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The front of the medal displays a portrait of Mr Run Run Shaw,
the founder of this award. On the reverse, the medal shows the
award category, the relevant year and the name of the laureate,
and an imprint of a seal of the Chinese phrase “HIK&TMAZ"
on the upper right corner. It is quoted from Xun Zi—a thinker in
the Warring States period of Chinese history in 313-238 BCE,
meaning “Grasp the law of nature and make use of it!
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The Shaw Prize is an international award to honour individuals who are-currently active in their
respective fields and who have recently achieved distinguished and significant advances, who have
made outstanding contributions in academic and scientific research or applications, or who-in other
domains have achieved excellence. The award is dedicated to furthering sociétal progress,
enhancing quality of life, and enriching humanity’s spiritual civilisation.

The Shaw Prize consists of three annual awards: the Prize in Astronomy, the Prize in Life Science and
Medicine, and the Prize in Mathematical Sciences. Each prize carries a monetary award of one million
two hundred thousand US dollars and each winner receives a medal and a certificate. The
nomination process begins in September, the winners are ‘announced in the following summer and
the prizes are presented in autumn.

. Established under the auspices of Mr Run Run Shaw in November 2002, the Prize honours
individuals, regardless of race, nationality, gender and religious belief, who have achieved significant

* breakthroughs in academic and scientific research or applications and whose works have resulted in
a positive and profound impact on mankind.

The Shaw Prize is managed and administered by The Shaw Prize Foundation. The important role of
adjudication of candidates for the prizes is undertaken by an international team of reputable
scientists who serve on the Selection Committees.
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The Shaw Prize in Astronomy
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The Shaw Prize in Astronomy 2021 is awarded in equal shares to Victoria M Kaspi,
Professor of Phlysics and Director of McGill Space Institute, McGill University, Canada and
' Chryssa Kouveliotou, Professor and Chair, Department of Physics at George Washington
University, USA, for their contributions to our understanding of magnetars, a class of highly
magnetlsed neutron starsthat are linked to a wide range of spectacular, transient
astrophysical phenomena. Through the development of new and precise observational
techniques, they confirméd the existence of neutron stars with ultra-strong magnetic fields
and characteriséd their physical properties. Their work has established magnetars as a new
and important class of astrophysical objects.
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Victoria M Kaspi was born in1967 in Austin, Texas, USA and is currently a Professor of Physics and Director
of McGill Space Institute, McGill University, Canada. Shefeceived her Bachelor's degree in Physics from
McGill University in 1989 and obtained her MA and PhDin Physics from Princeton University, USAin 1991
and 1993 respectively. After positions atsthe California Institute of Techiology, the Jet Propulsion
Laboratory and the Massachusetts Instityte of Technology, she then became Assistant Professor at McGill
in 1999, At MeGill, she held onesof McGil's first Canada Research Chairs and she was named the Lorne
Trottier Professor of Astrophysics in 2006. She is 8 member of the US:Nationtal Academy of Sciences, the
American Academy of Arts and Sciences and a Fellow of the Royal ,sf:c;e‘y of London.
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Chryssa Kouveliotow .
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Chryssa Kouveliotou was born in 1953 in Athens, Greece and is currently a Professor and Chair of the
Department of Physics at George Washington Uhiversity, USA. She received her Bachelor's degree in
Physics from the National and Kapodistrian Universitysof Athens, Greece in 1975, completed an MA in
Science at the University of Sussex in 1977 and obtained a PhD in Astrophysics from the Technical
University of Munich, Germany in 1981, She was an Assistant Professor at the National and Kapodistrian
University of Athens (1982-1994). She joined NASA Marshall Space Flight Center in 1991, In 2015, she
moved to George Washington University as Pfofessor of Physics. She is a member of the US National
Academy of Sciences, the American Academy of Arts and Sciences, the Royal Netherlands Academy of
Artand Sciences and the Academy of Athens, Greece.




. Neutron star: Cosmic Zombie
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Neutrpn stars are the ultra-compact remnants of stellar explosions. When a massive star depletes its _
supply of nuclear fuel at the core, its envelope is blown away in a supernova explosion, while the core
collapses inward under its own gravity.Jeaving a neutron star or black hole behind. As s narie suggests,
“a neltron star censjsts primarily of neutrons that are formed by the merging of electrons with protons.
during the rapid collapse of the stellar core. Neutron stars are currently the second most extreme type of
known bodies in the Universe after black hdles.
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*K (Kelvin) is the absolute temperature scale where 0 °C (freezing point of water) = 27315 K
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 Pulsar: Cosmic Lighthouse
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“Pulsars, or Pulsating Radio Sources, are rapidly rotating neutron stars. Neutron stars have a strong
magneic field, since the magnetic field lines in the progenitor star are “frozen in" in the stellar remnant as
it collapses. As the neutron star spins, the rotating fields funnel jets of particles along the magnetic poles. *
If a neutron star’s magnetic and rotational poles are not aligned, we call the object a pulsar as its beams
of fadiation appear to be pulsing on and of at a regular interval like a lighthouse beam.
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Crab Nebula and its pulsar
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The most famous pulsar PSR B0531+21 is situated at the centre of the Crab Nebula in Taurus. The
supermova explosion was observed in 1054 CE, and the Crab Nebula is a supemova remnant about 10
light-years across and 7,000 light-years away from the Earth, Each of the Crab pulsar's rotation takes 333
milliseconds and is slowing at a rate of about 13 milliseconds every century, ie, its rotational period
increases by 1.3 millisecands for every hundred years. The.plot shows the light curve of the Crab pulsar.
One full revolution of the pulsar corresponds to the interval from one high peak to the next.
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Pulsar Timing observations hold considerable information about the object's properties and surroundings.
For example, by assuming that the spin-down process is dominated by the loss of a pulsar's angular
momentum due to its very strong magnetic field, the pulsar's surface magnetic field strength (B,,.,,, and
the age of the pulsar (r), can be estimated from the pulsar timing
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where P is the pllsar spin period (measured in second) and P s the spin-down rate: The spin-down

measurements were extremely challenging because of the faintness of the pulsed signal and the need to

correct the rotation phase across multiple epochs.
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Pulsérs have well-defined spin periods with fiming accuracy reaching a part in a quadilion—better, than
the best atomic clocks. Pulsars are extremely accurate "cosmic clocks” that enable tests of fundameptal
physics in the presence of a gravitational field many billion times stronger than that on Earth. For instance,
the passage of gravitational waves (dipples in the space-time curvature produced ddring other neutron
stars-of black holes merging) affects the propagation of pulsar signals to the Earth, By deteeting the
difference in the arrival times of the pulsar signals from different pulsars, astronomers can test general
relativity thodsands of times more precisély,than possible with ground-based detectors such'as the Laser
Interferometer, Gravitatiortal-Wave Observatory (LIGO).
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Magnetar: Cosmic Magneto
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Magnetars are a type of neutron stars having magnetic fields that are a thousand times stronger than that
in typical neutron stars. Theyare the strongest magrets in the Universe. Around 10% of the supernovae

explosions lead to a magnetar.

Magnetars probe extreme physical conditions inaccessible on Earth, stch as strong gravity, ultra-nuclear
densities and strong magnetie fields. In-this high energy. entironment particle-ant-particle-pairs are
created from the vacuum, and unique tests of general relafivity and quantum electrodynamics become
possible. - Today, magnetars are routinely.invoked to explain the physics underfying'a.diverse range of

* astrophysical transients indluding y-ray bursts, superluminous supernovae and iascent neutron stars.
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Formation of magnetars J .
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1f a neutron star's rotation is fast enough, the combined effects of rotation and cofvection (warm neutron
star materials rise while cold ones sink) will drag magnetic ield lines through the star, building up the star's
overall magnetic field, via a complicated process known s “dynamo action: The same process operates
in the interior of the Earth and the'Sun, giving them their magnetic fields. A recent study found that the
dynamo process is more efficient for stars with rotation, periods faster than about 8 mili-seconds. ffa
neutron star is not born rotating fast enough o if the rotation rateis much slower than the convection rate,
dynamo action will nét aceur, resulting in a weaker magnetic field. The star will become an'brdinary

feutron star. s '
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Starquake and transientoutburst
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Magnetars wére predicted to produce highly energetic bursts/of y-rays through generation of highly
energetic onized particle pairs at their centres. A magnetar's.colossal and evolving magnefic field can
strain the Grust with monstrous magnetic foree, sometimes breaking it. When the erust snaps, it vibrates
violently in a "starquake! that leads to bright outbufsts of soft y-rays with energy equivalent to 10 trillions
tirmes the energy released in a magnifude 7 earthquake., A starquake is one of the most powerful kinds of
explosiofis knowp in the Universe.
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Pulsar v.s. magnetar

L BEEE Pulsar L HiE Magnetar
AR HEER TEBHAR AR
candiates racioputar BEXEHERER (A
XSHRAEER
ool P )
| |
oo 10°-10°T
magoetc hold st P —
EDIOKGRRA—REE
can b athousand e stonger than iose n
Jsrs, ot a6 Gl times SioPgSr
1 | thona rrigeatormagret
ansg SOHREHER SHOIHEBR
rotationst speec | sowatto sowra oot |01
R RIR 5
emisionacivty powredty | rotatonalonray magnaticanargy

ERZAENE

K% 2,900 (ATNFRRERE )

30 (EEWMLMEER)

numbsr of confime dbjects
{as of Novembor 2020]

T (Rl AR - AR 10005 T
SSIRBEAIE | 0000025 — 0.00008 T

* T (Tesla) s a unit of magnetic heldstrength; a typical refrgerator magnet: 0005 T;

the Earth surface’s magnetic fied: 0.000025 = 000008 T



i iy K

Contributions of Kouveliotou
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Chryssa Kouveliotou established the existence of magnetars and provided a stunning confirmation of the
magnetar model. In 1998, by eveloping new techniques for pulsar timing at X-ray wavelengths and
applying these to data from the Rossi X-ray Timing Explorer (RXTE), Kouveliotou and her colleagues were
able to detect X-ray pulses with a period of 747655 seconds within the persistent X-ray gmission of soft
gamma-ray repeater SGR 180620, Kouveliotou then meastred the pulsar’s spin-down rate (0.26 seconds
per century), and derived both the pulsar age (around 1,500 years) and the dipolar magnetic field strength
— which lay within the range of valdies predicted for magnetars, close to 10° T

As at November 2020, there are 12 confirmed SGRs and 4 SGR
candidafes. SGRs are named according to their celestial coordinates.
For example, for SGR 1806-20, the designatiori *1806-20" refers to a
right ascensiof of 18:06 and a declination'of -20°.

SGR 1806-20 is arguably the most burst-prolific magnetar and showed
several peridds of bursting activity. - It is located about 50000
light-years aviay in' Sagittarius, During its outburst observed on 27
December 2004, in a brief two-tenths of a second, the magnetar gave
off as much energy as,the Sun generates in 250,000 years. This giant
flare even produced strong disturbances in the Earth's ionosphere and
the geomagnetic field.
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Victoria Kaspi showed that'a second class of rare X-ray emitting pulsars, the “anomalous X-ray pulsars”
(AXPs), were also magnetars. |

Kaspi took the féchniques used by radio astronomers o maintain phase coherence in pulsar timing and
adapted ther to work in‘the much more challenging X-ray domain, ‘This allowed her to make extremely
accurate timing measurentents of X-ray plsars with full phase“coherence actoss intervals of months to
years, and hence to measure spin-down rates far smaller than those seen in SGR 1806-20.

Kaspl has also made to the tion of magnetars as a population,
through the elucidation of their physical properties and their relationship to the classical radio pulsars. Her
work has cemented the recognition of magnetars as a distinct source class.
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X-ray emitting pulsars and anomalous X.

y pulsars
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. An Xeray binary is a system containing a neutron star. I the compact
Object in an X-ray binary is & neutron ster vith a powerful magnetic
s field
magnetic poles of the neutron star. This forms X-ray emitting hot spots
which move into and out of view as the neutron star spins, giving rse,
toX-ray pulses.
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Identified as X-ray pulsars in the ‘soft X-ray range, Anomalous X-ray.
Pulsars (AXPs) were dubbed ‘anomalous’ because their high X-ray
luminosity cannot be easily explained in terms of the conventional
processes which apply to other classes of pulsars. It is believed that
AXPs are magnetars. As at November 2020, there are 12 confirmed
AXPs and 2 AXP candidates.
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The Shaw Prize in Life Science & Medicine >,
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/ The Shaw Prize in Life Science and Medicine 2021 is awarded

/ < " to Scott D Emr for the landmark discovery:of the Endosomal

v | { Sorting Complex Required for Transport (ESCRT) pathway,

| 5N . which is essential in diverse processes involving membrane

. biology, including cell division, cell-surface receptor regulation,

« viral dissemination, and nerve axon pruning. These processes
&Ny are central to life, health and disease.
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Scott D Emr was born in 1954 in Jersey City, New Jersey,/USA and is currently
Frank HT Rhodes Class of 1956 Professor of Molecular Biology and Genetics and
Director of the Weill Institute for Cell and Molecular Biology, Cornell University,
USA. He received his PhD in Molecular Genetics from Harvard Medical School,
USA in 1981. He was a Miller Research Scholar at the University of California,
Berkeley, USA (1981-1983). He then worked at the California Institute of
Technology, USA, where he was successively Assistant Professor and Associate
Professor (1983-1991). Prior to joining the faculty at Cornell, he was a
Distinguished Professor at the School of Medicine, University of California, San
Diego, USA and an Investigator of the Howard Hughes Medical Institute
(1991-2007). He is a member of the US National Academy of Sciences and the
American Academy of Arts and Sciences.



(eI AL — A

The Basic Unit of an Organism — Cell
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One of the characteristics unicellular organisms, which are simpler life forms like
amoebas and yeasts, share with the conceivably more complicated human body,
is that we all have cells as the most basic unit. Thanks to the working cells, our
bodies can function like clockwork all day long. For instance, neurons in our
brains transmit nerve impulses, epithelial cells of the small intesting’s inner walls
facilitate the absorption of nutrients from food, and cardiac muscle cells of our
hearts pump blood into different body parts through contraction and relaxation.

Understanding, the structure of cells and their biological processes, for example,
cell division, intracellular transportation and degradation of materials, is the key
to leading a healthier life and fighting against various diseases. The Endosomal
Sorting Complex Required for Transport (ESCRT) pathway studied by Emr, is an
indispensable biological process in a cell.
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Vesicles are the organelles responsible for carrying bio-components to diferent organalies.
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Introduction to ESCRT
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Emr diséovered and elucidated that the ESCRT machinery bends vesicle membranes inward and away
from the cel cytoplasm, forming unique vesicular structures. ESCRT guides the formation of vesicles,
which harbour proteins in need of transport, and ensures that the vesicles and their cargas are selectively
trafficked to distinct destinations. Delivering specific “cargo (bio-components like proteins, nucleic acids)
to the appropriate location in a timely manner is very important to the normal funictioning of the cell.
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Using marmmalian cells as an example, receptor proteins within the cell, such as hormone receptors,
involve ESCRT when they dre “recycled’ ESCRT is able to recognise the ubiquitin tag on receptor
proteins. These proteins will be packaged into vesicles and delivered to specific organelles for
degradation and reconstruction. These processes are crucial to the upkeep/of receptor, proteins, for
maintaining a normal amouitof receptor proteins to receive hormonal signals from varigus body systems
and respond accordingly.
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The diagram above shows one possible pathway that receptor prateins are ‘recycled" for receptor reguiation,
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Remarkably, five ESCRT sub-complexes are involved in transport between the various vésicle destinations.
Emr systematically defined the components in each of five functionally distinct ESCRT machines (ESCRT-0,
ESCRT-|, ESCRT-II, ESCRT-Ill, and Vps4-Vta1) and characterised the jobs performed by all five in an
assembly line-fike pathway.
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the endosamal membrane, ESCRT-0 recognises
ubiquitinated cargo (bio-components)

ESCRT-Il packages and ushers cargos into the vesicles
and drives neck constriction
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The ESCRT pathway is also required in the process of cell division. The last step of cell ivision involves the
separation of cytoplasm and the splitting of the cell membrane, the latter of which makes use of the ESCRT
pathway.
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The ESCRT pathway involves many proteins that combine to form complexes that interact with each other
Emr combined molecular, biochemical, and structural approaches to characterise some 40 of these
proteins, and determined their roles in the pathway.
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Useof ESCRT by Viruses . ‘
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Other than the natural functions of the ESCRT pathway, it may sometimes be used against the cell. For
instance, retroviruses like human immunodeficieney virus (HIV) are able to recruit ESCRT to separate

from the host cell and spread to other parfs of the body.
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ESCRT and Abnormal Cell Physiology.
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As the ESCRT pathway plays an important role in normal cell functioning, a deficiency or absence of
proteins involved in the pathway willikely Iéad to diseases.

As mentioned, the ESCRT pathway is involved in the degradation®of some cellular proteiris in proper time.
When ESCRT proteins are lacking, cellular proteins risk forming aggregates, with studies linking such
aggregates to neurodegenerative diseases, implicating the importance of ESCRT in maintaining the
health of neurons.

In several types of tumours, the genetic expression of certaini ESCRT is either abnormally low or
abnormally high. While a causative link has not been established between any ESCRT gene mutation and
tumourigenesis, expression levels of ESCRT proteins in tumours are suggested to be useful as indicators
of disease progression.
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Emr ade seminal discoveries in the field of vesicle trafficki has
40 ESCRT proteins, and determining their roles in the pathway. He has transformed our understanding of
the pathways and mechanisms involved in membrane trafficking, a process that is central to lfe, from
yeast to humans. He also discovered an enzyme, a lipid kinase, that converts the lipid molecule called

1o phosphate.. By studying this enzyme and the lipids
Ao T T B S e T G e determine
the to which particular bi are delivered. 2

Emr's contributions have led to further Studying of the vital processes of a cell, including regulation of
signaling by cell surface receptors, the separation of daughter cells during cell division, and normal
degradation of proteins within the cell. The illumination of how these processes work allows a better
understanding of cellular physiology, thereby expanding human knowledge of cell biology.
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The Shaw Prize in Mathematwal Sciences -
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The Shaw Prize in Mathematical Sciences 2021 is awarded in equal shares to Jean-Michel
Bismut, Emeritus Professor, Mathematics Department, Université Paris-Saclay, France and
Jeff Cheeger, Silver Professor of Mathematics at the Courant Institute of Mathematical
‘Scierices, New York University, USA for their remarkable insights that have transformed, and
,tor'ﬂ_inue to transform, modern geometry.

;
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Jean-MicHel Bismut was bor in 1948 in Lisbon; Portugal and is currently Emeritus Professor, Mathematics
Department, Université Paris-Saclay, France. He graduated from Ecole Polytechnique, France and eamed.
his PhD in Mathematics in 1973 from the Université Patis VI, France. He was an Engineer of the Corps des
Mines in France (1970-1976) and a: Lectdrer at Ecole Polytechnique (1975-1987). He worked at the
Department of Mathematics of Université Paris Sud since 1976 where he was successively Associate
Professor (1976-1980), Professor (1981-2017) and Emeritus Professor (2017-). He is-a member of the
French Academy of Sciences.
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Jeff Cheeger was bor in 1943 in Brooklyn, New York City, USA and is currently Silver Professor of
Mathematics at the Courant Institute of Mathematical Sciences, New York University, USA. He obtained
his Bachelor's degree from Harvard University, USA in 1964 and received his MS and PhD in Mathematics
from Princeton University, USA in 1966 and 1967 respectively. He was a postdoctoral fellow and instructor
at National Science Foundation (1967-1968). After working at the University of Michigan, USA as an
Assistant Professor (1968-1969), he-joined the faculty of the State University of New York, Stony Brook,
USA where he was successively Associate Professor (1969-1971), Professor (1971-1985), Leading
Professor (1985-1990) and Distinguished Professor (1990-1992). He has been Professor at New York
University since 1989. He is a member of the US National Academy of Sciences, American Academy of
Arts and Sciences, and the Finnish Academy of Science and Letters.
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The Fifth Pestulate {also known as “the Parallel Postulate”]
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Geometry is ope of the oldest branches of mathematics, going back to the GreeKs and beyond. A famous
problem left open by the Greeks and not resolved until the 19 century was whether the parallel postulate,
which states that, on a plane, given a line-and a point not on that line, there is exactly one line through the
point that does not/meet the first line, could be deduced from Euclid’s other xioms. It was shown by
Gauss, Bolyai and Lobachevsky that the answer was no,and that there are different geometries that are
mathematically consistent in which the other axioms hold bt the parallel postulate does not. Moreaver,
these non-Euclidean “geometries, far from being mere curlosities, are fundamental to modern
mathematics.

From these ideas, thanks in particular to the work of Riemann, the concept of a manifold became central
to'geometry. A manifold can be thought of as a higher-dimensional generlization of the notion of a
surface in three-dimensional space (though a marifold is often better thought of “intrinsically” rather than
with reference to a larger space in which it ives). Manifolds are ubiquitous in mathematics and physics;
and their study has led to remarkable developments and many fascinating open problems.
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One of these developments is the realisation that global topological quantities of a manifold can often be
computed sing local taols. For example, a famous theorem of Gauss and Bonnet shows that tfie number
of *holes" a surface has (where, for instance, a doughnut has ofe Hole, the surface of a pretzel in the shape
of figure-of-8 has two, and so on), can be obtained by integrating a local quantity, the curvature, over the
surface. This idea has subsequently been vastly generalised, a particular highlight being the famous

Atiyah-Singer index theorem from 1963, This theorem led to an entire subfield of mathematics devoted to
index theory.
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Bismut has played a central role,in this subfield. In the early part of his career, he made profound
contributions to probability theory that have had a major impact on the theory of mathematical finance.
Later, he imported ideas from probabilty into index theory, reproving all the main theorems and vastly
extending them, which enabled him to link index theory to other parts of mathematics. This has led to many
applications in areas as far afield as Arakelov geometry, which is used in number theory to study
high-dimensional Diophantine équations, and physics, where the tools developed by Bismut have been
used to compute the genus 1 Gromov-Witten invariant. Jn recent years, his work has been changingthe way
we think about the Selberg trace formula, a fundamental tool i representation theory and modern number
theory. A commen feature of all his works is that using index theory he is able to prove explicit formulas for
quantities that people would previously never have dared to try to compute.

N
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A major theme of modern geomery, to which Cheeger has made profound contributions, s to understand
the impact of curvature conditions on the structure of manifolds. His work in this area has had a huge
impact — for example, Perelman made essential use of it in his solution of the Poincaré conjecture. He is
also a household name in combinatorics and theoretical computer science owing to his introduction of
what we now call the Cheeger constant, This s the smallest area of a hypersurface that divides a manifold
into two parts, which Cheeger'related to the first non-trvial eigenvalue of the Laplace~Beltrami operator
on that manifold. A discrete analogue of this result for graphs has played an extremely important role in the
study of random walks on graphs, which in turn has led to the development of profound algorithms for
random'sampling, integration in high diménsions, and many other applications.
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Bismut and Cheeger have also worked together, and are particularly celebrated for their extension of a

famous invariant, the so-called eta invariant, from manifolds to families of manifolds, which allowed them to
compute explicitly the limit of the eta invariant along a collapsing sequence of spaces.

More generally,over the last few decades, including right up to the present day, Bismut and Cheeger, s well
as solving long-standing open problems, have introduced important new ideas and built tools that have
greatly extended the range of what is possible in modern geometry, and as a result have transformed the
subject.






