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M I S S I O N 
S TAT E M E N T

   The  Science  Alliance  was  established  in  1984  to  improve  selected  science 
programs at the University of Tennessee, Knoxville, and to increase collaboration 
between the university and Oak Ridge National Laboratory (ORNL). 

The  Science  Alliance  is  composed  of  four  divisions:  the  original  three 
being  Biological  Sciences,  Chemical  Sciences,  and  Physical  Sciences.  A  fourth 
division, Mathematics and Computer Science, was added in 1986. 

S C I E N C E  A L L I A N C E  O B J E C T I V E S 

• Create a strong formal bond between 
UT and ORNL 

• Hire joint UT-ORNL distinguished scientists 
• Create joint UT-ORNL institutions 
• Share resources and build areas of common 

strength at UT and ORNL as well as with 
industry and other institutions 

• Contribute to technology transfer 
• Provide incentives to attract and retain 

high-quality faculty 
• Strengthen graduate and undergraduate 

opportunities 
• Increase public and professional awareness 

of UT-ORNL partnerships 



 

2

G O A L S 
+ F U T U R E 

P L A N S 

THE  PRIMARY  MISSION  of  the  Science 
Alliance  has  always  been  to  develop 
and  support  collaborations  between 
the  University  of  Tennessee  and 
Oak Ridge National Laboratory. 

With a solid foundation of decades spent working 
toward that end, the Science Alliance seeks to amplify 

that relationship with greater development and educational 
opportunities. Recent investments in the University-Industry 

Demonstration Partnership and the Institute for Advanced Composites Manufacturing Innovation have 
laid the groundwork toward achieving this goal and will help guide the Science Alliance as it develops 
new cooperative models around stated strategic initiatives. These initiatives will translate into global 
scientific and economic impacts, intellectual capacity development and a prepared future workforce for 
Tennessee.

 The Science Alliance will further advance these goals by deepening the collaborative relationships with 
ORNL via the Joint Directed Research Development (JDRD) program. An annual JDRD Symposium has 
been proposed to provide an opportunity for research teams to present their lab and university support-
ed work. The Science Alliance will also maintain previous support of the FIRST Robotics Competition, an 
event designed to motivate high school students to become engaged in STEM fields in a collaborative 
environment. Additionally, graduate student support will continue to play an important role in the 
Science Alliance portfolio and emphasizing research connections with ORNL. The co-investment strate-
gies that will support these initiatives will allow the Science Alliance to continue focusing on the joint 
development and acquisition of talented scientists and engineers as well as continuing to provide consis-
tent graduate student support in arenas of global interest. 
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EXECUTIVE 
SUMMARY 

The Science Alliance continues to be a crucial 
component in the continued growth of the 
partnership between the University of Tennes-
see, Knoxville, and Oak Ridge National Labora-
tory. Our researchers are collaborating on large 
initiatives in materials science, biomedical 
sciences, high-performance computing, and 
bioenergy science, to name a few. 

This spring, a university-industry team led by 
UT researchers received a $9.9 million grant 
from NASA. This project will provide break-
throughs that totally reshape the aviation 
industry, impacting the cost e°ectiveness, 
safety, and reliability of aviation. James Coder 
and Stephanie Termaath from the Department 
of Mechanical, Aerospace, and Biomedical 
Engineering will collaborate with researchers 
from five universities and two aviation compa-
nies toward this end.
   Suresh Babu, the UT–Oak Ridge National Lab-
oratory Governor’s Chair for Advanced Manu-
facturing, won the university’s first Multidisci-
plinary University Research Initiative (MURI) 
grant in 30 years. Babu will lead a team focus-
ing on the properties, defects, and instabilities 
in advanced manufactured alloys. This research 
is of particular interest to the Navy.

 Innovative ideas like these bring competitive 
faculty members and researchers and attract 
the highest-caliber students to our university. 
More than 146 graduate students received sup-
port through the Science Alliance in the past 
year. Many of them authored publications, 
presented their research at meetings or confer-
ences, or worked on sponsored projects. These 
students are working in the nation’s leading 
scientific laboratories and learning how to 
apply for funding, putting them ahead of their 
peers. 

To ensure the success of future scientists and 
researchers, we must start reaching out to 
students earlier in their educational careers. 

That is why the Science Alliance supports 
FIRST Robotics. The values espoused by FIRST 
support collaborative research, increased 
enrollment in higher education, and participa-
tion in STEM fields. You will read more about 
our investment in FIRST Robotics later in this 
report.

 This report is not only a summary of the past 
year’s e°orts by our distinguished scientists, 
Joint Directed Research Development fellows, 
project leaders, and team members to advance 
the research enterprise here at UT and with our 
partners at ORNL, but also a glimpse into the 
future of research innovation in our nation. 

ROBERT NOBLES 
Interim  Vice Chancellor for Research 

and Engagement 
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The floor of Thompson-Boling 
Arena becomes home to robotics 

teams from across the region. 
   

Teams competed for less than three 
minutes to take home the title of Smoky 

Mountain Regional Champion. 
Robotics photos by Michael Messing

FIRST 
ROBOTICS 

     For Inspiration and Recognition of Science and 
Technology, or FIRST, was founded in 1989 as a 
nonprofit organization devoted to encouraging 
young people to participate in science and tech-
nology. FIRST’s programmatic activities include 
Lego League, Lego League Jr., and Tech Chal-
lenge, but the organization is best known for its 
international robotics competition.

 This year’s participants were required to form 
alliances consisting of three teams. Titled “Destina-
tion: Deep Space,” the 2018 FIRST Robotics Com-
petition was sponsored by Boeing and required 
teams to design and construct robots capable of 
performing specific mechanical tasks. 

Robots were required to operate autonomously 
from a set of programmed instructions for the first 
15 seconds of the competition, leaving two minutes 
and 15 seconds for operator-controlled activity. 

 Over the course of three days, teams gathered 
in Knoxville to load in, register, and practice with 
their robots. On the final day, teams participated in 
a series of qualification and playo° matches, work-
ing with students from outside their team and, in 
the case of the winning alliance, outside their state. 
    The Robotics Competition is a perfect model of 
FIRST’s core value of “gracious professional-
ism”—the notion that students can learn and com-
pete with one another fiercely while treating one 
another with respect. In addition to nurturing the 
next generation of scientists, FIRST’s practices and 
values engender the characteristics that make 
good collaborators.

 Collaboration between researchers is the bed-
rock of the Science Alliance’s programmatic activi-
ties. For the past three years the alliance has 
provided support to the Smoky Mountain Regional 
FIRST Robotics Competition as a means to foster 
the 
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future of collaboration in 
East Tennessee and encourage 
student participation in STEM 
fields. In fact, about 75 percent of 
FIRST robotics alumni are either 
students or professionals in a STEM 
field.

 This year’s winning group consisted of 
two teams from Tennessee—the Secret City 
Wildbots from Oak Ridge and the Robokomo-
dos from Franklin—and a team from West Virginia. 
Of the 28 additional awards, 13 were secured by 
Tennessee teams, most of them from the greater 
Knoxville area. 

The Science Alliance’s activities encourage 
collaboration as a model for future innovation in 
research. The work of FIRST and the FIRST Robot-
ics Competition, by laying the groundwork for a 
future generation of collaborators, is a natural fit 
with that model for innovation. Providing support 
to the FIRST organization helps o°er a wealth of 
opportunities to young Tennessee students and 
contributes directly to the future of innovation and 
research. 

5 

The winning alliance of 2018 consisted of two teams 
from Tennessee and one from West Virginia. 

Teams from different states and schools cheer each 
other on in the spirit of gracious professionalism. 



DISTINGUISHED 
SCIENTISTS 

The  Science  Alliance  Distinguished  Scientist  Program 
supports  high  profile  joint  leadership  in  research  areas 
where  UT  and  ORNL  share  complementary  strengths. 
I t   has  been  the  anchor  program  of   the  Science 
Alliance since 1984.

   Distinguished  Scientists  hold  tenured  professorship  at 
UT;  most  also  hold  a  Distinguished  Scientist  appointment 
at  ORNL,  nominally  half  time  at  each  institution. 
Appointments  include  an  ongoing  discretionary  research 
fund equal to twelve months’ salary. 

In  the  future,  we  intend  to  explore  Distinguished 
Scientist  positions  that  are  co -supported  by 
endowments  from  our  corporate  research  and 
development  partners.  This  structure  may  allow 
us  to  amplify  the  investments  made  by  the 
state  and  ORNL  in  areas  of  interest  to  our  key 
industrial  research  and  development  partners. 

E L B I O   D A G O T T O Elbio  Dagotto  primar -
ily  uses  computational  techniques  to  study 

transition  metal  oxides,  oxide  interfaces,  and 
the  recently  discovered  iron-base  high -tem -

perature  superconductors.  These  materials,  and 
others  studied  by  his  group,  show  promise  for  both 

technological  applications  and  advancement  of 
fundamental  concepts  in  condensed  matter  physics. 

Dagotto  has  several  active  collaborations  with  ORNL 
scientists  working  with  materials  from  manganese  ox -

ides  to  iron-based  high -temperature  superconductors. 
Additionally,  he  serves  as  principal  investigator  of  a  US 

Department  of  Energy  field  work  proposal,  Theoretical 
Studies  of  Complex  Collective  Phenomena,  which  secured 

a  grant  from  the  DOE  that  awarded  $1,992,999  over  eigh -
teen months to ORNL. 

TA K E S H I  E G A M I The  physics  of  liquids  is  much  less  developed  than 
the  physics  of  solids.  Takeshi  Egami  explores  liquids  and  gases  using 

computer  simulation (including  quantum  mechanical  calculations)  and 

neutron and synchrotron x-ray scattering experiments. Egami is currently participating in a number 

of active collaborations with ORNL scientists, including Department of Energy (DOE) projects whose 

fiscal year budgets total more than $2.7 million. His work has been repeatedly highlighted by the 

DOE in the last year. Egami was recently named an Aris Phillips Lecturer by Yale University, the most 

prestigious award given by the department of mechanical engineering at Yale. Additionally, Egami 

has served as Editor for Advances in Physics  from 2011 to the present and Divisional Associate Editor 

in Condensed Matter Physics for Physical Review Letters. 
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C L AY T O N  W E B S T E R   Clayton  Webster’s  research  interests  in -
clude  approximation  theory,  numerical  and  functional  analysis,  as  well 
as  high  performing  algorithms,  with  particular  focus  on  large-scale 
applications.  Webster  is  the  department  head  in  the  Department  of 
Computation  and  Applied  Mathematics  at  ORNL.  In  2007  he  was  award -
ed  the  John  von  Neumann  Fellowship  by  Sandia  National  Laboratories. 
In  2008  he  was  named  the  Director  of  Quantitative  Analysis  &  Trading 

at  NextEra  Energy  Power  Trading,  LLC.  In  2014  he  became 
a  Frontiers  of  Science  Fellow,  awarded  by  the 

National Academy of Sciences. 



Michael McKinney, head of the 
Department of Earth and 

Planetary Sciences, presents 
Robert Hatcher with a plaque at 

a retirement event held in his 
honor. 

B O B  H AT C H E R   After 32 years of service Professor 
of Geology and Distinguished Scientist Robert D. Hatch -

er, Jr retired at the end of June, 2018.
 Born in Madison, TN, Hatcher first came to the University 

of Tennessee, Knoxville in pursuit of his doctoral degree, 
after completing bachelor’s and master’s degrees in geology 

from Vanderbilt University. After completing his doctoral 
program in 1965 Hatcher left Knoxville for teaching positions at 

Clemson University, Florida State University, and the University 
of South Carolina. Twenty years later, in 1986, he was invited to

return to Knoxville to join the University of Tennessee faculty. 
“At first I said no,” said Hatcher, speaking at a retirement event in 

his honor. “I didn’t think you should teach where you went to school, 
but they convinced me to change my mind.”

   
 Fortunately for the university, he returned to his alma mater and 

became one of the earliest Distinguished Scientist appointees with the 
Science Alliance. Since that time, Hatcher has mentored 52 master’s 

students and 17 doctoral students, and taught thousands of hours of classes. 
Over the course of his career, he has served in a variety of leadership roles 

within his field. He was president of the Geological Society of America from 
1992 to 1993 and president of the American Geological Institute from 1995 to 

1996. He was awarded the first ever Geological Society of America Distinguished 
Service Award. In 2014 he received the American Geosciences Institute’s Legendary 

 Geoscientist Medal.
 “Every time I go to a conference, almost everyone I speak to asks if I know Bob 

Hatcher,” said Michael McKinney, department head and professor in the Department of 
Earth and Planetary Sciences. “The further he got in his career, the more productive he 

seemed to get.”
 At the retirement celebration, McKinney presented Hatcher with a plaque commemorat -

ing his years of service to the university and the State of Tennessee. The department also 
gave Hatcher a large piece of Tennessee marble with a metal tag reading “In honor of a 

lifetime of major achievements, service, and contributions to science. With gratitude from 
thousands of colleagues and students whose lives you have touched.” 
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P R I N 
I N V. 

P R O J E C T 
N A M E I I 

P R O J E C T 
T I T L E I 

S TA R T 
D AT E I 

E N D 
D AT E 

AWA R D 
A M O U N T I I 

F Y   1 7 
E X P E N -

D I T U R E S 

Dagotto  NSF-DMR-
1404375 

 Computational Studies of 
Multiorbital Model Hamiltonians 
for Iron-Based Superconductors 
in Quasi One-Dimensional 
Geometrics 

09/01/14 08/31/17  435,000 150,650 

Dagotto 
UT-B 
4000159777 

Study of multi-orbital Hubbard 
models for iron-based supercon-
ductors and spin-orbit coupled 
transition metal oxides using the 
Density Matrix Renormalization 
Group technique 

12/21/17 12/10/21 616,000 41,414 

Egami 
UT-B 
4000126542  
Egami 

Dynamics of Biologically 
Relevant Model Membrane 
Systems 

09/20/13 09/30/17 117,337 9,427 

Egami 
UT-B 
4000149639 
Egami 

Viscosity of Aqueous Solution 08/23/16 07/31/18 144,217 33,306 

Egami UT-B 
4000139883 

 Neutron Scattering Study of 
Disordered Materials Under 
pressure 

06/16/15 07/31/19 177,718 52,730 

Egami 

UT-B 
4000131427 
Egami 
(Year 2) 

Local Structure by Neutron 
Di°raction 07/01/15 10/01/17 278,712 51,019 

Egami 

Carnegie Inst 
of Was 

 4-10114-12 
Egami 

Study of Conducting Oxides 
Under pressure 03/01/16 07/31/17 162,606 13,395 

Egami 
UT-B 
4000156221 
Egami 

Dynamics of Biologically 
Relevemt Model Membrane 
Systems 

08/01/17 09/30/18 120,498 106,873 

Egami 
UT-B 
4000160363 
Egami 

 Atomistic Study of Bulk Metallic 
Glasses 04/01/18 03/31/19 50,000 117,240 

Egami 
UT-B 
4000120790 
Egami 

 Atomistic Study of Bulk Metallic 
Glasses 04/01/17 03/31/18 635,434 235,545 



P R I N 
I N V. 

P R O J E C T 
N A M E 

P R O J E C T 
T I T L E 

S TA R T 
D AT E 

E N D 
D AT E 

AWA R D 
A M O U N T 

F Y 1 7  
E X P E N -

D I T U R E S 

Hatcher 
USGS 
G16AC00138-
Hatcher 

Geologic mapping of the 
Parksville 7.5-min quadrangle, & 
the kinematics of emplacement of  
larger horses along a major thrust  
fault, southeastern Tennessee     

05/01/16 09/30/17  17,500 1,666 

Mays 
 

UT-B  
4000152655 

Designing the next generation 
high performance polymeric 
cathodes 

01/19/17 09/30/18 47,186 26,690 

Mays UT-B 
 4000153000 

Scaled-up synthesis of 
deuterated isoprene 02/15/17 09/30/17  20,000 3,925 

Mays 

NOVA  
 Chemicals 

Well-Defined 
Long 

Well Defined Long Chain 
Branched Polythylene by Living 
Anionic Polymerization of  
1,3-Butadiene & Hydrogenation 

10/19/16 05/31/18  170,012 24,063 

Webster 
 NSF DMS-

 1620280 

Collaborative research: 
Mathematical methods for  
approximation & control  
of multi-dimensional 
parameterized systems 

09/15/16 08/31/19  65,752 45,205 
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UT-ORNL 
JOINT 

INSTITUTES 

J O I N T  I N S T I T U T E 
F O R  A D VA N C E D  M AT E R I A L S 
The  Joint  Institute  for  Advanced  Materials 
promotes  interdisciplinary  research  and  educa-
tion  related  to  developing  new  materials  with 
superior  properties,  such  as  greater  toughness 
and  high-temperature  strength,  or  those  that  can 
be  tailored  to  support  new  technologies,  such  as 
pocket-sized supercomputers. 

J O I N T  I N S T I T U T E 
F O R  B I O L O G I C A L   S C I E N C E S 
The  Joint  Institute  for  Biological  Sciences 
supports  interdisciplinary,  crosscutting  research 
that  accelerates  progress  in  complex  bioenergy 
and  bioenvironmental  systems.  It  also  aids  access 
by  UT-ORNL  faculty,  sta°  and  students  to  state-
of-the-art  capability  in  genomic,  transcriptomic, 
proteomic,  and  metabolomic  analysis  of  biolog-
ical and environmental systems. 

J O I N T  I N S T I T U T E 
F O R  C O M P U TAT I O N A L  S C I E N C E S 
The  Joint  Institute  for  Computations  Sciences 
(JICS)  advances  scientific  discovery  and  state-of-
the-art  engineering  and  computational  modeling 
and  simulation.  JICS  takes  full  advantage  of  the 
petascale  and  beyond  computers  in  the  DOE 
National  Center  for  Computations  Sciences  and 
UT’s  National  Institute  for  Computational  Sciences. 

J O I N T  I N S T I T U T E   F O R  N U C L E A R 
P H Y S I C S  A N D  A P P L I C AT I O N S 
The  Joint  Institute  of  Nuclear  Physics  and 
Applications  links  UT,  ORNL  and  Vanderbilt 
University  research  to  promote  and  support 
basic  nuclear  physics  research  and  nuclear  and 
radiological  applications  of  common  interest  to 
the participants. 

S H U L L  W O L L A N  C E N T E R ,  A  J O I N T 
I N S T I T U T E  F O R  N E U T R O N  S C I E N C E S 
The  Shull  Wollan  Center  promotes  world-
wide  neutron  scattering  collaboration  among 
researchers  in  biological  and  life  sciences, 
energy  sciences,  polymer  science,  condensed 
matter physics, and computational sciences.  
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  T H E  S C I E N C E  A L L I A N C E  I S  A  T E N N E S S E E  C E N T E R  O F  E X C E L L E N C E ,   
established in 1984, and supported annually by the Tennessee General Assembly. 
The mission of the Science Alliance is to: 

• Hire and support joint distinguished scientists of national note 

• Create and support joint institutes 

• Share resources 
 
• Bring the University of Tennessee and Oak Ridge National Laboratory together to support technology transfer 

• Build areas of common strength 

• Provide incentives to attract and retain the highest quality faculty and students 

• Strengthen educational opportunities 

• Grow government and industrial support of the shared research enterprise

 Science Alliance funding is one critical way that the partnership between UT and ORNL is further 
advanced. Funds support a variety of significant investments in people and collaborations.

 Much of our current collaborative research emphasizes strategic areas of importance to both organiza -
tions. Advanced manufacturing, advanced materials and materials science, neutron science, computa -
tional science, big data and data science, and bioinformatics are currently among the most prominent 
UT-ORNL collaborative areas receiving support. 

The investment made by the state each year in this important collaboration is greatly appreciated and 
is instrumental in allowing the Science Alliance to provide a variety of opportunities to innovative and 
groundbreaking collaborations between people. Great science and discovery comes when peo -
ple-to-people interactions are optimized, not unlike a chemical reaction. A reaction progresses because 
of interactions and these funds support those very activities. They hold a decisive role in leveraging the 
federal investments made at ORNL and UT in our areas of collaborative research and development. 

 

SCIENCE 
ALLIANCE 
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SCIENCE ALLIANCE 
   IN THE NEWS

 Research supported by the Science Alliance doesn’t stop 
when the funding year ends. JDRD projects often serve as 
a stepping stone to other work. In the last calendar year, 
two former JDRD researchers have been featured for con -
tinuing applications of their Science Alliance–supported 
work. 

   S U B H A D E E P  C H A K R A B O R T Y ’ S  research with con -
nective vehicle technology was covered by the Knoxville 
News Sentinel in March 2018. His work is gaining momen -
tum as automotive technology continues to develop. A 
2016 report by McKinsey & Co. suggests that close to 50 
percent of new cars in 2030 could be equipped with 
advanced driver-assistance systems.

 In nuclear engineering, E R I C  L U K O S I  received atten -
tion for possible applications of his JDRD work in curing 
myeloid leukemia. A cancer that develops from blood 
cells, the disease can progress very rapidly if not discov -
ered and treated early. Lukosi’s work has been aimed at 
creating a device to administer a recently discovered 
potential cure.
   
 While JDRD awards are comparatively small, they 

often provide researchers a chance to generate 
preliminary data and results that can lead to 
larger funding opportunities, keeping both the 
university and the state competitive in a 
variety of ever-changing fields. 
 



UT RESEARCH ADDRESSES 
CONNECTIVE VEHICLE TECH 

   Autonomous vehicles continue to gain steam as the technology improves. Google 
self-driving cars, for example, have traveled more than seven million miles and 
been in only about 11 accidents. Even then, the majority of these collisions were 
caused not by the autonomous vehicles but by other drivers around them.

 “The Google driverless cars have been rear-ended multiple times, and 
not once was it the fault of the vehicle,” said Subhadeep Chakraborty, 
associate professor of mechanical, aerospace, and biomedical engi -
neering. “It was because someone came and rear-ended it. And 
why? The conjecture is that the car is driving too conserva -
tively, too nicely, too safely, and other drivers aren’t 
prepared to deal with that.”

 Self-driving cars are programmed to obey tra˛c 
rules and respond to situations based on those rules. 
Humans speed, follow too closely, and change lanes 
without signaling. This di°erence gives rise to a 
question: In a world moving toward more autono -
mous vehicles, how do they integrate with human 
drivers who don’t always follow the rules? This is 
where Chakraborty’s research into connective vehi -
cle technology comes into play.

“The di°erence between connective vehicles and 
autonomous vehicles is that the autonomous vehicle 
is trying to mimic human driving behavior as best it 
can, and it fails sometimes. The idea behind connect -
ed vehicles is a little bit di°erent. It asks how you can 
drive as a group so that it is best for everyone,” said 
Chakraborty. 

 Connective vehicle technology works by allowing
cars within a certain radius to communicate with each
other and the city itself. In an ideal scenario, vehicles
could travel through smart cities without ever need-
ing to stop at a red light. Communication between the
vehicles and the streets or intersections would allow
vehicles to adjust their speed to pass by and between 
one another without stopping. 

“There are three main objectives with connective 
vehicles: safety, e˛ciency, and reducing congestion,” 
said Chakraborty. These goals come with a number of 
complex research questions, including how much 
distance should be maintained between vehicles in 
intersections to prevent panic in the passengers.
 His research team has been working with a donated 

Humvee outfitted with a series of sensors to feed data 
from the vehicle into a simulation. The resulting data 
will allow them to study and address the e°ects of the 
human element in connective vehicle technology 
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PROFESSOR DEVELOPING DEVICE 
TO ADMINISTER CANCER DRUG 

   A new device under development by a UT nuclear engineering professor will 
allow doctors to dispense accurate dosages of a drug made with actinium-225, 
an isotope that has been shown to be e°ective in treating myeloid leukemia. 
The device, brainchild of Assistant Professor Eric Lukosi and fabricated by 
master’s student William Gerding, is currently in production. Once built, it will 
go through testing at ORNL.

 “We’re slowly moving toward the demonstration of the device. It’s 
been fabricated; now we just need to package it and make sure it 
works,” Lukosi said. “This could help save lives.”

 Lukosi’s device would act as a critical quality assurance mea -
sure, making sure that patients receive treatments exactly as 
recommended by their physicians.
 Myeloid leukemia can spread quickly and a°ect lymph 

nodes, organs, and the central nervous system. 
Acute myeloid leukemia is found most often in 
adults over the age of 45 and is frequently fatal 
for patients 60 and older.

 Actinium-225 is an isotope extracted from 
thorium-229, a waste byproduct of the fuel 
that was used for ORNL’s Molten Salt Reactor 
Experiment in the 1960s. In 1994, ORNL began 
purifying thorium-229 in order to extract actin -
ium-225. 
   Since then, ORNL has sent approximately 
900 shipments of actinium-225 to hospitals, 
clinics, and research institutions. The isotope 
has been studied as a treatment for cancer for 
a number of years and recently gained atten -
tion as a possible cure for myeloid leukemia.

As with many medical treat -
ments, particularly radiation ther -

apies, quality control issues that 
could jeopardize patient health are a 

concern. Support technologies play an 
important role in ensuring patient safety. 

For example, modern insulin pumps assist 
in diabetes treatment by monitoring blood 
sugar levels so appropriate levels of insulin 
can be delivered to a patient throughout 
the day.

 Actinium-based therapies could specifi -
cally benefit from support technology 
because current control methods can be 
time-consuming and costly.

 “Right now, the method of finding out 
what is inside the sample requires an exter -
nal detector,” Lukosi said. “There are a lot 
of factors that need to be taken into 
account to get an accurate measurement of 
the activity inside the sample.”
 Initially, Lukosi conceived of the device to 

use in spent nuclear fuel reprocessing. 
“There are a whole host of applications for 
this technology, including environmental 
sampling,” he said. 
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JOINT DIRECTED 
RESEARCH DEVELOPMENT

The  Joint  Directed  Research  Development 
(JDRD)  program  o°ers  an  opportunity 
for  collaborative research  with ORNL. 

   A  dual  UT  and  ORNL  venture,  JDRD  complements 
the  Laboratory  Directed  Research  Development 

(LDRD)  program  and  ORNL  Seed  Money  Fund.  The 
LDRD  is  a  US  Department  of  Energy  program  that 

encourages  multi-program  DOE  laboratories  such  as  ORNL  to  select  a  limited  number  of  projects  with 
the potential to position the lab for scientific and technical leadership in future national initiatives. 

The  ORNL  Seed  Money  Fund  provides  a  source  of  funding  for  innovative  ideas  that  have  the 
potential  to  enhance  the  laboratory’s  core  scientific  and  technical  competencies  and  provide  a  path 
for  funding  new  approaches  that  fall  within  the  distinctive  capabilities  of  ORNL  but  outside  the 
more  focused  research  priorities  of  the  existing  major  initiatives.  The  JDRD  program  identifies  and 
supports  corresponding  areas  of  research  at  UT,  and  projects  approved  for  the  program  have  both  a 
UT and ORNL component. 

JDRD  awards  run  for  up  to  two  calendar  years.  A  progressive  assessment  at  the  end  of  year 
one  determines  if  second  year  funding  will  be  awarded,  based  on  the  partnership  development 
research progress thus far. 
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BARRY 
BRUCE 

Solar technology got its 
start in 1876, when the develop-

ment of the first solar cell proved that light 
could be converted into electricity. Since then, 
solar cells have been used to power satellites, 
railroad crossings, and even vehicles and
aircraft. As the technology has changed over 
time, so have its uses. 

As with most technology, however, the future 
of solar power will certainly be dominated by 
the most cost-e°ective and energy-e˛cient
developments. To meet these requirements,
many researchers in the field have focused their 
e°orts on testing more abundantly available
new materials for the cells themselves. 

Professor of Biochemical 
and Molecular Engineering 
Barry Bruce suggests trying a 
completely di°erent approach 
to the problem: biohybrid solar 
cells. 
   “Biohybrid solar cells are solar cells that are 
part biology, part materials science,” said Bruce. 
“The solar cell you’re familiar with is all minerals. 
It’s titanium or silica—it’s all these things that are 
on earth but not very abundant.” 

Bruce turns to plants and photosynthesis as a 
possible alternative. He suggests that using pho-
tosynthetic components derived from biological 
materials could lead to less costly, more e˛cient 
solar cells. 



   “Photosynthesis is really the energy-driving 
metabolism for our planet, and most of the work 
in biofuels is really still photosynthesis,” he said.

 One of the major stumbling blocks on the path 
to biohybrid solar cells is the need to deal with 
fluctuating light levels. Photosynthesis requires 
sunlight and weather changes can greatly a°ect 
how much sun a solar cell actually gets, which 
could then a°ect its productivity. 

Bruce’s JDRD team plans to tackle this issue 
by studying how certain bacteria that depend 
on photosynthesis adjust to changing light con-
ditions. 

“This complex changes its architecture 
depending on whether we add high light or low 
light,” he said. “This is very profound because we 
didn’t understand that bacteria, which are con-
sidered to be more primitive, had the ability to 

adjust to alternating light levels.” 

   Bruce and his team 
are using small angle 
neutron scattering and 
cryo-electron microsco-
py to study the structure 
of protein complexes in a 
specific strain of cyanobac-
teria. He hopes the results will 
serve as a guidepost for solv-
ing the light variability problem 
in solar cells. 

0 

• 

0 
JAMIE 
COBLE

In 2011 a massive tsunami 

struck Japan, resulting in 

nearly 16,000 confirmed

deaths. On the heels of this natu-

ral disaster, the world bore 

witness to a nuclear disaster that included three 

nuclear meltdowns at the Fukushima Daiichi 

plant. Since that time there has been an increased 

focus on accident-tolerant nuclear fuels. Jamie 
 Coble, assistant professor of nuclear engineering 

and Southern Company Faculty Fellow, hopes to 

contribute critical data to the search for better 

fuels. 

   “One of the key problems we have, especial-

ly as we try to develop accident-tolerant fuels 

and new fuel forms, is knowing what’s actually 

happening to the fuel while it’s in the reactor,” 

said Coble. 

  Currently, in order to study what’s happen-

ing to a particular fuel, it is put in a test reac-

tor, bombarded with radiation, and removed 

to measure any changes—a method that 

provides limited data. 
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 “What we’d really rather do is measure what’s 
happening while the fuel is in the reactor, but 
that’s very challenging to do for a number of 
reasons,” said Coble. “It’s a high-radiation, 
high-temperature environment. It’s also very tight. 
There’s not a lot of space to put in big bulky 
sensors.” 
   Her JDRD work attempts to address these di˛-
culties by developing a sensor capable of surviv-
ing such extreme conditions while being small 
enough to fit inside the reactor. Coble’s sensor, 
once constructed, will fit around the fuel rod and 
measure any dimensional changes that occur as a 
result of irradiation.
   “Our hope is that we can identify a sensor mate-
rial that is radiation resistant and heat tolerant so 
that our sensor won’t change dimensions while it’s 
in the reactor,” said Coble. 

Her team is working with simulations to test a 
variety of existing materials. Once potential 
materials have been identified, Coble plans to 
build the sensor and conduct testing without 
radiation.

 “Our goal for the first year is to see if we can 
actually measure a change in a metal tube,” she 
said. “We want to be able to say that our simula-
tions match what we’d expect to see in the real 
world.”

JAMES 
CODER In an increasingly global 

economy, maritime transport 
plays a crucial role in international trade as 

the most cost-e°ective mode of transport for 
goods. It is estimated that approximately 95 
percent of US foreign trade occurs via the water. 
   As a result, underwater threat detection con-
tinues to be an important area of study for both 
military and commercial applications.
 Monitoring for underwater threats, however, is 

a complex problem with a large number of vari-
ables. Even the noise generated by devices used 
to perform the monitoring has to be accounted 
for.
  Current methods for filtering out these vari-
ables often involve making approximations and 
may not give the most accurate representation 
of what’s really going on. 

 James Coder, assistant 

professor of mechanical, 

aerospace and biomedical 

engineering, wants to find a 

better way.

“Basically, we want to do better 

simulations of how fluids like water flow,” he 

said. “Right now we have equations that 

describe and define how it happens, but they’re 

very general because they apply to air the same 

as water.”

    According to Coder, to be applied to water 

these equations often have to be approximated. 
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   The result is often missing information, usually in 

acoustics or thermodynamics—properties inherently 

important to the understanding of how water flows. 

Coder’s JDRD team is working to create better 

simulations of these flows by developing a new way 

to address the equations, approximations, and miss-

ing information.

 “This project is trying to approach the physics of 

the problem in a way that allows for some modern 

numerical analysis,” he said. “We’re also looking at 

some di°erent ways of expressing the equations 

that may be e°ective at capturing thermodynam-

ics.” 

   Coder’s work has possible applications in a variety 

of fields beyond threat detection, including energy 

and even biomedical opportunities. 

“Water is so prevalent in our lives. If we could 

simulate that better, we could get a better 

grasp of the physics with fewer approxima-

tions,” he said. 

   Robert Wilson, senior research and develop-

ment sta° member at ORNL, is serving as 

Coder’s collaborator. Wilson is currently 

working on developing next-generation 

underwater threat detection devices with 

support from the US O˛ce of Naval Research. •

MARK 
DEAN 

  For generations, the 

human brain has served as a 

source of inspiration for artists 

and scientists alike. Composed 

of neurons, blood vessels, and glial 

cells, the brain governs all the functions of a 

human body. Millions of individual pieces come 

together to make a person who they are, all in a 

relatively small package using a minimal amount 

of energy. Unsurprisingly, the brain has become a 

model for a relatively new area of computational 

science. 

 

Neuromorphic computing is an approach 

to computation based on the model of the 

human brain with widespread potential appli-

cations, from medicine to autonomous vehi-

cle development. In order to have such 

far-reaching e°ects, neuromorphic comput-

ing has to be both e˛cient and scalable. 

Mark Dean, interim dean of the Tickle 

College of Engineering and Fisher Distin-

guished Professor of Electrical Engineering 

and Computer Science, hopes to address 

these requirements with his JDRD work.

    From the outside, neuromorphic comput-

ing systems look like any other computer, 

according to Dean. They might even have 

chips like traditional computers. The content 

of those chips, however, makes new compu-

tational skills possible. 
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 “On the chip you might see artificial neurons 

and synapses built from traditional digital logic, 

but you might also see new forms of devices,” 

he said. “This means of storing information 

allows them to be used like synaptic elements.”

   Dean suggests this way of storing and trans-

ferring information could a°ect the very func-

tionality of such computing systems, allowing 

them to learn and improve over time.

   “Right now, computers are pretty static. You 

program them to do something and that’s all 

they do,” he said. “Neuromorphic computing 

would be more flexible than that. It would be 

able to deal with variations in information and 

come up with a set of insights that traditional 

computers just couldn’t do.” 

His team is currently working to develop 

low-power interconnects for neuromorphic 

elements to support the work of his LDRD 

partner Raphael Pooser, Quantum Sensing 

Team lead at ORNL. Dean’s goal is to show 

that neuromorphic elements can be con-

nected in a way that will maximize e˛ciency 

without losing functionality. 

  “Our expectation is that we will demon-

strate how neuromorphic components can 

be connected together in an e˛cient way 

that minimizes power consumption and opti-

mizes scale,” he said. “We’re hoping to show 

that it can be done and done well.” • 

SEDDIK ~I@ll])l])TIIB 
DJOUADIl]) JJ@ TI1l' £l]) TI  

The adoption of new technology into society 

does not happen all at once. Take cars, for 

instance. Initially only a few consumers owned 

the Model T. Now automobiles are ubiquitous, 

with 95 percent of American households

owning at least one. There was, however, a time 

when both cars and horse-drawn wagons exist-

ed on the road simultaneously, creating a series 

of unique challenges for drivers and pedestrians 

alike. 

Similar challenges occur with more recent 

major technological changes. With his JDRD 

project, Professor of Electrical Engineering and 

Computer Science Seddik Djouadi hopes to 

address the challenges happening right now in 

renewable energy. 

 

“Renewable energy 

and the penetration of renewable energy 

sources into the modern grid require power 

converters that interface with the current 

devices in the power grid,” said Djouadi. “But 

these sources of renewable energy—like solar 

energy and wind turbines—are variable, 

meaning the power throughput is variable.”

 According to Djouadi, this variability can 

cause instability and inconsistent perfor-

mance in the power grid, which is designed to 

handle a steady flow of electricity. His solu-

tion is to design better controllers for the 

power converters that integrate renewable 

energy into the grid. 
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 “It’s basically designing a switching control so 

if there’s a disturbance in the system it triggers 

a mechanism that can ensure the safe operation 

of the power grid,” said Djouadi. “These energy 

sources introduce variability in frequency and 

voltage and improved controllers will help 

maintain consistency in both these areas.”

 Djouadi and his team hope the design will 

encourage further integration and use of renew-

able energy sources.

 “From my perspective, this kind of control 

design will show people in industry that we 

have the capability to achieve this type of 

performance,” said doctoral student Yichen 

Zhang, who is working on Djouadi’s team. 

   “From the industrial point of view, they may 

think this design will cost a lot for them—to 

change from their traditional controller—but 

the duty of our research is to let them know 

this can be done.”

 At the conclusion of their first year, Djouadi 

and his team hope to have developed some 

successful algorithms and made advances in 

designing their proposed controller. • 

JdJI:@l EREMIAH IBJ1l m IT&Ifil 
JOHNSON dJ@ l]] JB§ ~@ JB§ 

DNA testing and whole 
genome sequencing have 

become increasingly import-
ant tools in the arsenal of public 

health professionals. 

 Specifically with regard to food-borne 

illness outbreaks, these techniques have 

been employed to successfully trace the 

sources of infection. Thus far, they have 

been used mostly in Salmonella outbreaks, 

but Jeremiah Johnson, assistant professor 

of microbiology, hopes to extend their 

capability to trace other bacteria. 

“Something that’s actually starting to 

happen nationally, in terms of public 

health, is that they’re moving away from 

more archaic genomic analyses and actu-

ally mandating that all state public health 

departments start using whole genome 

sequencing,” he said. 
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   This is where his team steps in. While many 

health departments are acquiring the equipment 

necessary to conduct this kind of sequencing, 

they are lacking the in-house expertise needed to 

conduct the work. Johnson’s team possesses the 

bioinformatics experience required to analyze 

the genomes of the subject bacteria—in this case, 

Campylobacter. 

   Campylobacter was recently identified by the 

CDC as a serious threat to public health, as it is 

becoming increasingly resistant to antibiotics. It 

also takes significantly less of the bacterium to 

make a person sick than other bacteria in the 

past. 

  “With Campylobacter, it only takes a few hun-

dred bacterial cells to make a person sick,” said 

Johnson. Another hurdle with Campylobacter is 

how rapidly the bacteria mutate and evolve, 

making some older genomic techniques ine°ec-

tive.

 In the first year of support, Johnson’s team 

focused on acquiring Campylobacter samples 

from a variety of sources. 

   The cooperative e°ort saw contributions from 

UT’s College of Veterinary Medicine and the US 

Food and Drug Administration. Team members 

also ventured out into other areas of East Ten-

nessee to collect additional samples for sequenc-

ing.

   “We’ve collected samples from area farmer’s 

markets and grocery stores. We’ve done local 

waterways, including the Tennessee River and 

the Hiwassee River. We’ve also done animals 

around here, like sheep, pigs, cows, and some 

birds,” said Johnson. 

   In the second year of the project, the team is 

hoping to establish proof of concept by running 

a transmission study with Johnson’s ORNL part-

ner, computational biologist Dan Jacobson. The 

goal, based on a genomic sequencing conducted 

on the front end, is to see if the ORNL collabora-

tors can identify the original strain of Campylo-

bacter once it’s passed through this transmission 

study. • 
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JJ Machine learning algorithms allow a computer 

to learn and make predictions based on existing 

data. Machine learning is already in use in the 

everyday lives of many. Netflix, for example, uses 

machine learning algorithms to make recommen-

dations based on the viewing habits of its 

approximately 125 million subscribers.

 Machine learning is becoming more widespread 

in a variety of arenas, including health care and 

finance. Steven Johnston, assistant professor of 

physics and astronomy, thinks it can also be 

applied to physics. 

 Johnston works 

with quantum Monte 

Carlo simulations. These 

simulations work by taking 

a configuration or set of 

parameters and proposing a 

random change over and over again in the search 

for the best arrangement. 
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   “The di˛culty is that deciding whether or not 

you accept that proposed change is incredibly 

expensive computationally,” he said. “We need to 

find a way to do this cheaper and faster.”

 Johnston’s JDRD team is working with machine 

learning to train a computer using a neural 

network to guess whether a proposed change is 

going to be accepted. His team has run some 

benchmark tests that show the machine learning 

algorithms capable of completing calculations at 

a significantly faster rate than other methods.

 “The neural network approach can do in about 

six hours what used to take five or six days. The 

idea is now that we can do it faster, we can make 

the problem bigger and use the same computing 

time as before,” said Johnston.

 He hopes to have completely benchmarked an 

algorithm by the end of the funding year, deter-

mining how well it performs against a conven-

tional algorithm. He also plans to carry out at 

least one comparative study to confirm that both 

conventional and machine learning algorithms 

produce the same results. 

   Johnston’s ORNL collaborator, Markus Eisen-

bach of the Center for Computational Sciences, is 

using the same machine learning techniques to 

tackle a di°erent set of algorithms. The work of 

both teams could contribute meaningfully to the 

future use of machine learning in physics. • 

MAIK 
LANG

 Demand for nuclear power 

has increased steadily since 

the first commercial nuclear 

power station came online in the 

1950s. Nuclear energy is now 

responsible for approximately 11 percent of all 

power generated in the world. Due to this grow-

ing popularity, greater emphasis has been put on 

areas of research relating to the generation of 

nuclear power, specifically the materials used 

in and around reactors, and the waste those 

materials generate.

      Safe disposal of nuclear waste is of prima-

ry concern, given its potential e°ects on the 

environment and surrounding communities 

should a leak occur. One of the methods used 

to combat this possibility is vitrification—the 

conversion of waste into a stable glass. 
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 The glass serves as a safe containment method 

for the spent fuel over hundreds of thousands of 

years. However, the e°ects of radiation, one of 

the key drivers of microstructural evolution of 

these types of glass, are not fully understood. 

This is where Maik Lang, associate professor of 

nuclear engineering and Pietro F. Pasqua Fellow, 

and his JDRD team come in. 

The goal of Lang’s JDRD project is to develop 

an understanding of the structure of these glass-

es using ORNL’s Spallation Neutron Source (SNS) 

and Integrated Computational Environ-

ment–Modeling and Analysis for Neutrons, or 

ICE-MAN. In its second year, Lang’s team has 

pivoted to focus their modeling e°orts on the 

nuclear fuel itself. 

“In the renewal, we shifted away from glasses to 

nuclear fuel materials,” he said. “The overall goal 

is still to understand the glass structure, but we 

think we first have to understand defect forma-

tion in crystalline materials. Once we have a good 

handle on that, we can move on to the more com-

plicated glass system, which is an aperiodic mate-

rial.”

 Lang’s team is working alongside ORNL’s Anibal 

Ramirez-Cuesta, Chemical Spectroscopy Group 

leader, and Matt Tucker, Di°raction Group leader, 

to further develop the ICE-MAN platform as well 

as making use of it to decode their data. In turn, 

Lang’s data is serving as a test bed for the plat-

form itself, setting the stage for future collabora-

tions. • 

SARAH ~&IB&Ifil 
LEBEIS IL l])l IID l])l II~ 

Since the earliest days of 

farming, ensuring adequate food 

production to consistently feed a popula-

tion has been the primary goal. This goal has not 

changed in the thousands of years since plant 

cultivation began, although the mechanisms of 

achieving it have evolved considerably. Irriga-

tion, pesticides, automated machinery—all these 

advancements have arisen from the need to 

produce enough food to keep pace with the 

growing numbers of humans on the planet.

 In recent years, this drive has shifted toward 

the plants themselves. Genetically modified 

seeds designed to withstand drought and blight 

have become commonplace. Sarah Lebeis, 

assistant professor of microbiology, believes the 

next advances will be made by studying plant 

microbiomes, specifically the e°ects of certain 

bacteria on those microbiomes. 

“One thing we’ve found 

is that the more we look at 

which microbes associate 

with plants, we find these 

bacteria over and over again. 

They can be pathogens or they can 

promote growth of the plants,” she said. 

Some agricultural companies have seized on

the idea that plants can be helped with the intro-

duction of so-called good microbes and have

begun marketing products designed to do just

that. Lebeis describes these products as plant

probiotics and emphasizes that they are not

always e°ective. 
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 “It’s really exciting that people are trying to find 

these ultimate microbes that can change the way 

plants grow, but they’re not always going to 

work. When they don’t work, we want to know 

why they don’t work,” she said.

 She believes Streptomyces, a particularly large 

genus of bacteria, is playing a role in determining 

which microbes are allowed into a plant. Lebeis 

suggests that, in addition to keeping out harmful 

microbes, the Streptomyces  may also be prevent-

ing some beneficial microbes from entering the 

plant’s system. 

   Lebeis’s ORNL collaborator, Daniel Jacobson, 

chief scientist for computational systems biology, 

has provided her team with a large data set to 

serve as the basis of her JDRD work. By the end 

of the year she hopes to have compiled a list of 

microbes that either work with or are repelled by 

Streptomyces. 

   “We want to see who they influence, who they 

let in and who they don’t. The JDRD will help us 

generate a giant list of hypotheses, which we’re 

so excited about,” said Lebeis. • 

JIAN 
LIU

 Rush-hour tra˛c is part of life in 

most metropolitan areas in the US. 

The presence of large numbers of 

people traveling in the same 

general direction at the same 

time is bound to result in con-

gestion and frustration. Picture 

that same rush hour during the 

summer. Air conditioners crank as 

heat ripples o° the blacktop and, 

inevitably, somewhere along the way a car is pulled 

to the side of the road, steam pouring from under 

the hood.

   Overheating is an issue for much of the technolo-

gy that defines modern life. Cars, computers, mobile 

phones—all are subject to the e°ects of too much 

heat. As technology continues to speed up and 

devices get smaller, this heat problem compounds 

as internal parts shrink and move closer together. 

 Jian Liu, assistant professor of 

physics and astronomy, is working 

to address this issue with his JDRD 

project. It all starts with an electron. 

Transistors, the building block of modern 

electronics and technology, work by moving 

an electron back and forth across an interface. 

This switching action can be sped up by 

decreasing the distance the electron has to 

travel through the interface, letting the device 

operate faster. This is where heat can become 

a problem.

 “When the electron travels, it generates heat 

because it interacts with other atoms. The 

electron is trying to go and at some point it’s 

going to hit an atom, causing the atom to 

vibrate,” said Liu. “Basically, you’re transfer-

ring the energy from the electron to the atom 

and that’s how it generates heat.” 
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 Because heat has the ability to a°ect device 

performance, its management is an important 

factor in technology development. Liu’s team 

hopes to find a way to predict how heat is moved 

within a device, laying the groundwork for more 

e°ectively controlling how and where heat is 

transported out of the device.

 “If you can control heat transport, you can have 

an electronic device that works faster. Then you 

can maybe pack your devices into a more con-

fined area and make sure there’s no hot spot,” 

said Liu.

 His JDRD team is working to build a prototype 

that will use the same interface for both electron 

and heat movement. Once complete, the proto-

type will be given to Lucas Lindsay, materials 

research scientist at ORNL, for experimental test-

ing and comparison with computational predic-

tions. The teams hope to have generated prelimi-

nary data by the end of the funding year. • 

CLAUDIA @IL&'illl'WIT
RAWNIB&~~ 

Salt is a complicated molecule. It

can make bland food more palatable and

even melt hazardous ice on roads. However, the

same salt that makes roads safer for driving, if

not removed promptly, can cause major issues

for the vehicles that drive through it. Over time,

brine kicked up from the road onto the car can

corrode and rust the metal parts, ruining

engines and destroying paint jobs.

 The same can be said for the metals within

molten salt reactors and concentrating solar

power plants. Molten salt reactors are a type of

nuclear reactor using salts as either a coolant or

fuel, and concentrating solar power plants use

liquid salts as a heat transfer and storage

medium. A major area of research involves the

e°ectiveness of di°erent materials within the

reactors, especially those coming into contact

with salts. 

    Claudia Rawn, associate professor of mate-

rials science and director of the Center for 

Materials Processing, and her JDRD team are 

investigating the e°ects of these salts on 

chromium-containing alloys in conjunction 

with Stephen Raiman, research associate in 

corrosion science at ORNL.

 “Our colleagues at Oak Ridge are studying 

the chromium in structural materials that are 

in contact with molten salts in places includ-

ing concentrated solar or nuclear reactors,” 

said Rawn. “The molten salt is in contact with 

di°erent structural components and there is 

concern about the chromium leaching out 

into the salt.” 
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 Rawn’s team plans to complement the work at 

ORNL by using X-ray di°raction to study the 

e°ects of these salts on structural materials that 

contain chromium. Raiman’s team will be investi-

gating the interactions between molten salts and 

chromium in structural alloys, while Rawn will 

look at the salt itself. 

 In order to take an atomic look at the salts, 

Rawn’s team will use the recently established 

di°raction facility at the UT-ORNL Joint Institute 

for Advanced Materials. She hopes their work will 

provide an important piece of the molten 

salt–chromium interaction puzzle and serve as a 

stepping stone to future collaborations. • 

SEUNGHA
SHIN 

Human history is divided into time periods 

based largely around the types of tools or tech-

nology being employed. The Iron Age was char-

acterized by the increased use of iron weapons 

and tools, edging out the previously used bronze. 

   This iron, however, wasn’t simply iron. It was 

iron heated with carbon, marking the start of a 

new era when humans realized that metal alloys 

could perform better than single metals. 

Alloys are the result of mixing two or more 

metallic elements together with the goal of creat-

ing more desirable attributes such as rust or heat 

resistance. 

 

The search for 

better alloys continues 

into the present, as 

scientists chase super 

alloys for use in a variety of 

technologies. Seungha Shin, 

assistant professor of mechanical, aerospace, and 

biomedical engineering, is on the hunt for one 

such alloy. 
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 “We are studying super alloys, which can have 

high stress and heat resistance,” he said. “To 

achieve high-e˛ciency vehicles or airplanes, we 

need some lightweight materials. Normally light 

metals are not that good at high temperatures, so 

we need to develop some new materials.”

   If su˛ciently heat- and stress-resistant materi-

als can be developed and used to build engines, 

vehicles can become more fuel e˛cient simply by 

virtue of being lighter. Shin’s team is working to 

create such an alloy with aluminum, focusing their 

work on its thermal transport properties.

Shin’s LDRD partner Amit Shyam, research 

scientist at ORNL, is also studying the e°ects of 

microstructures on alloy properties. Shin’s team 

contributes a much-needed level of expertise in 

thermal transport properties to their shared goal. 

  Shin hopes to conclude the project with a 

deeper working relationship with his ORNL part-

ner and enough useful data to secure more fund-

ing from external sources. • 

STEVE
WILHELM 

  Microbes a°ect every-

thing from the human body 

to the decomposition of plant 

and animal waste in the environ-

ment. The health and habits of 

these organisms can have a huge 

impact on every facet of life. Steven 

Wilhelm, professor of microbiology, believes viruses 

hold similar importance.

 “The world as we know it now is really a microbial 

planet. Microbes are the interface of our daily lives 

and how the world works,” he said. “They recycle 

nutrients, they play important roles in carbon fixation 

and photosynthesis—and these microbes are all 

susceptible to viruses.” 

    Viruses are incredibly abundant: hundreds of thou-

sands of them can exist in a puddle. According to 

Wilhelm, they’re also quite fragile, meaning they 

must reproduce quickly to maintain such a large 

population. 

 To study these viruses further, Wilhelm and his 

team have partnered with Dale Pelletier, senior 

sta° scientist in the Biosciences Division at 

ORNL. Pelletier is studying the microbial commu-

nity within sphagnum, or peat bogs. Sphagnum is 

responsible for approximately 20 percent of the 

carbon storage on the planet. 

   “It acts as such a good carbon sink because the 

sphagnum plants themselves change the chemis-

try of the system so that typical microbes do not 

grow very well. As a result they don’t break down 

the carbon, so as the sphagnum dies the carbon 

builds up,” said Wilhelm.

   His team is investigating what could be con-

trolling the existing microbes in the peat bogs 

other than chemistry. He believes the answer is 

viruses. 

Doctoral student Helena Pound is currently 

working with bioinformatics to determine how 

prevalent these viruses are. Her work will include 

snapshots as well as work over time, which 

should provide a better picture of how the viruses 

operate.

     “I believe in 10 to 15 years, we will realize virus-

es are just as important as microbes,” said 

Wilhelm. “When we then build models of how 

these microbial systems work, we’ll have to start 

to account for the viral community.” 

28 



STUDENT SUPPORT 

Integral  to  the  charter  of  the  Science  Alliance
is  this  principle:   Science  Alliance  funding  will 
be  used  to  “provide  incentives  to  attract 
and  retain  the  highest  quality  students  and 
strengthen  the  educational  opportunities 
for both UT and ORNL.” 

Consequently, each year a portion of the Science 

Alliance’s funding is distributed directly to two colleges

within the university with the express purpose of support-

ing graduate and undergraduate education and research. As

a result, many students have had occasion to add significantly 

to the foundation of their future careers through direct support provided by Science Alliance projects.

 A L I  Y O U S E F Z A D I ,  doctoral student working the Seungha Shin, is in his second year of support on a Science Alliance 

supported JDRD project. Yousefzadi’s work with Shin has included conducting analyses using machine learning techniques. 

He has authored two publications currently under review, serving as first author on one.

 Mark Dean’s student, A A R O N  Y O U N G , began his work with Dean in 2016. His current research focuses on the architec-

ture and design of neuromorphic computing, the subject of Dean’s JDRD project. Young’s doctoral work with Dean will place 

him at the forefront of an emerging area of research.

   S A B R I N A  S C H W E R Z L E R  has benefitted from Claudia Rawn’s JDRD work by gaining familiarity with several new 

laboratory techniques. Schwerzler has also established professional relationships with several ORNL researchers as a result 

of her work with Rawn.

 Maik Lang’s JDRD supported student, W I L L I A M  C U R E T O N , actually began his work with Lang as an undergraduate. 

After graduation, he continued his work with Lang’s team as a graduate student. His time on the project has allowed him to 

work on the Spallation Neutron Source at ORNL.

   J I A N  L I U  has both a graduate and undergraduate student on his JDRD team. Physics doctoral student Junyi Yang has 

been tasked with leading the project; invaluable experience for any researcher. Kyle Noordhoek is a double-major undergrad-

uate student working in both physics and chemistry. His work with Shin has allowed him to leverage his chemistry knowledge 

while gaining cross-disciplinary skills in physics beyond his class curriculum.

   Many Science Alliance funded students are actively collaborating with ORNL scientists. They have earned additional fund-

ing for their work from a variety of sources, including the U.S. Department of Energy, the National Science Foundation, the 

National Nuclear Security Administration and the Army Young Investigator Program. The contributions made by these schol-

ars to each supported project ensure the University of Tennessee, as well as the State of Tennessee, a substantial foothold in 

the future of the nation’s scientific community. 

29 

 



PUERTO RICO STUDENTS CONTINUE 
WORK WITH SCIENCE ALLIANCE SUPPORT 

In September 2017, Puerto Rico fell victim to 

two separate hurricanes, leaving the island in a 

state of emergency with thousands dead and 

millions without power. At the beginning of the 

month, Hurricane Irma, then a Category 5 storm 

thought to be the most powerful Atlantic hurri-

cane on record, swept by just north of the island 

after devastating the Caribbean. 

  Puerto Rico was still recovering from the 

destruction and loss of power left in Irma’s wake 

when Hurricane Maria struck. Maria, another 

Category 5 storm, is thought to be the worst 

natural disaster to strike the region since 2004. 

Arriving just two weeks after Irma, the storm 

caused major flooding and destroyed entire 

sections of the island. In addition to the cata-

strophic damage and loss of life, higher educa-

tion in Puerto Rico was greatly impacted. Much 

of the island was subject to extended power 

outages. Roads and other infrastructure were 

destroyed, and many students were forced to 

look elsewhere to continue their education. 

The University of Tennessee, Knoxville, with funding from 

the Science Alliance, become home to a group of these 

students thanks to the e°orts of Terry Hazen, UT-Oak 

Ridge National Laboratory Governor’s Chair for Environ-

mental Biotechnology. Hazen was once a faculty member 

at the University of Puerto Rico, Rio Piedra, the students’ 

home institution.

“I have a lot of good memories of my time there, and I 

maintain a strong connection to the university,” said Hazen. 

A former postdoctoral student of Hazen’s, Gary Toran-

zo-Soria, is a faculty member at the University of Puerto 

Rico, and Hazen reached out to him in the aftermath of the 

storm. 

“It took more than a week, but I finally got in touch with him 

by cell phone and told him I was more than happy to help 

in any way I could,” said Hazen. Less than six months later, 

a group of students arrived in Knoxville to continue their 

academic careers. 

   Science Alliance funding provided housing for the 

students as they worked to get back on track. Much of the 

work the students had already completed was lost in the 

storm, as research in biology and microbiology often 

requires a steady power supply. Relocating to the Universi-

ty of Tennessee allowed these students to stay on path to 

completing their research and earning their degrees.
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S T U D E N T 
F U N D I N G 

D E PA R T -
M E N T 

TOTA L 
S U P P O R T 

T Y P E  O F 
S U P P O R T 

# O F  
STUDENTS H I G H L I G H TS 

Biology 305,315 GTA/GRA 38 

Supported students have produced 28 publications and 
14 posters and presentations. They have a˛liations, 
either via mentors or directly, with multiple divisions at 
ORNL, including the Spallation Neutron Source, the 
Biosciences Division, and the Center for Molecular 
Biophysics. 

Chemistry 106,692 GTA/GRA 25 

Nine publications have been produced by supported 
students. Nearly all students have a˛liations with ORNL 
via faculty members or advisors. Some students have 
received additional support from NSF, NIH and the DOE. 

Earth &  
Planetary 
Sciences 

40,975 GTA/GRA 8 

Half of supported students have ORNL a˛liation in one 
of a number of areas, including the Neutron Data 
Analysis and Visualization Division and Climate Change 
Science Institue. They have produced 3 publications, 15 
presentations and one student has been awarded an 
Exxon Mobile Fellowship. 

Electrical 
Engineering 
& Computer  

Sciences 

93,396 GTA/GRA 13 

Students have been first authors on 4 of the 9 total 
publications produced by the group. They have a˛la-
tions with DoD, NSF and the USDA. 

Geography 10,100 GTA/GRA 3 

All supported students have an ORNL a˛liation in the 
Geographic Information Science and Technology Group, 
the Populations Distribution and Dynamics Team, or the 
Center for Transportation Analysis. They have produced 
one publication and two presentations. 

Math 92,000 GTA/GRA 33 

Three publications and five presentations have been 
produced by supported students. Six of these students 
have an ORNL a˛liation via a joint faculty member, 
Distinguished Scientist Clayton Webster or another 
faculty member. 

Physics 222,500 GTA 25 

Approximately two thirds of supported students are 
a˛liated with ORNL via advisors or joint faculty mem-
bers. Students are working with the Division of Neutron 
Sciences, the Center of Nanophase Material Science, the 
Material Science and Technology Division, and the 
Physics Division. 

Psychology 10,000 GTA/GRA 1 

The supported student has authored three publications. 
His work focuses on behavioral science regarding the 
e°ect of opiods. 
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E L B I O  D A G O T T O  

“Sequential structural and antiferromagnetic transitions in 
BaFe2Se3 under pressure”, Yang Zhang, Ling-Fang Lin, Jun-Jie 
Zhang, E. Dagotto, and S. Dong, Phys. Rev. B 97, 045119 (2018). 

“Photoinduced Hund excitons in the breakdown of a two-orbital 
Mott insulator”, J. Rincon, E. Dagotto, and A. E. Feiguin, Phys. 
Rev. B 97, 235104 (2018). 

“Doping evolution of charge and spin excitations in two-leg 
Hubbard ladders: Comparing DMRG and FLEX results”, A. 
Nocera, Y. Wang, N. D. Patel, G. Alvarez, T. A. Maier, E. Dagotto, 
and S. Johnston, Phys. Rev. B 97, 195156 (2018). 

“Accuracy of the microcanonical Lanczos method to compute 
real-frequency dynamical spectral functions of quantum models 
at finite temperatures”, S. Okamoto, G. Alvarez, E. Dagotto, and 
T. Tohyama, Phys. Rev. E 97, 043308 (2018). 

“Non Fermi liquid behavior and continu-
ously tunable resistivity exponents in the 
Anderson-Hubbard model at finite 
temperature”, Niravkumar D. Patel, 
Anamitra Mukherjee, Nitin Kaushal, Adriana 
Moreo, and Elbio Dagotto, Phys. Rev. Lett. 
119, 086601 (2017). 

“Phonon linewidth due to electron-phonon 
interactions with strong forward scattering 
in FeSe thin films on oxide substrates”, Yan 
Wang, Loude Rademaker, Elbio Dagotto, and Steven Johnston, 
Phys. Rev. B 96, 054515 (2017). 

“Spin-orbit interaction driven dimerization in one dimensional 
frustrated magnets”, Shang-Shun Zhang, Nitin Kaushal, Elbio 
Dagotto, and Cristian D. Batista, Phys. Rev. B 96, 214408 (2017). 

“Possible Bicollinear Nematic State with 
Monoclinic Lattice Distortions in Iron 
Telluride Compounds”, C. B. Bishop, J. 
Herbrych, Elbio Dagotto, and Adriana 
Moreo Phys. Rev. B 96, 035144 (2017). 

“Pairing Tendencies in a Two-orbital 
Hubbard Model in One Dimension”, 
Niravkumar D.Patel, Alberto Nocera, 
Adriana Moreo, and Elbio Dagotto, Phys. 
Rev. B 96, 024520 (2017). 

“E˛ciency of fermionic quantum distillation”, J. Herbrych, A. E. 
Feiguin, E. Dagotto, F. Heidrich-Meisner, Phys. Rev. A 96, 
033617(2017). 

“Signatures of pairing in the magnetic excitation spectrum of 
strongly correlated ladders”, A. Nocera, N. D. Patel, E. Dagotto, 
and G. Alvarez, Phys. Rev. B 96, 205120 (2017). 

“Density matrix renormalization group study of a three-orbital 
Hubbard model with spin-orbit coupling in one dimension”, N. 
Kaushal, J. Herbrych, A. Nocera, G. Alvarez, A. Moreo, F. A. 
Reboredo, and E. Dagotto, Phys. Rev. B 96, 155111 (2017). 

T A K E S H I  E G A M I  

“Pressure-Induced Liquid-to-Liquid Transition in Zr-based 
Superdooled Melts and Pressure Quenched Glasses”, W. 
Dmowski, S. Gierlotka, Y. Yokoyama, B. Palosz, and T. Egami, 
Scientific Reports, 7, 6564 (2017); 
doi:10/1038/s41598-017-06890-w. 

“Seeing Real-Space Dynamics of Liquid Water through Inelastic 
X-Ray Scattering”, T. Iwashita, B. Wu, W.-R. Chen, S. Tsutsui, 
A.Q. R. Baron and T. Egami, Science Advances, 3, e1603079 
(2017); doi:10.1126/sciadv.1603079. 

“Structural Relaxation, Viscosity, and Network Connectivity in a 
Hydrogen Bonding Liquid”, S. Perticaro-
li, B. Mostofian, G. Ehlers, J. C. Neue-
feind, S. O. Diallo, C. B. Stanley, L. 
Daemen, J. Katsaras, T. Egami, X. Cheng 
and J. D. Nickels, Phys. Chem. Chem. 
Phys., 19, 25859 (2017); doi: 
10.1039/C7CP04013J. 

“E°ect of d Electrons on Defect 
Properties in NiCoCr and NiCoFeCr 
Concentrated Solid Solution Alloys”, S. 
Zhao, T. Egami, G. M. Stocks, Y. Zhang, 
Phys. Rev. Mater. 2, 013602 (2018); doi: 
10.1103/PhysRevMaterials.2.013602. 

“Atomic Dynamics in Simple Liquid: De Gennes Narrowing 
Revisited”, B. Wu, T. Iwashita and T. Egami, Phys. Rev. Lett., 120, 
135502 (2018); doi: 10.1103/PhysRevLett.120.135502. 
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“Strain Control of Oxygen Kinetics in 
Ruddlesden-Popper Oxides”, T. L. Meyer, 
R. Jacobs, D. Lee, L. Jiang, J. W. 
Freeland, C. Sohn, T. Egami, D. Morgan 
and Ho Nyung Lee, Nature Communica-
tions, 9, 92 (2018); DOI: 
10.1038/s41467-017-02568-z. 

“Mechanical Rejuvenation in Bulk Metallic 
Glass Induced by Thermo-Mechanical 
Creep”, Y. Tong, W. Dmowski, H. Bei, Y. 
Yokoyama and T. Egami, Acta Mater., 
148, 384 (2018); doi.org/10.1016/j.actamat.2018.02.019. 

“Solid State Amorphization of Metastable Al0.5TiZrPdCuNi High 
Entropy Alloy Investigated by High Voltage Electron Microsco-
py”, T. Nagase, A. Takeuchi, K. Amiya and T. Egami, Materials 
Chemistry and Physics, 210, SI 291 (2018); doi:10.1016/j.-
matchemphys.2017.07.071. 

“Water Molecules in Action, in Real Space and Time”, T. Egami, 
Spring-8/SACLA Research Frontiers 2017. 

Current JDRD teams have a total 
of 9 publications currently under 
review as a result of Science 
Alliance funded work. 

C L A Y T O N  W E B S T E R  

“Compressed sensing approaches for 
polynomial approximation of high-di-
mensional functions”, B. Adcock, S. 
Brugiapaglia, and C. G. Webster. In 
Compressed Sensing and its Applica-
tions, pages 93–124. Springer Interna-
tional Publishing, (2018). 

“Sparse grid quadrature rules based on 
conformal mappings”, P. Jantsch and C. G. Webster. In Sparse 
Grids and Applications - Miami 2016, volume 123 of Lecture 
Notes in Computational Science and Engineering, pages 117–134. 
Springer International Publishing, (2018). 

Graduate students receiving 
Science Alliance support authored 
more than 50 publications and 
presented more than 30 posters. 

“Reduced basis methods for nonlocal 
di°usion problems with random input 
data”, Q. Guan, M. Gunzburger, C. G. 
Webster, and G. Zhang. Computer 
Methods in Applied Mechanics and 
Engineering, 317:746–770, (2017). 

“Reduced basis methods for nonlocal 
di°usion problems with random input 
data”, Q. Guan, M. Gunzburger, C. G. 
Webster, and G. Zhang. Computer 
Methods in Applied Mechanics and 
Engineering, 317:746–770, (2017). 

“Analysis of quasi-optimal polynomial approximations for parame-
terized PDEs with deterministic and stochastic coe˛cients”, H. 
Tran, C. G. Webster, and G. Zhang. Numerische Mathematik, 
45(4):1–43, (2017). 

“Polynomial approximation via compressed sensing of high-
dimensional functions on lower sets”, A. Chkifa, N. Dexter, H. Tran, 
and C. G. Webster. Mathematics of Computation, 87(311):1415–1450, 
(2018). 

“An improved discrete 
least-squares/reduced-basis method for 
parameterized elliptic PDEs”, M. Gunz-
burger, M. Schneier, C. G. Webster, and 
G. Zhang. Journal of Scientific Comput-
ing, 86(304):1–16, (2018). 

“On the Lebesgue constant of weighted 
Leja points for Lagrange interpolation on 
unbounded domains”, P. Jantsch, C. G. 
Webster, and G. Zhang. IMA Journal on 
Numerical Analysis, pages 1–19, (2018). 
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   Human history is divided into time periods 

based largely around the types of tools or tech-

nology being employed. The Iron Age was char-

acterized by the increased use of iron weapons 

and tools, edging out the previously used bronze.      

 This iron, however, wasn’t simply iron. It was 

iron heated with carbon, marking the start of a 

new era when humans realized that metal alloys 

could perform better than single metals. 

   Alloys are the result of mixing two or more 

metallic elements together with the goal of creat-

ing more desirable attributes such as rust or heat 

resistance.
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