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Quiz-0:

What is the detector shown in the background of this slide?
[ ] ALICE

[ ] ATLAS

| ] CDF

[ ] CMS

[ 1 DO

[ ] LHCb

[Link]
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https://forms.gle/L727MjscduyZNYcz6

CERN: Conseil Européen pour la Recherche Nucléaire

e At the end of the Second World War, European science was no longer world-class.

e A handful of visionary scientists, including Raoul Dautry, Pierre Auger, Lew Kowarski, Edoardo Amaldi, Niels Bohr,
imagined creating a European atomic physics laboratory.

e [ouis de Broglie put forward the first official proposal for the creation of a European laboratory at the European
Cultural Conference, Lausanne on 9 Dec 1949.

e At the fifth UNESCO General Conference, held in Florence in June 1950, where
American physicist and Nobel laureate Isidor Rabi tabled a resolution authorizing

UNESCO to "assist and encourage the formation of regional research
laboratories in order to increase international scientific collaboration...”

e Geneva was selected as the site
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CERN: Conseil Européen pour la Recherche Nucléaire

e Found in 1954 with 12 European member states
e Today 23 member states
TE:‘)B'iRHSETALE\Sm e e 10 associated member states (3 in pre-stage to member states)
SRR AR e 1 to become associated member state
e Thailand has an international Cooperation Agreement with CERN since 2018
e CERN employs just over 2500 people and some 12,000 visiting scientists from
over 70 countries and with 120 different nationalities come to CERN for their
research
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CERN Missions

Research

Seeking and finding answers to
questions about the Universe

Technology
Advancing the frontiers of
technology

Education
Training the scientists of

tomorrow

Collaborating
Bringing nations together
through science




Where do we come from? What are we? Where are we going?

At CERN, the world’s largest and most complex scientific instruments are used to study the
basic constituents of matter — the fundamental particles. By studying what happens when
these particles collide, physicists learn about the laws of nature.

10?2 seconds 1 second 100 seconds 380 000 years 300-500 million years Billions of years 13.8 billion years
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of the Universe Dark matter evolves * Protons and electrons  the gravity of the galaxies form in the
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* Tiny fluctuations: Frequent collisions As the Universe expands, Last scattering of The Universe is dark as  Light from first stars and Light can interact
the seeds of future between normal matter particles collide less light off electrons stars and galaxies are galaxies breaks atoms again with electrons
structures and light frequently 3 Polarisation yet to form apart and “reionises” > Polarisation
* Gravitational waves? the Universe
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https://wallpapermemory.com/382034

Quiz-1:

The particles carrying the strong force are the
| ] gluons

| ]Ju-on

| ] photons

[ ] gravitons

| ] W and Z bosons

[ ] axions

[Link]
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https://forms.gle/htEEN6xQjFT2NWKd6

Physics from beginning ...

Classical physics team

Blaise Pascal Sir Isaac Newton

(1623 - 1662) (1642 - 1727)

J.C.F. Gauss |
(1777 - 1855) "
R :
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Aether team
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Physics from beginning ...

Modern relativity team

- e A e v
s AN | P . -
Lt 1EE Ay . Activity team
o . ¢ i 5 oA i = ~_..-,‘ & . 3 SR o

eﬁm-re Z- ' {J H. Poincaré H. Min wski

(1853-1928) 7 | (1854-1912) (1864 909)

Quantum team

‘ — . Pierre Curie _ Marﬁ’ Curie
Werner Heisenberg Pat e D " (1859-1906) (1867-1934)
4 (1901-1976) v ) |
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What are we looking for?

12,8 BILLION YEARS AGO, NIy (Wit

=T 0200 Ty

A FEW SECONDS BEFORE THE !//43 All set.
CREATION OF OUR UNIVERSE Lets fire upthis
R T __ Large Hadron Particle
4 Colliderand see  }
What happens!
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Basic research in the field
of experimental and
theoretical particle physics,
finding out what the
Universe is made of and

how it works.
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Accelerator is our tool to find answers

Electron mass = 0.511 MeV/c2
Z-boson mass = 91.18 GeV/c2

RADIOFREQUENCY CAVITY

)

BENDING MAGNET

How does very small particle collision
create heavy particle?

FOCUSING MAGNET

Run 443 Evut 22734 ToulI(IB): 34.0GcV, ia clusters: 31.8GcY Clusters(EB): 13Muon Tres: 0 Tilter Type: 1 ger Bixs
N1 GeU (EB)

VACUUM CHAMBER

2 5 Gel (FD)

< COLLISIONS o

/' o l\
_ 13/08/1989 23:16:46 L AN

The OPAL logbook entry for the first Z boson seen at LEP, recorded late on 13 August 1989.
Credit: CERN [Link]
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https://cerncourier.com/a/leps-electroweak-leap/

Accelerator is our tool to find answers

A |
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Quiz-2:

Will a massless particle (m = 0) traveling with speed = 0.99¢ have a momentum?
| ]Yes
[ ] No

[Link]
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https://forms.gle/pHHN2XJGQ5EEhRCg8

From collision to detection

=, CMS Experiment at LHC, CERN
CMS Data recorded: Sun May 6 18:22:39 2012 CEST
- X Run/Event: 193541 / 314062344
\ | Lumi section: 492

ak5PF Jet
ET = 69.4 GeV
eta = 0.234
phi = 1.292
/‘ pT = 85.8 GeV
3 T eta = 1.269
Electron | M/ phi = 0.906
pT = 114.3 GeV : ey
eta = 0.515
phi = -2.530

pT = 71.308geV

ak5PF Jet phi =-0.451
ET = 39.8 GeV
eta=2134
phi = -2.244

Phat SRIMANOBHAS (CU): Introduction to CERN and Physics Programs 16



[ 10.8 x103
[ 10.8 x10°¢J
[ 11.2x 103
[ 11.2x 106

[Link]
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https://forms.gle/LVEK4P1fSBTXZ5m78

then particle detection, identification

Om m

Key:

Muon

Electron

Charged Hadron (e.g. Pion)

-~ = — - Neutral Hadron (e.g. Neutron)
----- Photon

Tracker \ 3

A Electromagnetic
)l‘ " Calorimeter
oy

Hadron Superconducting
Calorimeter Solenoid

oy, CERN, Febricury 20004

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS

[
D.8am

Aim: to detect as many of the stable and long-lived particles produced in a particle collision.
Need to measure: charge, mass, energy, direction.
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Quiz-4:

Our detector shows a signal only in the hadronic calorimeter
(no signal in the tracker, electromagnetic calorimeter or muon
chambers). Therefore, this signal is most likely

| ] Electron

| ] Photon

| ] Neutron

| ] Muon

[Link]
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https://forms.gle/ZUzjaSq6hFeeHpF1A

17 June 1976, SPS ... plan changed to pp collider ... discovery

30 April 1983, Image taken by the UA1l
which later confirmed to be Z candidate
decays to electron-positron pair

Abdus Salam

(192{5—1996)

Around 1968, theorists came up with the electroweak
theory, which unified electromagnetism and weak

interactions. The theory postulated the existence of W

'UA1 detected the W candidate event, ;4 7 hosons. CERN decided to modify SPS to SppS.
with electron and high missing energy

80.50l|IIIIIIlIIlllllllllll|llllll|llll
e RSt [ e
. & b ¢ . K2 %
- Experimental unc. 68% CL
Light rsymmet
- = == LEP2/Tevatron A
$15
I Ce st | == This measurement
AlAAAS i
80.45 o
i : ,.:7'5.::.,,‘.\ J R

M,, [GeV]

80.40 [ %, _

80.35

Heinemeyer, Hollik, Weiglein, Zeune '20 ~ |

IllllllllIIIlIIlllllllllllllllllll
171 172 173 174 175 176 177 178

m, [GeV]

W mass is still in discussion.
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Search for dark matter

How do we search for dark matter at the collider?

Since the dark matter does not interact to the material in the way
we know (e.g. without electromagnetic interaction), so we assume
that if it is produced at the LHC, it will leave from our detector
without making a signal (energy loss) to the sensitive regions of

AN the detector. Missing (transverse) momentum is the basis of

MOG *. search at the LHC.

Modified
Gravity

D a rk - |
Matter Scale o

TeVeS
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\\\ L
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Gravity
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Primordial MalHNe : Self- N1
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~ BHs : interacting N ttps://www.researchgate.net/
\'I.‘_ i '?A:t..f-ﬁ:t,r:“ ”/\' '\ .:’, N ——— - g s

e figure/Missing-transverse-
momentum_fig2 331397740

https://home.cern/news/series/lhc-physics-ten/breaking-new-ground-search-dark-matter

Phat SRIMANOBHAS (CU): Introduction to CERN and Physics Programs 21



Search for new things, you need to understand well known things

String resonance

Zy resonance

Higgs y resonance

Color Octect Scalar, k2 = U2

Scalar Diguark

tt + ¢, pseudoscalar (scalar), g2 _x BR($—2{) > =0.03(0.004)
tt+4, pseudoscalar (scalar), g2 x BRIg—2t) > =0.03(0.04)

Other

quark compositeness (gg), s =1

quark compositeness (§g), Nuss= -1
quark compositeness (), Nurs= -1
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

Contact
Iinteractions

(axial)vector mediator (xx). 9.=025,9cu=1,m, =1 GeV
(axial-)vector mediator (gg), g, =025, gom =1, m, =1 GeV

scalar mediator (+th), g, =1,gou=1,m, =1GeV

pseudoscalar mediator (+t/tt), 9. =1,9.4= 1 m, =1 GeV

scalar mediator (fermion portal), A.=1,m, =1 GeV

complex sc. med. (dark QCD), m,,, =5GeV, cty, =25 mm

Baryonic Z', go= 0.25,gcm=1,m, =1 GeV

Z'— 2HDM, 9 =0.8,gem =1, anB=1,m, =100 GeV

vector mediator (9§), 9o =025, gosy =1, m, =1 GeV

Leptoquark mediator, 8=1,8=0.1, Ay su=0.1, B00 < M, < 1500 GeV

Dark Matter

RPV stop to 4 quarks

RPV squark to 4 quarks
; RPV gluino to 4 quarks

RPV gluinos to 3 quarks

ADD (jj) HLZ, nec=3
ADD (yy. #) HLZ, neo =3
ADD Gux emission, n =2
ADD QBH (jj), nen=16
ADD QBH (ep), n:
RS Geelyy), kil
RS QBH {jj), nes =1

RS QBH (ep), nec =1

non-rotating BH, Mo = 4 TeV, neo, = 6
split-UED, u= 4 TeV

RS Gux(94. 99), KM= 0.1

:=6
=0.1

Extra Dimensions

excited light quark (qy), fe=f=f =1 A=m_
g excited bquark, fo =f=f=1 A=m,
g-g excited light quark (gg), A=m_
g

excited electron, fe=f=f =1, A=
excited muon, fe=f=F=1L A=m]

WISM, |Veu|* =10, |V’ =10

WISM, [VouVin PV el + Vi)’ ) =10

Type-lll seesaw heavy fermions, Flavor-democratic
Vector like taus, Doublet

Heavy
Fermions

scalar LQ (pair prod.), coupling to 1** gen. fermions, B =1
scalar LQ {pair prod.), coupling to 1** gen. fermions, 8 =0.5
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =05
scalar LQ (pair prod.), coupling to 3™ gen. fermions, B=1
scalar LQ (single prod.), coup. to 3 gen. ferm,, B =1,A=1

Leptoquarks

Z, NArrow resonance

Z;, narrow resonance

SSM Z'(qg)

Z'(qq)

Superstring Z,,

LFVZ', BR(eu) = 10%
Leptophobic Z

SSM W'({v)

SSMW'(tv)

SSM W'(gg)

LRSM WalNz), My, = 0.9y,
LRSM Wz(tNz), My, =0.5My,
Axigluon, Coloron, cot8 =1

Heavy Gauge Bosons

quark compositeness {{f), Nusz=1 A

CMS preliminary

Overview of CMS EXO

results

For exotic searches, we normally look for

36-140 fb~1 (13 TeV)

0.015-0.075

1911.04968 (3¢, =4f)

0.108-0.34

1911.04968 (3¢, =4f)

05-8.1

035-4 1712.03143 (2p+ 1y; 2e + 1y; 2j + 1y)
1808.01257 (1j + 1y)
1911.03947 (2j)

05-7.5 1911.03947 (2j)

072-3.25
05-37

1911.03947 (2j)

137 fb~!
36 fb!
36 fb~!
137 fb~!
137 fb~!
137 fb~!
137 fb~!

<128

02-506 2001.04521 (2e+ 2j)
02-57 2001.04521 (2p+2j)

1803.0803 (2j)

=20 1812.10443 (2f)

<175 1803.08031(2j)

<32

36 fb~!
36 fb~!
36 fb~!
36 fb~!
77 fb~L
77 fb-1

1812.10443 (28)

=0.29 190
<03 19

03-06

1.01553 (0, 11 + =3+ ET™)
01.01553 (0,1 + =3j +ET™™)

0.35-07

<18 1712.02345 (= 1j +ET™)

05-28 1911.03947 (2j)

<14
<154

1712.02345 (= 1j + EF"™)
1810.10069 (4j)
=19 1908.01713 (h +ET™)
05-32 1908.01713 (h +ET™)

1911.03761 (= 3j)
1811.10151 (1p + 1j + EX™)

36 fb~!
137 fb~!
36 fb~!
36 fb~!
36 fb~!
36 fb~!
36 fb~!
36 fb~!
18 fb-1
77 fb~!

0.08-052

1808.03124 (2j; 4j)

0.1-072

1806.01058 (2j)

0.1-1.41
<15

1806.01058 (2j)
1810.10092 (6j)

36 fb~1
38 fb-!
38 fb~!
36 fb~!

<12
<93
=99
<82 1803.0803(2j)
=5.6. 1802.01122 (ep)
1809.00327 (2y)
=54 1803.0803(2))
1802.01122 (ep)

<41

<3.6
<97
04=29" 1803.11133 (£ + E7™)
DISZ2167 1011.03047 (2j)

1803.0803 (2j)
1812.10443 (2y, 2f)
1712.02345 (= 1j + E7*™)

1805.06013 (= 7j(L, y))

36 fb~!
36 fb~!
36 fb-1
36 fb~!
36 fb~!
36 fb~1
36 fb~!
36 fb~!
36 fb~!
36 fb-!
137 fb~!

TZSS 1711.04652 (y + j)

ESNE 1711.04652 (y + j)

0556130 1911.03947 (2j)
1811.03052 (y + 2e)
1811.03052 [y + 2p)

025-349
025-38

36 fb~!
36 fb~!
137 fb~!
36 fb~1
36 fb~!

<0.88
0.12-079

0.001-1.43 1B02.02965; 1806.10905 (34(p, e); = 1j + 2f(p, e))
002-16 1806.10905(=1j+pu+e)
1911.04968 (3¢, =4f)

1905.10853 (34, =44, =1t + 24)

36 fb~!
36 fb-!
137 fb~!
77 b1

<1.02
1806.03472 (21 +b)

<0.74

<144 1811.01197 2e+ 2j)
<127 1B11.011907 (2e+ 2j;e + 2j + E™)
<153 180B.05082 (2 + 2j)
0:8=15 1811.10151 (1p+1j+ E™)
<129  1808.05082 (2 +2j; p+ 2j + EP™)
1811.00806 (27 + 2j)

9
ol

36 fb~!
36 fb~!
36 fb~!
77 fb1
36 fb~!
36 fb~!
36 fb-!

0.0115-0075

0.01-0.125

1912.04776 (2p)

0.11-0.2 1912.04776 (2p)

1905.10331 (1j, 1y}

0.05-0.45

1909.04114 (2j)

0.5-29 1911.03947 (2j)
02-46 2103.0270B (2e,2p)
02-44 1802.01122 (ep)

04-52 1B803.11133 (£+ ET™)
04-4 1807.11421 (v +EF™)
05236 1911.03947 (2j)
=44 1803.11116 (2f+2j)
1811.00806 (27 +2j)
0.5-6.6 1911.03947 (2j)

<35

1 " n n . n

137 fb~!
137 fb~!
137 fb~!
36 fb~!
140 fb~!
36 fb~!
78 fb~1
36 fb~!
36 fb~!
137 fb~!
36 fb~!
36 fb~!
137 fb~!

01

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

L 1
10 10.0
mass scale [TeV]
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Bump(s), Resonant
Di-Higgs interpretation,
Z' ...

Semi-resonant, end-point
Heavy charged bosons,

Non-resonant, Tail
Dark matter,
Extra dimensions,...

.
Pr

We need

4
' MVA

Powerful tools for analyze
structure, discriminator

Well
understand bkg

22



Higgs ... from search to precision measurement

CMS Experiment at the LHC, CERN

Data recorded: 2018-Aug-05 09:43:33.747957 GMT ﬂ ‘
Run / Event / LS: 320854 / 196048575/ 115 &

H .

”~

‘| o

Wiz

We know that Higgs is there, why do we need precise measurements?

Because the lack of direct observations of new particles at the LHC!, we need an
alternative approach which we consider that BSM physics interfere with standard
model particles and subsequently leave an imprint on their properties. With
precise measurement, we may see hint(s) of new physics.

Higgs-charm coupling challenge: Improve identification algorithms by innovative
usages of deep learning techniques. [See detail about the analysis here]
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https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark

Top quark ... a tool for discoveries

eDiscover in 1995 by CDF and DO at Tevatron
eTo predict the top quark mass, need to know accurately the W

boson and Higgs boson masses
e Consequently, use top and Higgs masses to produce W boson

mass ... reported on 7 April 2022 by CDF that W boson mass
extracted from data taken at the Tevatron (2002-2011)

Experimental unc. 68% CL

Light supersymmetry

Equid que venihi tasped volut ‘ Quasi volut accae cullit and ‘ Perspedi cuptatur audicto
officillum sidit lam p. xx qUEsMNI QUIS pp. XX & XK volut accae cullit p. xx

- LEP2/Tevatron

- This measurement

$15
. Ce 8 APRIL 2022
science.org
AVAAAS

e

Heinemeyer, Hollik, Weiglein, Zeune ’20

172 173 174 175 176 177

171
m, [GeV]

W-boson mass measures higher than expected pp.xxxxxx
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CMS Experiment at the LHC, CERN
Data recorded: 2016-Aug-17 08:01:23.065024 GMT

Run / Event / LS: 278969 / 229126383 / 184
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Quiz-5:

How do we see “quarks” in a detector?

| ] Not at all

| ] As two individual straight tracks in opposite directions
[ ] By their characteristic spiral trajectory

| ] Via “jets” of hadrons they generate

[Link]
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https://forms.gle/KwPTbZe9fBGGPhiJ9

Goals of today high energy particle physics

\| ‘]

The SM is one of the most successful

models in physics, but is it enough?
e SM tells you how, but not why:
e Families — 3 families of quark/lepton
e Number of parameters
e Some phenomenon not explained by the
SM:
e Gravity — not explained, why so weak?,
SM incompatible with general relativity
e Dark Matter & Dark Energy — accounts
for 95% mass of universe but not ', STy - LTI
included in SM T TR Ry 2N o077 C
e Matter/anti-matter asymmetry — SM $ 2 e g s A

does not explain the amount of matter/

anti-matter asymmetry at Big Bang
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CERN accelerator complex: Not only LHC

Neutrino
Platform

LHC
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Not only accelerate, but also decelerate
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Extra Low ENergy
Antiproton (ELENA)

A machine to slow more
the antiprotons from AD.
This is to improve the
efficiency of the
experiments
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To study anti-matter

TNV
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To study links between cosmic rays and cloud formation

.

SR, o e "‘ —. 3 = ,‘-' | r |
PN &;"’_\\. - ’ : _4‘ & '!?Lb’
>3 s"‘*‘;@m‘},, N M Ve

: R ST A S|

-~

L

NN

Could there be a link between galactic cosmic
rays and cloud formation? An experiment at
CERN is using the cleanest box in the world to

find out.
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To study on radioisotopes and applications, e.g. medical applications

1 1™ CERN MEDICIS | Class A labs Tt
T N . . L
’ " The facility contributes to medical research. It produces, |
(il radioisotopes to help for diagnosis and destroying :
| I} diseased cells without destroying the surrounding - - = B

= =30 healthy tissue.
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ISOLDE
ISOLDE studies the properties of atomic nuclei, with further applications
in fundamental studies, astrophysics, material and life sciences.

Phat SRIMANOBHAS (CU): Introduction to CERN and Physics Programs 31



Blue skies research ... not with imaginations/ideas

[Wikipedia] Blue skies research (also called blue sky science) is scientific research in domains where "real-world" applications are not
immediately apparent. It has been defined as "research without a clear goal"[1] and "curiosity-driven science". It is sometimes used
interchangeably with the term "basic research".

N | Compact Linear Collider (CLIC)

R = DI MM

N T T T T T . _ @ _Bending magnet
e ————————————— .' Q S —T
\ . -
Source of electrons Accelerating stage

Views of Compact Linear Collider (CLIC) prototype

To design and construction of an

innovative radiotherapy facility

for cancer treatment for FLASH , )
radiotherapy with electrons. The CLIC Z‘.L%f‘m'i’fii?,'l"!i"“iiiil?;?;i

T T

e |L.
ps v o -~
b ae

machine uses CLIC (Compact 222200000000009%9
Linear Collider) accelerator TN tls;;::z FLASH
technology to accelerate - <l1s spared Lé?gééiw‘j o
J eep-seate
electrons to treat tumours up to Neog tumours I nn Ovatlve
of e iCU ons jg_:‘ / @
; ;‘228};’3 - with Electrons

https://cds.cern.ch/record/2728727
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https://en.wikipedia.org/wiki/Blue_skies_research

Blue skies research ... not with imaginations/ideas

100,000 kilometres (km) Medipix3; a CMOS pixel detector readout chip designed to

Radio/TV waves be connected to a segmented semiconductor sensor.
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Phat SRIMANOBHAS (CU): Introduction to CERN and Physics Programs



Middle income trap ... how to leave?

e Theoretical
particle physics

Theory

e Advanced
e Detect particles coming from maths

e Medical collisions P ath ti
* Space e Select events of interest 2 emarcs

. Material§ e Store RAW events, and

* Computing transfer them around the

’ world

Applications e Do offline processing around

the world
e Statistical method

e Perform analyses
Statistics

e Accelerate protons/ions
e Collide bunches of particles

Physics worth more to EU economy
than retail and financial services, says
study

‘Sponsored by: European Physical Society

Accelerators

22 Oct 2019 |

Report commissioned by the European Physical Society says industries
that rely on expertise in physics contribute 12 per cent of EU economic
output

* Engineering S
e Programming %4
e Machine

learning

)

TELL

X

Computing

Experiments

The report said that physics-based industries produce 16 per cent of

Example of HEP work space ... which can drive economics , , o S
business revenue in the EU, about €4.4 trillion per year, a €1 trillion increase

Big game that need to play together with funding agencies, since 2010. Two thirds of that revenue was generated in just four countries:
decision makers, government, and private sectors, to drive country Germany, the UK, France, and Italy. In Germany (contribute ~29%), physics-
for our bright future. based industries accounted for more than 53.4 per cent of exports.
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Beyond LHC

e Future Circular Collider (FCC)
Circumference: 90 -100 km
Energy: 100 TeV (pp) 90-350 GeV (e*e)

e Large Hadron Collider (LHC)
Large Electron-Positron Collider (LEP)

Circumference: 27 km
Energy: 14 TeV (pp) 209 GeV (ete)

e Tevatron

Circumference: 6.2 km
Energy: 2 TeV (pp)
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Learn about CERN with high school physics and a little beyond ...

How to study the following topics?
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