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A LETTER FROM THE DEAN

Dear Friends of the Wiess School,

I am proud to welcome you to this issue of ENQUIRY, the
magazine of the Wiess School of Natural Sciences at Rice
University. The pages of this issue provide a window into our
exciting stories of discovery — stories of the frontier scientific
explorations of the student and faculty scientists that make up
our exceptional school. I hope that each of you can sense the
curiosity that fuels the efforts of our award-winning faculty and
our remarkable students as they pursue an understanding of the
rules of nature.
The natural sciences at Rice encompasses an extraordinary
spectrum of pursuits, spanning from the subatomic to the galactic scales. Those in this issue include investigations of material
PETER J. RO S S KY

Dean, Wiess School of Natural Sciences

properties, from the atomic structure of exotic quantum materials that may transform the future of computing to the role
of volcanic activity in transforming Earth’s surface beneath the
sea, and of the rules of life, from understanding the complex
mechanism directing embryonic development to tracking pollinators, using each hummingbirds’ “personal” microbiology.

“THE NATURAL SCIENCES
AT RICE ENCOMPASSES AN
EXTRAORDINARY SPECTRUM
OF PURSUITS, SPANNING FROM

I am delighted to also have this opportunity to share with you
the national and international recognitions received by our
faculty and students during the past year and to highlight the
accomplishments of our alumni. I also want to acknowledge the
skillful presentations of the magazine’s primary authors — our

THE SUBATOMIC TO

incredible Rice students from across the university. I hope you

THE GALACTIC SCALES.”

utors.

will take a moment to read about these accomplished contrib-

All of the faculty, staff, and students in the Wiess School join
me in welcoming you to these pages, and we wish you a wondrous journey through these highlights.
Best wishes,

Peter J. Rossky

EDITO R

Lauren Kapcha
COM MUN ICATIO N S A D MI NI S T RATOR

Pamela Jones

P HOTO G R APH Y, D E SI G N AN D E D I TO R I AL
BY TH E O F F I C E O F PU B L I C AF FAI R S

For information about supporting the natural
sciences at Rice, please contact Jackie Macha at
713-348-4268 or jackie.macha@rice.edu.
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On the cover: A perspective view of the inside of a model planet looking down on a hot upwelling plume (red) with arrows showing flow direction and
arrow size indicating speed. On Earth, this is where new crust is created. Warm upper mantle (warm colored arrows) and cold crust (dark blue arrows)
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This model result shows that the Earth’s asthenosphere can flow due to pressure differences and can even drive movement on the Earth’s crust.
Image credit: Alana Semple

CONTRIBUTORS
HENRY BARING ’20 is a
senior materials science
and nanoengineering
major at Lovett College.
Baring previously conducted undergraduate research
in the lab of Zachary Cordero, assistant
professor of materials science and nanoengineering, studying sintering of 3D printed
cupric oxide by analyzing sample cracking.
He also participated in a summer research
exchange at Shandong University in Jinan,
China. He is a video journalist for the
Rice Thresher, the official undergraduate
newspaper at Rice; the eco-representative
at Lovett College; and a member of Rice
Eclipse, the student rocketry team. Outside
of academics, Baring enjoys playing soccer,
eating all kinds of food, watching “Brooklyn Nine-Nine” and exploring Rice and
Houston. After graduation, he will continue developing his science communication
skills in graduate school. He is a science
writing intern for the School of Natural
Sciences, focusing on visual storytelling.

GRACE BEILSTEIN is a
high school sophomore
at The Kinkaid School in
Houston. Beilstein is an
accomplished writer, serving as the editor for her
school’s literary magazine Falcon Wings
and a regular contributor to the online
literary journal Marías at Sampaguitas. She
has received numerous scholastic writing
awards gold and silver keys for her poetry,
short stories and flash fiction. Beilstein
also enjoys running, playing basketball
and lacrosse, vegan baking and listening to
music. She hopes to become a cardiovascular surgeon and is particularly interested in
deepening her knowledge of the medical
field and how this can be applied to her
aspirations as an author.
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JACOB GOELL is a
second-year graduate
student, pursuing a Ph.D.
in bioengineering under
the supervision of Isaac
Hilton, assistant professor
of bioengineering and of biosciences. Prior
to enrolling at Rice, Goell received a B.S.
in bioengineering from the University
of California, Los Angeles and an M.S. in
translational medicine from the University
of California, Berkeley and the University
of California, San Francisco. He is interested in the business of science and translating basic research to practical applications
in cancer immunotherapy. Goell became
interested in science communication
through a combination of his struggles
trying to communicate his research and
the opportunity to attend ComSciCon
Houston, a workshop focused on science
communication organized by graduate
students, for graduate students. Outside of
the lab, Goell enjoys reading and watching
and playing sports.

SHIHAN SHZU (斯世安)
’20 is a senior at McMurtry College, majoring in
ecology and evolutionary
biology. Shzu conducts
undergraduate research in
the lab of Scott Egan, assistant professor
of biosciences. He studies the potential
impact of evolution in one insect species
on the other insects that feed on it, specifically testing for the difference in community composition of the natural enemies
attacking two host races of a gall-forming
insect. Shzu plans to continue conducting biodiversity-related research during
a gap year before applying to graduate
programs. Inspired by ecologist Nalini
Nadkarni’s work bringing biology classes
and conservation programs to inmates
and distributing Treetop Barbies to inspire
young women to pursue fieldwork, he also
hopes to find different ways to help people
engage with the natural world. Shzu is a
science writing intern for the School of
Natural Sciences.

HALLIE TRIAL ’22 is a
sophomore chemistry
major at Will Rice College.
Trial is an undergraduate
researcher in the group of
Zachary Ball, professor of
chemistry, where she works at the intersection of protein chemistry and transition-metal catalysis. In addition to her
dual passion for science and writing, she
enjoys exploring nature by studying and
identifying interesting plants, mushrooms
and insects and reading novels, especially
those of Kurt Vonnegut and Isabel Allende.
On a less intellectual note, she entertains
herself by watching videos of cats and
dogs doing goofy things and looks forward
to having a pet cat of her own. Trial hopes
to pursue a Ph.D. in chemistry and work
as a professor and researcher, applying
the power of chemistry to projects that
advance the cause of sustainability. She is
a science writing intern for the School of
Natural Sciences. ■

FACULTY

ACCOLADES | NEW FACULTY | RETIREMENTS | IN MEMORIAM

Accolades
AMERICAN CHEMICAL SOCIETY
AWARD IN COLLOID CHEMISTRY
Naomi Halas, the Stanley C. Moore Professor
of Electrical and Computer Engineering and
professor of chemistry, bioengineering, physics and astronomy, and materials science and
nanoengineering was awarded the ACS Award
in Colloid Chemistry. A pioneer in the study
of light-activated nanoparticles and their possible uses, her discoveries have wide-ranging
applications in areas as diverse as cancer
treatment, optoelectronics, photocatalysis,
chemical sensing, solar-powered distillation
and steam production, and off-grid water
treatment.

AMERICAN PHYSICAL SOCIETY
MAX DELBRÜCK PRIZE
The American Physical Society has awarded Rice biophysicist José Onuchic the
2019 Max Delbrück Prize in Biological
Physics. Onuchic, the Harry C. and Olga
K. Wiess Chair of Physics and a professor
of physics and astronomy, of chemistry
and of biosciences and co-director of
Rice’s Center for Theoretical Biological
Physics, was awarded the prize for his
contributions to protein folding research.
Discoveries by Onuchic resulted in “a new
view of protein folding, from the introduction and exploration of simple models to
detailed confrontations between theory
and experiment,” the society said.
José Onuchic

INDIAN GEOPHYSICAL UNION
Manik Talwani, professor emeritus of advanced studies and research in the Department of
Earth, Environmental and Planetary Sciences, was awarded the Indian Geophysical Union’s
Hari Narain Lifetime Achievement Award. The award, which is named for former IGU president Hari Narain, honors scientists’ exceptional contributions to Indian Earth sciences.
Talwani, who retired from Rice in 2006, is widely known for his studies of the Earth’s crust
and the dynamics of continental margins and ocean basins.

Naomi Halas

Manik Talwani
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FACULTY

ACCOLADES

JOSEPH O. HIRSCHFELDER
PRIZE IN THEORETICAL
CHEMISTRY

OFFICER OF THE MOST
EXCELLENT ORDER OF THE
BRITISH EMPIRE

Peter Rossky, dean of Rice’s Wiess School
of Natural Sciences and the Harry C. and
Olga K. Wiess Chair in Natural Sciences,
has been named the winner of the prestigious 2018–2019 Joseph O. Hirschfelder
Prize in Theoretical Chemistry presented
by the Theoretical Chemistry Institute
(TCI) at the University of Wisconsin-Madison. Rossky’s research focuses on the
structure and dynamics of chemical
transformations in such condensed-phase
materials as liquids, polymers and molecular clusters, particularly where quantum
mechanics plays an important role.

His Royal Highness Prince Charles honored
Rice Space Institute Director David
Alexander, a professor of physics and
astronomy, as an Officer of the Most Excellent
Order of the British Empire at Buckingham
Palace in London. Alexander’s appointment
was part of the queen’s birthday honours list,
which recognizes exceptional achievement
and service to the U.K. He was honored for
service to higher education and the space
industry at home and abroad.
David Alexander
Photo by Yui Mok/PA

PACKARD FELLOWSHIP FOR
SCIENCE AND ENGINEERING

SLOAN RESEARCH
FELLOWSHIP

The David and Lucille Packard Foundation
awarded Matthew Jones, assistant professor of chemistry, a Packard Fellowship for
Science and Engineering. Jones will use the
grant to develop techniques in the relatively
new field of liquid cell transmission electron
microscopy (TEM) to view chemical processes
in real time at the atomic scale. He plans to
focus the technique on surface reactions, a
critical factor in catalysis and other industrial
processes. The lab’s initial goals are to capture video of nanocrystal synthesis, protein
biofouling of medical devices and catalysis
itself.

James Chappell, assistant professor of
biosciences, was selected as a 2018
Alfred P. Sloan Research Fellow in
Computational and Evolutionary Molecular Biology. Chappell’s research focuses
on understanding and engineering the
bacteria domain of life. He has focused
previously on the creation of synthetic
RNA regulatory systems that provide
simple tools for turning on and off gene
expression within cells. He plans to
continue this research and resolve design
principles for the many different types of
RNA gene regulators seen in nature.

Peter Rossky

Matthew Jones
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James Chappell

ACCOLADES

FACULTY HONORS
AMERICAN GEOPHYSICAL
UNION
Cin-Ty Lee, professor of earth, environmental
and planetary sciences, has been elected a
fellow of the American Geophysical Union.

AMERICAN PHYSICAL SOCIETY
Paul Padley, a professor of physics and
astronomy, and Emilia Morosan, a professor
of physics and astronomy, of chemistry and
of electrical and computer engineering, have
been elected fellows of the American Physical
Society.

BRAZILIAN NATIONAL COUNCIL
IN SCIENCE AND TECHNOLOGY
José Onuchic, the Harry C. and Olga K. Wiess
Chair of Physics and a professor of physics
and astronomy, of chemistry and of biosciences and co-director of Rice’s Center for Theoretical Biological Physics, has been inducted
to the National Order of Scientific Merit by
the Brazilian National Council in Science and
Technology. Onuchic was awarded the Grand
Cross, the highest level of recognition, for his
contributions to science.

GEOLOGICAL SOCIETY OF
AMERICA
André Droxler and Adrian Lenardic, both professors of earth, environmental and planetary
sciences, have been elected fellows of the
Geological Society of America.

GEOLOGICAL SOCIETY OF
LONDON
Janne Blichert-Toft, the Wiess Visiting Professor in the Department of Earth, Environmental and Planetary Sciences, received the
Murchison Medal from the Geological Society
of London. Blichert-Toft is only the third
woman to receive the medal, which has been
awarded annually since 1873 to recognize
geologists whose lifelong body of research has
made significant contributions to “hard” rock
studies.

INSIGHT INTO DIVERSITY
The Rice Emerging Scholars Program (RESP)
received one of the 2018 Inspiring Programs
in STEM Awards from Insight Into Diversity
magazine. Aimed at students of exceptional
promise whose high school preparation might

make the early college years particularly difficult, RESP is designed to acquaint incoming
first-year students with the demanding pace,
depth and rigor of STEM courses at Rice.
Matt Taylor ’92, associate vice provost, and
Michael Wolf, professor of mathematics,
serve as RESP co-directors.

LOS ALAMOS NATIONAL
LABORATORY
Qimiao Si, the Harry C. and Olga K. Wiess
Professor of Physics and Astronomy, was
named a 2018 Ulam Distinguished Scholar
by the Center for Nonlinear Studies of Los
Alamos National Laboratory.

NATIONAL ACADEMIES
Beth Beason-Abmayr, teaching professor
of biosciences, has been named a National
Academies Education Mentor in the Life
Sciences for 2018–2019.
Adrienne Correa, assistant professor of biosciences, received an Early Career Research
Fellowship from the Gulf Research Program,
part of the National Academies of Sciences,
Engineering and Medicine.

awarded the 2018 Mulliken Medal and Lectureship from the University of Chicago. The
Mulliken Medal, created in memory of Nobel
laureate Robert S. Mulliken, is awarded
every two years to a scientist who has made
outstanding contributions to chemistry.

STUDENT ACCOMPLISHMENTS
MEXICAN NATIONAL COUNCIL
OF SCIENCE AND TECHNOLOGY
Graduate students Viridiana Leyva, Cecilia
Martínez Jiménez and María José Peláez
Soní were awarded fellowships from Mexico’s
National Council of Science and Technology
(CONACyT). Equivalent to the National Science Foundation in the U.S., the CONACyT
Scholars Program is one of the most prestigious scholarship programs in Mexico for
postgraduates.

FULBRIGHT SCHOLARSHIP
Sarah Wozniak ’18 received a 2018 Fulbright
grant to teach English in Indonesia and work
toward becoming fluent in Indonesian.

NATIONAL SCIENCE
FOUNDATION

GATES CAMBRIDGE
SCHOLARSHIP

Allison Miller, a G.C. Evans Instructor, has
been awarded a Mathematical Sciences Postdoctoral Research Fellowship by the National
Science Foundation.

Brett Gutstein ’17 was one of 35 American
students awarded a 2018 Gates Cambridge
Scholarship for graduate studies at the University of Cambridge in England.

NORTHWESTERN UNIVERSITY

GOLDWATER SCHOLARSHIP

Francis Albarède, the Wiess Visiting Professor
in the Department of Earth, Environmental
and Planetary Sciences, has been awarded the inaugural Nemmers Prize in Earth
Sciences by Northwestern University. The
Nemmers Prize recognizes “his fundamental applications of geochemistry to Earth
sciences.”

Jakob Grzesik ’20 and Alex Hwang ’19 were
awarded Goldwater Scholarships for the
2018–2019 academic year.

SLAC NATIONAL ACCELERATOR
LABORATORY
Ming Yi, assistant professor of physics and
astronomy, was awarded the 2018 William
E. and Diane M. Spicer Young Investigator
Award for superconductor research at SLAC’s
x-ray synchrotron.

NATIONAL SCIENCE
FOUNDATION
Elena Busch ’18, Gia Rivera Longsworth ’18,
Rachel Carlson ’10, Michelle Muth ’15 and
graduate students Dreycey Albin, Quinton
Anderson, Logan Bishop, Eliot Bongiovanni,
Madeline Galbraith, Rachael Kress, Jadelys
Tonos Luciano and Mackenzie Warrens were
selected for the 2018 National Science
Foundation Graduate Research Fellowship
Program.

WATSON FELLOWSHIP
UNIVERSITY OF CHICAGO
Peter Rossky, dean of the Wiess School of
Natural Sciences and the Harry C. and Olga
K. Wiess Chair in Natural Sciences, was

Lucrecia Aguilar ’18 was awarded a 2018
Thomas J. Watson Fellowship for travel to five
countries to study big cat species and their
increasingly vulnerable existence.
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NEW FACULTY

New Faculty

Lydia Beaudrot

LYDIA BEAUDROT

SYLVIA DEE

Assistant Professor of Biosciences

Assistant Professor of Earth, Environmental
and Planetary Sciences

Lydia Beaudrot combines observational
data with statistical modeling approaches
to investigate questions at the interface
of ecological theory and conservation
biology. Her research aims to understand
how tropical mammals and birds respond
to global change and to apply the results
to biodiversity conservation.
Beaudrot was awarded an NSF Graduate Research Fellowship and received her
Ph.D. in ecology from the University of
California at Davis. She pursued postdoctoral training at Conservation International in the Moore Center for Sciences and
Oceans in collaboration with the TEAM
Network and as a member of the Michigan Society of Fellows at the University of
Michigan.

Sylvia Dee is a climate scientist specializing in atmospheric modeling, water isotope physics and paleoclimate data-model
comparison. Her research combines information from the Last Glacial Maximum
to the Last Millenium with the present to
improve predictions of future climate. Her
work focuses on strategies for combining
data from general circulation models,
stable water isotope ratios and high-resolution paleoclimate observations such as
ice cores, tree rings and corals.
Dee received her Ph.D. from the University of Southern California where she
was a college doctoral fellow. She obtained
postdoctoral training at Brown University
as a Voss Postdoctoral Fellow and at the
University of Texas at Austin.

Sylvia Dee

JOANNA NELSON
Assistant Professor of Mathematics

Joanna Nelson
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Joanna Nelson is a mathematician whose
research involves the interactions between
symplectic, contact and complex geometry. Currently, she is working on defining
contact invariants via pseudoholomorphic
curves.
Prior to joining the Rice faculty, Nelson
completed her Ph.D. at the University of
Wisconsin at Madison, was an NSF Mathematical Sciences Research Postdoctoral
Fellow and a Ritt Assistant Professor at
Columbia University, a member at the Institute for Advanced Study and a member
at the Simons Center for Geometry and
Physics.

NEW FACULTY

KIRSTEN SIEBACH

MING YI

Assistant Professor of Earth, Environmental
and Planetary Sciences

Assistant Professor of Physics and Astronomy

Kirsten Siebach is a self-described Martian
geologist. Her work focuses on understanding the history of water interacting
with sediments on Mars and early Earth
through analysis of sedimentary rock
textures and chemistry. She is currently
a member of the Science and Operations
Teams for the Mars Exploration Rovers
and the Mars Science Laboratory.
Before joining the Rice faculty, Siebach
received her Ph.D. from the California
Institute of Technology and conducted
postdoctoral research on the geochemistry of Martian sediments at Stony Brook
University.

CHRISTOPHER TUNNELL
Assistant Professor of Physics and Astronomy
and of Computer Science
Christopher Tunnell is an astroparticle
physicist searching for dark matter. As a
member of the XENON collaboration,
he has helped build exotic detectors to
discover amazing fundamental particle
physics in the search for particle dark
matter. Of particular interest to him is the
development of new analysis techniques
to “squeeze the juice” out of their data.
Tunnell received his Ph.D. from the
University of Oxford. He obtained postdoctoral training at the Dutch particle
physics laboratory Nikhef and as a Kavli
Fellow at the University of Chicago.

Ming Yi’s research focuses on discovering
and understanding emergent phenomena
in quantum materials. In particular, her
work over the past decade has focused
on understanding high-temperature
superconductivity. In the coming years,
she hopes to go beyond discovery toward
actively tuning and controlling these
emergent phenomena.
Yi was selected to receive the 2018
Spicer Young Investigator Award for
superconductor research at SLAC’s x-ray
synchrotron. She also was awarded the
L’Oréal Women in Science Fellowship in
2015, which honors female scientists at
critical stages in their careers.
Yi was awarded an NSF Graduate Research Fellowship and received her Ph.D.
from Stanford University. She pursued
postdoctoral training at the University of
California at Berkeley.

Kirsten Siebach

Christopher Tunnell

Ming Yi
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PHILLIP BROOKS

NICHOLAS K. IAMMARINO

Chemistry

Kinesiology

Phillip Brooks received a B.S. from the
California Institute of Technology and a
Ph.D. from the University of California,
Berkeley. After completing postdoctoral
work at the University of Chicago, he
joined the Rice faculty in 1965.
Brooks is an experimental physical
chemist known for his molecular-beam
studies of chemical reaction dynamics.
His experiments provided insight into
the ways that the orientation of individual molecules can affect chemical
reactions, affecting different molecules
in usually surprising ways. In collaboration with Robert Curl ’54, the Kenneth S.
Pitzer-Schlumberger Professor Emeritus of
Natural Sciences, Brooks showed that you
can laser-excite chemical species while
they were in the process of colliding and
reacting, providing the tantalizing — but
not yet realized — notion of using lasers to
change the course of chemical reactions.
Brooks is now professor emeritus of
chemistry.

Nicholas K. Iammarino received a B.S.
from the University of Dayton, a master
of health education from the University
of Toledo and a Ph.D. in health education with a specialization in preventative
medicine from The Ohio State University.
He was credentialed as a certified health
education specialist in 1989. He joined
the Rice faculty in 1978. He served as the
chairman of the kinesiology department
from 2007–2018 and as Rice’s health professions adviser from 1984–2003.
Iammarino was elected a fellow of the
American School Health Association in
1985 and of the American Association for
Health Education in 1998. He is a founding member of the American Association
of Health Behavior and served on its first
board of directors from 1999–2002.
His research interests have included
cancer prevention and education, cancer
and other chronic disease screening programs, international health and comparative health care policy.
Iammarino is now professor emeritus
of kinesiology, lecturer and co-director of
the Rice-UT Public Health Scholars
Program.

In Memoriam

JOHN STEVEN OLSON

MICHAEL BOSHERNITZAN

Biochemistry

Professor of Mathematics

John Steven Olson received his B.S. in
chemistry from the University of Illinois
and his Ph.D. in biochemistry from Cornell University. After a brief postdoctoral period at the University of Michigan,
he joined Rice’s biochemistry department in 1973. He served as chairman
of the department from 1983–1987.
He was a leader in studies of oxygen
transport, publishing over 250 journal
articles and securing six patents.
Olson was an outstanding research
adviser, having mentored 31 Ph.D.
students, 50 undergraduates and 11
postdoctoral students. He received the
Rice Presidential Mentoring Award in
2017 in recognition of his teaching and
mentoring success. He also provided
valuable mentoring and advice to faculty colleagues and was committed to his
work in the classroom, where he taught
biochemistry over multiple decades.
Olson received three George R. Brown
Awards for Superior Teaching.
Olson is now professor emeritus of
biosciences.

Michael Boshernitzan, professor of mathematics, died Aug. 28, 2019,
after a long illness. He was 69.
Boshernitzan joined Rice as an assistant professor in 1982, was
promoted to associate professor in 1985 and professor in 1993. He
came to Rice from the Institute for Advanced Study in Princeton,
New Jersey.
His interests lay in ergodic theory, Hardy fields, dynamical systems, number theory and combinatorics, according to department
chair Alan Reid, the Edgar Odell Lovett Professor of Mathematics.
“He was especially well known for his work on interval exchange
transformations, and in particular for developing a remarkable
condition (now called the Boshernitzan condition) to test whether
an interval exchange map is uniquely ergodic,” Reid said. “This led
to a new proof of the Masur-Veech theorem stating that almost every
interval exchange transformation is uniquely ergodic. This condition
later found applications in spectral theory and the theory of aperiodic order.”
Boshernitzan earned his bachelor of science from Moscow University in 1972, a master’s at The Hebrew University, Jerusalem, in 1974,
and his Ph.D. at the Weizmann Institute of Science, Rehovot, Israel,
in 1981.
As a youngster, he enjoyed competing in the International Mathematical Olympiad, winning regional, national and international
medals. He left his hometown at 15 to study at an elite school for
mathematics in Moscow founded by Andrey Kolmogorov.
Inspired by his love of mathematics competitions, Boshernitzan
was heavily involved in preparing Rice’s team for the William Lowell
Putnam Mathematical Competition, the pre-eminent event for
undergraduate college students in the U.S. and Canada, beginning in
1984. The Putnam began in 1938 as a competition between mathematics departments at colleges and universities and has grown to be
the leading university-level mathematics examination in the world.
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a Thousand
Words
BY S HI HA N S HZU ( 斯世安)

From a young age,
Daisy Chung ’14
developed an interest
in the natural world
and envisioned herself working intimately
with nature as a farmer. This prospect,
however, was not very popular with her
teachers in Taiwan. Still, Chung found
a way to channel her interest in nature
through her biology classes — her favorite
subject in school. She recalled that the
most memorable lessons in those classes
were taught in concert with visual materials, such as the cell cross-sections she
found in her textbooks. One day, Chung
realized that there must be someone
behind the scenes making those graphics
— those intricate, beautiful and engaging
pieces of artwork that allowed her to most
effectively learn her favorite subject.
These twin interests stayed with
Chung, and at Rice she dove deep into her
biology courses and continued carrying
out experiments in research labs. She did
everything that was expected of a typical
undergraduate researcher — presented at
poster sessions, attended lab meetings and
wrote research reports. “But,” Chung said,
“I struggled with it. I didn’t like writing
papers and I was horrible in the lab.”
Realizing that she did not want to
specialize in a particular field, Chung
instead began to focus on her desire to
share scientific findings from many fields
through visual creation — something she

loved to do. Bringing together her interest
and majors in biological sciences and
visual arts, Chung set off to explore ways
to put science illustration to work. In the
process, she put together multidisciplinary
independent studies and created a science
illustration track in the visual arts major
while “secretly taking advantage of the
opportunity to prepare a portfolio for grad
school,” she said.
Through the process of presenting her
research to her peers, Chung became more
aware of the challenges a researcher faces
when communicating with those outside
of their field — primarily, the need for
audiences to relate to the research. She
decided to embark on an endeavor to fill
the disconnect between the researcher and
a general audience.
One of Chung’s first efforts to communicate scientific findings to a broad audience focused on Rice’s own department
of biosciences. “When I was at Rice, I was
very annoying to the biology department,
telling them, ‘Hey, you need an artist to
visualize your research,’” she said. That
artist was Chung, who ended up in this
position that had not existed before.
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What is in city honey?
A high diversity of
plants—even nonﬂowering
ones—helps bees thrive in
cities. Insects that feed on
sap-producing plants such
as conifers expel honeydew, a sweet secretion,
which bees collect and
make into honey.

Cypress

Eucalyptus

Linden

Linden

White
sweet
clover

56%
Flowering
trees

Rosemary

Top three
plants for
honeybees*

SEATTLE (84 sq mi)
A leader in urban farming and
sustainability, Seattle was an early
adopter of beekeeping regulation.

SAN FRANCISCO (47 sq mi)
Hospitable climate and residents
combine with no restrictions to
make the city a haven for bees.

Apple

22%
Flowers,
grasses,
and shrubs

22%
Conifers

Cedar
Sweet
chestnut

Locust

As a student, she had a unique insight
into what it takes to make materials more
engaging for students — and who to consult to ensure a projects’ success. “Always
do a show-your-mother test,” Chung
said. “Or show your friends the thing
you created and have them tell you if it
would make sense to a general audience.”
This feedback from her peers was one way
Chung measured and refined her initial
communication efforts.
After graduating from Rice, Chung
received a graduate certificate in scientific
illustration from California State University, Monterey Bay and put this training to
use as a freelance science illustrator working closely with researchers and various
science publications. However, she found
illustration to be solely focused on conveying the beauty of nature as opposed to
telling a larger story — something she realized she had a passion for. She decided to
switch her focus to science journalism, an
area where illustrations, original graphics
and storytelling come together.
Chung found the right fit starting at
Scientific American as an intern, and later
at National Geographic, where she became
the lead associate graphics editor. As a
publisher of evergreen material, National
Geographic focuses on producing timeless
content that can be used at any time and
still remain relevant. The job was a great
match for Chung, because she was able to
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Linden
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Urban green space
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Recorded beehives
(data available
for Boston only)

A DOLLOP
OF SWEET
SCIENCE
By Kelsey Nowakowski

DATA S H E E T

DECLINE IN POPULATION (2001-2017)

Egyptian
grass

Western
honeybee,
actual size

|

Stonecrop

BOSTON (Total land area: 48 sq mi)†
The number of managed hives in Boston grew from just a handful in
past decades to more than 175 today. One honey sample from the city
contained 411 plant species—diversity that helps urban bees ﬂourish.

NEW YORK (303 sq mi)
Even luxury hotels host hives: The
InterContinental in Times Square
uses its rooftop honey in cocktails.

-60%

WASHINGTON, DC (61 sq mi)
In a test to see where bees can
prosper, D.C.’s wastewater treatment plant has four hives on its roof.

PORTLAND, OR (133 sq mi)
It’s called the City of Roses, and
the ﬂower is the most prominent
plant in its honey DNA.

-40%

INCREASE

-20%

0%

Meadow pipit

68%
DECLINE

Whinchat

Like wine and beer, honey has an array
of flavor notes that can be tricky to pinpoint. A honey’s taste is influenced by
the types of nectar and pollen bees collect. But until recently scientists couldn’t
say precisely what bees fed on or where.
Now, by sequencing the genetic
material in honey, scientists can tell
which plants are in the sweet stuff. Noah
Wilson-Rich, founder of the Best Bees
Company, an urban beekeeping service,

heads a study profiling the DNA of honey
from major U.S. cities.
Samples are taken from hives in city
centers. DNA tests reveal how many
plant species honeybees visit within
the foraging range of three to five miles,
showing what plants they prefer. WilsonRich says higher plant diversity in urban
areas could be one reason that city hives
are healthier and more productive than
many rural ones.

* RESULTS BASED ON PRELIMINARY DATA. PLANTS NOT DRAWN TO SCALE
†

CITIES NOT DRAWN TO SCALE

Making city bees legal
Los Angeles outlawed
hives in 1879 due to misguided fears that bees
attacked fruit crops but
joined other major U.S.
cities in legalizing hives
in 2015. Beekeeping
was often present
before city regulation.
Currently most cities
require that hives be
kept a certain distance
from property lines.

1875

1880-1965

1970

1975

1980

1985

1990

1995

2000

2005

2010

Year beekeeping
became legal

Year beekeeping
was banned

Yellowhammer

2015 2017

Los Angeles

Northern lapwing

Boston
Washington, DC

20%

French farmland
birds are disappearing
due to single-crop fields
and the overuse of
pesticides. Populations
of insect-feeders like
meadow pipits and
whinchats are in free fall.

Gray partridge

New York
Regulation
goes back to
at least 1968.

Seattle
Portland, OR
San Francisco

Current requirements

Red-legged partridge

Permit

Fee

Registration

Number of hives under limit

DAISY CHUNG AND CLARE TRAINOR, NGM STAFF. SOURCE: NOAH WILSON-RICH, THE BEST BEES COMPANY; USGS PAD-US;
U.S. CENSUS BUREAU; DISTRICT OF COLUMBIA; CITIES OF BOSTON, LOS ANGELES, NEW YORK, SAN FRANCISCO, SEATTLE, AND PORTLAND, OREGON

SILENT SPRING
ON THE FARM

Common quail
Rook
Eurasian linnet
Eurasian skylark

BY DAISY CHUNG A N D
MICHAEL GRESHKO

annoying to the biology department,
telling them, ‘Hey, you need an artist
to visualize your research.’”

The switch to taller and
denser cereal crops is forcing Eurasian skylarks to
look for other nesting sites.

European stonechat

flourish
in the European Union, its fields have
grown quiet—robbed of the birds
that once filled them with song. Since
1980 the number of birds that typically inhabit Europe’s farmlands has
shrunk by 55 percent. And in the last
17 years alone, French farmland-bird
counts dropped by a third—a “level
approaching an ecological catastrophe,” according to a recent survey.
Intensified agriculture is driving the
losses. Habitats where birds once bred,
nested, and wintered now bear crops,
and pesticides have killed off birds’
prey. In the past 27 years Germany has
lost 75 percent of its flying insects by
mass. Even avian species that typically
adapt to humans have dwindled on
farms, suggesting that the land is less
able to sustain all kinds of birds.
To curb the losses of farmland birds,
researchers contend that agriculture
must be remade in nature’s image:
less dependent on the addition of
chemicals, more diverse in its flora,
and more hospitable to local fauna.
A S I N D U S T R I A L - S C A L E FA R M S

“When I was at Rice, I was very

A recent study showed that
red-legged partridges are
poisoned by seeds treated
with the insecticide fipronil.

Corn bunting
Western yellow wagtail
Wood lark
Eurasian kestrel
Crested lark
Red-backed shrike

Wetland drainage and the
removal of grasslands for
crops drive the decline of
the western yellow wagtail.

Cirl bunting
Northern wheatear

Common buzzard
Common whitethroat
Eurasian hoopoe

The European range of the
Eurasian hoopoe is most
likely expanding northward
due to a warming climate.

Tawny pipit
22% INCREASE

Beyond France, beyond farms
In France, farmland birds have had the
steepest decline, a trend also observed
in North America and Asia. Birds preferring other habitats are also disappearing.
Generalist birds increased in number as
they moved into the emptied habitats, but
recently they too are stable or declining.

BIRDS DECLINING INCREASING
19 species

(2001-2017, FRANCE)

Farmland-specialist birds*

4
11

11
9

Urban-specialist birds

4
6

Woodland-specialist birds

8

Generalist birds

*SPECIALIST BIRDS PREFER ONE TYPE OF HABITAT, WHILE GENERALIST BIRDS DO NOT. BIRDS ARE DRAWN TO SCALE. RYAN T. WILLIAMS, NGM STAFF
SOURCES: BENOÎT FONTAINE, NATIONAL MUSEUM OF NATURAL HISTORY, FRANCE; ANA LOPEZ-ANTIA, UNIVERSITY OF ANTWERP; BIRDLIFE INTERNATIONAL
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help decide on the subject matter, shape
the narrative from initial story pitches
to published magazines and lead a team
of associate graphics editors to ensure
the whole magazine production is of the
highest quality. Now, she is the creative
director at wikiHow and also continues to
do freelance work for National Geographic
and other publications.
As a student of nature, Chung draws
on her background in biology and time
spent outdoors to spark ideas for her work.
“I need to be out there and get perspective,” Chung said. An avid rock climber,
Chung put on her climbing shoes and
drew from personal experience when
working on a story about Alex Honnold’s
rope-free climb of Yosemite’s El Capitan,
the world’s most famous rock wall. In the
midst of a project that required drawing
trees over and over again, the way light
reflects off of trees became a near constant
consideration. “Drawing a ton of trees, I
found myself really being distracted while
biking,” she said. “I was preoccupied with
things like the way the light hit the tree
or possible ways to make my drawings
appear more 3D.” Sometimes, it gets
difficult to put down her projects even
when she heads home. During her dive-in
on marine animals impacted by climatical changes, different sea creatures even
appeared in Chung’s dreams.
Chung is not complaining. After all,
there are worse ways to bring your work
home with you. ■
Visit daisychung.com to see more of Chung’s
work.

1.

First day

Below Yellowstone

Last day

A NEW WAY TO SEE INSIDE
Tracheae

Soggy Mars

Midgut

Deadly Mates
Obituary for a Lion

Air sacs
(breathing)

I L L U M I N AT I N G T H E M Y S T E R I E S — A N D W O N D E R S — A L L A R O U N D U S E V E R Y D AY

INITIAL LARVAL STAGE
(15-20 DAYS)

Egg

MOLTING LARVA
(5-30 MINUTES)

1

Larval
mouthparts

VO L . 2 34 N O. 6

N AT I O N A L G E O G R A P H I C

PRE-CHRYSALIS
(3-5 DAYS)

Layers
shed

PROGRAMMED
TO CHANGE

Expansion
Degeneration

BY DAISY CHUNG

2

3

Once it’s big enough, a caterpillar
finds a safe spot and often attaches
itself to it with silk. A final molt
reveals a shell called a chrysalis;
inside, the insect changes dramatically in preparation for adult life.

The butterfly sucks in air until
its chrysalis breaks open. It
then flaps its wings for several
hours to dry them and to
circulate blood before flying
off in search of a mate.

Emergence

ADULT
(15-21 DAYS)

ENLARGED
BELOW

As the larva grows and
prepares to transform, some
body parts develop further;
others begin to break down.

Until recently, the only way to study
a chrysalis’s development was to cut it
open or x-ray it—with fatal results. Now
3D models from harmless micro-CT scanning reveal details: The trachea expands
to allow increased oxygen intake, and
the gut shrinks to adjust to a diet that
switches from plants to nectar.

EMERGING BUTTERFLY
(0.5-2 HOURS)

Transformation

A caterpillar eats often and grows
quickly. It molts several times,
each molt marking a new larval
stage, until it reaches maturity.
Then its hormones shift, signaling
the onset of the chrysalis phase.
ENLARGED
BELOW

Leg upgrade
Stubby prolegs that
help a caterpillar move
degenerate; thoracic
legs grow to adult size.

Thoracic
leg
Silk
gland

Proleg
(crawling)

Thoracic leg
(grasping)

M E TA MO R P H O S I S I S A R A D I C A L C H A N G E in form and

function. Frogs and sea urchins metamorphose.
Many insects do too, shifting from crawling larva
to flying wasp, beetle, or moth. Perhaps the most
familiar metamorphosis—the one that’s the subject
of countless school science projects—is the butterfly’s
transformation from caterpillar to winged beauty.
Yet scientists are only now beginning to grasp what
goes on inside a chrysalis. New research suggests
that the caterpillar does not dissolve into a “soup,”
as once thought. Rather, the insect’s makeover is a
programmed mix of destruction and growth. Certain
cells die, and body parts atrophy. Meanwhile, other
cells, in place since birth, rapidly expand. In as little
as two weeks, the adult emerges entirely remodeled,
capable of flight—and bent on finding a mate.

26

DECODER

CHRYSALIS
(10-15 DAYS)

Activation

Art shows blue
morpho (Morpho
menelaus) at
actual size except
where noted.

Antenna

Wing expansion
Four wings grow
rapidly, their patterns
and colors predetermined by larval cells.

Adult
wing

Mandible
(chewing)

Simple eye
(light sensing)

Proboscis
(drinking)

Mouth elongation
Chewing mandibles
morph into two halved
pipes that zip to make
a strawlike proboscis.

Proboscis half
(drinking)

Eye exchange
Six simple eyes move
inward to the brain;
two complex eyes
form at the exterior.

Compound eye
(true vision)

Antenna

Wing bud

Caterpillars are born with
four internal buds that are
genetically programmed
to grow into wings.

N AT I O N A L G E O G R A P H I C

Butterfly brains are almost completely rewired to meet the flying
insect’s new needs, but they may
retain some olfactory memories
from the larval stage.

ART: DAISY CHUNG, NGM STAFF. CATHERINE
ZUCKERMAN, NGM STAFF; MESA SCHUMACHER .
SOURCES: MARK GRECO, CHARLES STURT
UNIVERSITY; DOUGLAS BLACKISTON,
TUFTS UNIVERSITY; ANTÓNIA MONTEIRO,
NATIONAL UNIVERSITY OF SINGAPORE; ADRIANA
BRISCOE, UNIVERSITY OF CALIFORNIA, IRVINE;
MARTHA WEISS, GEORGETOWN UNIVERSITY
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EXPLORE
Wild Things
Shown for scale

Largest size
on record

Average size
at maturity

The Ones That Got
Away Get Huge
Biologists were stunned, in 2013, to pull a goldfish more
than 15 inches long from Lake Tahoe. And it had company; aquarium fish dumped by their owners have been
multiplying in the lake—and growing enormous. Since the
goldfish have plenty of food and little competition, “it may
be possible to see larger goldfish in the future in Tahoe,”
says Sudeep Chandra, an aquatic ecosystems researcher
at the University of Nevada, Reno.
The secret to growing these monster-size fish is time.
Unlike people, who normally stop growing after puberty,
many fish keep growing as long as they live. A lake sturgeon,
for example, can live to be over a hundred and grow up to
nine feet long. In much of the world, however, overfishing
prevents fish from living long lives. As a result, “the world
is losing its big fish,” says fish biologist Zeb Hogan.
Yet in some places where fishing is restricted, new size
records are being set. “What seemed like ‘fish stories’ in the
past now seem believable,” says Hogan, host of the Monster
Fish television show on Nat Geo WILD. The return of true
behemoths could take 30 or 40 years, he says: “You stop
fishing one year, you don’t see giant fish the next.”
As the goldfish keep growing in Lake Tahoe, Chandra
aims to document how they’re changing the ecosystem.
On the drawing board: a miniature robot fish that could
stealthily observe the giants. —Erika Engelhaupt
nat i o na l g e ogr ap h ic • au gu st 2 0 1 6

2.

Midway

IN THIS SECTION

E X P L O R E

Alligator gar
Atractosteus spatula
A typical commercially caught
alligator gar is about four feet
long and 20 to 35 pounds. But
the 2011 record setter was some
eight feet long, 327 pounds,
and at least 94 years old.

Goldfish
Carassius auratus
It’s a myth that goldfish can’t
grow large in a small bowl, says
Sudeep Chandra; in fact, many
are dumped when they outgrow
their tanks. The largest reported
by Guinness World Records
was 18.7 inches long.

Goliath grouper
Epinephelus itajara
Overfished for decades off
Florida’s coast, the fish didn’t live
long enough to grow large. Today,
thanks to protections enacted
in the 1990s, true goliaths are
back—some about 600 pounds.

Lake sturgeon
Acipenser fulvescens
Huge sturgeon were once common bycatch in the Great Lakes,
where fishermen stacked them
like cordwood on the shore. But
populations have been drastically reduced by habitat loss,
pollution, and the popularity
of the species’ caviar.
ART: DAISY CHUNG, NGM STAFF. SOURCES: ZEB HOGAN AND
SUDEEP CHANDRA, UNIVERSITY OF NEVADA, RENO; ALLYSE
FERRARA, NICHOLLS STATE UNIVERSITY, LOUISIANA; RYAN KOENIGS, WISCONSIN DEPARTMENT OF NATURAL RESOURCES

3.

4.

5.

6.

7.

Stinky Plants
1. Toad plant Stapelia gigantea
2. Dead horse arum lily Helicodiceros muscivorus
3. Dragon arum Dracunculus vulgaris

8.
9.

4. Wild arum Arum maculatum
5. Titan arum Amorphophallus titanum
6. Corpse ﬂower Rafflesia arnoldii

7. Eastern skunk cabbage Symplocarpus foetidus
8. Western skunk cabbage Lysichiton americanus
9. Jackal food Hydnora africana
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Quantum
Materials
OF THE FUTURE
BY H AL L I E TR I AL
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We are quite fond of
simplifications.
Consider the ideal gas law, which we all
learn in introductory chemistry classes. It
treats gas molecules as volumeless points
that collide with each other and the walls
of their container but feel no forces of attraction or repulsion to one another. This
model works fairly well, allowing us in
many situations to make accurate predictions about how gases will respond to temperature, pressure and volume changes.
Yet, if gases actually behaved ideally, water
vapor could never condense into rain,
and, with enough pressure, we would be
able to compress any amount of gas into a
volume approaching zero. In these cases,
the simplifications in our model cause it
to break down.
Similarly, a model called Landau Fermi
Liquid Theory can be used to describe
how electrons move through a metal or
semiconductor. In this model, we treat
electrons as though each moves independently, uninfluenced by the motions
of other electrons. According to this theory, the lattice of energy levels in the atom
dictates the motion of the electrons. This
theory can be used to understand electron
movement in silicon — the foundation of
technology like cell phones and computers — and it provides accurate predictions
almost all of the time.
The simplifications in this model break
down, however, for certain materials called
strongly correlated electron materials. “In
certain materials, electrons behave in a
coherent fashion and defy Landau Fermi
Liquid Theory. So you really have to have
an entirely new paradigm,” explained Rice
experimental physicist Pengcheng Dai,
professor of physics and astronomy.
Dai’s group aids in the development of
this new theoretical framework by investigating magnetic behavior in strongly
correlated electron materials. In order
to do this, his lab employs a technique
called neutron scattering. “We don’t
have neutrons on campus — well, we do
have neutrons, but not useful neutrons.
So we have to travel to neutron scattering facilities at places such as Oak Ridge
National Laboratory [in Tennessee],” said
Dai. At these facilities, machines separate
out neutrons from atoms and fire them at
scientists’ samples.
“You can think of the neutrons as flying
magnets, but they’re neutral,” Dai said.

Because neutrons lack electric charge,
they cannot interact with the particles in
a material electrically, which means that
magnetism is the only significant interaction between the neutrons and the particles in a sample. “And you know what a
magnet does, right? If you stick a magnet
on a refrigerator, it will stay there because
the magnet has a moment. And why does
the moment interact with the refrigerator?
Because the refrigerator is made of iron,
and iron is a ferromagnet,” Dai continued.
In the same way that a refrigerator magnet interacts with the collective magnetic
moments of all the iron atoms in the
refrigerator to create a force that holds the
magnet on, each neutron flying through
a sample interacts with the tiny magnetic
moments of the particles in the sample.
This applies a force to the neutron and
deflects its path. When scientists fire many
neutrons through a sample, they pinpoint where the neutrons hit on the plate
behind the sample. The pattern formed by
the many impact sites provides information about how the neutrons deflected
when traveling through the sample.
“We can use that to determine how the
moments in the material are arranged and
how they are interacting with each other,”
said Dai. His research group uses this
technique to investigate three main types
of strongly correlated electron materials:
iron-based high-temperature superconductors, topological materials and quantum
liquids.

Many ordinary materials will superconduct — conduct charge flow with zero
resistance — at temperatures near absolute
zero. “Aluminum, for example, superconducts around 1 or 2 kelvin. In that case,
superconductivity is induced by the electron phonon coupling,” Dai explained.
This type of superconductivity comes from
electrons interacting with one another
and with vibrations — called phonons —
in the solid lattice.
We can picture the superconducting
material as a lattice of positively charged
ions with a sea of electrons flowing
around them. When one electron moves
in the lattice, the positive ions move
slightly, attracted by the negative charge
of the electron. The displacement of the
ions creates a positively charged region
that then attracts another electron to form
a pair called a Cooper pair. The interaction
of the electrons and the lattice vibrations
allows current, once established, to flow
through the material indefinitely with no
power loss.
However, Cooper pairs stick together
rather tenuously, and random vibrations
due to thermal energy can easily separate
them and prevent superconductivity at
temperatures much higher than absolute
zero. “Since the ’80s, people have discovered that we have so-called high temperature superconductors, which people
believe are not induced by electron lattice
coupling but rather by electron magnetism coupling,” said Dai.

“There are two major classes of high
temperature superconductors. One material class is based on copper oxide. The
second class of materials, which we’ve
been working on for years, is called ironbased superconductors.” For the first class,
in its natural form, what is known as the
parent compound — copper oxide — is
not even a conductor; it’s an insulator. For
the second class — iron-based superconductors— however, the parent compound
is a conductor.
Despite their differing properties, both
parent compounds are what’s called longrange order antiferromagnets: materials
in which neighboring atoms have their
spins aligned in opposite directions. “So
it turns out that it doesn’t matter whether your parent compound is a metal or
insulator as long as it is a long-range
ordered antiferromagnet, then when you
dope it — add impurities consisting of
other metals or nonmetals with different
electronic arrangements — it will become
a superconductor at rather high temperature,” said Dai. “We know empirically that
in most systems, the parent compound
when it is magnetically ordered, there is
no superconductivity. If you dope it and
you suppress magnetic order, gradually,
superconductivity emerges. In the superconductivity phase, there is no static long
range order, but there are these spin-spin
correlations, meaning on the short time
scale, spins do know each other.”

Ferromagnetism and antiferromagnetism are two types of ordered magnetism. (a) Ferromagnetism is the strongest type of magnetism responsible
for magnets we find in everyday life. In a ferromagnetic material, all of the magnetic moments are aligned. (b) Antiferromagnetism occurs when the magnetic
moments alternate from site to site within the material. Antiferromagnetism exists at low temperatures and seems to have something to do with superconductivity for
unconventional superconductors like the iron-based superconductors that Dai studies.

(A) FERROMAGNETISM

(B) ANTIFERROMAGNETISM

  SPRING 2020 ❱ ENQUIRY

15

Unusually, the parent compound of one superconducting
material — iron selenide — lacks antiferromagnetic order. “This
has led some to suggest that superconductivity arose in iron
selenide in a completely different way than it arises in these other
superconductors,” Dai said. Recently, however, Dai’s group and
their collaborators found that the magnetic correlations that are
associated with superconductivity in iron selenide are highly
anisotropic, just as they are in other iron superconductors. The
results suggest that the mechanism for superconductivity in this
material works the same way, too. “You don’t need an entirely
new method to understand it,” he said.

Pengcheng Dai (left) and graduate student Tong Chen conducted neutron
scattering experiments with colleagues from the U.S., China and Europe
and found that magnetic correlations associated with superconductivity
in iron selenide are highly anisotropic, just as they are in other iron-based
superconductors.

Graduate student Lebing Chen spent three months perfecting a recipe for making
flat sheets of chromium triiodide, a two-dimensional quantum material that
appears to be a magnetic topological insulator.
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In addition to iron-based superconductors, Dai also investigates
a strange class of materials called topological materials — named
for the branch of mathematics that helped physicists understand
their properties. Their experiments focus on a particular topological material, chromium triiodide, that forms a hexagonal
honeycomb structure of ions that closely resembles the structure
of graphene.
Graphene’s unusual conduction properties have long intrigued
scientists. In graphene, electrons cannot jump over the empty center of a ring to cross it, instead traveling only along the
“highways” formed by the hexagonal edges. Scientists like Dai
wanted to know whether they could build magnetic analogues
for graphene’s conduction.
Dai can measure magnetic waves, or magnons, using neutron
scattering. Essentially, we can imagine the magnetic dipoles of
the particles in a material as little dominos; if we knock one over
using the magnet of a flying neutron, the next magnetic dipole
“domino” will align with the first dipole, causing it to fall over,
and so on through the material. Unlike real dominos, these special tiny magnetic dominos can stand back up to allow waves to
flow through again and again. Using this strategy, Dai’s lab found
that magnons flow through chromium triiodide along its edges,
just as electrons may be able to flow in graphene.
Topological materials, like chromium triiodide, may one day
find application in advanced spintronics devices. Right now,
we transmit information using electricity that encodes a series
of ones and zeros. Flowing electricity means one, no flowing
electricity means zero. But this is not the only way to encode two
binary options.
“There’s a push within the community to figure out how
you can transmit information without actually having to use
electrons moving through a solid, because when you use electrons passing through a solid, unless it’s as superconductor, it
always costs energy because of the resistance of the system,” Dai
explained. The spintronics movement seeks to find a way to use
magnetic spin in place of electricity to serve the same purpose.
Spin, too, is binary. “The spin, if you can read it, is either up
or down. Spin can exist in an insulator,” said Dai. “If you could
transmit information through an insulator using spin waves instead of current then there’s no resistance, because in insulators,
there’s no current.” If spintronics becomes a reality, the information of the future will be carried by magnetic waves.
Recently, Dai — working with a team of scientists from
Rice, Korea University, Oak Ridge National Laboratory and the
National Institute of Standards and Technology — uncovered a
new property of chromium triiodide that may help distinguish
between waves that would encode “1” and waves that would
encode “0.” In chromium triiodide, the spin waves may be chiral.
“This means that the spin wave transmitting from left hand
rotation and right hand rotation may have slightly different
energies, and if that’s the case, then we can really separate these
two things,” Dai said.
The final type of bizarre, exciting material that Dai lab members study is the quantum spin liquid. Even videos of liquid
helium near absolute zero climbing up the walls of its container
cannot quite capture the exoticism of quantum liquids. Typically, quantum mechanical effects only become relevant on tiny,
subatomic scales, which is why classical physics can ignore them
entirely and still produce good macroscopic predictions.

For instance, every particle has what is called a de Broglie
wavelength, but these wavelengths are almost imperceptibly tiny
and grow even smaller with increasing mass and velocity. For this
reason, the wavelength of an electron figures into calculations of
its motion, but Newton had no need to consider the wavelength
of an apple when he formulated his laws of motion.
Unlike an apple, in a quantum liquid, quantum mechanical
properties actually influence macroscopic behavior. This occurs
when materials cool enough that the spaces between their atoms
are smaller than their de Broglie wavelength. When this happens,
particles in the material can start to switch places with their
neighbors. Such strange microscopic behavior creates the macroscopic properties we observe, like zero resistance flow (which
allows liquid helium to flow upward).
Dai and his students can identify materials as potential

Two-dimensional honeycomb materials like graphene (top) and chromium
triiodide (bottom) feature a honeycomb structure of interconnected hexagons. In
chromium triiodide, iodine atoms (pink) help align chromium atoms (blue) into a
honeycomb pattern. Image courtesy of Jae-Ho Chung/Korea University

Chromium triiodide produced in a high-temperature furnace at Rice University.
In neutron-scattering experiments, the material behaved like a magnetic
topological insulator.

A 3D representation of the spin-excitation continuum — a possible hallmark of a
quantum spin liquid — observed in a single crystal sample of cerium zirconium
pyrochlore in experiments at Oak Ridge National Laboratory (ORNL). Inelastic
neutron-scattering experiments at ORNL’S Spallation Neutron Source revealed
spin-excitation continua in samples of cerium zirconium pyrochlore that were
cooled as low as 35 millikelvin. Image credit: Tong Chen

quantum spin liquids by characterizing their magnetic properties,
Dai explained. “We use neutron scattering to see whether a material forms continuing excitations [magnetic waves] which is a
hallmark of a quantum spin liquid,” he said. “Studying quantum
spin liquids is very fashionable, very useful, because it might have
potential applications for quantum computing and also for understanding the physics of high-temperature superconductors.”
While materials physicists keep future applications in mind,
“even for chromium triiodide, the [temperature at which superconductivity begins to emerge] is rather low — somewhere
around 60 K. It’s not very convenient to use in, say, a cell phone
unless you want to carry around a bag of liquid nitrogen,” Dai
joked. “We’re not quite at the applications yet; we’re still working
on understanding the fundamental physics of these things.” By
pushing matter to the brink under extreme conditions, scientists
like Dai can unveil novel physics and potential that have existed
in ordinary matter all along. ■
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If molecules could talk, what language would they
speak? According to Angel Martí, associate professor
of chemistry, they already can speak if we know how
to listen.
“Light is a language that we use to speak
to these particles and that these particles
or these molecules communicate back to
us,” he explained. Martí uses the chemistry of light — spectroscopy and photochemistry — to interrogate molecules and
figure out what they do and how they
behave.
Martí’s research weaves together organic, inorganic, physical, materials and
biological chemistry with light as the unifying thread. “Light by itself is like a language that we don’t know how to speak,
so we create probe molecules that actually
absorb that light and relay this information in signals that we can better understand,” said Martí. His research group uses
traditional organic chemistry reactions
to build probes that interact with light
through electronic processes traditionally
in the realm of physical chemistry. They
then apply these probes to study both
biological and inorganic materials.
One probe molecule that Martí has
developed allows researchers to monitor
the aggregation of amyloid beta, a protein
associated with Alzheimer’s disease. All
humans have amyloid beta in their brain’s
neurons, but in individuals with Alzheimer’s disease, that amyloid beta twists into
a new conformation that’s no longer soluble in the aqueous environment within
the cell. The new conformation comes out
of solution and forms fibrillar aggregates,
called plaques, that may disrupt neural
function.
Martí and his students study this process by dissolving soluble amyloid beta in
water and adding their special probes. As
the amyloid beta aggregates, pockets form
on the surface of the fibrils. The probes
slip into the pockets, and this triggers a
change in the probes that allows them to

emit light by fluorescence. Martí’s students
measure the growing fluorescence, and
that lets them monitor the growth of amyloid-beta aggregates. This lets them test
how certain conditions speed up or slow
down aggregation and develop a better
understanding both of how this process
occurs within neurons and how we can
prevent it.
Scientists need to know more than
simply what slows down aggregation to
develop better treatments for Alzheimer’s
disease. They need to know exactly how
certain molecular structures influence
binding location along amyloid beta so
that they can rationally tune the chemical
groups on potential drugs. However, it has
proven difficult to study this topic with
traditional methods because amyloid beta
does not dissolve in water or crystallize
uniformly when in its problematic conformation.
Martí’s lab has created a way to circumvent these issues. They construct small
molecules that bind to amyloid beta and
produce a chemical modification near the
binding site when exposed to light. “We
use metal complexes. When these metal
complexes absorb light, they go to an excited state. In this state of higher energy, these
molecules can interact with molecular
oxygen,” Martí said. Through this interaction, the metal complexes produce a highly
reactive oxygen form called singlet oxygen,
which reacts with the amino acids near the
binding site to add an oxygen atom.

Left: A rhenium-based complex binds to fibrils of misfolded amyloid beta peptide, which marks
the location of a hydrophobic cleft that could serve as a drug target, and oxidizes the fibril,
changing its chemistry in a way that could prevent further aggregation. Image credit: Daisy
Chung
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“We put this protein into the mass spec
chamber and we cut it into pieces,” said
Martí. “And then we keep looking at the
pieces until we find a piece that is the mass
of amyloid beta plus 16, an oxygen atom
that has been added. When we can identify
that fragment, we know exactly where the
oxidation is.” Once they find the oxidation, they’ve found the binding site.
“So it’s kind of like how you can tell
that someone was on the beach not
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because you saw the person but because
of the footprints they left in the sand. You
can even know whether it was a person
or a dog or something else, and you can
tell where they were because of where
the prints are located,” he added. The
researchers in Martí’s lab have also begun
applying this technique to other proteins
that defy conventional techniques for
studying small molecule binding.

Martí also applies clever spectroscopy and photochemistry strategies to
probing inorganic materials — materials
whose structural framework is built from
elements other than carbon. They have a
particular interest in boron-nitride nanomaterials. Boron nitride nanotubes are
almost identical in structure to the carbon
nanotubes that have been studied at Rice
and elsewhere for decades, and they also
possess unique and interesting properties
of their own.

Left: From left,
research scientist
Christopher Pennington, graduate
student Bo Jiang
and Angel Martí
run an amyloid beta
experiment.

Both types of nanotubes have incredible
strength for their size and conduct heat
very efficiently, but there are a few key
differences. “Carbon nanotubes can come
in two flavors — those that conduct electricity very well or those that behave like
semiconductors,” said Martí. “Boron nitride nanotubes are insulating, kind of like
the missing link of carbon nanotubes.”
Carbon nanotubes also appear black, but
boron nitride nanotubes are completely

Above: Aggregating amyloid fibrils glow green
with the addition of fluorescent metallic complexes. The complexes
glow when attached to
the fibrils and exposed
to ultraviolet light,
giving researchers a way
to monitor aggregation
in real time.
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white. “The way that they interact with
light is fundamentally different,” he
added.
Martí is interested in finding ways to
disperse both carbon and boron nitride
nanotubes in solvent to help build novel
configuration of these materials. A solid
collection of nanotubes looks a lot like
spaghetti, according to Martí. In solution,
individual nanotubes can disentangle
and realign themselves into the most
energetically favorable structure, which
creates order in the system. “Therefore,
studying how these materials disperse,
move in solution, diffuse in solution and
self-assemble is pivotal for the creation of
advanced materials in which the nanotubes are in specific and aligned conformations,” Martí explained.
Unfortunately, carbon and boron nitride
nanomaterials are very nonpolar and have
stronger interactions between individual
particles than they do with solvents, so
they will not dissolve or disperse without
a little coercion. Surfactants — molecules
with a nonpolar end that interacts with
the nanoparticles and a polar end that
interacts with solvent — can provide this
coercion.
Martí, however, wanted not only to
disperse boron nitride nanotubes, but
also to image them in solution. For this
purpose, his group developed a special
surfactant with a fluorescent dye as the
polar group. That way, when the boron
nitride nanotubes became surrounded
with the surfactant, they could use the
fluorescent signal to trace the motion of
the nanotubes. They could then calculate
various physical parameters of the motion,
allowing them to understand how the
nanotubes diffuse and recombine into
novel, ordered materials with new and
interesting properties.
Martí’s research combines diverse
aspects of chemistry, physics and biology
to drive innovation. As he articulated,
“in the 21st century the most interesting research is at that interface between
sciences. All these things come together
and allow us to see and discover things
that would not be possible if we just were
concentrated in one area.” As the fundamental disciplines of science grow ever
more deeply understood, much of the
future perhaps lies in the cracks between
them. ■
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Boron nitride nanotubes,
like their carbon cousins, are rolled sheets of
hexagonal arrays. Unlike
carbon nanotubes,
they’re electrically insulating hybrids made of
alternating boron and nitrogen atoms. Insulating
nanotubes that can be
functionalized will be a
valuable building block
for nanoengineering
projects.

Graduate student
Ashleigh Smith
McWilliams holds
a vial of boron
nitride nanotubes
in solution. McWilliams led the effort
to find the best
way to separate the
naturally clumping
nanotubes to make
them more useful for
manufacturing. The
nanotubes turn the
clear liquid surfactant white when they
are dispersed.

A dispersion of boron
nitride nanotubes
as seen through a
microscope shows
individual tubes and
small bundles separated and solubilized
by a surfactant. The
process will help
make boron nitride
nanotubes more
available for applications that require
nanoscale insulators.
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Kilauea Eruption:
An Opportunity for
Undersea Scrutiny
BY MIKE WILLIA MS
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n July 2018, Rice University researchers Julia Morgan, a professor of earth,
environmental and planetary sciences,
and student David Blank were awarded a
National Science Foundation RAPID grant
to join a team of researchers and seed the
seafloor with a dozen seismic detectors
off the southeastern coast of the island in
the wake of the 6.9 magnitude earthquake
that occurred at the start of the eruption
of Kilauea May 4.
“They’re still going on,” said Morgan,
when she returned to Houston after seven
days aboard a vessel deployed to place instruments and map the area. “In addition,
a bunch of earthquakes occurred in other
portions of the (island) flank. That’s what
really got my attention.”
Her interest in geologic structures, particularly relating to volcano deformation
and faulting, led her to study the ocean
bed off the Big Island’s coast for years. In
a 2003 paper, Morgan and her colleagues
used marine seismic reflection data to
look inside Kilauea’s underwater slope for
the boundaries of an active landslide, the
Hilina Slump, as well as signs of previous
avalanches.
The researchers determined that the
Hilina Slump is restricted to the upper
slopes of the volcano, and the lower slopes
consist of a large pile of ancient avalanche
debris that was pushed by Kilauea’s sliding, gravity-driven flank into a massive,
mile-high bench about 15 miles offshore.
This outer bench currently buttresses the
Hilina Slump, preventing it from breaking
away from the volcano slopes.
“We mapped out the geometry and
extent of the slump and tried to develop a
history of how it came to be,” she said of
the paper.
“Essentially, Kilauea is a bulldozer slidKauai
Niihau
ing out on the ocean crust and scraping
off packages of strata that have accumulated,” Morgan said. The Hilina Slump rides
on top of the sliding flank, she said.
“Remarkably, after this earthquake, all
the boundaries of the slump also lit up
with small earthquakes. These clearly occurred on a different fault than the main
earthquake, suggesting that the slump
crept downslope during or after that
event,” she said.
Morgan said the bench appears to be
stable, presumably supporting the slump
— although if it collapsed, the slump
would follow and the results could be
catastrophic. “If the slump were to fail

Oahu
Molokai

Honolulu

Maui
Lanai
Kahoolawe

Hawaii
Hawaiian
Islands

Top: Lava flows from a volcanic rift on the Big Island
of Hawaii July 16, 2018.
Rice researchers worked
with a team to set seismic
instruments on the seafloor
that helped analyze earthquakes and aftershocks
associated with the ongoing
eruption of Kilauea.

Kila ue a
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A cutaway view through
Kilauea’s south flank
looking north showing
subsurface structures,
including the Hilina
Slump (pink), ponding
sediment (green) and the
outer bench (blue) on
the ocean bottom that
holds the slump in place.
(Source: “Instability of
Hawaiian Volcanoes” by
Roger Denlinger and Julia
Morgan/U.S. Geological
Survey Professional Paper
1801)

Primary volcanic edifice

catastrophically, it would create an
amazing tsunami that would hit the West
Coast. We have not seen this in historic
times,” she said.
“The frequency of these failures is very
low and the interval between them is
very high,” Morgan said. “We think this
happened at Kilauea between 25,000 and
50,000 years ago, and we know it happened on (adjacent volcano) Mauna Loa
about 100,000 years ago, and probably
more than once before that.”

While the risk of an imminent avalanche is slim, she said, the eruption,
earthquake and aftershocks presented
an irresistible opportunity to get a better
look at the island’s hidden terrain. Every
new quake that occurs along Kilauea’s rift
zones and around the perimeter of the
Hilina Slump and the bench helps the
researchers understand the terrain.
Morgan said the United States Geological Survey, which operates the Hawaiian Volcano Observatory, has a host of

Active Hilina Slump

ground-based seismometers but none in
the ocean. She said monitors at sea will
reveal quakes under the bench that are too
small for land seismometers to sense.
“The (initial) earthquake seems to have
caused earthquakes beneath the outer
bench,” Morgan said. “If that outer bench
is the buttress to the slump, and that
bench is beginning to show seismicity, it’s
moving. At what point does it collapse?”
The seismometers were deployed
around the Hilina Slump, close to shore

Graduate student David Blank poses with the last of 12 ocean-bottom seismometers to be placed off the southeastern shore of the Big Island of
Hawaii last July. The seismic instruments captured information for two months about ongoing earthquakes and aftershocks associated with the
eruption of Kilauea. Right: Graduate student David Blank and geophysicist Julia Morgan.
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Central flank failure

where lava was entering the ocean and
on the outer bench in line with the initial
quake. “That way, aftershocks from the
earthquake could be picked up and would
record characteristics of the fault zone that
slipped,” she said.
“If this outer bench is experiencing
earthquakes, we want to know what
surfaces are experiencing them. Along the
base? Within the bench? Some new fault
that we didn’t know about? This data will
provide us the ability to determine what
structures, or faults, are actually slipping.”
Kilauea’s eruptive activity essentially
stopped on August 5, 2018: the eruptive
site along the Lower East Rift Zone showed
minimal activity and the summit was
quiet. After the dust settled, scientists were
finally able to take stock of the effects of
the eruption, which were unprecedented
in Kilauea’s recorded history.
Lava from the eruption resurfaced more
than 35 square kilometers of land and
buried an unknown area of the seafloor.
More than 700 homes were lost to the
lava, and 93 kilometers of road were
destroyed. Eruption rates up to 100 cubic
meters per second were recorded, and flow
rates within the lava channels were more
than 30 km/hr.
Kilauea’s summit caldera also changed
forever, expanding by 850 million cubic

Accreted volcaniclastics

Post-failure sediments

meters and deepening more than 400 m.
It appears that the summit magma chamber drained almost completely during the
eruption, causing the summit crater to collapse into it. Much of that magma erupted
along the Lower East Rift Zone.
The RAPID instruments gathered data
July 9 – September 16, 2018, spanning the
end of the eruption. Of the 12 instruments
deployed, 11 were recovered; one located
downslope of the lava entry was lost, possibly buried by volcanic deposits.
Data recovered from the instruments
preserve a rich archive of both offshore
and onshore seismicity, as well as explosions at the shoreline as the lava flowed
into the ocean. “This explosive activity
correlates well with the record of onshore
eruptions, and it ended when the eruption
ceased,” said Morgan.
Offshore seismicity, however, continued
after the eruption, providing a test of a
working hypothesis that the microseismicity was directly related to the eruptive
activity. It was not – instead, it reflects
ongoing aftershock activity along the fault
zones that hosted the large earthquake.
“Further, the offshore instruments
detected about 10 times the number of
earthquakes within the submarine flank
than were detected from land-based
instruments,” said Morgan. “This confirms

the importance of deploying instruments
close to the earthquake source.”
Data analysis is still ongoing, but clearly
offers great promise to identifying the
faults that slipped during the earthquake
and eruption and determining any other
long-term changes within this most active
Kilauea volcano.
After their duty at sea, both Blank and
Morgan took the unique opportunity to
book a helicopter flight over the volcano,
following the river of lava to the sea.
“If you’re following the flows, you can
look down and watch the lava tear across
the countryside,” she said. “Then you go
out to the lava ocean entry. You see these
littoral explosions as the lava is flowing
into the ocean. You might get a big pulse
of lava and suddenly it gets cooled and
quenched so rapidly that it just explodes
up into the air.”
They also spent time talking with locals
in Hilo, the largest city on the main
island, about the eruption. “People there
know they live with Pele,” Morgan said,
referencing the goddess of volcanoes and
fire in the Hawaiian religion. “I found
they were generally sanguine about it. Sad,
but they knew that something like this
could happen.
“It’s a tragedy, for sure, but it’s also
nature doing what nature does.” ■
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Proteins’
Fluorescence
a Little Less
Mysterious
BY M I K E W I L L I AMS

Rice University scientists have
effectively quenched a debate over
the mechanism behind a fluorescent
biosensor that monitors neurons by
sensing changes in voltage.
The work led by Peter Rossky, Rice’s Harry C. and Olga K.
Wiess Chair in Natural Sciences, a professor of chemistry and
dean of the Wiess School of Natural Sciences, and former
postdoctoral researcher Lena Simine, now an assistant professor of chemistry at McGill University, confirmed through
computer simulations their theory that a mechanical process
controls the quenching of fluorescence in ArcLight, a synthetic voltage indicator placed within proteins that line the inner
membranes of neurons.

Peter Rossky and Lena Simine
Through their models, the researchers coupled both the
mechanism and fluorescence to the strength of electric fields
they observed across the chromophore, the fluorescing part of
the protein. Their results showed a simple measure of the field
in a simulation could be used to predict whether and how well
new fluorescent sensors will behave before researchers synthesize
them, Rossky said.
ArcLight, developed by Yale neuroscientist Vincent Pieribone
in 2012, is a genetically encoded fluorescence voltage indicator
protein. It contains a mutation that makes the fluorescence signal
dim when voltage rises and brighten when voltage falls. That
makes it useful for tracking signals in the nervous system by expressing the protein in neurons and seeing how they light up.
The protein is tethered to the neuron’s cell wall by a volt-
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age-sensing component that moves a few angstroms when a
signal from another neuron changes the electrical charge in
the membrane. The Rice researchers theorized that motion
pulls the protein against the membrane, compressing it and
quenching fluorescence.
Rossky said changing the shape of the protein brings two
residues a nanometer closer to each other. That’s enough to
dictate how the chromophore gets rid of energy, either as
light (by giving up photons and fluorescing) or as heat.
“We hypothesized what geometry change occurs in the
protein as a result of the response of the membrane,” Rossky
said. “And then we asked, ‘Does this change the fluorescence?’ And we found that it does. In addition, we showed
that monitoring a much simpler quality — the electric field
along two axes where the fluorescence comes from — is sufficient to completely describe the response.”
ArcLight proved to be a good model. Pieribone, a Rice collaborator, told attendees at a 2014 lecture at Rice that even
he didn’t know exactly how it worked. The lecture inspired
Simine, who had just come to Rice, to embark upon a study
of the mechanism.
“I thought, ‘That sounds like a good project for me,’”
she said.
Working with researchers in the group of José Onuchic,
Rice’s Harry C. and Olga K. Wiess Chair of Physics, a professor of physics and astronomy and co-director of Rice’s Center
for Theoretical Biological Physics (CTBP), allowed Simine,
a chemical physicist by training, to take advantage of the
center’s expertise in simulating proteins for testing.
She said a decadelong debate between scientists failed to
determine whether mechanical or electrical properties of
proteins caused their fluorescence. It turned out to be a bit of
both.
“A recent paper gave computational evidence for it being
predominantly electrostatic, and it kind of makes sense because the protein’s very soft,” Simine said. “We also figured
those mutations are sticking to the membrane, and when
they do, the protein’s orientation allows the protein to be
compressed.” She found electrostatic changes to the neuronal membrane triggered the physical change that quenches
fluorescence, but also left an electrical trace in the protein
that could be observed in the simulation.
“We put some thought into it and came up with a reaction
coordinate,” she said. “We can take any mutation of the sequence of this protein and translate it into two numbers that
are the inputs for this model, the electrostatic fields around
the chromophore. It’s a nice, elegant phenomenological
theory.”
The lab plans to test its technique on custom-synthesized
fluorescent proteins and matching simulations to see if their
theory and experimentation continue to align. If they do,
they expect their models will be highly useful to synthetic
biologists making new classes of fluorescent markers.
“If you want to know the fluorescence from a given molecule, you do the experiment,” Rossky said. “But if you want to
know why it works, these calculations are incredibly
valuable.” ■

FLUORESCENCE
An illustration shows the tether that links an ArcLight protein’s fluorescent domain (green and gray) to its voltage-sensing domain (orange) in
a neuron’s membrane. Rossky and Simine suggest that depolarization
of the membrane moves the voltage-sensing domain, which in turn
compresses the fluorescent protein and quenches it.

CONFIGURATION
The native ArcLight protein on the left, with anchor residues 2.5 nanometers apart, fluoresces when triggered by light at the right frequency.
But fluorescence shuts down when the protein is compressed, which
brings the anchors a nanometer closer. Rossky and Simine found a link
between the mechanism and an electrical signal in the protein that can
be used as a marker when simulating new fluorescent proteins with
computer models.

Image credit: Curtis Sayers
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Specifically, Várilly-Alvarado studies K3
surfaces. Named in honor of the algebraic
geometers Ernst Kummer, Erich Kähler
and Kunihiko Kodaira — as well as the
mountain K2 — K3 surfaces sit on the border of well-behaved and “wild” behavior.
Focusing on exotic K3 surfaces that show
some type of limiting, or “bad”, behavior
helps him better understand that border.
K3 surfaces also happen to show some
analogous behaviors to elliptic curves,
which are well-studied algebraic curves
with applications in elliptic curve cryptography and integer factorization. “We noticed a few years ago that there are some
striking parallels between K3 surfaces and
elliptic curves,” said Várilly-Alvarado.
“We know that elliptic curves have some
finiteness properties that you wouldn’t
necessarily guess. When you look at that
parallel story, it forces you to believe that

“We noticed a few
years ago that there
are some striking
parallels between
K3 surfaces and
elliptic curves.”

K3 SURFACES
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there are only finitely many possible structures of a particular type within the class
of K3 surfaces as well, even though a priori
the possibilities look very, very infinite.
But when you restrict these to whole
number solutions, it appears that there are
only finitely many of these structures that
I’ll ever be able to build.”
He attacks this idea from two directions.
The first is searching for a finite limit
on the number of possible structures on
K3 surfaces, and the second is building
surfaces. As you keep constructing unique
examples of K3 surfaces and keep reducing the total number of surfaces that can
exist, eventually these two will converge
and you will have identified all possible
families of structures within the collection
of all K3 surfaces.
Recently, Várilly-Alvarado and Jennifer
Berg, formerly an RTG Lovett Instructor of
Mathematics at Rice and now an assistant
professor of mathematics at Bucknell
University, created a new K3 surface that
is helping to clarify the boundary between
well-behaved and “wild.”
“At the end of the day, what we did
was write down a crazy equation and
say it has no rational solutions,” said
Várilly-Alvarado. “But if you only consider
the equation, you never understand where
any of it came from. There’s a beautiful
geometric picture in the background that
guides every step of the construction of
this exotic example that shows that K3
surfaces can behave relatively badly.”

“At the end of the
day, what we did
was write down
a crazy equation
and say it has no
rational solutions.
But if you only
consider the
equation, you never
understand where
any of it came
from.”

This geometric picture starts with a
very special surface: a 4D space, or 4-fold,
with a particular type of 2D surface inside
it — one that can be described by polynomial equations. “Normally if you write a
random equation of this type, it will never
contain a surface of this other type,” said
Várilly-Alvarado. “Of course if you have
some 4D thing there’s plenty of 2D things
inside it, but I want 2D things that are also
described by polynomial equations.”
This is actually pretty difficult to do.
In fact, Várilly-Alvarado — along with

δω2 = 17279788x6 + 21966980x5y + 5209685x4y2 – 10091766x3y3–9449085x2y4 –
3512294xy5 – 510755y6 + 81563000x5z + 46799342x4yz – 48304566x3y2z –
68669390x2y3z – 29936552xy4z – 4960696y5z + 132675265x4z2 – 24537700x3yz2 –
153420566x2y2z2 – 94604246xy3z2 – 18001746y4z2 + 88262884x3z3 –
116707356x2yz3 – 139178230xy2z3 – 36604266y3z3 + 12231034x2z4 – 90599148xyz4 –
40695955y2z4 – 11073000xz5 – 22207274yz5 – 3652475z6
Brendan Hassett of Brown University,
Nicolas Addington of the University
of Oregon and Yuri Tschinkel of the
Courant Institute, New York University
— only proved that these 4-folds even
existed a few years ago. “Once we knew
they existed, we said ‘ok, let’s use them
for something,’” he said.
They used this special surface to provide
a way to create a K3 surface and an auxiliary space that maps to it. Creating K3
surfaces is very easy. Creating a K3 surface
that comes along with this auxiliary space
is a much more difficult task.
“This auxiliary space is a very vivid
geometric manifestation of an element of
what’s called a Brauer group — something
that has a very algebraic definition,” said
Várilly-Alvarado. “Under good circumstances, you can take an element of the
Brauer group and create a geometric space
associated to it. You should always be able
to do this, but it is very hard in any particular instance to actually do it.”
It’s important to have this auxiliary
space with the Brauer elements because
many mathematicians believe that they
can be used to explain all absences of
rational points on a K3 surface. However,
it is still unknown how often these Brauer
elements even occur or if they stand in the
way of well-behaved surfaces.

Magic squares of squares:
A fun math problem
A magic square is an n x n square grid
of positive integers where all rows, all
columns and both diagonals add up to
the same number.
A long-standing recreational problem in
math is identifying the smallest possible magic square of squares — a magic
square consisting entirely of square
numbers.
In 1770, Leonhard Euler wrote down
the first 4 x 4 magic square of squares:

68 2

29 2

41 2

37 2

17 2

31 2

79 2

32 2

59 2

28 2

23 2

61 2

11 2

77 2

82

49 2

Today, it’s still unknown if you can construct a 3 x 3 magic square of squares.
Instinctively, it feels like it should be
more difficult to construct examples for
larger grids. So why is the 3 x 3 grid
still an open problem when solutions are
known for the 4 x 4 and larger grids? It
turns out, geometry can help us understand this.

The corresponding geometric shape for
the solution of the 3 x 3 magic square is a
surface. As the square grid gets larger, the
corresponding shape is no longer a surface
but a higher-dimensional algebraic object.
“As n grows, these spaces become more
and more positively curved. It essentially
becomes impossible to bend in such a way
that it will have no rational points. The conjectures and everything we know predict that
already at n at least 4 you should always
see magic squares of squares,” said
Várilly-Alvarado. “The geometry tells me that
the 3 x 3 case is by far the hardest case.”

Leonhard Euler
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To create the K3 surface, take two planes
each with an identical copy of a curve identified with the help of the special 4-fold.
Stitch the planes together along that curve,
creating a little bubble inside, and that is
the K3 surface. “It’s a very special kind of
K3 surface,” said Várilly-Alvarado. “Not all
K3 surfaces look like this, but this is one
example of a K3 surface.”
The auxiliary space provides a connection between the K3 surface and the

special 4-fold used to create it. The 4-fold
contains a lot of twisted cubic curves —
geometric objects that can be described by
polynomial equations. These twisted cubic
curves form two families. To help visualize
this, let’s say that some are “red” and some
are “blue”. The auxiliary space represents
each twisted cubic curve with a single
point, which is also colored either red or
blue based on its family. The set of points
representing all of the twisted cubic curves

in the 4-fold happens to form two families
of planes in the auxiliary space, one “red”
and one “blue”.
An entire plane in the auxiliary space
maps to a single point on the K3 surface.
Each “red” plane in the auxiliary space
maps to a point on one of the two planes
comprising the K3 surface, while each
“blue” plane maps to a point on the other.
Every point on the curve used to stitch the
planes together comes from a plane made

Each twisted cubic curve in the 2D surface is
represented by a single point in the auxiliary space.
3

Surfaces in the 4-fold
are used to identify a
curve. Each surface
1 containing a hexagon
corresponds to a
general point on the
plane, while each
surface containing
a collapsed hexagon
corresponds to a point
on the curve.

Each plane in the
auxillary space maps
to a single point on the
K3 surface. Because
the twisted planes have
no points with rational
coordinates, the K3
surface cannot either.

4

2

Two planes are stitched together along the curve to
create a K3 surface.

Image credit: Curtis Sayers
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by combining the red and blue planes.
The key thing here is that all points on the
K3 surface correspond to a plane in the
auxiliary space.
If you take these planes and you bend
them and rotate them in just the right
way, you can make it so that they do not
have any rational points. That’s what
Várilly-Alvarado and Berg did. “We rigged
this whole apparatus so that when this
came out every single one of these planes
was in some funny bent shape without
rational points, which meant that this
entire space didn’t have rational points,”
said Várilly-Alvarado.
Under the right conditions — that the
pair made sure to satisfy in the creation
of this surface — theory tells you that any
rational point in the K3 surface must be
coming from a rational point in the auxiliary space. Since you can twist the planes
in the auxiliary space so there is not a
single point where all the coordinates are
rational numbers, there also cannot be a
point on the K3 surface where all the coordinates are rational numbers. This is the
geometric equivalent to saying that the
algebraic equation describing the surface
has no rational solutions.
“It was unknown if such a thing could
happen,” said Várilly-Alvarado. “This example shows that these particular Brauer
spaces can account for the lack of rational
points on these K3 surfaces. These particular elements can get in the way, so you
can’t just forget about them.” One day,
this work will likely become part of an
algorithm that tests whether this behavior
exists for a particular K3 surface — helping
to delineate the boundary that separates
well behaved surfaces from the wilderness.
In addition to his computational and
theoretical work, Várilly-Alvarado also
works on applications of K3 surfaces that
impact everyday life. For the past few
years, he has been part of a team that is
using K3 surfaces to create efficient codes
for repairing errors in data transmission
and data erasures — something that concerns every one of us who stores information remotely in the cloud.
“Historically, algebraic surfaces are
extremely bad at producing codes,” he
said. “You can use algebraic geometry
to produce codes. Curves produce some
very interesting and very good codes, but
surfaces were always dismissed because
there are good reasons why they can’t
work.” But, his recent work is showing

that there is potential for using K3 surfaces
to produce efficient codes that repair data
erasures.
Think about a picture that you’ve posted to Instagram or Facebook. This picture
is stored as a number — a long string of
ones and zeros specifying the color of
each individual pixel. Hard drive failures
and double failures are pretty common in
data server facilities, so these companies
protect against data loss by storing three
copies of the picture. Várilly-Alvarado is
using his knowledge of arithmetic geometry to help produce efficient codes with
lower overhead.

“It was unknown
if such a thing
could happen. This
example shows that
these particular
Brauer spaces can
account for the lack
of rational points on
these K3 surfaces.
These particular
elements can get in
the way, so you can’t
just forget about
them.”

To do this, he and his collaborators
produced codes where every symbol is
a function of a few others. If data goes
missing, you can reconstruct what was
there by accessing those other symbols it
depends on. If you chop up your data and
distribute it across several servers, you can
reduce your overhead from 200 percent to
as little as 40 percent.
Consider a simple example of four
points, each a function of the others. If
you know the coordinates of those four
points and the numbers they evaluate to
and one of the points goes missing, can
you determine the missing number?
If you write this down, you end up with
a system of four linear equations in three

variables. As long as your system is robust
enough, you can solve for the missing
number by plugging in the values of the
other three.
It’s a simple linear algebra idea, but
making sure that the code will always
work requires carefully chosen points
and functions you plug those points into.
“That’s where the K3 surfaces come in.
It helps you pick the right set of points
and good sets of functions to create these
codes.” Várilly-Alvarado said.
When one is only interested in repairing
errors that occur in data transmission —
for example if you have a noisy channel —
theory predicts that the length of a “word”
has to match the size of the “alphabet” for
optimally efficient codes. Várilly-Alvarado
and his collaborators, however, constructed an optimal code with an alphabet of
four letters and words that were 18 letters
long. They did this by utilizing a locality
condition where every symbol was a function of two other symbols.
“We didn’t break the main conjecture
because we have this locality stuff built in.
But, with this locality feature, it’s not as
simple as the main conjecture anymore,”
said Várilly-Alvarado. “There’s something
really interesting going on here, and I
think that surfaces and higher dimensional objects can be back in the picture with
this locality condition.”
There is still a lot to learn about these
surfaces, and Várilly-Alvarado continues
to work on ways to use surfaces to build
optimally recoverable codes. His work
bringing the world of algebraic equations
together with the world of geometric
visualizations is advancing our fundamental understanding of these surfaces and
helping to determine how we may be able
to use them in the future.
“It all comes from doing geometry,” he
said. “When I don’t understand something, what I always feel I’m missing is
an understanding of the geometric part.
Everything in math that I’ve ever done,
once I understand the geometry, I’m in
good shape.” ■
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Unlocking the
Mechanisms of
Embryonic
Development
BY JACO B GO ELL
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If you were to take a time-lapse video of a human
embryo from its genesis to maturation, you’d see the
emergence of incredible complexity from a single cell
with seemingly little structure.
That single cell would divide and form
a disc-shaped object. During an event
called gastrulation, the single layer of
cells undergoes a change into a complex
layering of cells known as the endoderm,
mesoderm and ectoderm. These so-called
germ layers then differentiate into specific
tissues — liver, bone, brain and so on — as
the complexity grows exponentially.
There are very few good ways to study
developmental processes in situ. The
mechanisms that take us from these
earliest stages to fully formed organisms
are missing when studying only the
fully-formed organism. In the past, techniques to grow human embryonic cells in
culture were not quite up to the task. Cells
did not behave as they do in an embryo.
While the same cell types were made,
they were generally disorganized, leading
researchers to rely instead on animal models, like flies, frogs or mice. These come
with their own suite of problems, including quantitative differences from human
cells and the lack of repetition of process
seen during growth in human cells. While
they have been incredibly helpful and
have revealed much about human embryonic development, there remain significant gaps in our knowledge.
Massive strides have been made in
allowing human embryonic cells to be
studied in a laboratory setting over the
past two decades. Improved embryonic
stem cell culture protocols and new gene
editing tools have enabled sustained
study and manipulation of these formerly
difficult to handle cells, setting the stage
for future scientific breakthroughs. Aryeh
Warmflash, assistant professor of biosciences at Rice University, began his foray
into biology as this renaissance was taking
place.
An undergraduate math and physics
major, Warmflash made the switch to
studying embryology and human development when it dawned on him as a
graduate student that in order to become
a string theorist, he needed to take at least

three more years of classes before he could
start doing research. Dissatisfied with
that timeline, he joined a group doing
nonequilibrium dynamics and ended up
building models to explain how stem cells
differentiate into their unique final states.
He soon decided that the questions he
found most interesting were in this field.
“There was a parallel to physics,” he said,
“in trying to understand living systems
like physicists want to understand physical systems.” He then went to The Rockefeller University for postdoctoral training,
where he began studying embryology and
how embryonic stem cells communicate
to form complex patterns, one of the major focuses of his lab at Rice.
Stemming from his quantitative background, Warmflash has a desire to infuse
this aspect into his lab’s work — starting
with figuring out what to measure and
how to make it reproducible. Determining
how cells communicate is an onion with a
seemingly infinite number of layers to peel
back. Cells have their own internal ma-

A ring of red cells representing
the mesoderm germ layer
appear in a stem-cell gastrulation model developed by the
Warmflash lab.
During gastrulation,
embryonic cells differentiate
into three germ layers: the
ectoderm, mesoderm and endoderm. Each layer gives rise
to specific tissues and organs.
The ectoderm will become
the epidermis and nervous
system. The endoderm will
become the exterior lining of
the digestive and respiratory
systems and digestive organs
like the liver and pancreas.
The mesoderm will become
muscle, bone and connective
tissue, including the heart,
blood and blood vessels.
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chinery running with thousands of different proteins interacting in concert with
one another. “There are thousands of
proteins that influence how genes work,
but at any given time there are only a few
different fates a cell is deciding between
in development,” Warmflash said. In
addition, cells take into account cues
from their environment. Sense a specific
chemical in the outer world, and the cell
responds to it. Place it on a stiff surface,
and its structural elements change to
compensate.
Pathways are the information processing tools that cells use to control patterning and fate decisions. When a cell
receives a stimulus, proteins begin to interact with one another, actuating some
type of response through the interactions
of many different proteins. Trying to
study and model all of these interactions
at once is an intractable problem, especially as proteins work together cooperatively and there are combinatorial effects
between them.
The burning questions that Warmflash
and his group ask are: What is the right
level at which to study the cell? Do you
study the building blocks or how they
interact with one another? “You can’t
understand the cell an atom at a time,”
said Warmflash. “How about a molecule,
gene or pathway?”
Pathways are also amenable to study
as there are clear inputs and outputs
that one can alter and observe. There
are “handles” on biological systems that
are the drivers of cell geometry and fate
decisions that simplify the problem so
researchers do not need to worry about
the many ways of combining several
different inputs.
One type of handle is a class of molecules termed morphogens, signaling
molecules that cells use to determine spatial patterns and what internal programs
are run. Add a morphogen and a specific
pathway gets activated. Morphogens can
be added and removed at will, allowing
the scientist to puppeteer the system to
their liking and measure quantifiable
outputs, such as fluorescent proteins that
report on the cell state or the shape of
the cell itself. Warmflash’s lab aims to
understand how cues — like morphogens
— influence a cell’s internal operating
system. In a nutshell, what they do is
take a system and perturb it.
Pathways get used over and over again
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Aryeh Warmflash

Green fluorescent tags in a colony of human endothelial stem cells show high activity as they
organize themselves into a pattern 40 hours after the BMP4 signaling pathway is activated.

so that at any point in time, only a handful of different development pathways are
active. The only thing that changes is the
stage of development the cell is in at the
time.
Recently, Warmflash’s group was able
to demonstrate this in the context of a
pathway called the WNT/ß-catenin signaling pathway — a pathway that is important in embryonic development and cell
proliferation. By monitoring the buildup
of the protein ß-catenin in the nucleus of
the cell, they were able to show that this
accumulation rate varies in response to
morphogens.
When they were in a pluripotent state
where they can transform to many different cell-types, the accumulation was more
dynamic and dissipated faster. When the

cell differentiated into a specific cell-type,
the accumulation was more sustained. Not
only did this rate change, but Warmflash
and his lab showed that it relied on other
developmental pathways to mediate this
switch. This was an important demonstration of how these pathways vary over
time and can talk to one another over the
course of a cell’s development.
Being able to dissect these pathways
and observe novel functions in the cell
requires an immense amount of control
of the system. It is this level of control
that allows Warmflash and his lab to
begin to take tools out of his physics and
math toolbox and model these dynamics.
How long does a signal stay around after
removing the morphogen? Is it a sustained
or transient response? Building models

that tell us something new about the biology is another main focus of Warmflash’s
research.
“The goal of models is to connect things
they can manipulate to things they can
measure in a way that is predictive. It
needs to be simple enough that we get
some understanding about some complex
biological phenomenon,” Warmflash
said. But, the balance between what is
predictive and what we can understand is
a difficult one in biology. “Complicated
isn’t wrong but after a certain level our
brain doesn’t understand them anyways.
Evolution doesn’t happen to make things
that we understand but things that work.”
It is precisely this trade-off that Warmflash
hopes to optimize in understanding new
biological insights.

Time-lapse, fluorescent microscopy shows three aspects of the same human embryonic stem cells responding to the application of WNT3A, a protein that activates the WNT
signaling pathway. Beta-catenin proteins that affect gene expression in the cell’s nucleus are shown in green and the cells’ nuclei are in magenta. The average amount of
beta-catenin in hundreds of stem cells’ nuclei rises dramatically when WNT3A is introduced, but falls off over time. The nuclei were identified using custom software written by
graduate student Joseph Massey and Aryeh Warmflash.
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This trade-off is made easier when you
can control the system that you are working with in order to manage complexity
and make problems more tractable. To do
this, Warmflash is leveraging his proximity to other researchers to engineer a system that may be both more predictive and
truer to the environment embryonic stem
cells are actually in. Warmflash struck up a
collaboration with Jordan Miller, assistant
professor of bioengineering at Rice, to
figure out methods to culture embryonic
stem cells in three dimensions.
Previously, Warmflash’s group created
systems where the stem cells are confined
to particular shapes in 2D and organize
themselves to generate patterns that are
similar to what is seen in the human
embryo. The group works with two
systems — one that models gastrulation

and another that models the patterning of
human ectoderm. These culture systems
work well in 2D to generate reproducible
patterns, but expanding to 3D has always
been a challenge.
Using new biomaterials that the Miller
lab has developed in complex geometries,
Warmflash hopes to overcome these
challenges and open up new avenues of
research studying the more complicated
and rich 3D environment that better
recapitulates what we see in human
development.
These problems won’t be solved in the
near future. The questions that Warmflash
is asking now are complex ones that will
take years to fully flesh out. To answer
them, he hopes to improve the systems
they’re working in, namely, getting accurate reflections in 3D experiments of what

“Life is
shaped
by little
accidents
as much
as we
think we
have a
plan.”

Rice graduate student Joseph
Massey looks at cells under a
lab scope. Massey and Aryeh
Warmflash led a team that
determined protein signaling
in embryos is far more complex
than previously thought, as
pathways take cues from many
other players.
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is seen in vivo. “It’s really about pushing
forward and at some point the technology
is good enough,” Warmflash said about
building a 3D embryonic stem cell development model. “[Pure] science is harder,
but we’re inching towards some understanding of the early stages of human
development.”
“Life is shaped by little accidents
as much as we think we have a plan,”
Warmflash mentioned when referring to
his switch from string theory to biological
research. In a similar vein, as Warmflash
and his group continue to improve their
systems, interesting insights will surely
emerge on the way. We just have to wait
to see how it unfolds. ■
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Rydberg Polaron: A New State of Matter
Last year, a never-before-seen state of matter was created in the basement of Rice’s
Brockman Hall for Physics, in a laboratory
jointly directed by Tom Killian, professor
of physics and astronomy, and Barry Dunning, the Sam and Helen Worden Professor of Physics. Rice researchers created a
Rydberg polaron — a single entity that
exploits the properties of Rydberg atoms.
A Rydberg atom is an atom in which
an electron is transferred to a highly-excited state and orbits the nucleus at distances
many thousand times larger than in a normal atom. The atom is so large that it can
engulf many neighboring ground-state
atoms. Its presence causes nearby particles
to rearrange themselves resulting in a collective effect that leads to the formation of
a polaron which incorporates properties of
the original particle and its environment.
Some of the equipment that ultimately enabled the creation of the Rydberg

polaron had its beginnings more than 6
years ago. Roger Ding, a graduate student
involved in the work, recalled spending
his first summer in the laboratory making
parts for experiments ranging from water
cooling systems to circuits for electronic
sensors, everything was do-it-yourself.
On the experimental table several
hundred thousand strontium atoms
are laser cooled to form a Bose-Einstein
condensate. In this ultracold state, some
of the strontium atoms are then excited
with laser pulses to a high Rydberg state.
Orbiting distantly, the Rydberg electron
acts as a sheepdog herding the background
strontium atoms, a feat made possible
by the very low energies of atoms in the
ultracold cloud.
The bonding mechanism that leads to
the creation of a Rydberg polaron is not
one that is described in standard chemistry
textbooks. “Within the Rydberg atom you

can pack hundreds of normal strontium
atoms,” said Ding. “This is an amazing
feat considering traditional types of bonding do not allow for atoms to be located
one inside the other.”
After formation, the Rydberg polarons were detected and their properties
analyzed. Powerful techniques developed
by the group’s theory collaborators helped
interpret the results and identify the
signatures of Rydberg polaron formation
allowing physicists to gain new insight
into fundamental interactions between
particles with important applications in
condensed matter physics and materials
science. ■
— SH I H AN S H Z U ( 斯世安)

“Within the Rydberg atom
you can pack up to hundreds
of normal strontium atoms.
This is an amazing feat
considering traditional types
of bonding do not allow for
atoms to be located one
inside the other.”

Strontium atoms are trapped and cooled to a few microkelvin in a “blue” magneto-optical trap.
Once enough atoms are gathered and cooled, an ultraviolet laser excites atoms to Rydberg
states to study their interactions. Image credit: Roger Ding
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Pollinator Visitation Leaves Microbial Signatures
Hummingbirds and tropical flowers in
Costa Rica, tui birds and flax flowers in
New Zealand, insects and wildflowers right
here in Texas — all of these are examples
of mutually beneficial plant-pollinator
relationships. With pollinators declining
worldwide in both number and variety, graduate student Marion Donald is
exploring ways to use the community of
microorganisms living in flower nectar to
rapidly track plant-pollinator interactions
and identify pollinator loss.
Traditional methods for tracking pollinator populations require years of field observations and photography, but Donald,
working in the lab of associate professor of
biosciences Thomas Miller, is developing
a method that uses pollinator microbial
signatures to quickly tell the story of shifts
in pollinator visitation of flowers.
When a pollinator dips into a flower
for nectar, it leaves behind new microorganisms that are added to the plant’s
existing microbial community. Identifying
the microbes shared between plants and
pollinators lets scientists identify a pollinator’s unique microbial signature, much like
a fingerprint.
Donald worked over a two-year period
with a team in Costa Rica sampling
the microbes found on hummingbirds’
beaks and tongues and in nectar from 18
different forest sites, half with a particular flower removed. The missing flower
may trigger a decrease in hummingbird
visitations to those patches. The team
successfully identified overlap between the
microbes transported by hummingbirds
and those found in the nectar of particular
plant species, allowing them to identify
potential signatures of the hummingbird
pollinators.
Building on this success, Donald traveled to New Zealand with funding from
Rice University’s Wagoner Fellowship and
National Geographic to identify a microbial signature of the multicolored tui bird.
Although they are much larger than hummingbirds, tui birds are nectar feeders and
the pollinators of several plant species in
New Zealand. The results indicate that tui
microbial signatures were consistent across
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As hummingbirds zip from blossom to blossom pollinating plants, a transfer of microorganisms
accompanies them across the floral landscape. These microorganisms serve as a fingerprint of
hummingbird visitation to flowers in the Costa Rican forest. Image credit: Marion Donald

rural and urban settings, despite a greater
variety of flowers in the latter.
Having identified potential microbial
signatures of key pollinators, Donald’s
next step is determining how to use that
data to track shifts in flower visitation.
“My goal is to use microbiomes as indicators of pollination, allowing us to improve
ecosystem health in our changing world,”
she said. ■
— H E N RY B AR I N G

RESEARCH NEWS

Nanotubes May Give the World Better Batteries
Rice University scientists are counting on films of carbon nanotubes to make high-powered, fast-charging lithium metal batteries a logical replacement for common lithium-ion batteries.
Postdoctoral researcher Rodrigo Salvatierra and graduate student Gladys López-Silva were part of a team working in the lab
of James Tour, the T.T. and W.F. Chao Chair in Chemistry, that
showed thin nanotube films effectively stop dendrites that grow
naturally from unprotected lithium metal anodes in batteries.
Over time, these tentacle-like dendrites can pierce the battery’s
electrolyte core and reach the cathode, causing the battery to fail.
That problem has both dampened the use of lithium metal in
commercial applications and encouraged researchers worldwide
to solve it.
Lithium metal charges much faster and holds about 10 times
more energy by volume than the lithium-ion electrodes found
in just about every electronic device, including cellphones and
electric cars.
“One of the ways to slow dendrites in lithium-ion batteries is
to limit how fast they charge,” Tour said. “People don’t like that.
They want to be able to charge their batteries quickly.”
The Rice team’s answer is simple, inexpensive and highly effective at stopping dendrite growth, Tour said.
“What we’ve done turns out to be really easy,” he said. “You
just coat a lithium metal foil with a multiwalled carbon nanotube
film. The lithium dopes the nanotube film, which turns from
black to red, and the film in turn diffuses the lithium ions.”
“Physical contact with lithium metal reduces the nanotube
film, but balances it by adding lithium ions,” said Salvatierra.
“The ions distribute themselves throughout the nanotube film.”
When the battery is in use, the film discharges stored ions and
the underlying lithium anode refills it, maintaining the film’s
ability to stop dendrite growth.
The tangled-nanotube film effectively quenched dendrites
over 580 charge/discharge cycles of a test battery with a sulfurized-carbon cathode the lab developed in previous experiments.
The researchers reported the full lithium metal cells retained 99.8
percent of their coulombic efficiency, the measure of how well
electrons move within an electrochemical system. ■

“One of the ways to slow dendrites in
lithium-ion batteries is to limit how fast
they charge. People don’t like that. They
want to be able to charge their batteries
quickly.”

— M I K E WI L L I AMS

Coating a lithium metal anode with a film of carbon nanotubes turns
the anode red and controls the diffusion of lithium ions for a homogeneous plating, preventing the growth of dendrites. Image credit:
Gladys López-Silva
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Laser Plasma Jets Reproduce Star Behavior
Each beam in the OMEGA laser array
delivers 500 Joules of energy in a nanosecond — a rate of energy transfer more
than 20 times that of the world’s largest
hydroelectric power plant — and it takes
20 of them arranged in a ring to generate
the data that graduate student Yingchao
Lu and Edison Liang, the Andrew Hays Buchanan Professor of Astrophysics, analyze.
Working with scientists from Massachusetts Institue of Technology, Princeton
University, the University of Chicago and
the University of Rochester, Lu is part of a
team striving to understand the physics of
highly collimated jets — incredibly powerful outflows of ionized matter that shoot
out of astrophysical objects like young

stars, protostars and the active centers
of galaxies in parallel beams. Despite the
ubiquity of well-collimated jets, scientists
have yet to understand much about how
they form, what they’re made from and
how they behave physically.
Lu relies on high-power lasers at facilities like the OMEGA laser at the University
of Rochester’s Laboratory for Laser Energetics to bring the physical processes of
astrophysical scales down to Earth — firing
a set of lasers arranged in a ring produces
high-speed jets that mimic processes in
astrophysical objects. When the lasers are
fired, instruments collect massive amounts
of data in the form of photographs and
information about the wavelengths of

light that were produced. The high-energy-density experiments were over in a day,
but the design work required huge effort
and the data analysis would take two years
to complete.
“I’m doing the modeling on one of the
largest supercomputers in the US,” said
Lu. “I take all of the physical quantities we
calculate, and I visualize them and make
these beautiful plots. I try to match experimental data to validate our model in order
to understand what is going on.” When
their model’s predictions agreed with the
observations from the laser experiments,
Lu knew he had developed an accurate
model.
Lu’s simulations advanced our understanding of well-collimated outflows
in two major ways: he discovered that
changes in heat conduction because of
magnetic fields are not negligible and that
the densest part of the jet is heated more
than previously thought. “In this project,
one of the major achievements is our understanding of the energy partition. There
are different types of energy that may play
an important role, like the energy in the
magnetic field, kinetic energy in the bulk
flow and thermal energy,” he said. “The
components of this energy are very similar
to the young stellar object — magnetic
energy is a few percent of thermal energy
and thermal energy is much less than
kinetic energy.”
While we have yet to realize the dream
of interstellar travel, in some ways the
OMEGA laser lab lets us come close: to see
in front of us phenomena that otherwise
only occur many light-years away. ■
— H A LLIE T RIA L

A cross-section of the density distribution
from a 3D FLASH magneto-hydrodynamics
simulation carried out to interpret the
OMEGA laser experiments of strongly
magnetized, highly collimated jets driven by
a ring of 20 OMEGA beams. The asymmetry
is caused by the asymmetric laser pattern.
Image credit: Yingchao Lu.
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Salivar y Gland Regeneration
Have you ever thought about how important your salivary glands are? For oncology
patients with salivary gland tumors, side
effects of the underproduction of saliva —
including radiation-induced dry mouth
and constant thirst — greatly impact
their quality of life. Former graduate
student Mariane Martinez ’19 has been
working to solve this very problem in the
UTHealth School of Dentistry lab of Cindy
Farach-Carson, also an adjunct professor
of biosciences and bioengineering at Rice,
and Daniel Harrington, also an adjunct assistant professor of bioengineering at Rice.
Using live tissue samples from the
healthy regions surrounding resected
salivary gland tumors, they are working
to design a functional salivary gland for
head and neck cancer patients. The team
uses a hydrogel to encapsulate patients’
stem/progenitor cells and attempts to spur
their differentiation into several kinds
of cells needed for healthy, saliva-producing glands — including nerves, ducts
and blood vessels. The engineered tissues
potentially can be reimplanted a couple of
weeks after tumor resection and radiation
therapy.
Martinez focuses on designing 3D biomimetic matrices that enable the growth
and differentiation of stem/progenitor
cells into the various cell types needed to
bioengineer salivary glands outside of the
patient’s body. Her selection as a Natural
Sciences Foundation graduate research
fellow enabled her to expand the scope of
her project to include studying the role
that basement membrane and mesenchymal cells play in the growth and differentiation of salivary stem/progenitor cells.
“I focused on studying how basement
membrane proteins around the salivary
gland cells signal for the cells to organize
how they need to and whether I could
incorporate small pieces of those proteins
into our hydrogels,” Martinez said. Trials
incorporating small pieces of these extracellular proteins into the hydrogels have
shown to be more successful than previous versions of the hydrogels, bringing
the lab’s work one step closer to potential
human trials.

An abundance of the extracellular matrix protein fibronectin (aqua blue) plays a crucial role in
branching morphogenesis of salivary glands. Image credit: Mariane Martinez

First tested in rats, the trials have since
progressed to implantation of cultured
stem/progenitor cells into pigs, which
more closely mimic human anatomy.
Martinez believes that Farach-Carson’s
dedication will see the project through to
clinical trials. “Cindy is really motivated.
She’s determined to get this in humans
and improve the quality of life of patients,” she said.
As Martinez concludes her work as a
postdoctoral fellow with Farach-Carson
and Harrington, she sees connections
between this project and her future work.
“I’m moving to a lab that studies signaling
pathways used by muscle stem cells to regenerate injured muscle which can poten-

tially lead to the development of therapies
for patients with muscular dystrophy,” she
said. “There’s so much crossover between
the salivary and muscular regeneration
— all with the end goal of improving
patients’ lives.” ■
— G R ACE B EILS T EIN
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Unear thing the Impor tance of the Mantle
As her adviser likes to say, Rice graduate student Alana Semple is changing
textbooks. Working with Adrian Lenardic,
professor of earth, environmental and
planetary sciences, Semple is enhancing
our understanding of how the movement
of the mantle affects what happens to us
on the surface of the Earth.
The mantle’s thick layer of rock makes
up 84% of the total volume of the Earth
and lies just beneath the thin crust on
which we stand. The mantle circulates and
flows in different directions over thousands of years and influences many things
on the surface — from chemical cycling to
volcanic activity to the movement of the
continents.
It was previously thought that tectonic
plates move independently of the mantle
beneath them and that the mantle only
moves because the plates drag it along.
“The textbooks will tell you that the major
driving force behind why the tectonic

plates move is that its heavy on one side
and it starts to sink, which drags the rest
of the plate along,” Semple said. However,
detailed observations of the asthenosphere
—the upper layer of the mantle — from
a Lamont research group returned a
more nuanced picture suggesting that the
asthenosphere speed does not continually
decrease with depth, but can peak at the
center and decrease toward its top and
base and that it sometimes appears to flow
in a different direction than the tectonic
plates.
Using 3D computer models, Semple
provided a new look at the relationship
between the mantle and the tectonic
plates that has the potential to change
geophysics textbooks. With elaborate fluid
dynamic models, which include a more
accurate representation of the mantle’s
viscosity, she looks at the movement of
the mantle and the tectonic plates that sit
atop it. Her simulations revealed that the

flow in the mantle is a huge driving force
behind tectonic plate movement. She
discovered that the mantle actually flows
faster than the plates above it, dragging
them along as it moves. The models also
show that flow in the mantle can be offset
from the movement of the tectonic plates
— in agreement with the Lamont observations.
“Our findings suggest that pressure-driven flow in the asthenosphere can contribute to the motion of tectonic plates by
dragging plates along with it,” she said.
“A notable contribution does come from
‘slab-pull,’ a gravity-driven process that
pulls plates toward subduction zones.
Slab-pull can still be the dominant process
that moves plates, but our models show
that asthenosphere flow provides a more
significant contribution to plate movement than previously thought.” ■
— H EN RY B A RIN G

“Our findings suggest that
pressure-driven flow in the
asthenosphere can contribute to the motion of tectonic plates by dragging plates
along with it.”

A perspective view of the inside of a model planet looking down on a hot upwelling plume (red)
with arrows showing flow direction and arrow size indicating speed. On Earth, this is where new
crust is created. Warm upper mantle (warm colored arrows) and cold crust (dark blue arrows)
move away from the plume, while lower mantle (shorter arrows moving toward the plume)
moves stoward the plume and up, feeding the upwelling. This model result shows that the
Earth’s asthenosphere can flow due to pressure differences and can even drive movement on
the Earth’s crust. Image credit: Alana Semple
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Better Boba in Rice’s BioInnovation Studio
Do you love boba enough
plated samples on agar to
to make your own probiotic
allow any surviving bacteria
tapioca pearls?
to colonize. Alvarenga and
That’s what Omar Alvarenga
Gomide were disappointed to
’19 and Gabriel Gomide ’19
find that the plates showed no
set out to do for their semescolonization. This meant that
terlong research project in the
somewhere in the cooking and
BioInnovation Studio, develdigestive process, the bacteria
oped and taught by Collin
had died.
Thomas, lecturer of biosciencTheir project, however, is
es. A brand-new course in fall
not dead. The duo wrote up
2018, BioInnovation Studio,
an in-depth report with a
explores the relationship beseries of next steps that can be
tween curiosity-driven science
passed on to future students.
and the steps of biological
To Gomide, the legacy of their
ideation that ultimately lead
project is to “open the door for
to technology creation.
other students in the next se“I want my students to
mester to take up our idea and
realize that it is possible to
put their own spin on it.” HavHector Chaires ’19
pursue new knowledge and
ing seen a passion and an idea
make a living by using science
turn into a promising series of
to deliver a product based
experiments, Alvarenga and
on the questions that they
Gomide believe future students
find exciting,” Thomas said.
will also find reward in making
“The majority of them might
probiotic boba. Leaving the
become research clinicians in
project in the hands of Rice
hospitals or scientists working
students — including members
for governements or academia,
of East West Tea, the on-cambut they will carry with them
pus boba shop — felt reassura bit of roguish play and a
ing for the project starters.
knowledge that they are al“The best part is just knowways free.”
ing that someone else is excitGiven their shared love for
ed and wants to work on an
boba, Alvarenga and Gomide
idea that you developed and
Gabriel Gomide ’19 and Omar Alvarenga ’19 Image credit: Henry Baring
set out to develop a prototype
were excited about,” Gomide
that incorporated Lactobacillus acidophiGomide faced their second challenge
said. As recent graduates and young Rice
lus, a beneficial bacteria commonly found
in producing an effective prototype:
alumni, the pair feels this is a wonderful
in human intestines, into boba drinks.
the probiotic boba has to survive the
legacy to leave behind. ■
As a potential supplement for individuals
extreme conditions of being chewed up
with low probiotic levels, these infused
and drowned in stomach acid in order to
— SH I H AN S H Z U ( 斯世安)
pearls aim to strengthen the digestive tract
arrive at its final destination in the large
while also pleasing taste buds.
intestine.
Both Alvarenga and Gomide are now attendThe first challenge the pair faced was
To test whether the probiotics in boba
ing graduate school in New York City. Alvaincorporating the probiotics into the tapiwould remain viable after digestion, the
renga is pursuing a Ph.D. in the Department
oca pearls. They couldn’t use the common
team simulated the conditions of the huof Physiology, Biophysics and Systems Biology
method of boiling the boba as this step
man stomach. “We wanted to simulate the
at Weill Cornell Graduate School of Medical
would kill most bacteria. Instead, they
stomach moving because we knew people
Sciences, while Gomide is enrolled in the M.D.
relied on a potentially bacteria-friendly
digested through the churning motions of
program at Columbia Medical School.
method that was fully cooked at low temthe stomach,” said Alvarenga. To do this
peratures.
they used a shaker with motors that agitatAssuming the probiotic bacteria were
ed the samples in acidic medium.
present in their boba, Alvarenga and
After six hours of churning, the team
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Mapping the Age of the Milky Way

Rae Holcomb ’19 Image credit: Henry Baring
Imagine having to tell the difference
between corn starch, powdered sugar and
baby powder from far away, without being
able to touch them. When Rae Holcomb
’19 was a child, a scientist presented her
with this challenge and demonstrated
how to do this by bouncing light off the
powders. This demonstration took place at
NASA — where scientists gather information every day from objects in space too
far away to touch — and sparked Holcomb’s interest in astronomy. As an astrophysics major at Rice, Holcomb has been
following that inspiration and measuring
distant stars in ways like never before.
Working with Patrick Hartigan, professor of physics and astronomy, Holcomb
began looking at Herbig-Haro objects
— bright dust clouds associated with
newborn stars. Unlike most other astronomical phenomena that take course over
millions or billions of years, these objects
are unique because the gas clouds change
dramatically on human time scales.
Holcomb was able to see just how the gas
was moving and evolving over time by
comparing images of the baby stars taken
by the Hubble Space Telescope in 1998
and 2018. She was watching astrophysics
happen right in front of her eyes.
The images Holcomb used were the
highest quality images ever taken of these
objects. “It was so cool to be part of a
research team that was working with this
quality and caliber of image,” she said.
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“The first time I booted up that image I
was probably the sixth person in the world
to ever see that object in that level of detail,” she said. “You feel special sometimes,
like you’re the only person who knows
this thing.”
For her senior thesis project, Holcomb
used the light emitted by stars to determine their age. “Sometimes light is the
only thing we can know about an object,”
she explained. Just like the scientist who
identified the powders using light, Holcomb used light to measure how fast stars
spin — and therefore their age. Stars that
are younger tend to spin very fast. “As the
star gets older, it starts to slow down, like
we all do,” Holcomb said with a smile. To
find out how fast each star is spinning,
Holcomb created an automated program
that looks at satellite data and measures
the rotation of distant stars. This program
detects features — like a sunspot on the
star — and tracks their motion in order
to measure the star’s rotation speed. With
this data collected for over 90% of the sky,
Holcomb is helping to create an incredibly
detailed map of the ages of nearby stars in
the Milky Way Galaxy.
Holcomb found that the biggest challenge she faced in this project was filtering
such a large quantity of data to gather
the information she wanted. “Getting
interesting, useful answers out of such a
large quantity of data is going to be a huge
problem in astrophysics going forward,”

she said. Holcomb will continue solving
this star-sized problem in graduate school
at the University of California, Irvine. ■
— H EN RY B A RIN G

“The first time I booted
up that image I was
probably the sixth person
in the world to ever see
that object in that level
of detail. You feel special
sometimes, like you’re
the only person who
knows this thing.”

UNCHARTED
Transfixed by the electric colors and alien
life-forms of the sea, Elaine Shen ’18
snorkeled Glover’s Reef Atoll in Belize, where
she nurtured a growing fascination with the
Caribbean. “The first time I went snorkeling
on a coral reef, I had this moment when I
thought, ‘This is actually something I could
see myself doing.’” Elaine’s eye-opening
research experience was part of a tropical
field biology course in which students from
various academic backgrounds study two
of the planet’s most diverse ecosystems:
coral reefs and tropical rain forests.
Expanding access to travel, field research
and other forms of experiential education
is a core component of Rice’s Vision for the
Second Century, Second Decade (V2C2).
The Cullinan Access and Opportunity
Fund, which provides need-based financial
assistance for experiential learning, is a
meaningful step toward achieving that goal.

Read Elaine’s full story and learn more about
the Cullinan Fund at envision.rice.edu.
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“By 2100, the black mangrove is predicted to occupy every wetland in Texas,” said graduate
student Pedro Brandão Dias Ferreira Pinto. Black mangroves are shrubby trees native to South
Texas wetlands. As part of his work with Adrienne Correa and Scott P. Egan, both assistant
professors in the Department of BioSciences, Pinto investigates how this range expansion will
alter Texas wetland communities. Currently, an ecosystem called salt marsh, whose vegetation
consists mostly of grasses, dominates the brackish wetlands north of the black mangrove’s
historic range.
Pinto travels to established salt marshes and mangroves, as well as the transition areas in
between. He uses drones to take aerial photographs that he can later analyze with special software to determine what portion of the vegetation consists of mangroves at each site. He also
determines which species live in each site type by sequencing environmental DNA (eDNA).
eDNA is extracted from filtered water samples that contain free floating DNA and microscopic
tissues released by the organisms that live there.
By comparing the DNA sequences at each site to genetic databases, Pinto determines which
species make their homes in mangrove swamps and in salt marshes and he can predict how
communities may change — the species that thrive in mangrove swamps will likely increase in
abundance, while those that rely on salt marshes may dwindle. ■
— H A LLIE T RIA L

