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Smallest part of matter

A question that churned minds for millenia
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Atom

Smallest part retaining chemical properties - known since 1800 - due
to John Dalton
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Atom

Organized as
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Crushing atoms

Inside atoms?

First observed in gas discharge tubes, later in vacuum tubes

Crash atom into atom, it breaks open
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Electrons

Emergent beam was of negatively charged particles - ELECTRON

Nucleus was found later

Nucleus of Hydrogen : PROTON

Electron is now recognized as one of the leptons
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Electromagnetic force

Electrostatic force

Particle that carries electromagnetic force : PHOTON

Experiments : Blackbody radiation, Photo electric effect

Photons are chargeless and massless
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Anti-particles

A high energy photon can rip the vacuum !

Electron-Anti-electron pair created : POSITRON

Now the photon scatter with itself !

Photon remain massless
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More inside nucleus

What happens when nuclei collide?

Crashing He-nuclei into beryllium

Charge neutral particles : NEUTRON

When it fell on Boron-nuclei α-particles emitted

No charge? Then how did the protons feel them?
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Weak force

They feel each other through WEAK force : W+,W−,Z-BOSONS

W±,Z bosons have mass 10−25kg

Leptons interact by exchanging these bosons

Beta decay was caused by weak force
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Neutrino

Beta decay predicted a massless particle : NEUTRINO

Three types νe , νµ, ντ

Cannot be really massless

Neutrinos pass through everything - Can’t ”see” us

Madhu K (KSSP) Gods of SMALL things September 30, 2017 11 / 26



Neutrino

Beta decay predicted a massless particle : NEUTRINO

Three types νe , νµ, ντ

Cannot be really massless

Neutrinos pass through everything - Can’t ”see” us

Madhu K (KSSP) Gods of SMALL things September 30, 2017 11 / 26



Neutrino

Beta decay predicted a massless particle : NEUTRINO

Three types νe , νµ, ντ

Cannot be really massless

Neutrinos pass through everything - Can’t ”see” us

Madhu K (KSSP) Gods of SMALL things September 30, 2017 11 / 26



Neutrino

Beta decay predicted a massless particle : NEUTRINO

Three types νe , νµ, ντ

Cannot be really massless

Neutrinos pass through everything - Can’t ”see” us

Madhu K (KSSP) Gods of SMALL things September 30, 2017 11 / 26



Neutrino

Beta decay predicted a massless particle : NEUTRINO

Three types νe , νµ, ντ

Cannot be really massless

Neutrinos pass through everything - Can’t ”see” us

Madhu K (KSSP) Gods of SMALL things September 30, 2017 11 / 26



Indian Neutrino Observatory

Organized as Periodic table
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Collide them further

Scatter protons, neutrons and electrons at high momentum

Protons and neutrons seem to have free particles inside them -
QUARKS

Charged, Massive, weakly interacting particles 1.5MeV − 175GeV
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Strong interaction

If they are free, what binds them inside a proton?

Strong force - GLUONS

As if they were bound by an elastic

Quarks are the only particles that feel all the 4 forces - including
Gravity
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At higher energies ≈ 100GeV ...

Electromagnetic and weak forces become one

W±, Z, Aµ (Photon) all behave as part of one force

Electroweak Unification

Then why do they behave differently at lower energies?
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Higgs

The question was addressed here

Centre of mass energy ≈ 14TeV

Proton-Proton, Proton-Lead ion collisions
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Higgs

There is something that breaks their unity !

Higgs boson - all particles interact with it.
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How particles acquire mass : Higgs mechanism

Certain polarizations of massless Electroweak field acquires mass and
become W±, Z

The remaining one is the photon

Leptons and quarks acquire mass through interaction with Higgs

Imagine a celebrity entering a crowded room

Higgs has mass ≈ 125GeV
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To sum up

A ”particle” table

Theoretical description in terms of point particles: Quantum field
theory
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Why Gravity is different

A force that decreases with increasing distance between masses.
Newton’s gravitational constant = 6.67 × 10−11m3 kg−1s−2

Even this is not experimentally verified below 1mm

Newton’s gravity explains very accurately the motion of planets
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What is gravity?

Gravitational force between two electrons 1mm apart is only 1
1043

of
the electrostatic force (in SI units)

Gravity is the weakest of all

Really?

Correct behavior of gravitational force is given by Einstein’s General
Relativity

Gµν + Λgµν = Tµν

Gravity is the structure of the space and time

At short distances lPlanck ∼ 1
1035

m gravity becomes the most
significant force

What mediates Gravity cannot be point particles
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What is NOTHING?

Lambda requires us to know the energy of the vacuum
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What lies beyond?

Any more work left?

Higgs is not the end of the story

Mass of Higgs as envisaged in Standard model is very unstable -
Higgs hierarchy problem

Supersymmetry : Do these elementary particle have pairs

Madhu K (KSSP) Gods of SMALL things September 30, 2017 23 / 26



What lies beyond?

Any more work left?

Higgs is not the end of the story

Mass of Higgs as envisaged in Standard model is very unstable -
Higgs hierarchy problem

Supersymmetry : Do these elementary particle have pairs

Madhu K (KSSP) Gods of SMALL things September 30, 2017 23 / 26



What lies beyond?

Any more work left?

Higgs is not the end of the story

Mass of Higgs as envisaged in Standard model is very unstable -
Higgs hierarchy problem

Supersymmetry : Do these elementary particle have pairs

Madhu K (KSSP) Gods of SMALL things September 30, 2017 23 / 26



What lies beyond?

Any more work left?

Higgs is not the end of the story

Mass of Higgs as envisaged in Standard model is very unstable -
Higgs hierarchy problem

Supersymmetry : Do these elementary particle have pairs

Madhu K (KSSP) Gods of SMALL things September 30, 2017 23 / 26



What lies beyond?

Extra dimensions

Strings
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Paradigms

Description of physical phenomena are organized by length scales

No! That’s not a bunch of hadrons and leptons chasing another bunch
Frameworks: point particles, unification and symmetry
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THANK YOU
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