Where are they now?

Volume 18 No. 1 • Spring 2011

outreach team tracks REU
participants PAGE 27

We want YOU...
to provide user input
PAGE 31

Superconductivity
turns 100
progress & pitfalls PAGE 21

Sweet Success:
Ten years of hybrid magnet research
PAGE 7

TABLE OF CONTENTS

2

3
23

7
4

R E GU L A R F E AT URE S

3

DIRECTOR’S DESK

4

CONFERENCE REPORT

5
31

1

by Gregory Boebinger
Gor'kov symposium fêtes
a physics legend
PPHMF-VII draws lively,
dynamic crowd

USER SCIENCE
Using resistive magnets to
artificially create gravity

USER CENTER
How to provide renewal
proposal input

MAG LAB REPORTS Volume 18 No. 1

R E SE AR CH STOR IE S

7
16
19
21
23

THE 45 T TURNS 10
Looking back and ahead for the
lab’s most innovative research tool

NUTS & BOLTS
The creativity & challenges behind
45 T construction
A bibliography of 45 T research

100 YEARS OF SUPERCONDUCTIVITY
ASC Director David Larbalestier on
a century of science

OPTICAL MICROSCOPY
Davidson group explores subtleties
of cell adhesions

27
Volume 18 No. 1 • Spring 2011
PUBLISHED BY
The National High Magnetic
Field Laboratory
1800 East Paul Dirac Drive
Tallahassee, FL 32310-3706

33
On the cover
A cross-section and overhead
view of the 45 T’s magnet body.

PHONE NUMBER
(850) 644-0311
FAX NUMBER
(850) 644-8350
MAGNET LAB DIRECTOR

Greg Boebinger
ASSOCIATE DIRECTOR

Brian Fairhurst
DIRECTOR OF PUBLIC AFFAIRS

Susan Ray
EDITOR

Amy W. Mast
PHOTOGRAPHER

Dave Barfield
GRAPHIC DESIGNER

Liz Vernon

A RO UND T HE L AB

27

PATH TO SCIENCE

29

BRIEFS

Research experience influence
undergrad career choices
New APS Fellows, Mag Lab
scrap art, and more

33

SCIENCE STARTS HERE

34

UPCOMING CONFERENCE

Magnetic Resonance alum
Pete Thelwall
EP2DS 19 & MSS 15

This document is available in
alternate formats upon request.
Contact Amy Mast for assistance.
If you would like to be added to
our mailing list, please write us
at the address shown above,
call 1(850) 644-1933,or e-mail
winters@magnet.fsu.edu.
The MagLab is supported by the
National Science Foundation and
the state of Florida.

www.magnet.fsu.edu
MAG LAB REPORTS

2

DIRECTOR’S DESK by Greg Boebinger

Symposium highlights a great physicist

ABOVE Reknowned physicists Lev Gor’kov (right) and David Pines have a private conversation at the symposium held in his honor.
RIGHT One of Gor’kov’s colored pencil sketches, titled “The Tea Party,” completed in 1981.
Lev Gor’kov is universally acclaimed
for his seminal contributions to the theory
of superconductivity and the theory of
metals, for his pioneering work on low
dimensional organic materials, and more
generally for his groundbreaking achievements in developing modern theoretical
methods for quantum many-body systems.
One of the founding members of the
Magnet Lab community, Lev belongs to the
last generation of scientists who directly
experienced the mentorship of the legendary Soviet theorist Lev Davidovich Landau,
whose superb contributions to physics
reflect the unique style and profound originality of the famous Landau School.
This past December, nearly 100 of
Gor’kov’s colleagues, family and friends
gathered at the Hotel Duval in Tallahassee to celebrate Gorkov’s contributions
to physics…and his 81st birthday, as
well. (We would have celebrated Lev’s
80th birthday, but it took us about a year
to convince the famously private man.)
Guests came from as far as Germany, Russia and France for the fête.
The event also offered a rare glimpse
into the mind and private world of one of
our greatest living scientists, as very few
people are aware of Lev’s artistic endeavors. Many examples of Lev’s art, most of
which had never been seen outside his
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home, were presented at the symposium.
The whimsical characters depicted in
his drawings often first appeared alongside
mathematical equations, and then, as time
allowed, migrated to larger sheets of Whatman’s paper. His favorite drawing tools are
black ink with colored pencils, pastels or
watercolors, and, occasionally, oil.
Some of the characters may have been
created to entertain his children. Others
sprang forth from more mysterious places;
Lev has never answered questions about
what he drew or why he drew it, and the
meanings are not as transparent as the
various terms in the Gor’kov Equations.
Of particular interest were the playing
cards illustrated with caricatures of Lev’s
many famous colleagues.
As an ex-Bell Labs scientist, I was
reminded that we are all products of our
professional training — you can take the
scientist out of Bell Labs, but you can’t take
the Bell Labs out of the scientist. And while
both the Landau Institute and Bell Labs
have been overtaken by events much larger
than physics, the world is much the poorer
as a result. How these laboratories functioned to produce great science is a critically important piece of the “So You Want to
Make Great Science” puzzle. And whereas
Bell Labs was self-contained within its
own walls, it serves in my mind as a useful
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model once adapted to the no-walls nature
of the MagLab and its user program.
But whether or not the community
has walls, it requires competition, communication, and collaboration to function
optimally. This year, the Magnet Lab is
pulling together input from the user community and beyond for its next five-year
renewal proposal. Details for reviewing
and editing existing, rough-hewn, and
occasionally very-draft y content can be
found on page 31 of this issue. After all, it
is user input that has given us the 10 years
of unprecedented scientific productivity of
the 45-T hybrid magnet (page 7 this issue)
as well as the mandate to develop the 25-T
split coil magnet now being bolted into
magnet cell 5 for its mid-2011 debut.
As we develop the renewal proposal,
an event like the “Lev-Fest” provides an
opportunity to reflect on the scientific
needs of the user program assets who walk
in and out the door on a daily basis. It is
important that we hear from you.
Rock ‘n’ roll,

Gregory S. Boebinger, MagLab Director

Balance of theory and experiment leads
to lively exchange of ideas at PPHMF-VII
by Dragana Popovic, Conference Chair
The seventh conference on Physical Phenomena at High
Magnetic Fields was held in Tallahassee from Dec. 4 to 8, 2010.
PPHMF-VII brought together more than 150 experts from 17
countries for discussions on a wide range of topics in condensed
matter science and technology in which magnetic fields play an
important role.
Participants were greeted at the opening reception at the
Tallahassee Garden Center on the evening of Dec. 3. Florida State
University Vice-President for Research Kirby Kemper welcomed
them the next day at the newly renovated FSU Turnbull Conference Center, marking the start of the scientific program. The
program consisted of 80 invited and contributed talks, and about
40 posters presented in two poster sessions, with a lively exchange
of ideas in and out of the sessions.
The choice of topics was driven largely by recent Magnet
Lab user research and by the abstracts submitted by conference
participants. For example, new topics presented at PPHMF-VII
included excellent overviews and presentations of the latest results
on graphene — a vigorous high magnetic field research area that
led, after only a few years, to the 2010 Nobel Prize in Physics.
New topics also included other Dirac materials and topological
insulators, as well as pnictides, a new class of high-temperature
superconductors. Cuprates, the “original” high-temperature superconductors, which continue to be a major research area, were
well-represented with discussions on quantum oscillations and
other recent results in both hole- and electron-doped materials.
The sessions on quantum magnets and frustration, and on
novel, unconventional magnetic states, covered topics ranging
from the intriguing behavior of spin ices to topologically nontrivial spin textures. Novel results were reported also on the
traditional PPHMF topics, such as heavy fermions, Fulde-FerrellLarkin-Ovchinnikov state, quantum Hall effect, semiconductors, interfaces and other low-dimensional materials, molecular
systems, and quantum fluids and solids.
A special session was devoted to the presentation of several
experimental techniques adapted for use in high magnetic fields.
In another session, brief talks were given by representatives of the
world’s leading high magnetic field laboratories to describe their
facilities and experimental techniques, and to introduce conference participants to the highlights of their poster presentations.
Compared to previous conferences in this series, PPHMF-VII featured greater balance between experimental and theoretical talks
to encourage discussions of the most recent experimental findings
in the context of the latest theoretical ideas.
PPHMF-VII coincided with one of Tallahassee’s most cherished community events: The Winter Festival. This celebration of
lights, music and the arts took place the evening of Dec. 4, and
gave visitors a feel for the community and its Southern hospitality. The next day, conference participants went to Wakulla Springs
State Park for a boat tour, followed by the visit to Mission San Luis

ABOVE Scientists at this past December’s PPHMF-VII conference.
for a taste of local history. A local bluegrass ensemble provided a
background for the dinner at the Mission. The after-dinner speaker was Magnet Lab Director Greg Boebinger, whose talk on “Tallahassee Technology: From the Mission to the Mag Lab” focused
on the past 10 years of technology-relevant research performed at
the Magnet Lab. The conference banquet, held at the Hotel Duval
on Dec. 7 and accompanied by a jazz duet, was followed by Albert
Migliori’s talk on the science challenges of energy storage. The
conference ended on Dec. 8 with a tour of the Magnet Lab and a
barbeque.
The PPHMF series started in 1991, when the first conference
was held to celebrate the award of the National High Magnetic
Field Laboratory to Florida State University, University of Florida
and Los Alamos National Laboratory. The inaugural conference
was held in Tallahassee, with subsequent meetings held in 1995
and 1998 in Tallahassee; in 2001 in Santa Fe, New Mexico, with
an Anniversary Symposium honoring J. Robert Schrieffer; in
2005 in Tallahassee; and in 2008 in Tallinn, Estonia. This year’s
PPHMF-VII was chaired by Magnet Lab/FSU scientist Dragana
Popović, and it was preceded by a symposium honoring Lev P.
Gor’kov. In addition to the Magnet Lab and FSU, conference
sponsors included LakeShore Cryotronics Inc., Linde Cryogenics
and Oxford Instruments. More details about the conference can
be found at http://pphmf2010.magnet.fsu.edu. The next meeting
in this series, PPHMF-VIII, is planned for December 2013.
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USER SCIENCE: DC FIELD

Probing the force sensitivity of swimming
micro-organisms with intense magnetic fields
by James M. Valles, Jr. and Ilyong Jung
Department of Physics, Brown University

The intense magnetic fields available
in the resistive magnets at the Magnet Lab
offer experimentalists unique approaches
for mechanically probing biological systems. While the typical organic materials
that make up cells and tissues are diamagnetic, magnetic fields in excess of 10 tesla
(t) can exert torques that produce visible
alignment of cell structures. The forces
produced by inhomogeneities in the field
that can reach 4700 T2-m-1 are more than
sufficient to levitate biomaterials such as
frogs and their embryos. Valles’ group
works to harness this non-contact method
to apply forces and torques to investigate
mechanical processes in cells and their
constituents. The group’s most recent
work focuses on how the protist, Paramecium, which is commonly found in ponds,
adjusts its swimming when subjected to
magnetic forces comparable to the mechanical forces it nominally encounters.
The ability of cells to sense and transduce forces impacts a range of important
biological processes including osmotic
pressure regulation, organ formation in
embryogenesis and hearing. While many
force-sensing mechanisms have been
elucidated others remain mysterious. Evidence for an exceptionally sensitive force
transduction mechanism is exhibited by a
number of unicellular micro-organisms as
they swim in earth’s gravity. For example,
Paramecium caudatum, a ciliated protist, fights its tendency to sediment as it
swims.1 It exerts a stronger propulsive
force when it swims upward than when it
swims downward. This sensitivity to its
apparent weight force (~80 pN) suggests
that paramecia sense differential pressures
< 0.1 Pa that are orders of magnitude
below the threshold pressures necessary
for activating known mechano-sensing
processes.

5

To probe this mechano-sensing, they
are investigating how the geometrical and
temporal characteristics of paramecia’s
swimming trajectories respond to changes
in their buoyancy. These dependencies will reflect properties of their force
transduction network that can constrain
models of their operation. They employ a
technique that they recently developed2,
Magnetic Force Buoyancy Variation
(MFBV), which allows for continuous
variation of a cell’s buoyancy without
altering the chemical properties of its surrounding medium.

MFBV relies on a difference between
the magnetic susceptibility of a Paramecium, χ p and the solution in which it
swims, χs . In an inhomogeneous magnetic field, B(z), as shown in Figure 1, the
apparent weight of a paramecium is:

w = (ρP – ρS )g –

(χ P – χ S ) dB
B
dz
μ0

where the first term is the normal buoyant
force that depends on the difference of the
Paramecium and solution densities and
the second term is the magnetic force effect on the buoyant force. We characterize

FIGURE 1. Magnetic Force Buoyancy Variation. On the left is a cutaway view of a solenoid generating a magnetic field, B. Within the solenoid is a paramecium immersed
in a solution that has been doped with paramagnetic impurities (eg. Gd-DTPA). The
plot shows the magnetically simulated gravity, fgm as a function of position along the
bore of the magnet. The strong variation in fgm comes from the variation in BB'. In
its present position, the paramecium experiences a simulated gravity of fgm = 4g as
indicated by the arrow.
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FIGURE 2. Swimming in Magnetically Simulated Variable
Gravity. (a-c) Tracks and swimming speed histograms (d-f) of
upward (green) and downward
(orange) moving paramecia in
simulated -4 g (a,d), 0g (b,e),
and 4 g (c,f). Notice the relative
lengths of the up and down
tracks and the relative positions
of the distributions in the histograms. In simulated inverted
gravity (-4 g) upward swimmers
are faster than downward swimmers. This ordering inverts in 4
g. Bar = 500μm.
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the changes in buoyancy by an effective
gravity,

fgm = g –

Δχ
BB'
μ0Δρ

Thus, the effective buoyancy of paramecia
can be varied by changing the magnetic field.
The efficacy of MFBV can be seen in
Figure 2 where the distribution of swimming speeds of paramecia subjected to
fgm= -4 g, 0 g and 4 g are compared. Notice
that swimmers moving against their apparent weight force move more slowly. The
speed difference between swimming with
and against the apparent weight, however, indicates that the paramecia propel
themselves with a 20% greater effort when
fighting the force. This result, which is in
accord with centrifugation experiments, is
an example of a biological response elicited
by a magnetic perturbation.
In recent studies of how the trajectories of individual swimmers respond
to force changes, we have watched their
behavior near surfaces that are perpendicular to the apparent weight. The idea
is that a swimmer experiences an abrupt
change in force when it reverses its direction at such surfaces. While these studies
are ongoing, we have already observed

some counter-intuitive behavior. It appears that paramecia tend to get trapped
at surfaces that they swim into against
their apparent weight force. This tendency
can be observed in two videos on YouTube (search for “Paramecium Bouncing
Experiment”). When the apparent weight
force is downward the paramecia collect
at an upper surface. When the apparent
weight force is upward, they do not collect
on the upper surface. Further studies of
this phenomenon can add to the continuing discussions of how swimming microorganisms interact with the many surfaces
in their environs.
We gratefully acknowledge the support
of NSF through grant number PHY0750360.
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LEFT: Steve Van Sciver, top left, looks on as (clockwise)
Keith Bartholomew, Vick Danart, Scott Welton, Scott
Maier, and Willie Nixon implement a portion of the 45
T’s installation.
BELOW: Some of the dozen of 45 T magnet project
members enjoy a cold one at the project’s completion.
BOTTOM: Jerry Kenney assembles the superconducting
outsert.

Hybrid Science

10 years and still going strong
A decade after its debut, the Magnet Lab’s world-unique 45-tesla (T)
hybrid magnet user community has produced varied and compelling research,
earning its place as the lab’s flagship research destination. Though other facilities have tried to match this technological wonder in design and research
productivity, the hybrid’s 45-T continuous field is still by far the largest DC
field available anywhere in the world. by Eric Palm, Director, DC User Program
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COVER FEATURE: 10 YEARS OF 45-T SCIENCE

In December 1999, when the Magnet
Lab’s Jim Brooks collected the 45’s very
first data, the magnet design team and scientists could only hope for the productivity it’s since demonstrated. Nature, Nature
Physics, Physics Review Letters, Science,
and PNAS have published 47 submissions
on 45 T-powered research since then.
Over the magnet’s 10 years of operation, research enabled by the hybrid has
shed new light on some of condensed matter physics’ most puzzling phenomena,
including high-temperature superconductivity, the quantum Hall effect, Bose-Einstein condensation, and much more.
The hybrid is so much more than an
engineering marvel: It was designed with
the end user in mind, a design strategy
that greatly complicated the cryogenics
infrastructure for the magnet, a one-time
and hidden complexity that enables user
experiments that are easy to perform and
efficient.

a.

b.

Rich physics right off the bat
The first experiment conducted was
a measurement of the Shubnikov de Haas
effect in the organic conductor α-(BEDTTTF)2KHg(SCN)4. This material is one of
the canonical “ET-salts” that exhibit very
clean electron transport limited primarily to two dimensions. These systems
often exhibit a rich phase diagram at high
magnetic fields and, indeed, the hybrid
measurements evidenced a phase boundary between a high-temperature state and
a low-temperature, high-field state. The
phase diagram at right shows that this
phase boundary oscillates with the SdH
measurement, indicating that the high
field state could be a charge density wave
state with two different sub-phases. It is
worth noting that in these first experiments the hybrid field was limited to 43
T. Fields to 46 T were generated using
Dysprosium pole piece flux concentrators,
netting an additional 3 T.
Over the years, hybrid users have
conducted many experiments on organic
single crystals in the hybrid. One of the
most qualitatively striking findings is a
field-induced-superconducting (FISC) state
in λ-(BETS)2FeCl2, such that the system
only superconducts when placed in a magnetic field between ~25 T and 45 T.

FIGURE 1. Quantum oscillations in the organic conductor (ET)2KHg(SCN)4. The lower
graph demonstrates the phase transition between the normal charge density wave
state and a new field driven charge density wave state in (ET)2KHg(SCN)4. [REF 1]

At high temperature, the resistance
in this highly ordered organic crystal is
metallic in nature. However, in sufficiently
intense magnetic fields, the resistance
precipitously drops and the material
enters a superconducting state. As the

field is increased, the resistance increases
as superconductivity is quenched. In
Figure 2(b) the resistance is shown as a
function of temperature for various fields.
This effect only occurs when the field is
aligned with the c-axis of the crystal and

MAG LAB REPORTS
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a.

b.

c.

FIGURE 2. A field-induced superconducting state in λ-(BETS)2FeCl2. Panel c. shows phase diagram between the metallic state and
the field-induced superconducting state (FISC) as well as the shaded areas where the superconductivity is enhanced by the Fulde-FerrelLarkin-Ovchinikov (FFLO) effect. [REF 2]

FIGURE 3. The spin lattice relaxation rate of 17O in optimally
doped YB2Cu3O7-δ at five different temperatures and in a magnetic field of B=42 T. [REF 3]
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FIGURE 4. The spin lattice relaxation rate at different fields
both inside the core (hollow sybols) and outside the core (solid
symbols). [REF 3]

the superconductivity arises due to the
Jaccarino-Peter effect, in which applied
magnetic field largely cancels the crystal’s
internal magnetic moments, which in
turn stabilizes superconductivity.

Figure 2 shows the phase diagram
associated with this material between the
metallic and the FISC state. The line is fit
to theory and with the shaded regions indicating where the FISC state is enhanced

FIGURE 5. Upper graph shows the signal from the capacitance magnetometer as a function of field of an underdoped YBCO6.51 sample. The inset diagram depicts the capacitance magnetometer. [REF 4]

a.

b.

c.

FIGURE 6. Panel a. shows the FFT of the data with two peaks. The data in graph b.
shows the data with background subtracted and the first frequency. Graph c. shows the
data after subtracting background and the first frequency. [REF 4]

by the Fulde-Ferrell-Larkin-Ovchinikov
(FFLO) effect.

Cuprate superconductivity
Fittingly for a hybrid magnet, built
with state-of-the-art applied superconductivity, research on basic superconductivity has made up a large percentage of the
magnet’s experiments. Nuclear magnetic
resonance (NMR) experiments by Halperin’s group at University of Chicago
conclusively demonstrated that the vortex
core of optimally doped YB2Cu3O7-δ is
antiferromagnetic. Figure 3 shows the
spin-lattice relaxation rate of planar 17O.
Figure 4 clearly shows the relaxation
rate outside of the core is independent of
temperature consistent with theoretical
predictions of a d-wave superconductor.
On the other hand, the vortex core (T1T)-1
increases with decreasing temperature following a Curie-Weiss law as expected with
antiferromagnetism.
These results show the relaxation
rate is enhanced in the vortex core of the
cuprate superconductors. This is indicative of the existence of correlated antiferromagnetic fluctuations near a quantum
critical point with a small spin gap. In
addition to being a key scientific result
that shed light on the nature of superconductivity in the cuprates, this work also
clearly demonstrates the suitability of
the hybrid for many different measurements including NMR, which places great
demands on the sample environment in
terms of field homogeneity and stability.
The first measurement of the Fermi
surface of a high-temperature superconductor also was performed in the hybrid
magnet. Angular Magneto-Resistance
Oscillation (AMRO) measurements by
Hussey’s group from Bristol measured the
overdoped superconductor Tl2Ba2CuO6+δ,
revealing quantum oscillations from a
large, and largely two-dimensional, hole
pocket.
Here, the resistance is measured at
45 T while the position of the sample is
rotated to change the angle between the
magnetic field and axis of the sample.
The peaks and valleys that result depend
upon the shape of the Fermi surface. This
work revealed that the degree of interlayer
coupling varies with momentum, and
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the transport is strictly two-dimensional
at certain symmetry points of the Fermi
surface.
While the AMRO data demonstrated
that overdoped cuprate superconductors
can be understood in terms of conventional three dimensional metal physics,
more recently, interest in cuprate superconductivity was reignited by high-field
quantum oscillation measurements in the
underdoped regime by Taillefer’s group
working in pulsed magnetic fields in
Toulouse.
These results were hugely exciting, as
there had been intense discussion about
why quantum oscillations had not been
observed for so many years — leading to
widespread belief that the underdoped
cuprates might not have a conventional
Fermi surface. Measurements of quantum
oscillations clearly demonstrate the existence of a Fermi surface, but many questions remain, igniting a host of experiments by a half-dozen groups worldwide,
most of whom are working in Magnet Lab
facilities in Tallahassee and Los Alamos.
Magnetization measurements at the
thermal noise limit in the hybrid magnet
by Sebastian et al. reveal higher frequency
oscillations and demonstrate the possible
existence of a second, larger Fermi pocket
in underdoped YBCO.
Recent specific heat technique developments using the hybrid magnet, driven
in part by intense interest in cuprate
superconductivity, have provided the first
thermodynamic probe of the quantum
oscillation regime.
The amplitude of the quantum
oscillations in heat capacity do not decay
monotonically with increasing temperature, unlike quantum oscillations in
magnetization or resistivity. In fact, they
exhibit a node at finite temperature at
which there is a ∏-phase shift in the oscillations. This node is clearly seen in the
heat capacity data and can be described
by the standard Lifshiftz-Kosevich (LK)
formulation. The most striking result of
the specific heat data, however, is that the
quantum oscillations are superimposed
(Figure 7) on a square-root background
arising from a fully formed d-wave superconducting gap. Debate continues over
how the canonical signatures of both a
conventional Fermi surface and d-wave

a.

b.

c.

FIGURE 7. Electronic specific heat in YBCO in the low-temperature limit, C= γT. Graph
a. shows the total signal evolving with magnetic field up to 45 T. Panels b and c show
the two components of the data in panel a. The component in panel b increases as the
square root of magnetic field and is ascribed to d-wave vortices that exist even when the
sample is resistive above the irreversibility field, Hirr = 25 T. Panel c shows the remaining component that is consistent with a conventional Fermi pocket that exists at all magnetic fields, even at low magnetic fields, H < Hirr, when the sample is superconducting.

FIGURE 8. Resistivity as a function of angle at a fixed magnetic field of B=45 T of the
overdoped cuprate superconductor Tl2Ba2CuO6+δ. [REF 6]
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a.

b.

superconductivity might coexist.

Leading the way in iron-based
superconductivity research

FIGURE 9. The resistivity of a LaFeAsO0.89F0.11 sample with the field perpendicular
(panel a.) and and parallel (panel b.) to the broad sample face. [REF 7]

a.

b.

When iron pnictides, an entirely new
and distinct class of high temperature
superconductors, burst on the scene, one
of the first Nature articles published on
these materials featured data taken in the
hybrid magnet.
This work on LaFeAsO0.89F0.11
conclusively demonstrated the two-band
nature of the pnictide superconductors,
similar to MgB2 but in stark contrast to
cuprate superconductivity. Also, the zero
temperature critical field exceeds the
value expected from the slopes of the critical field near the critical temperature and
far surpasses the paramagnetic limit.

Two-dimensional electron physics

FIGURE 10. Panel a. shows critical fields Bmax (red) and Bmin (black) and 50% values
[blue] plotted. Bmax and Bmin plotted with data above 45 T linearly extrapolated from the
dashed lines in Panel a. [REF 7]

FIGURE 11. The fractional quantum Hall effect in a GaAs 50 nm wide quantum well
where red trace shows the ν=¼ state is enhanced by a slightly off-axis field compared to
the field perpendicular to the well. [REF 8]

Another core area of research that has
heavily utilized the hybrid is the fractional quantum Hall effect. In the early
80s, research by Tsui and Störmer (and
a young grad student named Boebinger)
at the MIT Francis Bitter Magnet Lab
discovered the fractional quantum Hall
effect. This phenomenon occurs only at
low temperatures in high magnetic fields
and in two-dimensional electron layers
with a high mobility, i.e. the electrons
can move a long distance without scattering. To provide the low temperatures
necessary for this research, Mag Lab staff
commissioned a unique top-loading dilution refrigerator designed to work in the
hybrid magnet and provide temperatures
as low as 30 mK while at the full 45 T
field maximum. This combination of high
fields and low temperatures provided an
additional piece of parameter space that
has not been achieved elsewhere in any
magnet system. In the work shown in
Figure 11, a 50-nm-wide quantum well
displays a dip at the ν = ¼ fi lling factor.
Results from two different angles show
that the ¼ state is enhanced by the off axis
field, providing insights into the nature of
this ¼ state.
The work by the Gervais group at
McGill shows the existence of a unique
Wigner crystal (where the electrons form
a solid) in a three-dimensional electronic
system. This effect could only be observed
at very low temperatures, very high fields

MAG LAB REPORTS 12
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and with the ability to rotate the sample in
place to very high tilt angles with respect
to the magnetic field direction. (See figures at right and below.)
Graphene — an exciting new system —allows scientists to explore twodimensional physics in a new way. Unlike
conventional quantum Hall systems where
a two-dimensional layer of electrons is
made from a three-dimensional semiconductor structure, graphene is a two-dimensional layer of carbon atoms arrayed
in a hexagonal lattice. In this structure the
electrons have a linear dispersion relation,
which means that they act as if they are
massless particles more like photons than
conventional electrons. Early work on
graphene at the Magnet Lab demonstrated
quantum Hall effect behavior at room
temperature two orders of magnitude
higher in temperature than in semiconductor samples (Figure 14).
Work by the Columbia group of
Störmer and Kim investigated the effect of
magnetic fields parallel to the graphene
layer on the quantum Hall plateaus to attempt to lift the degeneracy of the Landau
levels. In Figure 15, one can see how the
Landau levels evolve as the temperature
is lowered. This work showed that in graphene, the most simplistic single particle
models did not explain all the physics
observed, especially near the Dirac point,
and many particle effects needed to be
taken into account to explain the data.
Another new two-dimensional electron system that has only recently begun
to be explored are topological insulators.
Since January of this year, there have been
a number of groups investigating this new
two-dimensional electron system and
we’re looking forward to exciting results
in the near future.

FIGURE 12. Longitudinal resisitivity as a function of filling factor ν and angle between
the field and the electron layer. [REF 9]

Exotic phases in magnetic
insulators
There’s also been a significant amount
of exciting work on insulating magnetic
systems, in which the spins exhibit collective phenomena such as Bose Einstein
condensation (BEC). In the material
known as Han Purple (since it was used as
a dye in China during the Han dynasty),
BaCuSi2O6 spins enter a BEC phase below
a critical field and temperature (Figure
17). It turns out that the phase diagram

FIGURE 13. Phase diagram between the fractional quantum Hall liquid phase and the
Wigner crystal phases. The conventional two dimensional Wigner crystal is realized
at low filling factors and low angles while the quasi three dimensional phase is at high
angles and high filling factors. [REF 9]

13 MAG LAB REPORTS Volume 18 No. 1

a.

b.

c.

FIGURE 14. A graphene sample (panel a.) exhibits the quantum Hall effect at room temperature. (Panels b. and c.) [REF 10]

goes from one with a three-dimensional
critical exponent at high temperatures to
a 2D critical exponent at low temperatures. This occurs at lower temperatures
as the planes of the material cease to interact with one another and only interact
within the plane. The temperature and
length scale of these magnetic interactions provide insights into the nature of
magnetism in this and other materials.
The list of successful experiments
completed in the hybrid is much too long
for this space. The goal of this article is to
provide some snapshots of the wide variety of high-quality experiments that have
been carried out in the 45 T hybrid magnet, from bread-and-butter measurements
such as resistance and magnetization, to
heat capacity, to more exotic measurements such as optics and NMR.
The hybrid remains the only scientifically productive magnet in the world to
achieve a continuous field of 45 tesla. The
lab’s magnet engineers never stop looking
for ways to push continuous fields higher
still. But until such a time the materials
and money catch up to their plans, the
45 T hybrid will continue to provide an
unmatched scientific platform for users
from all over the world.

FIGURE 15. The longitudinal resistivity of a graphene sample (shown in the inset) at two
different fields but with the angle between the sample surface and the field adjusted in
situ to such that the perpendicular field is the same. [REF 11]
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FIGURE 16. Longitudinal resistivity as a function of gate voltage at different temperatures
with B=45 T applied magnetic field. [REF 11]

FIGURE 17. The phase diagram of the insulator BaCuSi2O6 showing the boundary between the quantum paramagnetic phase and the Bose-Einstein condensate phase. The
arrow indicates the position of a quantum critical point. Red data points indicate where
the transition is three-dimensional and yellow data points where the cross over to twodimensionality has been reached. [REF 12]
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HIGH FIELD PIONEERS
CICC technology, cryogenic innovations set new
standard for hybrid magnet construction
by Mark D. Bird, John R. Miller,
and Steven van Sciver

Introduction
The 45 T hybrid magnet at the
Magnet Lab is the highest-field DC
magnet in the world and has been
operating reliably at 45 T since February
2001. In that time it has hosted 246 users,
and resulted in dozens of peer-reviewed
publications while serving as the most
sought-after magnet at the Magnet Lab.
The magnet consists of a
superconducting outer magnet (outsert)
that employs cable-in-conduit conductor
(CICC) technology and provides 11.4 T
on the experimental sample, along with
a resistive inner magnet (insert) that
employs Florida-Bitter technology and
provides 33.7 T on the sample. The outsert
magnet operates at 8 kA of DC current
and is cooled to 1.8 K while the insert
operates at 70 kA (30 MW) and is watercooled.
Fifteen hybrid magnets have been
installed at user facilities worldwide
since the first ones were completed in
the mid-1970’s. The Magnet Lab’s 45 T
was the first to employ CICC technology.
This technology has been so successful,
that it has inspired an unprecedented five
hybrid magnet projects to be undertaken
worldwide, four of them employing CICC
technology(see Table II).

CICC Outsert
The superconducting outsert of a hybrid
magnet is a particularly challenging
magnet to design as the combination
of a high magnetic field and a large
diameter results in high Lorenz forces
and stresses. In addition, a hybrid outsert
must be able to be charged and discharged
relatively often and quickly and there is
the possibility of the power supply for the
resistive magnet tripping off resulting in

FIGURE 1. Vertical cross-section of the 45-T hybrid.

high dB/dt and associated eddy-current
heating of the outsert. The 45 T hybrid
was the first to be designed to survive
an insert power supply trip without
quenching the outsert, thus allowing user
operations to restart in a matter of hours
rather than days. To achieve this unique
performance, a novel approach was taken.
Cable-In-Conduit-Conductor uses a
twisted superconducting cable inserted
in a steel jacket along with void space
for helium and wound to form a coil. A
cross-section of the CICC conductors
used in the 45 T hybrid is shown in
Figure 2. In contrast, most commercial
superconducting magnets (NMR,
ICR, MRI etc.) and superconducting
accelerator magnets (dipoles and
quadrupoles for LHC, Tevatron, etc.) use
adiabatic technology with coils tightly
wound without helium in direct contact
with the conductor. As the heat capacity
of liquid helium is ~40,000 times higher
than that of metals at 4 K, a CICC magnet
is able to absorb large amounts of heat
without quenching compared to other

magnet technologies. Table I presents the
minimum energy required to initiate a
quench (MQE), fraction of critical current
(I/Ic), and difference between operating
temperature a critical temperature (temp
margin) for a few technologies. The
high stability of CICC magnets makes
them well suited for applications where
transients are expected such as fusion and
hybrid magnets.

Cryogenic System
The cryogenic system for the Magnet
Lab’s 45 T hybrid is unique in several
respects. It was the first to employ a
satellite cryostat for the cryogenic and
power supply interface that is remotely
connected to the magnet cryostat housing
both the superconducting outsert and
resistive insert. This innovative design
allows the users full 360-degree access
to the top of the magnet, similar to the
operation of the other resistive magnets at
the laboratory. It also allows technicians
to operate and service the magnet system
without interrupting users.
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TABLE 1

Typical Design Parameters of Various Types of Magnet Conductors
Technology

Temperature Margin (K)

I/Ic

MQE (J)

1 - 1.5

0.9

1e-4

Monolithic Conductor for NMR
Magnets

1-2

0.65 – 0.7

1e-3

CICC for Hybrid Outserts

1-2

0.3

5-50 [1]

Rutherford Cable for Accelerator
Magnets

The development of Cable-in-Conduit
Conductors (CICCs) for large magnet systems
grew from initiatives in the US fusion program
(primarily from collaborative efforts at MIT
and ORNL in the mid to late 1970s). From that
foundation, there were a string of successful
magnet projects (starting with the Westinghouse Coil for the Large Coil Task at ORNL and
culminating with the CS and TF Model Coils
for the ITER Project), whose primary objectives were to demonstrate viability of specific
technologies and to gather data for further
development, i.e. they were disposable test
articles for research in the creation of high
magnetic fields. The outsert magnet for the 45
T Hybrid System was really the first application of CICC technology in a magnet system
dedicated to production of very high magnetic
fields for research in general. In recent years,
CICC technology has been applied in several
fusion systems (e.g. LHD in Japan, KSTAR in
Korea, EAST in China, and W-7X in Europe)
and, in the near future, it will be the basis for
ITER, which is a collaborative effort of nearly
all the world’s developed nations.
Since the 45 T Hybrid was conceived as a
user facility, it was designed to very clear and
specific requirements. First and foremost, it
was designed to provide combined fields up to
45 T (which is why it has always been known

The cryostat for the 45 T outsert
employs He II cooling technology similar
to what is now in use at the Large Hadron
Collider at CERN. The superconducting
coils are cooled both internally and
externally by sub-cooled, super-fluid
helium at uniform, constant temperature
of about 1.8 K and have a total volume
of approximately 1720 liters (270 liters
of which are internal to the magnet
windings; the rest in external reservoirs
and piping connected to the magnet). At
the time of its construction, this was the
largest He II- cooled magnet system in the
US. The dominant heat load to the He II-

as the 45 T Hybrid and not the NHMFL Hybrid)
with the potential for future upgrades to 50
T using higher-power inserts. Second, it was
designed for stable operation under all normal
operating conditions, with a minimum 10-year
life for the outsert and 600 hours or 2000
full cycles for the inserts. And finally, access
to high field was maximized in both space
and time as defined in a list of more specific
requirements (e.g. unobstructed approach to
the bore at the top of the cryostat, 1 hour to
full charge of the outsert, and insert charging
at 1000 A/s).
CICCs are nearly ideally suited to the challenges of designing, building, and operating
large superconducting magnets: the highstrength steel or alloy jacket can be tailored to
carry the distributed Lorentz-force loading of
conductors very efficiently; the helium coolant
is fully contained inside the jacket in intimate
contact with the superconducting strands for
good stabilization against thermal disturbances; and a smooth outer surface permits
a high-quality, non-porous insulation between
turns. In the 45 T outsert, three coaxial subcoils were used falling into three zones: highfield, mid-field, and low-field. Each had a CICC
specifically designed for it, with composition
optimized for the demands of that zone. Very
briefly, the high-field and mid-field zones were

cooled region is from thermal conduction
along a rugged support cylinder designed
to transfer electromagnetically generated
fault forces (conceivably up to 6 MN)
between the outsert magnet and the
room-temperature resistive magnet.
Other heat loads (predominantly from
the 10 kA current leads) are intercepted
by intermediate systems, including: a
500-liter, 4.3 K reservoir of saturated
He I; a forced-flow cooling loop from
the refrigeration system supplying 20 K
helium gas; and a natural-circulation loop
of two-phase nitrogen at 80 K. Between
the He I and He II reservoirs in the
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based on Nb3Sn superconductors while the
low-field zone used NbTi (as a cost-saving measure), and the jackets of each differed in both
alloy compositions and cross-sectional areas
according to specific structural requirements.
The outsert was originally designed to
operate at 10 kA and produce 14.3 T on-axis
field, but was later de-rated to 8kA operation
and 11.4 T on-axis field after a failure of the
quench protection system resulted in nearly
all the magnet’s 100MJ stored energy to be
absorbed by a small region of the high-field
zone of the outsert. It is a testament to the
ruggedness of the design (and the CICC technology, in general) that the magnet survived
this event.
A distinctive feature of CICCs is that they
are best suited to high currents (prior to the
45 T Hybrid, experience ranged roughly from 5
to 50 kA). High currents allow reduced charge
and discharge voltages but they can lead to
higher cryogenic loads on the cryostat (from
the current leads) and to conductors with large
cross-sections that are difficult to form into
small windings. For the 45 T outsert, we chose
a nominal maximum operating current of 10
kA as suitable for the proposed coil dimensions and compatible with the total cooling
capacity of small, commercial helium refrigerators available at the time.

satellite cryostat are a pair of saturatedbath He II heat exchangers that extract
transient and steady heat loads from
the outsert magnet system. The heat
exchangers are supplied from the 500-liter
He I reservoir and temperature reduction
is achieved by an external (roomtemperature) vacuum system integral to
the refrigeration systems and capable of
about 1-2 g/s at 10 - 40 millibar.
The liquid helium is provided to the
cryostat closed cycle from an external
cryogenic refrigeration/liquefaction
system that also supplies liquid helium for
the Magnet Lab. As of this writing, the

laboratory is in the process of acquiring a
new larger external refrigeration system to
support the 45 T Hybrid as well as other
large magnet systems such as the Series
Connected Hybrid as they come on line.

Other Hybrid Magnet Development
Hybrid magnet development
has occurred in waves. The first wave
consisted of four early models completed
in 1972 and 1973. Of these, probably the
one at Oxford was used most extensively,
the rest did not see much service. The real
hey-day of hybrid magnets was the elevenyear period from 1977-1987 when seven
different hybrid magnets were successfully
completed worldwide. Most of these
systems were in user service for a decade
or more and were quite productive. At
this point they are all out of service. In
the twelve-year period from 1991 until
2002, only five hybrids were completed,
and only one of those presently has a
robust user program, the MagLab’s 45
T magnet which is also unique in using
Nb3Sn CICC. Since 2002 no new hybrids
have been commissioned, although
Nijmegen intends to soon re-commission
its hybrid that was originally completed in
1985. Today, there are five hybrid magnet
projects underway worldwide, the most
since the hay-days of the ‘70’s and ‘80’s
(see Table II). Four of those magnets are
using Nb3Sn CICC. The fact that CICC
has become the chosen technology for
so many hybrids presently underway is
a testament to the success of the Magnet
Lab’s 45 T. The magnet has enjoyed high
reliability with modest operating costs
and great user access for over a decade.

TABLE 2

Hybrid magnet projects underway presently worldwide
Berlin
[3]

MagLab
SCH [3]

Hefei
II [4]

Total Field (T)

25

36 - 42

40

45

42+

45

Outsert Field (T)

14

14

11

12

8.5

14

Room-Temp. Bore (mm)

50

40

32

32

34

32

4 K Bore (cm)

60

60

96

72

110

68

Power (MW)

4

13

20

20

24

20

Stored Energy (MJ)

50

52

83

44

76

94

Outsert Current (kA)

20

20

15.3

12.6

7.1

15.3

Name

Nijmegen Grenoble
III [5]
III [6]

Hefei
III [7]

Due

2013

2013

2013

2014

—

—

Superconductor

Nb3Sn

Nb3Sn

Nb3Sn

Nb3Sn

NbTi

Nb3Sn

Type of conductor

CICC

CICC

CICC

CICC

RCOC*

CICC

4.7

4.7

4.5

4.5

1.8

4.5

Operating Temperature (K)

* Rutherford-Cable-On-Conduit is being developed for this magnet. It uses a NbTi Rutherford cable soldered
to the outside of a copper conduit that will contain super-fluid helium3.
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FIGURE 2. Sections of CICCs used for the 45 T hybrid. The High-Field (A, left) coil used six
Nb3Sn composite strands twisted around a copper strand as the basic element of the cable.
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triplets for the first stage.
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A not-so-modern marvel
Superconductivity at 100

HEIKE KAMERLINGH ONNES

by David Larbalestier
Chief Materials Scientist, Mag Lab
Director, Applied Superconductivity Center

On April 8, 1911, Heike Kamerlingh Onnes and his assistant Gilles
Holst discovered superconductivity by
cooling some mercury wire in liquid
helium, finding that its resistance
suddenly dropped to zero at 4.25 K. It
is an intriguing though oft overlooked
fact that Holst later became the first
director of the Philips Research Laboratories, where certainly the application of advanced materials has been
a central study even since. Perhaps
it is not surprising that applications
were very much on their minds since
a great deal of very clever engineering
was needed to construct the liquefier on which all of their experiments
depended. In any case, Onnes traveled to Chicago in 1913 to describe
his vision of a new magnet technology
based on superconducting wires. This
paper is fascinating and deserves
some direct quotation in this Centennial year.

“Mercury has passed into a new state,
which on account of its extraordinary electrical properties may be called the superconductive state ... the behavior of metals
in this state gives rise to new fundamental
questions as to the mechanism of electrical
conductivity.
It is therefore of great importance
that tin and lead were found to become
superconductive also. Tin has its step
down point to 3.8 K, a somewhat lower
temperature than the vanishing point of
mercury. The vanishing point of lead may
be put at 6 K. Tin and lead being easily
workable metals, we can now contemplate
all kinds of electrical experiments with
apparatus without resistance ...
The extraordinary character of the
state can be well elucidated by its bearing on the property of producing intense
magnetic fields with the aid of coils
without iron cores. Theoretically it will be
possible to attain the field as intense as we
wish by arranging a sufficient number of
ampere windings around the space where
the field is to be established. This is the
idea of Perrin, who made the suggestion
of a field of 100,000 gauss being produced
over a fairly large space in this way. He
pointed out that by cooling the coil by
liquid air the resistance of the coil ... could
be diminished... To get a field of 100,000
gauss in the coil with an internal space of
1 cm radius, with copper cooled by liquid
air, 100 kW would be necessary... The
electric supply, as Fabry remarks, would
give no real difficulty, but it would arise
from the development of Joule heat in the
small volume of coil… to the amount of
25 kg calories per second, which in order
to be carried off by evaporation of liquid
air would require... about 1500 L of liquid
air per hour...
But the greatest difficulty, as Fabry
points out, resides in the impossibility of
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making the small coil give off the relatively enormous quantities of Joule heat
to the liquefied gas. The dimensions of the
coil to make the cooling possible must be
much larger, by which at the same time
the electric work in the amount of liquefied gas required becomes greater in the
same proportion. The cost of carrying out
Perrin’s plan even with liquid air might
be about comparable to that of building a
cruiser...
We should know more get a solution
by cooling with liquid helium as long as
the coil does not become superconductive.
The problem which seems quite
hopeless in this way has a quite new phase
when the superconductive wire can be
used. Joule heat comes not more into
play, not even at very high current densities, and an exceedingly great number of
ampere windings can be located in a very
small space without in such a coil heat being developed. A current of 1000 A/mm2
was sent through mercury wire and 460
A/mm2 through a lead wire, without appreciable heat being developed in either...
There remains of course the possibility that a resistance is developed in the
superconductive by the magnetic field.
If this were the case, the Joule heat...
would have to be withdrawn. One of the
first things to be investigated... at helium
temperatures... will be this magnetic resistance. We shall see that it plays no role for
fields below say 1000 gauss.”
What a vision! So many of the
essential points of modern superconducting technology are clearly
sketched out! The conception of
powerful magnets, the problem of
heat removal from compact windings,
the attractive economic feasibility
of superconducting, as opposed to
resistive, magnet operation at current

densities of 1000 A/mm2 and temperatures down to 1.5 K — all of these
are crucial aspects of our present
superconducting magnet technology.
Elsewhere in the same article, Onnes
describes the melting of superconducting wires following an abrupt transition
from the superconducting to the normal state, and he perhaps prefigures
modern composite filamentary conductors by considering the properties or
resistive constantan wire coated with
a superconducting layer of tin. Indeed,
all of his hopes might have proceeded
as envisioned if only Onnes had not
been working with type I superconduc-

tors with critical fields that destroyed
superconductivity at less than 1000
gauss.
And in fact all fell silent for superconducting magnet technology less
than a year later and did not revive
until 50 years later in 1961. The unappreciated discovery of type II superconductivity by Shubnikov in 1935-36,
the passing over of negative surface
energy (i.e. Type II) superconductors
by Ginzburg and Landau in 1950,
Abrikosov’s independent deduction of
the vortex state for type II superconductors in 1957 were all discoveries
that could have explained the failure

to implement Onnes’s vision. But none
of this made any general mark until
Kunzler and colleagues put a piece
of the intermetallic compound Nb3Sn
into a powerful copper electromagnet
in late 1960 and found it still to be
superconducting at 88,000 gauss!
And then the fun began! And because
the critical field of Nb3Sn is 300,000,
not 1000 gauss, it is still used to this
day — for example for the 900 MHz
wide bore magnet and for the outer superconducting coil of the forthcoming
Series Connected Hybrid magnet that
will generate 360,000 gauss.

MILESTONES IN SUPERCONDUCTIVITY
Mercury (Hg) 4 K (1911) – Onnes discovers superconductivity while experimenting
with mercury. He soon makes the same discovery with lead (Pb) and tin (Sn).
Niobium-Nitride 16 K (1941) – Researchers start to find compounds of superconductors have higher Tc than single elements or alloys.

Vanadium3-Silicon (V3Si) 17.5 K (1953)
Niobium-tin (Nb3Sn) 18.3 K (1954)
Niobium-Germanium (Nb3Ge) 23.2 K (1971)
LBCO 30 K (1986) – IBM researchers Alex Müller and Georg Bednorz create the first
cuprate superconductor using a lanthanum-barium-copper oxide. It’s critical temperature
defies the BCS theory, and cuprates come to dominate superconductor research.

YBCO 92.0 K (1987) – First material to superconduct at temperatures warmer than
liquid nitrogen. Discovered by teams led by Maw Kwan Wu and Paul Chu at the Universities of Alabama and Houston when they substituted Y for La.

Tl2Ba2Ca2Cu3O10 (TBCCO) 127.0 K (1988)
HgBa2Ca2Cu308 133 K (1993) – Swiss researchers produce a cuprate using mercury
and barium which is still the highest temperature superconductor in ambient-pressure.

Hg0.8Tl0.2Ca2Cu308+δ 163.0 K (1993) – by inducing extreme pressure researchers
at the University of Houston are able to bring critical temperatures even higher.
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Probing the architecture of cell adhesions with
superresolution microscopy
by Pakorn Kanchanawong1 , Gleb Shtengel2, Ana M. Pasapera1 , Ericka B. Ramko3, Michael W. Davidson3,4,
Harald F. Hess2 & Clare M. Waterman1
1. National Heart Lung and Blood Institute, National Institutes of Health, Bethesda, Maryland 20892, USA.
2. Howard Hughes Medical Institute, Janelia Farm Research Campus, Ashburn, Virginia 20147, USA.
3. National High Magnetic Field Laboratory, The Florida State University, Tallahassee, Florida 32310, USA.
4. Department of Biological Science, The Florida State University, Tallahassee, Florida 32306, USA.

Modern understanding of cellular
function is founded on the revolution in
the 1950s to 1970s in visualizing cellular
ultrastructure by electron microscopy1.
Together with the identification of
molecular components and their interactions, this has allowed biophysical
mechanistic models for organelles such
as the actin and microtubule cytoskeletons or the endomembrane transport
machinery2 . In contrast, although there
is a wealth of knowledge on the composition, interactions, and dynamics of
integrin-based focal adhesions, their
ultrastructure remains poorly defi ned.
No discernible protein organization pattern has been observed experimentally,
either by immunoelectron microscopy3
or by two-dimensional super-resolution
light microscopy4. Thus, it is unclear
whether focal adhesions are structurally
unorganized, or if the relevant structural
organization is in the third dimension.
Although many cartoon models of focal
adhesion protein organization have been
proposed based on in vitro protein–protein interaction data 5, true spatial architecture at the ultrastructural level has
been impossible to infer. Thus, a mechanistic understanding of focal adhesion
function has remained elusive.
To defi ne focal adhesion molecular architecture, we sought to map the
nanoscale organization of focal adhesion
proteins. Th is capability has recently
been enabled by advances in superresolution light microscopy 6. We used
iPALM7, which combines photoactivated
localization microscopy 8 with simultaneous multi-phase interferometry
of photons from each fluorescent mol-
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FIGURE 1 .
Photoactivatable fluorescent protein (mEos2 and tandem dimer Eos) fusion expression constructs drawn to scale with the sequence length in residues, important domains noted, and
amino acid numbers indicated.

ecule, to image a high density of specific
fluorescence-tagged molecules with
three-dimensional nanoscale resolution. In order to probe focal adhesion
architecture, we constructed imaging
probes with photoactivatable fluorescent
proteins (PA-FPs) fused to focal adhesion
proteins (see Figure 1), and expressed
them in human osteosarcoma (U2OS) or
mouse embryonic fibroblast cells plated
on fibronectin-coated cover glasses. With
iPALM, PA-FP brightness allows localization accuracy of typically 20 nm (fullwidth at half-maximum) or better in
lateral (x-y) dimensions8, and 10–15 nm
in the vertical (z) axis7.
We fi rst determined the vertical

23 MAG LAB REPORTS Volume 18 No. 1

position of the plasma membrane as a
reference point for comparative localization with focal adhesion proteins, using
PA-FP targeted to the cytoplasmic face
of the plasma membrane via fusion with
CAAX sequence. The localizations are
represented by iPALM rendering (Figure
2a) with colors indicating the vertical
(z) coordinate relative to the cover glass
surface (z = 0 nm). Focal adhesions near
the cell edge appear as yellow regions
where the membrane most closely approaches the substrate, with the ventral
plasma membrane contour reflected by
the colour gradient. Figure 2c shows
the side-view (x-z) projection of a focal
adhesion area (red box, Figure 2a), with

a.

b.

d.

c.

f.

e.

g.

FIGURE 2. iPALM imaging of a plasma membrane marker, integrin αv and actin.
a-c. Plasma membrane marker CAAX–tdEos. a. Top view; b. Histogram and Gaussian fits
for the z positions (white box in a.) of PA-FP molecules (red) and nonspecific fluorescence adsorbed to substrate (blue); c. side view (red box in A).
d-e. Plasma membrane marker integrin αv –tdEos. d. Top view; e. side view (right), histogram & fits (left).
f-g. Plasma membrane marker actin–mEos2. f. Top view; g. side view (right), histograms
and fits (left). The vertical distribution of actin is non-Gaussian, so the focal adhesion
peak fit is not shown. Colors in a, c–g indicate the vertical (z) coordinate relative to
the substrate (z = 0 nm, red). Scale bars: 500 nm (c, e, g).

the leading-edge plasma membrane
also apparent. To quantify the localizations in the focal adhesion area (Figure 2a, white box), vertical coordinate
histograms (Figure 2b) were fitted by a
Gaussian with the center (z center) and
the width (σ vert, the standard deviation

of the distribution) shown. The width
parameter svert of ~5 nm demonstrates
the spatial resolution, with the positional
uncertainty contributed by both the
PA-FP brightness limitations8 and the
probe size (~4–5 nm for the PA-FP plus a
25-amino-acid linker). The inner plasma

membrane z center of ~32 nm is in good
agreement with previous measurements
by electron and interference reflection
microscopy1.
We then used iPALM to determine
the three-dimensional localization of
integrin cytoplasmic tails, which serve
as recruiting sites for focal adhesion
proteins. We co-expressed integrin αv
PA-FP fusion with untagged integrin
β3 to form integrin αvβ3, a fibronectin
receptor (Figure 2d). The z center and σ vert
for focal adhesion regions from several
cells were quantified, yielding average z center = 36.8 ± 4.5 nm and average
σ vert = 7.2 ± 1.8 nm, indicating a tightly
confi ned integrin αv C-terminal position close to the inner plasma membrane
as expected5. To determine the vertical
position of actin fi laments which link to
focal adhesions at stress fiber termini,
we performed iPALM with an actin PAFP probe and analysed focal adhesion
regions near the cell edge. In contrast to
the integrin localizations, this revealed
a broader (average σ vert = 31.0 ± 8.7 nm)
and significantly higher vertical distribution for actin, peaking at average z center
of 96.9 ± 15.2 nm (Figures 2f, g), and
which was separated from the plasma
membrane by a ~40-nm region containing low actin density. The observed lack
of integrin–actin physical overlap in
focal adhesions is consistent with the
absence of their binding interactions in
vitro5, and stresses the importance of a
“focal adhesion core” domain bridging
this gap.
We next sought to determine the
nanoscale protein organization within
the focal adhesion core domain. We imaged PA-FP fusions of key focal adhesion
proteins representing three functional
categories: integrin-mediated signalling
(focal adhesion kinase (FAK), paxillin);
cytoskeletal adaptors (vinculin, zyxin);
and actin-regulatory proteins (vasodilator-stimulated phosphoprotein (VASP),
α-actinin)5. Remarkably, we observed
that each protein occupied a distinct and
characteristic vertical position within
focal adhesions, apparent from their different colours in iPALM images (Figure
3) and statistics of their vertical localizations (Figure 4a, b). Taken together, our
results reveal the presence of protein-
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FIGURE 3. Protein stratification of the focal adhesion core. Top view and side view iPALM images of focal adhesions (white boxes, top-view
panels) and corresponding z histograms and fits.
3a-3b. FAK–tdEos; 3c-3d. paxillin–tdEos; 3e-3f. vinculin–tdEos; 3g-3h. zyxin–mEos2;
3i-3j. VASP–mEos2; 3k-3l. α -actinin–mEos2; 3m-3n. talin-N-tdEos; 3o-3p. talin-C-tdEos. The vertical distribution of α -actinin is non-Gaussian,
so the focal adhesion peak fit is not shown. Paxillin and α -actinin shown are C-terminal PA-FP-tagged. Colors: vertical (z) coordinate relative
to the substrate (z = 0 nm, red). Scale bars: 5 μm (a, c, e, g, i, k, m, o) and 500 nm (b, d, f, h, j, l, n, p).

specific strata making up the focal
adhesion core, bridging the ~40-nm gap
between the integrin cytoplasmic tails
and the actin cytoskeleton.
Importantly, we found that the vertical distributions for each focal adhesion
component were highly consistent across
focal adhesions of diverse size and shape
that arise from the continual and asynchronous focal adhesion assembly and
maturation occurring in the cell population (Figure 4a–c). The vertical positions
for each focal adhesion component were
uncorrelated with the area and morphology (aspect ratio) of focal adhesions,
and were also similar between U2OS
and MEF cells. Th is suggests that the
observed stratification of focal adhesion
proteins represents a cell-type-independent organizing principle that persists
throughout focal adhesion maturation
stages.
Our results demonstrate that focal
adhesions possess a surprisingly wellorganized molecular architecture in
which integrins and actin are separated

by a ~40-nm focal adhesion core region
that contains multiple partially overlapping protein-specific strata. The focal
adhesion protein organization indicates
a composite multilaminar architecture
made up of at least three spatial and
functional compartments that mediate the interdependent functions of
focal adhesions: an integrin signalling
layer, a force transduction layer, and an
actin regulatory layer (Figure 4d). The
observed molecular architecture also
indicates how mechanical force may be
essential for focal adhesion formation
and maintenance5. The diagonal talin
orientation could arise from actomyosin
pulling of the talin tails relative to the
integrin-bound talin heads, with the resulting intramolecular tension straightening or stretching the talin. Subsequently, distinct sites along the length
of talin may serve as spatial templates
giving rise to the observed protein-specific focal adhesion stratification. Further
stretching of talin is also indicated in
iPALM images of some focal adhe-
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sions (Figure 3n, p), where a fraction of
talin-C localizations extend significantly
upward in the proximal end of focal
adhesions, implying a head-to-tail length
greater than the nominal talin length
of 50–60 nm. Thus, via stretch-induced
recruitment, talin may effectively serve
as a molecular ruler that specifies focal
adhesion molecular architecture.
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FIGURE 4. Nanoscale architecture of focal adhesions.
a-b. Peak position (zcenter) (a) and width parameter (σvert) (b) of PA-FP fusions in focal adhesions.
Notched boxes, 1st and 3rd quartiles, median and confidence interval; whiskers, 5th and
95th percentiles; +, means, outliers also shown. (See also Supplementary Table 1.)
c. zcenter protein positions (nm) versus focal adhesion area (μm2) or aspect ratio for both N(red) or C- (blue) terminal fusions of talin, paxillin and α -actinin. Each point corresponds to
individual focal adhesion measurements.
d. Schematic model of focal adhesion molecular architecture, depicting experimentally determined protein positions. Note that the model does not depict protein stoichiometry.
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Tracking study shows Research Experiences for Undergraduates program reinforcing science career choices
by Brandon Nzekwe
Center for Integrating Research & Learning

A Research Experiences for Undergraduates (REU) program is commonly
viewed as an effective way to enhance the
undergraduate experience. REU programs
are a combination of an apprenticeship and
an internship for undergraduate students,
and focus on conducting research under
the tutelage of experienced mentors. These
programs usually take place for 6 to 8 weeks
during the summer and often provide funding, housing, and transportation reimbursement.
The value of REU programs is reflected
in the sustained interest of students who
are already planning on pursuing careers in
science as well as the attraction of students
who may not have been particularly motivated to venture toward science careers.
Participating in undergraduate research
experiences has shown to increase students’
interest in science, persistence in science
disciplines, and motivation to pursue
graduate degrees. The completion of these
programs has been found to improve the
student’s career decision making self-efficacy, and allow students to gain relevant job
and career skills.2,1
The study of the National High Magnetic Field Laboratory’s REU program offers
an understanding of the motivations, learning gains, and professional expectations of
some of the nation’s most talented science,
technology, engineering, and mathematics
(STEM) students as they advance through
the science pipeline toward careers in science. It is important to make certain that
the potential gains of participating in a research experience program are aligned with
students’ expectations as we determine how
to most effectively engage them. By nurturing and guiding their enthusiasm, mentors
serve to provide the science research community with well-prepared and knowledgeable researchers.

ABOVE The 2010 REU class consisted of a diverse group of students from across the country.

SELECT REU SURVEY RESULTS

91.8%
of the participants surveyed indicated that participating in the program was
either very or moderately important to their career decisions.

82.2%
of the participants surveyed indicated that participating in the program was
either very or moderately important to their decision about what field to study.
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80.6% of the participants surveyed indicated that after participating
in the program their interest in a career in science, math, or engineering increased either somewhat or a lot.
80.8% of the participants surveyed indicated that after participating
in the program their interest in science, math, or engineering research
increased either somewhat or a lot.

84.9% of the participants
surveyed indicated that the program content was either closely
related to or moderately related
to their college coursework.

87.7% of the participants
surveyed indicated that they
collected and analyzed data, and
gained an understanding of how
their research contributed to the
bigger picture.

FORMER MAGNET LAB REU PROGRAM PARTICIPANTS WERE ASKED:

“What is the highest degree that you
expect to obtain in 10 years?”
Masters
Masters or Ph.D. 2.7% Unspecified
2.7%
4.1%
Undecided
6.8%

82.2% of the participants surveyed either agreed or strongly
agreed with the statement “the
Magnet Lab REU program was
well organized.”

Masters
& Ph.D. 10.8%

Masters
16.2%

Ph.D.
56.8%

80.8% of the participants
surveyed either agreed or strongly
agreed that they felt they were part
of the Magnet Lab research team.

97.3% of the participants surveyed either agreed or strongly
agreed that they gained an
understanding of how scientists
do real research.

78.4% of the participants surveyed indicated that they learned
that they have what is takes to
be a competent researcher.”

75.3% of the participants surveyed indicated that they learned
that “real” research is much different from their lab classes.

75.3% of the participants surveyed indicated that participating in the REU program helped
them to be self-motivated.

76.7%
of the participants surveyed indicated that participating in the program was either very
or moderately important to their decision about whether to go to graduate school.

38.4% of the participants surveyed indicated that they learned that
they wanted to go for a Ph.D. after participating in the program.
17.8% learned that they wanted to go for a Master’s degree.

REFERENCES
1. G. Callanan, G. and C. Benzing, Education + Training Journal 46(2), 82-89 (2004).
2. T.N. Garavan and C. Murphy, Education + Training 43, 281-302 (2001).
3. D. Lopatto, Cell Biology Education 3, 270–277 (2004).
4. D.W. Mogk, Journal of Geological Education 41, 126–128 (1993).
5. M.M. Tomovic, ASEE Annu. Conf. Proc. 1, 1469–1470 (1994).
For complete results or for more information, contact Brandon Nzekwe at nzekwe@magnet.fsu.edu.
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MagLab News Briefs
HONORS & AWARDS
Four Magnet Lab-afﬁliated physicists have been named Fellows of the American Physical Society (APS). The researchers
selected as APS Fellows for 2010, and the language provided
on their citations, are as follows:
Scott Crooker, staff member at the
lab’s Pulsed Field Facility at Los Alamos
National Lab, “for the development of
magneto-optical spectroscopies and their
applications to colloidal quantum dots
and electron spin transport and noise in
semiconductors.”
Vladimir Dobrosavljevic, Professor of
Physics at The Florida State University and
director of the Magnet Lab’s Condensed
Matter Science-Theory program, “for
research on fundamental localization processes near the metal-insulator transition,
particularly the interplay of strong electronic correlations, disorder, and quantum glassy dynamics.”
Lloyd W. Engel, graduate research faculty
member in physics at FSU and a scholarscientist at the Magnet Lab, “for contributions to the study of the quantum Hall
effects and associated electron solid
phases using microwaves in very high
magnetic fields.”
Huan-Xiang Zhou, Professor of Physics
at FSU and an affiliate of the Magnet
Lab’s Nuclear Magnetic Resonance program, “for his pioneering contributions to
theoretical and computational biophysics, in particular by developing elegant
theories and methods on protein-ligand
binding and the effects of intracellular environment on biophysical properties of proteins.”
Two Magnet Lab afﬁliates were recently named America Association for the Advancement of Science (AAAS) Fellows.
The researchers selected as AAAS Fellows for 2010, and the
language provided on their citations, are as follows:
Flip Froelich, FSU’s Francis Eppes Professor of Oceanography, “for foundational
contributions toward the understanding
of the geochemistry of marine sediments,
and the application of this knowledge to
the reconstruction of ocean history.”
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Per Arne Rikvold, Distinguished Research
Professor and the James G. Skofronick
Professor of Physics, Department of
Physics, “for distinguished contributions
to computational statistical physics
and its interdisciplinary applications in
condensed-matter and materials physics,
electrochemistry, computer science, biology, and engineering.”

COMING & GOING
Mark Emmett, a scholar scientist in the
Ion Cyclotron Resonance group, has accepted a position as a Full Professor with
the University of Texas Medical School at
Galveston.

Alex Gurevich has accepted a position
as Professor of Physics at Old Dominion
University in Virginia. Gurevich has been
working with the Applied Superconductivity Center since 1991 and with ASC at the
Magnet Lab since 2006 on many of the
most important underlying theoretical and
modeling issues relating to high-field superconductors.
Jerris Hooker, a recent Ph.D. graduate of
the FAMU-FSU College of Electrical Engineering, has accepted a postdoctoral
position in the Magnet Lab’s Nuclear
Magnetic Resonance group developing
superconductive NMR probes.

WORTH NOTING
Eta Atolia, a Rickards high school student working with Magnet Lab ScholarScientist Ryan Rodgers and Postdoctoral
Researcher Huan He in the Ion Cyclotron
Resonance Program, has been selected
as one of 40 national finalists (one of
only two from Florida) in this year’s Intel
Science Talent Search. The search is the nation’s most prestigious science research competition for high school seniors.
Eta’s project has been to analyze lipids from algae by ultrahigh-resolution mass spectrometry. She plans to enroll at MIT
this fall, joining her older sister, Esha, who also conducted ICR
research at the Magnet Lab while in high school.

NOW HIRING
Chief Scientist in Chemistry & Biology
Rice University graduate student
Layla Booshehri, from Professor
Jun Kono’s group, has been collaborating with the Pulsed Field
Facility’s Chuck Mielke and
Scott Crooker on the magneto
absorption of carbon-based
materials in magnetic fields higher than 100 tesla.
This work requires Booshehri to use and operate the
Magnet Lab’s Single Turn Magnet System, a system on
which she is becoming an expert.
High-Performance Magnetics
(HPM), formerly known as
Cable In Conduit Engineering
Fabrication & Test, recently
broke ground on its production
facility. HPM is the vision of
Magnet Lab Research Associate Tom Painter. The manufacturing and management firm specializes in providing high-quality superconducting magnet products. The Tallahassee-based
small business landed a large federal contract in
March 2010 to be the U.S. national supplier of specialized high-field magnet components to the international ITER project, a joint international research
and development project aiming to demonstrate the
scientific and technical feasibility of fusion power.

In December, the lab welcomed the general public
to its Spare Part Art exhibit, in which discarded
scrap from the magnet-building process was utilized
by FSU faculty artists, local and regional artists and
craftspeople to rethink, repurpose and reimagine.
After a successful nighttime opening Dec. 3, the
pieces remained on display through January.

The National High Magnetic Field Laboratory (NHMFL) seeks a visionary leader as the Chief Scientist in Chemistry & Biology. The successful
candidate will have a broad understanding of the most important problems in chemistry, biology, biomedicine, and biomedical engineering.

The NHMFL is the world’s
leading magnet laboratory, providing unique high-magnetic-field user
facilities and hosting the research
of approximately one thousand
scientists annually. User research at
the NHMFL spans condensed matter
physics, materials research, chemistry,
biology, biomedicine and biomedical
engineering. The NHMFL consists of
three campuses: Florida State University, the University of Florida and
Los Alamos National Laboratory. It
operates seven vibrant user programs:
DC Magnetic Fields, Pulsed Magnetic
Fields, High B/T (ultralow temperatures), Ion Cyclotron Resonance
(ICR), Electron Magnetic Resonance
(EMR), Nuclear Magnetic Resonance, and the Advanced Magnetic
Resonance Imaging and Spectroscopy
Center (AMRIS). Each of these seven
user programs is well established with
strong leadership and staff. Major
existing instrumentation of particular
interest to Chem/Bio includes (1) a
900 MHz ultra wide bore (105mm)
instrument for MRI and NMR, (2)
an 11 T/40 cm MRI instrument, (3) a
36 T hybrid magnet designed for 1.5
GHz NMR and 1000 GHz EMR (to be
completed in 2012), and (4) a recently
funded 21 T / 105mm ICR horizontal
bore magnet for ICR applications.
The NHMFL is presently leading
a world-wide advance in superconducting magnet technology.
The NHMFL has exploited major
advances in high temperature superconducting (HTS) materials over the
last two years to demonstrate the feasibility of superconducting magnets
that will exceed 30T. The NHMFL
is making additional investments to
realize high-homogeneity capabilities
for HTS superconducting magnets.

This represents a real revolution in
magnet technology with the potential
to transform Chem/Bio applications
of high magnetic fields in ICR, EMR,
NMR, and MRI.
Another major initiative under
development at the NHMFL is the
proposed construction of ”Big Light”,
a high-intensity light source that will
provide bright, picosecond pulses
of light that are tunable over the
entire terahertz-to-infrared (THIR)
frequency regime. This light source
will be unique in the world and will
be well matched to the energy and
time scales relevant to much of the
research conducted at the NHMFL.
Consequently, high-field spectroscopy in the THIR regime represents
another area with tremendous new
opportunities for Chem/Bio research
in the NHMFL user programs.
The NHMFL is looking for leadership to help broaden the operations
and infrastructure funding base for
the Chem/Bio user programs. The
Chief Scientist in Chem/Bio will
have a strong understanding of MRI,
NMR, EMR, and ICR and will be an
internationally recognized expert in
at least one of these areas of technology. He/she will be expected to
provide an expanded vision for the
integrated use of existing and planned
technologies to make a major impact
in solving critical problems in chemistry & biology.
The successful candidate will
have faculty appointments at both the
University of Florida in Gainesville
and Florida State University in Tallahassee. The primary institution and
department are negotiable and will
depend on the successful candidate’s
particular area of major research
emphasis.

Interested candidates should send a curriculum vitae, cover letter describing interests and experience, and names and contact information of
three references to Prof. Arthur S. Edison (aedison@ufl.edu), Chair, Chief
Scientist in Chemistry and Biology Search Committee, National High Magnetic Field Laboratory. University of Florida and Florida State University
are Equal Opportunity/ Access/ Affirmative Action Employers.
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USER CENTER

Attention Users:

Magnet Lab seeking input
for renewal proposal
Serving our growing user community is essential to
the Magnet Lab’s success; in fact, it’s our core mission.
We need user input to the renewal proposal to enable the
transformational research for which you need the Mag
Lab’s facilities. The members of the Mag Lab’s Science
Council, Users Committee and External Advisory Committee
are in the process of developing the 2013-2017 Renewal
Proposal. This proposal will articulate the science drivers
for high magnetic field research over the coming decade. It
will then detail the facilities, services and budget proposed
to respond to those science drivers.
To ensure we get this right, we want to hear from you
– our users from condensed matter physics, magnets and
materials research, and chemistry and biology. For your
convenience, we have posted second- or third-generation
drafts of the science drivers on a easily accessible website:

www.portal.magnet.fsu.edu/renewal
Username: ad\2013ScienceProposal
Password: MgLbRenwl!

Four Science Drivers
There are four major science drivers, and each has a
lead scientist or two responsible for developing the content
in coordination with Greg Boebinger, Albert Migliori and Art
Edison. They are:
• Quantum Matter: the broadly challenging manifestations
of quantum phenomena in materials properties, including
new superconductors, oxide and organic conductors,
graphene, topological insulators, low-dimensional
magnetic and electronic systems and nanoscale
coherence effects relevant to quantum computing.
Contact: Vlad Dobrosavljevic, vlad@magnet.fsu.edu
• Spin Coherence and Spin Control: the many methods
used to manipulate and detect electron and nuclear spins,
including pulse sequences (spin physics), coherence
effects relevant to quantum computing, uniquely sensitive
NMR and MRI probes, generation of MRI contrast through
selective spin dephasing, and the extraordinarily precise
mass spectroscopy from manipulation of charged
molecules using ion cyclotron resonance.
Contact: Stephen Hill, shill@magnet.fsu.edu

Do you have expertise in topological insulators or quantum oscillations? Molecular nanomagnets or spin control?
What about quadrupolar NMR, proteomics or petroleomics?
Energy transfer or storage? These are just a few of the
growing areas of user research planned for inclusion in the
renewal proposal. Please take a look in the folders and
send us your comments or recommendations — or even
your serious concerns.

• In vitro to in vivo: the biophysical studies of the structure
and dynamics of the macromolecular components of
life, studies spanning the length scales from molecules
to cells, using tools to measure in situ molecules and
image cellular substructure in tissues, as well as to
simultaneously identify the many small molecules
involved in metabolism of living organisms.
Contact: Glenn Walter, glennw@phys.med.ufl.edu

By late spring 2011, the scientific content of the renewal proposal will reach maturation. In early summer 2011,
we will be developing the renewal proposal budget. And by
late Summer 2011, we will submit the renewal proposal to
the National Science Foundation.

• Energy and Environment: the aspects of the national
imperative in energy production, conservation, and
use including crude-oil analysis and delivery-system
diagnostics, alternate fuels, efficient catalysis, batteries
and fuel-cell diagnostics.
Contact: Ryan Rodgers, rodgers@magnet.fsu.edu or
Neil Sullivan, sullivan@phys.ufl.edu
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Sample User Input
Fe-based superconductors (Gurevich)
Magneto-transport measurements of Fe-based
pnictide superconductors require the very high magnetic fields available only at the Magnet Lab (up to
80 tesla) to explore the extremely high values and
the anomalous temperature dependencies of the
upper critical field Hc2 (T), which are powerful probes
of the interplay between unconventional multiband
pairing symmetry and orbital and spin pairbreaking
mechanisms [1]. Bicrystal studies have shown for the
first time the weak-link behavior of grain boundaries
and a new possibility of nanoscale template engineering to improve current transport through grain
boundaries in pnictides [2]. Recent experiments of
irradiation of pnictides revealed the Kondo effect
induced by irradiation defects and a nontrivial robustness of the multiband pairing state to strong magnetic and nonmagnetic disorder [3].
1. F. Hunte et al., Nature 453, 903 (2008); J. Jaroszynski et al., Phys. Rev. B 78, 174523 (2008); A.
Gurevich. Phys. Rev. B 82, 184504 (2010).
2. S. Lee et al., Appl. Phys. Lett. 95, 212505 (2009);
Nature Mater. 9, 397 (2010).
3. C. Tarantini et al., Phys. Rev. Lett. 104, 087002
(2010).

Your input should contain:
• Compelling science (tell us why it’s compelling
and include citations).
• Clear need for the Mag Lab (tell us which high
field magnets and unique facilities).
• If known, whether new staffing or infrastructure
would be needed (what new resources and why
the Mag Lab would be the best or only place for
this work).

Email your input and comments to:
renewalinput@magnet.fsu.edu
Please put one of the following keywords in
the subject line so that your message can be
directly quickly to the appropriate person:
•
•
•
•
•

Subject: Quantum
Subject: Spins
Subject: In vitro
Subject: Energy
Subject: General

Do you have questions about offering input?
Contact User Programs Chief of Staff Kathy Hedick
at hedick@magnet.fsu.edu or (850) 644-6392.
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EARLY CAREER RESEARCHERS

Science STARTS HERE.
“Science Starts Here” showcases young scientists
whose career paths have been greatly shaped by
their experiences at the Magnet Lab.

NAME

Pete Thelwall
POSITION
Reader in Magnetic Resonance
Physics, Newcastle University, UK

TIME AT THE MAGNET LAB
Advanced Magnetic Resonance
Imaging and Spectroscopy program facility user as a postdoc at
the University of Florida:
2000–2006

RESEARCH SUMMARY
“I develop and apply novel magnetic Resonance (MR) imaging
and spectroscopy methods in
biomedical and clinical research.
My projects use in vivo MR spectroscopy in preclinical and human
studies to look at metabolic
processes in health and disease.
We use 13C MR to study the
dynamics of energy stores (such
as fats and glycogen) in muscle
and liver, or to look at how tissues defend themselves against
reactive chemical species by
synthesizing antioxidants. We are
able to better understand disease
progression and treatment strategies by understanding how these
processes change in conditions
like diabetes or liver disease.”

How do you think your experience
at the lab has shaped your scientific career?
As a postdoc I had access to a broad
range of facilities for MR spectroscopy and
imaging, so I could pursue a very broad
range of experimental approaches. These
ranged from high resolution spectroscopy,
through ex vivo microimaging, to in vivo
preclinical studies. My work could be lead
by the experimental hypothesis, rather
than restricted by the limitations of a single
piece of equipment. The environment in
the lab was hugely resourceful and supportive, with a “can do” approach that
has stuck with me. This is a big part of the
reason why I come back to AMRIS a couple
of times a year to do experiments with my
collaborators and friends.

Describe someone at the lab
who you consider a mentor.
Steve Blackband was my supervisor and mentor during my postdoc. He
provided a great environment for me to
develop from a recent Ph.D graduate to
an independent researcher. Steve has a
passion for understanding that he applies
to everything he does, which sets the
standard for how projects develop in his
group. He gave me real freedom to pursue
my research ideas, and provided support
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and guidance when I needed it. I’m indebted to him for this, and it’s a pleasure to
be able to continue working with him now
that I’m across the pond.
Another mentor within AMRIS is
Jim Rocca, NMR applications specialist.
Jim tirelessly helps people with their work
by making sure that they can get the data
they need. He is a skilled, enthusiastic and
patient teacher, and a dedicated scientist.

The environment in the
lab was hugely resourceful and supportive, with
a “can do” approach that
has stuck with me.
What makes the Magnet Lab
different from other research
destinations?
The lab is a great cocktail of worldclass facilities and scientists. Access to the
Magnet Lab is truly enabling, allowing
experiments that couldn’t be performed
anywhere else in the world, and providing
experiences and interactions that can play
a key role in career progression.

Electronic Properties of 2D Systems 19 /
Modulated Semiconductor Structures 15
JULY 2529, 2011 • TALLAHASSEE, FL
TOPICS FOR EP2DS WILL INCLUDE:
• Electronic, optical and magnetic
properties of low-dimensional systems
• Semiconductor heterostructures, superlattices,
quantum wires, and quantum dots
• Quantum Hall effects
• Physics of quantum information as applied to
limited dimensional electronic states
• Spin phenomena in nanostructures

The 19th international conference on Electronic
Properties of Two-Dimensional Systems (EP2DS19)
and the 15th conference on Modulated Semiconductor Structures (MSS 15) will be held together
in Tallahassee, Florida on July 25-29, 2011.

SCOPE OF CONFERENCES
EP2DS emphasizes the fundamental physics,
including transport and optical properties of electronic
states in low dimensional systems, which now include
graphene, nanotubes and dielectric interfaces.
MSS addresses the synthesis, processing and
applications of modulated materials, as well as novel
systems, the broader range of carbon-based, hybrid,
modulated organic, spintronic, and biologically based
modulated structures.

IMPORTANT DATES
Online registration open: April 25, 2011
Conference hotel reservations deadline: May 25, 2011
Early registration deadline: June 18, 2011
Registration cancellation deadline: June 25, 2011

• Novel low-dimensional systems, including
graphene, carbon nanotubes, and nanowires
• NEMS, biological and molecular structures
• Physics and devices for quantum information
processing
• Organic semiconductors
• Hybrid structures
• Metal-insulator transitions
• Novel probes, experimental techniques

TOPICS FOR MSS WILL INCLUDE:
• Advances in growth and processing for
modulated structures
• Nanowires and dots: electronic and optical
properties
• Nanophotonic structures
• Spintronics and spin-effects in nanostructures
• Physics and devices for quantum information
processing
• Heterostructures and superlattices
• Organic semiconductors and hybrid structures
• Novel modulated structures, including carbon
nanotubes, graphene, molecular structures,
NEMS, and bio-based structures
• Novel probing and fabrication techniques

Search for “ep2dsmss” on magnet.fsu.edu

Non-profit
Organization
U.S. Postage
PAID
Tallahassee, FL
Permit No. 55

1800 E. Paul Dirac Drive
Tallahassee, FL 32301-8350

www.magnet.fsu.edu
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