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Abstract
Modern materials that are relevant for
quantum information science, energy,
and national security broadly feature
properties that rely on the extraordinary
effects of quantum mechanics and give
rise to novel and unexpected magnetic,
electronic,
structural,
and
other
properties.
These
systems
are
collectively referred to as quantum
materials [1]. By definition, their
behaviors only emerge when the
quantum energy scale exceeds the
thermal energy scale, and access to this
regime frequently is only accessed when
a material is exposed to low
temperatures, high magnetic fields, or
some combination thereof. To facilitate
such studies, it is required to have
routine access to instruments that
provide such environmental control, and
the purpose of this project was to (1)
revitalize a He-4 cryogenic system with a
14 tesla superconducting magnet and (2)
investigate the magnetic state of several
f-electron based quantum materials.

Early commissioning of the
magnet/cryogenic
system,
which included cooling to
liquid helium temperatures
and ramping the magnetic
field to 14 T, took place offsite from the MagLab.
However, since relocation the
system was largely untested.
This necessitated several
tasks in order to bring the
system into working order. A
list of these tasks is
summarized below.
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Fig. 1: Cryogenic 14T system
with triangular leveling structure,
and loaded probe connected to
data collection peripherals.
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In order to demonstrate the functionality of the
cryogenic/magnetic field system and the
measurement probe, single crystal specimens
of the compound Ce2Zn17 (Fig. 2-3) were
prepared using the molten metal flux growth
technique (Fig. 4). Crystals were characterized
using EDS chemical analysis, single crystal xray diffraction, heat capacity, electrical
transport,
skin
depth,
and
torque
magnetometry measurements. In addition
single crystals of PrMo2Al20 and PrW2Al20 that
were produced prior to this project were
characterized in the same way.
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Fig 5: Breakout box created for 14T system.

Creation of breakout box (Fig. 5) to enable instrument communication.
Bringing pneumatic leveling system into working order (Fig. 1).
Establishing proper instrument communication with computer.
Probe modifications for varied angle measurements.
Complete cryo-fill from ambient conditions (The magnet system was
successfully cooled to 4.2 K and the magnet was ramped to 14T.
Measurements were performed under these conditions.)
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The 1-2-20 samples had clean MR curves (Fig. 8.A) that followed the
expected trend of increasing resistance as a function of field. There did not
seem to be a distinct dependence on the transition metal element.

Experimental Methods
The system brought into operation is a
Cryogenic LTD 14/16 tesla superconducting
magnet. The system involves an outer vacuum
jacket, intermediate liquid nitrogen chamber,
inner liquid helium chamber, which surround
the core magnet and probe space. During this
project the system was shown to have
dynamic temperature control between 1.4 –
300 K and up magnetic fields up to 14 T. A
multi-sample
probe
with
measurement
platforms for skin depth, torque magnetometry,
and electrical resistivity was prepared. Also in
preparation is a rotatable multi-sample probe.

Fig 8: (A) Resistance graph of 1-2-20 samples as a function of
magnetic field. (B) Ce₂Zn₁₇ resistance and TDO frequency as a
function of temperature (C) and field (D) Torque magnetometry as a
function of field.

Fig. 6:
Christopher
Mann
performing
liquid nitrogen
filling during
initial cooldown
of the cryostat.
Fig. 2: Single crystal
specimen of Ce₂Zn₁₇.

Sample testing
Cerium
Zinc
Fig.
3:
Recorded
rhombohedral unit cell
structure of Ce₂Zn₁₇.
Fig.
4.
Standard
Box
furnace for
molten
metal flux
growth.

Samples of PrMo₂Al₂₀ and PrMo₂Al₂₀
underwent magnetoresistance (MR)
measurements sweeping up to the
full 14T field, at temperatures below
1.6K (Fig. 8). Ce₂Zn₁₇ samples (Fig.
7) underwent torque magnetometry,
skin
depth,
and
resistance
measurements (Fig. 8) in the same
environment.
Fig. 7: TDO coil (top), cantilever (bottom
left) and resistance sample (bottom right)
mounted to probe.

The Ce₂Zn₁₇ resistance and skin depth, as measured by a change in
frequency, were measured as a function of both temperature and field (Fig.
8.B-C). The temperature dependence of the resistance closely matched
that achieved by a previous study [2]. Both variables showed a change in
slope below ~10K, before a larger change in slope in the opposite sign
indicating the Neel transition temperature, TN ~1.6K. As a function of field,
both MR and frequency slopes (Fig. 8.C) approached zero at 6T, which
could potentially be indicative of full saturation of the Ce magnetic moment.
The voltage output of the torque magnetometry cantilever showed a similar
change in slope (Fig. 8.E) approaching 6T, and became increasingly
unchanging until full field, with no quantum oscillations observed. Future
work includes incorporating a He-3 cryostat into the 14T system for lower
temperature measurements.
These measurements have collected data that better the understanding of
the material properties of Ce₂Zn₁₇, and have paved the way for future
measurements in the 14T Magnet system
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