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Figure 1. This digram illustrates a fundamental difference 
between insulating and conductive materials. In a conduc-
tor an electron, depicted by a gray circle, can move to the 
conduction energy "bands" freely because there is no 
forbidden region (gap) present. Insulators have a gap large 
enough that electrons cannot make the jump to the conduc-
tion energy "band". Thus, there are not electrons with 
energy associated with this "band" (shown here as an 
empty box). Semi-conductors fall somewhere in between 
and the amount of conduction can be engineered by 
material scientists. (This partial conduction is depicted as a 
half-filled box).

Researchers at the Joint Quantum Institute (JQI) and the 
California Institute of Technology have shown that it may 
be possible to take a conventional semiconductor and 
endow it with topological properties without subjecting the 
material to extreme environmental conditions or fundamen-
tally changing its solid state structure. In their Nature 
Physics (appeared online March 13, 2011) article titled 
““Floquet topological insulators in semiconductor quantum 
wells,” JQI fellow Victor Galitski with colleagues Netanel 
Lindner and Gil Refael from Caltech provide theoretical 
verification that such a transition exists.

The key to this prediction, which can be experimentally 
tested, is the application of microwaves to an otherwise 
non-topological insulating system. According to the 
authors, the material can be transformed into what they call 
a “Floquet topological insulator". As described below, 
topological states have applications in quantum informa-
tion science and the new field of spintronics.

Background: Closing the ‘gap’

One aspect of solid-state physics – the study of solid or 
crystalline compounds – is exploring the electrical conduc-
tion properties of different materials. Solids are classified 
according to their capacity to carry electrical current – that 
is, to conduct electrons.

Depending on the underlying atomic structure of a material, 
electrons are allowed to have certain energies and forbidden 
from taking on other values. One description physicists use 
is called “band structure” (Figure 1), where there are 
allowed energy ‘bands’ separated by ‘gaps’ or forbidden 
regions that correspond to a set of disallowed electron 
energies. Current flow occurs when a gap is small enough 
fofor electron(s) to travel between the energy bands. Conduc-
tors, like copper wire, have no gap at all and permit motion 
of electrons. Insulators such as ceramics have the opposite 
behavior and inhibit the passage of electricity. Some materi-
als like semiconductors continued on page

The quest for new materials: Can any insulator become 
topological?
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The article “Superconductivity at  23 K in Pt doped 
BaFe2As2 single crystals,” by CNAM researchers led by 
Johnpierre Paglione, was selected as part of IoP 
Sciences  Highlights of 2010 . Originally published in the 
Journal of Physics: Condensed Matter, the article was 
selected for receiving some of the highest praise from 
referees and for its high number of downloads. This 
reresearch is supported by Maryland’s AFOSR - MURI grant, 
involving Richard Green, Johnpierre Paglione and 
Ichiro Takeuchi.

www.iopscience.iop.org/09538984/page/Highlights%20of
%202010

Yu-Lu Lin, K. Jimenez-Garcia and Ian Spielman 
published an article in Nature, March 2, on having, for the 
first time, caused a gas of atoms to exhibit an important 
quantum phenomenon known as spin-orbit coupling. The 
story was covered in Red Orbit, Nanotechnology News, 
AzoNano, Nanowerk News and PhysOrg.

TThe University has established the Justin DeSha-
Overcash Summer Research Award to remember Justin, 
who was killed in January. 

www.geol.umd.edu/~jgaeman/jdcash.html#JDO_Award 

Below are the 2010 – 2011 student awards & scholarships: 
 
Dean’s Fellowship – David Angelaszek, Joel Dahlin, 
Andy Latief, Hansen Nordsiek, Rachel Lee
Leon A. Herreid Science Fellowship – Robert 
DiFabio, Jonah Kanner
Richard and Anna Iskraut Scholarship – Benjamin 
Dreyfus
Kapo-Barwick Scholarship – Daniel Barker
MMonroe Martin Graduate Research Fellowship – Paul 
Patrone
Ralph Myers TA Awards – Guilherme Miranda, Lora 
McMurtrie, Zach Smith, Steve Cowen, Steve Lyman and 
Brad Gordon  
AAngelo Bardasis Fellowship – Daniel Yates Jaskot, 
Laura Dunlap, Mandeep Bedi, Jennier Radoff, Thomas 
Rimlinger, Keith Burghardt, Connor Barry-Hoke, Lauren 
Woolsey, Mark Strother, Ian Schoch, Srinivas Vasudevan, 
Roger Curley, Aaron Lee, Cameron Merriman, Benjamin 
Cohen, Liza Sarytchev, Justin DeSha-Overcash (RIP)
JJoseph Helfand Memorial Scholarship – Clint 
Richardson 
William MacDonald Physics Scholarship – Wes 
Szamotula
Langenberg Award of the University System of 
Maryland – Jennifer Radoff

In the March 12 edition of Science News, the article 
“Quantum Whirls: How turbulence plays out in exotic 
materials” highlights the lab work on quantum 
vortices by UMD Researchers, led by Dan Lathrop.
   
www.sciencenews.org/view/feature/id/70232/title/Q
uantum_Whirls 

TThe Atlantic posted recent images of Antarctica, its 
environment and some of the scientific work taking 
place there --- including images of the IceCube 
Neutrino Observatory, which several of our 
researchers are directly involved with. 

www.theatlantic.com/infocus/2011/03/recent-
scenes-from-antarctica/100019/ 

Physics will award its 2011 Distinguished Alumni 
Award to Leopoldo García-Colín Scherer, ’59,  a 
renowned scientist who specialized in Thermodynam-
ics.  Dr. García-Colín is a member of The National 
College, a former president of the Mexican Society of 
Physics and a National Prize for Arts and Sciences of 
Mexico recipient. The presentation will be made at the 
223rd Annual Spring Academic 
Festival (Friday, April 29 at 3 p.m. in the Math 
Rotunda).

Charles Clark is the new NIST Co-Director of the 
Joint Quantum Institute (JQI). Clark is a Fellow of 
the Optical Society of America, the American Physical 
Society, the American Association for the Advance-
ment of Science, the Washington Academy of Science, 
and the Institute of Physics. 

Dieter Brill was quoted in ScienceNews, March 4, in 
an article on stellar wormholes connecting pairs of 
stars.

www.sciencenews.org/view/generic/id/70599/title/St
ellar_wormholes_may_exist

SSankar Das Sarma was quoted in Physics 
World, March 31 on research conducted by physi-
cists at Rutgers University and the University of 
Manchester on why different samples of multilayer 
graphene can have very different electronic proper-
ties.

physicsworld.com/cws/article/news/45585

Michael Fisher, and Jan Sengers represented the 
University of Maryland at a Symposium on Horizons 
in Emergence and Scaling held at Boston University 
March 18-19 2011 celebrating the 70th birthday of H. 
Eugene Stanley. 

NEWS

http://www.sciencenews.org/view/feature/id/70232/title/Quantum_Whirls
http://icecube.umd.edu/Home.html
http://icecube.umd.edu/Home.html
http://www.theatlantic.com/infocus/2011/03/recent-scenes-from-antarctica/100019/
http://iopscience.iop.org/0953-8984/page/Highlights of 2010
http://www.sciencenews.org/view/generic/id/70599/title/Stellar_wormholes_may_exist
http://physicsworld.com/cws/article/news/45585
www.geol.umd.edu/~jgaeman/jdcash.html#JDO_Award
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TA Appreciation Tea & Awards

On April 6, the Physics Department held its Graduate 
Appreciation Tea & Awards Ceremony. Tom Cohen, 
Associate Chair of Graduate Student Services, presented 
the following awards: 

Kapo - Barwick Scholarship - Daniel Barker

Ralph Meyers TA Awards - Guilherme Miranda, 
Lora McMurtrie and Zach Smith

RRalph Meyers TA Awards Honorable Mention - 
Steven Cowen, Steve Lyman and Brad Gordon 

Richard and Anna Iskraut Award - Benjamin 
Dreyfus 

EVENTS 
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some velocity. Due to the laws of electromagnetism, this motion gives rise to a magnetic field, which can affect the 
behavior of the electron (so-called spin-orbit coupling). When this internal magnetic field is sufficiently large, the situa-
tion is similar to that of the externally applied field: the material may be insulating in the bulk and conduct electricity 
along the edges. In the case of topological insulators, this is called the spin quantum Hall effect.

A distinctive characteristic of topological insulators as compared to the conventional quantum Hall states is that their 
edge states always occur in counter-propagating pairs. Scientists say that this is due to time-reversal invariance, which 
requires that the behavior of the system moving forward in time must be identical to that moving backwards in time. 
continued on page 5

Environmental stress and topological states

SScientists often explore the reaction of materials to an external 
stimulus. In fact, especially fascinating and surprising physics 
happens under extreme conditions such as in high magnetic 
fields or at the limit of low temperature – in the regime where 
quantum-mechanical laws take over from classical physics. For 
example, superconducting magnets operate at around 4 K, 
which is 75 times colder than room temperature.

TThe quantum Hall effect is an example of a phenomenon having 
topological features that can be observed in certain materials 
under harsh and stringent laboratory conditions. To study this 
phenomenon, scientists apply a large magnetic field to a 2D 
(sheet) semiconductor. This causes a gap to open between 
energy bands, and electrons in the bulk material become local-
ized, that is they cannot move freely. One way to visualize this 
pphenomenon (Figure 2, top panel) is to imagine that the elec-
trons, under the influence of the magnetic field, will be confined 
to tiny circular orbits. However, the electrons at the interface 
must move along the edge of the material where they only 
complete partial trajectories before reaching a boundary of the 
material. Here, the electrons are not pinned and conduction 
will occur; the name for these available avenues of travel is ‘edge 
states.’

Researchers are excited about topological insulators because 
they can exhibit this type of physics, normally observed only 
under extreme conditions, without the large external magnetic 
field. Scientists believe that this is partially due to the enhanced 
relationship between the electron’s spin, (which can be thought 
of as a tiny bar magnet), and an induced internal magnetic field. 
In other words, an electron lives in a natural environment of 
elelectric fields, which forces the charged particle to move with 

Click for a higher resolution image.
FFigure 2. Upper Picture: Cartoon depicting the quantum 
Hall effect with edge states that conduct electrons, shown as 
half-circle arrows along the boundary. The electrons in the 
middle or bulk of the material are localized around parent 
atoms. This region is an insulating state. Lower Picture: 
Calculation from the authors (from Fig. 4 in the Nature 
Physics article) showing the before and after energy levels 
ofof the system. Before the perturbation, the system is in an 
insulating state (big energy gap). After their analysis, there 
are lines through the insulating region which can be 
thought of as pathways for the electron to move from the 
lower to upper level. Interestigly, there is a possibility to 
obtain two counterpropogating pathways protected by "time 
reversal invariance," even though the system includes time 
ddependent fields.

electrons can move along edge (conducting)

electrons localized in orbits 
(insulating)

pair of 
edge states

Before perturbation and 
floquet math, there are 
no edge states present

continued from page 1 fall somewhere in between and their conductivity can be controlled depending on the presence 
of carefully engineered impurities (dopants) within the crystalline material. That allows them to serve as controllable 
switches in devices such as transistors, the building blocks of modern electronics.

OOther exotic materials exist that may not be so familiar, but can also be described in terms of this basic property of 
electron movement. Topological insulators, a completely new class of solids, are rare materials exhibiting a dual 
personality in their physical properties: they are insulators in the bulk and conductors on the surface (3D) or at the 
edges (2D). This behavior in itself is unusual and merits scientific investigation. Even more importantly, topological 
states are possible platforms for quantum information processing and new types of electronics; thus, scientists are 
going to great lengths to create them in the laboratory.

TThe term topological is used in mathematics to characterize structures based on whether or not they can smoothly 
deform from one shape to another. The most common example is that a coffee cup with a handle is topologically 
equivalent to a doughnut, but not to a sphere, because the hole cannot be removed by deformation alone. In the case of 
topological insulators, it is not the actual shape of the material but rather the structure of the energy bands that can 
continuously deform as long as the energy “gaps” (like the doughnut hole) are neither opened nor closed in the process.
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When the external fields or perturbations are included in the mathematical description, energy pathways emerge in the 
“band structure” and allow for electron conduction along the edge of the system. (See Figure 2, bottom panel, for 
example). Remarkably, the edge channels could be either counter- or co-propagating, depending on the type of field 
applied to the system. This means that the Floquet topological insulator could be engineered to exhibit either quantum 
Hall or spin quantum Hall physics.

TThe authors examine different experimental conditions for which the transition to a Floquet topological insulator can be 
observed. According to their results, the most promising perturbation method is to irradiate the material with magnetic 
or electric fields in the microwave-THz frequency domain, relatively easy to implement in the laboratory.

“A big picture aspect of this is that topological insulators are extremely interesting materials, and they are very rare. It is 
not clear how many exist in nature, but this idea of external modulation may help us engineer new materials at will, like 
a topological switch,” says Galitski when describing the remarkable results.

NNotably, these exotic states do not require extreme conditions to occur and may exist at room temperature, which 
makes them amenable for a variety of applications. Many scientists hope that utilizing topological states may help with 
developing another form of electronics called spintronics. This approach seeks to employ the spin of an electron, rather 
than just its electrical charge. continued on page 6

Image from Figure 1 of Nature Physics article. Here, the 
surfaces depict the energy "bands" of a semiconductor, where 
the purple and red arrows denote the direction of the electron 
spin in each band. These arrows relate to what quantum 
physicists call the wave function, which describes completely a 
quantum state of a particle. To make the material topological 
one needs to wrap these wave-functions around a band in a 
cecertain way and this can be done at will using external irradia-
tion. Electromagnetic fields having an oscillation frequency ω 
connect the two energy bands, as depicted by the green arrow. 
The effect of these fields is to swap the caps above the lower 
green circle with the one below the upper green circle. This 
results in a topological spin configuration.

Description written by authors Netanel H. Lindner and Victor 
Galitski.

Making an insulator topological

TTopological insulators are not only difficult to synthesize or 
find in nature, but scientists find it hard to predict which 
substances might exhibit these properties. As Galitski 
describes, “The problem is that it is not completely clear 
how to create these topological insulators. Basically, we 
have to rely on serendipity.”

EEven though scientists have some hint that heavy atoms are 
good candidates for designing these exotic materials 
(because of their potentially large spin-orbit coupling), the 
number of possible combinations is intimidating if not 
prohibitive. Researchers have currently identified only a 
handful of man-made topological insulators, such as an 
appropriately fabricated 2D heterostructure HgTe/CdTe 
(l(layers of Mercury Telluride and Cadmium Telluride) or 
crystalline Bismuth Selenide.

Galitski and colleagues open a new avenue for studying 
these materials by exploring the effects of adding a time-
varying perturbation to a generic insulator. In physics, a 
perturbation is a small disruption that does not dramati-
cally alter the fundamental description of the system. For 
example, if a car is traveling forward at 60 mph and there is 
a crosswind of 3 mph, the car is still moving forward and
the wind is only perturbing this motion slightly.

The authors show that in the presence of a weak oscillating 
electromagnetic field (such as microwaves), an insulator 
initially with no topological properties can be driven to 
become a Floquet topological insulator. The new state is 
named for Gaston Floquet, a French mathematician 
credited with creating the mathematical tools that connect 
time-dependent and stationary descriptions of the system.

continued from page 4 Even though the arrow of time matters in everyday life, one can imagine what time-reversal 
symmetry means by looking at billiard balls moving on a pool table. Without knowing when the cue ball set the other 
balls in motion, you may not necessarily know whether you were seeing the events run forward or in reverse. In the case 
of the edge states, this symmetry means that events (and likewise, the conduction channels) in the topological insulator 
have no preference for a particular direction of time, forwards or backwards. Thus, any feature of the time-reversal-
invariant system is bound to have its time-reversed partner, and this yields pairs of oppositely traveling edge states that 
always go hand-in-hand.
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The Photon is an online newsletter from the University of 
Maryland Department of Physics. For questions, comments 
or to submit information, please contact Carole Cuaresma 
Kiger, ccuaresm@umd.edu.

CONTACT US:

Spring Colloquia Schedule

April 19 - Cosmological Structure Formation and the 
Interpretation of Dark Matter Experiments
Savvas Koushiappas, Brown University 

April 26 - Our Changing View of the TeV Sky
Jordan Goodman, University of Maryland

MMay 3- Carr Lecture
A Common Thread: Spin-Fluctuation Pairing
Douglas Scalapino, University of California, Santa 
Barbara

May 10 - Chemical Patterns in Time and Square
Ken Showalter, West Virginia University 

  umdphysics.umd.edu/events/physicscolloquia.html

EVENTS continued from page 3

It's that time of year again! Maryland Day 2011 is just 
around the corner. Join us on Saturday, April 30, from 
10a.m. - 4p.m., for Maryland Day Physics style! We'll 
be bringing back all of the crowd favorites. A full 
listing of physics events can be found at 
www.umdphysics.umd.edu/marylandday 
 
WWe've had a great turn-out in the past few years and 
hope that continues. In order to accommodate all of 
our visitors we will need all of the help we can get. 
Please sign-up to volunteer at: 
www.umdphysics.umd.edu/md-day-volunteer-form 
All volunteers will receive a Maryland Day t-shirt and 
lunch!

Maryland Day

continued from page 5

TTopological states may also have applications in quantum information science and quantum interferometry, which could 
take advantage of these robust edge states. Quantum information is very fragile and can be spoiled easily by an external 
environment. Interestingly, the edge states of topological insulators, assisted by superconductivity, can be used to store 
and manipulate quantum information in a manner that is protected from such outside influences. The electrical and spin 
conduction properties of these quantum states depend on external conditions. In principle, one could build a device 
ththat exploits this sensitivity of the quantum edge states to probe external fields (e.g. gravity, acceleration, and static 
magnetic fields).

This work may extend to experimental research outside of condensed matter. Galitski explains, “Even though the calcu-
lations that were done here are specific to this material, the theory is more general and could possibly be applied to a 
large variety of other systems, most notably cold-atom systems, where the range of available non-equilibrium stimuli is 
much wider than that in solids.”

Further reading and references:

Main article: “Floquet topological insulators in semiconductor quantum wells,” Netanel H. Lindner, Gil Refael, and 
Victor Galitski, Nature Physics doi:10.1038/nphys1926 (Appeared online March 13, 2011)

“Colloquium: Topological insulators.” M. Z. Hasan and C. L. Kane. Rev. Mod. Phys. 82 3045 (2010)

“The quantum spin Hall effect and topological insulators.” Xiao-Liang Qi and Shou-Cheng Zhang, Physics Today, 33 
(January 2010)

http://www.umdphysics.umd.edu/marylandday
http://www.umdphysics.umd.edu/md-day-volunteer-form
http://www.umd.edu/events/physicscolloquia.html
http://www.nature.com/nphys/journal/vaop/ncurrent/full/nphys1926.html
http://rmp.aps.org/abstract/RMP/v82/i4/p3045_1
http://dx.doi.org/10.1063/1.3293411

