FROM THE AMS SECRETARY

2020 Chevalley Prize
in Lie Theory
Huanchen Bao and Weiqiang Wang were awarded the 2020 Chevalley Prize in Lie Theory at the 126th Annual Meeting
of the AMS in Denver, Colorado, in January 2020.

Citation
The 2020 Chevalley Prize is
awarded to Huanchen Bao and
Weiqiang Wang for their fundamental contributions to the
theory of quantum symmetric
pairs.
This award is based on two
publications: the paper “Canonical Bases Arising from
Quantum Symmetric Pairs,”
published in Inventiones Mathematicae, and the monograph
Huanchen Bao
“A New Approach to KazhdanLusztig Theory of Type B via
Quantum Symmetric Pairs,”
published in Astérisque. In
these works, Huanchen Bao
and Weiqiang Wang completely
extended the known theory of
canonical bases from the case
of quantized enveloping algebras to the case of quantum
symmetric pairs. Bao and Wang
applied their new theory to a
long-standing open problem:
Weiqiang Wang
that of describing the character
formulas for the category O
attached to an orthosymplectic Lie superalgebra of type
osp(2m + 1|2n).
In the early 1990s, George Lusztig invented a remarkable
theory of canonical bases for quantized enveloping algebras. In the late 1990s, Gail Letzter introduced quantum
symmetric pairs (U, U’), where U is the universal enveloping algebra of a complex semisimple Lie algebra g and U’
corresponds to the fixed points in U of an involution. Bao
and Wang extended Lusztig’s theory of canonical bases
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from quantized enveloping algebras to quantum symmetric
pairs. Notably, Bao and Wang’s construction shows that
Lusztig’s braid group operators restrict to automorphisms
of U’. They introduced a special intertwiner (now known as
quasi-K-matrix) in order to define a bar-involution on U’
and then proved that finite-dimensional U-modules and
their tensor products, when viewed as U-modules, have
canonical bases. In addition, they showed that a certain
modified form of U’, similar to Lusztig’s modified form of
U, has a canonical basis.
A milestone in representation theory was the Kazhdan–Lusztig theory, which offered a powerful solution to
the difficult problem of determining the irreducible characters in the Bernstein–Gelfand–Gelfand category O of a
complex semisimple Lie algebra. Though the classification
of finite-dimensional simple Lie superalgebras over ℂ was
achieved in the 1970s by Kac, the study of representation
theory such as the BGG category O for a Lie superalgebra
turns out to be very challenging, and progress has been
made only in recent years. Among all basic Lie superalgebras, the infinite series gl(m|n) and osp(m|2n) are arguably
the most fundamental ones.
Bao and Wang gave a complete and conceptual solution
to the decades-old open problem on irreducible characters in the category O of modules of integer and half-integer weights for the orthosymplectic Lie superalgebras
osp(2m+1|2n), of type B(m, n). They introduced a coideal
subalgebra U’ of U, which forms a quantum symmetric pair
with U, and constructed a new theory of quasi-R-matrix
and a new canonical basis (called the ι-canonical basis)
arising from quantum symmetric pairs (U, U’). They
showed that the subalgebra U’ and the Hecke algebra of
type Bm form double centralizers on 𝕍⊗m, where 𝕍 is the
natural representation of U, generalizing the Schur–Jimbo
duality. Then they reformulated the Kazhdan–Lusztig
theory for Lie algebras of type B via this new duality. Next,
they related the ι-canonical basis to the category O for
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osp(2m+1|2n). Their main result asserts that the entries of
the translation matrix between the (dual) ι-canonical basis
and the monomial basis of 𝕍⊗m ⊗ 𝕍∗⊗n play the role of
Kazhdan–Lusztig polynomials in O.
The construction of quantum symmetric pairs was
generalized by Stefan Kolb in 2014 to the case where g is a
symmetrizable Kac–Moody Lie algebra. In a recent preprint
(“Canonical Bases Arising from Quantum Symmetric Pairs
of Kac–Moody Type,” arXiv:1811.09848), Bao and Wang develop a general theory of ι-canonical bases for the quantum
symmetric pairs of Kac–Moody type, introducing several
new ideas to overcome major obstacles, and strengthen
their previous main results by allowing general integral
parameters.
The fact that the theory of canonical bases can be
extended to the case of symmetric spaces is entirely unexpected and highly nontrivial. That the new theory has
already had dramatic applications to the character theory
of Lie superalgebras adds to the significance of the work.
Many other applications, for example, to a theory of total
positivity attached to symmetric spaces, are expected. The
two papers of Bao and Wang are the best papers published
in Lie theory in recent years and will have an impact on the
field for many years to come.

Response from Huanchen Bao
and Weiqiang Wang

Huanchen Bao obtained his BS in mathematics at Sichuan
University in 2010 and his PhD from the Department of
Mathematics at the University of Virginia in 2015. He was
a postdoc at the University of Maryland, the Institute for
Advanced Study, and the Max-Planck Institute for Mathematics. He is currently an assistant professor in the Department of Mathematics at National University of Singapore.

We are extremely gratified and honored to receive the 2020
Chevalley Prize. We would like to thank George Lusztig
for establishing the prize, whose groundbreaking works
on Kazhdan–Lusztig theory and canonical bases form the
central themes of our work in the cited papers.
When the senior recipient, Weiqiang Wang, was a PhD
student under the supervision of V. Kac in the 1990s, character formulas for Lie superalgebras were largely unknown,
not even conjecturally. A conceptual solution of the character formula problem for the Bernstein–Gelfand–Gelfand
category of orthosymplectic Lie superalgebras was given
in the dissertation of the junior recipient, Huanchen Bao,
two decades later.
To formulate the solution to the above problem and
go beyond, we were led to develop a theory of canonical
bases arising from quantum symmetric pairs, extending the
canonical bases arising from quantum groups introduced
by Lusztig. Our work was inspired by an earlier solution of
Jon Brundan’s Kazhdan–Lusztig conjecture due to Shun-Jen
Cheng, Ngau Lam, and the senior recipient for general linear Lie superalgebras in terms of Lusztig’s canonical basis.
The general theory of quantum symmetric pairs was formulated by Gail Letzter in the late 1990s and later extended
by Stefan Kolb. The field has been expanding rapidly in
recent years thanks to the subsequent works of our friends
and collaborators. We are very grateful to all of them, in
particular to Yiqiang Li and Ming Lu, for what they have
taught us. The junior recipient especially thanks his postdoc
mentor, Xuhua He, for his guidance and encouragement.
Finally, we thank our families and friends for their
support.

Biographical Sketch: Weiqiang Wang

About the Prize

Biographical Note: Huanchen Bao

Weiqiang Wang is currently a professor of mathematics at
the University of Virginia. He received a bachelor’s degree
from the University of Science and Technology of China
and a PhD degree in mathematics from the Massachusetts
Institute of Technology in 1995. He was a postdoc at the
Institute for Advanced Study, Yale University, and the MaxPlanck Institute at Bonn. He is a frequent visitor to the
Institute of Mathematics at Academia Sinica in Taipei and
East China Normal University. His research interest lies in
representation theory, including Lie superalgebras, Hecke
algebras, quantum groups, and connections to algebraic
geometry. He enjoys collaborations and has learned much
from his collaborators and students over the years.
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The Chevalley Prize was established in 2014 by George
Lusztig to honor Claude Chevalley (1909–1984). Chevalley
was a founding member of the Bourbaki group. He made
fundamental contributions to class field theory, algebraic
geometry, and group theory. His three-volume treatise on
Lie groups served as standard reference for many decades.
His classification of semisimple groups over an arbitrary
algebraically closed field provides a link between Lie’s theory of continuous groups and the theory of finite groups,
to the enormous enrichment of both subjects.
The Chevalley Prize is awarded for notable work in Lie
theory published during the preceding six years; a recipient should be at most twenty-five years past the PhD. The
current prize amount is US$8,000, awarded in even-numbered years, without restriction on society membership,
citizenship, or venue of publication.
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The Chevalley Prize is awarded by the AMS Council acting on the recommendation of a selection committee. The
members of the selection committee for the 2020 Chevalley
Memorial Prize were:
•• Anne-Marie Aubert (Chair)
•• Colette Moeglin
•• Peter J. Olver
A list of the past recipients of the Chevalley Prize can
be found at https://www.ams.org/prizes-awards
/pabrowse.cgi?parent_id=12.
Credits

Photo of Huanchen Bao is courtesy of Lei Zhang.
Photo of Weiqiang Wang is courtesy of Weiqiang Wang.
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