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DIRECTOR’S DESK

by Gregory Boebinger

Spring has sprung at the MagLab!
New users, tools and techniques are popping up like spring
flowers, and we are excited about the pollination of cutting edge
science that lies ahead in 2014. (Okay, I didn’t really write that
part. Kristin did.)
Since our last MagLab Reports, the National Academy of Sciences released a Report titled “High Magnetic Field Science
and Its Application in the United States” in October 2013. The
“MagSci Report,” as it is commonly called, is complimentary of
the MagLab and our user community, stating “owing in large
measure to the NHMFL, high field magnet science in the United
States is currently very strong.” The Report concludes that the
NHMFL is the “world leader in both advancing magnet technology and high-field science.”
MagSci delivers a grand vision for the future of high magnetic
field science across a wide span of academic disciplines from
condensed matter physics to materials science, engineering,
chemistry, biochemistry, biology and biomedicine, much of
which is connected to the development of new, big magnets.
These proposed magnets, though, also come with big price tags
to build, upwards of $100 million for some.
At the MagLab, we have no problem envisioning big, powerful
magnets. After all, we didn’t earn a dozen world records watching
from the sidelines! We believe in pushing the engineering and
scientific envelope.
High temperature superconductivity will be critically important
to achieving most of the next generation magnets proposed in
MagSci. Fortunately, the Magnet Lab has remained at the
forefront of superconductivity research with our Applied
Superconductivity Center and Magnet Science and Technology division working together on R&D in this area. Two recent
breakthroughs in superconductor testing and processing are
paving the way to new magnet development: a technique to test
long lengths of commercially-produced YBCO tape, and a revolutionary method to process Bi-2212 round wire that significantly
boosts its upper critical current density. The YBCO discovery is
already being incorporated into our 32 tesla (T) all-superconducting magnet project and the Bi-2212 processing was a cover
article in April’s issue of “Nature Materials.”
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The Magnet Lab has also been a leader in providing the highest
pulsed magnetic fields. With the 1,400 megawatt motor
generator available at the MagLab’s Pulsed Field Facility in Los
Alamos, we have provided over 107 pulses exceeding 90 T to
users since the record-breaking 100.75 T pulse back in March
2012 and are positioning ourselves to further advance pulsed
magnet technology.
But beyond the tools and instruments available to conduct the
next generation of high magnetic field research are the researchers
themselves, the MagLab’s exceptional user community. At last
year’s NHMFL User Advisory Committee Meeting in October,
these users laid out their own priorities for a national high
magnetic field research facility (read more in this issue’s User
Center on page 8). They stated a need for access to high field
magnets, a high level of user support and training, in-house science and the development of magnet technologies in partnership
with the user community. I am delighted that they assess the
MagLab as meeting each of those critical needs. Our users are
at the center of our daily activities, as well as our strategic plans,
and this is a truly impactful endorsement from the representatives of a high-magnetic-field user community of several thousand researchers from around the world.
New leaders are also sprouting at the Magnet Lab in 2014.
Joanna Long, the longtime director of the lab’s AMRIS Facility,
is now an Associate Lab Director and co-Principal Investigator
on our core NSF grant, roles that engage her in the highest levels
of decision-making and strategic planning at the MagLab. Also,
Tim Murphy, former chief of the Millikelvin facility, has been
named the new Director for the DC Field Facility.

Just as spring is a time of renewal in the environment, the Magnet Lab is also using this season to begin developing technical
roadmaps and strategic plans for this exciting next phase of
magnet technologies and the upcoming recompetition. Planning has begun and will continue through our External Advisory
Committee meeting in the summer and User Advisory Committee meeting in the fall.
This April Fool’s Day, I celebrated my 10th anniversary as director of this lab. Reflecting over this past decade, I am reminded
of some amazing accomplishments: bringing the lab’s powerful
900 MHz NMR/MRI magnet online; overhauling the lab’s DC
magnet infrastructure to accommodate scheduling of more user
time on the 45 T hybrid magnet and resistive magnets; building
a one-of-a-kind “split” magnet allowing researchers to perform
never-before accessible optics experiments in high fields; and,
perhaps closest to my heart as a pulsed magnet aficionado since
my Bell Labs days, breaking the 100 T barrier for non-destructive
magnetic fields, roughly equivalent to 2 million times the Earth’s
magnetic field. All of this while directing the most impressive
scientific and technical staff around. It’s been quite a decade!
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...we didn’t earn a dozen world
records watching from the sidelines!
We believe in pushing the engineering and
scientific envelope.
Many of you may know that I am a great fan of David Letterman.
Some of you know that hanging on my office wall (next to the
diplomas) is an official “Late Show” canned ham, received from
Dave at one of his shows back in 1992. Over the past decade, one
of my goals for the MagLab and its users has been taken directly
from one of my favorite Letterman quotes, namely “to have more
fun than humans ought to be allowed to have.” I think we’ve had
some success there…and I hope it continues to feature implicitly
in our strategic planning for the future. Unlike Dave, I am not
ready to ride off into the sunset just yet. There are too many more
exciting things ahead for me personally at the MagLab.
Thank you to all of you who have been a part of the MagLab’s
success over the past decades and, more importantly, will be a
part of the successes to come.

This document is available
in alternate formats upon
request. Contact Public Affairs for
assistance. If you’d like to be added
to our mailing list, please write us
at the address shown above,
call (850) 644-1933,or e-mail
public-affairs@magnet.fsu.edu.
The MagLab is supported by
the National Science Foundation
and the state of Florida.

Facebook, Twitter,
Instagram, Pinterest:
@NationalMagLab
Gregory S. Boebinger

Web:
magnet.fsu.edu
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Magsci report

New Report Charts Course for High
Magnetic Field Science
The National Research Council formed the Committee to Assess the Current Status and Future Direction of High Magnetic Field Science in
the United States. Chaired by Dr. Bertrand Halperin of Harvard University, the Committee was comprised of 16 leading physicists, engineers,
bioengineers, and chemists from academic, government and industry sectors.

This committee was asked to evaluate the needs of
the national research community and answer three
overarching questions:
1. What is the current state of high-field magnet science,
engineering, and technology in the United States, and are there
any conspicuous needs to be addressed?
2. What are the current science drivers and which scientific
opportunities and challenges can be anticipated over the next
ten years?
3. What are the principal existing and planned high magnetic field
facilities outside of the United States, what roles have U.S. high
field magnet development efforts played in developing those
facilities, and what potentials exist for further international
collaboration in this area?
Meetings were held throughout 2012 and the Committee
issued their final report, High Magnetic Field Sciences and Its
Application in the United States: Current Status and Future
Directions, in November 2013. Within this 200+ page document,
known as the “MagSci Report,” the Committee provides an
assessment of high field science and offers a long term vision
via recommendations within the report:
Recommendation: Centralized High Magnetic
Field Facilities
There is a continuing need for a centralized facility like the
NHMFL because (1) it is a cost-effective national resource
supporting user experiments and thus advancing the scientific
frontiers and (2) it is a natural central location with expert staff
available to develop the next generation of high-field magnets.
Recommendation: Development of High-Field DC
and Pulsed Magnets
The National Science Foundation should continue to provide
support for the operations of the NHMFL and the development
of the next generation of high-field magnets.
40 tesla all-superconducting magnet should be designed and
constructed, building on recent advances in high-temperature
superconducting magnet technology.
60 tesla DC hybrid magnet should be designed and built that
will capitalize on the success of the current 45 T hybrid in
Tallahassee.
Higher-field pulsed magnets should be developed, together

6
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with the necessary instrumentation, in a series of steps, to
provide facilities available to users that might eventually extend
the current suite of thermal, transport and optical measurements
to fields of 150 tesla and beyond.
Recommendation: Distributed High Magnetic
Field Facilities
Federal funding agencies should evaluate the feasibility of setting
up some smaller regional facilities, ideally entered around 32
tesla superconducting magnets as the technology becomes
available, and with optimized geographic locations for easy
user access.
These would be in addition to the premier centralized facility,
which would remain, with its unique mission of expanding the
frontiers of high magnetic field science.
Recommendation: Nuclear Magnetic Resonance
Spectroscopy Facilities
New mechanisms should be devised for funding and siting
high-field NMR systems
To satisfy the likely demand for measurement time in a 1.2GHz
system, three 1.2 GHz (28 tesla) systems should be installed over
a two year period
These 1.2 GHz systems should be located at geographically
separated sites, determined through careful consultation with the
scientific community based on estimated costs and anticipated
total and regional demand for such instruments.
Planning for the next generation systems, likely a 1.5 GHz (35
tesla) or 1.6 GHz (37 tesla) system, should be under way now to
allow for steady progress in instrument development.
Recommendation: Combining Magnetic Fields with
Scattering Facilities and Terahertz Radiation
New types of magnets should be developed and implemented
that will enable the broadest possible range of X-ray and neutron
scattering measurements in fields in excess of 30 tesla.
As a first step, the expeditious procurement of modern 10-16
tesla magnet/cryostat systems for U.S. facilities together with the
recruitment of low temperature/high field specialists.
Second, a 40 tesla pulsed-field magnet should be developed with
a repetition rate of 30 s or less.

Third, a wider bore 40 tesla superconducting DC magnet should
be developed specifically for use in conjunction with neutron
scattering facilities.
New partnerships among federal agencies, including the
Department of Energy, the National Institute of Standards and
Technology and the National Science Foundation, will likely
be required to fund and build these magnets as well as to provide
funds and expertise needed to operate the facilities once they
are built.
A full photon spectrum, covering at least all energies (from radio
to far infrared) associated with accessible fields, should be
available for use with high field magnetic fields for diagnostics
and control.
Consideration should be given to a number of different options
including (1) providing low cost spectrum of terahertz
radiation sources at the NHMFL, (2) construction of an
appropriate free electron laser (FEL) at NHMFL, or (3) providing
an all-superconducting, high field magnet at a centralized FEL
facility with access to the terahertz radiation band.
Recommendation: Magnetic Resonance Imaging
Magnet Development
Design and feasibility study for construction of 20 tesla, wide
bore (65 cm) magnet suitable for large animal and human
subject research
Homogeneity required is 1 ppm or better over 16 cm diameter
Appropriate sponsorship might be multiple agencies (NIH, NSF
and DOE)
Engineering feasibility study to identify RF, gradient coils and
power supplies to enable MRI and MRS and an extension of
current health and safety research currently being conducted at
lower fields.
Recommendation: High Field Magnet Science and
Technology School
A high-field magnet science and technology school should be
established in the United States.
The U.S. Particle Accelerator School (USPAS) could be a model.
The NHMFL could be the initial host site, with the laboratory
facilities providing an excellent resource for laboratory courses.

Recommendation: International Cooperation
High field facilities worldwide should be encouraged to
collaborate as much as possible to improve quality of magnets
and services for users
Establish a global forum for high magnetic fields
Large high magnetic field facilities should also have strong
collaborations with smaller regional facilities, providing them
with support and expertise.
Recommendation: Stewardship
Recompetition timescales as short as 5 years places at risk the
substantial national investment in high-field research that is
embodied in a national facility like NHMFL and could have
disastrous effects on the research communities that rely on
uninterrupted access to these facilities.
Endorses the need for evaluating the long-term strategy and
direction of national facilities, as well as for periodic reviews
of their scientific programs. Flexible approach should be taken in
recompetition of facilities
NSF, the NHMFL and other interested entities that benefit from
the use of high magnetic fields should adopt the steward-partner
model as the basis for defining roles in future partnerships in
high magnetic field science.

The full report, High Magnetic Field Sciences and Its
Application in the United States: Current Status and Future Directions, can be found online at http://www/
nap.edu/catalog.php?record_id=18355.
In response to the long term vision of MagSci, the
National High Magnetic Field Laboratory User
Committee crafted a list of the needs of today.
Their recommendations are featured on page 08.
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4
user center

MagLab User
Priorities

In October 2013, the NHMFL User Advisory Committee held
a meeting in Gainesville. This annual meeting serves as an
opportunity for users of the MagLab to advise lab
leadership on the facility and make recommendations on
areas of importance to the scientific user community.
This year, in addition to reviewing the seven user facilities,
the committee added its feedback to the national conversation on the direction of high magnetic field sciences.

Commenting directly on the National Academies of Science
report, “High Magnetic Field Science and Its Application in
the Unites States: Current Status and Future Directions,” the
NHMFL user community sought to supplement the report
with recommendations on what a high magnetic field facility
needs to deliver to users.
An excerpt from the User Advisory Committee Meeting
Report summarizes these priorities:

A national field facility should…

1
2

Provide access to high field magnets
a. Huge demand for continued access to existing magnet systems: “work horses” that enable
cutting edge science (i.e. exciting new science is still being done on existing magnets).
b. Commensurate ongoing need for instrumentation and instrument/technique development.
c. Users require a transparent and fair proposal review procedure.

Provide a high level of user support and training
a. Provide expert technical advice for planning and implementing experiments.
b. Provide clear avenues for instrument development in collaboration with MagLab scientific
staff and in cooperation with external grants.
c. Provide training for new users and students/post-docs (summer/winter schools are
excellent; repository for good low-temperature practices in a time of off-the-shelf cryogenics!)
d. User support needs to be formally recognized and rewarded at time of staff performance
reviews and promotions.

We note, and add our voices to, the high level of praise voiced for the NHMFL in providing world-class
facilities enabling world-class science and bringing new magnet technologies. - User Commitee
8
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3
4

In-house science
a. Beyond the implicit intellectual outcomes, a strong in-house science program drives a
vibrant intellectual community (attractive to visitors), drives technique development
(enables new tools and techniques for all users), and publicizes the sort of science that can
be done at the lab (effectively reaching out to new users).
b. Needs to be balanced with user support.

Develop new magnet technologies in consultation
with the user community
a. New science is enabled by new technologies, as envisioned/articulated in the
MagSci Report.
b. The Report describes several very ambitious proposals for new magnet technologies,
which could open new research avenues and/or vastly change the landscape of research
in existing field regimes. To develop all of these systems simultaneously is likely
infeasible, and we therefore strongly recommend that any decisions to invest in these
directions be taken in consultation with the user community in order to maximize the
research benefit associated with the initial investment.
c. Development of appropriate instrumentation in parallel with the new magnet technologies.

The User Committee firmly believes that the current NHMFL is delivering on
all 4 of these requirements for a national high field user facility.
- I.R.Fisher, Stanford University, and current Chair of the Users Committee

*

The full User Advisory Committee Report can be found online at:
www.magnet.fsu.edu/usershub/userscommittee/documents/2013UserCommitteeReport.pdf

User Advisory Committee Members

Chair: Ian Fisher, Department of Applied
Physics, Stanford University.
DC/Pulsed/High B/T Vice-Chair:
Nicholas Curro, Department of Physics,
University of California Davis
NMR/MRI/ICR/EMR Vice-Chair:
Robert Schurko, Departments of Chemistry
and Biochemistry, University of Windsor
User committee members for 2014:
Jonathan Amster (University of Georgia)
Dmitri Artemov (Johns Hopkins University)
Steve Beu (S. C. Beu Consulting)
Ari Borthakur (University of Pennsylvania)
Kenneth Burch (University of Toronto)
Joanna Collingwood (University of Warwick)
Linda Columbus (University of Virginia)
Myriam Cotton (Hamilton College)
Nicholas Curro (University of California Davis)

Ian Fisher (Stanford University)
Nathanael Fortune (Smith College)
Michael Greig (Pfizer Global R&D)
Michael Harrington (Huntington Medical
Research Institutes)
Jeanie Lau (UC Riverside)
Conggang Li (Wuhan Institute of Physics
and Mathematics)
Manish Mehta (Oberlin College)
Gavin Morley (University of Warwick)
David C. Muddiman (North
Carolina State University)
Cedomir Petrovic (Brookhaven National
Laboratory)
Tatyana Polenova (University of Delaware)
Scott Prosser (University of Toronto)
Marek Pruski (Ames Laboratory)
Mark Rance (University of Cincinnati)
Rob Schurko (University of Windsor)

Stefan Stoll (University of Washington)
Makariy Tanatar (Ames Laboratory)
Joshua Telser (Roosevelt University)
Fang Tian (Penn State University)
Ivan Tkac (University of Minnesota)
Evan Williams (UC Berkeley)
Sergei Zvyagin (Dresden High Magnetic
Field Laboratory)
Committee members who served in 2013,
and are now retiring:
Christoph Boehme (University of Utah)
David Britt (UC Davis)
Roy Goodrich (George Washington University)
Janice Musfeldt (University of TennesseeKnoxville)
Oliver Portugall (Laboratoire National des
Champs Magnétiques Intenses )
Alexandra Stenson (University of South
Alabama)
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Cover STory: Applied Superconductivity

Superconducting
Breakthrough
MagLab researchers have invented a groundbreaking new way to process Bi-2212 — one that makes it far more useful for building
high-powered magnets including very high-field NMR magnets, a Muon Accelerator at Fermilab or a new upgrade for the powerful
Large Hadron Collider at CERN.

A

High density Bi-2212 filament macrostructure produced by the over-pressure (OP) technique.
The OP process almost eliminates the porosity that previously limited the transport critical
current in Bi-2212 strands. This breakthrough will allow us to build the next generation
of >30 T superconducting magnets using these round multifilamentary wires.
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breakthrough discovery made by
MagLab scientists and a researcher
at CERN, the particle accelerator laboratory in Switzerland, was published in the
April issue of Nature Materials. An image
of the superconductor that’s causing all
the excitement — a newly processed form
of Bi-2212, or “bisco” — was also featured
on the journal’s cover.
Bi-2212 is a complex high-temperature superconducting material made
of bismuth, strontium, calcium, copper,
and oxygen that is well known to superconduct (or transmit electricity without
loss) at super-cold temperatures up to 90
degrees Kelvin (or negative 183 degrees
Celsius).
Since most superconductors are used
to make magnets, what matters even
more than the temperature at which they
become superconducting, is the density of
supercurrent (supercurrent flows without
resistance and thus generates no heat or
electrical loss) that can flow though wires
made of the material.
Magnet engineers were previously
using a form of bisco constructed in a
superconducting ribbon processed in a
very complex way to minimize the grain
boundary density and raise the supercurrent density.
Now, by employing the MagLab’s
new, pioneering process, they can make
Bi-2212 into round wires. Put another
way, engineers were previously limited to
wide “fettuccini” ribbons to build magnets, but now can choose skinny, round
“spaghetti” wires. Magnet builders much
prefer “spaghetti” to “fettuccine” because
high-current cables and complex winding

The HTS superconductor Bi-2212 has the unique grain structure; 2-dimensional confinement by the filament structure makes the plate-like
Bi-2212 grains quasi-textured and the out-of-plane misorientation along the filament direction is ~±15°. In this panorama, we show OIM
derived crystallographic orientations along a Bi-2212 filament.

shapes are much more feasible with round
than with flat wires.
“This is the first time that any hightemperature superconductor has been
made in the form that is the most useful
for creating high-field magnets — a form
that is round, multifilament, twisted
and capable of being made in multiple
architectures and sizes — without giving
up the high-current density that is needed
for making powerful magnets,” said David
Larbalestier, the director of the Applied
Superconductivity Center and the lead
investigator on the journal article. “For
the very long lengths that are needed for
magnet coils — hundreds of meters to
kilometers in length — we have figured
out a way to increase the critical current
density by almost a factor of 10.”
That means the newly processed
MagLab bisco “spaghetti” can also carry
far more electricity than its “fettuccini”
predecessor.

High-current cables and
complex winding shapes are
much more feasible with round
than with flat wires
“We’re talking current density of well
over 500 amps per square millimeter,”
Larbalestier said of the increase (by
contrast, copper wiring operates at about
1 amp per square millimeter.)
What makes the breakthrough even
more valuable is that this technology
already has industry-wide appeal. Oxford

Superconducting Technology, for example, has a number of interested customers
and the researchers involved are providing processing details or process support
so that the results can be replicated.
The breakthrough in processing
came through very careful study of the
complex microstructure of the wires and
correlation to the supercurrent density.
The multiple investigators on the article
— “Isotropic round-wire multifilament
cuprate superconductor for generation of
magnetic fields above 30 T” — included
experts in wire processing, microstructural techniques and superconducting
property measurements (J. Jiang; U. P.
Trociewitz; F. Kametani; M. Dalban-Canassy; M. Matras; P. Chen; N.C. Craig; P.
J. Lee; E. E. Hellstrom at the MagLab and
CERN scientist C. Scheuerlein).
The key breakthrough was to discover that current was not primarily
being blocked by grain boundaries, but
rather by internally generated gas, which
was blowing the filaments apart. The way
to remove residual porosity and to make
the filaments fully dense is to react the
wire into the superconducting state under
50 - 100 atmosphere pressure, greatly
increasing the connectivity and supercurrent density. A small insert coil of Bi-2212
wire treated in this way generated 3 T in
the 31 T Bitter coil at the MagLab, for a
total of 34 T, a word-record magnetic field
obtained with a multifilamentary superconducting wire.
“We want to see this process used,”
Larbalestier said. “We want to build lots
of magnets out of Bi-2212, get the wire
cost down, useable lengths way up and

make Bi-2212 the precursor of new generations of round, twisted, multifilament,
high-temperature superconductor wires
that will revolutionize superconducting
applications.”
The conductor research underpinning the breakthrough was supported
by a grant from the U.S. Department of
Energy’s Office of High Energy Physics
in the framework of a multilab collaboration (Very High Field Superconducting
Magnet Collaboration) in which groups
at Fermilab, Brookhaven and Lawrence
Berkeley labs played major roles. The
high-field magnet work at the MagLab
was financed by the National Science
Foundation and the State of Florida.
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User Science: DC FIELD

Realizing a Quantum Spin Hall State
in Monolayer Graphene
Andrea Young (MIT Physics), Javier Sanchez-Yamagishi (MIT Physics), Ben Hunt (MIT Physics),
Raymond Ashoori (MIT Physics) Pablo Jarillo-Herrero (MIT Physics)

Introduction
Symmetry-protected topological (SPT)
phases in gapped electronic systems can
host robust surface states that remain gapless as long as the relevant global symmetry
remains unbroken. The nature of the charge
carriers in SPT surface states is intimately
tied to the symmetry of the bulk, resulting
in one- and two-dimensional electronic
systems with novel properties.
In monolayer graphene under a
perpendicular magnetic field, a quantum
spin Hall (QSH) state (the paradigmatic
two dimensional SPT phase) is predicted at
charge neutrality for sufficiently large values
of the Zeeman splitting [1]. In a QSH state,
electrons with opposite spin polarization
carry current in opposite directions around
an insulating bulk as shown in Figure
1. However, in normal graphene devices,
short ranged electron-electron interactions
drive the system to an antiferromagnetic
order instead. The devices used in this
study are engineered so that the disorder
is very low and electron interactions are
partially screened, thus making observation
of this state possible by driving the system
to a ferromagnetic state using large in-plane
magnetic fields.
Experimental
We studied electronic transport in our
graphene devices using the 35 T resistive
magnet located in cell 12 at the NHMFL.
This consisted of measuring the 2-terminal resistance of the graphene devices as a
function of gate voltage near charge neutrality. These measurements were repeated at
increasing values of the in-plane component of the magnetic field while keeping
the perpendicular component of the field
constant by utilizing the rotation stage of
the cell 12 top loading cryostat.

Figure 1. A graphene flake in the QSH state.
In the 2D bulk, electron spins on the two carbon
sublattices are aligned with the applied field,
leading to spin-filtered edge states carrying
current in opposite directions along the sample
boundary. Spin conservation prevents the edge
states from mixing with each other.

Results and Discussion
Figure 2 displays a clear transition with
changing in-plane magnetic field from an
insulator to a conductor with conductance
~ 2e2/h [2]. Additional capacitance and
nonlocal resistance measurements confirm
that the state which occurs at large in-plane
field values is indeed a quantum spin Hall
state. At intermediate values of the magnetic field, we also observe a double peak structure which we interpret as the conduction
through gapped, canted antiferromagnet
edge states. These results are consistently
described by a transition from an antiferromagnetic ground state to a ferromagnetic
ground state with in-plane field [3].
Unlike the QSH state observed in
semiconductor quantum wells, in graphene
Figure 2. Left, Graphene
conductance measurements
at a fixed perpendicular
magnetic field of 1.4 T. With
increasing in-plane magnetic
field, a transition from an
insulating state to a conductive state is observed
(black to red lines). Right,
Schematic of transition with
increasing Zeeman energy
showing spin structure of
ground state and edge state
band dispersion.
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the helical edge states can be controllably
gapped by balancing the applied magnetic
field against an intrinsic antiferromagnetic
instability. In the resulting canted antiferromagnetic state, the edge states can be
selectively depleted to create spin diodes,
and coupling this state to a superconductor
may allow for a new realization of Majorana
bound states, which may be appropriate for
quantum computation.
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AROUND THE LAB

Winter Theory School

T

he National High Magnetic Field Laboratory launched
its third Winter Theory School on January 6, attracting a record 77 students from around the nation and
the world. This year, the lectures focused on topological
phases of condensed matter, a subject of great interest in
condensed matter and materials research theory.
A record 120 people applied for spots in this year’s
school. The 2014 class is about 50 percent larger than
classes from the first two years of the school, and includes
18 international students from as far as Australia, China
and Israel.
Topological insulators and superconductors have recently
become one of the most actively studied subfields in condensed matter physics. A clever application of topology to
the theory of electronic structure gave an impetus to the
synthesis of new materials, which are now under active
experimental investigation. On the theoretical side, the
notion of a topologically protected surface state provides
a new challenge for the theory of localization and raises
many fundamental questions about the interplay of topology, disorder and electron-electron interactions.
Winter theory school aims to bring together leading
experts in an active area of research. In addition to
featured talks, there was a poster session that gave
participants the opportunity for direct exchange of ideas
with their peers and the lecturers. This program primarily targets advanced theory graduate students and
post-docs. Their expenses are partially covered by funds
provided by the MagLab, which acts as the sponsor of this
Winter School.
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The Long and Short of Joanna Long
Joanna Long is the MagLab’s newest Associate Lab Director and co-Principal Investigator on the core NSF grant. But don’t let
this “new” role fool you – she’s an almost 12 year MagLab veteran with an extensive career in biochemistry.

Life-Long Love of Science
Interested in math, patterns and how
things fit together from a young age, Long
remembers falling for the field of chemistry in high school.
“My high school chemistry teacher
realized where my interests were and he
took the time out to make sure I knew my
options and steered me in the right direction,” Long shares.
After completing her undergraduate
degree, Long worked in Dr. R. G. Griffin’s
lab on applying solid-state NMR techniques to the study of peptide and lipid
structure and dynamics. She went on to
receive her Ph.D. in Physical Chemistry
from MIT in 1997.
Fascinated with what she calls the
“how things work” side of chemistry, she
then completed postdoctoral research
with Dr. Pat Stayton and Dr. Gary Drobny
at the University of Washington studying
protein structure and dynamics at mineral
and polymer interfaces for tissue engineering applications.
Long enjoyed the academic environment, calling it “a space to solve problems and figure things out.” In 2000, she
joined the Department of Chemistry at
the University of Washington as Director

of the NMR Facility. Long then moved to
Gainesville in 2002 to join the faculty at
the University of Florida (UF).
At UF, Long maintains an active role in
the Department of Biochemistry and Molecular Biology within the College of Medicine. She teaches courses in biochemistry,
protein folding and NMR spectroscopy and
mentors a number of undergraduate and
graduate students as well as postdoctoral
research associates. She leads a research
laboratory studying biomolecular structure
and dynamics, with a focus on protein-lipid
interactions, biofilms and development of
magnetic resonance techniques for complex biological systems.
Directing a World-Class User Facility
In addition to her new Associate Lab
Director and co-Principal Investigator role
at the MagLab, Long continues to direct
the Advanced Magnetic Resonance Imaging and Spectroscopy (AMRIS) user facility at UF. AMRIS is home to state-of-theart magnet systems and instrumentation
that draw nearly 200 researchers a year to
conduct solid state NMR, solution NMR,
microimaging and animal and human
imaging experiments. In her five years as
AMRIS director, she has collaborated with

Long inspects a probe in front of the 750MHz Superconducting Magnet at AMRIS.
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MagLab affiliated and external user faculty
to secure federal funding for instrumentation, development and research projects
allowing her to expand both the technical
staffing in the facility and the instrumentation available.
The images produced at AMRIS are
extremely high quality with a resolution
and sensitivity that allows biologists and
biochemists to track single cells and monitor cellular metabolism. With this clarity,

It’s time... to let people who
don’t normally use magnetic
resonance know that it’s
both relevant & fruitful
scientists have been able to see how folate
interacts with protein in the body to better
understand the role the vitamin plays in
virtually every living thing and to image
the brain to explore the effects of strokes,
tumors, injuries and diseases, such as
Parkinson’s and Alzheimer’s.
The AMRIS user facility works closely
with the NMR Facility at the lab’s Florida
State University (FSU) headquarters on developing new instrumentation and facilitating the research of an increasingly diverse
user base. Together, these user facilities
work to bring in new researchers who have
never thought about magnetic resonance
and show them how it could illuminate
their work in new and exiting ways.
“It’s time for magnetic resonance
to play a more central role in biology,
chemistry and physics,” says Long, “to
encourage scientists who don’t normally
use these techniques to explore how they
enable new and fruitful research.”
To her colleagues, Long is known for
her hard work and tireless dedication to
the facility and the cadre of visiting scientists who conduct experiments there.
“She has a tremendous feel for instru-

Magnet system at AMRIS.
mentation and running a user program,”
says Bill Brey, a physicist at the MagLab
behind a number of the lab’s custom NMR
instruments. “She brings a real vision and
interest in the user experience and how
the MagLab fits into the broader field.”
Chief Scientist for Chemistry and
Biology Lucio Frydman is another piece in
the MagLab’s respected resonance puzzle.
Based at the Weizmann Institute of Sciences in Israel, Frydman offers high-level
recommendations and guiding direction
to both the AMRIS and NMR facilities.
But how exactly do all of these visions
come together from 150 (or, in the case of
Frydman, 6,600) miles away?
In a word, seamlessly.
The group meets regularly via webbased videoconferencing and collaborates on proposals and research projects
through e-mail, cloud servers and even
remote monitoring and operation of the
instruments. Frydman also travels regularly to Tallahassee for in-person meetings, most recently this past month, to
participate in strategic planning meetings.
Tim Cross, Director of the NMR Facility, says that he has seen the teamwork
across the resonance programs at the
MagLab accelerate with Long in her
new role.
“We are all working collaboratively,” he

said, “to achieve a unifying goal of a worldclass magnetic resonance user program.”
Developing New Directions
In 2011, a new partner joined the
AMRIS and NMR team – the Electron
Magnetic Resonance (EMR) Facility – to
help develop high-field dynamic nuclear
polarization (or DNP) capabilities at the
MagLab.
“DNP involved combining NMR and
EMR,” says Steve Hill, Director of the
EMR facility. “So this represents a very
natural partnership that will greatly benefit the AMRIS, NMR and EMR facilities.”
DNP is a process where electron spin
polarization is transferred to a nucleus,
resulting in stronger NMR signals. These
improved signals have already produced
impressive results in the study of metabolic
pathways in cells, biomolecular structure
and the chemistry of catalytic surfaces. The
latest work has shown that DNP can help
enhance NMR signals by orders of magnitude offering exciting possibilities for the
future experiments in this area.
The lab’s cross-facility DNP goals
include exploration of solid-state, dissolution and overhauser methods to offer a
robust research environment for visiting
scientists. And as the team grows, the
collaboration remains strong. DNP affili-

ated faculty, postdocs and students meet
bi-weekly via videoconferencing as well as
several times a year in person at lab meetings and conferences.
“Developing DNP was a critical component of the MagLab’s renewal proposal,”
reminds Long. “This team has worked
together to pursue it and, by the end of
the first year of the new funding cycle, we
already have something to share with the
scientific community.”
Long herself propelled DNP at the
AMRIS facility where the MagLab’s first
DNP successes are already taking place. A
dissolution DNP polarizer has been developed and tested, and some initial research
is featured in this issue (see page 16). The
DNP work so far has delivered polarization enhancements up to three orders of
magnitude, enabling researchers to study
metabolic flux in vivo.
Further enhancements are planned,
and the polarizer is available to AMRIS
users.
“I’m thrilled to be able to offer this
method to our users,” Long shares. “This
is one way we are pursuing the in vitro to
in vivo science driver to characterize the
basic structures, chemistry, and dynamics
of life. Just think of the groundbreaking
discoveries on the horizon.”
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Development of a Dissolution DNP
Polarizer for In-Vivo 13C MRSI
A.N. Smith1, D. Downes1, J. Collins1, B. Lama1, R. Balzan2, A. Capozzi2, A. Comment2 and J. Long1
1. University of Florida; National High Magnetic Field Laboratory;
2. Ecole Polytechnique Fédérale de Lausanne (EPFL);

Introduction
The inherent insensitivity of NMR/
MRI techniques is a well known consequence of weak nuclear polarization
at achievable magnetic fields. Dynamic
nuclear polarization (DNP) has emerged
as a promising technique for NMR signal
enhancement. In DNP, the higher polarization of an unpaired electron is transferred
to a nucleus of interest.
For high field Magnetic Resonance
Spectroscopy Imaging (MRSI), dissolution DNP has been shown to be a powerful
orthogonal technique for enhancing small
molecule polarization by up to three orders
of magnitude1; typically a metabolite of
interest is hyperpolarized in one instrument
(the DNP polarizer) and then transferred to
a second instrument (either a conventional
NMR spectrometer or an MRI scanner),
where the hyperpolarized metabolite can be
injected to monitor metabolic flux in-vivo.
Experimental
A DNP dissolution system based on
the SwissSense2 cryostat, with a 5 T magnet
is under continuing development at the
AMRIS facility. Samples are cooled to 1.1
K, and then irradiated with microwaves
in order to hyperpolarize 13C nuclei in the
Figure 1. Signal enhancement from
hyperpolarizing 1- 13C Sodium Acetate,
with TEMPO providing the free electron.
Results shown for, a), the ‘solid-state’ in
the polarizer with a signal enhancement
of > 400, and, b), after injection into the
4.7 T spectrometer with an enhancement
of 15,000 times.

metabolite of interest, leading to a gain in
Signal to Noise Ratio (SNR) of > 14,000
on dissolution and automatic injection into
a 4.7 T MRSI Varian scanner. The custom
design of the polarizer enables the use of
dissolution DNP to study metabolic flux in
vivo using a variety of NMR active nuclei
as well as the study of fundamental mechanisms of polarization enhancement.
Results & Discussion
Current work is focused on optimizing
the sample preparation techniques for the
metabolite to be polarized, and minimizing
the time from dissolution in the polarizer
to injection into the study animal in the
spectrometer. Since the hyperpolarized
metabolite undergoes T1 relaxation back
to thermal equilibrium, it is important to
inject the sample as quickly as possible after
the dissolution process. The hyperpolarized
signal can be observed for approximately
3 – 5 minutes after injection.
Monitoring the polarization build-up
in the polarizer, as well as test injections
into a phantom have been used to assess the
performance of different sample preparation techniques and the polarizer design.
Figure 1 shows examples of the signal
enhancement achieved in the ‘solid-state’ in

A
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B

the polarizer (a), and after injection into
a phantom (b).
A number of 13C labeled metabolites
have been successfully polarized including sodium acetate, pyruvate and butyrate.
Further improvements to the polarizer will
allow polarization transfer techniques to be
used to decrease the polarization time (currently approximately one hour), as well as
the polarization of other nuclei such as 29Si.
A number of research projects are ongoing,
and access to the DNP polarizer will
be made available through the MagLab
user program.
References
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Interested in applying for magnet time, but worried about the logistics of
child or adult dependent care? Trying to attend a meeting or conference, but
struggling to balance the trip with the demands of family life?
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Grants of up to $800 are available for
early career scientists to use for qualified
short-term, dependent-care expenses
incurred when traveling.
Early career scientists are undergraduate
or graduate students, postdocs and
scientists with fewer than 10 years of
active professional work since receiving
a Ph.D.
Applications are due the first of June,
September and November for travel
during the following six months.
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feature: helium recovery

Helium UPgrades Take Flight:
Recycling and Recovery System Providing Big Savings for MagLab

N

on-scientists may think of helium
as the party gas. Known for making
balloons float or facilitating the funny,
high-pitched voice used to entertain
guests, helium has played a starring role in
many a child’s birthday party.
But the party almost came to end
last year as politicians struggled to find a
solution to a helium shortage that was going to leave not just children, but medical
patients, industrial workers and scientists
in a lurch.
Helium Hype: A Bunch of Hot Air?
In 2013, there was concern about
whether the Federal Helium Reserve in
Texas would be shut down, leading to a
dramatic reduction of the global helium
supply. The Helium Stewardship Act of
2013 was passed in October 2013 extending operation of the reserve until
September 2021. But even with this new
legislation, as the year dwindled, people
worried that Macy’s famous Thanksgiving
Day parade would be grounded because of
helium hype.
The new legislation allowed continued access to the stored helium we
have, but helium itself is scare on Earth
compared with the abundance of the gas
found in the universe. As a non-renewable
gas, there is no way to manufacture it
artificially, and most experts warn that the
world’s helium supply could run out in
fewer than 30 years.
But is all of the hullaballoo over
helium really necessary? What would running out of helium mean?
Helium is a widely used gas across
medical, technical and scientific communities. Doctors use it to make MRI machines
work, machinists to do arc welding and scientists to conduct important new research.
Helium is used as a cooling gas for nuclear
reactors and supersonic wind tunnels and
for pressurizing liquid fuel rockets.
According to the U.S. Geological Survey Minerals Yearbook, cryogenics, or the

study of very cold temperatures,
comprises 26 percent of the nation’s helium consumption. That’s because helium is
great at making other stuff cold. It is also
the only material that remains a liquid
at absolute zero, which makes helium
great at filling in gaps around things like
superconductors.

Most experts warn that
the world’s helium supply
could run out in fewer than
30 years
At the National High Magnetic Field
Laboratory, helium is used to cool our
many superconducting magnet systems,
including the lab’s two flagship magnets
– the 45 tesla hybrid Guinness World Record holder and the 900 MHz Ultra Wide
Bore NMR magnet and is the substance
responsible for producing the lab’s unique,
ultra-low temperature research. Superconductivity only works in ultra-cold
environments, and helium can keep these
magnets operating at a cool minus 452
degrees Fahrenheit so they can produce
important research in the areas of materials development and biological analysis.
Going Green with Helium Gas
While helium can be reused, its
weight makes it extremely difficult to recapture. Weighing less than air, if helium
leaks, escapes or is released, it floats up
and away into our atmosphere. In fact, helium is so light that just the heat of the sun
causes the atoms to reach escape velocity
and boil away into space away from earth.
Starting in 2008, MagLab technicians
at the Tallahassee headquarters began
working on facility enhancements to
catch, clean and reuse this elusive gas.
Engineers at the UF branch had also
been working on a challenging campus-
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wide system since 2000 to meet needs of
researchers in three different areas
of campus.
“When we started this project, we
knew it was going to be a multi-year,
multi-million dollar effort,” said MagLab
Facilities head John Kynoch, “but we also
knew that it would result in immeasurable
savings in the long run.”
Once helium gas is used to cool a
magnet system or a sample, it needs to be
cleaned before using it again. To help the
lab recover and clean helium that has been
returned from our users, a large capacity
custom Linde Helium Gas purifier was installed in 2012. The high flow system can
take gas that is contaminated to 10,000
parts per million level and return pure
gas with only 1 part per million level of
contaminants.
“When this purifier was turned on,”
says Kynoch, “the lab went from using
one $20,000 helium trailer a week, to
one a month.” That’s a savings of around
$800,000 per year.
This purifier allows us to recover a
very high percentage of helium gas at a
high rate, a flow rate of around 18 grams
per second. This means that recovered
gas can be purified at the rate it is boiled
off when transferring into large magnet
systems. This ensures that the lab doesn’t
exceed the impure gas storage capabilities
and accidentally vent valuable helium gas
to the atmosphere.
Giant balloons known as helium
recovery bags hold 2,700 cubic feet of helium in gas form. That’s as much as 215,000
cans of soda! Once the lab captures the
helium in gas form, it has to convert that
gas into a liquid to make it useful for cryogenics again.
So the MagLab also invested in a
new helium liquefier, a Linde LR280, that
creates over 200 liters per hour of liquid
helium. To maximize the value of such a
powerful tool, a central distribution box
was installed, which allows the lab to con-

Beyond the helium efficiencies, the new
liquefier is also more energy efficient. The
old liquefiers used about $230,000 worth of
electricity per year, while the new liquefier
does the same work for only $60,000.
Laying a New Foundation for
Helium Recovery
The next step in the MagLab’s helium
hunt is to replace leaky recovery piping
that was installed during the lab’s original
construction. The philosophy when the
lab was constructed back in the 1990s was
that helium was a very low pressure, clean
gas, so inexpensive, basic materials, like
common PVC pipe, could be used for the
recovery system. In reality, the gas flowing
in this pipe is worth millions of dollars.
Every magnet user wants a stable, low
pressure recovery system. The new system will divide up the lab into 16 different
zones. Each zone will group two or three
labs that are in close proximity, so if the
pressure fluctuates in one zone, it will be
easy for the users to figure out what is going on. The new system will also allow the
Cryogenic Operations group to measure the
helium use in each zone and identify leaks
or groups in need of additional training.

This upgrade allows more
magnet time for users on
the 45 T hybrid.

MagLab staff at the Florida State University headquarters lay pipes for helium recovery.
nect the liquefier to multiple points in the
nearly 400,000 square foot facility.
“When we invested in the new liquefier, we had a master plan to connect it to
most of our large helium-cooled magnets,
Kynoch says.”
The cryogenic distribution box will
allow the liquefier to provide liquid helium and 10 K cooling loops for the 45 T

hybrid, series connected hybrid, and the
entire facility.
Just in the past few months, the liquefier was connected to the DC Field Facility’s
world-record 45 T Hybrid magnet, updating the 20-year-old liquefiers that were
previously connected to this magnet. This
upgrade allows more magnet time for users
on the highly sought after 45 T hybrid.

Borrowing from the successful recovery program at UF, MagLab technicians
are using a polyethylene pipe designed for
natural gas service. This pipe is flexible,
comes in 500 foot rolls to reduce joints
and can be installed underground. At the
end of 2013, 7,000 feet of piping had been
installed at the MagLab’s Tallahassee headquarters. During this next year, the lab
will connect this piping into the recovery
purifier and into the labs. Experts at the
MagLab are also are working to capture
helium from some existing equipment
that is currently not recovered. The resistive magnet cells, helium vacuum system,
several pumped systems and the NMR
and ICR magnets are top priority.
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The gas storage system at the Pulsed Field Facility holds 30,000 liters of helium gas
when full, which is equivalent to approximately 30 liters of helium liquid. Gas from the
bag is then compressed into the white cylinders to 2,000 psi.
Three Site Strategy for Savings
Beyond the two flagship magnet systems
in the Tallahassee headquarters, helium
plays a key role in keeping the worldrecord superconducting magnets running
at all three sites of the National High Magnetic Field Laboratory. As such, helium
recovery and recycling is also a three-site
issue, with upgrades taking place not just
in our Tallahassee headquarters, but at
the Pulsed Field Facility in Los Alamos

Helium plays a key role
in keeping the world-record
superconducting magnets
running at all three sites.
National Laboratory and our AMRIS and
High B/T Facilities at the University of
Florida in Gainesville as well.
In 2011, the Pulsed Field Facility at
Los Alamos National Laboratory installed

a pulse tube liquefier that produces about
100 liters of liquid helium per week. All
the pulsed magnet systems are connected
to a recovery bag that feeds the liquefier.
A new cryostat was also purchased,
installed and is now fully operational at
Pulsed Field Facility.
“Low loss cryostats were decreasing the consumption of liquid helium for
magnet systems in the Pulsed Field User
Facility,” said Jon Betts, Pulsed Field Facility User Director. “This new cryostat has
significantly improved the efficiency that
is required to offset the increasing costs of
liquid helium.”
A helium liquefaction system, transferred from the Tallahassee site, was also
installed in Los Alamos, with plans to be
fully operational in early 2014.
In 2013, a rebuild of the University of
Florida’s helium recovery system was completed. This system serves both the High
B/T Facility and the Advanced Magnetic
Resonance Spectroscopy and Imaging
(AMRIS) Facility, as well as the UF Phys-
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Helium tank farm at the University of Florida

ics and Chemistry Department, and the
College of Engineering.
According to a Nature article from
September 2013, the University of Florida
is known for having “one of the most
sophisticated helium recovery systems in
the country,” recovering 90 percent of the
helium used.
Capitalizing on a successful National
Science Foundation (NSF) Academic
Research Infrastructure - Recovery and
Reinvestment proposal to revitalize the
helium liquefaction and recovery system,
a new liquefier at UF now produces liquid
from pure helium gas at a rate of 80.7 liquid liters per hour and 73.4 liquid liters per
hour from impure recovered gas. The new
capability producing up to 120,000 liquid
liters annually should meet the projected
needs of both large- and small-scale users
across campus for the next 15 years.

Aug. 3-8, 2014

Panama City Beach

HMF21

High Magnetic Fields in Semiconductor Physics

Co-organized by the National High Magnetic Field Laboratory and Georgia Institute of
Technology, HMF21 will be a forum for interdisciplinary discussions, both theoretical
and experimental, on the electronic, optical and magnetic properties of semiconductor
and carbon-based structures and materials, with particular emphasis on research in
high magnetic fields.

Conference topics:
• Quantum Hall effect phenomena
• Graphene and carbon-based structures
• Topological phases of condensed matter
• Atomically thin 2D systems, surfaces,
and interfaces
• Quantum wells, dots and wires
• Bulk semiconductors and organic
conductors

• Magneto-transport and
magneto-spectroscopy
• Electron correlations and magnetic
field driven phases
• Spin-dependent phenomena and
non-equilibrium effects
• Novel phenomena and new techniques
in high magnetic fields

visit www.hmf21.org to learn more

AROUND THE LAB

OPEN HOUSE 2014
About 6,000 people came to this year’s MagLab Open House on Saturday, February 22nd. Visitors were
treated to more than 80 hands-on science demonstrations, self-guided tours, activities and the chance
to meet and talk with our scientists.

A visitor makes beautiful music playing the theremin. This
musical instrument is played by moving your hands near two
metal antennas – one that determines pitch and the other,
volume – at the popular “hands-off” experience demonstration.

Tie-dyed Director Greg Boebinger gets into the
action at the potato cannon.

Using multiple electromagnets, the impressive junkyard
magnet can lift up to 800 pounds with a flip of a switch!
With the use of a pulley and a switch, visitors were able to
turn on the magnet, lift the heavy load and then drop the
weight to crush water-filled containers below!
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A young visitor explores single
crystalline materials.

Visitors experience the joy of holding science in their hands at MagLab Open House!

Propeller games inside MagLab Jr. teach children about
force and motion.

Children construct fish of varying sizes from
putty to see the effects of mercury in the
marine food web.

Scientists use frozen flowers to explain how the MagLab
uses liquid nitrogen, a cryogenic substance, to keep
experiments super cold.
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Realizing the Berlin Magnet:
Challenges and Solutions
By Iain Dixon & Mark Bird

T

he MagLab is developing a novel 25
Tesla Series-Connected Hybrid (SCH)
magnet for the Helmholtz Centre Berlin
for Materials and Energy (HZB). This
new, conical-bore HZB magnet is for the
centre’s neutron-scattering facility. Figure
1 contains the layout of the HZB facility.
A monumental milestone in this
project, which began March 29, 2007, was
recently completed when the cold-mass
was shipped to Europe. The cold-mass,
shown in Figure 2, consists of a 13-T, 600mm bore, 5-ton superconducting coil and
all associated structure that will be at 4 K
during magnet operations. The superconducting coil is constructed from stateof-the-art Nb3Sn/Cu cable-in-conduit
conductor (CICC) (see MagLab Reports,
Fall 2011).
Since the beginning of the MagLabHZB collaboration, nearly 100,000 hours
have gone into the analysis, design,
development, and construction of the cold
mass. The superconducting coil and cold
mass are nearly identical in design to a 36
T SCH now being built for the MagLab.

The experiences gained from the HZB
project are being applied to the MagLab’s
SCH, which will thus be more efficient in
its design and construction.
When installed in Berlin, the magnet
system will be used to study the structure
and dynamics of materials, primarily
high-temperature superconductors. The
highest-field magnet for neutrons is 17 T in

Experiences gained from the
HZB project are being applied
to the MagLab’s SCH which will
thus be more efficient in its
design and construction
a 10° cone in Birmingham. The new HZB
magnet constitutes a 47% increase in field,
coupled with a 100% increase in solidangle values that are only rivalled by the
MagLab’s own 25 T split resistive magnet.
The intense field strength is produced by a
13 T superconducting coil and a 12 T resis-

Figure 1. SCH installation at the Helmholtz-Zentrum Berlin

Beam Line

tive coil set. The field from the resistive
coils has the potential to be increased to 24
T with an upgrade in the power supply and
chilled water systems.
Engineering challenge No. 1
The biggest challenge appeared in
CICCs tested in Europe that carried only
50% to 65% of their expected current.
This result contradicted about 30 years of
experience worldwide and posed serious
problems for both this project and the
ITER project.
The MagLab developed a new model
of the strain-state of Nb3Sn CICC resulting from thermal mismatch during
cool-down from ~950 K to 4 K as well as
applied Lorentz forces. This model, the
Florida Electro-Mechanical Cable Model,
was benchmarked against 40 CICC tests
and explained the poor performance of
the European CICCs as well as successfully predicted the performances of the
SCH CICC prior to their testing.
Niobium Tin v. Niobium Titanium
Most high-field superconducting
magnets employ Nb3Sn for the innermost
coils and less-expensive NbTi for the outer
coils. The SCHs for FSU and HZB take an
unusual Nb3Sn-only approach. If the outer
part of the Nb3Sn coil were removed and a
NbTi coil installed, the stress in the Nb3Sn
coil would be too high as, typical for large
Figure 2. Assembled cold mass for the
Helmholtz-Zentrum Berlin being off-loaded from
its vibration isolation platform/transport truck
at the cryostat manufacturer’s facility in Italy

25 T Magnet
Nuclear Reactor
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Figure 3. Cross-section of the CICC coil in
red, with the assembled magnet system

coils, the outer part of the coil provides
mechanical support for the inner part. To
comply with the stress constraints, the conduit wall-thickness in the Nb3Sn coil would
need to be larger and the overall system size
would be larger, eliminating the intended
cost-savings. A sectioned view of the coil
with its cryostat is shown in Figure 3.
A Paschen Condition
Because the CICC coil has supercritical helium pushed through the void
space in the conductor, there is no need to
have the coil immersed in a vessel full of
liquid helium during its operation. This is
unique to magnets that have been built at
the MagLab and presents a new challenge:
a Paschen condition.
In an off-normal state, a coil can be
discharged at high voltage while the cryostat contains a poor vacuum. If the coil
has inadequate ground-plane (exterior)
insulation, then a voltage discharge to its
surroundings could occur. To prevent
this, a high quality, low viscosity and cryogenically tough epoxy was used (the same
type as was developed in-house for the
Figure 4. Sample layer-to-layer ramp

Figure 5. Impedance of each layer of the
HZB CICC

900 MHz NMR magnet) for the windings
through a vacuum-pressure impregnation
process. A recipe of epoxy-glass-Kapton
was developed for other high-strain
components, and verification tests that
placed high voltage across the full coil in a
controlled atmosphere were performed.
Winding Challenges
The integrity of the internal insulation
is continually at risk of being damaged
during the winding process because of the
large disparity between the stiff CICC and
soft fiberglass wraps. Damage to the glass
is most likely to occur at the layer-to-layer
transitions. This was mediated by building customized ramps at each transition.
They consist of a stack of copper laminations that are shaped to fill the turn void
space and stepped at one end to form a
ramp. They are nickel-plated to prevent
oxidation during reaction heat-treatment
of the coil and are fully insulated at the
end. A partially insulated constructed
ramp is shown in Figure 4.
Early detection of an electrical
short that may develop during winding
is extremely important, especially for
CICC coils that have limited unwinding
capability. For this challenge, techniques
in measuring the winding’s impedance
from 1 Hz to 10 kHz were developed.
Measurements were taken of each layer
after winding. Comparisons were made to

check if deviations in the coil’s impedance
could be detected as the coil grew in size.
An example of the impedance signature of
each layer is shown in Figure 5.
Helium inlets and outlets are connected to each end of every winding layer.
This basically consists of milling a slot in
the CICC and welding a specialized tube
fitting to it. The challenge is to not create
a stress concentration that will produce
a crack due to fatigue (up to 0.13% strain
in this case). Analysis prescribed a
minimum acceptable fillet size joining the
penetration, and welding techniques were
developed to make them. Thorough testing of samples was performed to qualify
the process.
This coil contains five lengths of
conductor, thus 10 leads enter/exit the
winding pack. At the transitions where the
leads exit the windings, there is a break in
the hoop load-path that is normally taken
by a turn of conductor. For this coil, the
force on one conductor turn can reach up
to 54 kN (12,000 lbf). If steps are not taken
to prevent it, the load will transfer into the
epoxy, creating high tensile bond stresses
and likely cracking. This challenge is met
by the use of anchors at the termination
leads and ties between the splice leads.
Ramping & Joints
Being constructed of CICC, this
coil will be able to be ramped relatively
quickly (13 T, 20 kA in <30 minutes). The
downside is that the inductive voltage
that appears during ramping would mask
a developing quench voltage, making
protection difficult. This is remedied by
co-winding the CICC with a small, insuFigure 6. Co-wind wire wrapped over cloth layer
and in cusp
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Figure 7.
CICC coil with
mandrel slotted
(left) and mandrel
removed (right)

lated stainless steel wire. This “co-wind”
wire will have an inductance similar to the
winding pack and will be used to electronically subtract out the coil’s inductive
voltage and thus yield a more sensitive
measurement. The co-wind wire is visible
in Figure 6 as it is being wound into the
cusp formed by the conductor turns.
The challenge is to create a low
resistance joint with helium cooling that
is leak tight. The technology developed
here sinters the Nb3Sn strands of adjacent
piece-lengths together to form a 0.1 nW
resistance connection and fully encases
them in a stainless steel box.
Heat Treatments, Epoxy & Moving
The large size of the coil presented a
major challenge in obtaining a uniform
temperature during the its reaction-heat
treatment. To mitigate the problems that
could occur, a thermocouple was cowound along with the conductor to be able
to measure the temperature at the deepest
point within the windings. This diagnostic
feature proved to be critical to temperature
control during the process.
Another solution for keeping the coil
compact follows the epoxy impregnation
step. The winding mandrel, which is a 38

mm thick stainless steel cylinder, is removed through a sophisticated machining
operation. The mandrel is sectioned into
six pieces and individually removed. The
process is shown in Figure 7.
One final challenge is the need to have
the coil maintain contact to one of its end
flanges at all times during normal operation. (The magnetic interaction with the
resistive coils could create instability in its
positioning.) This is done through the use
of Belleville spring washers and pressing.
During assembly of the cold mass, the
coil is sandwiched between end flanges,
with several sets of springs placed between
one coil end and its end flange. The assembly is prestressed with a hydraulic ac-

tuator to 250 kN and then the flanges are
locked in place via a thin welded bore tube
and a series of tie rods. The springs allow
compression to continue as a gap develops
between the coil and end flange when the
coil shrinks from cool-down and magnetic
loading. Figure 8 shows the compression
of the coil in preparation for welding of
the bore tube to the end flanges.
After the MagLab’s successful fabrication of the coil and assembly of the cold
mass, the system was transported to the
cryostat vendor (Criotec Impianti) in
northern Italy. While it was there, the
cryostat was assembled around it, as
shown in Figure 9.
After assembly of the primary components (thermal shields, MLI, and vacuum
vessel) it was again transported to a temporary assembly hall at the HZB. In this
hall, the system will be rotated to have the
magnet axis horizontal and the remaining
aspects of the cryostat assembled including the attachment of the HTS leads. After
insertion of the resistive coils and connection of the final subsystems, cool-down and
initial magnet operations will commence.

Figure 9. Lowering of the vacuum vessel over the CICC coil, which is covered in MLI

Figure 8. Compression of the cold mass
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MagLab News
HONORS & AWARDS
Oxford Instruments named MagLab physicist
Chiara Tarantini the 2014 winner of its Lee
Osheroff Richardson North American Science
Prize. Tarantini has been studying a wide range
of high field superconductors at the MagLab’s
Applied Superconductivity Center, focusing on
finding ways to make superconducting
materials useful for high field magnets. Tarantini was presented with
the prize at the American Physical Society March Meeting in Denver.
Kelly Pawlak & Sam Greer were awarded a
2014 NSF Graduate Research Fellowship. The
National Science Foundation’s Graduate
Research Fellowship Program (GRFP) helps
ensure the vitality of the human resource base
of science and engineering in the United States
by recognizing and supporting outstanding
graduate students in NSF-supported science,
technology, engineering, and mathematics
disciplines. Greer is carrying out his PhD work
under joint guidance of Prof. Stephen Hill in
Physics and Prof. Michael Shatruk in Chemistry
and Biochemistry and Pawlak has been working
with theoretical physist Oskar Vafex.
Helen J. Cooper, former Scholar-Scientist
from 2000-2003 in NHMFL’s Ion Cyclotron
Resonance Program, and currently Professor in
the School of Biosciences at the University of
Birmingham in England, has been awarded an
Established Career Fellowship from the U.K.
Engineering & Physical Sciences Research
Council. The Fellowship is designed to “support world-leading
individuals who are delivering the highest quality research to meet UK
and global priorities,” and includes funds to support her future use of
NHMFL Fourier transform ion cyclotron resonance mass spectrometry
facilities. Cooper’s research focuses on proteomics particularly
post-translational modifications, determined by mass spectrometry.
Luis Balicas received a 2014 FSU Distinguished University Scholar award. This award
honors the work of exemplary and creative
researchers who are not tenured or tenure
seeking. Balicas is a Condensed Matter Scholar/
Scientist who has been with the MagLab since
1999. He was recently named a fellow of the
American Physical Society for his work on unconventional superconductors, heavy fermion materials and frustrated magnet systems.

Director of the Applied Superconductivity
Center David Larbalestier was named a
fellow of the National Academy of Inventors.
Larbalestier is widely recognized as one of the
principal leaders in the development of high
field superconducting materials and was among
143 innovators selected as fellows for demonstrating “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.”
Scott Crooker, a member of the MagLab’s
Los Alamos team, has been named a fellow of
the Optical Society of America. This accolade is
reserved for those who have served with
distinction in the advancement of optics and
photonics. His work in the area of magnetooptical spectroscopy lead to a recent paper in
Nature Materials on magnetizing a material using light.
Yoonseok Lee, an NFMFL-affiliated faculty
member at the University of Florida, is the
recipient of the Japanese Society for the
Promotion of Science (JSPS) Invitation Fellowship. This program is designed to enable
Japanese researchers to invite their foreign
colleagues to Japan to participate in cooperative work and other academic activities. Lee is visiting Tokyo Institute
of Technology and Kyoto University in 2014. Lee was also elected a
2013 APS Fellow nominated by the APS Division of Condensed Matter
Physics “for high-precision ultrasound measurements in quantum
liquids, and discovery of the acoustic Faraday effect and broken
spin-orbit symmetry in superfluid 3 He-B.”
Peter Hirschfeld has won the 2014 SEC
Faculty Achievement Award. These annual awards
recognize faculty members from an SEC university who have demonstrated outstanding records
of teaching, research and scholarship. He is now
qualified for the SEC Professor of the Year award.
NHMFL-affiliated faculty Dmitrii Maslov has
been selected as a Stanislaw M. Ulam Distinguished Scholar by the Center for Nonlinear
Studies at Los Alamos National Laboratory. The
Ulam Scholarship is a highly selective annual
award that enables a noted scientist to carry
out research in residence at the Center for
Nonlinear Studies. Maslov plans to spend the fall of 2015 and part of
the summer of 2016 at Los Alamos.
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MagLab News Continued
The International Electron Paramagnetic Resonance (EPR) Society
has awarded their Silver Medal for Instrumentation to MagLab-ers
Johan van Tol and Stephen Hill. Both are members of the
lab’s Electron Magnetic Resonance (EMR) Facility: Johan van Tol is
research faculty and Stephen Hill is the director.

The NHMFL team responsible for achieving the 100.75
tesla non-destructive pulsed field record were recognized
with a LANL Distinguished Performance Award. Acknowledging that
this achievement could have profound impact, the 40-person
“Science Above 100 Tesla” team were recognized, not just for being the
first researchers to achieve that field, but also for successfully
conducting measurements on eight samples for Pulsed Field Facility
users from around the world.

John Sarro, former MagLab scientist who
worked with Zach Fisk, was awarded the 2013
Ernest O. Lawrence Award in Condensed Matter
and Materials Sciences. The award is given out
by the U.S. Department of Energy and honors
scientists for exceptional contributions in
research and development.
The MagLab was a part of an exciting new grant in partnership with
the Physics Department at Florida State University (FSU) to establish a program to bridge students from UnderRepresented
Minorities (URMs) in Physics to a PhD program at FSU or
elsewhere. The goal of this bridge program is to admit additional
URM students into a two-year Master of Science (MS) program, with
the first year providing research experience and advanced undergraduate course work, and the second year providing additional
research experience and graduate-level course work. Students
would be awarded a thesis-based MS degree upon completion of
the program, and should qualify for admission into any physics PhD
program in the US.

USERS:
MagLab user and member of External Advisory
Committee Philip Kim was recently awarded
the 2014 Oliver E. Buckley Condensed Matter
Physics Prize for his discoveries of unconventional electronic properties of graphene.

Christopher Reddy, a frequent MagLab user
in the Ion Cyclotron Resonance facility,
received the 2014 C.C. Patterson Award for his
analytical and scientific contributions to
organic geochemistry.
Agilent Technologies awarded the 2013 Russell
Varian Prize for Innovation in NMR to Lucio
Frydman, MagLab Chief Scientist for Chemistry & Biology. This prize is awarded based
on a single innovative contribution that has an
important impact on NMR. Frydman won for his
2002 paper, “The Acquisition of Multidimensional NMR Spectra within a Single Scan,” which introduces a unique
technique for recording multidimensional NMR spectra in a single
scan, and describes the theoretical basis and experimental realization of this ultrafast NMR methodology.
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King’s College in Cambridge research fellow
and MagLab user Suchitra Sebastian was
awarded the L’Oréal UK & Ireland Fellowship
For Women in Science 2013. This award honors
talented female scientists and provides them
with fellowships to continue their research.
Sebastian was recognized for her work on the
next generation of superconductors.

Coming & Going
Joanna Long has been appointed Associate
Laboratory Director and co-Principal Investigator of the MagLab. Serving as the head of the
MagLab’s Advanced Magnetic Resonance
Imaging and Spectroscopy (AMRIS) user
facility, Long is an associate professor in
biochemistry and molecular biology at the
University of Florida.
Tim Murphy has been named the new director
of the DC Field Facility at the National High
Magnetic Field Laboratory. Murphy has worked
at the MagLab since 1994 helping users with
experiments at low temperatures. Most recently,
he served as the chief of the lab’s Millikelvin
Facility, overseeing the operation of experiments
at 7 thousandths of a Kelvin above absolute zero.
A fixture in the NHMFL electronics shop for
nearly 20 years, Lee Bonninghausen
retired from the MagLab in November 2013.
Bonninghausen was instrumental in the both
the maintenance and upgrades to the
MagLab’s large DC power supplies. He also
constructed many custom electronic instruments for MagLab users and staff. Bonninghausen’s knowledge and
insight into the world of electronics enabled the MagLab to continue
to push the frontiers of science.
Tim DeGraff departed the laboratory in
November 2013 to take a position with Airgas
in Chicago. For over 5 years, DeGraff was part
of the Cryogenic Operations Group that keeps
the MagLab’s helium liquefiers humming and
operates the 45 T hybrid magnet. DeGraff
worked extensively on the large-scale infrastructure upgrades that accompanied the installation of the new
turbine liquefier.
Matt Barrios joined the MagLab in September 2013 to lead the Cryogenic Operations
Group. Matt earned a Ph.D. in cryogenic
engineering in 2011 at Florida State University
under the direction of Steve Van Sciver and
was most recently a postdoctoral researcher
at the Facility for Rare Isotope Beams at
Michigan State University. Matt will direct the Cryogenic Operations
group as the new turbine liquefier is connected to the 45 T hybrid
and the Series Connected Hybrid.

Scott Riggs joined the MagLab in May as a
User Support Scientist in the DC Field Facility.
Scott will be developing thermal measurement
capability for the resistive and hybrid magnets.
Scott received his Ph.D. in 2010 under the
direction of MagLab Director Greg Boebinger.
For the past two years, Riggs was a postdoctoral research associate at Stanford University with Ian Fisher studying
nematic susceptibility in iron arsenide superconductors and correlated
electron materials.
Previously serving as the DC Field Facility Coordinator, Anke Toth
is the new User Services, Chief of Staff. Toth replaced Kathy Hedick
after her retirement in August and is responsible for the management
of the MagLab’s entire user program. Renee Hinkle Luallen
replaces Toth as the new DC Field Facility Coordinator. Joining the
lab from the Florida Department of Education, Luallen brings a mix
of fiscal and project management experience. In her new role, she is
responsible for DC Field Facility magnet scheduling and user support.

Two new postdocs have joined Tim Cross’s Nuclear Magnetic Resonance (NMR) group: Tzu-Chun (Tony) Tang joined the lab last November from Prof. Steven O. Smith’s group at SUNY Stony Brook, and
Victoria Mooney joined my group after completeing her doctorate
with Prof. Kurt Zilm and Prof. Elsa Yan at Yale University.

Bianca Trociewitz is a new Research
Engineer in the Electronic Magnetic Resonance
(EMR) staff. Trociewitz was previously a
Scientific Research Specialist at the Center for
Advanced Power Systems and a CAD technician at Moore Bass Consulting.
Thierry Dubroca is a new Postdoctoral Associate in EMR. With a Ph.D. in Materials Science
and Engineering from the University of Florida,
Dubroca is playing an important role in the
lab’s new DNP efforts.
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William (Bill) Moulton
Bill Moulton passed away on December 22, 2013, but his
important contributions to condensed matter physics, low
temperature studies, highly correlated electron systems, nuclear
magnetic resonance and the MagLab will live on.
With a Ph.D. from the University of Illinois, Moulton founded
the experimental Condensed Matter Physics program at Florida
State University (FSU) in 1965. In the 1980s, he led an effort to
increase the emphasis on condensed matter physics at Florida
State culminating in the formation of the Center for Materials
Research and Technology (MARTECH) in 1985.
As the center’s founding director, Moulton hired Jack Crow, who
later partnered with Don Parkin of Los Alamos National Laboratory
and Neil Sullivan of the University of Florida to write a proposal
to locate the National High Magnetic Field Laboratory at FSU. The
lab was awarded to FSU in 1990, making Moulton a “grandfather”
of the MagLab and a key to its success.
Until the summer of 2012, Moulton continued to have a strong
connection to the MagLab, both as a researcher and co-PI on
grants. Moulton continued to teach undergraduate level courses
throughout his career and, even after he stopped teaching,
Moulton continued to mentor students and excite new generations
of scientists about the field. In addition to his students, his legacy

also lives on in his more than 100 publications, including those in
prestigious journals like Physical Review Letters, Journal of Physics and Chemistry of Solids and Nature.

“His enthusiasm for science was truly infectious and inspirational. Bill was a true friend and colleague to all who knew him,
and he will be missed greatly.” - Eric Palm, MagLab associate director

“Bill was great physicist, friend and mentor. His strong passion for physics inspired everyone whose lives he touched. He believed
nothing is impossible and made things happen.” - Arneil Reyes, Mag Lab physicist

“Bill was a devoted physicist, and long after he retired, you would still see him in the lab as an experimentalist.
He always had ideas to share.” - Penny Gilmer, FSU professor and MagLab scientist

One of Dr. Moulton's greatest achievements was a demonstration that NMR can be performed in the resistive magnets.
He wrote the chapter “High Magnetic Fields: Science and Technology” in Herlach and Mura's Nuclear Magnetic Resonance
in Solids at Very High Magnetic Field. Some of his featured research includes:
13C NMR and Relaxation Studies of the Nanomangnet Mn12-acetate (Physical Review B, 64, 064420) published in July 24, 2001.
Spatially Resolved Electronic Structure Inside and Outside the Vortex Core of a High Temperature Superconductor (Nature, 413, 501) with collaborators Mitrovic, V.F.; Sigmund, E.E.; Eschrig, M.; Bachman, H.N.; Halperin, W.P.; Reyes, A.P.; and Kuhns, P published in 2001.
Evolution of the Spin State Transition with Doping in La1-xSrxCoO3 (Physical Review B, 86, 054428) with collaborators Smith, R.X.; Hoch,
M.J.R.; Moulton, W.G.; Kuhns, P.L.; Reyes, A.P.; Boebinger, G.S.; Zheng, H. and Mitchell, J.F. published in 2012
High Field Suppression of In-Gap States in the Kondo Insulator SmB6 (Physical Review B, 75, 075106) with collaborators Caldwell, T; Reyes,
A.P.; Hoch, M.J.R.; Kuhns, P.; Moulton, W.G; Schlottman, P. and Fisk, Z., published in 2007
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