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We study the intrinsic electronic anisotropy and fermiology of the quasi one-dimensional su-
perconductor TasPd3;Teis. Below T* = 20K we detect a thermodynamic phase transition that
predominantly affects the conductivity perpendicular to the quasi one-dimensional chains. The
transition relates to the presence of charge order that precedes superconductivity. Remarkably the
Fermi surface pockets detected by de Haas-van Alphen (dHvA) oscillations are unaffected by this
transition, suggesting that the ordered state does not break any translational symmetries but rather
alters the scattering of the quasiparticles themselves.
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INTRODUCTION

Superconducting materials with extreme anisotropies
in their electronic normal state behavior are of immense
interest for studying the relationship between dimen-
sionality, broken symmetry, and unconventional mech-
anisms of superconductivity. For example, both cuprate
and iron-pnictide superconductors are proximal to mag-
netic and possibly “nematic” orders. In the case of the
cuprates, the recent discovery of charge density order has
ignited debate as to whether such thermodynamic phases
are competing, causal, or benignly coincident with super-
conductivity [1-3]. This ground-state electronic compe-
tition is particularly important in quasi-one dimensional
(q1D) systems [4, 5], which generically show charge order
and often also exhibit unconventional superconductivity.
Recently, the q1D ternary superconductor Ta,PdsTesq
(TPT) has been suggested to be proximal to quantum
ordered states and a possible host for unconventional su-
perconductivity [6-8].

TPT is a layered material with a monoclinic crys-
tal structure [9]. The high-conductivity direction coin-
cides with the b axis, parallel to the PdTes-chains ly-
ing within flat layers separated by TaTes chains and
TasTey double chains (see Fig 1a). Well-studied q1D sys-
tems like the organic TMTSF-PFg [10] or purple bronze
Lig9MogO17 [11] possess complex phase diagrams with
evidence of spin or charge density wave instabilities [5].
However, despite several recent studies, TPT has not
shown unambiguous evidence of an instability compet-
ing with its SC phase. This may be because TPT is
significantly more isotropic: although direct resistivity
measurements have been unavailable until now, measure-
ments of the upper critical field have given indirect evi-
dence that the electronic anisotropy in this compound is

relatively weak [6, 7]. Recent density functional theory
(DFT) calculations predict that the system is multi-band
in nature [12], showing a combination of q2D, 3D and
several q1D bands at the Fermi level Er that could ac-
count for earlier evidence of unconventional behavior in
the thermal conductivity and heat capacity [6, 7]. Aside
from superconductivity, no other bulk properties show
clear thermodynamic evidence for an additional order pa-
rameter, raising the possibility that there may not be any
other broken symmetry proximal to superconductivity. It
is therefore important to determine the underlying Fermi
surface as well as the intrinsic electronic anisotropy in or-
der to understand the apparent absence of other ordered
states in the case of TPT.

In this work we report the existence of a thermody-
namic transition above the superconducting critical tem-
perature (T,), indicative of a nearby phase instability in
TPT. By applying torque magnetometry and magneto-
transport, we observe de Haas-van Alphen (dHvA) oscil-
lations that confirm the multi-band nature of TPT’s bulk
Fermi surface. Using focused ion beam (FIB) microstruc-
turing, we fabricated devices enabling measurements of
the resistivity along the inter-chain (a*) and interlayer
(c) directions (see Fig. 1a). Remarkably, the anomaly is
only pronounced in the transport channel perpendicular
to the chains, setting in at T* = 20 K, but is quite subtle
in all other directions. Finally, there is no change in the
dHvA frequency observed across T, suggesting that the
Fermi surface experiences no reconstruction at this tem-
perature. We discuss possible explanations for the ob-
served anomaly and its relationship to superconductivity,
and in particular whether T* marks the onset of charge
density wave (CDW) fluctuations or a thermodynamic
phase transition corresponding to an incommensurate-
to-commensurate CDW lattice lock-in.



EXPERIMENTAL AND CALCULATIONAL
METHODS

Single crystals of TPT were grown using a self-flux
with excess tellurium at temperatures as high as 1000 °C,
similar to the method reported by Jiao et al. [7]. High-
resolution single-crystal X-ray diffraction was performed
at the Advanced Light Source (ALS) at Lawrence Berke-
ley National Laboratory that confirmed the quality of
the crystals and their orientation. Hence, contributions
from impurity phases to the magnetic quantum oscilla-
tion data presented in the following can be ruled out.

Electrical transport devices were prepared by FIB etch-
ing and in situ deposition of platinum or gold contacts
onto thin flakes of TPT, cleaved from the as-grown
needle-like crystals. Sample sizes were a few microme-
ters in thickness and a couple of hundred micrometers in
length. Low-ohmic contacts with contact resistances on
the order of 192 were achieved. A device that has been mi-
crostructured to measure b-axis and a*-axis conductivity
is shown in Fig. 1b.
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FIG. 1. (a) Crystal structure of TPT with the conventional
unit cell (dotted) in the representation C2/m. (b) Scanning
electron microscope image of a transport device prepared by
FIB etching. Red and yellow arrows highlight the b- and a*-
directions respectively.

Magnetic torque and magnetotransport experiments
were performed in fields up to 45T at the National
High-Magnetic Field Laboratory (NHMFL) in Tallahas-
see, Florida. Both piezoresistive microcantilevers from
SEIKO and capacitive cantilevers built by NHMFL were
used as torque magnetometers. Further torque and mag-
netotransport measurements were performed in a Cryo-
genic Limited 16 T cryogen free magnet system.

Fully-relativistic first-principles calculations were per-
formed using Density Functional Theory (DFT) under
the local density approximation (LDA) [13] and imple-
mented using the Quantum Espresso software [14]. Start-
ing from the experimental crystal lattice parameters, all
internal atomic positions were allowed to relax until in-
teratomic forces were less than 5 meV/A. High-resolution
Fermi surface data were obtained by non-self-consistent
calculations on a 50 x 50 x 30 k-point grid in the first Bril-

louin zone and were plotted using XCrySDen [15]. The
dHvA simulation curves were calculated using the Super-
cell K-space Extremal Area Finder (SKEAF) code [16].
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FIG. 2. (a) and (b) Resistivity along the a* and b axes for
device FIBab and along the b and ¢ axes for device FIBcb
plotted against temperature; the gray dotted line highlights
the anomaly at 7. (c) Resistivity anisotropy p;/ps for each
device, with i = a*, c.

Figures 2a and 2b show the resistivity, measured with
an applied current along the three crystallographic direc-
tions, as a direct measure of the transport anisotropy. We
microstructured two devices: one made to measure the a*
and b directions simultaneously, denoted FIBab (shown
in Fig. 1b), and the other measuring the b and ¢ crys-
tallographic directions simultaneously, denoted FIBcb.
Note that FIBab and FIBcb, which are cut from crystals
belonging to the same batch, have highly reproducible
b-axis resistivity pp, indicating homogeneity within the
batch. The resistivity anisotropy grows monotonically as
the temperature is lowered: at room temperature the re-
sistivity ratios (pg+ : pp : pe) ~ 4 : 1 : 13, while at low
temperature (just above T, = 4.6 K), (pax : pp : pe) ~
10 : 1 : 20, as shown in Fig. 2c. Due to possible mixing
between different conduction channels, these ratios are
lower bounds of the intrinsic resistivity anisotropies. Ev-
idently, the system becomes much more conductive along
the b-axis than along any other axis, suggesting that scat-
tering becomes significantly suppressed along the chains.
We find that the temperature dependence of both p./pp
and of pg«/pp show shallow kinks at T* = 20K followed
by peaks above T..

As can be seen in Fig. 3a, which shows the resistivity
normalized to the 6 K value for all three channels, this
peak is related to a resistivity anomaly which is most
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FIG. 3. (a) Resistivity (normalized by its value at T' = 6 K) along all three crystal axes (a*, b and ¢) plotted against temperature;
the gray dotted vertical line marks T (see text). Inset: temperature dependence of the a”-resistivity in a constant magnetic
field up to 16 T applied parallel to c. (b) Derivatives of the resistivity, dp;/dT, for each transport direction, with ¢ = a*, b, c. (c)
Temperature dependence of the magnetic susceptibility x, for a small number of TPT co-aligned single crystals (upper panel)
and a separated single crystal (lower panel), oriented with the b axis parallel to the applied magnetic field; insets show close-up
of background subtracted high field data. Note: 7™ marks the temperature below which both resistivity and magnetization
show a clear feature indicative of a thermodynamic phase transition; The anomalous temperature region is highlighted by the

grey shaded area.

pronounced in pg«. In contrast, the data for p, and p,
show very weak features in this region. On taking the
derivative dp;/dT (i € (a*,b,c)), shown in Fig. 3, we see
that all crystallographic directions exhibit an anomaly
within a few Kelvin of T*. The grey shaded area in Fig. 3
highlights the temperature range, T = [8 — 20] K within
which we observe deviations from normal metallic behav-
ior. For the a*-direction we find a clear minimum at 14 K
but a broad onset starting slightly above 7. Along the b-
direction we find a weak change in slope accompanied by
a peak slightly below T*. Similarly, a peak develops for
dp./dT below T* with its maximum at 14 K. Given that
the conductivity along b is over ten times greater than
that along a* at these temperatures (see Fig. 2¢) it seems
unlikely that this feature is exclusively due to mixing of
py With p,; rather, it is intrinsic, albeit weak enough to
have been overlooked in previous measurements. We find
that the T* anomaly is independent of the substrate (ei-
ther sapphire or silicon), sample thickness (ranging from
15 um to 1 pm) and attachment method (either glue or
van der Waals attraction). We can therefore rule out
any substrate strain effects as a cause of the observed
features.

The derivatives dpy,/dT and dp./dT are strongly lin-
ear at T' < T*, consistent with the onset of p o T? Fermi
liquid-like behavior, which may be a precursor to the on-

set of superconductivity at T. ~ 4K. Interestingly, the
temperature at which the anomaly occurs is weakly sen-
sitive to the application of magnetic field (inset Fig. 3a),
suggesting that it is strongly pinned electronically, or
that it is related to the softening of a phonon mode.
However, the magnetoresistance is much larger below the
anomaly than above, suggesting the carriers are signifi-
cantly more mobile at T < T™. A similar response is ob-
served in the unconventional superconductor BaFe;Ass,
where a strong scattering channel is gapped out at the
Néel transition, strongly enhancing the mobility of the
itinerant carriers [17].

We studied the magnetic volume susceptibility xy of
TPT around T™* for a few dozen co-aligned single crys-
tals with an average width of about 100 ym, thickness
of 20 ym and length of 3mm, pointing with their b di-
rections parallel to the field. In Fig. 3¢ we show zero-
field-cooled and field-cooled data measured at a field of
100 mT exhibiting strong diamagnetism setting in at the
superconducting critical temperature T, = 4.6 K, with a
transition width of about 1 K. The inset of Fig. 3¢ shows
data recorded at a field of 2T after subtracting off the
background (related to the sample holder). Below 20K
there is a broad anomaly, manifested as a reduction in
the magnetic susceptibility. We also observed a simi-
lar decrease of xy for a separated single crystal (see the



lower panel of Fig. 3c). The presence of the anomaly
was confirmed for three different polycrystalline samples
and three single crystals in three different SQUID mag-
netometers independently, ruling out contributions from
sample holders and magnetic contamination of the sam-
ple chambers.

In the simplest model, the strong reduction above the
superconducting transition can be attributed to a de-
crease in the electronic density of states or, equivalently, a
decrease in the electronic effective mass (note that this is
consistent with the enhanced mobility we observe). The
consistency between transport and susceptibility data is
strong evidence that the 7™ anomaly is a true thermo-
dynamic transition, indicative of a substantial change in
the electronic properties of the system.

MAGNETIC QUANTUM OSCILLATIONS AND
DFT BAND STRUCTURE

In order to better understand the low-temperature
ground state, we study the Fermi surface by measuring
magnetic quantum oscillations in high-purity crystals.
Background-subtracted de Haas-van Alphen (dHvA) os-
cillations, recorded in a DC magnetic field at T'= 1.5 K,
are shown in Fig. 4a. Multiple frequencies superimposed
on a quadratic-in-field magnetic background torque, 7,4
are observed. Fast Fourier transforms (FFTs) of the data
for each angle 6 (6 = 0 defined to have the applied mag-
netic field, B, parallel to the c-axis) as shown in Fig. 4b
for § = 57°, provide access to the angle dependence of
the various frequencies. In Fig. 4c we show the angle
dependence of the major frequency peaks for two sep-
arate experiments: in low fields, B < 16 T (green dia-
monds), and in fields between 25 — 45T (black circles).
In the high-field data at least three distinct frequencies
are discernible, labeled Fi, F5, and F3. However, only F
and F5 were discernible in fields below 16 T. We there-
fore screened three different growth batches and only ob-
served contributions from F; and F5.

As the field orientation is tilted away from B||c, the
smallest frequency Fj stays relatively unaffected, indica-
tive of a three-dimensional (3D) Fermi surface. At 30T
the oscillation period for a frequency of about 100 T can
be estimated to &= 9T precision. Therefore, for a field
window of 25—45 T at most four maxima can be observed,
reducing the reliability of FFT analysis for such low fre-
quencies. By contrast, Fy and F3 trace a trajectory that
tracks the perpendicular component of field 1/B cos#,
indicative of a quasi-two-dimensional (¢q2D) Fermi sur-
face pocket. F3 was only clearly visible in the high mag-
netic field data; it appeared close to the background noise
level for the lowest temperatures in the experiments be-
low 16 T. We reproduced the oscillation spectra for vari-

ous samples by application of two distinct measurement
techniques: capacitive and piezoresistive torque magne-
tometry. The clear presence of 2D and 3D Fermi surface
components can explain the relatively weak anisotropic
character of TPT’s transport behavior compared to other
q1D materials.

TPT’s Fermi surface predicted by DFT calculations
is shown in Fig. 4d. It consists of four distinct bands:
a cylindrical o band centered around the X point, and
three q1D bands labeled 3, «, and §, respectively. The §
band shows a strong effect on the position of the chemi-
cal potential A. By only minor changes in A, equivalent
to doping holes, this Fermi surface sheet acquires a more
complex appearance exhibiting a three-dimensional ex-
tension along the k, direction in the Brillouin zone.

In Fig. 4e we show for comparison the results of DFT
calculations for the Fermi surface at zero temperature.
With a shift of the chemical potential by A =~ 27meV,
our calculations broadly agree with low-frequency oscilla-
tions originating from the cylindrical o and the 3D-part
of the § band. However, the higher-frequency oscillation
F3 cannot be simultaneously recovered, suggesting that
the predicted band structure does not adequately cap-
ture the low-temperature ground state. This discrepancy
could be evidence for band reconstruction due to density-
wave-broken translational symmetry. An additional fre-
quency that only shows up in high magnetic fields could
arise from the magnetic breakdown effect and cannot be
ruled out as an origin of Fj.

To investigate whether the Fermi surface is affected by
the T anomaly, we track the dHvA signal to higher tem-
peratures (Fig. 5 lower panels). We are able to resolve
clear quantum oscillations in low fields below 16 T. The
dHvA oscillation data are presented in Fig. 5a. Though
the higher frequency is quickly suppressed with tem-
perature, the 3D pocket at ~ 100 T can be tracked to
25K (Fig. 5b). We observe no significant changes for
this frequency in the FFT spectrum, suggesting that
little or no band folding occurs at T* = 20K. While
it is possible that this pocket exists at a point in the
Brillouin zone that is not reconstructed, this would be
difficult to reconcile with our DFT calculations. One
scenario, which we discuss below, is that T* marks
an incommensurate-commensurate charge density wave
lock-in transition, which requires no additional transla-
tional symmetry breaking.

The effective masses of each of the Fermi surface sheets
are extracted from fits of the temperature-dependent
oscillation amplitude at a constant field orientation to
the Lifshitz-Kosevich temperature damping factor Ry =
KuT/Bsinh (KuT/B), with K = —14.694 T/K [18]. We
find pp, = (0.14+0.02)m, and pp, =~ (0.2£0.03)m,, with
m. the bare electron mass. The fits are shown in Fig. 5c.
The measured and calculated masses are quite similar,
suggesting that correlation effects only weakly renormal-
ize the electronic system. The difference between the
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FIG. 4. (a) Background-subtracted dHvA oscillation data for various field orientations recorded at ' = 1.5K in the 45T
hybrid magnet. 6 = 0° corresponds to the applied field along the c-axis. (b), (c) Frequency values obtained from fast Fourier
transform (FFT) of the data in (a). The field ranges from 25 — 45T (black spheres) and 5.5 — 16 T(green diamonds). (d)
Fermi surfaces for unshifted and shifted chemical potential with A = 0 and —27 meV, respectively. (e) DFT-calculated dHvA
oscillation frequencies originating from the o and § bands of the Fermi surfaces shown in (d).

two values supports the idea that the two Fermi surface
sheets are located on different bands.

DISCUSSION

Owing to the qlD nature of TPT, it has long been
speculated that a Peierls instability to charge density
wave (CDW) formation may be present [6, 7, 12]. The
best evidence for such a state comes from scanning tun-
neling microscopy (STM) measurements on the surface
of the material, which see a clear modulation of period
four in the along-chain b direction at 4K, in one of the
three chain types [19]. Analyzing the Fourier transform
of the STM data, harmonic multiples of the CDW satel-
lite peaks can be seen to derive from the same chains,
suggesting a modulation of the sinusoidal pattern consis-
tent with a commensurate period-four CDW. From our
DFT calculations we see that the q1D v bands are nested
with separation ~ 0.27b*, consistent with a Peierls insta-
bility developing from these bands, making it likely to be
the q1D chains developing CDW order.

Despite this observation of a CDW at 4K no stud-
ies have so far observed evidence of a thermodynamic
phase transition corresponding to the ordering event.
The arrival of a commensurate CDW upon cooling a low-
dimensional system would normally be preceded by two

events: in decreasing temperature we would first expect
the onset of a fluctuating, short-range-correlated CDW
regime [20-23], then second the development of an in-
commensurate CDW state, eventually locking into the
commensurate state at a lower temperature [24-26]. The
thermodynamic transition we see at 20 K is unlikely to be
the development of true charge order along the b direc-
tion, as this would be accompanied by a significant boost
in the along-chain resistivity and a more pronounced spe-
cific heat discontinuity. We instead consider the possibil-
ity that the observed transition is related to either the
onset of fluctuations, akin to what is seen in other uncon-
ventional superconductors such as the cuprates [27, 28],
or an incommensurate-to-commensurate lock-in transi-
tion.

The low effective dimensionality of TPT suggests its
CDW transition will be preceded by significant fluctua-
tions over a range of temperatures [22, 23]. The absence
of evidence of CDW order in bulk probes of TPT - resis-
tivity, heat capacity, thermal conductivity [6, 7, 29], and
arguably Raman spectroscopy [30] - as well as our quan-
tum oscillation measurements showing no Fermi surface
reconstruction between 300 K and 1.5 K, suggest that the
CDW seen by STM at 4 K could be stabilized by the sur-
face, corresponding in the bulk to the fluctuating regime
rather than true CDW order. The transition we see at
20K could be the turning-on of these fluctuations. A
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FIG. 5. (a) Background-subtracted de Haas van Alphen oscillations measured with a piezoresistive torque magnetometer in a
DC 16 T magnet for various temperatures, with @ = 10° in the upper panel and 6 = 65° in the lower. (b) FFT of the data
shown in (a) over a field window of [5.5 — 15] T; The inset shows FFT data for B = [10 — 15T T. (c¢) Effective mass plots. Solid
lines are fits according to Lifshitz-Kosevich theory (see main text).

sharp turn-on of CDW fluctuations has previously been
proposed to account for a resistivity bump in the 2D
transition metal oxide bronze PyW1¢Oss [31, 32] and
has been predicted in the q2D transition metal dichalco-
genide NbSey [23, 33]. Despite the fluctuating CDW or-
der being along the b-direction chains it would not nec-
essarily give a strong resistivity boost in this direction.
The three-dimensional character of the fluctuations could
plausibly induce an inter-chain resistivity bump as in-
stantaneous regions of CDW attempt to order the charge
on the neighboring chains, as seen in other q1D sys-
tems on approach to spin or charge density wave transi-
tions [10, 34, 35].

Among CDW materials the q2D rare-earth tritellurides
RTe; (R=Lanthanide) have particularly similar struc-
tures to that of TPT, featuring three independent chains
making up planes [36, 37]. A CDW forms in the along-
chain direction across the family. While the CDW for-
mation is accompanied by a boost to along-chain resis-
tivity, a larger resistivity boost is seen in the in-plane
inter-chain direction, much as we are seeing in TPT
(Fig. 4) [37]. In RTez this can be accounted for by a
simple one-electron model of conductivity, factoring in
Fermi surface reconstruction by the CDW [37]. We re-
produced this calculation at zero temperature for TPT
using our DFT band structure, taking account of fluc-
tuating CDW order simply by removing the ~ bands
(expected to give a gross overestimate of the effect).
With all bands in place we find resistivity anisotropies
of pox : pp : po = 116 : 1 : 165, compared to our mea-
sured values of around 10 : 1 : 20. Removing the v bands

we find pl@TB+7H+9) /platB+0) — (1.6 2.4, 1.3}, i.e. the
biggest resistivity boost in the along-chain direction. We
varied the chemical potential over a range of 0.1 meV and
found no qualitative change. The results demonstrate
that if the 20 K resistivity anomaly is due to the onset of
CDW fluctuations, this simple one-electron model cannot
account for the result. This could either be a failing of
the model, or could suggest the importance of correlated
electron effects. Despite the structural similarity of the
RTe3 compounds to TPT, the RTes family has a pecu-
liarity in its Fermi surface topology better-suiting it to
such an inter-chain resistivity enhancement [38]. A fur-
ther challenge for this hypothesis is to explain why the
fluctuations turn on at such a low temperature, although
this could potentially be accounted for by the fact that
TPT is not especially one-dimensional in character.

The consistency between transport and susceptibil-
ity data suggests the 20 K anomaly is a true thermo-
dynamic phase transition. Motivated by this fact we
consider a second scenario in which the resistivity bump
is due to an incommensurate-to-commensurate lock-in
transition. Commensurate CDW (CCDW) systems are
generically expected to develop via the evolution of the
wave vector of an incommensurate CDW (ICDW) tak-
ing advantage of lattice lock-in energy at lower tem-
peratures [24, 39]. The evolution is continuous over a
range of temperatures before jumping discontinuously at
the transition, as seen for example in (q2D) 2H-TaSes
(TICDW = 122.3K, TCC’DW = 92 K) and (qlD) TTF-
TCNQ (Trepw = 54K, Teepw = 38K) [25, 32, 36, 40].
This proposal naturally accounts for the discrepancy be-



tween the quantum oscillation data with DFT, as well as
the lack of Fermi surface reconstruction at 20 K, since the
band structure is already reconstructed at higher tem-
peratures by the ICDW. No significant change occurs in
Py at the commensurate-to-incommensurate transition as
the gap remains largely unchanged, but the bump in pg«
can be accounted for by the alignment of the CDWs in
the inter-chain direction when they are required to lock
into the monoclinic lattice. The question then arises as
to at what temperature the ICDW itself develops. We
see no evidence of this phase transition up to 300K.
Such a difference in commensurate and incommensurate
transition temperatures is large but not unprecedented,
with (QZD) 2H-TaS, exhibiting Trepw = 543K and
Teeopw = 183K [36]. Indeed, Raman scattering in TPT
may see some indication of CDW order at temperatures
as high as 150K [30]. It should be noted that in this
scenario the agreement between the dHvA spectrum and
DFT calculations of the Fermi surface would be coinci-
dental rather than comprehensive.

The two scenarios, CDW fluctuation onset and a lock-
in transition, could be distinguished and verified by high-
resolution X-ray scattering. The incommensurate-to-
commensurate transition scenario could also be tested by
nonlinear conductivity measurements, since an ICDW is
expected to have a lower electric field threshold to depin-
ning [41]. So far we have not observed any deviations that
might hint towards an enhancement in conductivity due
to a sliding CDW. In both scenarios the precise details
of the inter-chain coupling induced by Coulomb repulsion
between neighboring CDWSs remain to be elucidated.

Very recently, a study of nuclear magnetic and nu-
clear quadrupole resonance (NMR and NQR) in TPT has
shown further experimental evidence for an event below
T = 20K [42]. A peak in the temperature dependence of
the spin-lattice relaxation rate and a broadening of the
line width data indicate a thermodynamic phase transi-
tion. However, the absence of clear lines in the NMR
spectrum at temperatures below 20K, expected for a
static long-range order [43], speak against a full CDW
ordering transition at T*. This would agree with our
observations of no discernible band folding at T* = 20K
and a very weak effect of this event on the electrical trans-
port along the chains. The observed strong feature for
current applied along the a* direction, correlating with a
feature observed in the magnetic susceptibility, plus the
significant enhancement of the anisotropy as temperature
is decreased, support our proposed scenarios.

The origin of the observed enhancement of the resis-
tance anisotropy is not clear. This behavior strongly re-
sembles a nematic response analogous to that seen in
Fe-based superconductors [44]. Other mechanisms, in-
cluding anisotropic scattering, or structural changes with
temperature, cannot be ruled out at this point. High-
resolution, low temperature X-ray scattering could pro-
vide insight into the influence of temperature on the lat-

tice parameters and high resolution scanning-tunneling
spectroscopy could reveal whether there are temperature-
dependent changes to the density of states or scattering
mechanisms.

The question remains as to whether the phase transi-
tion at T* ~ 20 K has a direct effect on the development
of superconductivity at 4.6 K. This would seem unlikely
given the large separation of the two energy scales. We
do however note that, approaching 7" from above, the
transition corresponds to the cessation of growth of the
transport anisotropy (see Fig. 2b) and the simultaneous
development of apparent Fermi liquid-like behavior, evi-
denced by a T? resistivity dependence (see Fig. 3b). The
transition may therefore be indirectly responsible for the
superconductivity, by establishing a Fermi liquid at low
temperature which is then unstable to the formation of
Cooper pairs by a standard BCS-type mechanism.

CONCLUSIONS

In this work we have measured the magnetization
and transport properties of the low dimensional super-
conductor TPT. By utilizing Focused Ion Beam micro-
structuring, we have revealed the intrinsic transport
anisotropy of this material which grows precipitously as
the temperature is lowered. At T* 18 K, the transport
shows a clear anomaly that is especially pronounced in
the a-axis conductivity. With careful measurements, this
anomaly also has a (more subtle) signature in the magne-
tization and in the transport along other crystallographic
directions, which is perhaps why it was missed in previ-
ous measurements. This subtle nature of the transition
is likely intrinsic, and our De Haas-van Alphen studies
hint as to why this might be so. Specifically, we show
that a 3D Fermi surface shows no sign of reconstruction
above T*, suggesting that there is no translational sym-
metry breaking across this transition. We suggest two
scenarios as to how this could come about: a lock-in
transition or the onset of strong CDW fluctuations, but
further measurements are required to decide between the
two. Finally, it seems unlikely that the mechanism be-
hind the T™ anomaly drives superconductivity. Our data
show that the T™ transition appears to make the system
more Fermi-liquid like, as well as ending the precipitous
growth of the transport anisotropy observed above T%,
thus ‘setting the scene’ for the superconducting conden-
sate to form.
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