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2008 Academia Sinica Research Award for Junior Research Investigators

Name : Daw-Wei Wang | Education:

1995-2000: Ph.D in Physics, University of Maryland,
College Park, MD, USA

1991-1995: B.S. in Physics, National Tsing Hua
University, Hsinchu, Taiwan

Employer(s)/Job Title(s):

2005-present, Associate Professor, Department of Physics,
National Tsing Hua University, Hsinchu, Taiwan
2004-2005, Visiting Scholar, Physics Division, National
Center for Theoretical Sciences, Hsinchu, Taiwan
2002-2004, Postdoctoral Fellow, Physics Department,
Harvard University, Cambridge, MA, USA

2000-2002, Postdoctoral Researcher Associate, Theoretical
Physics, University of Maryland, College Park, MD, USA

Award publications :

[1] Daw-Wei Wang, E.G. Mishchenko, and E. Demler, “Pseudospin ferromagnetism in
double-quantum-wire systems”, Phys. Rev. Lett. 95, 086802 (2005).

[2] Daw-Wei Wang, M.D. Lukin and E. Demler, “Quantum fluids of self-assembled
chains of polar molecules”, Phys. Rev. Lett. 97,180413 (2006).

[3] Daw-Wei Wang, “Quantum phase transitions of polar molecules in bilayer
systems”, Phys. Rev. Lett. 98, 060403 (2007).

Summary of the Award publications (around 2000 words ) :

In recent years, due to the progress of the state-of-art experimental technology,
there has been more and more attention on the many-body effects in the spatially
separated multi-component systems. One of the most important example is the
pseudo-spin ferromagnetism in the double layer quantum Hall systems, where both
theorists and experimentalists have found that the inter-layer single particle tunneling
can be strongly enhanced by Coulomb interaction of electrons in the two layer when
the external magnetic field is tuned closed to integer filling and when the layer
separation is small enough. Such many-body effects indicates a break down of U(1)
symmetry in low dimensional system due to many-body effects, and has drawn a lot
of attention recently.

Inspired by our earlier work in the quantum Hall ferromagnetism of double
quantum well systems (work with Prof. S. Das Sarma, Prof. E. Demler and Prof. B. I.



Halperin, published in 2002-2003), we started to study the inter-component
correlation in other multi-component systems since 2004. The three papers [1-3] listed
here (for the application of the AS award) are the representative landmarks that we
published in the recent three years (2005-2007).

In [1], we first introduce the idea of inter-wire correlation, or pseudo-spin
ferromagnetism, into the system of double quantum wire. We argue that when the
external magnetic field is strong enough, the kinetic energy of 1D electronic system
can be quenched so that thee system become inter-wire correlated due to the strong
interaction. We show that the drag resistance of the double wire systems can have
non-monotonic behavior when changing inter-wire distance and/or electron density
continuously, due to the predicted novel quantum phase transition.

We further extended our study about inter-component correlation to the systems
of cold polar molecules with anisotropic interaction. In [2] we propose that one may
load the polar molecules into a one-dimensional optical lattice, which separates the
molecules into a stack of 2D pancake layers. When a strong electric field is applied
perpendicular to the plane, the dipole interaction between molecules leads to the
formation of extended chains, analogously to the chaining phenomenon in classical
rheological electro- and magneto-fluids. We derive the thermo-dynamical equations
for such dipolar chain liquid and show that only the longest chains can undergo
Bose-Einstein condensation. Our results, therefore, for the first time shows a close
connection between soft-matter physics at room temperature and the quantum
many-body theory at zero temperature.

In [3] I myself study polar molecules in a double layer system, where there is a
zero-energy resonance in the s-wave scattering channel for molecules in the two
layers. As a result, the inter-layer effective interaction strength diverges as the dipole
moment is near a critical value (due to the formation of an inter-layer bound state),
leading to a stronger inter-layer interaction compared to the intra-layer one, which is
totally impossible in the traditional condensed matter systems. | further show that
there could be a second order quantum phase transition between a correlated
superfluid phase and a Schrodinger’s cat state, which can be applied to the study of
quantum information science.

Finally I would like to acknowledge the great support from National Center for
Theoretical Science and National Tsing-Hua University for my research during my
first three years in Taiwan (2004-2007). Their support helps me to keep connected
with the most frontier research in the world and make some pioneering contribution to
the international community. | believe that there will be stronger impact and more
following-up works in the many-body physics of multi-component systems recently,
especially when the experimental results become more available in the next few years.



