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Welcome to CERN



CERN Meyrin site 트램정류장 Science Gateway 입구
(기념품, public event)



CERN training, education and outreach
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300 Undergraduate students in Summer School Programmes

>10,000 teachers since 1998

>150,000 visitors on guided tours (free of charge)

Arts @ CERN program

김윤철작가장철원작가
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Outreach programs (KCMS, KoAlice, Theory 
team)
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2019 IBS <신을쫓는기계> 展

2021  한양대박물관
<우주+人, 과학으로풀고예술로빚다>

2023.07 Youtube 안될과학생방송랩미팅

2023 Youtube 안될과학떠날과학

2023.08 창의재단청소년글로벌과학대장정

+ interviews, documentaries,

VIP visits, guided tours
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CERN: World’s biggest laboratory 

for particle physics
(Conseil Européen pour la Recherche Nucléaire)

Main goal: understand the most fundamental 

particles and laws of the universe…

developing the most advance technologies



CERN & LHC location
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https://howlargeisthelhc.com/#/

https://howlargeisthelhc.com/#/






Fundamental question of natural sciences

What is the universe made of? How did the universe begin?
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우리는어디에서왔는가
우리는무엇인가
우리는어디로가고있는가

D’où Venons Nous
Que Sommes Nous

Où Allons Nous
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Looking into the small world, in one slide
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Visible light x-ray,

then electron

Inside of the “atom”:

more energy

Radiations from 

radioactive materials,

then produce ourselves

with accelerator technique

(cyclotron, synchrotron)

Smaller than nucleus,

protons/neutrons

or even smaller,

+ new particles

(E=mc2 )

Bleeding edge of 

the highest energy

or, particles

from the universe

18

No bare eye, nor films,

Build particle detectors



Building block of the universe

Mendeleev Periodic table 

“If we consider protons and neutrons as elementary particles, we would have three kinds of elementary particles [p,n,e]…. 

This number may seem large but, from that point of view, two is already a large number”
Paul Dirac 1933 Solvay Conference

Atomic structure

Nuclear structure
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Frontier of fundamental physics and technology

What is the universe made of? How did the universe begin?

Technologies to answer the question:

And?

Accelerators Detectors Computing

Quarks, Leptons, 

Force carriers, Higgs

Physics laws and matters 

at the beginning

Dark matter and energy

Particles Universe
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Particle Zoo
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JP

name(mass, MeV/c2)



History of discoveries
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The Standard Model
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Note: no gravitation, dark matter, dark energy
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Standard Model, still oversimplified
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Incomplete theory: no gravitation, dark matter, dark energy + Many free parameters



Basic building blocks
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Has ggg, gggg
quarks,

W bosons
WWW,

WZZ, etc



Feynman diagram
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The diagram is still valid after stretching, rotating it

e+

Multiplied to 

the Amplitude:

∴ Prob. ∝ e4



Electrodynamics
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ti
m
e

Moeller scattering Bhabha scattering

Pair annihilation Pair production Compton scattering



Weak interactions
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Charged current (W):

𝑊+ → 𝑢 ҧ𝑑, 𝑊+ → 𝑐 ҧ𝑠, 𝑊+ → 𝑡ത𝑏, … 

𝑊+ → 𝑙+ ҧ𝜐𝑙

Neutral current (Z):

𝑍 → 𝑞ത𝑞, 𝑍 → 𝑙+𝑙−, 𝑍 → 𝜐𝑙 ҧ𝜐𝑙

or, Between W/Z or 𝛾



QCD diagrams

2 0 2 4 .  7 .  3 . I N T R O  T O  C M S  /  K O R E A - C E R N  S U M M E R  S C H O O L  /  J .  G O H 29



2 0 2 4 .  7 .  3 . I N T R O  T O  C M S  /  K O R E A - C E R N  S U M M E R  S C H O O L  /  J .  G O H 30

https://en.wikipedia.org/wiki/Standard_Model

QCD

Interesting SM

in the textbook
(+ something “new”)

Higgs

Something 

really new?

There’s probability to have 1 Higgs candidate among >1010

“junks”

https://www.hep.ph.ic.ac.uk/~wstirlin

https://www.hep.ph.ic.ac.uk/~wstirlin/plots/crosssections2012.pdf


Typical proton-proton collision
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수천개입자가쏟아짐
에너지는천차만별

입자가지나간궤적을찾고,

운동량과에너지측정
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The Large Hadron Collider



LHC/CMS & ATLAS in the B.C. era
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CERN and the European Committee for Future 
Accelerators (ECFA) hold a workshop in Lausanne, 
Switzerland and at CERN from the 21-27 March 1984. 
The event, Large Hadron Collider in the LEP Tunnel, 
marks the first official recognition of the concept of 
the LHC. Attendees consider topics such as what 
types of particles to collide and the challenges 
inherent to high-energy collisions. The image above 
shows one proposal from the workshop – adding the 
LHC in with the existing LEP machine – that was later 
scrapped. 

1984 1992

https://cdsweb.cern.ch/record/290808http://cdsweb.cern.ch/record/154938/files/CER

N-84-10-V-1.pdf
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“A” major achievement of LHC: Higgs Discovery in 2012
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The stage: The LHC complex
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27km in circumference

~100m underground

Superconducting magnets

Particles ~ speed of light

Temperature 1.9K

He inventory 800,000L

Power consumption 120MW

Number of bunches 2808

Stored energy in magnet: 11GJ

N. of turns per sec. 11256

Beam life 0-30hrs
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Accelerator complex
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Particle collision at LHC
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LHC filling scheme
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https://lpc.web.cern.ch/cgi-bin/filling_schemes.py

LHC page 1: https://op-webtools.web.cern.ch/vistar/

https://lpc.web.cern.ch/cgi-bin/filling_schemes.py


Camera: Giant detectors
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ATLAS

ALICE

CMS

LHCb
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Camera: Giant detectors
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ATLAS

ALICE

CMS

LHCb

41



Note: Experiments at CERN
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LHC experiments Fixed-target experiments

Antimatter experiments Experimental facilities

Non-accelerator

…And future 

experiments

ALICE CMS

SND@LHC

GBAR

ISOLDE

Neutrino

AMS
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Repeating experiments in every 25ns 
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Particle collisions in every 25ns at 13.6TeV, average ~40 multiple collisions

- Data processing at 40MHz with >100M channels

- Extreme conditions: radiation with high energy particles (~GeV), 

superconducting magnet (1-4 Tesla) to cover large volume

- Random events according to the quantum physics – select rare cases only

- Operating +15 years and more
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CMS Detector
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CMS Detector
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… is a generic particle detector
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• Only 7+ particles:

• p, n, e±, µ±, 𝛾, π±, K±, (K0, 𝜈)

• (Somehow) Distinguishable by their charge, interaction, energy loss

• EM interaction?

• Bends under B fields?

• Nuclear interaction?

• Minimum (but nonzero) interaction?

• Or invisible?

• Decays?

• Only 7+ particles:

• p, n, e±, µ±, 𝛾, π±, K±, (K0, 𝜈)

• (Somehow) Distinguishable by their charge, interaction, energy loss

• EM interaction?

• Bends under B fields?

• Nuclear interaction?

• Minimum (but nonzero) interaction?

• Or invisible?

• Decays?



Example: Cloud Chamber
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Build own one: https://cds.cern.ch/record/1999082



Particle passage in media
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Energy loss
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Particle detectors
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https://www.desy.de/~titov/1_2017_07_Cerklje-Slovenia_TESHEP_HistoryInstrumentation_ModernTrackingDetectors_14072017_FINAL.pdf



Particle detection: Gas
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Particle detection: Silicon
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Particle detection: Scintillator, etc
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Particle trajectory in CMS detector
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CMS Detector

2 0 2 4 .  7 .  3 . I N T R O  T O  C M S  /  K O R E A - C E R N  S U M M E R  S C H O O L  /  J .  G O H 55



is a 4-D camera
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LHC numbers

• 11’245 times per second for a proton

• √s = 13TeV

• Collisions can happen every 25ns = 40MHz

• ~40 pp interactions / collision

• Delivered more than 100fb-1 at 13TeV
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How to find Higgs - oversimplified
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1. Collide proton beams at high energy

2. Quarks or gluons inside of the protons collide

3. Heavy particles are produced, m = E/c2

4. Unstable heavy particles decay immediately 

to other light particles, nice if the particle in the final state is easy to 

detect

5. Measure final state particle’s kinematics, identification, 

guess what happened in this event

6. Collect as many as possible, 

Compare with expectations of theoretical models



Software 
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CMS Open data
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https://cms.cern/news/cms-releases-13-tev-proton-collision-data-2016

The CMS experiment at CERN is proud to announce the first release of 

13 TeV proton-proton collision data collected in 2016. Over 70 TB of 13 

TeV collision data and 830 TB of corresponding simulations are now 

accessible to the global scientific community and enthusiasts alike 

through the CERN Open Data Portal.

https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ACollision&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ADataset%2Bsubtype%3ASimulated&f=year%3A2016&l=list&order=desc&p=1&s=10&sort=mostrecent
https://opendata.cern.ch/


Exercise?

2 0 2 4 .  7 .  3 . I N T R O  T O  C M S  /  K O R E A - C E R N  S U M M E R  S C H O O L  /  J .  G O H 61

http://opendata.cern.ch/visualise/events/CMS 

http://opendata.cern.ch/visualise/events/CMS


What you see in the real data
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Physics of this figure: 

E=mc2

62



The Higgs at LHC, at 13TeV
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Quite complicated, actually

2 0 2 4 .  7 .  3 . I N T R O  T O  C M S  /  K O R E A - C E R N  S U M M E R  S C H O O L  /  J .  G O H

Proton-proton beam crossing in every 25 ns (40MHz)

But we are eager to increase the rate

– allow multiple pp collisions

Most of them are well-known, inelastic scattering

Only possible with high-granularity, radiation hard detectors

with high-performing software algorithm
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Data taking during Run1&2
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Run2015
L = 3.81fb-1

µ = 14

Run2016
L = 38fb-1

µ = 27

Run2017
L = 45fb-1

µ = 33

Run2018
L = 63 fb-1

µ = 38

Run2010
L = 41pb-1

Run2011
L = 5.6fb-1

µ = 10

Run2012
L = 22 fb-1

µ = 21

Very high data taking

efficiency for > 10 years in 

extreme environment
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High-Pileup test in 2018

An overlay of 136 collisions



LHC schedule
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More data to come: LHC Long term schedule
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https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
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Collisions for Physics

2 0 2 4 .  7 .  3 . I N T R O  T O  C M S  /  K O R E A - C E R N  S U M M E R  S C H O O L  /  J .  G O H 70



Run3 data taking
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~15 years of data taking
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Upgrade!
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Big data is arriving
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LHC doubles luminosity: data rate doubles

~ exponential growth in the early stage

Even worse: data complexity

- more particles in an event, combinatorial

But in computing-wise, typical HEP analysis 

are easy to speed up by increasing num. CPUs

Computing resource needs will explode in the HL-LHC era

… assuming the same technology trends in CPU & storage

Learn from the recent 

developments in the industry 

US	CMS,	DOE,	CMS	and	the	
Opportunities	Ahead

DOE Portfolio Review26/02/18
13

Luminosity so far Luminosity after HL-LHC

• US	institutes	supported	by	DOE	play	a	leadership	role	in	CMS	in	physics	
analysis,	detector	construction	and	upgrades,	operations	to	ensure	quality	data	
is	collected,	and	software	and	computing	

• US	institutes	supported	by	DOE	are	innovators	in	the	exciting	new	detector	
projects	that	will	be	decisive	in	exploiting	the	LHC	upgrade

• DOE	has	made	a	major	investment	in	the	LHC	machine	and	the	HL-LHC	Upgrade

• We	hope	to	make	great	discoveries	that	we	can	share	with	the	world	

– We	are	in	“early	days”

The health of the Research Program at the DOE-supported US universities and 

Fermilab is critical to CMS’s realization of this exciting vision. The 4 years of 

this proposal will be even more demanding  than any time in our  history!

3% 3000fb- 1LHC Status

Running



Computing operations, R&D studies
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The Worldwide LHC Computing Grid (WLCG)

1M processing cores, 170 data centers in 42 countries

More than 1000 PB of CERN data stored world-wide
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Computing, AI for data analysis
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Computing R&D studies 
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CMS Patatrack – tracking with GPU, 
challenges with ML

Data processing on cloud, exa-scale computing



The CMS Collaboration
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CMS Collaboration
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CERN-Korea collaboration
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KCMS: 11개대학및기관, 120여명

강릉원주대, 경북대, 경희대, 고려대,

서울대, 서울시립대, 성균관대, 세종대,

전남대, 연세대, 한양대

KISTI: Associate member

https://cms-kr.org
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1997

Korea University 

joined CMS 

collaboration

1998

U. of Gangneung and 

Pohang joined ALICE 

collaboration

2002

Kyungpook National 

University joined CMS 

for computing

2006

Korean government 

signing the 

International 

Cooperation 

Agreement

2007

MOU for LHC ALICE, 

CMS, Computing

2008

Theoretical physics 

exchange program

2013

KISTI joined World-

wide LHC Computing 

Grid as Tier-1 center

2017

10th anniversary of 

signing of the ICA 

& 20th 

anniversary of Korea-

CMS cooperation

https://cms-kr.org/


Korean contributions to CMS detector
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Korean CMS Awards
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CMS Awards 2022
Ece Asilar, Sihyun Jeon

CMS Awards 2021
Benjamin Radbun-Smith

CMS Awards 2020
Minseok Oh, Inseok Yoon

CMS Awards 2017 
Minho Kang

CMS Awards 2018
Kyeongpil Lee
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CMS Awards 2023
Won Jun





Your possible future
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Size of LHC and FCC
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