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The identification of in-plane twofold symmetry in layered superconductors has sparked considerable interest.
While transport measurements often reveal pronounced anisotropy, interpretation of their origin remains chal-
lenging due to the difficulty in disentangling competing contributions. Here, we systematically investigate the
challenges of resolving intrinsic twofold symmetry in CsV3Sbs through angular-dependent in-plane magnetore-
sistance measurements on exfoliated micron-scale devices. The sub-10-um devices, with well-defined current
directions, minimize contributions from structural domain walls and facilitate current-direction switching.
Our experiments reveal a persistent twofold anisotropy in the upper critical field (H.,), whose principal axis
rotates with the applied current, indicating an extrinsic origin. The anisotropy also grows with increasing
current, consistent with vortex motion driven by the Lorentz force. Two-axis rotational mapping combined
with theoretical calculations further reveals how field misalignment can mimic or amplify apparent in-plane
anisotropy. These results suggest that if intrinsic twofold symmetry does exist, its anisotropy is likely weak and
highly susceptible to extrinsic influences. Our findings highlight the necessity of multiaxis and current-swapping
methodologies for probing rotational symmetry in layered superconductors, and provide a refined framework for

such investigations.
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I. INTRODUCTION

The kagome superconductor family AV3Sbs (A =K,
Rb, Cs) has attracted considerable attention due to the coex-
istence of charge density wave (CDW) order and supercon-
ductivity (SC), both exhibiting intriguing symmetry-breaking
phenomena [1-4]. In these crystals, a 2 x 2 charge modula-
tion forms below the CDW transition temperature (Tcpw ~
78-104 K), accompanied by signatures of possible time-
reversal symmetry breaking [5,6]. At lower temperatures
(T, ~ 1-3 K), SC emerges from this symmetry-broken normal
state, offering a fertile platform to investigate the interplay
between competing electronic orders.

Among the AV3Sbs compounds, CsV3Sbs stands out for
exhibiting in-plane twofold symmetry in its superconducting
state [6—15], which is unexpected given its nominal hexagonal
crystal symmetry. While the material develops a CDW order
that lowers its global symmetry to orthorhombic at low tem-
peratures, the in-plane kagome layers largely retain sixfold
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rotational symmetry and dominate the in-plane transport. The
emergence of twofold symmetry, often referred to as elec-
tronic nematicity, manifests as a twofold in-plane anisotropy
in superconducting properties. Such twofold anisotropy has
attracted considerable attention not only in CsV3Sbs, but
also across a number of correlated electron systems. No-
table examples include iron-based superconductors [16,17],
transition metal dichalcogenides [18-20], and magic-angle
twisted bilayer graphene [21]. In iron-based superconductors,
nematic fluctuations have been proposed to play an active
role in the superconducting pairing mechanism, potentially
giving rise to unconventional SC [22,23]. The interplay be-
tween nematic order and SC in these systems continues to
be a central topic in the quest to understand the microscopic
origins of high-temperature and unconventional SC. In this
context, unambiguously identifying twofold symmetry in the
superconducting state is crucial, not only for establishing the
presence of nematic order, but also for clarifying the funda-
mental nature of the superconducting state.

However, experimental evidence for such symmetry break-
ing in CsV3Sbs remains nuanced [10,14,15,24-27]. Thermo-
dynamic probes, such as specific-heat measurements, have
reported a modest twofold anisotropy in the in-plane upper
critical field (H), with an anisotropy ratio of approxi-
mately 2% [14]. In contrast, electrical transport measurements
present a more pronounced twofold anisotropy, up to 30%, in
the superconducting states [10,15]. It is important to note that
magnetotransport is sensitive not only to intrinsic electronic

Published by the American Physical Society
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FIG. 1. Crystal structure of CsV3Sbs and its electrical characterization. (a) Crystal structure of CsV;Sbs viewed from the side, showing
the kagome net sandwiched by the Cs atomic layers. (b) Top view of the crystal structure (along the c axis), which highlights the V kagome net
and the Cs triangular lattice in the ab plane. (c) Schematic of a typical Hall bar device used for four-terminal measurements (/: bias current;
Vix: longitudinal voltage) on an exfoliated CsV;Sbs flake, with electrical contacts formed by Ti/Au deposition. (d) Temperature dependence of
resistivity for a 90-nm flake (sample C). The characteristic temperatures for the charge density wave (Tcpw) and SC (7;.) are marked. The inset
shows an optical image of the device. The scale bar marks 10 um. (e) Normalized resistivity (ox/pons) as a function of temperature across the
superconducting transition, where T; is marked as the temperature corresponding to 50% of the normal-state resistivity pns.

anisotropy but also to field-induced effects. For instance,
Ref. [24] demonstrated overall in-plane rotational invariance
in the absence of external perturbations, whereas an apparent
anisotropic response emerges when weak magnetic fields or
strain are present. Taken together, these findings raise funda-
mental questions: Is the observed twofold symmetry a genuine
property of the superconducting pairing, or is it influenced,
or even dominated, by extrinsic effects, such as structural
domains or vortex dynamics?

In this work, we explore the in-plane twofold sym-
metry in CsV3Sbs through systematic angular-dependent
magnetoresistance measurements on exfoliated micron-scale
devices. Angular-dependent magnetotransport measurements
have been widely used in the literature to probe in-plane ro-
tational symmetry [10,15,18-21,24,27-29]. The focus of this
work is to explore the challenges in probing in-plane twofold
symmetry using transport measurements and to establish a
reliable transport-based strategy for its detection.

To this end, we systematically examine several factors that
could potentially influence the detection of in-plane twofold
anisotropy, including structural domain walls, Lorentz force
effects, and magnetic field alignment. Our results reveal a
persistent in-plane twofold anisotropy in the superconducting
state, whose principal axis shifts with the direction of the ap-
plied current /, indicating an extrinsic origin of the anisotropy.
Moreover, the anisotropy percentage exhibits a dependence
on the magnitude of the applied current, which we attribute
to vortex motion induced by the Lorentz force within the
mixed superconducting state. By quantifying the effects of

field-alignment artifacts through two-axis rotational map-
ping, we further reveal how extrinsic contributions, including
Lorenz force induced vortex motion and field misalignment,
can dominate or artificially enhance rotational symmetry-
breaking signatures. Our findings highlight the necessity of
multiaxis, current-swapping methodologies to decouple in-
trinsic quantum behavior in symmetry-sensitive phenomena
in layered quantum materials.

II. RESULTS

A. Micron-scale device characterization of CsV;Sbs

Figures 1(a) and 1(b) present the crystal structure of
CsV3Sbs. The side view in Fig. 1(a) shows a V kagome net
sandwiched between Cs atomic layers, while the top view
along the c axis [Fig. 1(b)] highlights the hexagonal symmetry
of the V kagome lattice and the Cs triangular arrangement
in the ab plane. The single crystals were grown using the
self-flux method [2].

For electrical transport measurements, we fabricated four
micron-scale devices with lateral dimensions ranging from 3
to 14 um, as summarized in the Supplemental Material [30].
Thin flakes were exfoliated from bulk single crystals and
transferred onto Si substrates. Bar-shaped flakes were selected
to define electrical contacts in a Hall bar geometry. This de-
vice design is particularly important, as structural domains
in bulk CsV3Sbs typically span 10 to 100 um [6]. While
the domain size may change in exfoliated flakes, our sub-10-
um devices help minimize the influence of structural domain
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FIG. 2. Twofold symmetry in the azimuthal dependence of upper critical field for sample A at 4 K. (a) Normalized resistivity (oxx/0Ons) as
a function of magnetic field, with curves vertically offset for clarity. The H.,, determined at 50% of the normal-state resistance, are marked
by black solid circles. Inset: The schematic illustrates the relative orientations of external magnetic field (H.y), the applied current, and the
crystal’s ¢ axis. The rotation angle ¢ is defined as the angle between the current and the field direction. (b) Polar plot of the normalized H,,
(Hea/Heo max)-¢ extracted from (a) and the current direction is indicated with a red double-headed arrow. A schematic of the Hall bar device
with the specified current path is shown above the plot. (c) Polar plot of the normalized H., — ¢ with the current direction rotated by 90°.
(d) Normalized magnetoresistivity measured under different current amplitudes with the magnetic field oriented perpendicular to the current.
The current amplitudes are indicated in the color bar. (e) Polar plot of the normalized H,,-¢ for different probe currents. The narrowing of the

angular profile due to the Lorentz force is highlighted by black arrows.

walls that could obscure the intrinsic electronic behavior. In
addition, the Hall bar configuration facilitates current direc-
tion switching during measurements, enabling more robust
analysis of anisotropic transport behavior. The measurement
schematic is shown in Fig. 1(c), and a representative device is
displayed in the inset of Fig. 1(d).

We begin by investigating the transport properties of
the micron-scale devices. Figures 1(d) and 1(e) present the
temperature (7') dependence of resistivity, revealing two char-
acteristic transitions: one into the charge density wave state
(Tepw) and the other into the superconducting state (7;). Com-
pared to bulk crystals, where Tcpw and T, are 94 and 2.5 K,
respectively [2], the micron-scale device exhibits a suppressed
Tepw at 76.5 K and an enhanced 7, at 4.45 K. Here, T, is
defined as the temperature at which the resistivity drops to
50% of the normal-state resistivity, pns. While the origin of
this SC enhancement remains unclear, the observation is con-
sistent with previous studies on exfoliated samples [31,32].
As shown in Fig. 1(e), the superconducting transition is re-
markably sharp with a transition width AT, of only 0.25 K,
indicating the good quality of the device.

B. Apparent twofold anisotropy in H,
and current-induced vortex dynamics

To probe the in-plane anisotropy of the supercon-
ducting state, we first performed angular-dependent

magnetoresistance measurements using a stepper-motor-
driven rotator. This setup allows precise control over the
orientation of the external magnetic field H. within the
ab-crystal plane. By rotating the sample with respect to
the applied magnetic field, we mapped out the angular
dependence of the magnetoresistance, as shown in Fig. 2(a).
The in-plane rotation angle ¢ is defined as the angle
between the magnetic field and the applied current direction,
as illustrated schematically in the inset. Here, ¢ = 0°
corresponds to the configuration where H is aligned parallel
to the current /.

The upper critical field H, is determined here as the mag-
netic field at which the resistivity recovers to 50% of pns.
This resistive critical field is commonly used to characterize
H_,, although it differs from the conventional thermodynamic
definition, which identifies H,., as the field below which vor-
tices first appear in the sample [33]. In the Supplemental
Material [30], we also examine an alternative criterion for
H.,, where H., is defined as the field at which the resistivity
reaches 90% of pns. Both definitions yield consistent results
and do not affect our overall conclusions.

As ¢ increases from 0° to 180°, H., first decreases and
then returns to its maximum when ¢ = 180°, i.e., when
the magnetic field is again aligned with the current. Fig-
ure 2(b) presents a polar plot of the normalized upper critical
field H.p/Heomax as a function of ¢, where Hep max denotes
the maximum value in the angular sweep. The plot reveals
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a pronounced twofold symmetry with an anisotropy ratio,
defined as (1 — Hep min/Hc2,max ), Of approximately 25%, and
the principal axis of this anisotropy aligns with the current
direction. The twofold anisotropy progressively decreases as
the temperature is lowered, reaching 11% at 1.8 K (details are
shown in the Supplemental Material [30]).

To further investigate the nature of this anisotropy, we
rotated the current direction by ~90° using orthogonal elec-
trode pairs in the Hall bar geometry to apply current, as
illustrated schematically in Fig. 2(c). We note that this ap-
proach results in an inhomogeneous current density across
the transverse direction of the sample, thus the current direc-
tion is not rotated by an exact 90°. The resulting H., data,
also shown in Fig. 2(c), demonstrate that the principal axis
of the twofold symmetry rotates in tandem with the current
direction. In addition, when we interchanged the orthogonal
current and voltage pairs, we obtained consistent results. We
further repeated these current-swapping measurements on a
second device (Sec. V, Supplemental Material [30]), which
again yielded the same behavior. Taken together, these find-
ings strongly suggest that the dominant observed anisotropy
arises from extrinsic effects, rather than being an intrinsic
feature of the superconducting order parameter.

To further explore the mechanism underlying the extrinsic
anisotropy, we systematically varied the current amplitude
while probing H,,. We found that the anisotropy ratio of H,,
is strongly dependent on the magnitude of the applied current
and is most sensitive when the magnetic field is oriented
perpendicular to the current direction. As shown in Fig. 2(d),
increasing the current leads to a gradual suppression of H,,
which results in a narrowing of the angular profile along the
direction perpendicular to the current flow in the polar plot, as
illustrated in Fig. 2(e). The shape of the H,, polar plot evolves
from an elliptical form at low currents to a peanut shape at
high currents. Based on this observation, all other measure-
ments in this study were conducted using the minimal current
density possible (current density less than 5 x 107% A/um?).

This current-induced reduction of H., points to a crucial
role of the Lorentz force, givenby F = I X poH cx,. The mag-
nitude of this force is zero when the magnetic field is aligned
with the current (Hey, || ) and reaches a maximum when they
are perpendicular (Hey, L I). This directional dependence of
the Lorentz force modulates the dynamics of vortices in the
superconducting state. In particular, the enhanced vortex mo-
tion under high Lorentz force leads to increased dissipation
and a suppression of H.; when Hex, L I, which we propose to
give rise to the observed twofold anisotropy.

C. The impact of magnetic field alignment on H,

The above discussion has focused solely on the variation
of the in-plane rotation angle ¢. However, in real experiments,
due to the finite angular precision with which the sample can
be mounted, there often exists a misalignment between the
sample plane and that of the rotator, as illustrated in Fig. 3(a).
This misalignment introduces an additional angle, referred to
as the canting angle . While such a tilt has minimal impact on
isotropic superconductors, it can significantly affect measure-
ments on anisotropic superconductors, particularly in layered
materials like CsV3Sbs, where the superconducting properties
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FIG. 3. The impact of magnetic field alignment on the twofold
symmetry for sample A at 4 K. (a) Schematic illustration of a flake
on a silicon substrate mounted with a canting angle y. Two angular
parameters are defined: the in-plane rotation angle ¢, controlled
precisely by a stepper motor, and the canting angle y, introduced by
manually inserting a wedge between the sample and the rotator plate.
(b) Calculated field tilt angle () as a function of the in-plane rota-
tion (¢) for a canting angle y = 5° (yellow curve), compared with
the ideal case of y = 0° (purple line). The relative orientations of
external field (Hey), its in-plane component (H)), and its out-of-plane
component (§H, ) are indicated. The field tilt 6 is defined as the angle
between H,y and H. The inset is a photograph showing deliberately
mounted with y = 5°. (c) Polar plot of the normalized H.,-¢ for the
sample mounted as shown in (b). The red double-headed arrow indi-
cates the current direction, while the dark blue double-headed arrow
marks the canting axis, defined as the direction along which the field
tilt angle 0 is minimized. (d) Calculated normalized H,, as a function
of in-plane rotation angle ¢ at y = 5°, based on the out-of-plane
anisotropy ratio H®/HS =25 (H% = 1.2 T and HS = 0.048 T)
determined at 4 K.

are highly direction dependent. As reported in Refs. [15,32],
CsV3Sbs exhibits a temperature-dependent anisotropy in He,,
with the ratio of out-of-plane to in-plane values decreasing
from 25 to 8 as the temperature is lowered from 7, to zero.
Such a large ratio makes the sample highly sensitive to field
misalignment, where even slight tilts can lead to an angular-
dependent in-plane field projection and potentially obscure
the intrinsic electronic response.

To quantify the impact of magnetic field alignment, we
considered the contributions from two rotational axes. The
first axis, denoted by 7i;otator in Fig. 3(a), controls the in-plane
rotation angle ¢ and is precisely controlled by a stepper mo-
tor. The second axis, denoted by 7igampie, controls the canting
angle y and is manually adjusted here by inserting a wedge
between the sample plane and the rotator plate. More details
of the setup are shown in the Supplemental Material [30]. The
canting angle y is measured and calibrated under an optical
microscope, as shown in the inset of Fig. 3(b). This two-axis
control allows us to systematically explore the effect of field
alignment on the superconducting anisotropy.
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The canting angle y causes the external magnetic field Hex
to project onto the sample’s ab plane with a ¢ dependence.
A simple field projection calculation, shown in Fig. 3(b),
illustrates this effect. Here, the tilt angle 6 is defined as the
angle between Hgy and its in-plane projection H) on the
sample surface. When a large canting angle, such as y = 5°,
is deliberately introduced, 6 varies between 0° and 5° during
the rotation (controlled via the 7i;op0r axis), where 8 = 0° is
defined as the canting axis. For reference, the case of perfect
alignment (y = 0°), in which Hy lies entirely within the
rotation plane, is discussed in Sec. II B.

We performed a series of measurements at different canting
angles y to systematically investigate the effect of magnetic
field alignment. In Fig. 3(c), we present the data for a rel-
atively large canting angle, y = 5°, as a representative case
to illustrate the impact of magnetic field misalignment. A
pronounced twofold symmetry, with an amplitude reaching up
to 60%, is observed, with the principal axis aligned along 6 =
0°, where the magnetic field lies entirely in the ab plane. At
this orientation (6 = 0°, i.e., Hex || ab), the out-of-plane field
component H vanishes, and the sample exhibits the highest
H.,. As 0 increases, H| = Hey sin 6 grows, which suppresses
SC and results in a lower H,,. This canting-induced twofold
symmetry dominates over any anisotropy introduced by the
applied current.

To quantitatively account for this effect, we performed cal-
culations using the projected field profile shown in Fig. 3(b),
applying an anisotropic SC model [34,35] with an out-of-
plane anisotropy ratio HY /HS, = 25 (H% = 1.2 T and H, =
0.048 T), as determined at 4 K [32] (see Supplemental Mate-
rial for details [30]). In Fig. 3(d), the experimental angular
dependence of H., from Fig. 3(c) (hollow black circles) is
compared with a fit using the two-dimensional (2D) Tinkham
model (yellow curve). The fair agreement between experiment
and calculation demonstrates the observed strong twofold
symmetry arises from the high sensitivity of 2D supercon-
ductors to magnetic field orientation. Furthermore, the model
predicts that the in-plane H,, anisotropy ratio can reach up
to 11% even for a small tilt angle of y = 0.5°. These findings
underscore the importance of multiaxis rotation capabilities to
eliminate artifacts arising from misalignment of the magnetic
field.

D. Angular-dependent in-plane resistivity

Our results above highlight the importance of employ-
ing multiaxis rotation and current-swapping methodologies
when detecting in-plane twofold symmetry in Hg,. On
the other hand, there has been rising number of litera-
tures in which angular-dependent resistivity measurements
are employed to characterize in-plane rotational symme-
try [18,19,21,27,28,36]. Compared to directly measuring H,»,
such resistivity measurements under a fixed magnetic field are
more time efficient and can still capture key features related to
SC. To cross check whether these measurements can provide
information similar to that obtained from H,,, we perform
angular-dependent in-plane resistivity measurements near H,
in CsV3Sbs, using the same rotational and current-swapping
strategies.

We measured resistivity as a function of in-plane rotation
angle ¢ under various magnetic field strengths, as shown in
Fig. 4. In Fig. 4, the rows correspond to different current
configurations, while the columns represent distinct canting
conditions. For clarity, the resistivity curves are normalized
to their maximum values within each angular sweep and are
arranged from bottom to top to reflect the evolution from the
mixed state to the normal state as the field increases.

Figures 4(e) and 4(g) show the angular dependence of the
in-plane resistivity p(¢) in the aligned configuration (y = 0°).
The resistivity displays a twofold symmetry, with a minimum
occurring when the in-plane magnetic field is aligned with the
current direction (Hex: || ). In this configuration, as for our
measurements of H.,, vanishing Lorentz force leads to mini-
mal dissipation through vortex motion and thus lowering the
resistivity. Conversely, when the field is perpendicular to the
current (Hexe L 1), the Lorentz force is maximized, enhancing
vortex motion and increasing resistivity [37,38]. Rotating the
current direction causes the resistivity minimum to shift by
approximately 90°, indicating that the anisotropy tracks the
current orientation and suggesting an extrinsic origin of the
twofold symmetry.

In contrast, when a large canting angle of y = 5° is in-
troduced [Figs. 4(f) and 4(h)], the twofold symmetry in p(¢)
persists, but the resistivity minimum consistently occurs when
the magnetic field lies entirely within the ab plane (Hyy || ab),
regardless of the current direction. This behavior is consistent
with both the upper critical field measurements and theoretical
calculations shown in Fig. 3(d), which show that canting-
induced effects dominate over current-induced anisotropy in
this regime. As a result, the position of the resistivity mini-
mum remains fixed upon rotating the current direction.

These observations reinforce the conclusions drawn from
the angular dependence of H., and highlight current direction
and magnetic field alignment as critical factors in determining
the anisotropic response.

III. DISCUSSION

In our work, we have systematically examined several
factors that could potentially affect the detection of in-
plane twofold anisotropy, including structural domain walls,
Lorentz force effects, and magnetic field alignment. One pos-
sible source of extrinsic influence stems from the CDW-driven
formation of three-state nematic domains in CsV3Sbs [6],
where scattering at domain walls can mask the intrinsic col-
lective transport behavior [14]. To minimize such effects, we
performed measurements on exfoliated devices with lateral di-
mensions as small as 3 um, thereby minimizing contributions
from structural domain boundaries. In these micron-scale de-
vices, we investigated the effects of the Lorentz force by
changing the current direction, and the effect of magnetic field
alignment by conducting two-axis angular mapping. Despite
these efforts, under perfectly aligned conditions, our experi-
ments only revealed a twofold anisotropy in H., originating
from Lorentz-force-induced vortex motion, with a magni-
tude reaching about 25% at 4 K and decreasing to 11% at
1.8 K. This anisotropy is comparable to those observed in
single crystals, and remains significantly larger than the val-
ues reported by thermodynamic probes [14], highlighting the
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FIG. 4. Azimuthal dependence of the magnetoresistance under the influence of current direction and sample canting for sample A at 1.8 K.
(a), (b) Schematics of the four-probe measurement configuration on the same device with current flowing along the long side and short side
of the Hall bar, respectively. (c), (d) Schematics illustrating the sample under y ~ 0° and y = 5° canting conditions. (e), (f) Normalized
resistivity (oxx/Pmax) @s a function of in-plane rotation ¢ at different magnetic field strengths for (c) and (d) canting conditions, respectively.
Pmax 18 the maximum resistance for each magnetic field in the angular sweep. The current flow direction is highlighted by the red line and
indicated by (a). The canting axis, defined as the direction with minimum field tilt angle, is shown in the dark blue line. (g), (h) Analogous data
presentation to (e) and (f) in the orthogonal current configuration for (c) and (d) canting conditions, respectively. The current flow direction is
specified by the red line and indicated by (b) whereas the canting axis is shown as the dark blue line.

challenge of disentangling intrinsic symmetry breaking from
extrinsic contributions in this system.

In general, symmetry detection via transport must be inter-
preted with caution. In addition to the domain effect, Lorentz
force contributions, and magnetic field misalignment dis-
cussed in our work, further extrinsic factors, such as twin
boundaries [37], strain-induced directional bias [24], and bal-
listic effects in micron-sized devices [39], can also give rise
to apparent anisotropy. These considerations underline that
transport is a powerful yet delicate probe of symmetry, and
that it demands careful interpretation.

Nevertheless, we cannot exclude the presence of nanoscale
nematic domains that may lie below our spatial resolu-
tion and lead to averaging effects that suppress detectable
symmetry breaking. In addition, strain imparted by the
substrate can also act as a perturbative factor, potentially
stabilizing a specific domain orientation and thereby enhanc-
ing the in-plane anisotropy of the sample [24]. However,
despite this possible substrate-induced contribution, our mea-
surements reveal an apparent anisotropy whose principal

axis does not correlate with the intrinsic properties of the
sample.

While an intrinsic in-plane twofold symmetry may still
exist in the CsV3Sbs, its anisotropy is likely subtle and easily
masked by slight misalignments of the magnetic field. For
example, our calculations show that in a layered system with
an out-of-plane to in-plane H., ratio of 9, a value consis-
tently reported for CsV3Sbs at the zero-temperature limit,
even a small canting angle of 0.5° can induce an artificial
in-plane anisotropy of 3.8%, which increases to 7.4% at 1°.
Thus, any genuine anisotropy smaller than this threshold
would be indistinguishable from misalignment-induced arti-
facts. Such spurious effects become even more pronounced
in materials with higher out-of-plane to in-plane anisotropy.
This highlights the importance of precise alignment and rigor-
ous control over angular positioning when interpreting subtle
twofold features in H,, or magnetotransport data. Such pro-
tocols, which were also previously reported in Refs. [24,28],
play a crucial role in disentangling intrinsic anisotropy from
extrinsic effects.
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IV. CONCLUSION

To summarize, we investigate in-plane twofold symme-
try in CsV3Sbs using angular-dependent magnetoresistance
measurements on micron-scale devices with controlled cur-
rent directions. Our measurements reveal an apparent twofold
anisotropy in the superconducting state that depends on both
current direction and magnitude, indicating an extrinsic origin
related to vortex dynamics. In our experiments, we do not
observe conclusive evidence for an intrinsic twofold symme-
try; if present, such anisotropy is likely subtle. Our findings
are consistent with recent studies based on thermodynamic
probes and elastoresistance measurements reporting either
negligible or weak in-plane anisotropy on the same material
system [14,25,26].

To ensure reliable detection of intrinsic in-plane anisotropy
in layered superconductors, particularly those exhibiting
strong out-of-plane vs in-plane anisotropy, we recommend
addressing possible extrinsic contributions through the fol-
lowing approach. First, perform measurements with the
current direction rotated (e.g., by 90°) to verify the origin
of the observed anisotropy. If the anisotropy changes with
the current direction, it is likely dominated by extrinsic fac-
tors, while accidental misalignment of the sample rotation
plane with the magnetic field can be excluded as its origin;
if it remains unchanged, it is likely genuine but still requires
testing, such as careful field alignment. Second, consider
multiaxis contributions by using measurement setups such as
two-axis rotators, which allow precise control and alignment
of the magnetic field to minimize alignment-induced artifacts.
This combined strategy helps distinguish intrinsic electronic

behavior from extrinsic factors such as sample geometry,
Lorentz force, and alignment errors.

Our study provides a guiding principle for probing twofold
symmetry in layered superconductors. By carefully address-
ing extrinsic factors such as domain wall effects, magnetic
field misalignment, and current-induced vortex motion, we
establish a measurement framework that distinguishes in-
trinsic electronic anisotropy from experimental artifacts.
This approach is broadly applicable to a wide range of
anisotropic superconductors, particularly those exhibiting
strong anisotropy between the out-of-plane and in-plane di-
rections.
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