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The Shaw Prize ‘in Astronomy 2018 is awarded to Jean-Loup Puget for his

: : BRI contrlbutlons to astronomy in the mfrared to submillimetre spectral range. He

' s 5 detected the cosmlc far-infrared background from past star-forming galaxies, and

: 5 propOSed aromatic hydrocarbon molecules as a constituent of interstellar matter.

_With the Pianck space mlssmn he has dramatlcally advanced our knowledge of
cosmology |n the presence of interstellar matter foregrounds
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The ESA’s Planck spacacr-aft is approx‘imately 4. 2m v

high and 4.2m wide. The primary mirror is 1 5m.and
is accompanied by two science instrumerits: the -
Low Fréquency Instrument- (LFI), whlqh -measm'es
radiation with wavelengths between 4mm and
10mm, and the High Frequen‘cy Instrument (HFI}

which operates. between 0.3mm and. 3mm.’ To. &
complete the hlghly sensitive - measurements; - -
Planck's detectors were tooled to temperatures -
" very close to absolute zero; " otherwise their own-
. -emission of heat would spoil tﬁ'e rneasurements :
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This illustration shows how phcgons in the Qosmrc

» Microwave Background (CMB) are deflected by the

gravitational lensing effect of massive cosmic
structures as they travel acrossithe Universe, Using
data from Planck satellite, astronomers have begn-

" able to measure this gravitational lensing of the

CMB over the whole sky for the first time.

© ESA and the Planck Gallaboration
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‘because the CMB radiation is deflected by
- intervening mass fluctuations. This gravitational

‘ ontribution
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Jean Loup - Puget has. made prvotal £ / Y
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Launched in 2001, with angular  resolution 3 times and sensitivity
resolution 33 times and sensitivity 8 times that of WMAP

45 times that of COBE
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Today, the Universe* expands in an ‘accelerating
" manner. I’gstein S relatlwstlc: theory of gravity is

corregt this requires a non-zero vacuum energy - [;
den5|ty Alternaively, the acceleration may
1nd|cate a mod|f|catlon of the strength of gravity
.on Jargé scales in which . case density
fluott:anons |n the Universe would develop at a
non- standard rate. Pjanck can test for this effect,
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lensing effect has been mapped comprehensi
by Planck, and matches the exp
standard gravity. :
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| Infrared image -of Carina Nebula
s .. 0" | penetrates the gas and dust and
. reveals the .infant star that is
R . " probably blasting the jet.
© NASA, ESAjand the Hubble SM4 ERO Team
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d[ation'? Accordmg tethe Blg Bang Theory, thaﬂnjgerae
angulanty, and then expandetl over the next 13.8 bllllon years to the

and hot it was made of 4 plasma. whlch' v
conﬁnually -amltted and re- absorbed ‘I|gﬁt o
preventing the light from travellng freely through
: ! 'space. Essentially, space was opaque.- As it
e _ . i ; ; expand nd cooled, however, the plasma began
R e . .{ to form Patoms which did not absorb light in
o i . the same way. The Universe then became
s e - transparent, and fight propagates essentlally freely. = e v
- " ; g The Cosgus Microwave Background (CMB) is the Jttgil)#éq-?$ﬁ¢§$%&9%;s e b
i~ » + Y 1|ght. that*was emltted by the hot plasma at the B EEENEE RS RS (ta§+ea:z—
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oW .. -transparent, when the Universe was 380,000 years S XWERRAREEHM -
s .- old. That light was,originally at optical and infrared THe alithy moe <hogey

Cusmu:
~ wavelengths, but as space expands that Iight is

stretched to the microwave region.
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: The Shaw Prlze in L|fe Science and Medlcme 2018 is awarded to Mary -Claire King

for her mappmg of the first breast cancer gene. Usmg mathematical modeling,

- King predlcted and then demonstrated that breast cancer can be caused by a

: ‘,‘_smgle gene. She mapped the gene whlch fac&lltated lts cloning- -and has saved
thoueands of llves : -
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13 Al The pfobablllty ef-women with or mthoutthe genetlc factor to have breast canqer >
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! - Probability to have breast cancer by age 40 38% ﬂ‘#”%
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; i ca{gd “the. BHeast CAncer— elated gene 1 (BF?CA‘I m
siai 2 g foﬁe gene. Her groundbreaklng dlscovery Qroved a -
i B aused by a single gene. This dogma- overturnmg'f nding
L P o / "ternatlonal race to clone the gens. : »
Ay : S mL Fh@kns enables us to carry out early dlagnosns*to evaluate if a
o 5 . r ahc 'eros;tlon The introduction of mathqmaflcal models and
58 : g also prowdes |hS|ghts for gene dlscovery ln other comp[ex dlséseg like
g Yte opens upwmdows in- estabﬂshment of genet|c ep:demloiogy Recently,
e e 5 f group, dﬁdomd a pIatfoEm name'd BROCA w‘nlch can smultaneously detect mutations INNGENES SIS
assomated with breast ovarian, éolon pancreatlc gastric and renal cancers, etc. These gene’uc testshave
saved and pfolonged the lives of people by allowi ing them to have prophylactic measures for the diseases.
4
i #-
¢
. -2
[ 3
.-




7L 1% A

Breast Cancer
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The X-ray photographs showing a
normal breast (left) and a breast with
‘tumour (right) ‘
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iy nulilpanty, ﬁrst birth aﬁef ége 80,‘use of certam'coniréwefptwes menopause exposure to lon|smg

rad!atron hngh c}alone diets, eonsumptlon of, alcohohc Ueverages and Eack of exercise, are all implicated

o 'm ‘the tumour developmerﬁ makmg |t hard Tor physwtans ‘o flnd the prognoms and -formulate the
= corresgondmg treatment-plan P o .
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" The Shaw Prize in Mathematical Sciences 2018 is awarded to Luis A Caffarelli
for his groundbreaking work on partial differential equations, including creating
a theory of regularity for nonlinear equations such as the Monge-Ampére
: eﬁuatibn, and free boundary problems such as the obstacle problem, work that
has influenced a whole generation of researchers in the field.
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: Lui;.'s"A‘ affarelllwasbornm1948 in!@'ue‘nés_ ‘Aifefs, Argentina and is currently a Professor of Mathematics

 at the University of Texas at Austin, USA. - He obtained his Master of Science in 1969 and his PhD i~

“+  Mathematics in 1972 from the University of Buenos Aires, Argentina. He joined the University of
~ Minnesota, USA, "Zw:r?iteiré"ihé-‘WaS 'Sﬁceassiﬁé;ly‘Postdoctqrél Fellow '(1197371g74), Assistar{f Professor
. (1975-1977), Associate Professor (1977-1979) and Professor (1979-1983). ‘He was a Professor at the -
~ Courant Institute of Mathematical Sciences, New York University, USA (1980-1982), the University of
Chicago, USA (1983-1986), the Institute for Advanced Study in Princeton, USA (1986-1996) and the

k University, USA (1994-1997). He is a member of the US National Academy

‘ he American Academy of Arts and Sciences.
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Wil Im - Another area in which Caffarelli has created a new

-..‘ “‘ - and highly influential theory is obstacle problems. As
with all important problems in partial differential

- | equations, this one arises in many contexts, including

| fluid fitration in porous media, and financial

~ mathematics.

"‘ dﬁ’—

ﬂ" L ‘=r

'_"In‘.ge‘nera[. because one does not usually have
~ explicit formulae for solutions to partial differential

eduaﬁo'ns the analysis of their properties is very
= hard and depends on-extremely delicate estimates.
: .Gaffarelh is a master at this, frequently coming up
_.thrr arguments that have left- other researchers
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Contributipns of Luis A Caffarelli
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Caffarelli has made groundbreaking contributions in- the field of partial differential equations.
Mathematically speaking, only a few very simple equations can be solved explicitly—that is, one can find
an exact formula for their solutions—but this is very much the exception rather than the rule. Instead, one
has to be content with being able to show that solutions exist, and with being able to say something about
how they behave.

A very important example of this is the Navier—Stokes equation, which describes the motion of a viscous
fluid. It is not known whether, given appropriate initial conditions, there must be a solution to the Navier—
Stokes eguation that remains well-behaved forever, or whether singularities will necessarily develop. To
put it more graphically, if you stir a bucket of water, is there a danger that a week later it will blow up?
Probably not, but nobody knows how to prove this, and it is one of the major unsolved problems of
mathematics.

Although it is not known how to solve the
Navier—Stokes ~ eguations, one can - find
so-called “weak solutions”, which are abstract
objects that solve the equations, but not in
quite the sense one wants. If one could show
that these solutions were “regular”, then the
Navier—Stokes problem would be solved. A
famous result of Caffarelli, Kohn and Nirenberg
is the closest anybody has come to that: it
shows that weak solutions exist that are regular
except on a set of singularities that has to be
very small, in a precise mathematical sense.
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