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Happy birthday to us!
This past October marks 20 years since
the dedication of the National High
Magnetic Field Laboratory and the
launch of our user program. That means
two decades of cutting-edge user science, exciting in-house research, recordbreaking magnet making and inspiring
educational outreach.
We ate cake to celebrate this milestone
birthday – maybe next year, we’ll break
out the single-malts when we turn 21!
We also marked the day with the release
of a new visual identity for the lab and
a yearlong campaign – Moving Science
Forward – to showcase our impact on
researchers, educators and students for
our state, country and the world. Read
more about this celebration in our cover
feature article, “Looking Back, Moving
Forward,” on page 8.
Much like in our personal lives, being a
20-year-old lab has some major advantages. We are still young and agile
enough to change directions to respond
to new scientific opportunities. But we
no longer have to prove ourselves – our
1,300 users, 14 world records and 400
plus publications each year make a
pretty strong case for our significance.
Two decades after dignitaries dedicated
our lab, it continues to evolve in ways
we could not have imagined at our
inception. And we still have the youthful energy to pull daily all nighters (see
“Science Never Sleeps” on page 16)!
People affiliated with the lab continue
to be recognized for their exceptional
work. For the second time in two years,
a physicist associated with the MagLab
has won the prestigious American
Physical Society (APS) Buckley Prize.
MagLab students, staff and users were
all recognized at the Applied Supercon-
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ductivity Conference in Charlotte, and
two different MagLab leaders have been
selected as fellows to the prestigious
American Association for the Advancement of Science and APS.
This past fall, though, we lost one of
our MagLab pioneers and my personal
friend, Jim Brooks. He was one of the
earliest experimental physicists to join
the lab, and remained centrally involved
in the MagLab throughout his career,
most recently serving as chair of both
FSU’s Physics Department and the
MagLab’s Science Council. Many of
you are fortunate enough to have your
own personal memories of Brooks, but
for those of you who didn’t know him,
perhaps you can get a sense of his love
of mentorship and teaching in “How
to Make a Mentor” on page 4. I count
myself lucky to have known Brooks
for 32 years. The best way to honor his
memory is to continue to do great
science and to continue to have great
fun doing it. So to keep Moving
Science Forward, that’s just what we
intend to do…
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Brooks also devoted countless hours to mentoring students,
post-docs and colleagues. By all accounts, he was as passionate
and gifted at that job as he was at physics: Every moment was a
teachable moment for Brooks.
“Jim had an unusually broad range of research interests, and he
was also an exceptional human being,” said MagLab Director
Greg Boebinger, whose friendship with Brooks spanned three
decades. “He took great pride in applying his expertise to help
younger researchers advance in their careers, which has made
his impact on physics all the greater.”
Brooks’ sudden death prompted a flood of remembrances that
spoke as much to his legacy as a mentor as to his impact as a
scientist. Below, we’ve distilled the stories of Brooks the Mentor
– or Brooks-sensei, as he was fondly known among his Japanese
students and colleagues – into a kind of equation. Add up all
these traits and you’re bound to come out with a fine mentor
on the other side of the equal sign. While no one could ever fill
his Birkenstocks, his example may inspire others to walk that
same path, helping advance science through quality mentoring
for a long time to come.

A champion for others

Those who knew Brooks best describe a man whose passion
for science was unfettered by ego. “He never pretended to
know what he didn’t know,” said Andhika Kiswandhi, a former
Brooks post-doc now at the University of Texas at Dallas, “and
he loved to learn from everyone, including his own students.”
When he advised on a successful project or paper, he scrupulously side-stepped the spotlight.

How to Make
a Mentor
L

ike any good physicist, Jim Brooks knew a lot of equations. Modern physics, after all, is built on scores of
them, such as F = m*a (Newton’s second law of motion)
and E=mc2 (energy equals mass multiplied by the speed of
light squared – thanks, Einstein!).
So it’s not entirely kooky to think of Brooks himself as an equation. Given his offbeat sense of humor (he did, after all, pluck

a frog from a pond and levitate it in a magnet back when such
stunts raised more chuckles than eyebrows), the idea might
have tickled his funny bone.

“He always cared about our careers,” said MagLab researcher
Eden Steven, another of the half-dozen grad students and postdocs Brooks was supervising at the time of his death. “On every
occasion when there was an opportunity for us to shine, he
would always give us that chance.”
Brooks groomed his students for independence and success. He
taught them how to focus their work, when to stop taking data
and how to write well. Some mentors, said Steven, will write
a paper based on a student’s work in order to get the research
published more quickly. Not Brooks: He pushed students to
author their own papers and to take the credit – even though it
meant reviewing every draft along the way.

through the scientific process and then push them forward to
take the credit for any success.”
The many young scientists who sought out Brooks’ office – a
space blanketed by papers, instruments, travel mementos and
thank-you gifts – always found the door ajar. Brooks also
opened many figurative doors for them through introductions and recommendation letters that could clinch a new job
or award. When physicist Irinel Chiorescu first came to the
MagLab and Florida State University, Brooks took him under
his wing. After winning a prestigious National Science Foundation award for early-career scientists, Chiorescu placed a latenight call to Brooks so that he was the first to know.
“I remember he was quite thrilled about it,” said Chiorescu.
“He was as happy as I was.”

...scientists who sought out
Brooks’ office – a space blanketed by papers, instruments, travel
mementos and thank-you gifts –
always found the door ajar.

Space for mistakes

Of Brooks’ many philosophies about science, this was surely
one: You can’t do it right without making a mess and a few
mistakes along the way.
The younger the scientist, of course, the more frequent the mistakes. As a mentor, Brooks knew his students would sometimes
stumble, and he always made room for that critical part of the
scientific process.
“He didn’t watch your back all the time: He gave you an idea
and let you work on your own schedule,” said Steven. “He
always told us that creativity is something you cannot predict.
It doesn’t work this way. You need to give them space.”

Brooks didn’t reserve encouragement for his students only.
When physicist David Graf sought advice as a newbie to the lab
in the late 1990s, the common refrain was, “Go see Brooks.”

Brooks’ love for teaching even extended to school-age kids.
He taught impromptu physics lessons to pint-size friends using homemade tin-foil masks and magnets; dented classroom
ceilings with projectiles in the name of science; and at the
annual MagLab Open House entertained thousands of kids
and kids-at-heart with demonstrations involving loud noises
and smashed fruit. Brooks was never one to spoon-feed science:
He threw down the ingredients like a gauntlet and then made
room for sticky, smelly, blooper-filled science to happen.

“It didn’t matter if you were his student or post-doc: His door
was open,” said Graf. “He would guide any willing student

Educational consultant Brenda Crouch, who worked many
years with Brooks teaching kids and educators hands-on science

Brooks passed away last year at age 70 after a 20-year career
at the MagLab. A fellow of the American Physical Society, he
worked in many areas of experimental, low-temperature and
high magnetic field physics. As demanding as that research was,
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through the Panhandle Area Educational Consortium, was
awed by his ability to point students in the right direction, then
step back and make way for learning. “After he explained how
something worked, he really didn’t give the students a lot of
details, except to say, ‘This is what it does; this is how it works.
Let’s see what you can do.’”

Work hard…
With his Hawaiian shirts, mop of gray hair and socks-and-sandals
footwear, Brooks looked the part of a chill dude. That hippieesque demeanor notwithstanding, few people worked harder.
“Nothing was asking too much. He just worked very, very
hard,” said Crouch. And he never shirked the grunt work. “He
was not an assigner of tasks,” she added. “He was, ‘Let’s roll up
our sleeves and get the work done.’”
That dedication inspired a similar work ethic in his students.
“He never asked us to come in during the weekend, but we
always came,” said Steven. “I think what drives us is that we
saw him work so hard for us, and that made us in turn want to
repay that favor.”

… Play hard
Long hours in the lab and at the computer could well make for a
bunch of dull (and ornery) scientists. Luckily, Brooks had a fun
side. He was famous for the parties he hosted, attended or spontaneously sparked: Even a meeting could be a party, as physicist
Graf discovered when he first met Brooks back in 1999.
“He was laughing, drinking beer, looking at data and having a
great time discussing the results,” recalled Graf. “It was the first
time of many that he would show me that you could work and
have fun at the same time.”
In Brooks’ book, science was best done with a smile … the
more devilish, the better.
Brooks taught MagLab Director Boebinger this lesson early in
his career. An assistant professor at Boston University at the
time, Brooks shared a magnet with then-grad student Boebinger. One day, Brooks and a visiting scientist were using it for
a sensitive experiment on the fractional quantum Hall effect.
Tinkering with equipment on his side of the lab, Boebinger
chose an ill-fated moment to power up a drill, causing electrical
spikes on their data and wrecking the day’s work.
The irate scientist fumed. An abashed Boebinger wanted to
crawl under a dilution refrigerator.
Brooks? He cracked up.

“It was Brooks who saw the humor and turned things into a
teaching moment,” said Boebinger.

the concept I have been struggling with best explained in some
paragraph of an old paper of his.”

Humor was indeed one of Brooks’ favorite teaching tools, and
he wielded it often to tear down walls that inhibited learning.

For MagLab physicist Chiorescu, Brooks’ secret to science
communication was being a caring listener. Whenever he came
to Brooks with an issue, the senior scientist listened carefully,
interrupting with a question only as needed.

“He was just irreverent enough to really appeal to his students,”
said Crouch. “He had a great relationship with the students.
He was so accessible to them.”
An avid angler who spent rare downtime fishing at his beachfront home, Brooks had enough kid in him to know how to
hook a future scientist. Dropping watermelons from the roof of
FSU’s seven-story physics building (“There was a controlled experiment,” recalled MagLab physicist Eun Sang Choi, “but most
of the time it was just fun to watch.”); smashing objects with
junkyard magnets; building “mouse mobiles” to teach energy
and friction; incorporating liquid nitrogen into demos whenever
feasible: These were just some of Brooks’ science stunts. So of
course, when he and Crouch decided to use the unique, liquid/
solid substance called “oobleck” to teach a group of educators about non-Newtonian fluids, a simple beaker of the stuff
wouldn’t do. They needed a whole swimming pool full so that
they could try to scamper across it before solid turned to liquid,
sending them sinking into the goo.
“And you can guess who led the pack,” said Crouch.

“I think what drives us is that
we saw him work so hard for us,
and that makes us in turn want
to repay that favor.”
Know your audience
Although Brooks deployed fun to maximum pedagogical
benefit, he was not a one-size-fits-all mentor. Thanks to a keen
emotional intelligence, he could discern people’s needs, fears
and strengths quite well.
“He taught every student differently,” said Steven. “He really
knew which buttons to push.”
Whether you were a kid or adult, physicist or layperson,
teacher or student, he knew how to connect, Crouch said. “He
had such a gift … for figuring out ways to make complex science content understandable.”
Former student Arjun Narayanan said he still turns to his old
professor when stumped by something: “Often … I have found

“He was not a talker who spends minutes and minutes talking.
He was precise, and all the words had a lot of weight,” said Chiorescu. “I had the feeling that he was listening to everybody and
always taking that to his heart and trying to help everybody.”

In a word: Be a mensch
Of all the attributes that made Brooks a fine mentor, the one
remembered most fondly may also be the one most difficult to
duplicate: Kindness. He offered to help people move, loaned
them his truck, fetched them from the airport with a favorite
beverage at the ready. His memorial page chronicles thoughtful
acts, large and small.
“Jim was a very caring person, and he had a very open heart for
everybody who needed his help and support,” wrote physicist
Hans Schneider-Muntau.
“I hope someday to learn to treat others with grace, humility,
and unearned affection from the first moment, as he did with
me,” noted his one-time student Narayanan.
The laboratory where Brooks’ group worked was, like his office,
cluttered with the tools and byproducts of science. Walking in,
you felt like you’ve interrupted a dozen different experiments.
Working there recently, the young scientists were excited to
observe an interesting phenomenon. The thrill of discovery was
quickly dampened, however, by the realization that their mentor
was no longer there to share it with them.
“We can talk about it to someone,” said Steven, “but nobody
will appreciate it as much as Brooks.” by Kristen Coyne

Mentorship is part of the MagLab experience.
This article is part of our series Mentoring
Moments, in which scientists, teachers and
students share their stories of mentorship at
the lab. Read more Mentoring Moments at
NationalMagLab.org/education/about-us/
mentoring-moments.

The Dr. James “Jim” Brooks Graduate
Student Award in Materials Science
and Engineering has been set up in
Brooks’ memory.
To donate, visit the FSU Foundation at
one.fsu.edu and select “Give Online.”
Enter F08057 as the designation.
A Brooks Memorial Symposium will be
held May 16, 2015.
Visit NationalMagLab.org/news-events/
events/for-scientists – or follow us on
social media to register and receive
event updates.

Photos by: Dave Barfield
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LOOKING

BACK

Brazil was the World Cup winner, a dozen eggs cost 86 cents and people everywhere
were quoting Forrest Gump’s philosophy that “life is like a box of chocolates.”
1994 brought us the Lion King and the Sony Playstation, but in October, the scientific
community turned to Tallahassee and the dedication of a new national science facility.

The National High Magnetic Field Laboratory was to be
the most powerful and comprehensive collection of advanced research magnets in the world. Four years after the
National Science Foundation’s decision to move the lab to
Tallahassee, the renovation of an abandoned administrative
building into a complex scientific laboratory was completed and users were welcomed for science.
A Moving Dedication
A veritable Who’s Who of state and national academics,
scientists and politicians came to dedicate the facility,
under blue skies and breezy weather. A large stage was set
up near the front parking lot, and at one moment in the
program an oversized sign hanging behind the podium
succumbed to the windy weather. Master of Ceremonies
and State Chancellor for Education Charlie Reed assured
that the lab would operate more successfully than the
event’s backdrop. And it has.
The new lab was a first-time partnership between multiple states and the federal government to run a science
facility. Presidents of Florida State University (FSU) and
the University of Florida (UF) joined the director of Los
Alamos National Lab (LANL) to explain how the threesite lab would work. With unique magnets housed at each
location, all three would come together to offer a comprehensive user program. Los Alamos National Lab’s Dr. Pete
Miller described it as “a model for future state and federal
collaborations to support education, science and economic
competitiveness.”

MOVING

FORWARD

Florida Governor Lawton Chiles and U.S. Senator Bob
Graham welcomed the keynote speaker, Vice President Al
Gore. Gore arrived on crutches due to a basketball injury,
but spoke in stride about the lab’s “amazing story ... of how
people working together can create the world’s preeminent
magnetic laboratory where a few short years before there
was nothing.” He predicted that the National MagLab
would “lead America into the next frontier of technology”
and provide the United States “with a significant global
competitive edge in many areas of science and technology.”
Breaking Records
The lab’s first operational magnet in 1994 – a 27 tesla (T)
resistive magnet that beat the records of the time – was built

in-house and set into motion magnet-making dominance at
the MagLab. Fast forward 20 years, and now the National
MagLab is home to 14 world-record magnet systems.
A new concept in bitter disk design developed a few
months after the facility was dedicated changed the way resistive magnets are built. MagLab engineers discovered that
modifications to the nearly 60-year-old disk design (such
as elongating the cooling holes) could result in less stress
on the magnet and better overall performance. Invented
at the FSU headquarters, these patented “Florida bitter
disks” continue to be used at most of the world’s high field
magnet labs today.
These disks also became the foundation for the 45 T Guinness World Record magnet that came online in December
1999. The 45 T has produced important research on some
of condensed matter physics’ most puzzling phenomena,
including high-temperature superconductivity, the quantum Hall effect and Bose-Einstein condensation.
Advances in superconductivity and magnet design helped
facilitate the construction of the lab’s first Nuclear Magnetic
Resonance (NMR) magnet, the groundbreaking 900 MHz
Ultra-Wide Bore, in 2004. This magnet enables scientists to
look inside small living animals to study diseases like tuberculosis, Alzheimer’s, HIV/AIDS, influenza and Parkinson’s.
In 2012, the 100 T at Los Alamos’ Pulsed Field Facility
broke records, providing scientists with 15 milliseconds
of very high fields to better understand superconductivity,
phase transitions and so-called quantum critical points.
The lab’s newest world record holder, the 21 tesla Fourier
Transform Ion Cyclotron Resonance (FT-ICR) magnet,
offers the highest resolution mass spectrometry available
for the analysis of extremely complex mixtures, including petroleomics, dissolved organic matter, metabolomics,
top-down proteomics and matrix-assisted laser desorption/
ionization imaging.
Measuring Up
Thumbing through the program from the lab’s dedication
written over 20 years ago is a remarkable measure of how
far the National MagLab has come – the promises of
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magnets that have been realized (and other magnet systems that
couldn’t even be conceived of back then), of discoveries that
have been made and of an interdisciplinary research community that has been built. The lab’s original 290,000-square-foot
facility has expanded to nearly 400,000 square feet, and is now
filled with not just world-record magnet systems, but research
and office space for hundreds of highly experienced scientists
and technicians.
Labs from around the world now call on the National High
Magnetic Field Laboratory to construct one-of-a-kind magnet
systems, like the 26 T series connected hybrid magnet used for
neutron scattering at Helmholtz Zentrum Berlin in October
2014. MagLab engineers have also built magnets for labs in
Japan, France, the Netherlands and Australia.
And perhaps the most important measure of progress is the
growth from dozens of users in the lab’s first year, to thousands
of users from around the world this past year. After traveling
to one of the lab’s three sites to conduct research on materials,
energy and life, MagLab users are publishing over 450 articles
each year in peer-reviewed scientific and engineering journals.

These are our lab’s scientific pioneers,
the people who make the trailblazing

discoveries that shape
the future
Scientists working in the lab’s high fields over the last two
decades have made important discoveries on new materials,
energy storage and our understanding of life:
New states of matter have been discovered in graphene
through the application of high magnetic fields, including
room-temperature quantum Hall effect, fractional quantum
Hall effect and fractal energy states.
Breakthroughs in applied superconductivity, for example, the
changes in Bi-2212 when pressurized enable the creation of
new magnets.
Imaging sodium to study cancer, stroke, migranes and
traumatic brain injuries.
Exciting electron magnetic resonance spin work and its
application to quantum computing.
Work on other 2D materials beyond graphene like topological
insulators or oxide interfaces, that provide new environments
for unusual collective electronic behaviors.
Reaching Out
October 1994 was also the public’s first peek at the lab and the
beginning of an annual event that has grown to attract thousands each year. After the dedication, the lab opened its doors
for public tours, talks and science demonstrations. Those same
doors have opened every year since, providing an opportunity
10

to explore the lab and conduct hands-on science during what
has become known as the MagLab Open House. Last year,
nearly 6,000 people from around the Southeast attended.

new logo – a vector arrow above the letter M – is the scientific
symbol for magnetization, or what happens to a material inside
a magnet. The image is rooted in high-level magnet science, but
is also cool and accessible to the lab’s layperson fans.

In addition to this special annual event, the National MagLab
hosts regular tours, camps, lectures, research experiences and
special science events that give students and adults year-round
opportunities to engage with the lab’s staff and science. Tens
of thousands of students and adults have attended the lab’s 19
Open House events (with over 5,500 people at the most recent
February 21, 2015) or engaged with one of the dynamic educational programs offered at the MagLab.
Over the years, the lab has hosted some of science’s biggest
celebrities such as Neil deGrasse Tyson and Ira Flatow, and has
even welcomed Magneto himself, Sir Ian McKellen.

“There were many early sketches of coils and field lines, but ultimately, this choice offered a unique and graphic visual symbol
for our lab,” said Boebinger who was actively involved in the
design process.
The color palate for the lab’s new brand is also inspired by science: the electromagnetic spectrum of light – from infrared to
ultraviolet – grounded by a strong, metallic gray. Even the short
animation that introduces online videos and tutorials is built
using the real sound of the 100 T pulsed magnet.
From sketch to completion, the new visual identity
of the National High Magnetic Field Laboratory.

Forward Thinking
This year, on the 20th anniversary of that original dedication,
the MagLab is celebrating its impact on science and renewing
its promise to continue operating as a hotbed of discovery. The
lab has launched a new look and a yearlong campaign – “Moving Science Forward” – that showcases its impact on researchers, educators, students, our state, country and the world. The
lab kicked off “Moving Science Forward” during the 2014 User
Committee Meeting in early October, an especially fitting time
considering the lab’s strong focus on users.
“The MagLab has been built around its user community from
the very beginning,” said Greg Boebinger, the MagLab’s director
since 2004. “These are our lab’s scientific pioneers, the people
who make the trailblazing discoveries that shape the future.”
A commemorative video featuring footage of the original
dedication event (now available on the lab’s YouTube channel –
www.youtube.com/nhmfl) was released during the User Committee Meeting along with student design boards from a unique
partnership with FSU’s College of Fine Arts.
Working with two classes – one led by Disney Imagineer and
FSU Entrepreneur in Residence Mk Haley, and the other part
of FSU’s Interior Design Department – fine arts students joined
forces with scientists from the MagLab to craft a fun, educational
space for all ages that teaches about electricity and magnetism.
Their semester-long efforts proposed hands-on exhibits and a
refreshed look for the lab. (More information on this unique collaboration is featured in A New MagLab Look on page 14.)

the lab, this time from the comfort of their mobile devices. The
site features more science content, a revamped education section and a modern, mobile-friendly look that better showcases
the lab’s instruments, research output and expertise, all at the
tap of a finger.
“When we gave our User Committee an early look at the site
in October, they were very excited about the new user support features,” Boebinger recalled. “Tools like comprehensive
magnet and technique searches, links to published papers on
existing techniques and information on various sample environments are very exciting for bringing in first-time users.”
But not all of the new website’s features are for scientists. A section dubbed “Magnet Academy” offers students, teachers and
other curious adults the opportunity to explore electricity and
magnetism. Demonstrations, videos, interactive tutorials and
activities answer questions about magnetism. Visitors can select
content catered to their specific learning style and teachers can
search for lessons and other activities by topic, age or grade level.
“We know that teachers are asked to do so much in the classroom,” said Carlos Villa, the lab’s K-12 education coordinator.
“This site gives teachers the tools they need to feature electricity
and magnetism in their science classes in an engaging way their
students will enjoy.”

Boebinger was pleased with the work, affirming, “The quality of
this student work has been impressive and speaks to my strong
personal interest in the interplay between art and science.”

Coupled with this new website, the MagLab is also expanding
its overall online presence further into the social-sphere. The
lab has long been active on Facebook, Twitter and YouTube,
but new accounts on Pinterest, Flickr, Instagram and LinkedIn
offer even more opportunities to engage with the lab and stay
on top of new research, jobs and events.

Expanding Online

Time for a Facelift

Beyond this design partnership, a new website launched in January offers visitors more hands-on opportunities to engage with

At the center of the new website, campaign and design collaboration is an updated, modern look for the 20-year-old lab. A

In the coming months, the lab plans to release other pieces of
this campaign, including an economic impact report showcasing the value of the lab.
But the lab isn’t merely celebrating the past; it is looking ahead
to a strong future as well. What new discoveries will be made
at the lab in the coming years?

...the frontiers for high field research

are ever accelerating
“The future is the most difficult thing to predict,” Boebinger
said, “and the frontiers for high field research are ever accelerating. We are developing new science drivers with our users and
prioritizing the resulting requests for new magnet systems and
measurement techniques. All of this balanced with a need to
maintain our world-leading facilities in service to the ever-expanding demands for magnet time from our user community.”
The lab is building a laundry list of new magnets to continue
serving both the user program and in-house research efforts.
In 2015, the MagLab is slated to complete a 36 tesla series
connected hybrid magnet that will break the record 		
for field homogeneity. This new magnet will enable new
science with a magnetic field that is both very high and very
stable while operating much more cost effectively than
comparable magnets.
The following year, a 32 T all-superconducting magnet will
become the world’s most powerful superconducting magnet.
The cleverly named “Platypus” will be a high-field, highhomogeneity magnet built from Bi-2212 round wire. It is
known as “a first mammal in the age of NMR dinosaurs.”
A forthcoming 28 megawatt magnet will also offer very high
fields of around 40 T while using much less power.
Twenty years after opening, there is new terrain ahead and
pioneers are always welcome. by Kristin Roberts
MAGLAB REPORTS Volume 22 No. 1
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MagLab Moments

Florida Bitter
The MagLab’s first world record,
which resulted from the invention
of “Florida Bitter” magnet technology, becomes the foundation for
future resistive magnets built both
at the National MagLab and other
magnet labs around the world.

JUNE

1997

MagLab engineers complete a resistive
magnet for use on the International
Space Station.

Research shows the value of high
magnetic fields in the study of single
molecule magnets, which do not
give a signal at low frequencies due
to zero-field energy level splittings.

1999

MAY

1998

20 years
MAY

2000

Mapping Membranes
A new approach for characterizing
the three dimensional structures of
membrane proteins was discovered.
The approach is based on the unique
pattern of signals displayed in nuclear
magnetic resonance (NMR) spectra.

60 T Controlled
waveform

SEP

World-unique magnet opens at Pulsed
Field Facility offering users the chance
to specify the magnetic field profile
optimized for the investigation of
physics in very high magnetic fields.

JULY

2000
strongest mri
900 mhz

2004

900 MHz Ultra Wide
Bore NMR Magnet comes
online. This 21.1 tesla
superconducting magnet is
the strongest MRI scanner
in the world.

In October 1994, the National High Magnetic Field Laboratory was dedicated. Vice President
Al Gore delivered the keynote speech and the lab held its first Open House, which has become
a popular annual event. Here are 20 monumental moments that have occurred since:

Room
Temperature First
The first observation of the
quantum Hall effect, a quantum
phenomenon, made clearly visible
in graphene at room temperature
using the 45 tesla hybrid.

JUNE

Research Experiences for Teachers
program debuts, partnering educators
with MagLab scientists.

The world’s strongest magnet –
the 45 tesla hybrid – reaches full
field and is commissioned for user
service, earning a certification
from the Guinness Book of
World Records.

DEC

ASC moves south
The Applied Superconductivity Center
at the University of Wisconsin moves to
the MagLab at FSU, bringing expertise
in superconducting materials to partner
with the MagLab’s magnet technologies.

AUG

1999 2005

NOV

2005

MAY

2009

2005

The MagLab and industry partner
SuperPower collaborate to set a new
world record for magnetic field
created by a superconducting coil:
26.8 tesla. Built with YBCO, this
triggers the launch of the 32 tesla all
superconducting magnet project that
will be completed in 2016.

1,000 users
for the year!
MagLab tops 1,000 users
for the year! They come
from around the world to
perform research at the lab.

NOV

JULY

2007
User Summer
School launches
A weeklong learning opportunity featuring
talks from experts, tutorials on measurement
techniques and practical exercises. This first
session hosts 28 students.

Nobel award Work
A microscopy technique pioneered
with the help of the National MagLab
leads to the development of a new microscope able to distinguish individual
molecules. Eric Betzig was awarded
the 2014 Nobel Prize in Chemistry
for development of PALM.

sep

2010

DEEPWATER
PETROLEOMICS
The Ion Cyclotron Resonance
Facility becomes a critical partner
in analysis of petroleum samples
from the Gulf of Mexico following
the Deepwater Horizon oil spill.

Superconducting
Record

2007

Teacher Training

world’s
strongest magNEt

12

1994

MAGNETs in space

Landmark EMR
Research

JUNE

DEC

over

20

Monumental

FOLATE FINDINGS
At the AMRIS Facility, researchers
use NMR to identify a new benefit
of the vitamin folate. Their findings
establish the first new role for folate
in more than a decade.

MAY

2010

MAR

Hitting 100 T
MagLab researchers at the
Pulsed Field Facility set a
new world record of 100.75
tesla using a multi-shot
magnet, the highest field
ever achieved without
destroying the magnet.

MAY

2012

2012
Bose Glass Breaks
Quantum Rule
Elusive Bose glass phase and transition
to Bose-Einstein condensate phase is observed at the High B/T Facility, rewriting
the rule for predicting conditions in which
these transitions occur.

Largest Winter
Theory School Ever!
A record 77 students from across
the world attend the weeklong
workshop on topological phases of
condensed matter.

MAY

2014

JAN

2014

Newest world
record
World’s first 21 tesla magnet for
Fourier Transform Ion Cyclotron
Resonance mass spectrometry is
installed at MagLab
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“I don’t think a single student who worked on this project
really had any kind of hard science background,” he said, “but
they really enjoyed the science aspect of it.”

Mk Haley

Got Science?
For many of the young designers, Project MagLab was a mindexpanding experience.
“I never thought that there were magnets like this, on this kind
of big scale,” 20-year-old Madison Campbell said.
“It was very overwhelming to just walk though here,” 19-yearold Maddie Hogue agreed.
“Just the sheer scale of the building and how it’s separated into
these different sections, that was hard to comprehend at first,”
said Gabriel L’Heureux.

Students make over lab’s public space
Move over Project Runway — Project MagLab has arrived.
Florida State University (FSU) students collaborated with
MagLab staff this fall and winter to reimagine the 20-yearold lab’s public spaces. The interior design students’ biggest
challenge: Redo the lab’s lobby, reception area and café – a
5,600-square-foot space where visitors gather for tours and
researchers collaborate over coffee.
For years, the lobby walls featured a dated timeline and a photo
of the brilliant, quirky inventor Nikola Tesla. The lab wanted
something more interactive and fun, but something that still
maintained the gravitas befitting a renowned national lab. With
the most admired interior design program in the country at
FSU, why look anywhere else for a design project?
What happened next is a story peppered with intriguing
people, events and things, including: a Disney design expert;
a massive design workshop; a powerful Tesla machine; jars of
goopy ferrofluid; an interactive guitar exhibit; and more than
100 FSU students exercising their best sky’s-the-limit thinking.

Imagine this
For two decades, Mk Haley has created top-of-the-line,
museum-quality exhibits as an “Imagineer” at Disney. For this
first-ever MagLab/design school collaboration, she joined the
FSU faculty as an entrepreneur in residence and taught “Interaction and Advocacy for the National High Magnetic Field
Laboratory” – better known as “the MagLab class”– to the 13
advanced art and design students enrolled in it.
She began by opening her young designers’ minds to a new
world of possibilities. She took them to her home turf where
14

some of the best interactive exhibits are produced: Walt Disney
World in Orlando.
“We got some amazing behind-the-scenes advice on how to
make high-impact, hands-on educational exhibits,” said FSU
doctoral art-education student Samuel Rosenstein, who helped
create one of the prototype exhibits. “This has been the most
incredible experience I’ve ever had.”

Charrette, anyone?
The first stage of Project MagLab was a large-scale design charrette: a design workshop that engaged students from the entire
interior design department to create a reimagined look for the
MagLab’s atrium lobby/reception/cafe space and main tour
stops. Their designs had to serve sometimes competing goals
of encouraging scientific collaboration, while also providing an
engaging and interactive public experience.
Working in teams of four or five the 114 students had less than
a week to create their design and post it in the same area of the
lobby where the timeline had hung. Some featured miniature
three-dimensional models. All incorporated the MagLab’s new
logo – an “M” with a vector above it – and many featured the
MagLab’s main logo color, purple.
“One of the hardest things for these students was the teamwork,” said Steven Webber, an interior design assistant professor. “But they loved having the MagLab as their client.”
Tony Purvis, a visiting FSU assistant professor in the Department of Interior Design, agreed.

“We’ve never done anything on this kind of scale before,” said
Sasha Pusey.”
But after the students toured the lab several times and spoke
with staff and scientists, they grew more accustomed to the
space. They held brainstorming sessions on how to best communicate the lab’s mission and the science behind the experiments.
“We tried very hard to engage visitors and expose them to the
scope of the work that’s being done here,” senior Jeremy Sackler
said of his team’s redesign, Due North. “The hardest part was
sorting through all the ideas we had, and figuring out which
would be the most successful.”
The students’ designs added creative features to the lab including pop-out meeting tables along the lobby’s main staircase,
futuristic furniture, individual and group meeting areas, decorative geometric designs and vectors, beautiful wood paneling
and outdoor seating.

The exhibit prototypes
After the charrette was over, MagLab staff, users and visitors
voted on the designs. Awards were presented and most of
the students moved on to other projects, but about 20 students continued with Project MagLab. Seven design graduate
students culled the charrette redesigns to finalize three formal
design proposals. Haley’s 13 advanced students worked to
create six dynamic exhibits, drawing on some of the best ideas
generated during the charrette.
The group working on building the prototypes started with
28 original ideas, instructor Haley said, and whittled them
down to a top 10. Then the students focused on what was most
feasible given their time frame and budget. Finally, they settled
on six ideas.

An electric guitar that
a visitor can play, with
sound-activated lights that
explain aspects of electric
currents and magnetic
fields. The guitar display
was inspired by an animation on the MagLab’s website: https://nationalmaglab.
org/education/magnetacademy/watch-play/interactive/guitar-pickup

A tesla coil hooked up to a keyboard; the coil creates music
through heat and pressure. During its demonstration, sounds
boomed from the lab’s lobby, luring curious staff from their
labs and offices.
Jars of black, goo-like ferrofluid (liquids that become
magnetized in the presence of a magnetic field) demonstrate
a magnet’s effect on materials. Visitors use magnets of
varying strength to create temporary sculptures.
A wind tunnel that uses air as a metaphor to demonstrate
magnetic field strength.
Compasses for a magnetic scavenger hunt around the lab.
Window clings to help explain magnetic resonance machines.
“These students worked incredibly hard,” said Haley. “I’m very
impressed with them and what they’ve done. They’ve created
the kind of exhibits that guests at the lab will want to interact
with and entice them to learn more about what you can do
with big, powerful magnets. And that was our design goal: We
wanted visitors to the MagLab to leave with a sense of wonder
and a greater interest in science.”
“I was impressed with the students’ enthusiasm and excitement
at the outset,” said MagLab Director Greg Boebinger, “as well
as the ideas and the exhibits they produced.”
For the next few months, he added, the lab will continue to
evaluate where to go next with the prototype exhibits and the
three major lobby redesigns.
“At this point, an architect has begun to help us determine
what might be possible and what might be affordable,” Boebinger said. “All in all, this is a very exciting component of the
MagLab’s 20th anniversary celebration.”
by Kathleen Laufenberg

Stay tuned!

In December, they came to the lab to unveil their work. Their
prototype exhibits included:
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The official business hours of the National High Magnetic Field Laboratory are
8 a.m. to 5 p.m., Monday through Friday.
But the official science hours are 24/7.
Every evening, administrators, technicians and other staff at the
MagLab’s three sites head home after a long day in the office,
workshop or lab. But because our unique facilities are in such
high demand, our magnets are almost always open for business.
So no matter the day of the week, no matter the time of night,
there are always scientists running experiments at the lab and
MagLab staffers working to support them. At our headquarters
in Tallahassee, the last staffer out the door leaves at 3 a.m. The
first arrives two hours later.
“We have many more people applying to use our magnets than
we have availability,” says National MagLab Director Greg Boebinger. “We offer scientists world-record magnetic fields and
some of the best technical support out there, so we do whatever
we can to accommodate as many experiments as possible.”
At the MagLab, it’s non-stop science.
At most of our seven facilities, “users” (that’s what we call the
scientists who travel to the lab from across the world to con-
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duct experiments) can be found hard at work morning, noon
and night. Even if they aren’t physically present, users may toil
into the wee hours from their home institutions, thanks to
technology that allows them to access some magnets remotely.

So no matter the day of the week, no
matter the time of night, there are
always scientists running experiments
at the lab.
However, our DC Field Facility, home to the largest number
of our magnets, sees the most foot traffic. The 75,000-squarefoot area includes several superconducting magnets that operate
continuously. Where the magnets work around the clock, so
do the scientists. If you pass by one of those instruments in
the early hours of the morning, says DC Field Facility Director Tim Murphy, “… there is a 98 percent chance you’ll see
someone sitting in a chair taking data, trying desperately to
stay awake.”

Every morning, a hybrid operator reports to work at 5 a.m. to
ramp up the magnet – often to find users waiting to start the
day’s experiment. Staffers have even had to rouse a scientist
sacked out on the floor in a sleeping bag. Although the hybrid
stops running at 6 p.m. every evening, researchers are often up
late preparing for the next day of magnet time.
Dave Barfield

Science
Never
Sleeps

“Running experiments in the hybrid is very tiring,” says Murphy. Factor in the jetlag suffered by many far-flung scientists
and the fatigue is even greater. “By the end of the week, the
users are exhausted. We try to tell first-timers up front, but they
usually have to learn the hard way.”

MagLab scientist Monia Constantinescu uses every
minute of her magnet time to obtain precious data.

Elsewhere in the DC Field Facility, scientists using one of the
powerful resistive magnets are also sometimes found slumped
over a desk in the dead of night like a student cramming for a
final exam. Users closely monitor experiments from start to finish: Depending on their data, they may want to make on-thefly adjustments to the temperature, pressure, magnetic field or
the sample’s angle within that field.

After all, most DC Field Facility users have just a week to conduct their experiments. Then it’s time to pack up and make way
for the next scientist. So they cram as much work as possible
into those few days, laboring toward that holy grail of science,
publishable data. Forgoing luxuries like sleep is a small price to
pay for such a prize.

Resistive magnet users have access to the magnet’s field for
nine and a half hours a day during either the day or night shift.
But it’s not unusual for them to spend twice that time in the
magnet “cell” – the 750-square-foot space where the magnet
and related electronics, cryogenics and sample prep tables are
located – preparing or reviewing data.

Wei Pan, a physicist from Sandia National Laboratory who
uses the lab’s superconducting magnets to study the quantum
Hall effect, feels the pressure during his visits. Mindful that his
experiment was selected over competing proposals, he tries to
use his limited time wisely so that he will have something to
show for it.

“This is a very unique facility,” says
Pan. “It’s only one week. You want
to get as much data as you can.”

“This is a very unique facility,” says Pan. “It’s only one week.
You want to get as much data as you can.”
Getting “magnet time” at the MagLab is a big deal for scientists.
They apply months in advance, describing the planned experiment and arguing why it’s more compelling than competing
proposals. If their request is successful, they spend weeks before
their arrival preparing their instrumentation and samples.
“It’s a once-a-year kind of thing for many of our users,” notes
Dan Freeman, part of the team who operates the world-record
45 tesla hybrid magnet. Users don’t want to blow it.
The stakes can seem especially high for users of the 45 tesla,
the lab’s most in-demand magnet. Operating this powerhouse,
which pairs a superconducting magnet with a resistive magnet,
costs $4,000 an hour, most of that in electricity. Although
scientists use our magnets for free (thanks to funding from
the National Science Foundation and the state of Florida), the
pressure is on to produce research worthy of the price tag.

The DC Field Facility is a cold, creaky, cavernous place, its
pipes rushing with water and busbars buzzing with current. According to control room operator Joseph Petty, making rounds
during the lonely late shift is like a mall cop patrolling at midnight. “You have this huge building and empty hallways,” says
Petty. “You’re hoping you’re not going to find a surprise around
the corner.”
But for user Wei Pan, burning the midnight oil at the lab isn’t
creepy – it’s peaceful and productive. He takes advantage of
the solitude by talking to himself about his experiment, which
helps to clear his mind.
“It’s better because you’re by yourself, and you tend to think
deeper,” says Pan.
Best, though, is when the hard work, long nights, jetlag and
time away from family and job all pay off with exciting data
that adds something new to science. That, says Pan, “is like
winning the lottery.” by Kristen Coyne
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WHAT’S
THAT?

Science Highlights
Controlled Under Pressure:

Exchange Anisotropy in Organic Magnets
S. M. Winter1, K. Thirunavukkuarasu2, C. C. Beedle2, A. E. Kovalev2, S. Hill2,3 and R. T. Oakley1
1. University of Waterloo; 2. National High Magnetic Field Laboratory; 3. Florida State University
Funding Grants: Boebinger (NSF DMR-1157490); Oakley (NSERC); Hill (NSF DMR-1309463 and CHE-0924374)

Diamond Anvil Cell

Diamonds are a scientist’s best friend.

endcap

They are, at least, if the scientist needs to put a sample of a
material she is studying under a lot of pressure.
diamond

Pressure is one of the parameters scientists play with at the
National MagLab. Researchers come to put various materials
into the powerful magnets, and then watch what happens to
them when they are subjected to lasers, different temperatures,
electrical currents or high pressure.
One way scientists compress materials is to put them in a little
contraption called a diamond anvil cell (DAC). “They’re nothing more glamorous than a nutcracker,” says MagLab physicist
Stan Tozer, who specializes in high-pressure experiments.
Make that a nutcracker on steroids.
Many materials behave differently in different environments.
Niobium-tin and niobium-titanium, for example, become superconducting at very low temperatures, which is why they are
used to build superconducting magnets. These magnets need to
sit in a bath of liquid helium to stay cold enough to operate.
The compound cerium-indium 3 (CeIn3) can also become
superconducting. For that to happen, though, you don’t just
freeze it: You squeeze it.
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sample
(in gasket)
diamond

turnbuckle
body

Diamonds aren’t
the only precious gems in the
MagLab’s jewelry
box: Tozer also
uses sapphire
anvils for experiments at lower
pressures and
crushed rubies to
measure pressure
in the cells.

Most of the MagLab’s DACs, crafted in our machine shop, use a
turnbuckle design devised by Tozer. As shown in the illustration
above, two diamonds, encased in the turnbuckle body, face each
other pointy side first. In the very tiny space between the points
(polished to provide a small, flat surface) sits a gasket into which
scientists place an even tinier sample – no wider than a human
hair. When the system is closed and the turnbuckle is turned,
the endcaps force the two diamonds toward each other, squeezing the devil out of whatever is sandwiched between them.
All of this happens in a package smaller than your pinky.

Just as niobium-tin requires ridiculously low temperatures to
be superconducting (around -460 degrees Fahrenheit), CeIn3
requires ridiculously high pressures: 2.5 gigapascals (GPa), to
be precise. Pascals are a unit of pressure, and 2.5 GPa is about
12,000 times the pressure in a car tire.

Scientists have discovered many interesting things by compressing materials. Hydrogen, for example, turns metallic under
very high pressure; in fact, Jupiter is believed to be made up in
part of condensed, metallic hydrogen. Also, water subjected to
varying pressures up to 100 GPa creates 10 different kinds of
ice crystals. High pressures could potentially make cars more
efficient, as well: Methane forms dense structures that, when
squeezed, could allow us to store more energy in our vehicles.

How do you safely and effectively bring so much pressure to
bear on a tiny sample? Enter Tozer’s nutcracker.

At the MagLab, diamonds are not only gorgeous, but a scientific workhorse, as well. Now that’s precious! by Kristen Coyne

Tozer’s characterization notwithstanding, diamond anvil cells
are kind of glamorous. They feature two diamonds that are
purer, clearer and more perfect than any of the rocks in your
rings or necklaces. Because they are nature’s hardest material,
they can effectively smoosh anything you place between them.

Thanks to MagLab physicist Stan Tozer, scientific advisor on this story.
The Science Highlight on page 19 – Controlled Under
Pressure – demonstrates a diamond anvil cell used in
the MagLab’s EMR Facility.

In his 1928 treatise on the origins of ferromagnetism, Werner
Heisenberg concluded that the presence of atoms with principal
quantum number (PQN) > 3 was a fundamental requirement
for magnetic order. The discovery of ferromagnetism in “light
atom” organic radicals (PQN = 2) appeared to violate this axiom, prompting parallels with the comment of Dr. Johnson on
seeing a dog walk on its hind legs: “it is not done well, but you
are surprised to find it done at all.” Unfortunately, the ordering temperatures and coercivities (ability to withstand external
demagnetizing influences) of these light atom materials are low.
However, recent synthetic efforts have afforded “heavy atom”
organic radicals, spin-½ molecular species containing heavy elements (S, Se, PQN = 3, 4), which display magnetic properties
once considered exclusive to conventional metal-based magnets.

Facility: EMR
Instrument/Magnet:
Broadband MVNA

In essence, Heisenberg was right: spin density on the heavy
atoms (see figure) promotes increased isotropic and anisotropic exchange coupling between spins, mediated by spin-orbit
interactions. These factors give rise to respectable ferromagnetic
ordering temperatures and coercivities. MagLab users have
employed a combination of ab-initio theory and a newly developed high-pressure, high-field ferromagnetic resonance (FMR)
technique, which is uniquely sensitive to anisotropic magnetic
interactions, to gain insights into the importance of spin-orbit
coupling effects in a range of organic materials where this effect
is usually considered to be small. The findings may be applicable
to topics as diverse as spintronics, photovoltaics and topological
spin phases.
(a) Schematic illustrating the close contacts between pseudo-orbital functions
responsible for the exchange anisotropy, and the diamonds used to transmit
pressure during the FMR studies. (b)
Sketch of the sample and experimental
coordinates (top), and a diagram of the
organic radical (bottom). (c) Angledependent FMR measurements for the
all-Se (top) and mixed S/Se (bottom)
compounds. (d) Comparison between
experimental and calculated anisotropy fields as a function of pressure.

Citation: Pressure dependence of the exchange anisotropy in an organic ferromagnet, K. Thirunavukkuarasu, S.M. Winter, C.C. Beedle, A. E. Kovalev,
R.T. Oakley and S. Hill, Phys. Rev. B 91, 014412 (2015); also Magnetic Ordering and Anisotropy in Heavy Atom Radicals, S.M. Winter, S. Hill and
R.T. Oakley, Perspective Article in J. Am. Chem. Soc. (2015).

Normal State Electronic Structure in
Underdoped High-Tc Cuprates
S.E. Sebastian1, N. Harrison2, F. F. Balakirev2, M. M. Altarawneh2,3, P. A. Goddard4,
Ruixing Liang5,6, D. A. Bonn5,6, W. N. Hardy5,6 & G. G. Lonzarich1
1. Cambridge University; 2. Los Alamos National Labs.; 3. Mu’tah University; 4. University of Warrick;
5. University of British Columbia; 6. Canadian Institute for Advanced Materials
Funding Grant: G.S. Boebinger (NSF DMR-1157490)

One of the outstanding problems in high-temperature (highTc)
superconductivity has been the identification of the
normal state out of which superconductivity emerges in the
mysterious underdoped regime, called the “pseudogap”
state. Knowledge of this normal state is thought to be
essential for finding the origin of superconducting pairing in

Facility: Pulsed and
DC Field facilities
Instrument/Magnet:
100 T Magnet and 45 T Hybrid

momentum space and for identifying the ground state whose
instability enhances the pairing.
The authors address this longstanding problem by
mapping out the electronic structure of YBa2Cu3O6+x in very
high magnetic fields. Strong magnetic fields enable the
normal state to be accessed by suppressing
MAGLAB REPORTS Volume 22 No. 1
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Angle dependent quantum oscillations in YBa2Cu3O6+x plotted versus
inverse magnetic field. The data
represent sixteen 93 T pulses
and more than fifty 65 T pulses
devoted to one experiment!

superconductivity. Fields approaching 100 tesla, in particular,
enable comprehensive angle-resolved measurements of the
Fermi surface to be made by way of quantum oscillations.
By accessing a very broad range of angles, the authors
arrive at a much clearer image of the normal state
electronic structure than has previously been possible.
The symmetry of the electronic structure points uniquely
to a body-centered orthorhombic superlattice resulting from
charge order, in which small Fermi surface electron pockets
are located along the nodes in the superconducting wave
function. The results dovetail with recent observations of
short range charge order in a number of high-Tc compounds,
indicating its central role in high-Tc superconductivity.

Liang Yin1, Jian-sheng Xia1, Vivien Zapf 2, Armando Padhuan-Filho3.
1. University of Florida; 2. Los Alamos National Laboratory; 3. Universidade de Sao Paulo, Brazil
Location of Fermi surface pocket
at corners of the reconstructed
body-centered orthorhombic Brillouin Zone (thereby placing it at the
nodes in the superconducting wave
function).

Citation: Normal-state nodal electronic structure in underdoped high-Tc copper oxides, S.E. Sebastian, N. Harrison, F. F.
Balakirev, M. M. Altarawneh, P. A. Goddard, Ruixing Liang, D.
A. Bonn, W. N. Hardy & G. G. Lonzarich, Nature doi:10.1038/
nature13326 (2014)

Metallic Surface State of Correlated
Topological Insulator
G. Li,1 Z. Xiang,1,2 F. Yu,1 T. Asaba,1 B. Lawson,1 P. Cai,1,3 C. Tinsman,1 A. Berkley,1S. Wolgast,1 Y. S. Eo,1
Dae-Jeong Kim,4 C. Kurdak,1 J. W. Allen,1 K. Sun,1 X. H. Chen,2 Y. Y. Wang,3 Z. Fisk,4 Lu Li1
1. University of Michigan; A; 2. Univ. Sci. Tech. China; 3. Tsinghua Univ. China;4. Univ. California, Irvine
Funding Grants: G.S. Boebinger (NSF DMR-1157490); Lu Li (DOE DE-SC0008110, NSF ECCS-1307744); Z. Fisk (NSF DMR-0801253);
C. Kurdak (NSF DMR-1006500)

Today’s electronics are a triumph of decades of research and
development of metals and semiconductors. These electronics
are well-described by freely-moving electrons that carry electrical
signals independent of other electrons. By contrast, in correlated electronic materials, strong interactions usually slow the
movement of electrons, tending to stabilize insulating behavior.
Surprisingly, recent experiments at the MagLab show that a correlated topological insulator exhibits a conductive surface, becoming
a very clean metal even though the bulk of the sample is insulating
due to electron correlations.
MagLab visitors used the 45T Hybrid magnet and the 20 T
superconducting magnets to demonstrate the existence of this
new type of clean metallic surface state in the correlated insulator, samarium hexaboride, SmB6. The magnetic signal of the
surface state was evidenced by the angular dependence of the
torque on the samples that results from the application of an
intense magnetic field. By using a special rotation probe (Fig.
1), the magnetization signal (Fig.2) is found to exhibit quantum
oscillations whose angular and magnetic field dependences are
characteristic of a clean two-dimensional metal.

Magnetic Field Induced Polarization
in a Bose Glass State

Facility: DC Field

Funding Grants: G.S. Boebinger (NSF DMR-1157490)

Bose Glass State – The formation of a Bose glass (BG) state
can occur in materials that undergo Bose-Einstein condensation (BEC) with the introduction of appropriate disorder. This
state has been elusive but successfully observed at two MagLab
facilities (Pulsed Field and High B/T facilities) for random
bond doping of the organic quantum magnet, dichloro-tetrakisthiourea, or DTN. In DTN we are considering the BEC of the
spin (magnetic) degrees of freedom. The replacement of Cl atoms
by Br introduces magnetic disorder without structural disorder.

Facilities: High B/T and Pulsed Field
Instrument/Magnet:
16.5 T at 1.2 K at High B/T

strongly frequency dependent (figure at upper right) and gives clear
indications of the phase transitions from the BG state to the BEC
and Mott insulator states (phase diagrams at right).

Crystal structure of DTN: Ni spins blue,
Cl separators green

Magneto-electric Effects – DTN and DTN-Br are polar compounds, and exhibit a magnetoelectric effect due to changes in
the net electric polarization with magnetostriction. Because of
the “glassy” nature of the BG state, one expects that the magneticfield-induced polarization would depend on the frequency of the
magnetic field excitation. This effect has been demonstrated at
low temperatures by using sensitive dielectric cells to measure
the changes in the capacitance of a cell containing the doped
DTN as the dielectric material. The induced AC polarization is

Instrument/Magnet:
SCM1, SCM2, 45 T Hybrid

SmB 6 crystals mounted on home-built magnetometers,
attached to a rotation-stage probe designed for use
in the MagLab superconducting magnets.
Magnetization of SmB 6
up to 45 T. The wiggles
are quantum oscillations
of the magnetization
that are evidence of the
two-dimensional metallic
states that exist on the
surfaces of this correlated-electron material that
is a bulk insulator.

Low temperature phase diagrams for (a) BEC condensed DTN, and (b) Bose glass state in
Br-doped DTN

Citation: Magnetic Bose Glass in Br-doped NiCl2-4SC(NH2)2: Magneto-electric Effect. L. Yin, J. S. Xia , V. Zapf , A. Paduan-Filho (unpublished).

For more science highlights, visit NationalMagLab.org/research
and search by research area, initiative or facility.

The observation of a clean metallic surface state on a strongly
correlated bulk material is a milestone in the search for novel
behaviors that might be driven by electronic interactions in topological materials.
Citation: Two-dimensional Fermi surfaces in Kondo insulator SmB6, G. Li, Z. Xiang, F. Yu, T. Asaba, B. Lawson, P. Cai, C. Tinsman, A. Berkley, S.
Wolgast, Y. S. Eo, Dae-Jeong Kim, C. Kurdak, J. W. Allen, K. Sun, X. H. Chen, Y. Y. Wang, Z. Fisk, Lu Li. Science, 346, 1208 (2014)
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NEWS BRIEFS
Around the Lab
Spooky Science

Around 200 people came to the lab’s Spooky Science event on
Tuesday, October 28, 2014. Students of all ages participated
in microscopy activities, tested the tesla coil and had tours
of the lab before the main attraction – the Spooky Science
Show. Led by the MagLab’s Center for Integrating Research
and Learning, the event gave students had the chance to conduct experiments and understand the science behind things
like glow sticks and goo.

Mark your Calendar
RHMF

The 11th International Conference “Research in High
Magnetic Fields” (RHMF) 2015 will take place in Grenoble,
France, July 1-4, 2015. The conference will be devoted to
all aspects of recent advances of research in high magnetic
fields, and covers areas such as magnetism, semiconductor
physics, superconductivity, studies of strongly correlated
electron systems, low-dimensional materials, nano-objects,
molecular systems, as well as high-magnetic-field technology
and new high-field experimental techniques. More information and registration is available at http://rhmf2015.lncmi.
cnrs.fr/.

Honors & Awards

Buckley Prize

The 11th International Conference on Materials & Mechanisms of Superconductivity will be held in Geneva, Switzerland, from August 23-28, 2015. More information and
registration is available at http://www.m2s-2015.ch/.

The 4th Theory Winter School was held January 5-9, 2015
with 72 participants. Leading experts in frustrated magnetism presented lectures on the most relevant concepts,
mathematical and numerical techniques and experimental
reviews of the field.

Postdoctoral Fellowship

The MagLab is seeking applicants for the Jack E. Crow
Postdoctoral Fellowship. Named after the founding director
of the MagLab, the fellowship is designed for Ph.D.s with a
research interest in experimental condensed matter physics/materials science. Candidates must have earned a Ph.D.
within the last five years and must demonstrate a strong
record of academic and research accomplishments. More
information is available at NationalMagLab.org/staff-all/
careers/jack-e-crow-postdoctoral-fellowship.

Farewell

Dwight Rickel, a founding member of the MagLab’s Pulsed
Field Facility, is retiring in April. He will be missed.
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Dean was presented with the prize at the Oxford Instruments
‘Socialize with Science’ event at the 2015 APS March Meeting
in San Antonio, Texas, USA.

FSU Postdoc Scholars

FT MS

The 10th North American FT MS Conference will be held
April 12-16, 2015, in Key West, Florida. The FT MS Conference is held every two years and is the premier of its kind in
the field of Fourier Transform Mass Spectrometry and its
applications. Presentations range from instrumentation to
technique development in the biological/biomedical sciences
ranging from pharmaceutical metabolism to proteomics,
environmental analysis and petroleomics, with special emphasis on new developments. More information is available at
NationalMagLab.org/news-events/events/for-scientists/ft-msconference.

PPHMF

The Physical Phenomena at High Magnetic Fields (PPHMF)
conference is planned for January 6-10, 2016 at the National
High Magnetic Field Laboratory Headquarters in Tallahassee, Florida. This conference will bring together experts
from around the world to discuss recent advances in areas
of science and technology in which high magnetic fields play
an important role — or could play an important role in the
future. More information is available at NationalMagLab.
org/news-events/events/for-scientists/physical-phenomenaat-high-magnetic-fields.

Oxford Instruments is delighted to announce the winner of
the 2015 Lee Osheroff Richardson Science Prize for North
America – Dr. Cory Dean, Assistant Professor, Department of
Physics of Columbia University.
Dean is recognized for his definitive measurement of the Hofstadter butterfly, a butterfly-shaped fractal energy spectrum
that emerges when 2D electrons are subjected simultaneously
to both a spatially periodic electric potential and a transverse
magnetic field. By combining novel techniques in nanoscale
fabrication of graphene-based devices with ultra high magnetic fields at the National MagLab, Dean’s research provides
the first experimental verification of this nearly 40-year-old
problem.

Materials & Mechanisms

Winter School

Lee Osheroff Richardson Science Prize

For the second time in two years, a physicist associated with the MagLab has won the prestigious
Oliver E. Buckley Condensed Matter Physics Prize.
Arthur Hebard, MagLab-affiliated faculty at the
University of Florida, was awarded for “discovery
and pioneering investigations of the superconductor-insulator transition, a paradigm for quantum
phase transitions.” Last year’s Buckley Prize winner, Philip Kim, is also a frequent National MagLab
user in the DC Field Facility and a member of
the lab’s External Advisory Committee. He was
honored for his work discovering unconventional
electronic properties of graphene.

Humbolt Award

The 2014 FSU Postdoctoral Scholars Award recipients were announced at a symposium in September. Huan Chen, Yan Li, Peter Morton and Nihar Pradham were recognized with Career
Development Travel Awards. Two students were also recognized
with Poster Awards: Peter Morton (Earth Ocean and Atmospheric Science, MagLab) Particulate Trace Element Cycling in a
Diatom Bloom near Hawaii and Shengyu Wang (MagLab) The
Highest Static Magnetic Field X-ray Diffractometer.

NAI

David Larbalestier, director of the Applied Superconductivity Center and associate laboratory director at the MagLab was
named a fellow of the National Academy of Inventors (NAI).
Election to NAI fellow status is a high professional distinction
accorded to academic inventors who have demonstrated a prolific spirit of innovation in creating or facilitating outstanding
inventions that have made a tangible impact on quality of life,
economic development and the welfare of society.

Paul Canfield, a frequent user in the DC Field Facility, has
won the prestigious Humbolt award. This award recognizes
Canfield’s achievements over his career. Canfield will use
the award to continue his research with collaborators
in Germany.
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NEWS BRIEFS Continued
Honors & Awards
Applied Superconductivity Conference

Maxime Mantras, Chris Segal, and Charlie Sanabria were
recognized for the Best Student Paper.
Peter J. Lee is the 2014 winner of the IEEE Dr. James Wong
Award for Continuing and Significant Contributions to
Applied Superconductor Materials Technology. This newly
established award recognizes Lee’s achievements and outstanding technical contributions in the field, his novel and
innovative concepts and theories, and the authorship or coauthorship of many publications of major significance to the
field of applied superconductor materials technology.
The Roger W. Boom Award was presented to Dr. Danko
van der Laan, president, Advanced Conductor Technologies and MagLab user. The award honors van der Laan for
his work on Conductor-on-Round-Core (CORC) cable implantation of a coated conductor, which he then moved to
an industrial scale at his own company, Advanced Conductor Technologies, developing cables for high-field magnets
and high-density power transmission. Van der Laan has
worked with the MagLab’s magnet science and technology department extensively over the years and was also a
graduate student at the MagLab.

American Association for the
Advancement of Science

Director Greg Boebinger is the chair-elect of the physics section of American Association for the Advancement of Science
(AAAS). His term began in February 2015.
David C. Larbalestier has been elected fellow of the American Association for the Advancement of Science (AAAS) for
“advancing our understanding of the materials science of highfield superconductors and for developing processing techniques
that incorporate this knowledge.”
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Global High Magnetic Field Forum

Director Greg Boebinger was selected as the first president of
a new Global High Magnetic Field Forum (HiFF). The HiFF
aims to bring together relevant world expertise on the operation of facilities dedicated to the generation of the highest
magnetic fields for scientific research. This consortium of high
magnetic field laboratories in China, France, Germany, Japan,
Netherlands and the United States will work to stimulate
worldwide activities promoting scientific research and technology development using the highest magnetic fields. A first
meeting was held in November 2014, and future meetings are
planned for 2015 to continue performing this important work.

EAS AWARD

Tim Cross, director of the MagLab’s NMR/MRI user facility, was recognized with the 2015 EAS Award for outstanding
achievements in nuclear magnetic resonance.
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Keep up with new discoveries, upcoming
events and exclusive articles on our new
website and social media:
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