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Topological superconductivity is a long-sought state of matter in bulk materials, and the odd-parity
superconductor UTe2 is a prime candidate. The recent observation of a field-trainable spontaneous
Kerr signal in UTe2 at the onset of superconductivity provides strong evidence that the superconducting
order parameter is multicomponent and breaks time-reversal symmetry. Here, we perform Kerr effect
measurements on a number of UTe2 samples—grown via both chemical vapor transport and the molten-
salt-flux methods—that show a single superconducting transition between 1.6 K and 2.1 K. Our results
show no evidence for a spontaneous Kerr signal in zero-field measurements. This implies that the
superconducting state of UTe2 does not intrinsically break time-reversal symmetry. Instead, we observe a
field-trainable signal that varies in magnitude between samples and between different locations on a single
sample, which is a sign of inhomogeneous magnetic regions. Our results provide an examination of
representative UTe2 samples and place strong constraints on the superconducting order parameter of UTe2.
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I. INTRODUCTION

In a superconductor, electrons form pairs that condense
into a macroscopic quantum state with zero electrical
resistance. The underlying symmetries of the pair wave
function are important to determine the properties of the
superconducting state. When the orbital wave function is
antisymmetric [ϕðkÞ ¼ −ϕð−kÞ], an odd-parity supercon-
ductivity is realized [1]. When time-reversal symmetry is
broken, chiral superconductivity may emerge. Odd-parity
chiral superconductors are sought-after materials predicted
to host topological excitations with non-Abelian statistics
that could enable quantum computing [2,3]. Over the past
decade, the search for an odd-parity chiral superconductor
has intensified, but an ideal candidate has yet to be
established. Sr2RuO4 was long thought to be the leading
candidate [4], but recent nuclear magnetic resonance
experiments showed that the superconducting order param-
eter is even parity [5].
Odd-parity UTe2 is a recently discovered chiral super-

conductor candidate [6]. Evidence for chiral superconduc-
tivity in UTe2 comes from multiple experiments. Scanning

tunneling microscopy reveals an asymmetry in the in-gap
surface states at step edges argued to arise from a chiral
superconducting state [7]. Microwave surface impedance
[8] and anisotropic penetration depth [9] studies also
support a chiral superconducting state. In addition, a subset
of specific heat measurements found a double peak near the
superconducting transition temperature (Tc), which is
similar to findings in the chiral superconductor candidate
UPt3 [10–12] and suggests the presence of a multi-
component superconducting state. A key characteristic of
a chiral superconductor is that its order parameter breaks
time-reversal symmetry, and the polar Kerr effect (PKE) is
a powerful probe of time-reversal symmetry breaking.
Previous PKE measurements in UTe2 indeed found a
spontaneous Kerr rotation that arises at the onset of
superconductivity [13]. Because the Kerr rotation was
found to be trainable by cooling in a c-axis magnetic field
(B1g symmetry), a B3u þ iB2u superconducting order
parameter was put forward as the most likely multi-
component state [13]. Further measurements of the PKE
under larger training fields revealed that the magnitude of
the Kerr rotation (θK) scales with the training field up to a
certain field, which was attributed to a critical state of
magnetic vortices [14].
Importantly, the properties of UTe2 are markedly sensi-

tive to sample growth conditions. For samples grown via
chemical vapor transport (CVT), lower growth temper-
atures increase Tc from 1.6 K to 2 K [15]. A further
decrease in the growth temperature leads to a sudden
disappearance of superconductivity and a drastic decrease
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in the residual resistivity ratio (RRR). CVT growth either at
higher temperatures or near the low-temperature limit often
leads to samples with an apparent double transition in
specific heat [16]. The determination of the origin of the
double transition has been hampered by strong sample
dependence of the superconducting state of UTe2.
However, several studies now suggest that, unlike UPt3,
the double transition is not an intrinsic feature but rather a
consequence of sample inhomogeneity [17,18]. Further,
single-transition samples show no evidence for a splitting
of the superconducting transition under B1g shear stress that
couples to the proposed B3u þ iB2u order parameter [19],
suggesting that the superconducting order parameter may
be a single component or belong to different symmetry
channels. More recently, the quality of UTe2 single crystals
was further improved using a molten-salt-flux (MSF)
growth technique [20], leading to RRRs as large as 1000
and enabling the first observation of de Haas–van Alphen
oscillations in UTe2 [21].
A key outstanding open question iswhether a spontaneous

Kerr rotation persists in samples that show a single Tc. PKE
experiments to date have only been reported on a samplewith
a double transition near 1.55 K in specific heat [13,14].
In these samples, a large residual specific heat (γ�) was
observed in the superconducting state [6], which has been
shown to decrease as Tc is increased [15,18,22]. Notably, a
correlation has been identified between the volume fraction
of inhomogeneous magnetic clusters detected by muon spin
resonance (μSR) and the size of γ� [23], which naturally
points to the role of magnetism in samples with large γ�.
Here, we investigate the polar Kerr effect on a number of

samples grown via both the CVT and molten-salt methods.
All samples have only a single detectable transition in
specific heat. Our measurements do not show evidence for
a spontaneous PKE effect that emerges at Tc in zero-field-
cooled measurements. Nonetheless, we observe a field-
trainable signal that persists up to Tc and whose magnitude
varies significantly between different samples and between
different spots on the same sample. Contrary to the
correlation observed in μSR [23], no clear trend is observed
between the magnitude of the PKE and γ�, which suggests
that magnetic clusters may not be the only source of PKE.
The ac susceptibility measurements on another represen-
tative set of samples indicate a correlation between Tc and
the size of the vortex peak effect, a measure of crystalline
quality. This result unambiguously shows that lower-Tc
samples have a higher density of vortex pinning centers.
Our results demonstrate that UTe2 does not have a time-
reversal symmetry breaking (TRSB) superconducting order
parameter and that the inhomogeneous field-trainable PKE
has an extrinsic origin.

II. RESULTS

Temperature-dependent specific heat measurements for
each of the samples on which PKE was measured, shown in

Fig. 1(a), reveal a single superconducting transition with a
transition width of approximately 50 mK. Note that Tc
varies from a minimum of 1.6 K in sample S4 to a
maximum of 2.1 K in sample S1. Samples S2–S4 were
grown via chemical vapor transport [15], whereas sample
S1 was grown using the molten-salt-flux method [20]. As
observed previously, the γ� decreases dramatically as Tc
increases [15,18,22], and the MSF sample exhibits the
smallest γ� of only 6 mJmol−1 K−2 [20]. Table I summa-
rizes the key properties of the samples investigated here.
Note that sample S4 has a RRR of 47, which is comparable
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FIG. 1. (a) Specific heat of samples S1–S4. (b) Example of laser
pulse sequence used to heat the sample above Tc. The left axis
shows V2ω (proportional to light received by the detector), and
the right axis shows the sample resistance. (c,d) Measured value
of θK as a function of temperature for sample S1 and S4,
respectively. The sample is heated above Tc to allow for the
possibility of different domain configurations between each data
point. Red indicates T > Tc; blue indicates T < Tc. The faint
green line shows the sample resistivity. The dashed lines indicate
the expected increase in σ below Tc based on the observation in
Wei et al. (see text) [14].
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to the RRR range of 35–40 reported for the samples studied
by Hayes et al. [13]. This is of relevance because impurity
scattering is one mechanism for the observation of a finite
PKE arising from a chiral superconducting state [24,25].
Figures 1(c) and 1(d) show the temperature-dependent

polar Kerr rotation of our zero-field cooling experiments
for samples S1 and S4, respectively. To ensure zero-field
cooling conditions, each sample was heated above Tc using
a high-intensity light pulse as shown in Fig. 1(b) (see
Sec. V for details). Each data point in Figs. 1(c) and 1(d)
represents the mean of θK measured after the sample is
cooled to the indicated temperature from higher temper-
ature (T ≥ Tc). Data for S2 and S3 are shown in
Supplemental Material [26], Fig. S1. No evidence for a
spontaneous Kerr rotation below Tc is found for any of the
investigated samples.
Under zero-field conditions, prior measurements found

that a spontaneous Kerr rotation developed below Tc with
amplitude less than or equal to 0.4 μrad (ϕ0) [13,14]. The
Kerr rotation was also found to change sign and amplitude
between different runs. These changes were attributed to
different chiral domain configurations that can form as the
sample is cooled through Tc. In the presence of random
domains, the standard deviation of the spontaneous Kerr
rotation between cooldowns (σS) is related to the ratio of

the beam diameter (w) to the average domain size (d) via
the expression σS ¼ ϕ0d=w for d < w, wherein ϕ0 is the
amplitude of the PKE arising from a single domain [27].
The zero-field-cooled data presented byWei et al. [14] have
a standard deviation (σ) of 0.097 μrad for T > Tc and
0.244 μrad for T < Tc across six runs. Assuming that the
noise (scatter) in the data (σN) and the magnitude of the
spontaneous Kerr signal are independent, we find

T > Tc∶ σ2þ ¼ σ2N;

T < Tc∶ σ2− ¼ σ2N þ σ2S: ð1Þ

This result provides a value for σS of 0.224 μrad, and an
approximate domain size of 6 μm using the value of ϕ0

above and the stated beam diameter of 10 μm. The beam
diameter used in this study was also 10 μm in diameter.
The values of σþ and σ− were calculated for each sample

in this study. In contrast to prior reports [13,14], there is no
significant difference between the standard deviation
above and below Tc. Using our normal-state deviation σþ
and the value of σS determined from Wei et al. [14] would
imply a standard deviation in the superconducting state σ−
of 0.329 and 0.226 μrad in our data for samples S1 and S4,
respectively. Such an increase, illustrated by the �2σ
dashed gray lines in Figs. 1(c) and 1(d), is not observed.
Although there is no spontaneous Kerr rotation below Tc,

all samples show a field-trainable Kerr signal that vanishes
at Tc. Figure 2(a) shows the temperature dependence of θK
for S3 when warmed in zero field after being cooled
through Tc in small magnetic fields. A finite Kerr signal
clearly emerges for T < Tc, and the size of the signal is
proportional to the cooling field for fields up to �200 Oe.
At higher fields, the signal begins to saturate as indicated
by the identical Kerr rotation between the curves at
350 and 500 Oe.
InWei et al. [14], θK was also found to be proportional to

the cooling field. In that study, however, θK was always
�0.4 μrad for cooling fields between 15 Oe and 30 Oe in
magnitude, with the sign of θK dependent on the sign of the

TABLE I. Properties of samples studied via PKE, including
sample name, growth method, superconducting transition tem-
perature, the size of the specific heat jump at Tc, the residual
specific heat determined from a linear fit of C=T versus T2, and
the residual resistivity ratio (see text).

Sample
Growth
method

Tc
(K)

ΔC=Tc

(mJmol−1K−2)
γ�

(mJmol−1K−2) RRR

S1 MSF 2.1 266 6 400
S2 CVT 2.0 232 21 111
S3 CVT 1.9 163 41 79
S4 CVT 1.6 154 61 46
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FIG. 2. (a) Zero-field-warmed θK after cooling in the indicated field for spot 2 on S3. (b) Zero-field-warmed θK after cooling in
þ100 Oe for four different spots on S2. (c) Zero-field-warmed θK after cooling in the indicated field for spot 3 on S2. In all cases, the
field was applied along the c axis.
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training field. For fields lower than �15 Oe, θK was
distributed between −0.4 μrad and þ0.4 μrad as noted
above. Thus, aside from the low-field behavior, our results
are consistent with those reported in Ref. [14].
Now, we turn to signs of sample inhomogeneity revealed

by PKE measurements. Figure 2(b) shows the temperature
evolution of θK on four different spots of sample S2, upon
warming up in zero field after being cooled in a field of
þ100 Oe. As illustrated by Fig. 2(b), there is more than a
factor of 4 change in the size of θK between the spots
measured in sample S2. This inhomogeneity strongly
suggests an extrinsic origin for the trainable Kerr effect
in UTe2. In addition, Fig. 2(c) shows θK for spot 3 on S2
when warmed in zero field after being cooled in small
magnetic fields. Even in small fields (< �30 Oe), θK is
proportional to the training field. This is in contrast to the
behavior previously observed in samples that show a
double transition in specific heat, where it was claimed
to be due to measuring a single chiral domain [13,14].
To further correlate the PKE behavior with sample

quality, we investigate vortex pinning effects through ac
magnetic susceptibility measurements. Figure 3(a) presents
the real and imaginary parts of the ac magnetic suscep-
tibility χ0 þ iχ00 of four different UTe2 single crystals with a

range of Tc values between 1.48 K and 2.1 K. The specific
heat data obtained on the same samples are shown in
Fig. 3(b) for comparison. The temperatures of the dia-
magnetic drop in χ0 and the dissipation peak in χ00 are both
consistent with the specific heat data. Samples S5, S6, and
S2 exhibit a single thermodynamic transition, whereas
sample S7 shows two clear transitions at 1.64 K and
1.48 K. Note that sample S2 is the same sample S2 on
which PKE data were presented above. Once again, γ�
decreases systematically for samples with higher Tc.
Although it has previously been argued that the double
transition in some UTe2 crystals is an intrinsic feature [13],
it most often appears in crystals with lower Tc or grown via
CVT near the edge of the growth stability region for
UTe2 [16].
To investigate whether lower-Tc samples also have lower

crystalline quality, Figs. 3(c) and 3(d) show ac susceptibil-
ity measurements cooled in a dc field of 10 kOe applied
along the a axis with an applied ac field (hac) of 2 Oe.
Comparing the samples as Tc increases, the relative drop in
χ0 below Tc decreases for a fixed magnetic field. This
apparent trend in the reduction of superconducting screen-
ing going from lower- to higher-Tc samples can be attributed
to the decrease in the critical current density (Jc) arising
from the improved sample quality. We recall that, within the
critical state model, H� is defined as the field at which
magnetic flux first penetrates into the center of the sample
after zero-field cooling [28,29]. For similar geometry as the
samples measured here, H� near zero temperature is
expected to be on the order of 1000 Oe for the lowest Tc
(highest Jc) samples [14,30]. In the presence of an applied dc
field larger than H�, the low-temperature χ0 ∝ −Jc=hac [31].
Thus, the lower value of χ0 near base temperature in higher-
Tc samples is a reflection of the relatively smaller critical
current and, therefore, better sample quality.
The relationship between vortex pinning strength and Tc

can be seen more clearly in the imaginary part of the
susceptibility (χ00), which reveals a peak effect character-
istic of vortex lattice dynamics within the mixed state of
type-II superconductors [31]. A broad peak in χ00 is
observed below Tc due to dissipation from vortex dynam-
ics. As vortex pinning becomes stronger, the broad peak in
χ00 decreases due to a decrease in dissipation. Thus, the
smaller peak in χ00 is further evidence of stronger vortex
pinning in lower-Tc samples.

III. DISCUSSION

The absence of a spontaneous polar Kerr effect in our
investigation of representative single-Tc UTe2 samples
requires a careful discussion of consistency checks. First,
we note that the size of putative chiral domains should
likely increase with increasing sample quality [2]. In the
case where the domain size is large compared to the beam
diameter, σS will equal ϕ0 (0.4 μrad). Our ac-magnetic-
susceptibility results demonstrate that higher-Tc samples
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FIG. 3. Specific heat and ac susceptibility on four samples with
Tc ranging from 1.48 K to 2.1 K. Sample S2 is the same sample
on which the Kerr effect was measured above. (a) Normalized ac
susceptibility versus temperature at zero magnetic field with an ac
field of 0.25 Oe at 733 Hz. Here, χ0 represents the in-phase
component and is normalized to a value of −1 at base temper-
ature, whereas χ00 is the out-of-phase component and is normal-
ized to þ1 at the maximum value. (b) Specific heat versus
temperature. (c) Normalized out-of-phase and (d) in-phase
components of ac susceptibility cooled in a 10-kOe applied
field. The inset of panel (d) shows a zoomed-in view near Tc of
S5. Note that χ0 is normalized according to the measurement in
zero field [panel (a)], and χ00 is normalized to þ1 at the peak that
indicates the onset of superconductivity. For both panels (c) and
(d), an ac field of 2 Oe at 733 Hz was applied. All fields were
applied along the a axis.
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have fewer defects, and the spontaneous polar Kerr
response should therefore be even higher in the samples
measured here if it were an intrinsic effect.
Second, we consider the effects of remanent magneti-

zation in a type-II superconductor after cooling in a
constant field and removing the field at base temperature.
Clem and Hao [29] have calculated the expected remanent
magnetization as a function of vortex pinning strength. In a
superconductor with strong vortex pinning, the remanent
magnetization is expected to be nearly constant near the
center of the sample and to decrease near the edges over a
length scale determined by the vortex pinning strength.
Near the center, the remanent magnetization is expected to
be nonzero up to the irreversibility temperature (T irr),
which has been shown to be very close to Tc in UTe2
for small magnetic fields [32]. Although remanent mag-
netization has been measured in UPt3 and URu2Si2 [33],
prior measurements of θK in these systems have not found a
signal that scales with the magnitude of the training field
[11,34]. It was argued that the reason for the difference
between UTe2 and other U-based materials is that in UTe2
the vortices carry a magnetic moment [14].
If this were the case, and the observed Kerr effect in

UTe2 was due solely to remanent magnetization or unusual
vortex properties, one would expect that θK would be
uniform across a large region in the center of the sample
because of the relatively strong vortex pinning [29]. Our
position-dependent PKE measurements in sample S2,
however, reveal a significant variation in the magnitude
of θK as the spot is scanned toward the center of the sample
[see Fig. 2(b)]. Because this spatial inhomogeneity in the
field-trainable Kerr signal is not fully determined by the
bulk remanent magnetization caused by pinning, our result
suggests that there is a strong local variation in the vortex
distribution. Note that all samples exhibit spot dependence
of the field-trainable PKE at a given training field (see
Supplemental Material [26], Fig. S6) but that S2 had the
largest variation of all measured samples.
One possibility is that the spatial variation in magnitude

of the field-trainable PKE is related to sample inhomoge-
neity on the micron length scale. Previous μSR measure-
ments detected fluctuating magnetic clusters [23] (the
volume of which scales with γ�), and these fluctuations
may be pinned by defects to become locally static [35]. In
this case, one may expect a direct correlation between γ�
and the size of the Kerr signal at a given training field.
Instead, the CVT sample with the lowest γ� (S2) has the
highest variability of θK. An obvious distinction between
PKE and μSR is that μSR is a bulk probe whereas PKE is
surface sensitive. From temperature-dependent optical
conductivity measurements, the penetration depth for
1550-nm light is estimated to be only 300 nm [36]. In
addition, PKE probes a small surface area (approximately
10 μm diameter) and will therefore depend on the local
defect structure. This may lead to a PKE signal that

depends strongly on the proximity of the beam with
respect to a pinning center. The PKE measurements on
S2, therefore, may have been in a region of the sample
that happened to have a larger amount of magnetic clusters
even though the total volume of magnetic clusters is
lower in S2 compared to the other CVT samples. Future
studies of spatially resolved PKE would be useful to test
this possibility.
Third, we note that the saturation of θK in the highest-

quality sample (S1, Tc ¼ 2.1 K) occurs between 25 and
100 Oe, whereas a higher field between 200 and 350 Oe is
required to saturate θK in sample S3 (Tc ¼ 1.9 K). It was
previously argued that the field where saturation occurs is
related to H�, which is the field where the magnetic flux
would first penetrate into the center of the sample after
zero-field cooling [14]. At first sight, this decrease in the
necessary field for saturation appears to be consistent with
the model of Clem and Hao, where H� is expected to
decrease as the vortex pinning strength decreases [29]. The
remanent magnetization, however, is also expected to scale
with the vortex pinning strength. If the magnitude of θK
were related to the remanent magnetization of the bulk,
then it should decrease as sample quality is improved.
Instead, it varies between spots on given samples and
between samples with no apparent trend. Thus, the field-
trainable PKE is related to remanent magnetization, but
there is high spatial variability due to some additional
extrinsic properties of the crystal.
A significant difference between samples measured here

and in prior reports is whether they host two transitions in
specific heat. As has been shown by several studies
[15,17,18], the double transition is not an intrinsic feature
of UTe2. Further, no evidence for a splitting of Tc was
found under shear uniaxial stress that would couple to the
proposed B3u þ iB2u superconducting order parameter
[19]. In the face of our results, a plausible explanation
for the difference in spontaneous Kerr signals between
samples showing either a single or double transition is that
the spatial inhomogeneity of the superconducting state in
samples showing two transitions may help trap the mag-
netic flux from fluctuating magnetic clusters and vortices.
In addition, extended crystallographic defects (e.g., line
dislocations and grain boundaries) provide a natural
explanation for stronger vortex pinning in lower-Tc sam-
ples, and recent scanning SQUID measurements reveal that
vortices tend to form along extended defects [35].
Finally, we discuss the implications of our results for the

superconducting order parameter of UTe2. If the super-
conducting state in UTe2 does not break time-reversal
symmetry, proposals in favor of a chiral order parameter
must be reevaluated. Aside from PKE measurements
[13,14], a chiral order parameter has also been suggested
from the temperature dependence of magnetic penetration
depth measurements on both CVT- and MSF-grown
samples that indicate multiple pairs of point nodes [9].
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In contrast, recent scanning SQUID measurements of
superfluid density are consistent with a single-component
A1u or B3u order parameter [35]. In those measurements, no
evidence for chiral domains or half-flux quantum vortices
was observed. Other reports that support a chiral order
parameter rely heavily on the observation of a TRSB order
parameter to rule out other possibilities [7,8]. As mentioned
above, there is no evidence for a splitting of Tc under shear
uniaxial strain [19]. Further, recent ultrasound measure-
ments provide strong support for a single-component order
parameter [37], and no evidence for TRSB was observed in
μsr measurements on high-quality MSF samples [38].
Without direct evidence for a TRSB order parameter, we
therefore must conclude that a chiral order parameter in
UTe2 is unlikely.

IV. CONCLUSION

In summary, we performed systematic polar Kerr effect
and ac magnetic susceptibility measurements on represen-
tative UTe2 crystals of different qualities to investigate the
interplay between sample quality and time-reversal sym-
metry breaking. Our results show that samples with a single
thermodynamic superconducting transition do not develop
a spontaneous Kerr rotation in the superconducting state.
In addition, the field-trainable Kerr effect observed in these
samples is inhomogeneous and sample dependent. We
conclude that the superconducting state does not break
time-reversal symmetry, and a chiral order parameter is
unlikely in UTe2.

V. MATERIALS AND METHODS

The UTe2 samples were grown via both chemical vapor
transport [15] and molten-salt-flux [20] techniques. One
noted drawback of the MSF technique is the potential
inclusion of ferromagnetic U7Te12 with an ordering temper-
ature of 48 K [39] or other uranium-tellerium binaries with
ordering temperatures near 115 K [40]. In sample S1,
which was grown by the MSF method, ferromagnetic
impurities (θK ≈ 1 mrad) were found on the surface, even
after polishing; they tended to grow in thin strips along the
a axis. The presence of ferromagnetic impurities was also
confirmed by measurements of magnetic susceptibility.
The ac susceptibility was measured in a set of commer-

cially wound, compensated susceptibility coils. Note that
the data are normalized with respect to the height of the
peak in χ00 at Tc for each sample, which allows comparison
between samples of different sizes. The effectiveness of this
normalization is shown in Supplemental Material [26],
Fig. S7, where two pieces of sample S2 of different size
were measured and seen to have similar behavior after this
normalization.
Specific heat was measured using the quasi-adiabatic

thermal relaxation technique in a He-3 cryostat insert. Both
small-pulse and long-pulse methods were used to ensure

that all samples measured only had a single transition in
specific heat. Electrical resistivity was collected with a
Lakeshore 372 AC bridge using a standard four-probe
configuration wherein Pt wires were attached to sputtered
gold pads with silver paint. The residual resistivity ratio
was determined by fitting the low-temperature resistivity to
ρðTÞ ¼ AT2 þ ρ0 and taking the ratio ρð300 KÞ=ρ0.
PKE measurements were performed using a fiber-based,

zero-area, Sagnac interferometer operating at a wavelength
of 1550 nm [27,41]. For more information on this tech-
nique as well as a comparison with other probes sensitive to
TRSB, see Refs. [42–45]. Samples were mounted on a set
of XYZ cryogenic piezo-stepper devices and thermally
anchored to the base plate of an adiabatic demagnetization
refrigerator. Two different measurement types were per-
formed: (i) heat-pulse experiments to look for the develop-
ment of a spontaneous PKE below Tc, and (ii) field-cooled,
zero-field-warmed measurements to investigate the field-
trainable Kerr effect.
An example of the measurement process for the heat

pulse experiments (i) is shown in Fig. 1(b). To determine
whether a spontaneous PKE onsets at Tc, samples were
first cooled under zero magnetic field and illumination.
Maintaining zero-field conditions, a high-intensity laser
pulse was applied to the sample to heat the sample
above Tc. The left axis of Fig. 1(b) shows V2ω, which is
proportional to the light received by the photodetector. The
initial spike in V2ω is caused by the high-intensity laser
pulse that is used to heat the sample. It does not reach a very
large value in the plot because of the short pulse time
(7 seconds) compared to the settling time of the lock-in
amplifier (30 seconds). Importantly, the resistivity becomes
nonzero during the pulse, indicating that the sample is
heated back into the normal state. The sample is then
allowed to cool back to the current base temperature, which
is the indicated temperature in Figs. 1(c) and 1(d). Next, the
PKE of the sample was measured for several minutes at the
current base temperature using 10 − 20 μW of optical
power. This is the region in Fig. 1(b) where V2ω is nearly
30 mVand the sample resistance remains zero. This process
was repeated as the base temperature of the system
increased until the system warmed above Tc to approx-
imately 3 K.
In field-cooled, zero-field-warmed measurements (ii),

the sample was cooled in a constant magnetic field. After
performing the demagnetization step needed to cool the
system to base temperature, the indicated field was applied
to the sample. A high-intensity laser pulse was then used to
temporarily heat the sample above Tc without significantly
raising the temperature of the base system. During the
pulse, the sample temperature increased above Tc, which
was confirmed by measuring the resistivity change in the
sample. This process ensured that the sample cooled
through Tc in the intended field and was not affected by
the stray field from the demagnetization process. After the
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single heat pulse, the field was set to zero, and the sample
was warmed at a fixed rate by controlling the base
temperature of the system. Measurements were typically
made using 10 − 20 μW of incident optical power as the
sample was warmed. A small offset was subtracted from
each curve so that the mean of θK was zero for T > Tc. This
offset is from a small remanent field (< �5 Oe) that arises
from the trapped flux in the demagnetization and sample-
space superconducting magnets. Because the relationship
between θK and the remanent field is known for T > Tc,
it can be used to confirm the small magnitude of the
remanent field.
Samples S1–S4 were prepared for optical measurements

by polishing the surface. The Supplemental Material [26]
also contains data on sample S8, which had as-grown
surfaces that were suitable for optical measurements with-
out polishing. No notable differences were observed in the
measurements between the as-grown and polished surfaces.
Additional heat pulse experiments were performed on S8
for which a local resistive heater was used to heat the
sample above Tc instead of the laser. This allowed for the
sample to cool from above Tc back to the base temperature
over a period of 60 seconds instead of a few seconds. No
differences related to the cooling rate were observed.
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