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Nobel Prize in Physics 2016

This year’s Nobel Prize in physics is for
theoretical discoveries of topological
phase transitions and topological phases
of matter. It honours people whose pio-
neering work began the ongoing realiza-
tion of the crucial role that topology can
play in condensed matter systems. The
announcement says ‘The Nobel Prize in
Physics 2016 is awarded with one half to
David J. Thouless, University of Wash-
ington, Seattle and the other half to F.
Duncan M. Haldane, Princeton Univer-
sity and J. Michael Kosterlitz, Brown
University, Providence. Their discoveries
have brought about breakthroughs in the
theoretical understanding of condensed
matter’s mysteries and created new per-
spectives on the development of innova-
tive materials.’

The physics of condensed matter has
evolved largely from a somewhat ob-
scure branch called solid state physics
(dubbed squalid state physics by Pauli in
the late nineteen twenties; Niels Bohr
had not heard of the name in the early
fifties). It is now that part of physics in
which the large majority of physicists
work worldwide. Of the forty five Nobel
laureates in Physics from 2000 till now,
twenty two are in this field. Perhaps the
emergence of unexpected behaviour
when things are close together, encapsu-
lated in the 1972 rallying cry of Ander-
son that ‘More is different’ is behind it;
perhaps the applications which surround
us (e.g. the cell phone, the laptop, the
TV display) are; perhaps both. The
pioneering basic research of this year’s
Nobel laureates points to a new direction
which might soon result in (and has
already resulted in) much exciting new
science, but also in totally unforeseen
applications.

These physicists showed in the seven-
ties and eighties that ideas of topology
are at the heart of the existence and be-
haviour of many strange phases as well
as phenomena in condensed matter sys-
tems. While it is a truism now that quali-
tatively new phenomena emerge when
things are put together, as in condensed
matter, the idea that topology is at the
back of many of them is quite unex-
pected. Since their work, and largely in-
spired by their pioneering ideas, the field
has exploded scientifically. In the last
decade or more a number of families of
materials which embody them have been

located and created; a quantum materials
revolution spearheaded by topologically
nontrivial materials is underway. Perhaps
the consequent development of new ma-
terials will form the basis for new ways
of computing as well as of storing and
manipulating information. Many ideas of
great elegance and explanatory power are
flowering.

It all started with a fresh look by
Thouless and Kosterlitz in the early
1970s into the question of whether long-
range order is possible in a two-dimen-
sional system, i.e. one which is extended
in two directions and about as thick as
the size of the constituent entities,
namely atoms or molecules, in the third.
The standard belief (buttressed by rigor-
ous arguments) is that because of spatial
fluctuations enhanced by reduced dimen-
sionality, long-range order is not possible
in them. Thouless and Kosterlitz found,
unexpectedly, that the behaviour of topo-
logical defects in the system (inevitably
present in them as thermal excitations)
undergoes a qualitative change at a cer-
tain temperature, and that this has far-
reaching consequences. The defects bind,
pairwise, below this temperature; there
are no ‘free’ defects, and the system is
stiff against deformation, like a solid.
Above this temperature, it is like a fluid,
not stiff. No breaking of symmetry is
involved; there is no long-range order,
but there is a ‘stiff’ phase.

In the context of order parameters
characterized by a single phase-angle
(such as planar spins, or complex num-
bers as in superconductors and superflu-
ids) the topological defect involved is a
vortex, on going round which along any
closed path the phase-angle which de-
scribes the putative order changes by an

integral multiple of 2z. Such a defect is
robust, characterized by an integer! This
is a topological reality just as the follow-
ing is: A coffee mug with a handle (as
also a doughnut) is characterized by a
genus number of unity (the handle has
one hole) while a mug without a handle
(e.g. a bowl or a beaker) is characterized
by the number zero, being of the same
genus for this purpose as a saucer. The
difference cannot be erased by any
smooth deformation, and is noticeable
only in a global property; a little bit of a
bowl is similar to a little bit of the cup
with a handle, but they are qualitatively
different when looked at as wholes. The
discovery by Kosterlitz and Thouless of
topological phases opened up a whole
new universe of systems which were ex-
plored; these were found in detail to be
of the kind predicted by them and by
others following this direction. This pe-
riod also saw a deep exploration of pos-
sible topological defects in various kinds
of condensed matter. The new phases are
qualitatively different phases of matter;
they exist only because of topologically
mandated defects which can bind.

About a decade later, quite independ-
ently, a strange low temperature effect
(quantized Hall Effect) was observed in a
thin two-dimensional fluid of electrons
sandwiched between two semiconduc-
tors. When a large magnetic field is
applied perpendicular to the plane of the
electron fluid, the ratio between the elec-
trical current in plane and the voltage
perpendicular to it (but still in the same
plane), called the Hall conductance, is
seen to be quantized. The quantization,
in multiples of a universal value, is found
to be both unbelievably accurate (to
about a part per billion) and robust; it
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does not change with carrier concentra-
tion, disorder, or temperature, of the
electron fluid. It became clear that we are
seeing a new state of matter now called
the quantum Hall fluid. Thouless and co-
workers showed that the robustness and
precision of the quantized Hall conduc-
tance have a topological origin. The Hall
conductance, a long length scale, global,
property is proportional to a topological
integer, called the Chern number. Proper-
ties such as the Hall conductance are
‘topologically protected’. This is the ba-
sic characteristic of the state. It also turns
out that there are necessarily zero energy
modes present at the boundary between
such a phase and another which is topo-
logically different.

Duncan Haldane’s pioneering journey
started in an apparently obscure bylane.
In 1983, he showed that a chain consist-
ing of magnetic moments (spins) inter-
acting with their nearest neighbours had
very different properties depending on
whether the spins were integral or half
integral in units of (4/27) where & is the
Planck’s constant, the basic quantum
constant. Both classes of systems lack
long-range order. For the former there is
no gap between the ground state and the
lowest excited state, while for the latter,
there is. This stunning result was not
quite believed by experts. However, the

Haldane gap exists; it has been measured
experimentally. Presciently, he tracked
down the origin of this gap; it is a direct
consequence of a non-zero topological
term in the effective action of the entire
system, this action being expressed as a
function of the spin field. So one has, in
such chains, two different quantum fluids
arising because of a topological distinc-
tion. A few years later, in unrelated
work, he showed that even in the ab-
sence of an external magnetic field, a
special two-dimensional lattice system is
a topological quantum Hall fluid. Inter-
estingly, such a system has been recently
synthesized in a cold atom lattice (this
consists of about fifty thousand potas-
sium atoms hopping around in a special
lattice generated by crossed laser beams,
the whole thing being at a temperature of
about 107" K above absolute zero). This
creative work by Haldane was quite
directly the inspiration for later deve-
lopments of models of topological insu-
lators, mentioned below.

These contributions had an enormous
direct and indirect effect on the commu-
nity of physicists, by pointing to the cru-
cial (and unsuspected) role of topology
in condensed matter systems, by stimu-
lating the search for other kinds of topo-
logically non-trivial matter, as well as by
providing actual models and methods.

One well-known instance of the far flung
consequences of the work and ideas of
the laureates has to do with topological
insulators. These are semiconducting or
insulating in the bulk, like so many other
materials of that kind. However, because
of a topological peculiarity in their elec-
tronic structure, they inevitably have a
metallic surface; there are free electrons
there. These electrons are quite unusual.
Their intrinsic spin always points per-
pendicular to their direction of motion, in
a specific sense. Bi,Se; is one out of doz-
ens of examples. There is great promise
that these electronic states indicate even
more unusual possibilities. There are
many road maps for the realization of
these. For example, it is likely that their
nature will be the basis for robust, intrin-
sically quantum, ways of computing. We
are in the middle of a great creative fer-
ment. It is therefore wonderful that the
physicists whose curiosity and work very
clearly started it all, are recognized by
their peers.
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Nobel Prize in Physiology or Medicine 2016

The Nobel Prize in Physiology or Medi-
cine 2016 was awarded to Yoshinori
Ohsumi of the Tokyo Institute of Tech-
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nology, Tokyo, Japan ‘for his discoveries
of mechanisms for autophagy’ (http:/
www.nobelprize.org/nobel prizes/medi-

cine/laureates/2016/).

Autophagy is a commonly used word
in biology. It derives from the Greek
words ‘auto’ meaning oneself, ‘phagy’
meaning eating, and was coined by the
Belgian scientist — Christian de Duve.
The 1974 Nobel laureate for Physiology
or Medicine, de Duve, had discovered
cellular compartments, named /ysosomes,
in which most of the worn out biological
material is degraded. Explained beauti-
fully by Daniel Klionsky in a insightful
video on ‘Science and Art Collaboration’
at the University of Michigan: ‘Auto-
phagy is the process in which our cells
break down parts of themselves. As with

many things, parts of cells wear out and
how do the cells get rid of these things —
that are no longer functional —is the
process of autophagy’. However, diges-
tion of its own components by cells
remained enigmatic for a long time. Why
would cells compel degradation of its
own constituents? Moreover, what are
the underlying molecular mechanisms of
autophagy? These questions were ad-
dressed in a series of experiments since
the early 1990s by Yoshinori Ohsumi.
These experiments have led to the cur-
rent understanding of autophagy and its
immense physiological relevance. The
press release of the Nobel committee
(http://www.nobelprize.org/nobel_prizes/

medicine/laureates/2016/press.html) states
‘Ohsumi’s discoveries led to a new
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