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Unconventional superconductivity is often accompanied by non-Fermi liquid (NFL) behavior, which emerges
near a quantum critical point (QCP)— a point where an electronic ordered phase is terminated at absolute
zero under nonthermal parameters. While nematic orders, characterized by broken rotational symmetry, are
sometimes found in unconventional superconductors, the role of nematic fluctuations in driving NFL transport
behavior remains unclear. Here, we investigated electrical and thermoelectric transport properties in FeSexTe1−x

thin films and observed hallmark NFL behavior: temperature-linear resistivity and logarithmic divergence of
thermoelectricity at low temperatures. Notably, the thermoelectricity peaks sharply at the nematic QCP (x =
0.45), highlighting the dominant role of nematic fluctuations in the NFL transport. Furthermore, we found that
the pair-breaking mechanisms in the superconducting phase crosses over from orbital- to Pauli-limited effects,
indicating the mass enhancement near the nematic critical regime. These findings reveal the profound impact of
nematic fluctuations on both normal-state transport and superconducting properties.

DOI: 10.1103/8zfz-252m

One of the central challenges in researching unconven-
tional superconductivity is understanding the role of quantum
fluctuations in non-Fermi liquid (NFL) transport near a
quantum critical point (QCP), where a second-order phase
transition takes place at absolute zero [1–4]. In some strongly
correlated superconductors, such as cuprate [5], iron-based
superconductors [6], layered kagome superconductor [7], and
magic-angle twisted bilayer graphene [8], an electronic ne-
matic state has been observed, where the electronic system
breaks the rotational symmetry while preserving the under-
lying lattice translational symmetry. Investigating transport
properties near a QCP associated with such nematic orders is
of great importance, as it may be linked to the symmetry of the
superconducting order parameter and the microscopic pairing
mechanisms. In the vicinity of a QCP, strong renormalization
of quasiparticle mass m∗ has been reported [2,9], attributed
to enhanced electron correlations by quantum fluctuations.
However, because nematic orders often coexist or compete
with other electronic orderings such as magnetism and charge-
density waves, accessing a pure nematic QCP, isolated from
the other order, poses a significant challenge. Consequently,
it remains unclear whether nematic fluctuations alone are re-
sponsible for the observed NFL transport behavior and mass
enhancement in strongly correlated superconductors.

*Contact author: yuki.sato.yj@riken.jp

Iron-chalcogenide superconductors have attracted consid-
erable attention due to their unique electronic properties
owing to the strongest electronic correlations among the
iron-based superconductor family [10–12]. FeSe stands out
in this family for exhibiting an electronic nematic phase in
the absence of magnetism. Isovalent substitution of Se with
Te in a form of FeSexTe1−x (FST) significantly alters its
electronic structure in several ways. First, it monotonically
suppresses the nematic order, with the transition temperature
Tnem reaching absolute zero around x = 0.45, leading to a
nematic QCP [13] [Fig. 1(a)]. Correspondingly, nematic sus-
ceptibility shows a pronounced divergence around x = 0.5
[14,15]. Second, Te substitution enhances the interlayer Te5pz

-5 pz hybridization owing to a large ionic radius of Te com-
pared to Se, and reduces the intralayer hopping within the
iron-chalcogenide plane. This leads to the enhancement of
electronic correlations within the layer [11,12]. In the end
compound FeTe, a double-stripe antiferromagnetic (AFM)
state emerges with an ordering vector Q = (π , π ) below Néel
temperature TN ∼ 75 K [16]. This AFM phase is steeply sup-
pressed as Te content decreases, resulting in another potential
QCP associated with the disappearance of AFM order around
x = 0.08 [17] [Fig. 1(a)].

The quantum criticality associated with the disappear-
ance of nematic order has been studied in an analogous
compound Fe(Se,S) (FSS). Near the nematic QCP in FSS,
thermoelectric measurements have revealed strong electronic
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FIG. 1. Non-Fermi liquid (NFL) transport signature in FST thin films. (a) T -x phase diagram of FeSexTe1−x (FST). The black and white
markers represent Tc for FST thin films grown on STO and CdTe substrates [27], respectively. The red and blue markers, respectively, denote
Tnem [13] and TN [17], adopted from resistivity measurements on bulk single crystals. The inset shows the crystal structure of FST in the
tetragonal phase [28]. (b) ρ-T curves for FST thin films with various x ranging from 0 to 0.72. Arrows indicate T ∗

ρ , where ρ reaches its
maximum. (c) Low-temperature expansion of (b). Markers denote Tc for each sample. (d) Low-temperature normal state resistivity below
60 K. Red dashed lines show linear fits (ρ0 + A1T ), while black dashed lines represent quadratic fits (ρ0 + A2T 2) in the low-temperature
region above Tc.

correlations [18], while high magnetic field transport mea-
surements revealed temperature (T )-linear resistivity [19],
suggesting a connection between nematic fluctuations and
NFL transport. However, there are concerns regarding FSS
as a system hosting a pure nematic QCP. First, S substitu-
tion induces a Lifshitz transition near, but not exactly at, the
nematic QCP [20]. This introduces an additional change in
thermoelectricity, making it difficult to isolate the quantum
critical response in FSS. Second, nuclear magnetic resonance
(NMR) experiments have reported significant AFM fluctua-
tions near the nematic QCP of FSS [21]. In contrast, NMR
studies on FST reveal a nearly T -independent spin-lattice re-
laxation rate at x = 0.42, suggesting the absence of significant
AFM fluctuations around the nematic QCP [22]. Accordingly,
the nematic QCP in FST is isolated from the AFM fluctua-
tions, making FST an ideal materials platform for studying
the intrinsic physics associated with this pure nematic QCP.
To date, it remains unclear whether nematic fluctuations
alone can induce mass enhancement at the pure nematic
QCP [20,23,24].

One of the challenges in studying the systematic transport
properties of FST is synthesis of high-quality homogeneous
crystals across the entire x range. Earlier studies on ther-
moelectricity in FST have focused on bulk single crystals
[25]. However, solid-state reaction methods result in phase
separation within a certain composition range (0.6 � x � 0.9),
while the chemical vapor transport technique can produce
high-quality single crystals, but only for Se-rich compositions
(0.5 � x � 1) [13], preventing the investigation of transport
properties in the wide x range. Additionally, one has to care-
fully treat them with annealing procedure, which is believed
to remove excess interstitial Fe atoms and enhances supercon-
ductivity [26]. In contrast, the molecular beam epitaxy (MBE)
technique enables the fabrication of FST thin films across
the entire x range without phase separation [27]. MBE also
offers a controllable in situ Te-annealing and capping pro-
cess, which is useful in preserving modest superconductivity
[27]. Practically, MBE allows relatively short fabrication time
(several hours per composition) compared to that typically
required for bulk crystal growth, enabling the production and
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characterization of dozens of films in this study. Given these
advances in sample growth techniques, it is meaningful to
revisit the thermoelectric properties of FST grown by state-
of-the-art MBE techniques, particularly around the nematic
QCP, to probe the intrinsic transport properties driven by
nematic fluctuations (see Supplemental Material [29] and
Refs. [30–32] therein, for discussion about nematic transition
in FST thin films).

In this Letter, we present an experimental study of elec-
trical resistivity ρ, Seebeck coefficient S, and upper critical
field Hc2 for MBE-grown FST thin films spanning a wide
range of x across the nematic QCP. We observe hallmark NFL
transport behavior in both resistivity and Seebeck coefficient:
T -linear resistivity and a logarithmic divergence of Seebeck
coefficient, S/T ∝ ln T , near the nematic QCP at x = 0.45.
These results support the scenario in which nematic fluctu-
ations drive NFL transport behavior in strongly correlated
metals. Additionally, we observe a crossover in the dominant
pair-breaking mechanisms from orbital to Pauli effect around
the nematic QCP, indicative of a mass enhancement due to ne-
matic quantum criticality. Our results thus point to the strong
connection between nematic fluctuations and NFL transport
properties and their impact on superconducting pair-breaking
mechanisms.

We investigate the electrical resistivity ρ of FST films
with a wide composition range of 0 � x � 0.72, as a func-
tion of T [Fig. 1(b)]. As T decreases, ρ increases at high
temperatures, peaks at temperatures T ∗

ρ [as indicated by the
arrows in Fig. 1(b)], turns to decrease with a strong sup-
pression of ρ at low temperatures, and finally drops to zero
at the superconducting transition temperature Tc, except for
the nonsuperconducting FeTe (x = 0) [Fig. 1(c)]. The overall
behavior is similar to that of Te-annealed bulk FST crystals
with minimal excess iron [26]. This similarity suggests that
the content of excess irons is successfully reduced in the
MBE-grown FST thin films processed with Te annealing.

Remarkably, the ρ-T curves for the FST thin films can
be classified into two categories based on their curvatures at
low temperatures: one with T 2 dependence and the other with
T -linear dependence. In the former category, including x = 0,
0.49, and 0.72, ρ continues to decrease with a downward
concavity as T decreases, and it appears to saturate at low
temperatures. This behavior is characteristics of Fermi liquid
(FL) transport, and the ρ-T curves in this category can be
fitted with ρ = ρ0 + A2T 2 at sufficiently low temperatures,
as shown by the black dashed lines in Fig. 1(d). In the other
category, including x = 0.06, 0.31, and 0.45, ρ decreases
steeply with an upward concavity without saturation down to
Tc. The upward concavity corresponds to a low power n � 1 in
an empirical model ρ = ρ0 + AT n, suggesting the absence of
FL transport down to Tc. Notably, as shown in the red dashed
lines in Fig. 1(d), the ρ-T curves for this category exhibits
T -linear resistivity (ρ = ρ0 + A1T ) at sufficiently low tem-
peratures but above Tc, reminiscent of quantum critical metals
near AFM QCPs, such as heavy fermions [1] and cuprates
[33]. We note that the value of ρ for all the samples investi-
gated is comparable to or even exceeds the Mott-Ioffe-Regel
(MIR) limit of ρMIR ∼ 0.8 m�cm for FST, where the mean
free path � becomes extremely short and reaches the lattice
constant (see Supplemental Material [29] for more details).

This indicates that FST films lie within the bad metal regime
[4], suggesting that the large value of ρ is not dominated by
extrinsic disorder but is likely an intrinsic feature driven by
strong quantum fluctuations.

Thermoelectricity is another highly sensitive probe for
detecting quantum criticality in the normal state of uncon-
ventional superconductors. It is widely acknowledged that
the Seebeck coefficient divided by temperature, S/T , remains
constant within the framework of FL theory. In contrast, in the
NFL regime, S/T can exhibit a logarithmic divergence with
approaching an AFM QCP, as given by S/T ∼ AS ln T [34],
where AS serves as a measure of quantum fluctuations (see
Supplemental Material [29] for more details).

Figure 2(a) shows the T dependence of S for the series
of FST thin films with various x. The non-T -linear behavior
of S across the entire temperature range cannot be explained
solely within the framework of the FL theory. To assess the
NFL transport properties in the thermoelectricity, we plot
S/T as a function of the logarithmic scale of T [Figs. 2(b)–
2(g)]. At high temperatures above approximately 100 K, S
shows an almost T -independent positive value, except for the
negative S in x = 0. This behavior is consistent with Heikes
formalism, where strong on-site Coulomb interactions lead
to T -independent S [35]. Upon decreasing T , S/T begins to
decrease at T ∗

S [Fig. 2(h)], exhibits a sign change from positive
to negative at T ∗

S0, and shows a logarithmic increase over a
temperature range typically spanning 10–50 K, as indicated by
the solid lines in Figs. 2(b)–2(g). Further decrease in T results
in an abrupt reduction in the amplitude of S/T at Tc due to
the superconducting transition, except the nonsuperconduct-
ing x = 0. Additionally, S/T saturates at low temperatures
for x = 0 and 0.72 [the dotted lines in Figs. 2(b) and 2(g)],
consistent with the formation of FL state, as evidenced by the
T 2 dependence of ρ.

The observed logarithmic divergence of S/T in FST thin
films [36] is reminiscent of a similar behavior reported in
various quantum critical metals near AFM QCPs, including
heavy fermions [34], cuprates [37,38], and iron arsenides
[35,39]. At AFM QCPs, this logarithmic divergence arises
from enhanced scattering processes mediated by spin fluc-
tuations, which leads to T -dependent mass renormalization,
m∗/m ∼ ln(1/T ) [34]. Such mass enhancement is often ev-
idenced by a strong enhancement of the electronic specific
heat near magnetic QCPs [2]. In FST, field dependence of S
is very weak, consistent with the earlier work on bulk single
crystals [25], suggesting that magnetic contributions to ther-
moelectricity, such as the magnon-drag effect, are negligible
(Fig. S5). Therefore, the logarithmic divergence of S/T near
the nematic QCP in FST suggests a strong connection between
nematic fluctuations and the observed NFL transport behavior,
accompanied by strong mass enhancement [23].

To investigate the impact of nematic quantum criticality
on superconducting properties, we measured upper critical
fields for superconductivity of FST thin films. We present
a set of representative magnetotransport data of H-fixed T
scans [Fig. 3(a)] and T -fixed H scans [Fig. 3(b)] for an FST
thin film with x = 0.13 (see Supplemental Material [29] and
Ref. [40] therein). In this study, the magnetic field is applied
in the out-of-plane (H ||c) direction. We define Tc and Hc2

at the point where ρ(T, H ) becomes half of its value in the
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FIG. 2. Thermoelectric signatures of NFL transport behavior in FST thin films. (a) T dependence of S for FST thin films with x = 0−0.72.

(b)–(g) S/T plotted against logarithmic scale of T for various x. The solid lines represent linear fits indicating logarithmic divergence of S/T ,
with AS denoting the slope of the fits. The temperature range for these fittings is (b) 25–80 K, (c) 15–40 K, (d) 15–40 K, (e) 20–50 K, (f)
20–60 K, and (g) 25–95 K, respectively. For x = 0 and 0.72, dashed lines show the saturation of S/T . Tc and TN, determined from ρ-T curves,
are also shown. T ∗

S0 is the temperature where S/T = 0, while T ∗
S is the offset temperature for NFL transport [see (h)]. (h) High-temperature

expansion of S/T with offsets for clarity. At high temperatures, S/T shows weak dependence on T , as indicated by the black lines. T ∗
S is

defined as the temperature below which S/T deviates from these lines for 0.06 � x � 0.72. For x = 0, S/T exhibits a kink anomaly at TN.

normal state (50% criterion), as indicated by the arrows in
Figs. 3(a) and 3(b). To explore the x-dependent evolution
of the pair-breaking mechanism, we constructed H-T phase
diagrams from magnetotransport experiments on a series of
FST thin films [Fig. 3(c)]. In Se-rich samples, such as x =
0.72, Hc2 exhibits an almost linear increase upon decreasing
T , and with a relatively small initial slope at the zero-field
critical temperature Tc,0, dH/dT |Tc,0 ∼ −4.65 (T/K). In con-
trast, in Te-rich compositions such as x = 0.06, Hc2 shows
a sharp increase with an upward convex shape near Tc,0

and with a significantly larger initial slope of dH/dT |Tc,0 ∼
−15.48 (T/K).

There are two kinds of pair-breaking effects in a type-II
superconductor: the orbital effect and the Pauli param-
agnetic effect. The orbital effect is associated with the
kinetic energy of the supercurrent around vortices, while
the Pauli effect arises from the gain of Zeeman energy by
destroying spin-singlet Cooper pairing. There is a notable
difference in T dependence of the two critical fields near
Tc,0: Horb.

c2 ∝ (Tc,0 − T ) for the orbital-limiting upper crit-
ical field, while HP

c2 ∝ (Tc,0 − T )1/2 for the Pauli-limiting
upper critical field. The T -linear initial slope for x = 0.72

thus suggests a substantial orbital effect, while the T -
sublinear dependence for x = 0.06 indicates a dominant Pauli
effect.

To clearly visualize the quantum critical region in the
phase diagram, we constructed a color plot for the power-law
exponent n for ρ-T [Fig. 4(a)]. We calculated n as

n = ∂ ln(ρ(T ) − ρ0)/∂ ln T, (1)

where residual resistivity ρ0 is determined by fitting the
data using the empirical model ρ = ρ0 + AT n at the low-
temperature region above Tc (see also Fig. S3). Remarkably,
we found that the T -linear resistivity, corresponding n = 1,
is observed over a wide x range of 0.06 � x � 0.45, which
appears to reconcile with the x range where the logarithmic
divergence of S/T is observed down to Tc. Intriguingly, as
shown in Fig. 4(b), the logarithmic-term prefactor |AS| shows
a pronounced peak notably at the nematic QCP x = 0.45, sug-
gesting the dominant role of nematic fluctuations in driving
the NFL transport. We consistently observe this feature in
zero-temperature intercept of S/T , |S/T (T → 0)| (see Sup-
plemental Material [29] and Ref. [41] therein). As x decreases,
|AS| exhibits a monotonic decline toward the AFM QCP at
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FIG. 3. Crossover of pair-breaking mechanisms from orbital
to Pauli effect. (a) ρ-T curves for an FST (x = 0.13) thin
film under out-of plane magnetic fields, shown in 2 T inter-
vals. Tc is defined as the temperature where ρ becomes half
that in the normal state (50% criterion). (b) ρ-H curves at T =
1.3, 2.9, 4.2, 6.0, 8.1, 10.2, 11.3, and 14.2 K. Hc2 is determined us-
ing the 50% criterion. (c) H -T phase diagram for FST with 0.06
� x � 0.72. The solid curves are fits to the WHH formula incor-
porating the orbital, Pauli, and spin-orbit scattering terms, with λSO

fixed at 1.0. The grey area indicates the region where Hc2 deviates
from the fits, suggesting a possible high-field superconducting phase.
(d) Same plot as (c) but plotted against the reduced parameters h and
t. The dashed line denotes the WHH formula, incorporating only the
orbital effect.

x = 0.08 without a peak and is further suppressed within the
AFM phase. This result suggests that the AFM QCP could
be detrimental to quantum fluctuations, which appears to be
consistent with the first-order phase transition in FeTe [16,42]
that is, in general, not preferable to enhancing quantum fluc-
tuations.

The NFL behavior gradually fades out at high tempera-
tures above approximately 50 K, and the resistivity turns to
decrease (n < 0) above around 100 K. Notably, T ∗

S estimated
from S/T [Fig. 2(h)] closely aligns with T ∗

ρ , or identically the
contour n = 0, indicating a good agreement in the onset tem-
perature below which the NFL behavior begins to develop in
both resistivity and thermoelectricity [Fig. 4(a)]. Interestingly,
the breakdown of the T-linear resistivity in FST at rela-
tively low temperatures contrasts with the transport properties
in cuprates, where T-linear resistivity persists up to 500 K
[4]. This behavior in FST rather resembles that observed in
heavy fermion systems, where itinerant electrons undergo
incoherent scatterings above the Kondo temperatures. The
high-temperature insulating behavior in FST might be simi-
larly attributed to incoherent Kondo scatterings with localized
Fe 3dxy electrons, which stems from the strong Hund cou-
pling (OSMP: orbital-selective Mott phase) [42], reflecting the
stronger electronic correlations towards the end composition
x = 0 (see Supplemental Material [29]) for more details).
Angle-resolved photoemission spectroscopy (ARPES) studies
have reported that the Fe 3dxy orbital forms a large incoherent

FIG. 4. NFL transport and mass enhancement over the phase
diagram. (a) T -x phase diagram with a color plot showing the resis-
tivity power n = ∂ ln (ρ(T ) − ρ0)/∂ ln T . The yellow, red, and blue
regions represent Fermi liquid (FL) (n ∼ 2), non-Fermi liquid (NFL)
(0 < n < 2), and orbital-selective Mott phase (OSMP) (n � 0), re-
spectively. The white and cyan circles denote T ∗

S and T ∗
S0 estimated

from the Seebeck coefficient measurements. The cyan squares denote
T ∗

ARPES, below which the Fe 3dxy band becomes coherent [53]. The
white dashed line represents the n = 0 contour where ρ takes its
maximum. The cyan dashed line is a guide for the eyes. The black
triangles and circles indicate Tc for FST thin films grown on CdTe
and STO substrates, respectively. The black dashed lines represent
TN and Tnem. (b) x dependence of the logarithmic growth of thermo-
electricity, |AS| (left axis), and the Maki parameter α (right axis). The
solid lines are guides for the eyes.

hole band around the 	 point, which disappears at low temper-
atures below T ∗

ARPES [43]. This incoherent hole band naturally
explains the T-independent positive S at high temperatures.
We find that T ∗

ARPES is close to T ∗
S0 [Fig. 4(a)], suggesting that

the sign change in S/T is linked to the crossover from the
high-temperature incoherent OSMP to the low-temperature
coherent quantum critical metal.

A further similarity between FST and heavy fermion su-
perconductors lies in their pair-breaking mechanisms. To
quantify the dominant pair-breaking effects, it is useful to
introduce the ratio of the two upper critical fields, the
Maki parameter α = √

2Horb.
c2 /HP

c2, which becomes larger
(smaller) than unity when the Pauli (orbital) effect is dom-
inated. We calculated α by performing fittings with the
Werthamer-Helfand-Hohenberg (WHH) formula, incorporat-
ing both orbital and Pauli effects [43] (see Supplemental
Material [29] for more details). The fitting results are pre-
sented as the solid lines in Figs. 3(c) and 3(d). We found
that α is negligibly small at x = 0.72, but increases with
decreasing x, and becomes well above unity in Te-rich FSTs
[Fig. 4(b)]. We stress that the large α exceeding unity for
the out-of-plane field configuration is extremely rare and re-
ported only in heavy fermion systems [44] and FST with x
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around 0.45 [45–47], while it can be easily found for in-plane
configurations in various low-dimensional materials [48–52]
(see Supplemental Material for in-plane Hc2 of FST thin films
[29]), where the orbital motion perpendicular to magnetic field
is quenched due to dimensionality. Remarkably, we found a
notable coincidence in the x range (0.06 � x � 0.45), where
α significantly exceeds unity and the NFL transport behavior
is observed. This coincidence can be naturally understood in
terms of the mass enhancement because α is also related to m∗
in the BCS limit [54] as

α ≈ 2
m∗

m0




EF
, (2)

where m0 is the bare electron mass, 
 is superconducting
gap, and EF is Fermi energy. Indeed, a large α exceeding
unity in heavy fermions is predominantly driven by the strong
mass renormalization via Kondo effect [44]. Our results thus
suggest a close link between the unusually Pauli-limited Hc2

and the nematic quantum criticality in FST.
We note that the WHH fittings reasonably capture all

the Hc2 data except for the low-temperature regime in x =
0.06 and 0.13, where deviations from the fitting are observed
as slight upturns in Hc2, indicated by the shaded areas in
Figs. 3(c) and 3(d). As sufficiently large α (>1.5) is one
of the requisites for superconductors to enter the Fulde–
Ferrell–Larkin–Ovchinnikov (FFLO) state [44], it is tempting
to attribute these upturns to the appearance of an FFLO state.
However, stabilizing an FFLO state in such a dirty supercon-
ductor, where �, coherence length ξ , and interparticle distance
(1/kF ) are all comparable, is highly nontrivial, as FFLO states
typically require a very clean system with � � ξab. Our results
thus may trigger further studies to explore exotic field-induced
superconducting states driven by strong correlation and quan-
tum fluctuations [55].

Finally, we comment on the potential existence of extended
nematic quantum criticality in FST. The NFL transport in FST
is observed over an unexpectedly wide range of x, spanning
0.06 � x � 0.45 [Fig. 4(a)]. This behavior is unusual as
it differs from conventional quantum critical metals where
NFL behavior is confined to the vicinity of a QCP. One

intriguing interpretation of our observation is that the quantum
critical regime may be stabilized across the extended param-
eter range, a phenomenon referred to as extended quantum
criticality [4]. Although such a behavior has been reported
in a few materials, including cuprates [56], heavy fermions
[57], magic-angle twisted bilayer graphene [58], and quantum
spin-liquids [59,60], it remains rare and, to the best of our
knowledge, has not been observed in iron-based supercon-
ductors. Further high-field experiments are essential to probe
the normal-state transport properties underneath the supercon-
ducting dome and determine whether the nematic quantum
critical regime extends over a finite parameter range of x in
the zero-temperature limit.

In summary, we have investigated the normal-state elec-
trical and thermoelectric transport properties of MBE-grown
FST thin films across the pure nematic QCP. In the vicinity
of the nematic QCP x = 0.45, we find hallmark NFL trans-
port signatures, including T -linear resistivity and logarithmic
divergence of S/T , indicating that nematic fluctuations play
a key role in driving NFL behavior. Additionally, our es-
timation of upper critical fields across the nematic QCP
reveals a crossover in pair-breaking mechanisms from orbital
to Pauli-limited effects with increasing Te content, highlight-
ing the significant impact of nematic criticality-induced mass
enhancement on superconducting properties. These findings
underscore the profound influence of nematic fluctuations on
both normal-state and superconducting behaviors.
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