i CERN'’s annual budget

i {3 is 1200 MCHF (equivalent

: <V to a medium-sized European
university)

L4 aSesser .

S8sens

8888 aee

23 Member States

Austria — Belgium — Bulgaria — Czech Republic

Denmark — Finland — France — Germany — Greece
Hungary — Israel — Italy — Netherlands — Norway As of 31 December 2021

Poland — Portugal — Romania — Serbia — Slovakia ’ .
Spain — Sweden — Switzerland — United Kingdom Employees.
2676 staff, 783 fellows

3 Associate Member States

In the pre-stage to membership Associates:
Cyprus — Estonia — Slovenia X, 11 175 users, 1556 others
7 Associate Member States Around 50 Cooperation Agreements
Croatia — India — Latvia — Lithuania — Pakistan with non-Member States and Territories
Turkey — Ukraine Albania — Algeria — Argentina — Armenia — Australia — Azerbaijan — Bangladesh — Belarus — Bolivia
Bosnia and Herzegovina — Brazil — Canada — Chile — Colombia — Costa Rica — Ecuador — Egypt — Georgia — Honduras
6 Observers Iceland — Iran — Jordan — Kazakhstan — Lebanon — Malta — Mexico — Mongolia — Montenegro — Morocco — Nepal
Japan — Russia (suspended) — USA New Zealand — North Macedonia — Palestine — Paraguay — People's Republic of China — Peru — Philippines — Qatar

European Union — JINR (suspended) — UNESCO Republic of Korea — Saudi Arabia — Sri Lanka — South Africa — Thailand — Tunisia — United Arab Emirates — Vietnam
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e ]
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 110 nationalities
19.4% women

.
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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

in the pre-stage to membership 55
Cyprus 10 — Estonia 24 — Slovenia 21 bt
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Non-Member States and Territories 1194

Algeria 3 — Argentina 16 — Armenia 10 — Australia 20 — Azerbaijan 3 — Bahrain 2 — Belarus 24 — Brazil 106
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
Observers 2917 Republic of China 314 — Peru 2 — Philippines 1 — Republic of Korea 113 — Singapore 3 — South Africa 52
Japan 189 — Russia (suspended) 971 — United States of America 1757 Sri Lanka 10 — Taiwan 45 — Thailand 18 — United Arab Emirates 6

Associate Member States 367

Croatia 36 — India 130 — Latvia 11 — Lithuania 12 — Pakistan 30
Turkey 122 — Ukraine 26
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CERN Is a model for
open and inclusive collaboration

SESAME, a synchrotron light source
in Jordan, is modelled on CERN’s
governance structure.

The LHC experiments are models of S0 ' | bog CERN provides the IT infrastructure for
consensus building, competition and g e s PR the satellite-analysis technology
cooperation. T = used for emergency response.
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Accelerating science

lence &,
Accélérateur de ST~ S

Visit by Dr Miock Mun 1st Vice Minister Ministry of Science and ICT, Republic of Korea
19 September 2019

CERN | Presentation - Republic of Korea

First contacts between CERN and the
Government of the Republic of Korea were
established about 25 years ago.

Since 1997 involvement in the LHC
experiments ALICE and CMS.

International Cooperation Agreement signed
in October 2006, concerning the further
development of scientific and technical
cooperation in high-energy physics.
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Republic of Korea is involved across a wide range

9 Institutes

» Chonbuk National University

» Pusan National University

* Sejong University

» Gangneung-Wonju National
University

* Inha University

» Jeonkuk University

* Yonsei University

* Sungkyunkwan University  Tier-1 &

» Korea Institute of Science
& Technology Information

= = .

Tier-2 Grid Centres

CERN Presentation - Republic of Korea

of experiments at CERN

& NAG2 @@ NAG4
¥ NEUTRINO PLATFORM ‘

" nac1 @@ Nas3 @ compass
Pt ‘?

¢ Other activities

Tier-2 Grid Centres

11 Institutes

University of Seoul
Sungkyunkwan University
Seoul National University
Chonnam National
University,

Sejong University
Hanyang University
Kyung Hee University,
Kyungpook National
University

Korea University

Yonseo University
Gangneung-Wonju
National University

AWAKE, CAST, MoEDAL, SND@LHC experiments

ISOLDE - IBS-RISP Collaboration
Collaboration with CERN Theory Group on LHC
physics and training of young scientists

3March 2023 | 19
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CERN'’s technological innovations have important
applications in medicine and healthcare

CERN

Accelerator
technologies are
applied in cancer
radiotherapy with
protons, ions and

electrons.

Presentation - Republic of Korea

Technologies applied
at CERN are also used
in PET, for medical
imaging and
diagnostics.

Pixel detector
technologies are
used for high resolution
3D colour X-ray
imaging.

CERN produces
innovative
radioisotopes for
nuclear medicine
research.
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CERN opens a world of career opportunities

o
i}

Number }

of Persons

500 27 19%

250 H Other fields, including

= government organisations

400 | =

350 45%

300 Industry %

= N~

200 36%

150 R & Academia or Research
|
[ ]

100 | J

-
o
L Y
age 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Age Distribution of Scientists working at CERN
Source: CERN Alumni survey (2014)

PhD and Technical students leaving CERN
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CERN'’s training, education
and outreach programmes

Numbers for Korea Eﬁﬁﬁ

1 Summer Students during 2022
49 teachers in Teacher Programmes since 1998
. 1teams in BL4S competition since 2014

CERN | Presentation - Republic of Korea 3 March 2023 | 24



Kl

folr
ol

9] Ol Of E{ Of A
anomaly &

~ K
o= T
RUOH =T
of & K
< < O
ol © Tl

S5 !
| & KN
ol S O

ol

oF

o .
<0 N —
—_ o IA
o
ol Moy
100 v.AOm_._._
ny Hﬁoz
KK aE._
H Ol =
<

- OH

MH

=

Hypothetical SUSY Particles

Standard Model Particles

Quarks

o
“
=~
-
..t\
(S

M

2 2% DARK MATTER

74 % DARK ENERGY

-

—.
IN

w
—
L
=
—
—
o~
ry
~

s

Z Vovss | phonms
T p———
Higgs hon

H

i

25




Very reach physics program (0id &8t 0] =& &I

2010 |—Ij lf'_ E—I '5|_=| XH 77|-X| Exotica  Standard Model ~ Supersymmetry Higgs Top  Heavy lons

= 1299 publications (as of today)

+ Nature Phys (3), Nature (2),

Nature Com (1), Science (1),
200- ROPP (2), PRL (153)

1201 +e.g., 13 PRL Editor’s suggestion
160- (only the last 3 years)

140 —

B and Quarkonia  Forward and Soft QCD Detector Performance

240

220 -

120 -

100 -

80—




HILuM

LARGE HADRON COLLIDER

LHC . HL-LHC

[ ]
| ]
R E YETS 13.6 TeVs LS3 136-14Tev
- rgy
Diodes Consolldation n
1l lidati u
77ev_ BTV icncotmators O, | e ' e e HLLHC
— R2E project reglons Civll Eng. P1-P5 pilot beam = radiation limit installation
[ ]
#-IIIIIII@
[ ]
ATLAS -CMS -
experiment Upgrecs phaes 1 . ATLAS - CMS X nomm%ltcﬂgn%
beam plpes HL upgrade
nominal Lumi 2 x nominal Luﬂ‘. ALICE - LHCb " 2 x nominal Lumi y

75% nominal Lumi /_ Upirac
luminosity EUIR{+R
HL-LHC TECHNICAL EQUIPMENT:
DESIGN STUDY = PROTOTYPES / CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS CORES
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- ' Daegu
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CMs d=7| gdo|E et 2&F 7|9

* iRPC Upgrade: 400 kCHF (complete)

= RPC GAP: 286 kCHF (in-kind)
= Shipping + chammber compoents (114kCHF)

GE11: 592 kCHF (complete)

GE21, MEO (2024~2026): 2.262 MCHF
= 456(GE21), 666(MEO0) foils:2064kCHF

Luminosity [cm2s7]

5.06+34 |-

4.0E+34

3.0E434 b

2.0E+34

1.0E434

0.0E+00 +&

® Peak luminosity ~ =—Integrated luminosity

— S — S —

. EEmEE @ BN

3500

i - 3000
o ==

- 2500

2000

- 1500

1000

500

|373 41

Integrated luminosity [fb!]

= Glass mask (5 pairs):198kCHF
MTD (X 11= E[O| Y HZ=7|) upgrade: 2.2 MCHF (MoU)
= LGAD sensor and Bumpdonding, etc.

Common Fund (MoU)
= 729 kCHF (2018-2026)

Total contribution with MTD on the Phase 2: ~6.2 MCHF
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(Minimum lonizing Particle)
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A1 EFO|Y AET| Lol Cht 82 18 7|

KCMS responsible for the delivery of one layer of
ETL sensors!

CMS UFSD4 w14 16X 16 C- Vmeasurement

- pad1 1 — pad9 1 i

Unlformlty a2 o padi0 |
I —e— pad3_1 padi1_1 ]|
20 measurement padk 1 =o= padiz i |
- —eo— pad5_1 pad13_1
pad6_1 pad14_1 ]
—o pad7_1 —* padi5_1_|
pad8_1 —e— padi6_1

« 25% of the total endcap coverage

« Significant contributions to prototyping towards
production:

- LGADs prototyping and validation

« Detailed testing of prototype LGADs informed vendor @&
qualification

« Probe station measurements to verify quality and
uniformity of full-size wafers

« ETROC2 testing

« Active in ETROC testing, including test beam
campaigns for validation of the performance of the
LGADs + ETROC chain

« Wafer processing

« Exploring wafer processing with one of the qualified
LGADs vendors for wafer thinning, dicing, and surface
preparation at Korean companies for the production phase

« Bump-bonding processing

» Exploring options with Korean companies for LGAD-to-
ETROC bump-bonding during production

[

o 20 40 80 =80
Bias Voltage [V]

@swu

ERIO  Fermilab
=

E8

i
55

u

0o s

Test beam
profile in LGAD
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CERN-Korea CMS Sign-up Ceremony for the MTD project

W - CMS = L
‘!!l"“l

W >

CERN 944 Cfe|eld CHE

0 Korea CMS group will contribute the LGAD production (25%), bump bonding process,
front-end ASICs and module structures, etc.

0 Total budget: 2.2M CHF supported by National Research Foundation of Korea (NRF)
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Prof. Un-Ki Yang, CMS senior scientist from South Korea, welcomed students to the CMS virtual visit (Image: Choi
Youngjae/CERN)
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