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1 Overview

« Fromatomsto elementaxy Particles
« Aninterlude on light
o« “Oscillation” between Particle species

v Afew Iarge experiments o ol (G SuperK) SNQO, lceCube

+ Dreams of an elegant clescription - unification, supcrstring
theorg



2 When are Particles “elementarg”?

The Progression — atoms In theorg and atoms in Pracitce

Philosophg . Democritus “atom”; Kanada “kana’

Evidence based science : Atoms and molecules Dalton,
Avogaclro) Canizzaro, Boltzmann 1810's ... 10 1890's

Becquerczl discovers raclioactivit9 1890's
Electron —> Thompson) Millikan ... 1890's ; 1910's

Rutherford shoots through the atom ... 1908

Positron is discovered in cosmic rays 1971

Chandwick establises the neutron 1932



Ay The |eading |ight was |ight

5.1 Newton creates Dgnamics

The Laws of motion; the concepts of force and work

and Theorg of Universal Gravitation as a force of nature




g OPtics from Newton to Maxwell

, 3
K &

+ Newton, Huygens, Young, ... theories of light

0 Faradag, Ampére, Biot-Savart ... Electricitg - magnetism

relationshil:)

.  Maxwell —> Mathematical theorg of “Elec’cromagnetism”

Light as elec’cromagnetic waves



i, Light unites heaven and earth

Kirchhotf and Bunsen (1860's)

v Heat metals to 1200 °C find the laws for emission and absorp—-
tion sl:)ectra; relate them to absorl:)tion lines in the Sun.

+ Margaret and William Huggins obtain similar spectral lines in

nebulas and stars!!



3 4 Cosmic Microwave backgrouncl (Nobel 2006)
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+ The Universe as a whole a single glowing ball 1% billion years
ago!!

¢ ts light todag is “red shifted” into microwaves and is found
to have almost exactlg the same temPerature 275K every

direction in the skg.



4 Particle “species”
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41 What defines the species?

o Nass zero or non-zero

¢ Intrinsic spin integcr or half integcr in h units

- lnteger spin~1 Posons are Force carriers

- Graviton is integer spin~7_ boson (not in the table)
A integer spin-| /2 fermions are “matter”

- Higgs boson, the on|9 Particle with sl:)in zero ... assists

the spin I force carriers

o Gauge clﬁarges

b))

. Strong force charge i

b))

ii. Weak force Charge $
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1. E:Iectromagnetic
. Global “charge” () aryon (0 epton

. Flavour of B or I : All chargcs iclentical, on]g mass
values differ. » families for bargons, 3 families for ICP~

tons, each Familg in both cases has 2 members, tota”9

6 generations

Declaration : Tgpeset using GE =y ML



5, Doodling the diagrams — Fegnman

Builcling blocks — “basic vertices”

sk

Tl"ICSC are not PthiCal PFOCCSSCS.

Note that energy momentum are not conservecl N such Pictures \
These are simple methods for Putting togetl’]er the calculation.

A mathematical expression attaches to each line and vertex.



The “Particles” ﬂowing in such cliagrams are called “virtual Par‘cicles”.

Electron ~ Photon scatteming (Compton scattering)

\\ > \N\N \)L\VM\N\J

Electron - Positron ¢ Bhabha scattering)

o i T



51 Electroweak Theorg Nobel (1979)

Sheldon Glashow) Abdus Salam and Steven Weinberg

jrs



5.2 StrongForce Nobel (2004)

-k

David Politzer, David Gross, and Frank Wilczek



6 An identitg crisis?

“To be or not to be, that is the question il
~ Shakepeare's Hamlet

To B or B-baris a routine occurrence for B mesons 1)
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But much before B mesons were .. \
the K mesons and their anti~Partic|es K (K—-bar} mesons ds and ds.
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and the same is true of neutrinos ...
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6.1 Neutrino Oscillation Nobel (2015)

K. Kajita of super—-Kamokancle Laboratorg JaPan
and John McDonald of SNO Lab Canada




6.1.1 Will the right Ms. Neutrino come forward?

e ﬂging avatar — mass or inertia identitg v, ¥ and Vy
VS.
Weak ineraction avatar — Vey Vs and P

(Note Greek sgmbol v=nu’ is used here for neutrino)
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6.2 What is at stake?

Whg are there b, families of matter Particles?
Whg are there exact|9 31N Lel:)tonic and in Bargonic sector?
Whg does Weak force not rcsPect what strong force defines?
Whg does Weak force not respect what inertia defines?

- ... Orviceversa, both above Points.

f:ina”g) what is the origin of mass of each species?

20



TeSome imPortant experiments

7.1 The Large Hadronic Collider (LHCQ)

X



ComPaC’c Muon Solenoid detector with India's Participation

Note the man in blue

)7



A tgpical event
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/-2 Hunting the elusive neutrinos

a2 suPer~Kamio‘<ande JaPan

- e e
-

7



T Sudburg Neutrino Observatorg Canada
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Ay lceCube observatorg — Antarctica

The IceCube

1 the surface wil

ther data from the digital
madul which is then

be lak

far analy

1.5 Miles

ir trail of light
:||r-;_1|,|_gh L

» lcally produced cosmic ray
BEDROCK that the Earth Is constantly
bombarded with

_J
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lceCube external view
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Za it The Proposed India Based Neutrino Observatorg (INO)

ICAL detector with 50 kTons iron to make the neutrino scatter

and create a il lePton (muon) track in Resistive Plate Detectors
(RPC's)

To be located under Nilgiri mountains at Theni, Madurai District, TN



8 Mathematics, Technologg and Phgsics

« Newton's “Mathematical Principles of Natural Philosophg”

+ Relativistic Quantum Theorg = f:egnman Cliagrams

. Whg are there three kincls o1c Forces?
- Grand Unified theorg

o« “What about Grvaitg?” — Salam

- Supersgmmetrg

- SuPerstri ng Theorg
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Hope you enjogecl it!

Thanks to TEXM N
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