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A huge congratulations to all involved 
in the successful 100.75 T magnet pulse.  
Not only was it the first pulsed magnetic 
field above a megagauss (without blowing 
something up), there were eight experi-
ments collecting scientific data during the 
pulse.   Fear not, MLR will be publiciz-
ing those results, but not until our users 
have had a chance to publish them in the 
refereed literature.

Many of you may know that 100T has 
been a fifteen year goal for the MagLab 
and, as such, the 100T magnet project 
predates my own start date at the MagLab 
in 1998.  I greatly enjoyed working with 
the team headed by Don Parkin that built 
the scientific case for the proposal to build 
a 100T magnet.  The 100T adventure and 
the then-recently-commissioned 60T 
Long Pulse Magnet were major consider-
ations in my own decision to move from 
Bell Labs to Los Alamos…along with the 
rich cultural history of New Mexico, the 
spectacular high-desert weather and the 
beautiful Sangre de Cristo mountains….
and the first-rate scientists and engineers 
at the MagLab.

My job as a manager was to stay out 
of the way of the real talent.  One hundred 

teslas is indeed a tour-de-Lorentz-force 
achievement by the scientists, engineers 
and technicians at the MagLab/LANL 
Pulsed Field Facility along with quite a 
few key folks in the Engineering Divi-
sion at LANL and the Magnet Science 
and Technology Division at the MagLab/
FSU.  On the big day, I myself followed 
the build-up to the 100T pulse on March 
22 via the MagLab’s Twitter feed (check 
ours out at @FSUMagLab). If you missed 
the 100T fun, go to YouTube and search 
“LANL 100 Tesla” to see the record-break-
ing pulse.  And there’s more information 
about the 100T pulse on page 16.

March 12, 2012 was also an auspi-
cious day for high magnetic field research, 
as it marked the inaugural meeting of the 
National Academy of Science’s Committee 
to Assess the Current Status and Future 
Direction of High Magnetic Science in the 
United States.  The committee, thankfully 
called “Mag Sci” for short, brings together 
13 scientists charged with developing an 
independent understanding of the chal-
lenges, accomplishments and potential 
of high magnetic field research for the 
coming ten to twenty years. The Mag 
Sci Report, likely to be released in 2014, 
will update the NAS’s 2005 COHMAG 
report and provide the nation with a set 
of recommendations that outline the most 
promising scientific and technological 
opportunities as well as the most press-
ing facilities needs required to support 
the growing community of high magnetic 
field researchers. 

The meeting featured presentations 
from the National Science Foundation, 
the Department of Energy, and the Chair 
of the 2005 COHMAG study, as well as 
presentations by myself and three other 
MagLab folks:  David Larbalestier of our 
Applied Superconductivity Center, Chuck 
Mielke of our Pulsed Field Facility, and 
Lucio Frydman of the Weizmann Institute 
representing the MagLab’s Chemistry 
and Biology research community.  We 
appreciated the opportunity to summa-

rize the MagLab 2013-2017 science drivers 
and present “The State of The Possible” 
in magnet technologies for the coming 
decades.  

So in 2012, we’re wrapping up the 
present five-year grant cycle, we’re work-
ing with the NSF on the next five year 
cycle, and we’re discussing with the Mag 
Sci Committee the longer term vision 
beyond.  Quite a year.

Gregory S. Boebinger,
MagLab Director

DIRECTOR’S DESK   by Greg Boebinger

MagLab breaks megagauss barrier

Maglabusers.org, an external forum 
for our user community, launched in 
March. See page 21 for more info. 
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Geometrical frustration of a spin 
lattice, which precludes simultaneous 
minimization of the dominant isotropic-
exchange energy on all bonds, is the key 
promoter of exotic fractional excitations 
and fascinating cooperative magnetic 
ground states in condensed matter1. Such 
states include spin liquids, spin ice, inho-
mogeneous disordered phases, as well as 
unconventional spin orders. In frustrated 
lattices the isotropic Heisenberg exchange 
is often unable to lift a macroscopic de-
generacy of the ground state. Then, minute 
magnetic-anisotropy terms can become 
crucial for selecting the ground state and 
for determining the low-energy magnetic 
properties. Electron spin resonance (ESR) 
in either a paramagnetic or a magneti-
cally ordered phase is a powerful tool for 
determining and quantifying the dominant 
magnetic anisotropy in a particular spin 
system. The anisotropy is reflected directly 
in the ESR linewidth or in a field depen-
dence of the antiferromagnetic resonance 
(AFMR) modes. 

The acentric Fe-Langasite, Ba3Nb-
Fe3Si2O14, features a frustrated arrange-
ment of spin-5/2 Fe3+ ions on vertices of 
equilateral triangles arranged into a 2D 
triangular lattice2, as shown in Figure 1a. 
Since its discovery, this system has been 
drawing considerable attention both due 
to its multiferroic properties3-5 as well 
as due to its distinctive magnetic ground 
state2. The long-range magnetic order that 
develops simultaneously with the electric 
polarization below TN = 26 K is a unique 
double-chiral single-domain state2. In this 
state the magnetic moments are bound 
to the crystallographic ab planes [Figure 
1(b)] and form a magnetic helix along 

the crystallographic c axis, correspond-
ing to the magnetic propagation vector 
(0,0,~1/7). This state is selected out of four 
possible ground states of the system; i.e., in 
crystals with structural left handedness it 
features a single vector triangular chirality 
εΔ = −1 on each triangle, and a single heli-
cal chirality εΗ = 1 (along the c axis)2. The 
selection of the pure chiral state is believed 
to be crucial for the multiferroic properties 
of the compound.

Recently, we have extended our 
research of the chiral magnetic properties 
of Ba3NbFe3Si2O14 by combining unpo-
larized and polarized inelastic neutron 
scattering6. This study has revealed two 
magnetic excitation branches, one of 
which is completely chiral over the whole 

energy spectrum. This represents a unique 
dynamical fingerprint of the chiral ground 
state, which implies an unprecedented ab-
sence of chirality mixing in spin dynamics. 
Furthermore, the chiral correlations re-
main present in Ba3NbFe3Si2O14 far above 
the ordering temperature7. Understanding 
the chiral properties of this system goes far 
beyond the rationalization of its ground 
state, as spin chirality, which can be long-
ranged even in the absence of a classical 
magnetic order, is one of the key concepts 
in the physics of the strongly correlated 
electrons8. It is believed to be related to 
various intriguing phenomena like the 
realization of spin liquids, magnetic-order 
induced ferroelectricity, anomalous Hall 
effect, and possibly even high-temperature 

Antiferromagnetic Resonance Reveals 
the Origin of Magnetic Chirality in the 
Geometrically Frustrated Ba3NbFe3Si2O14
A. Zorko1,2, M. Pregelj1, A. Potočnik1, J. van Tol3, A. Ozarowski3, V. Simonet4, P. Lejay4, S. Petit5 and R. Ballou4
1. Jožef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
2. EN-FIST Centre of Excellence, Dunajska 156, 1000 Ljubljana, Slovenia
3. National High Magnetic Field Laboratory, Florida State University, Tallahassee, Florida 32310
4. Institut Néel, CNRS and Université Joseph Fourier, BP 166, 38042 Grenoble, France
5. Laboratoire Léon Brillouin, CEA-CNRS, CE-Sacley, 91191 Gif sur Yvette, France

FiGuRE 1. “Triangular” arrangement of the Fe3+ (S = 5/2) spins in Ba3NbFe3Si2O14 with the domi-
nant (a) intra-layer, J1-2, and (c) inter-layer, J3-5, isotropic exchange constants. The pattern of the 
nearest-neighbor Dzyaloshinsky-Moriya vectors d, representing the major magnetic anisotropy in 
the system, is also shown in (a). (b) Two possible double-chiral ground states allowed by the isotro-
pic exchange for crystals with structural left-handedness. εΔ denotes the triangular chirality and εH 
the helical chirality of the spin order along the c axis.



6 MAG LAB REPORTS Volume 19 No. 1

ElEctroN magNEtic rESoNaNcE

superconductivity.
We have tackled the mysterious 

origin of the chiral magnetic properties 
of Ba3NbFe3Si2O14 by combining ESR 
measurements in the paramagnetic and 
in the magnetically ordered phase9. It is 
well-established that already the former 
can, in principle, yield unambiguous in-
formation about the dominant anisotropy 
in a particular spin system, provided that 
the paramagnetic limit, where spatial spin 
correlations are absent, can be reached 
experimentally. Unfortunately, in Ba3Nb-
Fe3Si2O14 this is not the case even at 500 K, 
which represents the highest temperature 
to which we could extend our measure-
ments. The ESR linewidth anisotropy ob-
tained from these measurements, however, 
turns out to be invaluable, since it sets the 
ratio of the anisotropy constants for vari-
ous anisotropy models9.  

Performing ESR experiments below 
TN in a broad frequency/field range, which 
is feasible at the Magnet Lab, turned out 
to be essential for the success of our study. 
In Figure 2a we show the position of the 
lowest two AFMR modes (S1 and S2) that 
were detected at various frequencies. The 
zero-field energy gap to the lowest branch 
is a relativistic effect and is thus due to a 
finite magnetic anisotropy. The gap to the 
second branch, on the other hand, is pres-
ent already for the isotropic Heisenberg 
Hamiltonian. In order to account for the 
experimental frequency-field diagram one 
needs to consider all possible magnetic 
anisotropy terms. In Ba3NbFe3Si2O14 the 
two potentially dominant terms turn out 

to be the single-ion (SI) anisotropy and the 
Dzyaloshinsky-Moriya (DM) antisymmet-
ric exchange, originating from spin-orbit 
coupling9. Theoretical modeling of the 
AFMR modes has allowed us to distin-
guish between the two models, especially 
since they predict a significantly different 
angular dependence of the modes [Figure 
2b], yielding a much better agreement for 
the DM-anisotropy model.

We have thus discovered that DM is 
the leading anisotropy in Ba3NbFe3Si2O14. 
The zero-field gap of the S1 branch is solely 
due to the out-of-plane DM component 
dc (dc/J = 0.4%). Due to its symmetry, this 
component is responsible for selecting 
the unique magnetic properties of Ba3N-
bFe3Si2O14. Namely, our simulations have 
further disclosed that dc > 0 selects the 
experimentally observed ground state with 
the triangular chirality εΔ = −1, as a result 
of the minimization of the DM energy. 
The SI anisotropy, on the other hand, 
would select the other triangular chirality, 
because it is a single-site property. The in-
plane DM component dab does not affect 
the low-energy excitations. Its size (dab/J = 
1.1%) could, however, be determined when 
combining AFMR and ESR measurement 
above TN9.

Acknowledgments
We acknowledge the financial support 

of the Slovenian Research Agency (Projects 
No. J1-2118 and No. BI-US/09-12-040).
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FiGuRE 2. (a) Frequency-field diagram and (b) angular dependence of AFMR modes measured in 
Ba3NbFe3Si2O14 at 4 K. Fits to the Dzyaloshinsky-Moriya and the single-ion-anisotropy models are 
shown with solid and dashed lines, respectively.
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In vivo chlorine magnetic resonance 
imaging of rat brain at 21.1 T
Exploring new MRI capabilities using very low gamma nuclei
Victor D. Schepkin, Malathy Elumalai, Jason A. Kitchen, Petr L. Gor’kov, and William W. Brey
National High Magnetic Field Laboratory, 1800 East Paul Dirac Drive, Tallahassee, FL 32310-4005 USA

introduction
Ultra high magnetic fields expand our capability to perform 

MR imaging1,2 beyond commonly used proton imaging.  The 
role of low gamma (γ or gyromagnetic ratio), and MRI remains 
practically unknown, especially in vivo. One of the problems for 
such nuclei is the much lower intensity of their MR signals in 
comparison to proton. For example, at the same concentration 
and magnetic field, the sodium MR signal is 10.8 times less than 
proton. In vivo its MR signal is further reduced -- almost 1235 
times due to the low sodium concentration. Another plunge in 
signal intensity is expected for chlorine MRI. The most abundant 
chlorine-35 nuclei may have ~ 26 times less MR signal intensity 
than sodium.  

From another point of view, the gain in sensitivity or in 
signal-to-noise-ratio (SNR) due to an increased magnetic field is 
especially favorable for the low gamma nuclei. This gain is very 
close to a theoretical prediction, and it is approximately a square 
of the gain in the magnetic field.  The ultra high magnetic field of 
21.1 T provides dramatic improvement in sodium MRI sensitivity 
as demonstrated in Figure 1. Sodium MRI is currently expanding 
its role as a unique tool for in vivo research. Both sodium and 
chlorine nuclei have important advantages in that they do not 
need to be added to the living systems. Since they are inherent, 
each can provide a unique window on the biological processes 
taking place during normal in vivo function and during a variety 
of interventions and diseases. It is anticipated that changes in 
the chlorine signal can be a precursor of tumor cell progression, 
alterations of GABA gated chlorine channel activity and pain 
sensitivity modulations. 

The second challenge after sensitivity for chlorine MR 
imaging is a presence of strong quadrupolar interactions of 
chlorine nuclei in vivo. MRI in this case requires an ultra short 
echo time for detection of the chlorine free induction decay 
(FID) signal without losses. The current study explored the MRI 
capability of in vivo 35Cl (abundance 75.8%) in comparison with 
corresponding sodium MR imaging. The present experiments 
were performed in vivo using imaging a rat head and the results 
were compared with a test sample containing a saline solution.

Experimental
Improved shielding of the chlorine probe was accomplished 

recently by a careful design of the new RF screen for UWB 900 
bore. It is especially important as our resonance frequency of 

chlorine is very close to the public FM radio station working at 
the frequency of 88.1 MHz. A volume birdcage coil for 35Cl (ID 
= 33 mm) and RF splitter were created allowing a quadrature 
mode excitation and detection of the chlorine MR signals. 
Sodium MRI was performed with a double tuned Na/H RF coil, 
where the sodium coil had the same size as the chlorine coil. The 
experiments were conducted using a 21.1T MRI scanner (Bruker 
Avance III console, PV5.1 software) equipped with home made 
modular designed RF probe3 and new gradient coil with ID = 
64 mm (RR Inc.). The MR resonance frequency for chlorine 
and sodium were 88.15 MHz and 237.5 MHz respectively. MR 
imaging was accomplished using a 3D back-projection pulse 
sequence with a very short FID acquisition delay (~0.1 ms). The 
test sample was filled with a saline solution of 0.9% NaCl (155 
mM) and its shape was designed to have an RF load comparable 
to in vivo rat head. MR imaging in vivo was performed using 
Fisher 344 rats (weight ~ 200 g). All animal experiments were 
conducted according to the protocols approved by The Florida 
State University ACUC. 

Results and Discussion
A single 90 degree RF pulse of 100 µs generated a FID from 

chlorine-35 in the test sample with SNR (SNR = (FIDmax)/STD) 
= 28. The sensitivity of 35Cl is demonstrated by FID from the 
test sample and a rat head acquired with the same number of 
accumulations of NA = 1024 during 2 minutes. (Figure 2). In this 
case the FID from the test sample gived a SNR for chlorine of 859 
which is in a good correspondence with a SNR gain ~  (NA)1/2 
during accumulations. The consequent chlorine SNR for the rat 
head were 5.5 for NA = 1 and 175 for NA = 1024.

FiGuRE 1. In vivo sodium MRI of rat head. Resolution is 1x1x1 mm. Cross 
lines indicate a position of the image planes for the presented images.
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For comparison the corresponding measurements using 
90° pulse and NA=1024 were performed for sodium: in the test 
sample SNR was 12312 and in a rat head it was 5263.  

From these data it is possible to compare the changes in 
MR signals between sodium and chlorine at 21.1 T, as we used 
a comparable geometry of the RF coils in our experiments.  It is 
reasonable to accept that the changes in SNR (4) should follow the 
dependence ~γ*(ω)7/4 , where ω is MR frequency. Then we should 
have a drop in sensitivity between sodium and chlorine-35 for 
our test sample ~15.4 times.  Experimentally this drop was ~19, 
which includes a correction of ~ 1.3 for more efficient detection of 
chlorine by quadrature coil.  The found difference in SNR is more 
than expected. It may include contribution from the differences 
in RF coil parameters and may indicate that there could be some 
reserves to improve our chlorine coil. 

The comparison of MR signals of chlorine and sodium in 
solution with the corresponding values in rat head can give us 
some insights on the MR visibility of chlorine. For sodium the 
ratio of MR signal from the test sample to the signal from rat 
head was 2.61. The corresponding ratio for chlorine was 4.9. It is 
a surprising finding as it was expected that these ratios should be 
comparable for a similar sodium and chlorine concentration in 
head.  

There are multiple evidences that the in vivo sodium signal 
is 100% detectable.  Thus, in this case our results suggest a 
likelihood of a decreased in vivo visibility of chlorine ~ 1.9 times. 
Future experiments will show what contribution to this factor 
could come from the possible difference in chlorine concentration 
relative to sodium.

Spin-lattice relaxation (T1) of chlorine-35 was measured 
using the progressive saturation method. Relaxation curve for the 
test sample was found to be mono-exponential with T1=28 ms. In 
vivo the T1 relaxation curve for chlorine-35 in rat head was multi-
exponential and the results were fitted by two exponents: T1a=3.1 
ms (89%) and T1b=20 ms (11%). The much shorter relaxation 
times in rat than in saline solution is an apparent consequence of 
an increased contribution from quadrupolar interaction for the 
majority of chlorine nuclei. T1 relaxation time for quadrupolar 
nulclei in vivo usually has either negligible or no dependence on 
the strength of the magnetic field. Thus comparable relaxation 
times will be found at other stronger magnetic fields. 

MRI of chlorine in the test sample is presented on Figure 3. 

Resolution of the image was 1x1x1 mm and scan time was 147 
min. For the same scan time the first in vivo MRI of chlorine in 
rat head is given at Figure 3.  Resolution of the MRI scan is 2x2x2 
mm. A high intensity chlorine signal was detected throughout the 
entire brain area and especially from the eyes.

Conclusion
The study demonstrates the current capability to perform MRI 

using low gamma nuclei. The sensitivity of the chlorine-35 MRI 
has been dramatically improved due to an enhanced shielding of 
the MRI probe and a quadrature RF coil design. All this combined 
with optimization of the back projection MRI allowed us for the 
first time to acquire in vivo 3D chlorine MRI of a rat head. The 
nearly two times decrease of the chlorine MR signal found in vivo 
warrants further investigation and will be addressed in the future 
experiments. 
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FiGuRE 2. Chlorine-35 MR free induc-
tion decays (FID) from saline solution 
and rat head.

FiGuRE 3. Chlorine MRI of the 
test sample, resolution 1x1x1 
mm, scan time was 147 min.

FiGuRE. 4.  The first in vivo 3D chlorine MRI of rat head, resolution 2x2x2 mm.  
Cross lines indicate the position of image planes for the presented images.
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Contact:
Dr. Huub Weijers (weijers@magnet.fsu.edu)

A joint research team from the 
National High Magnetic Field Labora-
tory, the University of Colorado, and 
the National Institute of Standards and 
Technology has successfully demonstrated 
the world’s first multi-layer electromagnet 
that was wound from a high-temper-
ature superconducting cable at a field 
of 20.0 tesla. They also demonstrated a 
record winding current of 4100 amperes 
in a single-turn magnet at a background 
field of 19.81 tesla. The magnets were 
wound from superconducting cables that 
consisted of 20 to 40 strips of tape made 
with YBCO. 

The results are an important mile-
stone in the development of next-gener-
ation, low-inductance superconducting 
magnets. Such magnets carry a relatively 
high winding current and can be ener-
gized at a very fast rate. Current genera-
tion low inductance, superconducting 
magnets consist of metallic, so-called 
low-temperature superconductors that are 
fundamentally limited to magnetic fields 
of about 18 to 20 tesla. 

Future accelerator magnets for 
high-energy physics experiments and 
magnets for fusion require magnetic fields 
that exceed 20 tesla, which can only be 
reached using high-temperature super-
conductors. These ceramic materials are 
produced in thin tapes or wires that need 
to be bundled into high-current, flex-
ible cables when used in low-inductance 
magnets. Cabling of high-temperature 
superconductors is quite challenging 
due to the brittle nature of the ceramic 
superconducting material. Dr. van der 
Laan from the University of Colorado 
and the National Institute of Standards 
and Technology has developed a new 
method to cable YBCO tapes that leaves 

the fragile superconducting layer intact1. 
Many superconducting tapes are wound 
in a helical fashion on a flexible core to 
form Conductor on Round Core Cables 
(CORCC).

The multi-layer magnet consisted 
of 12 turns in 2 layers and had an inner 
diameter of only 9 centimeters. It was 
tested in a background field of 19.81 T at 
a temperature of 4.2 K in liquid helium, 
where it carried a current of 1950 amperes 
and raised the magnetic field to just above 
20 tesla. The winding current density at 20 
tesla was 50 A/mm2.

A second magnet was tested to 
demonstrate the potential of even higher 
winding current densities in these cables. 
A single-turn magnet was wound from a 
cable that consisted of 40 YBCO tapes. It 
carried a world record current of 4100 A 
in a background field of 19.81 T, which is a 
winding current density of 93 A/mm2. 

 The cable that carried a world record 
current of 4100 amperes in a background 
field of 19.81 tesla.

The high-temperature superconduct-
ing cable technology is currently being 
commercialized by Advanced Conduc-
tor Technologies LLC that was recently 
founded by Dr. Danko van der Laan. For 
more information, please visit  
www.advancedconductor.com.

1.  D.C. van der Laan, Supercond.�Sci.�Technol.�
22, 065013 (2009); 

2.  D.C. van der Laan, X.F. Lu, and L.F. 
Goodrich, Supercond.�Sci.�Technol. 24, 
042001, (2011); 

3.  D.C. van der Laan, L.F. Goodrich, and T.J. 
Haugan, Supercond.�Sci.�Technol. 25, 
014003 (2012).

collaboratioN NEwS

High-temperature superconducting 
magnet cables reach a record  
current at a magnetic field of 20 T

The six windings that form the inner layer of the 
magnet.

Cross-section of a typical CORC cable that con-
tains 24 YBCO tapes.

The cable that carried a world-record current of  
4100 amperes in a background field of 19.81 T.
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coNdENSEd mattEr

introduction
Iron arsenide compounds have cre-

ated excitement in the condensed mat-
ter physics community in recent years, 
showing promise as a new generation of 
superconductors through applied pres-
sure or doping1, 2. Th e parent compound, 
BaFe2As2 exhibits concurrent structural 
(from tetragonal to orthorhombic) and 
magnetic transitions (to a spin density 
wave) near T ~ 140K. Th e structural tran-
sition causes a reconstruction of the Fermi 
surface resulting in small, low-frequency 
pockets. One of the keys to developing a 
better understanding of these compounds 
is to determine the eff ect of varying 
experimental parameters: magnetic 
fi eld, temperature and pressure. We have 
measured the eff ect of applied pressures 
up to ~ 20 kbar on the Fermi surface in 
BaFe2As23.

Experimental
A single crystal of BaFe2As2 was 

placed into a coil located in either a dia-
mond anvil cell (DAC) or piston cylinder 
cell (PCC). Th is coil provides inductance 
for a tunnel diode oscillator (TDO) cir-
cuit, where changes in sample resistance 
are observed by a shift  in the resonant 
circuit frequency. Magnetic fi eld was pro-
vided by a 16 T superconducting magnet 
with a dilution refrigerator and a 35 T 
resistive magnet (Cell 12) at the Magnet 
Lab in Tallahassee. 

Special care was taken with regards to 
hydrostaticity during the measurements. 
Measurements were made using pressure 
mediums of oil, a 1:1 mixture of Fluori-
nert FC-70 and 77 and a 4:1 mixture of 
methanol and ethanol (shown by the vari-
ous symbols in Figure 2a). Hydrostaticity 

was estimated by the deviation of the full 
width half maximum (Γ) of the R1 ruby 
fl uorescence peak from the ambient pres-
sure value (ΔΓ = Γ(P) – Γ(0), where Γ(0) ~ 
0.090 nm)4. In the instances where ~ ΔΓ > 
0.1, the amplitude of the QO diminished 
too quickly at higher temperatures to fi t 
eff ective masses.  Th e data with the best 
signal to noise ratio (SNR) in a DAC was 
found using a 4:1 methanol-ethanol mix-
ture with a cooling rate of ~ 1-2 K/min, 
which has been shown to maintain hydro-
static conditions to above 90 kbar 5.  Our 
measurements showed that hydrostatic 

pressure conditions can play a crucial role 
in resolving quantum oscillations in these 
compounds.

Results
Quantum oscillations in skin depth 

were observed in fi elds as low as 3.5T 
(Figure 1a) where ambient pressure results 
follow fi ndings in previous work6. Th e 
frequency of the cigar-shaped, γ-orbit is 
shown in Figure 2a as a function of pres-
sure and follows a P2 dependence while 
the larger, almost spherical alpha pocket 
(Fγ ~ 440 T) increases linearly. With pres-

Fermi Surface of BaFe2As2 Under Pressure in 
the Reconstructed State
D. Graf1, T. M. Murphy1, E. C. Palm1, R. L. Stillwell1, J-H. Park1, S. W. Tozer1, J.G. Analytis 2, I. Fisher 2 
1. National High Magnetic Field Laboratory, Tallahassee, FL 32310
2. Stanford Institute for Materials and Energy Sciences, Menlo Park, CA 94025

FiGuRE 1. The TDO circuit frequency change from fi eld sweeps with B//c-axis and 
ambient pressure at (a) T ~ 30 mK, showing QO as low as 3.5T and (b) T ~ 350 mK. 
In panel (b), the red trace shows the raw data and the fi rst derivative (black) exposes 
the quantum oscillations.
iNSEt: Fast Fourier transform of the data shown.
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sures above ~ 10 kbar, a lower frequency 
(ε) was also observed (Figure 2b). The 
effective masses of the α and γ orbits both 
grow ~ 30% from ambient pressure values 
of  m*α ~ 1.45me and  m*γ ~ 0.8me with 
pressures to 16 kbar.

Reference 7 provides a relationship 
between chemical and applied pressure 
where optimal phosphorus doping (x ~ 
0.33) in BaFe2(As1-xPx)2 has the same 
superconducting transition temperature 
as the un-doped BaFe2As2 compound at 
~ 52 kbar. The doping dependence of the 
fermiology for 0.41 < x < 1 is shown by 
Shishido, et al., where quasi-two-dimen-
sional orbits (labeled α and β) are found 
to have larger size with increasing x (i.e. 
“pressure”). Using an estimate of ~ 1.6 
kbar ≈ x = 0.01 of phosphorus doping, the 
linear pressure dependence of the α-orbit 

reported here would lead to Fα ~ 550 T at 
optimal doping which is similar to value 
found from extrapolating the results for 
the α-orbit in reference 8.

The measurements reported here used 
a (PCC) comprised of beryllium copper 
clamps and a MP35N body which has re-
cently been modified to improve the high 
pressure limit for users at the Magnet Lab. 
The new PCC has been successfully tested 
to 20 kbar on several occasions and offers 
a sample space with a 3.0 mm diameter 
and 3.3 mm height. The dimensions of the 
PCC allow it to be used in any of the DC 
field magnets in a static orientation or to 
rotate in the ~ 36 mm bore of SCM2 in 
fields to 18 T. 
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coNdENSEd mattEr

One of the main interests of our group 
is to characterize the transport proper-
ties of organic superconductors, magnets, 
and semiconductors down to cryogenic 
temperatures and up to high magnetic 
fields. Very often these materials can be 
synthesized only as very small (1 to 100 
μm sized) single crystals, when combined 
with their relative softness, makes it very 
challenging to make electrical contact to 
them in a non-destructive way for physical 
measurements. Hence, we were compelled 
to explore the possibility of fabricating a 
non-destructive test device using flexible 
microwires to make electrical connec-
tion to these materials. Spider silk (~3 μm 
diameter per wire) emerged as a strong 
candidate and it is readily available in the 
parks around the Magnet Lab. This work 
then led us into exploring the role of silk 
materials in electronic devices.

Gold-sputtered spider silk fibers  
as electrodes

Spider silk is a highly insulating 
material with conductivity of ~ 44 nS/

cm at 50% relative humidity (RH)1. We 
found that it is not so easy to increase 
the conductivity via conventional charge 
doping method. For example, at 50% 
RH, the conductivity of the iodine doped 
spider silk fibers increased only by ~ 600%. 
We found, however, that gold could be 
readily sputtered onto spider silk fibers 
and the deposited thin films appeared to 
adhere very well to the fibers (Figure 1). 
The surface electrical resistance measure-
ment performed in Millikelvin laboratory 
SCM 2 at the Magnet Lab reveals metallic 
conductivity in the gold-sputtered spider 
silk fiber, down to the lowest temperatures 
studied (T ~ 260 mK). Furthermore, the 
gold-sputtered silk fibers remained elastic.

The elastic properties of the gold-
sputtered silk fibers allowed us to fabricate 
a test device to measure 4-point resistance 
of small organic crystals. To do so, first, 
4 gold-sputtered silk fibers were aligned, 
mounted and secured on to a substrate. 
Then, the sample which is laying on a piece 
of slide glass was pressed against the 4 fibers 
and secured to maintain the contact pres-
sure between the fibers and the sample. This 
“mandolin” setup is robust down to at least 
4.3 K as shown in our proof-of-concept 
demonstration1. The resistance vs. tempera-
ture measurement for the organic super-
conductor κ-(BEDT-TTF)2Cu[N(CN)2]
Br was very stable and robust for most 
temperature range (Figure 2b). Using this 
technique, we were able to reproduce the 
resistive superconducting transition at ~12 
K reported in the literature for a sample 
from the same batch 2. Since the sample has 
not been contaminated by conventional sil-
ver/carbon paste contacts, it could be saved 
for future measurements in other setups.

Spider silk as mask for micro-patterning
We also found that spider silk fiber 

is particularly suited as a mask to pat-
tern electrodes with ~ 4 μm channel 
feature. This inspired us to fabricate an 
adhesive stamp electrodes based on gold-
coated adhesive tape capable of measur-
ing electronic transport properties of 
supra-micron samples in the lateral range 

Functionalized silk materials for  
electrical measurements and devices
by Eden Steven1,2, Eric Jobiliong3, Jin Gyu Park4, Anant Paravastu1,5, Rufina G. Alamo1,5, Theo Siegrist1,5, 
Michael Davidson1, Michelle Baird1 and James S. Brooks1,2

1. National High Magnetic Field Laboratory, 1800 East Paul Dirac Drive, Tallahassee, FL 32310 USA.
2. Department of Physics, Florida State University, 315 Keen Building, Tallahassee, FL 32306 USA.
3. Department of Industrial Engineering, University of Pelita Harapan, Tangerang, 15811, Indonesia.
4. High-Performance Materials Institute, Florida State University, 2005 Levy Ave., Tallahassee, FL 32310 USA.
5. FAMU-FSU Department of Chemical and Biomedical Engineering, 2525 Pottsdamer Street, Tallahassee, FL 32310 

FiGuRE 1. SEM photograph of a single gold-
sputtered spider silk fiber.

FiGuRE 2. The mandolin method for perform-
ing four-probe electrical measurements us-
ing gold-sputtered spider silk fibers on organic 
samples. (a) Mandolin diagram. (b) Temperature-
dependent four-terminal resistance of κ-(BEDT-
TTF)2Cu[N(CN)2]Br. 
iNSEt: R vs T at lower temperature, showing su-
perconducting transition at ~ 12 K.
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of 10 to 100 μm and thickness > 1 μm 
down to cryogenic temperature and up 
to high magnetic field3. In Figure 3a and 
3b, we show a diagram of an assembled 
4-terminal electrode pattern with a single 
crystal attached. The essential feature 
is to provide an adhesive, but conduct-
ing and compliant patterned electrode 
array to which a sample can be attached, 
where ohmic contacts can be maintained 
to cryogenic temperatures. The adhesive 
stamp electrodes were made from regular 
double-sided mounting tape purchased 
from local grocery store, gold coated by 
thermal evaporation through a cross-lined 
spider silk fiber (~3 μm diameter) mask. 
To make contact to the sample, we simply 
place the sample at the center of the 4 
electrodes and press the sample gently 
using a thin applicator ensuring a reliable 
and permanent ohmic connection. Using 
this technique we were able to reproduce 
the data reported in the literature4,5 for 
example, the observation of the spin 
density wave induced metal to insulator 

transistion in (TMTSF)2PF6 (size ~ 16 x 
40 μm2) and also the Shubnikov de Haas 
oscillation in single crystal graphite (size 
~ 25 x 30 μm2). The measurement was 
performed in Millikelvin laboratory SCM 
1 at the Magnet Lab.

Carbon nanotube coated spider silk 
as heart pulse sensor

Besides gold, it is also possible to coat 
spider silk fibers with carbon nanotube 
(CNT). Figure 4 shows the SEM figure of 
CNT coated single spider silk fiber. Using 
the CNT coated spider silk fiber, we have 
fabricated a strain sensing device that 
is sensitive to heart pulses. The device 
is composed of CNT coated silk fibers 
mounted on a substrate in 4-point con-
figuration. To detect the heart pulses, the 
device was mounted near the pulse area 
(for example, near our wrist) and resis-
tance changes were monitored over time. 
Figure 4b shows the heart pulse detection 
performed in our laboratory.
Silk as dielectric layer for organic 

field effect transistor
In another related work and in col-

laboration with Dr. Michael Davidson 
and Michelle Baird, we fabricated an 
organic field transistor using silk as the 
dielectric layer. In this case, we commer-
cially purchased and processed Bombyx 
Mori silk cocoon into a high quality 
spin-castable solution. Figure 5a shows 
the device assembly of top contact ther-
mally evaporated diF-TESADT organic 
transistor using neat silk thin film as the 
dielectric layer. The device has a typical 
mobility of ~ 2.13 cm2/V.s and low oper-
ating voltages (VDS and VG of ~ -3V). We 
found that by performing argon plasma 
treatment of the silk dielectric layer, the 
mobility was improved to ~ 11.53 cm2/V.s 
(Figure 5b and 5c).

Summary
We have shown that spider silk or silk 

material in general is a promising tem-
plate material for adding functions. The 
gold sputtered spider silk fibers remained 
conducting and elastic down to cryogenic 
temperatures and can be used as clean 
pressure electrodes. We have also shown 

FiGuRE 3. Adhesive stamp electrodes for supra-micron sized sample. (a) Diagram of the assembly. 
(b) Cross-sectional diagram of the assembly. (c) Temperature dependent resistance of (TMTSF)2PF6 
showing metallic behavior and metal-insulator SDW transition at ~12 K. (d) Magnetoresistance of 
kish graphite at 25 mK, showing Shubnikov de Haas oscillations. iNSEt: FFT analysis showing α 
(hole) and β (electron) pocket at ~ 4.6 T and ~ 6.4 T respectively.

FiGuRE 4. Carbon nanotube coated spider silk 
fiber. (a) SEM image of CNT coated single spider 
silk fiber. (b) Heart pulse detection using CNT 
coated spider silk fibers as strain sensing sensor.
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that spider silk is suitable as a mask for 
micro patterning to fabricate adhesive 
stamp electrodes for supra-micron sized 
sample. Furthermore, it is possible to 
functionalize spider silk with carbon 
nanotube for strain sensing device. 
Finally, we have fabricated a high perfor-
mance OFET using silk thin film as the 
dielectric layer.
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The Internati onal Conference on Molecule-based Magnets 
(ICMM) is the largest internati onal conference on the research 
fi eld of “Molecule-based Magneti sm.” This meeti ng focuses on 
the magneti sm of molecules and molecular-based materials, i.e. 
the design, synthesis and evaluati on of arti fi cial spin systems 
composed of organic radicals, transiti on metal complexes, and 
composite materials. 

This “fi eld” of research has grown tremendously over 
the past two decades and is an enormously interdisciplinary 
endeavor. In keeping with traditi on, this meeti ng will cover a 
diverse range of topics including (but not limited to): synthesis 
of magneti c molecules and materials; magneti c properti es of 
organic radicals, coordinati on complexes, metal-radical systems; 
nanomagneti sm; multi -property magneti c materials; theoreti cal 
approaches.

ICMM is a highly interdisciplinary conference that att racts 
around 400 physicists, chemists and materials scienti sts. 
Att endees are usually a mix of theorists and experimentalists, 
and many are users of the MagLab.

The 13th Internati onal Conference on 
Molecule-based Magnets

htt p://icmm2012.us

OCTOBER 7-11, 2012 IN ORLANDO, FL

������� �� 
Stephen Hill (MagLab) and
Enrique del Barco (UCF)

��������� ��

March 15, Thursday
- Second Circular (Plenary-Keynote speakers) 
- Early registrati on starts 
- Abstract submission starts

June 15, Friday
- Early registrati on ends 
-Full registrati on starts

August 15, Wednesday
- Abstract submission ends

September 1, Saturday
- Final circular (Final program announced)

- Online registrati on ends

October 7, Sunday 
-  Conference, on-site registrati on 

and proceedings submission

����� �� ��������

THE ROSEN CENTRE HOTEL
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LEFt iNSEt: A close-up of the magnetic fi eld profi le in time. 
RiGHt iNSEt: Fourier Transform of the deHaas-van Alphen magneto quantum oscillations of polycrystalline copper at 1.5 K as a function of 
inverse magnetic fi eld showing the distinct peak which is used for an accurate in-situ calibration of the magnetic fi eld.

uSEr NEwS: loS alamoS NatioNal lab

Breaking the megagauss barrier 
for high magnetic fi elds

On March 22, the Magnet Lab’s 
Pulsed Field Facility at Los Alamos broke 
the megagauss barrier by taking six user 
experiments to 100.75 tesla (2 million 
times the earth’s magnetic fi eld). Th is 
is a signifi cant achievement in nano-
composite materials engineering and 
magnet development, and opens new 
scientifi c frontiers in materials research. 

Th e pulse produced research 
results for scientifi c teams from Rutgers 
University, École Nationale Supérieure 
d’Ingénieurs de Caen (ENSICAEN), 
McMaster University, University of 
Puerto Rico, University of Minnesota, 

Cambridge University, University of 
British Columbia, and Oxford University. 
Th e science that we expect to come out 
varies with the experiment, but can be 
summarized as:
•  Quantum Phase transitions and new 

ultra high fi eld magnetic states
• Electronic Structure determination
•  Topologically protected states of matter

Th e MagLab will be able to provide 
repetitive pulses of extremely high mag-
netic fi elds nondestructively to researchers 
who will use this unprecedented tool for 
studying a range of scientifi c questions, 

from inducing previously unseen magnet-
ic behaviors in materials subject to these 
very high magnetic fi elds, to research into 
the quantum behavior of phase transitions 
in solids. 

Th e project is jointly funded by 
the National Science Foundation and 
Department of Energy.

WAtCH ONLiNE
Video of the laboratory and the 
record-setting event is posted on the
LANL YouTube channel: 
Youtube.com/LosAlamosNationalLab
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The Magnet Lab Pulsed Field Facility’s latest landmark 
achievement of 100.75 tesla in a non-destructive magnet has 
resulted in the unprecedented ability of scientists around the 
globe to peer into the state of matter in new extremes of high 
magnetic field. With the technology in place, we’re focusing our 
efforts on getting science accomplished for our user community 
and refining experimental techniques to make the best use of 
this resource. 

The 100 tesla pulsed magnet system is a remarkable tool; it 
extends not just our suite of instrumentation, but perhaps the 
scope of our inquiry. The experimental techniques that we have 
developed over two decades at the MagLab are in many cases 
applicable to this remarkable magnet. Since our latest foray into 
magnetic fields above 100 tesla, we’ve demonstrated that we can 
measure:
•  Upper critical fields of superconductors –rf contactless 

conductivity
•  Quantum Magnetic transitions – magnetic susceptibility
•  Electrical resistivity – magnetotransport
•  Optical spectroscopy – visible light transmission 
•  Crystallographic length change – fiber optic dilatometry

In just seven months, the new magnet has allowed our users 
and staff to pin down the upper critical field of a new form of 

superconductor, discover two new magnetically ordered states 
in a material that has eluded scientists for nearly 30 years, 
observe magneto-quantum oscillations in a high temperature 
superconductor to unprecedented resolution, determine a 
topological state of a new material, and discover a new form of 
magnetic ordering in an advanced magnetic material. We feel it’s 
important that we utilize this new resource as fully as possible; 
in the 100 T, we’re able to conduct up to four user experiments 
simultaneously. 

Many physical systems- from superconductors to quantum 
magnetic states- need to be further explored in ultra-high-
fields, and no one institution or agency can alone address such 
a challenging line of inquiry. Collaboration, from ideas to 
infrastructure, has been the key to this project’s success. LANL 
provides the magnet system’s energy in the form of the 1.43 
GW generator, while the NSF’s MagLab provides the power 
converters, the Department of Energy (DOE) funds the massive 
outer section of the magnet, and the MagLab provides the insert 
coil. LANL, DOE, FSU and NSF all work together to ensure 
that the operations and infrastructure are functioning toward 
the same end: cutting-edge science. The beneficiaries of this 
concerted effort are the users (and ultimately, the citizens who 
fund us). 

Non-physicists may wonder why this line of inquiry is worth 
pursuing. At the Magnet Lab, we’re both training scientists 
and, with our user community, unlocking the potential of 
advanced materials. The high magnetic field capabilities of the 
MagLab provide scientists with tools to address the fundamental 
questions of material and electron behavior. Electrons within 
a given material of course cause many of a material’s responses 
to external perturbations. For example, a transistor is made up 
from a few materials that are arranged in a way that allow it to 
go from a very poor electrical conductor to a good conductor, 
thus behaving like a switch. This behavior is solely a result of the 
electrons within and the “electronic structure” of the materials 
that make up the transistor. High magnetic fields are an exciting- 
and growing- key to characterization and development of those 
materials at a time when many other avenues of investigation are 
well-trod.

The materials used in today’s electronics were the scientific 
curiosities of 20 to 30 years ago. Methodical exploration of 
materials’ parameters by physicists and materials scientists 
enable engineers, entrepreneurs, and applied researchers 
to capitalize on those material properties and ultimately 
“functionalize” the materials into new devices. Research in 
high magnetic fields is a fundamental tool that is needed to 
manipulate a sample’s electrons in a predictable manner. 

We all know that we get further by working together, and 
that’s just what Los Alamos National Lab (LANL) and the 
MagLab have proven again with this effort. LANL is committed 
to pushing the frontiers of science forward, as is the MagLab. 
With support from the DOE, FSU and the state of Florida we 
have demonstrated that it can be done. The 100 tesla user magnet 
is a brilliant example of what scientific collaboration can and 
should be. 

by Chuck Mielke (cmielke@lanl.gov)

Director, Magnet Lab Pulsed Field Facility

Pulsed Field Science 
User capabilities abound above 100 tesla

Magnets are prettier, but the view out here isn’t half bad.
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Over 4,700 families, school groups, and 
members of the curious public traveled 
from all over the region to attend Magnet 
Lab Open House on Saturday, February 18. 
Guests were treated to 75 demonstrations 
— some as flat-out fun as shooting a potato 
cannon, others as intense as discussing 
the value of basic science. Open House 
organizers invited guests to bring a canned 
good as the unofficial price of admission, 
garnering 1,715 pounds in donations for food 
charity Second Harvest. 

Open House 2012
1.  Spectators react as a junkyard 

magnet smashes a water-filled 
gallon jug.

2.  The Center for Integrating 
Research and Learning’s Jose 
Sanchez runs one of the very 
popular demonstrations in the 
Kids Zone at Open House.

3.  An Open House visitor learns 
about the backbreaking work 
of making arrowheads at a flint 
knapping station.

4.  A young visitor covers his ears 
while he wants for the potato 
cannon to fire.

5.  Mag Lab Director Greg Boebin-
ger and his tie-dyed beard visit 
young fans in the front atrium.

6.  Two young visitors check out 
Bitter plates for themselves in 
the Resistive Magnet shop.

7.  The smoke ring launcher is a 
popular attraction, blowing out 
candles at 50 feet.

1.

2.

3.

4.

5.

6.

7.

arouNd thE lab
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Science Starts Here

What’s your MagLab experience  
been like?

The first thing I noticed is being 
completely surrounded by experts from 
various backgrounds that are all working 
on highly competitive science. Combine 
that with the vast amount of advanced 
equipment for a wide variety of experi-
ments, it causes this kid-in-a-candy-store 
effect. As a student, the MagLab environ-
ment is very inspirational. You are wit-
nessing science at the highest levels and 
you get to learn from some of the best. I 
am constantly kept on my toes here at the 
MagLab. 

What do you like to do outside of sci-
ence?

I’ve been learning Japanese — my 
advisor has sent me to Japan a couple 

times for research and I ended up falling 
in love with the culture and language. 
I love to sing. I really enjoy singing any 
style of music, but I do favor rock. I 
also like to drive around here (at Los 
Alamos)- the mountains and canyons 
are just beautiful and I try to visit a new 
location every time I drive.

Describe a mentor relationship you 
have at Los Alamos. What have you 
learned from it?

My primary mentor at LANL is Dr. 
Charles Mielke and he supervises and 
guides me with the Single-turn Coil 
System. The Single-turn is a very compli-
cated system that Dr. Mielke himself put 
together, so working with him directly 
has taught me so much about the system. 
He is very patient throughout the learn-

ing process and really allows me to take 
ownership of my experiments in the 
Single-turn. His mentorship has guided 
me to become much more independent 
with this system and my experiments 
here at LANL.

What do you find most interesting 
about graphene and carbon nano-
tubes?

For me, the most interesting aspect 
about graphene and carbon nanotubes is 
how seemingly deceiving they can be. You 
look at the basic structure of graphene, 
this simple honeycomb lattice, and yet 
you twist that sheet of graphene a certain 
way, you shine light on it, you apply a 
magnetic field, and all of a sudden it’s no 
longer a simple system. All of a sudden, 
the possibilities are endless. 

This actually reminds me of one of 
my favorite children’s story, Horton Hears 
a Who!, by Dr. Suess. Graphene is a lot 
like that speck of dust that turns out to 
be a planet. It’s just carbon in your pencil 
that can turn out to be an FET or a laser.

What’s your least favorite part of your 
chosen career?

I would have to say the long hours. It 
would be nice to leave for the day and the 
sun is still shining outside. But, unfor-
tunately, it’s the price we pay to make 
progress.

if you had to be something besides a 
scientist, what would you pick?
Rock star, totally.

Science Starts Here is a feature that 
introduces grad students and early career 
scientists to the MagLab community. If 
you know a MagLab grad student, postdoc 
or early career scientist whose affiliation 
with the lab has guided the direction of 
their career, contact Amy Mast at winters@
magnet.fsu.edu.

NAME

Layla Booshehri
AGE 
27

POSitiON
Fifth-year grad student,  
Rice University (Booshehri will 
have defended her Ph.D. by the 
time you read this)

FiELD(S) OF iNtERESt
Condensed matter physics;  
Ultrafast spectroscopy and  
magneto-optical spectroscopy of 
 carbon nanotubes, graphene

RESEARCH
“I am studying magneto-optical  
properties of various condensed  
matter systems at ultrahigh  
(megagauss) magnetic fields.  
In particular, for my Ph.D., my focus is on magneto-optical properties  
of carbon nanotubes and graphene using the Pulsed Field Facility’s  
Single-turn Coil system.“
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HONORS & AWARDS 

MagLab Center for Integrating Re-
search and Learning (CIRL) postdoctor-
al associate Roxanne Hughes was a 
Pi Lambda Kappa (PDK) Recognition of 
Merit recipient for her doctoral disser-
tation, titled “The Process of Choosing 
Science, Technology Engineering, and 

Mathematics Careers for Undergraduate Women: A Narra-
tive Life History Analysis.” The honor ranks Hughes’ disser-
tation in the national association’s top five submissions. 

Marcelo Jaime of the Magnet Lab’s 
Pulsed Field Facility was named a fel-
low of the American Physical Society 
“for pioneering techniques for the 
study of thermal properties of materi-
als in high pulsed magnetic fields and 
for contributions to the understanding 

of colossal magnetoresistance compounds, Kondo insula-
tors, correlated-electron systems, and quantum magnets.”

Ion Cyclotron Resonance Alan 
Marshall was named the recipient 
of the 2012 Association of the Bio-
molecular Resource Facilities Award. 
The ABRF Award “recognizes those 
pioneers responsible for developing 
these powerful new tools that serve 

as the foundation of the modern biological research enter-
prise.” The ABRF Award is sponsored by Agilent Technolo-
gies and was presented at the annual ABRF meeting in 
Orlando, FL in March, 2012.  The ABRF Award rounds out a 
“trifecta” of awards to Marshall in 2012: the other two are 
the Society of Analytical Chemists of Pittsburgh Analytical 
Chemistry Award and the American Chemical Society New 
York Section William H. Nichols Medal.

Assistant Scholar Scientist Likai Song 
(who in addition to his position at the 
MagLab, is a research associate at 
Harvard Medical School and Dana-Far-
ber Cancer Institute) received a Young/ 
Early Career Investigator Award from 
the Collaboration for AIDS vaccine dis-

covery. Song uses EPR and other structural tools to study 
the HIV envelope proteins and thereby derive optimized vac-
cine immunogens against HIV. 

Kun Yang of the Tallahassee Magnet 
Lab’s Condensed Matter Science/ 
Theory group was named a fellow of 
the American Physical Society “for sig-
nificant theoretical contributions to our 
understanding of novel phenomena in 
quantum Hall systems.”

COMING & GOING 

Need to schedule magnet time?  
Anke toth has joined the MagLab team 
as the new DC Field Program Coordina-
tor, replacing longtime coordinator Alice 
Hobbs. Toth was most recently em-
ployed as a grants compliance analyst 
at Florida State University. 

Machine shop technical/ research 
designer John Farrell, a founding 
employee of the MagLab, is retiring 
this after 19 years of service. In ad-
dition to machining parts for virtually 
every major lab project in the past 
two decades, Farrell is also known for 

his sense of humor and his longtime mentoring of a local 
high school’s (very successful) robotics club. In his honor, 
the club has christened its most recent robot the “Farrell 
Beast.” A retirement party was held in his honor on March 
16. While naming him lab Employee of the Month recently, 
a coworker noted of Farrell:
“Over the years, John has personally gone out of his way 
to take care of issues concerning time-critical emergencies 
that would have impacted both cost efficiencies and Users’ 
magnet operation reliability. Sometimes, a critical spare 
part cannot be ordered & delivered in a reasonable time, 
or simply cannot be replaced with items off a shelf... when 
you are in your most desperate need for a solution, John 
has repeatedly come through to save the day. Recognizing 
the importance of these situations, he asks detailed ques-
tions about how these parts work in an application and 
puts care into his project to make sure you will succeed. 
He has stayed as late as necessary at times to get that 
job done. John is quite the goofy character when you first 
meet him, but I’ll seek him out to get that all-important job 
done well.”

MagLab News
arouNd thE lab



21MAG LAB REPORTS

The Center for Integrating Research 
and Learning’s Kristen Molyneaux has 
accepted a position with California’s 
Firelight Foundation, an organization 
providing small grants to support 
community-based organizations working 
to assist HIV/ AIDs orphans in Sub-

Saharan Africa. Molyneaux has worked on the CIRL team for 
three years as an Educational Evaluation and Assessment 
coordinator for the ERC freedom grant and as a co-teacher 
of the SciGirls summer camp. 

WORTH NOTING

A recent publication by Applied Super-
conductivity Center graduate student 
Pei Li was featured on the cover of 
Superconductor Science & Technology. 
Figures from his paper “Observation of 
important current-limited defects in a 
recent high-pinning force MOCVD IBAD-

MgO coated conductor” were used on Volume 25, Issue 2. 

Neuroscientist William G. “Bill” Luttge, 
68, the founding executive director of 
the Evelyn F. and William L. McKnight 
Brain Institute of the University of Flor-
ida (of which the Magnet Lab’s AMRIS 
is a part) died on Saturday, March 24 
at Shands at UF medical center. “The 

university has lost one of its great heroes,” said Michael 
L. Good, M.D., dean of the College of Medicine. “Dr. Luttge 
challenged diseases of the brain by creating the McKnight 
Brain Institute and filling it with some of the nation’s best 
scientists. He significantly shaped the work of so many fac-
ulty at UF and throughout the nation and world, in my case, 
helping our team add neurological models to the human 
patient simulator program. Bill Luttge’s impact on science 
was significant and far-reaching.”

BRIEFS

MagLab work on cover of Chemical Communications
Work from the MagLab’s EMR groups was featured on the 
cover of Chemical Communications. The paper, featured in 
Volume 48, Number 33 is titled: 
C. J. Chang, S. Hill, J. R. Long et al., “Slow magnetic relax-
ation in a pseudotetrahedral cobalt(II) complex with easy-
plane anisotropy”

independent website for users launches
A website dedicated to providing users an independent line 
of contact with the Magnet Lab’s user leadership launched 
this month. Located at maglabusers.org and run by User Ex-
ecutive Committee Chair Jan Musfeldt, the site is a simple, 
streamlined outlet for user executive committee contact info 
and the rules and regulations governing the user community. 

SuSt’s highlights collection features Magnet Lab
Four of the 25 papers selected for the Superconductor 
Science and Technology Highlights Collection of 2011 have 
MagLab origins. They are: 

      “Doubled critical current density in Bi-2212 round wires 
by reduction of the residual bubble density,” J. Jiang, 
W. L. Starch, M. Hannion, F. Kametani, U. P. Trociewitz, 
E. E. Hellstrom and D. C. Larbalestier, 2011 Supercond. 
Sci. Technol. 24 082001

      “High-field properties of carbon-doped MgB2 thin films 
by hybrid physical–chemical vapor deposition using 
different carbon sources,” Wenqing Dai, V Ferrando, A. 
V. Pogrebnyakov, R. H. T. Wilke, Ke Chen, Xiaojun Weng, 
Joan Redwing, Chung Wung Bark, Chang-Beom Eom, Y. 
Zhu, P M Voyles, Dwight Rickel, J. B. Betts, C. H. Mielke, 
A. Gurevich, D. C. Larbalestier, Qi Li, 2011 Supercond. 
Sci. Technol. 24 125014

      “Void and phase evolution during the processing of 
Bi-2212 superconducting wires monitored by combined 
fast synchrotron micro-tomography and x-ray diffrac-
tion,” C. Scheuerlein, M. Di Michiel, M. Scheel, J. Jiang, 
F. Kametani, A. Malagoli, E. E. Hellstrom and D. C. Larbal-
estier, 2011 Supercond. Sci. Technol. 24 115004  
doi: 10.1088/0953-2048/24/11/115004

      “Bubble formation within filaments of melt-processed 
Bi2212 wires and its strongly negative effect on the  
critical current density,” F. Kametani, T. Shen, J. Jiang, 
C. Scheuerlein, A. Malagoli, M. Di Michiel, Y. Huang, H. 
Miao, J. A. Parrell, E. E. Hellstrom and D. C. Larbalestier, 
2011 Supercond. Sci. Technol. 24 075009

Got your own good news, job transition, etc. to share? 
Send it to winters@magnet.fsu.edu.
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The MagLab Renewal Proposal: 
What’s in it anyway?

uSEr cENtEr

Split Magnet Rotation Configuration  
A second insert for the Split Bore 
magnet will built that will allow the 
magnet to be used for 2-axis rotation 
measurements.  

32t HtS Magnet
A 32T all-superconducting magnet will 
be made available for users partnered 
with a 20mK dilution refrigerator 
to provide unprecedented fields for 
ultra low noise, low temperature 
measurements.  A second 32T HTS 
magnet will be built and commissioned 
for 0.3-300K user operations. 

28MW Resistive Magnets
New resistive magnets will be built that 
will push peak fields in the workhorse 
resistive magnets to 41T in a 32 mm 
bore and 36T in a 50 mm bore magnet.

Series Connected Hybrid Magnet
The Series Connected Hybrid will 
be built with 36T high homogeneity 
inserts (40 mm bore) and 41T high-
field insert (32mm bore).  This magnet 

will consume only 14MW of power, 
making it a cost effective platform for 
lengthy high field measurements such 
as NMR and heat capacity.

Operations and hours
Weekend operations will be phased in 
on a limited basis for experiments that 
will benefit from long uninterrupted run 
times up to 48 hours. The Series Con-
nected Hybrid will run in parallel with the 
45T hybrid, extending the number of us-
ers that can be run.  This, together with 
limited weekend operation, will extend 
the availability of user time by 25%.

infrastructure Replacement 
Aging infrastructure in the DC facility 
will be replaced and upgraded, improv-
ing reliability and limiting unplanned 
downtime.

DC Field initiatives

900 uWB magnet
To take additional advantage of the 
900 UWB magnet, Ultra-Low-E probes, 
developed at the MagLab, will reduce 
the destructive heating caused by the 
high radio-frequency fields and lead to 
a reduction in signal averaging time by 
a factor of two allowing for more than 

50% increase in experiments and users 
on this world-unique instrument.

Dynamic Nuclear Polarization
We propose to develop DNP 
technologies by combining existing 
MagLab expertise in NMR, EMR and 
probe construction to significantly 

enhance the NMR capabilities. The 
first step is to implement DNP magic 
angle spinning (MAS) solid state NMR 
experiments at 9.4 T at temperatures 
of ≤25K, where several orders of 
magnitude less microwave power will 
be needed than is typical of commercial 
DNP operation at 90K.

Nuclear Magnet Resonance

This renewal will expand the capabili-
ties of continuous-wave spectrometers 
and probes to function in the 45T Hy-
brid Magnet, the direct-optical-access 

25T Split Magnet and the 36T/ 1ppm 
Series Connected Hybrid, which will 
enable user research on strong spin-
orbit coupled metal ions and bring 

increased resolution to EMR of spin 
labeled- macromolecules and biochem-
ically relevant radicals.

Electron Magnetic Resonance

A snapshot of the 2013-2017  
renewal initiatives by MagLab user facility
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100 t Magnet
We will develop a 100 tesla operating 
field for qualified users. We need 
to ensure that users get reliable 
fields for every shot. An engineering 
margin will be developed to make 
100 tesla pulses routine in our big 
multi-shot magnet. The outer coils will 
be upgraded with 21st century wire 
technology to achieve this goal.

200 t Magnet 
A single turn magnet is way for 
users to get to magnetic field far in 
excess of 100 tesla. The NHMFL-PFF 
has a single turn magnet that will 
be integrated into the NHMFL user 
program. The magnet is intentionally 
destroyed each shot but the user’s 
sample survives the 6 microsecond 
trip to fields beyond 200 tesla. 

GenControl 
We will update the controls of the  
system that is used to deploy the  
massive amounts of pulsed energy to 
our biggest user magnet systems.  
Reliability of our 1.43 Gigawatt 
generator system is of paramount 
importance to our user program. 
The controls of the system will be 
modernized to accomplish reliability 
and advances in generator control 
hardware.

HiVCap 
Advances in pulsed magnet design 
and materials technology can be taken 
advantage of by using higher voltage 
power supplies coupled with our large 
magnet outer magnet systems. We will 
develop a high voltage power supply to 
take advantage of these elements and 
bring users even higher magnetic fields 
without destroying the magnet coils.

HiStrength 
We will advance pulsed magnet wire 
technology by developing new materi-
als that are commercially available.

Duplex 
By taking advantage of a capacitor 
driven outer magnet system higher 
fields can be achieved for our users 
while keeping the Joule heating to a 
minimum. A new Duplex magnet has 
been developed and we will deploy the 
new system.

Pulsed Field Facility

New instrumentation
Projected applications for the new 
FT-ICR instruments will focus on 
complex mixtures best addressed by 
high resolution mass spectrometry: 
petroleomics, lipidomics, proteomics, 
metabolomics, environmental 

contamination, etc.; and H/D exchange 
to map contact surfaces in protein 
complexes larger than currently 
accessible. 

New ionization methods 
The ICR program will continue to 

complement our instrumentation 
developments with parallel pursuit of 
new ionization methods. Promising 
current directions include novel 
combinations of laser-induced acoustic 
desorption, chemical ionization, and 
corona discharge ionization. 

ion Cyclotron Resonance

Expanded access
We will open a third nuclear 
demagnetization station capable of 
carrying out experiments to 0.1mK in 
10T. The third station will be include 
high level screening for an ultra-quiet 
environment. This expansion will 
reduce the waiting time for users to 
obtain magnet time.

High pressure capability
The current parameter space will be 
expanded from ultra-low temperatures 
and high fields (up to 16T) to include 
high pressure capability (2-3 GPa) 
for user experiments at millikelvin 
temperatures.

High B/t
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