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We are searching for the genetic code of the universe

e What is the universe, how did it begin, what’s it made of
and how will it evolve in the future?

 What are the fundamental building blocks and forces of
the universe?

— Cosmology and Particle Physics are the
areas of science that address these

guestions now.

— These questions are very old...




The questioning mind

In the history of science many scientists had trouble
initially to understand the breakthroughs which
occurred during their time.

But great minds faced the facts and interpreted them

correctly.

Example :

Experiments showed that light traveled on nothing.

This was unexpected turn of events.
Einstein: there is no absolute reference frame for motion in
the universe =» the speed of light must be the same in all

reference frames: Relativity



Historv of the Universe

How old is the universe?
13.7 billion years!

What did the Big Bang
produce during its first
few minutes?

All elementary particles

What is elementary?




Curiosity about the constituents
of nature is as old as human
civilization (philosophers in
India, Greece,..)

Los Alamos National Laboratory's Chemistry Division Presenis a
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Early 20t century:

2 basic elements: electron, nucleus

Bohr, Rutherford




10 thousand km




We belong to Milkyway galaxy




A galaxy: 100 million million (10 &) larger than the earth!

Contains a million million of stars!

Our universe contains hundred thousand million (10 1) galaxies
=>» 10 %% stars : all made up of same elements of matter!



What are the smallest building
blocks of matter?

Nucleus Neutron

In the Universe there are about 10%° quarks formed in the
earliest moments of life of the Universe.

Are there more inside?
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Modern idea of Nature’s ingredients

To remove a proton
from a nucleus need
10 Million (10° eV)

An electron will
gain an energy of
1.5 electron Volt (eV)

1.5Volts

Matteroﬁ.

To remove an electron
from an atom need 10 eV
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Protons and neutrons are
up made of quarks and are
held together by gluons.

size in atoms and in meters
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92 Elements
— Atoms
= Nuclei (and Electrons)

— protons & neutrons

= quarks
=% What lies within...?
Tool The probe wavelength/energy should be smaller
\ than the distance scale to be probed.

For 1 millimeter we need 1/10000 eV

1 nanometer (102 ) =2 1/100 eV
(1 TeV = 10?2 electronVolt 10 m~10"" eV
=1.6 * 10 7 Joule) =10 TeV

100 Watt bulb for 1 hour
= 1 Mega (10 ©) Joule




Dimensions in Physics
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Study physics laws of first moments after Big Bang
increasing symbiosis between Particle Physics,
Astrophysics and Cosmology




Energy/mass scales

Our unit for energy is the electron-volt eV
— Motion of air atom, room temp
0.04 eV

— Chemical reactions/atom, visible photons of light:
1to afew eV

— Nuclear reactions, per atom
Millions of eV (MeV) (M -> Mega)

— Rest energy mc? of proton
~1 Billion eV (1 GeV) (G ->Giga)

— Each proton in each LHC beam
4 Trillion eV (4 TeV) (T->Terra)



Fundamental Forces

_Electro-
magnetic

Weak Strong Gravity

inverse short inverse
square law range range square law

Relative strength of gravitation, weak, electromagnetic, strong:
~104:10°:102:1

BUT MATTER IN THE UNIVERSE IS NEUTRAL, because
positive and negative charges cancel each other precisely.

THEREFORE:
Gravitation is the force in the Universe




Crowning achievement of 20" century science
Matter particles interact with forces

Via their carriers. ELEMENTARY

1) y for electromagnetic interaction
2) W1, Z for weak ..
3) 8 gluons for strong ..

The messengers of the forces: PARTICLES

31 Nobel prizes to get the simple and
elegant picture of the Nature.

Experiments measure the masses
of all the elementary particles.

I I I

Three Generations of Matter

& Fermilab 95-758



But there is a massive problem
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Newton: F = ma
Einstein: E = mc?

e Electronis 350,000 times
lighter than the heaviest quark

e Photon is massless.
 Neutrinos are very light.

 Inthe theory we could not deal
with massive particles!

* Several scientists, worked the
way out : there has to be another
ew particle: Higgs boson!



We discovered the Higgs boson in the LHC!

LHC is a facility to study the conditions which existed few moments
after the Big Bang: less than one billionth of a second after the
Big Bang = Time Machine!

This also helps us to understand how that Universe has evolved
Into today’s.

What characterizes that situation? Very high energy!

It is @ machine which accelerates protons and collides them to
achieve very high energy.
Hence the name Large Hadron Collider (LHC).

It allows us to recreate fundamental particles and their behaviour
rarely seen since 10*?sec. after the Big Bang.



Where i1s LHC?

27 km circumference
~ 100 m underground.

Near Geneva.
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* A herd of 1000 elephants at 30 m/s

e About 3 microgram of matter

The ‘Large Hadron Collider’
accelerates ~10-13 protons (~0.5
ng, small grain of dust)

t0 99.99999999 % of the speed
of light.

What does the energy of the
proton beams correspond to?




Working Principle of a

Collider Machine




What would happen to this
theoretical physicist if he
circulated in the LHC machine with
99.9999999% of the speed of
light?

His hair would contract to
0.05 mm length

We would observe his life
span to be ~ 500,000 yrs

He would have the same
energy as 500 tons of matter



Like Swiss chacolate

e LHC magnets have a huge
store of energy

— Enough to melt 12 tons of
Copper!

— The kinetic energy of an
A380 at 700 km per hour

90 kg of TNT e 15 kg of chocolate

e How much energy is stored in the LHC
beams?

22



Inside LHC: It is emptier than space

e Air pressure (inside two 27 km-long vacuum pipes)
— lower than on the moon!

e Magnets cooled by 100 tons of liquid helium
— Colder than outer space.



LHC: The Giant Marvel of Technology

* 50-175 m under the surface

e 27 km at 1.9 K (superfluid He)

e Vaccuum ~ 10-13 Atm.

e SuperConducting coils: 12000 tonnes/7600

« Temperature generated at LHC due to proton-proton collision
~10%% Oc, compare with sun: 5506 °c, a matchstick: 250 °c

LHC machine to be maintained at -271 °c vs. Home freezer: -8 °c
Boomerang nebula: -272 °c, antarctica: -89.2 °c,

Largest ever human endeavour, requires huge resources to be put In.
To be passed on to younger generations of today and tomorrow: YOU!




Journey of > 20 years

e October 1990: Scientists first started thinking about LHC .
* First collisions of protons in 2009.

CMS Collaboration: ~ 4000 people
(100 from India)

Fraction of people who made CMS
possible
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Installation of detector components built in India (2006)
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Components of CMS Detector

Silicon Tracker ~250 sg. m- 25m-long swimming pool
80,000 crystals: 98% metal by mass, but completely transparent.

The brass used in one part of the detector came from recuperated artillery
shells from Russian warships

CMS Magnet, the largest solenoid on earth, strength 100,000 times stronger.
Amount of iron used as the magnet return yoke ~ Eiffel Tower

Data volume per second ~ 10,000 Encyclopedia Britannica..

20 years to build 20 more years to run.



Quite a camera!

Experiments are like detectives.

When the protons collide inside the accelerator, many things happen
which we can guess by looking at hints afterwards.

Different possibilities give different hints, some even similar.

So we wait for a long time to ensure that our analysis is of the hints
are correct.

These hints are recorded in mamoth “detectors” , like CMS, ATLAS etc.
Each of them have about 80 Million pixels, taking upto 40 Million pictures
every sec.

We are interested only in the good and ineteresting pictures, so throw
most of them

Still we have lot of pictures to look at details
=>» lot of data which can fill up 4 DVDs / sec.



Data is distributed across the globe, including 2 centres in India,
Using high speed network connections.

Running jobs: 117948.0 =
Transfer rate: 4.94 GiB/sec @
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The inference of the analyses
of the information is thoroughly
scrutinized at every stage =»
Has to be convincing to the
Whole world .

by many people

=> lot of efforts for many years
=» Anticipation of the success
provides the sustenance

In the experiments many
information are compiled to
“reconstruct an event”




The discovery of the Higgs boson brought unprecedented attention

"> 1 billion &

people saw TV footage

1,034

TV stations

5,016

Broadcasts

<

17,000

news articles in
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LHC will also answer many more questions

Dark Matter

e Does it exists?
Yes, by looking through big
Telescopes we learnt about it.

Black hole

e How is a black hole formed?
In the collapse of a massive star.

e Whatisit?

 What happens to the scientist
We do not know as yet!

when he falls into a Black hole?
He becomes flat as a dosal! e >
Gravity rips him apart! ; :
Actually he never arrives there!




1. Quantum gravity era: t= 1043 s 1032K

(10'° GeV, 10-3*m)
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3. Protons and neutrons formed:
103K (1 GeV, 1016 m)

t=10%s,

I

1028 cm

4. Nuclei are formed t = 3 minutes,
10°K (0.1 MeV, 1012 m)
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e What is the Universe made of?
Mostly by a mysterious type
of energy

e How do we know about

“dark energy” ?

1. By observing distant exploding
stars

2. By observing cosmic background
radiation.
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Last word

“What we know is a droplet, what we

don’ t know is an Ocean’
Sir Isaac Newton (1643-1727)

Thank you!
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