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Wilczek Quantum Center (WQQ),
initially founded at Hangzhou in 2014,
moved to SJTU to become a new center
for theoretical physics in Summer 2017.
WQC is a unit of School of Physics &
Astronomy, and has a strong connection
with Tsung-Dao Lee Institute (TDLI).
Currently, WQC has 15 faculty
members, including the Chief Scientist
(Frank Wilczek), 6 full professors, 4
associate members, and 4 foreign
adjunct professors. The research areas
of WQC include theory of quantum
matter, quantum optics, quantum
information, and statistical physics.
WQC is striving to become a world
class theoretical quantum physics
center with top-level reputation.
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 Laser, chemical reaction, biological
¢ Resonance between noises and periodic

* Using path integral method

/N\\ﬁrnmﬁﬂ

Wrotdsy: i, RYEHEIe. SRRL%,

Har L2 5 EFESEITHE, a2 P2 AHR
MRFE: Hit. #Eo. B U, A%,
WA RS Y A R LR A B !

25 i 2 W) R AR R0 T 1

i) BHLES "

o BB 4N, kB> B,
o (ELHh A, BB AT

PR, FFTEMEBA PR I BAIE R

WAV FHOE AT T R T X

i
F—2: A 28 T35 18 i b A8 1

Study of Stochastic Resonance (FE#HLILHE)
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dr’iving leads to barrier hopping.
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Brief bio of your potential advisor:

What we expect from you: Carlos Navarrete-Benlloch got his PhD in theoretical physics in 2011, for % -l-gj: E%D -l-g :t)l_:|—‘ ¥ ﬁ I:Fl T ¥ % -l-%:t E%?%E{%

work developed mainly at the University of Valencia (Spain), but also at

Open and Nonequilibrium Quantum Optics group

* Motivation to learn physics the Max-Planck Institute of Quantum Optics (Germany), the Massachusetts E \”/ k l\—\Ll{j; %E L \”{ gz El\] E-i? s 7&## ZIKA}\A
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* Strength to bring your original ideas where he became research group leader during the last two years. Now he
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nonequilibrium quantum systems

+ Experimental proposal for the iﬁ/ﬁ\ (Liﬂdau, 2013) o

implementation of interesting models

« Quantum phase transitions and their
applications to state preparation

+ Quantum simulation in novel regimes
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Applied Holography

What do gravity and field theory
have in commaon ?

Can we understand condensed matter
systems using black holes ?

Why do black holes behave as strongly coupled fluids ?

In recent years, surprising and deep connections between gravity, hydrodynamics,
quantum field theory and quantum information have been revealed. The most profound of
them is the so-called holographic correspondence which establishes a direct connection
between gravitational theories and strongly coupled/correlated systems. This theoretical
framework has emerged as an incredibly powerful tool to investigate several unresolved
problems from different fields: c matter, QCD, hy and many more.
The full shebang is highly interdisciplinary and it mixes a large variety of methods and
systems providing a very broad view on some of the most important open questions in
Theoretical physics. At Theorylab, we are investigating this theoretical framework in
\ several aspects with the goal of shedding light on these fundamental connections and
% especially with the goal of applying this tool to some of the most profound mysteries in
Nature.

Soft matter theory

What is a glass 7

Are liquids and solids different from a
symmetric point of view ? Can we predict liquids
properties from theory ?

Can we predict the properties of amarphous
& disordered systems using field theory ?

Liguids, amaorphous systems and glasses are ubiguitous around us and they are extremely
importance for material design, technological applications and life. Nevertheless,
differently from gases and solids, these systems are extremely poorly understood from the
theoretical point of view. We do not have even a precise definition accounting for their
differences based on principles and Fortunately, we have at our
disposal a large number of experiments and simulations results which scream for a
theoretical explanation. How are liquids different from solids? Are glasses liquids, solids or
a class on their own? How can we explzin from fundamental principles the differences in
thermodynamic, vibrational modes, mechanical response, etc ? These are only few of the

.\ qguestions which we are addressing at TheoryLab in Shanghai.
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\\ // Effective field theory & Hydrodynamics \_\

Why hydrodynamics is ubiguitous in nature and why
does it work so well ?

How much can we explain of a system knowing
only few relevant degrees of freedom ?

Can we classify all phases of matter using symmetries ?

Complex systems involve usually a large plethora of emergent collective phenomena which
are hidden behind a complicated many body dynamics. “More is different” and more is
usually complicated. A microscopic reductionist approach is hopeless. Could you imagine to
describe the waves in the Ocean using the dynamics of the single water molecules?!
Nevertheless, most of these systems display several universal features which are often
insensitive to the specific details of the system. The idea is to stop being slaves of the
microscopics and assume a broader perspective on the problem based on few but
fundamental ingredients. Symmetries are the key. The big question in this picture is how far
can we go only knowing few information such as symmetries? And surprisingly the answer
| is a lot! This is exactly the main logic behind effective field theories and hydrodynamics. |
"ﬁme independence on the microscopic details, these theories display a huge r.—.ng/"

of applicability which span very different scales and systems.

Theoretical condensed
matter \
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Can we enhance superconductivity
using strain, pressure and topology ?

Do universal bounds on transport
& diffusive processes exist in nature (and why) ?

What is the origin of strange metals ?

Condensed matter physics is both useful and fundamental. Condensed matter systems are
very diverse and they present incredibly interesting properties such as superconductivity,
topological phases, anomalies and many more. Condensed matter is not only the study,
design and implementation of materials but it is also an endless factory of questions for
thearists which especially in the recent years have produced impressive results and
overlaps with high energy theary, hydrodynamics, quantum information theary and even
gravity. Theory without data is myth, but data without theory is madness. Here, at
Theorylab, we are eager to help our condensed matter colleagues to reveal the most

'\ intricate thearetical structures in nature and predicts new and useful properties for the ,II
i materials in our labs. /




