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This illustration shows the merger of two black holes and the gravitational waves that ripple outward as the
black holes spiral toward each other. The black holes — which represent those detected by LIGO on Dec. 26,
2015 — were 14 and 8 times the mass of the sun, until they merged, forming a single black hole 21 times the
mass of the sun. In reality, the area near the black holes would appear highty warped, and the gravitational
waves would be difficult to see directly.
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LIGO's First Observing Run
Sept. 12, 2015-Jan, 19, 2016

| This timeline shows the dates for two confirmed gravitational-wave detections by LIGO and one candidate
detection, which was too weak to unambiguously confirm. All three events occurred during the first
four-month run of Advanced LIGO — the upgraded, more-sensitive version of the facilities.
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Copley Medal 21-st century



2000 Alan R. Battersby "In recognition of his pioneering work in elucidating the
detailed biosynthetic pathways to all the major families of plant alkaloids. His
approach, which stands as a paradigm for future biosynthetic studies on complex
molecules, combines isolation work, structure determination, synthesis, isotopic
labelling and spectroscopy, especially advanced NMR, as well as genetics and
molecular biology. This spectacular research revealed the entire pathway to
vitamin B12”

2001  Jacques Miller "For his work on the immunological function of the thymus

and of T cells, which has revolutionised the science of immunology. Professor Millers

work is paving the way for designing new methods to improve resistance to infections,
producing new vaccines, enhancing graft survival, dealing with autoimmunity and even
persuading the immune system to reject cancer cells" —

2002  John Pople "For his development of computational methods in quantum

chemistry. His work transformed density functional theory into a powerful theoretical

tool for chemistry, chemical physics and biology”

2003  John Gurdon "For his unique range of groundbreaking discoveries in the

fields of cell and developmental biology. He pioneered the concept that specialised

cells are genetically equivalent and that they differ only in the genes they express not
the genes they contain, a concept fundamental to modern biology”




2004  Harry Kroto "in recognition of his seminal contributions to understanding

the fundamental dynamics of carbon chain molecules, leading to the detection of

these species (polyynes) in the interstellar medium by radioastronomy, and thence to

the genesis of a new era in carbon science”

2005  Paul Nurse "for his contributions to cell biology in general, and to the
elucidation of the control of cell division.”

2006  Stephen Hawking "For his outstanding contribution to theoretical

physics and theoretical cosmology. ”

2007 Robert May "for his seminal studies of interactions within and among

biological populations that have reshaped our understanding of how species,

communities and entire ecosystems respond to natural or human created

disturbance.”

2008 Roger Penrose "for his beautiful and original insights into many areas of

mathematics and mathematical physics. Sir Roger has made outstanding contributions

to general relativity theory and cosmology, most notably for his work on black holes

and the Big Bang.”

2009 Martin Evans "for his seminal work on embryonic stem cells in mice, which
revolutionised the field of genetics.”




2010 David Cox "for his seminal contributions to the theory and applications of
statistics.”

Tomas Lindahl "for his seminal contributions to the understanding of the
biochemistry of DNA repair.”
2011 Dan McKenzie "For his seminal contributions to the understanding of
geological and geophysical phenomena including tectonic plates.”
2012  John Walker "For his ground-breaking work on bioenergetics, discovering the
mechanism of ATP synthesis in the mitochondrion.”
2013  Andre Geim "For his numerous scientific contributions and, in particular, for
initiating research on two-dimensional atomic crystals and their artificial
heterostructures.”
2014  Alec Jeffreys "For his pioneering work on variation and mutation in the
human genome.”
2015  Peter Higgs "For his fundamental contribution to particle physics with his
theory explaining the origin of mass in elementary particles, confirmed by the
experiments at the Large Hadron Collider.”
2016  Richard Henderson "In recognition of his fundamental and revolutionary
contributions to the development of electron microscopy of biological materials,
enabling their atomic structures to be deduced."
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PHYSICS
2000-Zhores I. Alferov and Herbert Kroemer "for developing semiconductor heterostructures
used in high-speed- and opto-electronics”
2000-Jack S. Kilby "for his part in the invention of the integrated circuit"
2001-Eric A. Cornell, Wolfgang Ketterle and Carl E. Wieman "for the achievement of Bose-
Einstein condensation in dilute gases of alkali atoms, and for early fundamental studies of the
properties of the condensates”
2002-Raymond Davis Jr. and Masatoshi Koshiba "for pioneering contributions to
astrophysics, in particular for the detection of cosmic neutrinos"
2002-Riccardo Giacconi "for pioneering contributions to astrophysics, which have led to the
discovery of cosmic X-ray sources"
2003-Alexei A. Abrikosov, Vitaly L. Ginzburg and Anthony J. Leggett "for pioneering
contributions to the theory of superconductors and superfluids"”
2004-David J. Gross, H. David Politzer and Frank Wilczek "for the discovery of asymptotic
freedom in the theory of the strong interaction”
2005-Roy J. Glauber "for his contribution to the quantum theory of optical coherence"
2005-John L. Hall and Theodor W. Hansch "for their contributions to the development of
laser-based precision spectroscopy, including the optical frequency comb technique"
2006-John C. Mather and George F. Smoot "for their discovery of the blackbody form and
anisotropy of the cosmic microwave background radiation”
2007-Albert Fert and Peter Griinberg "for the discovery of Giant Magnetoresistance"



PHYSICS
2008-Yoichiro Nambu "for the discovery of the mechanism of spontaneous broken symmetry
in subatomic physics"
2008-Makoto Kobayashi and Toshihide Maskawa "for the discovery of the origin of the
broken symmetry which predicts the existence of at least three families of quarks in nature"
2009-Charles Kuen Kao "for groundbreaking achievements concerning the transmission of
light in fibers for optical communication"
2009-Willard S. Boyle and George E. Smith "for the invention of an imaging semiconductor
circuit — the CCD sensor"
2010-Andre Geim and Konstantin Novoselov "for groundbreaking experiments regarding the
two-dimensional material graphene”
2011-Saul Perlmutter, Brian P. Schmidt and Adam G. Riess "for the discovery of the
accelerating expansion of the Universe through observations of distant supernovae"
2012- Serge Haroche and David J. Wineland "for ground-breaking experimental methods that
enable measuring and manipulation of individual quantum systems”
2013- Frangois Englert and Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic particles, and which
recently was confirmed through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider”
2014- Isamu Akasaki, Hiroshi Amano and Shuji Nakamura "for the invention of efficient blue
light-emitting diodes which has enabled bright and energy-saving white light sources"



PHYSICS

2015- Takaaki Kajita & Arthur B. McDonald "for the discovery of neutrino oscillations,
which shows that neutrinos have mass”

2016- David J. Thouless, F. Duncan M. Haldane & John M. Kosterlitz "for theoretical
discoveries of topological phase transitions and topological phases of matter”
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CHEMISTRY
2000-Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa "for the discovery and
development of conductive polymers"
2001-William S. Knowles and Ryoji Noyori "for their work on chirally catalysed hydrogenation
reactions”
2001-K. Barry Sharpless "for his work on chirally catalysed oxidation reactions"
2002-Kurt Withrich "for his development of nuclear magnetic resonance spectroscopy for
determining the three-dimensional structure of biological macromolecules in solution"
2002-John B. Fenn and Koichi Tanaka "for their development of soft desorption ionisation
methods for mass spectrometric analyses of biological macromolecules"
2003-Peter Agre "for the discovery of water channels"
2003-Roderick MacKinnon "for structural and mechanistic studies of ion channels"
2004-Aaron Ciechanover, Avram Hershko and Irwin Rose "for the discovery of ubiquitin-
mediated protein degradation”
2005-Yves Chauvin, Robert H. Grubbs and Richard R. Schrock "for the development of the
metathesis method in organic synthesis"
2006-Roger D. Kornberg "for his studies of the molecular basis of eukaryotic transcription”
2007-Gerhard Ertl "for his studies of chemical processes on solid surfaces"
2008-Osamu Shimomura, Martin Chalfie and Roger Y. Tsien "for the discovery and
development of the green fluorescent protein, GFP"
2009-Venkatraman Ramakrishnan, Thomas A. Steitz and Ada E. Yonath "for studies of the
structure and function of the ribosome"



CHEMISTRY
2010- Richard F. Heck, Ei-ichi Negishi and Akira Suzuki "for palladium-catalyzed cross couplings
in organic synthesis”
2011-Dan Shechtman "for the discovery of quasicrystals"
2012- Robert J. Lefkowitz and Brian K. Kobilka "for studies of G-protein-coupled receptors"
2013- Martin Karplus, Michael Levitt and Arieh Warshel
"for the development of multiscale models for complex chemical systems"
2014- Eric Betzig, Stefan W. Hell and William E. Moerner "for the development of super-
resolved fluorescence microscopy"
2015-Tomas Lindahl, Paul Modrich and Aziz Sancar "for mechanistic studies of DNA repair"
2016-Jean-Pierre Sauvage, Sir J. Fraser Stoddart and Bernard L. Feringa "for the design and
synthesis of molecular machines"
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PHYSIOLOGY & MEDICINE

2000-Arvid Carlsson, Paul Greengard and Eric R. Kandel "for their discoveries concerning
signal transduction in the nervous system"

2001-Leland H. Hartwell, Tim Hunt and Sir Paul M. Nurse "for their discoveries of key
regulators of the cell cycle"

2002-Sydney Brenner, H. Robert Horvitz and John E. Sulston "for their discoveries
concerning genetic regulation of organ development and programmed cell death’
2003-Paul C. Lauterbur and Sir Peter Mansfield "for their discoveries concerning magnetic
resonance imaging"

2004-Richard Axel and Linda B. Buck "for their discoveries of odorant receptors and the
organization of the olfactory system"

2005-Barry J. Marshall and J. Robin Warren "for their discovery of the bacterium
Helicobacter pylori and its role in gastritis and peptic ulcer disease"

2006-Andrew Z. Fire and Craig C. Mello "for their discovery of RNA interference - gene
silencing by double-stranded RNA"

2007-Mario R. Capecchi, Sir Martin J. Evans and Oliver Smithies "for their discoveries of
principles for introducing specific gene modifications in mice by the use of embryonic stem
cells"

2008-Francgoise Barré-Sinoussi and Luc Montagnier "for their discovery of human
immunodeficiency virus"

2008-Harald zur Hausen "for his discovery of human papilloma viruses causing cervical
cancer"



PHYSIOLOGY & MEDICINE

2009-Elizabeth H. Blackburn, Carol W. Greider and Jack W. Szostak "for the discovery of how
chromosomes are protected by telomeres and the enzyme telomerase”

2010-Robert G. Edwards "for the development of in vitro fertilization"

2011-Bruce A. Beutler and Jules A. Hoffmann "for their discoveries concerning the activation
of innate immunity"

2011-Ralph M. Steinman "for his discovery of the dendritic cell and its role in adaptive
immunity"

2012- Sir John B. Gurdon and Shinya Yamanaka "for the discovery that mature cells can be
reprogrammed to become pluripotent”

2013- James E. Rothman, Randy W. Schekman and Thomas C. Siidhof "for their discoveries
of machinery regulating vesicle traffic, a major transport system in our cells”

2014- John O'Keefe, May-Britt Moser and Edvard I. Moser "for their discoveries of cells that
constitute a positioning system in the brain”

2015- William C. Campbell and Satoshi Omura "for their discoveries concerning a novel
therapy against infections caused by roundworm parasites”

2016- Yoshinori Ohsumi "for his discoveries of mechanisms for autophagy”
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2000 Andrew Chi-Chih Yao In recognition of his fundamental contributions to the theory of
computation, including the complexity-based theory of pseudorandom number generation,
cryptography, and communication complexity.

2001 Ole-Johan Dahl and Kristen Nygaard For ideas fundamental to the emergence of object-
oriented programming, through their design of the programming languages Simula | and
Simula 67.

2002 Ronald L. Rivest, Adi Shamir and Leonard M. Adleman For their ingenious contribution for
making public-key cryptography useful in practice.

2003 Alan Kay For pioneering many of the ideas at the root of contemporary object-oriented
programming languages, leading the team that developed Smalltalk, and for fundamental
contributions to personal computing.

2004 Vinton G. Cerf and Robert E. Kahn For pioneering work on internetworking, including the
design and implementation of the Internet's basic communications protocols, TCP/IP, and
for inspired leadership in networking.

2005 Peter Naur For fundamental contributions to programming language design and the
definition of ALGOL 60, to compiler design, and to the art and practice of computer
programming.




2006 Frances E. Allen For pioneering contributions to the theory and practice of optimizing
compiler techniques that laid the foundation for modern optimizing compilers and
automatic parallel execution.

2007 Edmund M. Clarke, E. Allen Emerson and Joseph Sifakis For [their roles] in developing
model checking into a highly effective verification technology, widely adopted in the
hardware and software industries.[8]

2008 Barbara Liskov For contributions to practical and theoretical foundations of programming
language and system design, especially related to data abstraction, fault tolerance, and
distributed computing.

2009 Charles P. Thacker For his pioneering design and realization of the Xerox Alto, the first
modern personal computer, and in addition for his contributions to the Ethernet and the
Tablet PC.

2010 Leslie G. Valiant For transformative contributions to the theory of computation, including
the theory of probably approximately correct (PAC) learning, the complexity of enumeration
and of algebraic computation, and the theory of parallel and distributed computing.

2011 Judea Pearl For fundamental contributions to artificial intelligence through the
development of a calculus for probabilistic and causal reasoning.[9]

2012 Shafi Goldwasser / Silvio Micali for transformative work that laid the complexity-theoretic

foundations for the science of cryptography, and in the process pioneered new methods for

efficient verification of mathematical proofs in complexity theory.

2013 Leslie Lamport For fundamental contributions to the theory and practice of distributed

and concurrent systems, notably the invention of concepts such as causality and logical clocks,

safety and liveness, replicated state machines, and sequential consistency.




2014 Michael Stonebraker For fundamental contributions to the concepts and practices
underlying modern database systems.
2015 Diffie, Whitfield & Hellman, Martin For inventing and promulgating both asymmetric

public-key cryptography, including its application to digital signatures, and a practical
cryptographic key-exchange method.



Fields Medal
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2002 Laurent Lafforgue For proving the global Langlands correspondence for function fields,
a major advance toward the realization of the "Langlands Program," which deals with the deep
connections between number theory, analysis, and group representation
Group theory | Number theory
Vladimir Voevodsky For developing a new cohomology theory for algebraic varieties,
which represents an important advance in number theory and algebraic geometry

2006 Grigory Perelman For his contributions to geometry and his revolutionary insights into
the analytical and geometric structure of the Ricci flow. His results provide a way of resolving
two outstanding problems in topology: the Poincaré Conjecture and the Thurston
Geometrization Conjecture. The mathematical community is in the process of checking his
work to ensure that it is entirely correct and that the conjectures have been proved.
Geometry | Topology
Andrei Okounkov For his contributions bridging probability, representation theory, and
algebraic geometry. | Algebraic geometry | Group theory | Probability
Terence Tao For his contributions to partial differential equations, combinatorics,
harmonic analysis, and additive number theory. | Combinatorial theory | Differential
equation | Fourier series and transforms | Number theory
Wendelin Werner For his contributions to the development of stochastic Loewner
evolution, the geometry of two-dimensional Brownian motion, and conformal field theory.
Brownian movement | Conformal mapping | Stochastic process




2010 Elon Lindenstrauss For his results on measure rigidity in ergodic theory, and their
applications to number theory. | Number theory | Topological dynamics

Ngo6 Bao Cha For his proof of the Fundamental Lemma in the theory of automorphic
forms through the introduction of new algebra-geometric methods.

Group theory | Number theory

Stanislav Smirnov For the proof of conformal invariance of percolation and the planar
Ising model in statistical physics. | Ising model | Mathematical physics | Statistical
mechanics

Cedric Villani For his work proofs of nonlinear Landau damping and convergence to
equilibrium for the Boltzmann equation | Entropy | Plasma (physics) | Thermodynamic
principles

2014 Artur Avila Cordeiro de Melo For his profound contributions to dynamical systems
theory, which have changed the face of the field, using the powerful idea of
renormalization as a unifying principle.

Manjul Bhargava For developing powerful new methods in the geometry of numbers,
which he applied to count rings of small rank and to bound the average rank of elliptic curves.

Martin Hairer For his outstanding contributions to the theory of stochastic partial
differential equations, and in particular for the creation of a theory of regularity structures for
such equations.

Maryam Mirzakhani For her outstanding contributions to the dynamics and geometry
of Riemann surfaces and their moduli spaces




2018
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2003 Jean-Pierre Serre College de France
"for playing a key role in shaping the modern form of many parts of mathematics,
including topology, algebraic geometry and number theory”
2004 Michael Atiyah; British;
Isadore Singer United States American  University of Edinburgh; MIT
"for their discovery and proof of the index theorem, bringing together topology,
geometry and analysis, and their outstanding role in building new bridges between
mathematics and theoretical physics”
2005 Peter Lax United States American Courant Institute
"for his groundbreaking contributions to the theory and application of partial differential
equations and to the computation of their solutions”
2006 Lennart Carleson Sweden Swedish Royal Institute of Technology
"for his profound and seminal contributions to harmonic analysis and the theory of
smooth dynamical systems”
2007 S. R. Srinivasa Varadhan India, United States American Courant Institute
"for his fundamental contributions to probability theory and in particular for creating
a unified theory of large deviation”
2008 John G. Thompson; United States American; University of Florida;
Jacques Tits  Belgium France French College de France
"for their profound achievements in algebra and in particular for shaping
modern group theory”
2009 Mikhail Gromov Russia Institut des Hautes Etudes Scientifiques Courant Institute
"for his revolutionary contributions to geometry"



2010 John Tate United States American University of Texas at Austin
"for his vast and lasting impact on the theory of numbers”

2011 John Milnor United States Stony Brook University
"for pioneering discoveries in topology, geometry, and algebra”

2012 Endre Szemerédi Hungary US Alfréd Rényi Institute and Rutgers University
"for his fundamental contributions to discrete mathematics and theoretical
computer science, and in recognition of the profound and lasting impact of
these contributions on additive number theory and ergodic theory”

2013 Pierre Deligne  Belgium Institute for Advanced Study
"for seminal contributions to algebraic geometry and for their transformative impact
on number theory, representation theory, and related fields”

2014 Yakov Sinai Russia US Landau Institute for Theoretical Physics Princeton University
"for his fundamental contributions to dynamical systems, ergodic theory,
and mathematical physics”

2015 John F. Nash, Jr. US (Nobel prize for economics for game theory)
Louis Nirenberg  Canada US Princeton University Courant Institute
"for striking and seminal contributions to the theory of nonlinear partial differential
equations and its applications to geometric analysis”

2016 Andrew J Wiles British -> US Princeton
“for his stunning proof of Fermat’s Last Theorem by way of the modularity conjecture for
semistable elliptic curves, opening a new era in number theory.”
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ECONOMY
2000-James J. Heckman "for his development of theory and methods for analyzing selective
samples”
2000-Daniel L. McFadden "for his development of theory and methods for analyzing discrete
choice"
2001-George A. Akerlof, A. Michael Spence and Joseph E. Stiglitz "for their analyses of
markets with asymmetric information"
2002-Daniel Kahneman "for having integrated insights from psychological research into
economic science, especially concerning human judgment and decision-making under
uncertainty”
2002-Vernon L. Smith "for having established laboratory experiments as a tool in empirical
economic analysis, especially in the study of alternative market mechanisms"
2003-Clive W.J. Granger "for methods of analyzing economic time series with common trends
(cointegration)”
2003-Robert F. Engle lll "for methods of analyzing economic time series with time-varying
volatility (ARCH)”
2004-Finn E. Kydland and Edward C. Prescott "for their contributions to dynamic
macroeconomics: the time consistency of economic policy and the driving forces behind
business cycles"
2005-Robert J. Aumann and Thomas C. Schelling "for having enhanced our understanding of
conflict and cooperation through game-theory analysis"
2006-Edmund S. Phelps "for his analysis of intertemporal tradeoffs in macroeconomic policy"



ECONOMY
2007-Leonid Hurwicz, Eric S. Maskin and Roger B. Myerson "for having laid the foundations
of mechanism design theory"
2008-Paul Krugman "for his analysis of trade patterns and location of economic activity"
2009-Elinor Ostrom "for her analysis of economic governance, especially the commons"
2009-Oliver E. Williamson "for his analysis of economic governance, especially the
boundaries of the firm"
2010-Peter A. Diamond, Dale T. Mortensen and Christopher A. Pissarides "for their analysis
of markets with search frictions"
2011-Thomas J. Sargent and Christopher A. Sims "for their empirical research on cause and
effect in the macroeconomy"
2012- Alvin E. Roth and Lloyd S. Shapley "for the theory of stable allocations and the practice
of market design"
2013-Eugene F. Fama, Lars Peter Hansen and Robert J. Shiller "for their empirical analysis of
asset prices"
2014-Jean Tirole "for his analysis of market power and regulation”
2015-Angus Deaton "for his analysis of consumption, poverty, and welfare"
2016-Oliver Hart and Bengt Holmstrom "for their contributions to contract theory"
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2000 Steven Victor Ley "In recognition of his invention of new synthetic methods applied to
the synthesis of complex natural products including those from insects, micro-organisms and
plants. Among his most outstanding successes have been the synthesis of avermectin Bla,

tetronasin, the milbemycins and indanomycin as well as his important development of short,
practical syntheses of oligosaccharides”

2001 Alastair lan Scott "For his pioneering contributions to the understanding of biosynthetic
pathways, and in particular for his work on vitamin B12. He is a world leader in his area and

the impact of his discoveries are likely to have a significant effect on the way natural product
chemistry progresses into the future”

2002 Neil Bartlett "For his research exploring the highest oxidation limits of the less
oxidizable elements, primarily using elemental fluorine. [sic] He has exposed the new

chemistry of the noble gases and new procedures for attaining high oxidation state limits
across the elements of the periodic table”



2003 Roger Parsons "For his distinguished career in electochemistry. [sic] He developed
the method of preparing, for the first time, clean and well-defined metal surfaces and
putting them into contact with the electrolyte without contamination”

2004 Takeshi Oka "For his many and varied contributions to molecular spectroscopy and
its applications, particularly to astronomy”

2005 Chris Dobson "For his work on the application of NMR and other structural methods
for studying protein folding and misfolding, especially the formation of amyloid fibrils,
leading to novel insights on protein structure and folding”

2006 Martin Pope "For his pioneering work in the field of molecular semiconductors which
has now become a large and important area of semiconductor science and technology”

2007 John Simons "For his many innovative experimental contributions to a broad area of
chemical physics, including molecular reaction dynamics, molecular spectroscopy and most
recently, biophysical chemistry”



2008 James Fraser Stoddart "For his contributions in molecular technology”

2009 Jeremy Sanders "For his pioneering contributions to several fields, most recently to
the field of dynamic combinatorial chemistry at the forefront of supramolecular chemistry”

2010 Carol Robinson "For her ground-breaking and novel use of mass spectrometry for the
characterisation of large protein complexes.”

2011 Ahmed Zewail "For his seminal contributions to the study of ultrafast reactions and
the understanding of transition states in chemistry, and to dynamic electron microscopy.”

2012 Fraser Armstrong "For his pioneering protein film electrochemistry allowing exquisite
thermodynamic and kinetic control of redox enzymes, exemplified by hydrogenases, key in
energy technology.”

2013 Graham Hutchings '"for the discovery of catalysis by gold and for his seminal
contributions to this new field of chemistry”



2014 Clare Grey "for further pioneering applications of solid state nuclear magnetic
resonance to materials of relevance to energy and the environment”

2015 Gideon John Davies "for his work in determining the reaction chemistry of enzyme-
catalysed carbohydrate transformations”

2016 Stephen Mann '"for distinguished contributions to the chemistry of bio-mineralization
and for pioneering the bio-inspired synthesis and self-assembly of functional nanostructures and
hybrid nanoscale objects”



