





India’s Science
(Geniuses

(And the Problems They Are Solving)

Archana Sharma
with

Spoorthy Raman

‘Juggernaut



JUGGERNAUT BOOKS
C-1-128, First Floor, Sangam Vihar, Near Holi Chowk,
New Delhi 110080, India

First published by Juggernaut Books 2022
Copyright © Archana Sharma 2022
10987654321

P-ISBN: 9789393986009
E-ISBN: 9789393986092

'The views and opinions expressed in this book are the author’s own.
‘The facts contained herein were reported to be true as on the date
of publication by the author to the publishers of the book, and the

publishers are not in any way liable for their accuracy or veracity.

All rights reserved. No part of this publication may be reproduced,
transmitted, or stored in a retrieval system in any form or by any
means without the written permission of the publisher.

Typeset in Adobe Caslon Pro by
R. Ajith Kumar, Noida

Printed at Thomson Press India Ltd



Contents

Preface Xiii
Biology | 1
How do we make sense of our brain using 3
mathematics?
How do we fight genetic diseases by following 11

the molecule tracks in stem cells?
How do scientists keep a tab on our body’s clock? 19

How do chloroplasts in plant cells bring about 29
cell death?

How can we use small ‘drug-like’ molecules to 37
attack bacterial proteins?

What do scientists find when they pursue 47
protein packets in the cell?

How does the transport system in our nerve 55
cells work?

1x



X Contents

How do scientists tinker with plant immunity 63
to fight diseases?

What can our cell cycle tell us about cancer? 73
How do we perceive emotions in our brain? 83
Physics | 93
How do we nurture India’s neutrino dreams? 95
What does it take to build India’s quantum 105
supremacy?
What does the background ‘noise’ in the 115
Universe tell us?
How do we make light dance to our tunes? 125
How was our cosmos born? 135
How are scientists quenching the world’s 143

energy thirst?

What can tracing the footprints of elementary 153
particles tell us?

What can catching up with cold atoms tell us 163
about gravity?

How do galaxies form in the Universe and how 173
do they evolve?

What tales do particles tell about the Universe’s 183
birth? |



Contents xi

Chemistry 193
How do we heal our planet with green chemistry? 195
How do we tap into the DNA's repair shop? 205
How do we make sense of movements in our 215
cells?

How do we crystallize the goodness of chemistry? 225

How do scientists investigate the attraction 233
between molecules?

How can we create designer molecules to 241
probe life?
Can a tiny invisible catalyst turn around 251

climate change?

Can zooming in on the molecules of life | 259

help us build a better future?

What does peering into the tiny but exciting 267
world of neurons tell us?

How do we decode the chemistry of our body’s 277

proteins?
Index 287
Acknowledgements 301

A Note on the Authors 304









Padma Shri Rohini Godbole is a retired Professor at
the Centre for High Energy Physics, Indian Institute of
Science, Bengaluru. She obtained her PhD from the State
University of New York, Stony Brook, US. She started
her career as a Visiting Fellow at the Tata Institute of
Fundamental Research, Mumbai, and went on to teach
at the University of Bombay, Mumbai. She joined IISc
as an Associate Professor at the Centre for High Energy
Physics in 1995. Her career involved working with many
international collaborations at CERN (Geneva) and
DESY (Hamburg), and she has been a visiting faculty
at many international universities and institutes. She has
worked extensively on different aspects of Particle Physics

phenomenology over the past three decades, authoring

nearly 300 research publications.

An illustrious scientist who cheers for India’s progress in its
scientific pursuits. An enthusiastic science communicator
who loves inspiring young minds. A flaghearer of women

in science. A decorated researcher with many accolades,
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including the Padma Shri and the French Order of Merit.
A physicist who is renowned for her work in the context
of the search for the Higgs boson at CERN, the European
Organization for Nuclear Research. She is Rohini Godbole,
an honorary professor at I1Sc, Bengaluru. Starting out as the
first scientist in her family, Godbole achieved many scientific
milestones in her career spanning more than four decades,
some of which were firsts for any woman in India.

As a particle physicist, Godbole studies the nature of
particles that make up everything around us. Until the turn
of the twentieth century, scientists believed that all that we
see — from specks of dust to the gigantic galaxies — were made
up of atoms, the smallest building blocks of matter. The word
‘atom’ comes from the Greek word that means indivisible.
With the discovery of electrons and the nucleus, the world of
Particle Physics took a fascinating turn, and atoms were no
longer indivisible! Many path-breaking experiments showed
that atoms consisted of smaller ‘subatomic’ particles. These
included negatively charged electrons going around the tiny
nucleus, which contained positively charged protons and
chargeless neutrons.

In the last few decades, scientists have discovered new
elementary particles that have redrawn this image. We now
know that ‘matter particles’, called quarks and leptons, make
up everything around us. Quarks are weird in that they
cannot exist freely; they quickly combine to form particles

called hadrons. Protons and neutrons, which contain a few
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quarks, are also hadrons. Leptons, on the other hand, exist on
their own. Electrons are a type of lepton. With the discovery
of many types of quarks and leptons, scientists have put
together a new model that could better explain the enigma
of nature. Called the Standard Model of Particle Physics,
it describes how quarks and leptons interact and how they
behave under different conditions and how they make up
everything around us in the Universe!

Nature has four fundamental forces — gravitation,
electromagnetism, the weak force and the strong force.
When a fruit falls from a tree, we see the gravitational force
in action. A light bulb going on due to electricity shows
electromagnetism at play. The strong and the weak forces
are invisible to our naked eye as they act inside atoms. The
strong force holds together quarks to form protons/neutrons
and many other hadrons. It also holds neutrons and protons
inside a nucleus, whereas the weak forces facilitate the
nuclear decay processes that happen inside the Sun. Apart
from matter particles, the Standard Model also contains
interaction/force particles, called bosons, corresponding to
each of these four forces. Particles communicate with each
other by exchanging these force particles. For example, a
photon carries the electromagnetic force; eight different
types of gluons carry the strong force, and W and Z bosons
carry the weak force. Although not described in the Standard
Model, scientists predict that graviton — particles yet to be
discovered — is the force particle for gravity.

Experimental physicists use the theoretical knowledge of
the behaviour of particles to find them in particle colliders
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— giant machines that generate head-on collisions between
fast-moving protons. Due to the enormous impact, the
protons become so hot that their temperature reaches a
million times higher than the Sun’, and they eventually
break up into matter and force particles. Various detectors
in the particle colliders then look for the signature of these
particles. Sometimes, the results of such experiments do not
match theoretical predictions, sending theorists back to the
drawing board to come up with a better explanation for the
outcomes observed.

Godbole’s work tries to discern the properties (like mass,
charge and spin) of these elementary particles, some of which
are yet to be found. Her research also helps experimentalists
develop strategies to find evidence for the production of
these particles in collider experiments and understand their
formation in the Universe. As a member of the International
Detector Advisory Group, Godbole had been invited to
participate in the discussion on the design and concepts of
the International Linear Collider (ILC), a next-generation
particle collider. Her work has involved calculating the
effects of photons produced at these colliders, some of which
can cause disruptions to observations in the experiments
at these colliders. Knowing how the photons behave can
help machine designers block them or account for them
when measuring other things in their experiments. Her
work has also played a role in suggesting strategies used for
hunting the elusive Higgs boson ~ a long-missing piece of
the Particle Physics puzzle — and establishing its properties.
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theory that explained this mass-gaining phenomenon. They
proposed that soon after the Big Bang, an invisible field
called the Higgs field occupied the Universe. When particles
interact with this field, they acquire mass, and those that
do not interact (like photons), remain massless. Weakly
interacting particles (like electrons) become light, while those
that interact intensely (like some quarks and the force carrier
particle W, Z bosons) become heavy. The Higgs field was
fundamental to the formation of the Universe and all matter.
If it were to disappear suddenly, all matter would instantly
become massless and disperse at the speed of light!

But how do we know the Higgs field exists? For that,
we need to detect the corresponding force particle, that is,
the Higgs boson. Armed with the LHC, the largest and
the most powerful particle collider in the world, scientists
at CERN began to look for the Higgs boson with multiple
experiments. On 4 July 2012, they made the long-awaited
announcement. The detectors at the LHC had observed a new
particle, which had a mass corresponding with the predicted
Higgs boson. With their theory of how particles gain mass
gaining confirmation through the discovery of the Higgs
boson, Englert and Higgs jointly received the 2013 Nobel
Prize in Physics.

The discovery of the Higgs boson has raised as many
questions as it has answered! Scientists are investigating its
properties to understand how it fits into the framework of the
Standard Model. Currently, the ideas of the Standard Model
explain what makes up the visible matter, which constitutes
only a fifth of the Universe. A large part of the Universe
contains dark matter, about which we know very little. Particle
physicists at CERN are building better particle colliders to
recreate the events following the Big Bang to catch a glimpse of
the particles that make up our Universe, including dark matter.
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Looking for a needle in a haystack

'The work of a theoretical particle physicist like Godbole is
akin to a detective investigating a crime scene. Physicists
carefully look for footprints left by elusive particles, like the
Higgs boson, produced only once in a trillion collisions. ‘It’s
like finding a needle in a haystack. Just that the haystack can
be a few kilometres wide in size,’ explains Godbole. Since
these particles quickly decay into their stable forms, hunting
them soon after collisions is a colossal task that one person
cannot accomplish. Hence a big community of particle
physicists with mammoth detectors have been involved in
this chase for the last few decades.

Theoretical physicists also help those who conduct
experiments to identify new particles resulting from particle
collisions. “We help to paint the needle with a bright colour,
so it is easy to find,” explains Godbole. One way to do that
is to mathematically calculate the mass, spin and the other
properties of the predicted particle and look for the one
corresponding to this sketch. It’s a great find if there’s a
match, but it’s far more fascinating when there’s none, for it
could change the face of physics. The stakes of such findings
are also high. The mass of the Higgs, for example, tells us a
lot about our Universe and whether it can go up in flames
after a few million years.

Godbole’s work also investigates if the Higgs boson
further decays into other particles that are not contained in
the Standard Model and are perhaps ‘invisible’ to the ‘eyes’
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of the experimentalists, namely, the detectors. Her work lays
out strategies to look for their effect in the pile of particles
in the collider. It also tries to interpret what such findings
could mean for physics beyond what we understand from
the Standard Model. “‘What has happened so far is that,
unfortunately, we haven’t found that decay,’ she says. ‘I am
investigating how the properties of the Higgs can tell me
about the physics beyond the Standard Model.’ Godbole is
also excited about the new horizons that Particle Physics
could touch with better detectors, powerful colliders and
superfast computers entering the scene.

Sowing the seeds for the future of India’s science

When Godbole returned to India after her PhD in 1979, she
was the first woman to join the theoretical physics group in
TIFR as a postdoctoral fellow and became part of the small
community of particle physicists in the country. During
her professional life, she had to make choices between her
personal and professional aspirations without the necessary
support structures that a woman scientist needs. Determined
to change things for the better, Godbole now calls for
better institutional suppoi‘t for women to excel in their
scientific pursuits without having to compromise their
personal dreams. In her role as a member of some of the
government’s committees focusing on women in science, she
has been influential in bringing in many vital policy changes
in this regard.
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Godbole strongly believes that a successful scientist should
also help to build science in the country through education,
outreach and training. Practising what she preaches, Godbole
has played many advisory roles in building the scientific
infrastructure in the country to help India achieve its goals.
She calls for the country to be part of global collaborations
while also creating a training ground for young scientists to
conduct cutting-edge experiments. One thing that plagues
the scientific ecosystem in the country, Godbole says, is
the lack of focused motivation and leadership among the
country’s scientists. After a short period, efforts get diffused,’
she rues, citing her experiences. If we successfully tackle this
challenge, the future is ours.
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