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SCIENCE =

REGULAR PERSON ASKS “WHY?”

ANSWER: “BLAH BLAH BLAH”

RP: “OH GREAT!”



SCIENCE =

REGULAR PERSON ASKS “WHY?”

ANSWER: “BLAH BLAH BLAH”

RP: “OH GREAT!”

SCIENCE LOVER : “WHY?”
ANSWER: “BLAH BLAH BLAH”

SL: “OH GREAT! AND HOW?”



WHAT ARE THE SMALLEST PIECES?

Take a piece of chalk.

Break it in pieces.

Take smallest piece.



WHAT ARE THE SMALLEST PIECES?

Take a piece of chalk.

Gypsum.

Image by Smokefoot - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=45901685 5



MOLECULES MAKE UP EVERYTHING (?)




WHAT ARE THE SMALLEST PIECES?

Take a piece of chalk.

Gypsum.
Calcium
Sulphur

Oxygen
Hydrogen

Image by Smokefoot - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=45901685 7



MOLECULES BROKEN INTO ATOMS




Each atom of oxygen is exactly identical to

every other atom of oxygen.



TOO SMALL TO SEE...

But what if object is smaller
than wavelength of light?
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TOO SMALL TO SEE...
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TOO SMALL TO SEE...

Objects smaller than
‘ wavelength need to be “seen”




TOO SMALL TO SEE...
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TOO SMALL TO SEE...

What if the wall
IS Invisible?
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TOO SMALL TO SEE...
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TOO SMALL TO SEE...
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RUTHERFORD'S GOLD FOIL EXPERIMENT

/

a-Particles shot
at gold foil
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RUTHERFORD'S GOLD FOIL EXPERIMENT

Some o-Particles
have large deflection

Most a-Particles go
through with small
deflection

/
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STRUCTURE OF ATOMS
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STRUCTURE OF ATOMS




STRUCTURE OF ATOMS
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STRUCTURE OF ATOMS

s ° °
ammTEES < — “Orbiting
! ¢ N *

electrons”

ATOMS ARE MOSTLY EMPTY. IF A NUCLEUS WERE AS BIG AS A
PERSON, THEN CLOSEST ELECTRON IS ROUGHLY 100 KMS AWAY.
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NEXT STEP?

Nucleus
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NEED FOR 'HIGH' ENERGY

A nucleus is very small.

To be able to ‘look’ inside it, we need a small object of
high energy.

Let me explain with an example.
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INSIDE A DARK CAVE
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INSIDE A DARK CAVE
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SIZE AND ENERGY

Size we can look at, is inversely proportional to momentum

|t Then
Length Energy
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SO WHAT'S IN A NUCLEUS?
\ Protons @

Neutrons @
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SO WHAT'S IN A NUCLEUS?
\ Protons @

Neutrons @

Deep Inelastic Scattering experiments with electrons
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SO WHAT'S IN A PROTON/NEUTRON?

\ Protons OQUARKS

Neutrons

Up quark

Down quark

Proton = uud
Neutron = udd
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THE SMALLEST PIECES OF OUR

UNIVERSE

Up quark

Electron
Down quark
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THE SMALLEST PIECES OF OUR

UNIVERSE

Up quark
Electron

Down quark

B
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THE SMALLEST PIECES OF OUR

UNIVERSE

Electron Up quark

Neutrino Down quark
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PERIODIC TABLE OF ELEMENTS

1 18
IA VIIA
1A

1 =2591

Periodic Table of the Elements
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STANDARD MODEL OF PARTICLE PHYSICS

of matter (fermions)
I [l 1l

mass —| 2.4 Me\Vc* 1.27 Gevjc? 171.2 Gev/c’ll | O
charge —| 24 23 3 0
spin 165 ) 15 1
name — up charm fop photon 125 GeVjc®
0
4.8 Mevjc*® 104 Mev/c 4.2 Gev/c® 0 0 H
R Vs Jygb 0 ,
- Higgs
E 15 15 15 1
3 down strange bottom gluon
o
<15.5 MeV/c2 | |91.2 GeVc?
A% (VA
¥ ¥ 1
fau
neutrino neutrino Z boson v
o
0.511 MeV/c? 1.777 Gevjc® g
n [-1 -1 o
c L
5 k€ » T 0
E‘T electron tau ©
- V)

PERIODIC TABLE OF PARTICLES
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SM EXPLAINED...

Three generations
of

ass | 2.4 Mev/c”
chirge —| 24

Spin —| 34

me — up

4.8 Mevjc®
=5

Quarks

electron
neutrino

0.511 MeV/c*
»€
2

electron

Minimum players
needed to play the
game

Leptons
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SM EXPLAINED...

Three generations

of
|

ass | 2.4 Mev/c” 1.27 GeVjc*

chirge —| 24 2/
spin —| 145 1f C

me . up charm

latter (fermions)
[l

171.2 Gev/jc*

4.8 Mevjc® 104 Mev/c

= 14 2
3 down strange
o

=0.17 MeV/c?

Ayt

muon
neutrino

neutrino

0
15

<15.5 MeV/c*

Vr

fau

neutrino

0.511 MeV/c*
€
2

electron

105.7 MeV/c*

-1
15 l—l

muon

Leptons

1
L

1.777 Gevjc*

T

fau

More players (Matter)

bosons

Languages spoken
by the players
(interactions between
matter)




STANDARD MODEL OF PARTICLE PHYSICS

mass —
charge —

spin -

name —

Quarks

Leptons

Three generations
of matter (fermions)

2.4 Mevjc’® 1.27 GeV/c® 171.2 Gev/c’|l | O
24 % k! 0
15 15 15 1
up charm fop photon
4.8 Mevjc® 104 Mev/c® 4.2 Gevjc® 0
d s b IS
L5 15 15 1
down strange bottom gluon

<2.2 eV/c? <0.17 MeV/c’l [<15.5 Mev/cZ| [91.2 Gevjc?
A AV AV |74
1 e 14 l_[ 1/ T 1

electron muon fau

neutrino neutrino neutrino Z boson
0.511 Mev/c® [ [105.7 Mevic® | | 1.777 Gevic’ || |80.4 GeV/c*
e iy 1T AW
S(IN (AT [ |-

electron muon fau W boson

125 Gevjc*

Gauge bosons

Particles speak these
'languages'

» Electromagnetic
Interaction

e Strong interaction
* Weak interaction
 'Higgs' interaction
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STANDARD MODEL OF PARTICLE PHYSICS

Particles speak these
'languages'

Keep atoms together,
basis of chemistry,
biology

~e Electromagnetic
Interaction

e Strong interaction
* Weak interaction

 'Higgs' interaction
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STANDARD MODEL OF PARTICLE PHYSICS

Particles speak these
'languages'

Keep nucleus
together (protons,
neutrons)

» Electromagnetic
Interaction

~ Strong interaction
* Weak interaction

 'Higgs' interaction
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STANDARD MODEL OF PARTICLE PHYSICS

Particles speak these
'languages'

» Electromagnetic

Make radioactivity, interaction

make the Sun glow!

e Strong interaction

~ \Weak interaction

 'Higgs' interaction
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STANDARD MODEL OF PARTICLE PHYSICS

Particles speak these
'languages'

» Electromagnetic
Interaction

Give mass to | :
fundamental particles! e Strong Interaction

 Weak interaction

~ 'Higgs' interaction
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LHC: LARGE HADRON COLLIDER

LHC - B CERN
d!"s,,._‘h_Pc'nnt 8
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CMS DETECTOR




CMS IS A GIANT CAMERA

R CMS
Compact Muon Solenoid
olenoide compact pour muon:




RECONSTRUCTION

Object Detector Data collected Data analyzed
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RECONSTRUCTION

Object Detector Data collected Data analyzed
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NATURE OF RESEARCH

THE EDGE OF
HUMAN KNOWLEDGE

A non-researcher's view...
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NATURE OF RESEARCH

h

THE EDGES OF
HUMAN KNOWLEDGE

A researcher's view...



WHY I LIKE SCIENCE?

» OBJECTIVE PROOF

(does not depend on specific person)

» CAUSE AND EFFECT (reproducible)

» Wuy? AND How?
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IISER PUNE CMS GROUP

...along with summer students
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