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Putative Hall response of the strange metal component in FeSe,_,S,
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Strange metals possess transport properties that are markedly different from those of a conventional Fermi
liquid. Despite strong similarities in behavior exhibited by distinct families, a consistent description of strange
metallic transport and, in particular, its evolution from low to high magnetic field strength H, is still lacking.
The electron nematic FeSe,_, S, is one such strange metal displaying anomalous H/T scaling in its transverse
magnetoresistance as well as a separation of transport and Hall lifetimes at low H beyond its (nematic) quantum
critical point at x, ~ 0.17. Here we report a study of the Hall response of FeSe;_,S, across x. in fields up
to 33 T. Upon subtraction of a normal H-linear component from the total Hall response (imposed by perfect
charge compensation), we find a second component, ascribable to strange metal physics, that grows as 1/7 upon
approach to the quantum critical point. Through this decomposition, we reveal that lifetime separation is indeed
driven primarily by the presence of the strange metal component.

DOI: 10.1103/PhysRevResearch.3.023069

I. INTRODUCTION

The physical properties of many strongly correlated metals
are believed to be governed, at least in part, by proximity to
a quantum critical point (QCP) where a second-order phase
transition is suppressed to zero temperature by a nonthermal
tuning parameter [1]. Marked deviations from standard Fermi
liquid (FL) behavior are observed in the vicinity of the QCP,
the most prominent being a longitudinal resistivity p.(T)
that is almost perfectly linear in temperature down to the
lowest temperatures [2—4]. In some cases, this T linearity
also persists far beyond room temperature, in the process
exceeding the Mott-Ioffe-Regel limit and contrasting sharply
with the complicated 7" dependence of the resistivity found
in normal metals [5]. Such simplicity is thought to reflect
some deep underlying physical principle [6] often ascribed
to so-called Planckian dissipation—the maximum dissipation
allowed by quantum mechanics [6,7]. Away from the QCP,
P (T) crosses over to a quadratic T dependence at low T, in-
dicating the recovery of a FL ground state whose quasiparticle
excitations are nonetheless dressed via their interaction with
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the critical fluctuations [3,8]. A characteristic fanlike phase
diagram then emerges around the QCP; the upper region dom-
inated by strange metal (SM) physics and the lower region by
normal metallic (NM) behavior. In the former, quasiparticles
either lose coherence or are destroyed completely, signaling
a breakdown of the FL description. Many SMs also become
superconducting (SC), often with a maximum transition tem-
perature 7, precisely where the QCP would have occurred in
the absence of superconductivity. Hence, quantum criticality,
SM behavior, and unconventional superconductivity are con-
sidered to be intrinsically linked.

The magnetotransport properties of SMs are also found to
be distinguishable from those of their NM counterparts. The
low-field Hall coefficient Ry, for example, displays a strong
T dependence that is often interpreted as an inverse Hall
angle cotfy following a distinct (invariably higher) power-
law dependence to that of p,(T) [9-11]. Since, according
to standard Boltzmann transport theory, the 7 dependence
of both quantities is determined by a single quasiparticle
lifetime, such distinct behavior in cotfy(T) and p.,(T) is
often referred to as lifetime separation [9]. Although the
transverse magnetoresistance (MR) is positive and quadratic
at low fields, as in normal metals, its magnitude Ap.,/Oxx
is found to scale with tan?6y(7T) [10,12,13] rather than ex-
hibit conventional Kohler scaling [i.e., with ,o;f(T)]. Both the
separation of transport and Hall lifetimes and this modified
Kohler’s scaling of the MR have now been observed in nu-
merous SMs, including cuprates [9,12], heavy fermions [10],
and iron pnictides [11,13]. Given the very different Fermi sur-
face (FS) topologies, dominant interactions, and energy scales
across these various families, this striking similarity in their
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FIG. 1. (a) Phase diagram of FeSe,_,S, focusing on the evolution of 7§, the structural phase transition, as a function of S content [40]. Here,
T; is estimated from the cusp in the derivative of p(7T'), which in pure FeSe coincides with the midpoint of the specific heat jump [41]. The
solid blue circles represent the samples used in this study. The other data points are from Refs. [42] (big red squares), [38] (closed triangles),
[22] (closed inverted triangles), [28] (open inverted triangles), [23] (closed diamonds), [31] (open diamonds), and [43] (small cyan squares).
The orange dashed line traces out 7..(x). (b) Measured Hall resistivity p,.(H) up to 33 T at T = 35 K for six different nominal x concentrations

as labeled.

transport behavior hints once again at some universal, but as
yet unidentified, organizing principle.

Recently, focus has shifted to the study of SM magneto-
transport at higher field strengths, such as those provided by
international facilities. Several intriguing aspects of the SM
charge dynamics have emerged in the process. Arguably the
most striking of these is the observation of a crossover to
H-linear MR in systems close to a putative QCP [14-19]. The
precise form of the MR respects a type of scaling in which the
H and T dependencies appear in quadrature [14], suggesting
an intimate connection to the (Planckian) T -linear resistivity
at zero field. How this H/T scaling connects, if at all, to the
modified Kohler’s scaling seen at lower fields is not known
at present. Indeed, it might even be the case that these two
types of scalings reflect the response of different conduct-
ing elements within the SM phase. In the iron chalcogenide
FeSe,_,S,, for example, high-field studies have revealed the
presence of two additive components in the transverse MR,
one following a conventional H> dependence, the other the
quadrature scaling form [18] that evolves systematically in
a manner set by proximity to the QCP. Collectively, these
findings suggest a coexistence of distinct charge components
in FeSe;_,S,, a coexistence that has now also been inferred in
both cuprates [19,20] and iron pnictides [21].

In addition to the quadrature MR, FeSe;_,S, also ex-
hibits SM characteristics at lower field, including a modified
Kohler’s scaling (Apy/pxx X tan®Qy) and lifetime separa-
tion [cotOy ~ ¢y + c2T? throughout the entire T range where
Pue(T) is T linear] [22]. To gain fresh insight into the origins
of this behavior, we have carried out a complementary high-
field study of the Hall resistivity p,, of the same crystals used
in our earlier MR study [18] with a view to combining the two
responses into a single unified model. By fitting the MR and
Hall responses self-consistently, we find that not only p,, but
also p,, comprises two components: one that is conventional
and one that connects to the quadrature MR and evolves
systematically across x.. By tracking the evolution of both

contributions with 7" and x, a link is then established between
the high-field response and the anomalous lifetime separation
observed at low fields. Finally, a model is presented that seeks
to reconcile the SM transport seen in FeSe;_, S, with the lack
of enhancement in the effective masses of individual pockets
across x. [23].

II. FeSe;_,S,

FeSe;_,S, is unique among Fe-based superconductors in
that it offers the possibility to study the distinct role of ne-
matic QC fluctuations in both the SM and unconventional
SC phases (for recent reviews, see Refs. [24-27]). Pure FeSe
undergoes a nematic transition at 7y & 90 K accompanied by
a tetragonal-to-orthorhombic structural transition. The appli-
cation of pressure or substitution of Se with S effectively
suppresses Ty, the latter terminating at a nematic QCP at
x. ~ 0.17 [28] [see Fig. 1(a)]. While pressure enhances 7; in
FeSe, S substitution appears to have little effect on the SC
transition, though the SC gap is observed to fall by at least a
factor of 2 beyond the nematic phase [29,30].

Near the nematic QCP, p,,(T) ~ T down to the lowest
accessible temperatures (~1.4 K), while away from QCP, T?
behavior is restored at low 7 [22,31-33]. On approaching the
nematic QCP from the high x side, the coefficient of the T2
resistivity is found to be enhanced by at least one order of
magnitude [31,32]. Hence, it has been suggested that nematic,
rather than antiferromagnetic (AFM), critical fluctuations
drive the anomalous transport in FeSe;_,S, [32], though this
interpretation is still contested [34-36]. While no magnetic
order is observed in FeSe;_,S, under ambient pressure, at
any concentration, AFM correlations are known to develop
as the temperature is lowered. Moreover, a spin density wave
(SDW) phase emerges under applied pressure p. Crucially
though, the SDW phase is found to shift to higher p as x —
Xc [37], while beyond x = 0.09, AFM correlations become
weaker [38]. Hence, it seems unlikely that spin fluctuations,
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though present, are responsible for the QC-like transport seen
in FeSe;_,S,.

III. EXPERIMENT

A series of FeSe;_, S, single crystals were grown in Kyoto
by the chemical vapor transport technique [32]. All samples
were cut into thin rectangular plates of typical dimensions
0.1 x 0.5 x 1.5 mm?, the largest surface being the crystal-
lographic ab plane. One pair of current and two pairs of
Hall contacts were then made by applying indium solder and
silver paint directly onto the lateral sides of each plate to
ensure current flow throughout the sample. Low-field Hall
effect measurements were performed on a set of single crys-
tals with nominal x values of 0.00, 0.05, 0.10, 0.13, 0.16,
0.18, 0.20, and 0.25 (Iabeled hereafter FSS00, FSS05, FSS10,
FSS13, FSS16, FSS18, FSS20 and FSS25) in a cryogenic
cryogen free measurement system with a 9 T SC magnet
over the temperature range 7, < T < 300 K. At each tem-
perature, the Hall voltage V, was measured by a standard ac
lock-in technique and antisymmetrized to eliminate any lon-
gitudinal component. The Hall resistivity p,, = V,t/I, while
Ru = pyx/(oH ), where t is the sample thickness, I, = I the
applied current, and puoH the applied field. The evolution of
Ry (x) reveals a gradual but nonetheless marked change across
x. [39]. Specifically, the strong nonlinearity in p,,(H) that is
observed within the nematic phase disappears above 7, and
is gradually weakened with increasing x, while its H depen-
dence (more specifically, the sign of the second derivative
d? Pyx/dH 2) becomes inverted. The overall reduction in Ry
beyond x, is consistent with our earlier study [22].

The high-field measurements were carried out on the same
samples (barring the x = 0.05 and 0.18 samples) in a resistive
magnet at the High Field Magnet Laboratory (Nijmegen) with
a maximum field of 33 T. For all samples, an ac current
of 0.5-1 mA was applied, I||ab with H||c, as determined

(a) (b)

using a Hall probe mounted onto the rotating sample platform.
Measurements were performed from —33 to 433 T at fixed
temperatures between 0.3 K and 35 K. Stable temperatures
above 4.2 K were achieved using a constant heater power
between 1.2 and 4.2 K by putting the sample space in good
thermal contact with a He-4 bath at various constant pressures,
and below 1.2 K by using constant pressures of He-3 liquefied
inside the sample space.

IV. RESULTS AND ANALYSIS
A. Hall data

Figure 1(b) shows py.(H) at 35 K for all samples mea-
sured up to 33 T. Qualitatively similar results for pure FeSe
were reported elsewhere [44]. In all cases, the Hall effect is
hole dominated at high field with a change of sign in the
nematic phase at low fields for x < 0.16. Beyond x = 0.16,
the slope gradually decreases as one moves further away from
the nematic QCP. The T dependence of p,,(H) below 35 K
is shown in Fig. 2 for three representative x values: to the left
of the QCP (FSS13, left panel), close to x. (FSS16, middle
panel), and to the right of the QCP (FSS25, right panel). In
the nematic phase, the low-T response is proportional to H,
in contrast to what is observed at more elevated tempera-
tures, whereas for x > x., it is the high-T response that is
H linear. Near the QCP itself, p,(H) is approximately H
linear at all temperatures [as shown in Fig. 2(b), the high-field
linear slopes for FSS16 extrapolate close to the origin at all
temperatures]. Together, the form of p,.(H, T, x) suggests
a complex but nonetheless systematic evolution of the Hall
response across the phase diagram. The sweep at 7 = 0.3 K
in FSS13 also shows the onset of quantum oscillations (QOs)
with a frequency F ~ 740 + 30 T, in good agreement with
that reported previously [23].
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FIG. 2. Temperature evolution of p,(H) in FeSe,_,S, for (a) FSS13, i.e., to the left of the nematic QCP, (b) FSS16, near the QCP, and
(c) FSS25, beyond the QCP. Dashed lines are linear fits to the high-field data (above 25 T).
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B. Two-band and three-band analysis

The layered crystal structure of FeSe ensures that bands
derived from the Fe d orbitals have a quasi-2D character
[24,25]. While a determination of the FS topology and, in par-
ticular, the number of electron and hole pockets, has proved
controversial, a level of consistency has nonetheless begun to
emerge. Angle-resolved photoemission (ARPES) studies on
detwinned FeSe [45-47], as well as nano-ARPES studies on
single domains [48], have concluded that only one electron
and one hole pocket survives within the nematic phase. This
is consistent with independent analysis [32,41] of QOs [49,50]
and specific heat data [41,51,52]. The possibility of a second
small electron pocket—inferred from mobility spectrum anal-
ysis of Hall and MR data [44,53]—has not been completely
ruled out. It is noted, however, that no clear evidence for such
a pocket has yet been seen in QO experiments, despite the fact
that such a small, light, and highly mobile pocket ought to be
easy to detect.

As Se is replaced with S, the size of each pocket in-
creases while preserving the compensation condition [23].
There is some evidence for an additional QO frequency possi-
bly emerging, and then vanishing again, within a narrow range
(0.11 < x < 0.17), though the same data set has been inter-
preted by another group as indicating the appearance of a new
frequency (pocket) only beyond x. [54]. Hence, the precise FS
topology of FeSe;_, S, is not yet established. Nevertheless, it
seems reasonable to conclude that there are at least two but
no more than three distinct pockets in FeSe;_, S, for 0 < x <
0.25 and so, in the following, we first attempt to fit our Hall
effect data using standard two- and three-band models.

Each model provides expressions for p(H) and py,(H)
that depend on the electron (7., 1.) and hole (ny, py) densi-
ties and mobilities. These expressions are intimately related
through one or more common fitting parameters [55] and, to
perform multiband modeling effectively, it is imperative to fit
both py,(H) and p.(H) simultaneously. A three-band model
using standard matrix formalism [56] was applied previously
to explain the low-field p,(H) and p,,(H) data in pure FeSe
up to 14 T [44] under the assumption that n, = n;. In our
analysis, we have relaxed this condition to maximize the
flexibility of our fitting. Even so, we found it impossible to
simultaneously fit p.(H) and py,(H) over the full field range
up to 33 T using either the two-band model (for all samples)
or the three-band model (for x < 0.16) [57].

One particular challenge was that for x < 0.16, py,(H)
changes sign at low fields, while over the same field range,
pxx(H) exhibits simple and rather universal behavior, namely,
H? atlow fields and H + H? at high fields [18]. A similar MR
response was observed in pure and doped BaFe,As; [58-60]
where a nonsaturating linear MR and highly nonlinear p,,(H)
were attributed to the presence of Dirac cone states [61]. There
have also been several reports claiming evidence for Dirac
cones in FeSe;_,S,, though only inside the nematic phase
[53,62,63]. Crucially, however, the H-linear component in
the MR in FeSe;_,S; is found to extend beyond the nematic
phase [18], implying that such Dirac-like states, as part of
an extended three-band model, cannot be the source of the
anomalous magnetotransport in FeSe;_,S,. Of course, one
could always add further complexity to the model, e.g., by
considering any curvature in the FS(s) or the presence of

anisotropic scattering or effective masses, all of which have
been detected in FeSe [64]. To the best of our knowledge,
however, no variant of these multiband models could account
for the observation [18] of a purely quadrature MR—with
precise H/T scaling—in a sample beyond x. in which the
usual orbital MR had been effectively quenched by disorder.
This observation alone compels us to explore an alternative
scenario, one in which the SM plays a central role.

C. Normal and strange metal conductivity in FeSe;_, S,

The previous high-field MR study [18] showed convinc-
ingly that the transverse MR could be decomposed into two
distinct contributions, one that exhibited quadrature scaling
characteristic of other SMs, and one that followed a strict
H? dependence without saturation up to 33 T [65]. Such a
delineation provides strong evidence for the presence of two
separate contributions to the conductivity. How these two
components combine, i.e., through adding conductivities or
resistivities, is not known precisely, but in our analysis, we
find it more revealing to express the total longitudinal (¢[%")
and Hall (U;gt) conductivities as a sum of NM and SM compo-
nents. In this case, the MR becomes a weighted sum of the two
independent contributions. To separate the contributions of the

tot

NM and SM component to the total Hall conductivity oy, we

have adopted the following strategy: (i) calculate O’;,)(zt (H) from
the experimentally determined quantities o' (H ) and ,0;,‘;‘ (H),
(ii) fit the calculated o' (H) assuming the presence of only
the NM component (in the high-field limit), and (iii) ascribe
the residuals 02" — o)™ of such a fitting procedure to the SM
component.

Figure 3 shows the total Hall conductivities (black dots) for
the same three 15 K sweeps depicted in Fig. 2 (this tempera-
ture is chosen as it lies outside the SC fluctuation regime). In
all cases, a;,;" (H) has a minimum at intermediate fields, while
FSS13 also has a small maximum at low H.

Before proceeding, it is important to recognize that the
nonsaturating H> MR of the NM response [18] can only arise
if the charge is fully compensated. This in turn imposes a
strong constraint on the form of pS(M(H )—namely, a strict
H-linear dependence—and allows us to consider the bipolar
contributions to pECM(H ) as a single entity (weighted by the
difference in their mobilities). Then, within a parallel channel
scenario, o' (H) becomes a sum of the NM and SM com-
ponents, the former assuming a specific form imposed by the
compensation condition [67]:

WM(H) = aioll M)

U .
[6091(0) + B2 B (oH 2] + lapoH 12

yX

Here, a is a free fitting parameter related to the linear slope of
PXM(H) (= Rp), p%'(0) is the measured zero-field resistivity
[18], Bnm is the (as-measured) quadratic MR term [18], and
b = p"M(0)/p'(0) is a second free fitting parameter [68].
The second contribution to o0 (H ) is assumed, rightly or
wrongly, to originate from the same component that generates
the quadrature MR. The scale invariance of this quadrature
MR ties it directly to the (zero-field) T'-linear resistivity that
is itself associated with Planckian dissipation. In cuprates,

the quadrature MR exhibits nonorbital character [19] and, as
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FIG. 3. Fitting of the calculated Hall conductivity o,,(H) in FeSe,_,S, using Eq. (1). o,(H) at 15 K for the same three concentrations
shown in Fig. 2 (a) FSS13, (b) FSS16 and (c) FSS25. Black lines represent the measured data [66] and red dashed lines represent best fits to
Eq. (1) in the high-field regime (see text), assuming only a NM component. (The field range used in the fitting procedure is 15-33 T, 25-33 T,
and 20-33 T for FSS13, FSS16, and FSS25, respectively.) The residuals representing the Hall conductivity of the SM component are shown in

the insets.

such, is not expected to generate a simultaneous Hall con-
ductivity [20]. In pnictides, on the other hand, the quadrature
MR has been attributed to anisotropic (hot spot) scattering
of quasiparticles [69] that will eventually become suppressed
at the highest fields. Thus, in either scenario, one expects
osM(H) — 0 as H increases and, in a similar spirit, we pro-
ceed by attempting to fit 07 (H) to Eq.(1) by biasing the fit
to the high-field region of the experimental curve where we
expect ;M (H ) to vanish [70].

The resultant fits are shown as red dashed lines in Fig. 3.
While this fitting routine is deliberately constrained, it has
a number of advantages: (i) it relies only on as-measured
quantities [p(H) and p,(H)], (i) it has only two free
parameters, and (iii) it is naturally self-consistent [71]. The
residuals of each fit, ascribed then to onyM(H ), are shown
in the insets. Two features of these residuals are of note;
the change of sign in oSM(H) that occurs around x = 0.13
and the goodness of fit for FSS25. Intriguingly, the sign
change mirrors that seen in the low-7 nematic susceptibility
at around x = 0.12 [28], possibly indicating a reversal in the
anisotropy of the dominant scattering process. The goodness
of fit for FSS25 is consistent with the expectation that the
electronic ground state in FeSe;_,S, will eventually become
isotropic with increasing x. Nevertheless, even for FSS25 the
SM component survives, as evidenced by the nonlinearity in
Py (H) (see Fig. 1) as well as the persistence of a small, yet
finite quadrature term in the MR [18].

D. Strange metal component

The corresponding Hall resistivity pyS;V[(H ) is obtained
from the residual G’VSXM(H ) curves [72]. Figure 4 shows
Py (H) at representative temperatures for all x > 0. As indi-

cated by the solid lines in Fig. 4, ,0}5)%‘/[ (H) can be fitted well to
the empirical expression pfy(H ) = cuoH exp[—d(uoH )],
where ¢ and d are free parameters [73]. Despite the various
assumptions made in extracting ,o‘sjvl (H), its overall evolution
with x appears to correlate well with that of the zero-field re-
sistivity across the nematic QCP [32]. For FSS10 and FSS13,
for example, pf)?/l (H) progressively decreases with decreasing
T. This is especially evident from the 10 K curve for FSS13
[Fig. 4(b)]. A similar T dependence is also observed in FSS25
[Fig. 4(e)]. Thus, on either side of the QCP, the low-T Hall
response appears to be dominated by the NM component. For
FSS16 and FSS20, on the other hand, ,oysi\/[(H ) grows as T
decreases, indicating a strengthening of the SM component as
the temperature is reduced.

E. Normal metal component

Given that FeSe;_,S, is presumed here to be a compen-
sated two-band semimetal, the parameters n, @, and @ can
be obtained directly from a self-consistent analysis of the three
extracted quantities for the normal metal component: p™™(T),
RIM and ApNM/pMM [74]. The mobilities exhibit a metallic
T dependence and fall in the range 200-1000 cm?/Vs with
un > W for all T and x studied. The carrier densities range
from 2 to 4 x 10%° cm~3 (0.015-0.03 per Fe atom) and are
constant, to within our experimental uncertainty, across the
studied temperature range. The variation of n(x) per Fe across
the series is compared in Fig. 5 with estimates extracted from
QO experiments [23]. Curiously, the densities determined
from our two-carrier analysis of the NM component are found
to be approximately half those derived from the QO study. We
shall return to this point in the following section.

023069-5



M. CULO et al.

PHYSICAL REVIEW RESEARCH 3, 023069 (2021)

(a)

20 F
€ of
£ ;
c
= -20 ¢
5 ;
S -40 |

-60

-80

0 10 20 30
HoH (T)

0 10 20 30
#oH (T)

V|I||||I3|()|K| ||- _2 Pl ETETET A BTSN S AT BT AR A _2 P EETET AT BTSN AR ArA
0 10 20 30 0 10 20 30 0 10 20 30
UoH (T) HoH (T) LoH (T)
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increased scatter in pysf’l(H ) at high fields, not visible in afo (see insets of Fig. 3), results from the transformation of o,

SM SM i
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Eq. (F1) and the diminishing magnitude of 3™ with increasing field. Scatter in the data at 10 and 15 K for FSS10 and FSS13 may be caused

by superconducting fluctuations in vicinity of 7.

V. DISCUSSION

A. Comparison with magnetoresistance

The analysis presented above supports the notion, put for-
ward in Ref. [18], that the dc conductivity of FeSe;_,S,
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FIG. 5. Carrier density of the NM component across the series.
Large closed circles show the average value for n extracted using the
compensated two-band model at different temperatures [74]. Small
closed circles are extracted from QO frequencies [23] (averaged
frequencies for both pockets maintaining compensation condition;
see Ref. [32] for details). Open circles are the same n values ex-
tracted from QO frequencies halved. Black dashed line is a guide to
the eye.

(0 < x £ 0.25) contains contributions from both a NM com-
ponent (which itself is compensated) and a SM component
of, as yet, unknown origin. Moreover, as shown in Fig. 6,
the evolution of the Hall [pyS;‘/I(T, H, x)—red circles] and lon-
gitudinal [ApSM(T, H, x)—blue squares] resistivities across
the series exhibit clear parallels. For FSS16, both quantities
increase significantly, by a factor of 3—6 below 30 K, while
for FSS20, the enhancement is reduced. Further away from
the QCP, these ratios typically fall upon leaving the QC fan
(gray shading in Fig. 6), vanishing inside the regime (shaded
white) where T? resistivity is restored. This implies that all
anomalous signatures of SM transport do indeed disappear
inside the FL regime.

A recent high-field study carried out on BaFe;(As;_,P; ),
also revealed a Hall response comprising both a NM and
a SM component, the latter peaking close to the (AFM)
QCP [21]. In their analysis, the authors added Hall coeffi-
cients rather than Hall conductivities. Although, in principle,
a similar serial conductivity analysis could be applied to
FeSe_,S,, such a procedure would be inconsistent with the
analysis of the corresponding MR data reported in Ref. [18]
whose decomposition into SM and NM components was
carried out assuming parallel conductivity channels. Fur-
thermore, the serial picture would require a nonlinear Hall
resistivity of the NM component that would conflict with
the H? contribution of the NM component to the total MR
and the corresponding requirement for charge compensa-
tion [18]. Therefore, we find adding Hall conductivities to
be the more appropriate model for FeSe;_,S.. Neverthe-
less, the fact that pjM(H) in BaFey(As;_.P,); is found
to have a similar field profile to the one in FeSe;_,S,,
with a maximum at relatively low H followed by an ex-
ponential decay at higher fields [21], suggests once again
that the Hall response of different SMs is qualitatively the
same.
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FIG. 6. Magnetotransport properties of the SM component in FeSe;_,S,. Red circles show the T dependence of the maximum in pySXM (H)
normalized to its value at 30 K (left axis) and blue squares represent Bsm, the slope of the H-linear MR from Ref. [18], similarly normalized
(right axis). The grayscale schematically represents the exponent « in the 7' dependence of the resistivity p(7) ~ T* from Ref. [32]. Here,

dark gray, white represents o = 1, 2 respectively.

B. Possible origin of strange metal transport in FeSe,_, S,

Overall, FeSe,_,S, exhibits the following signatures of SM
transport [22,31-33]: (a) a T -linear resistivity above a QC fan
extending down to lowest temperatures at or near x = x,, (b)
correlated FL behavior, i.e., oy (T) ~ AT?, below the fan, and
(c) a marked enhancement of A upon approaching x, from
the high-x side. Since, for reasons of causality, the magnitude
of A in most metals scales with (m*)? [75,76], this implies a
tendency for the quasiparticle effective mass m* to diverge at
the QCP. In FeSe, m* is already strongly enhanced. The elec-
tronic specific heat coefficient of FeSe, due to its two small
pockets, is ~50% higher [41] than band-structure estimates
based on contributions from five pockets [49]. Moreover, the
mass of the so-called y orbit (m* = 7-8 m, [44,49]) is three
to four times larger than the mass of orbits of comparable fre-
quency observed, for example, in underdoped cuprates [77].
For 0 < x < x,, these masses remain high [23], a signature
of the dressing of quasiparticles from either nematic and/or
magnetic fluctuations. Surprisingly, however, no marked en-
hancement is observed in m* upon approaching the nematic
QCP, neither as a function of x [23] nor pressure [36]. This has
led to claims that the nematic QC fluctuations are effectively
quenched in FeSe;_,S, [23,36] due to strong nemato-elastic
coupling [35] and that the emergent non-FL transport behavior
near x. [18,22,31,33] arises instead from spin fluctuations,
even though the latter are known to become weaker, not
stronger, with increasing x [38].

Such dichotomy in the transport and thermodynamic prop-
erties is also found in another electron nematic Sr3;Ru, O [78]
(though in contrast to FeSe;_,S, where the nematic phase
exists in isolation, the nematic phase in Sr3Ru,0O7 is found
to be intertwined with spin ordering at low 7T [79]). As the
QCP is approached (in an applied magnetic field), A becomes
markedly enhanced, yet at the same time, m* of most of the
pockets remains unchanged [80]. Above the QCP, a fan of

T-linear resistivity then emerges with a coefficient that is
consistent with Planckian dissipation [4]. A model explaining
the emergence of SM transport in Sr3Ru,O5 has recently been
proposed by Mousatov et al. [81]. Their model assumes the
coexistence of a large FS with a low density of states (DOS),
i.e., low m*, and a small FS with high DOS caused by a van
Hove singularity (vHs) lying just below the Fermi level Ep.
Above a certain temperature (determined by the distance €, of
the vHs from Er and its width W},), the carriers on the small,
heavy FS become nondegenerate, i.e., hot (7). As a result,
electrons on the large degenerate (cold) FS are likely to be
scattered into these hot spots. Mousatov showed that in such
a scenario, the dominant scattering mechanism—denoted as
cc — ch scattering—is the one in which two cold (c) electrons
collide, one of which is then scattered into the vicinity of the
hot spot [81].

In this circumstance, T-linear resistivity is realized due
to the nondegenerate nature of the hot electrons [81]. Once
kgT < €, + Wy, electrons at the hot spots become degenerate
and the usual 72 behavior is restored. The key point of the
Mousatov model is that the coefficient of the T2 resistivity
is governed by the effective mass of the hot electrons m;.
Cyclotron motion around the large cold FS, on the other hand,
depends only on the light effective mass m) which does not
change on approaching the critical field. In this way, the dif-
ferent behavior of m* extracted from QOs and dc transport can
be reconciled. Finally, since €, — 0 at the critical field, this
same mechanism also gives rise to a QC-like fan of T -linear
resistivity [81]. Hence, according to the model, coupling to
QC fluctuations is not a prerequisite for the appearance of SM
transport in Sr3Ru,O7.

In FeSe, there is no vHs and thus, at first sight, it is
questionable whether the Mousatov model is applicable here.
However, striking similarities between the two compounds
motivate us to explore an alternative way for the hot spots
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to form in FeSe;_,S, along with the associated mechanism
for lifting the electron degeneracy. Indirect evidence for the
existence of hot spots in FeSe;_,S, comes from that fact
that a quadrature MR of very similar form to that found
in FeSe,;_,S, has been observed in BaFe,(As;_,P,), [14]
and recently cited as evidence for hot spot scattering [69].
A recent scanning tunneling spectrosopy study also reported
a quasiparticle spectral weight Z in FeSe that was highly
anisotropic, with coexisting correlated, marginally coherent
and fully coherent quasiparticle states within an individual
pocket [64]. Thus, it might be tempting to ascribe the NM
and SM components proposed here to these distinct regions in
k space; the high DOS tied to the marginally coherent regions
forming the hot spots into which cold electrons are scattered,
thereby providing the necessary conditions for cc — ch scat-
tering to generate the observed non-FL transport [81].

According to Ref. [81], px(T) will become T linear only
once carriers at the hot spots are nondegenerate, i.e., kgT >
€. For FeSe;_,S;, in lieu of the vHs, one might consider using
the bottom of the band to set ¢,. ARPES studies, however,
suggest that this scale is around one order of magnitude larger
than the temperature scale at which T-linear resistivity sets
in. Moreover, each pocket grows in size with increasing x
[23], implying that €, would increase rather than decrease
upon approaching the QCP. At the same time, however, the
chemical pressure created by S substitution also causes each
pocket to become progressively more warped. Ultimately, this
may lead to a Lifshitz transition close to x. [23], whereby one
of the cylindrical pockets evolves into an ovoid. At the tran-
sition, the bottom of the band passes through €, generating
an area of high DOS which would then stay nondegenerate
down to the lowest temperatures. Such a DOS sink could then
conceivably play the role of the vHs in FeSe,_,S,, opening a
possible channel for cc — ch scattering and realizing the T2 to
T -linear crossover in p,,(T), even if the nematic fluctuations
fail to go critical at x = x, and thus to generate Planckian dis-
sipation on their own. Since this Lifshitz transition is claimed
to occur close to x. [23] (€, — 0), the persistence of T -linear
resistivity down to the lowest temperatures at x = x, can be
understood. The presence of this Lifshitz transition, however,
is not yet confirmed. Indeed, earlier measurements showed
that even in the end member of the series FeS, all pockets
remain quasi-two-dimensional [82,83].

Whatever the origin of these putative hot spots, the ne-
matic fluctuations are nonetheless an important element of
the overall picture and are most likely the origin of the
anisotropic Z found on each pocket [64]. Being Q = 0 fluc-
tuations, these fluctuations cannot generate, on their own,
sufficient momentum transfer, i.e., large-angle scattering to
dominate the dc transport, but in unison with impurity or
the residual low-energy spin [Q = (7, 0)] fluctuations [84],
they might. Through this process, multiple inelastic cc — ch
scattering events, are thus created. The recovery of a T2 re-
sistivity in p,(7) beyond x, with a coefficient A that drops
markedly with further increase in x indicates a reduction in
the quasiparticle-quasiparticle scattering cross section as the
system is tuned away from the nematic QCP. Here it is perhaps
worth mentioning that the mass determined by QOs is an av-
erage of the (extremal) cyclotron orbit that is located furthest
from the hot spots and thus may be the least affected by the

cc — ch scattering mechanism. Indeed, as already pointed out
by Mousatov et al. [81], there must also be a contribution
from the usual cc — cc scattering as well, that in the pro-
posed picture would give rise to the NM component. Taking
into account the pronounced FS anisotropy in FeSe;_,S,, the
orbital selectivity and the anisotropy in the scattering rate,
the carriers experiencing cc — ch and cc — cc scattering do
not have to reside on the same parts of the FS. In light of
this, we propose that the Fermi pockets in FeSe;_,S, may be
composed of not two, but three distinct regions: those quasi-
particles responsible for the NM transport that participate only
in the cc — cc scattering, those quasiparticles that generate the
SM transport participating only in the cc — ch scattering and
those marginally coherent states at the hot spots themselves
that give negligible contribution to the transport [81].

From this perspective, it is interesting to return to the
discrepancy in the carrier densities extracted from our Hall
analysis (= ny) and those determined from QO measurements
(= ngo) [23], as shown in Fig. 5. The observation that ny ~
nqo/2 is probably fortuitous, particularly when one takes into
account the presence of flat regions or regions of negative
FS curvature in the waist of each pocket that might modify
the value of ny. Nevertheless, it does suggest that the num-
ber of carriers contributing to the NM and SM transport in
FeSe,_,S, are comparable. Overall, this analysis suggests that
while QOs reflect the total size of the pockets, i.e., the total
number of carriers, the NM linear Hall response p}I,fCM (H), and
the corresponding ny reflect only those parts of the FS that
participate in the cc — cc scattering. The rest of the carriers,
not visible in the NM Hall response, are assumed to participate
in the cc — ch scattering and thereby generate strong signa-
tures of SM transport, including an enhancement in the A co-
efficient, the T -linear resistivity inside the QC fan, the quadra-
ture MR, and the anomalous, nonmonotonic form of p}sj‘/l (H).

Finally, since the effects of a magnetic field have not yet
been considered within the Mousatov model, it is not clear
how this picture can explain the quadrature MR or 1/T de-
pendence of the SM Hall resistivity (see Sec. VC) seen in
FeSe|_,S,. Moreover, the effective mixing of k states in-
duced by strong ch scattering may argue against the simple
decomposition of the charge response into two independent
components as proposed here. Nevertheless, the striking par-
allels in the evolution of pSM(T, H,x) and Ap>M(T, H, x)
shown in Fig. 6, as well as the similarities in the form of
pgf’[(T, H, x) found in FeSe;_,S, and in BaFe;(As|_,P,),
[21], suggest that it is a viable starting point.

C. Lifetime separation revisited

In this final section, we return to the issue of the transport
anomalies seen at low field, and, in particular, the distinct
T dependencies manifest in p,,(7") and the inverse Hall an-
gle cotfy(T) [22]. For FSS16 (and FSS17 [22]), p.(T) is
linear or even sublinear below T' = 50 K while cotfy(T) =
co + ¢T?. For higher dopings (0.18 < x < 0.22), p(T) is
approximately linear above a certain threshold 7; < 20 K,
yet cotfy(T) = co + - T? up to around 70 K [see Fig. 7(a)].
As mentioned in the Introduction, this separation of lifetimes
is a characteristic of many families of SMs, despite marked
differences in FS topology and the distinct nature of the
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FIG. 7. Deconvolution of the Hall response in FeSe;_,S,. (a) T dependence of cotdy for FSS16 (triangles), FSS18 (squares), and FSS20
(circles). Dashed lines are fits to cotdy(T) = ¢y + c2T? (see text). (b), (c) Decomposition of RY' (black triangles) into normal metal REM (blue
squares) and SM RiM (red circles) components for FSS16 and FSS20, respectively. Red dashed lines emphasize the 1/7 dependence of RPM(T)

(see text).

quantum criticality in each family [85]. The origin of this
phenomenon, however, has remained a mystery.

Figures 7(b) and 7(c) show a deconvolution of the low-field
Ru(T) [= py(H)/(1noH )] plotted versus 1/T for FSS16 and
FSS20, respectively. The black symbols in each panel repre-
sent the as-measured Ry(7"), while the red and blue symbols
depict the SM and NM components of Ry(T ), respectively.
What is striking about these plots is the marked 1/7T de-
pendence of R3M(T) extending down to low 7 but merging
with the as-measured Ry(T) at intermediate temperatures.
The plateauing of Ry (7T') at low-T is then seen to arise through
the ‘shorting’ effect of the (essentially 7 independent) NM
component. This delineation suggests strongly that the strong
T dependence of Ry (7T )—that is ultimately responsible for the
phenomenon of lifetime separation—can be attributed solely
to the presence of the SM component, for which R{M(T') has a
pure 1/T dependence. Its simple power-law behavior then de-
fines the (low-field) Hall response of the carriers responsible
for T-linear component of resistivity and quadrature scaling
of MR.

VI. CONCLUSIONS

In summary, detailed analysis of the high-field Hall resis-
tivity in FeSe;_,S, across the nematic QCP reveals that its
total Hall response can be decomposed into two contribu-
tions: one in which the p,,(H) varies linearly with field, the
other in which p,(H) shows an anomalous, nonmonotonic
response. The linear contribution of the Hall response can be
attributed to (compensated) electron and hole quasiparticles.
The second component is postulated to derive from hot carri-
ers, presumably located within the same electron and/or hole
pockets, that give rise to strange metallic behavior that is most
pronounced close to the nematic QCP. The corresponding
Hall coefficient of the SM component is found to exhibit a
1/T divergence, which, ultimately, is cut off at low T by
the residual NM component. One remaining challenge is to
determine whether or not the phenomenology uncovered here
can also account for the SM physics observed in other SMs.

The striking similarities in their charge responses certainly
motivate further comparison. For FeSe;_,S,, a specific chal-
lenge remains; to explain how nematic critical fluctuations and
spin fluctuations collude to generate such a profound influence
on the low-T dc transport. To this end, magnetotransport mea-
surements on samples with x > x, under applied pressure or
strain may prove particularly instructive.
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APPENDIX A: EVOLUTION OF T;(x) IN FeSe;_,S,

Figure 1(a) shows literature values for Ti(x), the onset
temperature for the nematic phase in FeSe;_,S,, for x < 0.25.
Typically, second-order phase transitions lead to a jump in the
specific heat AC; the (mean-field) transition temperature co-
inciding with the midpoint of AC(T') on the high-temperature
side. In FeSe;_,S,, T;(x) is frequently determined using
the minimum in the 7 derivative of the in-plane resistivity
dpy/dT at T = Ty, or by the midpoint of the step. This
can lead to an underestimate of 7i(x) in FeSe;_,S, by as
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FIG. 8. Low-field (uoH = 1 T) Hall coefficient Ry in FeSe;_,S, as a function of x and 7. The data are shown in two panels for clarity.

much as 10-15 K. For FeSe, T; actually coincides with the
shoulder, i.e., the onset of the steplike feature in dpy,/dT
at T = Ty, as found in other systems [86]. For this reason,
the data points shown in Fig. 1(a) are taken from the location
of Ty (x). Despite using such a unifying definition, there is
still a spread in values, reflecting both uncertainties in x and
the sensitivity of 7T to disorder. Typically, the S content in
FeSe|_,S, is determined by energy dispersive X-ray (EDX)
spectroscopy. Where quoted, EDX has an uncertainty in x of
=4 0.01 within an individual crystal [42] and ~=£ 0.02 within a
single batch of crystals [38]. A detailed disorder study in FeSe
meanwhile found that 7 can drop by up to 20 K in samples
with a low residual resistivity ratio [87].

As shown in Fig. 1(a), our values for T;(x) tend to lie
above the average. Early studies suggested that the nominal
value of x, as used here, was higher than the actual x content
(as determined by EDX) by as much as 20% [28]. We note
that this is comparable to the absolute uncertainty in EDX.
Nevertheless, it is indeed possible that the quoted x values for
FSS10, FSS13, and FSS16 are an overestimate. For all other
samples, however, both their resistivity and (low-field) Hall
responses are identical to those with similar (but nonetheless
EDX determined) x values reported elsewhere [22,23]. Im-
portantly, this places all higher S-content samples, including
FSS18, above the critical concentration x. = 0.17. Finally,
a study by Bohmer er al. [87] highlighted how increased
disorder not only shifts 7; to lower T but also broadens the
associated resistive transition. In our crystals, we observe
sharp transitions with Ty,—Thin < 5 K for all x [bar FSS16
where the gradient in Ty(x) is the steepest]. These values
are approximately half those typically reported [23,31,38,42].
Hence, it is also possible that our T;(x) values are elevated
with respect to others due to reduced levels of disorder.

APPENDIX B: LOW-FIELD HALL EFFECT
MEASUREMENTS

Figure 8 shows Ry(T) in FeSe;_,S, between 10 K and
300 K for ugH =1 T for the same series of single crys-
tals used in the high-field measurements plus two additional
samples: x = 0.05 and x = 0.18. As can be seen, Ry exhibits
a complex T dependence for all x, changing sign twice for
x 2 0.16 and three or even four times for x < 0.16, reflecting
their multiband nature. The overall evolution of the low-field

Hall effect in our crystals is consistent with that reported
previously [22]. There is a clear difference in the behavior of
the low-T Ry across the nematic QCP. Moreover, examination
of the field dependence of Ry(T'), shown in Fig. 9, reveals a
clear sign change in the field dependence beyond x, ~ 0.17.
Overall, the nonlinearity softens with both increasing x and
increasing 7.

APPENDIX C: APPLICATION OF TWO-
AND THREE-BAND MODELS

The high-field data shown in Fig. 1(b) of the main text il-
lustrate the general trends in the evolution of the Hall response
of FeSe;_,S, with x and with magnetic field. Our previous
MR study [18] showed that for the same series of samples,
the longitudinal MR does not follow a simple H> dependence.
Such behavior is usually ascribed to the presence of multiple
pockets of opposite polarity. FeSe;_,S, is known to contain a
number of bands crossing the Fermi level, though the precise
number of pockets has been the subject of debate. Recently,
however, a consensus has begun to emerge, at least for FeSe
below T;, where a single pair of compensated electron and
hole pockets survive. In S-substituted FeSe, up to five individ-
ual QO frequencies have been observed [23], implying that
an additional pocket may appear at finite x. Hence, in the
following, we investigate whether standard two- or three-band
models can self-consistently capture the combined Hall and
MR data of FeSe;_,S,. Our conclusion is that both models
fail, indicating the need for either more complicated modeling
or an interpretation beyond standard Drude.

1. Two-band model

According to Boltzmann transport theory, only a perfectly
isotropic single band system shows a H-linear Hall resistivity,
Pyx = Ry x woH, with Ry = 1/(ne). The corresponding MR
in such a system is zero. One of the simplest systems to
exhibit a nonlinear p,(H) and a finite MR is a two-band
system composed of one electron and one hole pocket, both
of which are isotropic. In this case, the longitudinal and Hall
resistivities are given by [88]

1 (it + nepee) + (nptte + nepn)inie(moH )
e (mppn + nepte)? + (np — ne)? g u2 (oM )>?
(ChH

P (H) =
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FIG. 9. Temperature dependence of the low-field Hall coefficient Ry in FeSe,_, S, at different magnetic field strengths between 0.5 T (red)
and 8 T (blue) in incremental steps of 0.5 T. The data are shown for (a) FSS00, (b) FSSO05, (c) FSS10, (d) FSS13, (e) FSS16, (f) FSS18, (g)
FSS20, and (h) FSS25. Note the field dependence changes sign above x, = 0.17.

from these simple relations in FeSe;_,S,, we must first relax

(H) = woH (nnpg 4 nepl) + (ny — n) gl (oH ) the condition of perfect compensation.
Pox e (mapn A nepe)? + (ny, — ne 2 ul(uoH)>?’ A simple rearrangement of Egs. (C1) and (C2) gives the
) expressions

pur(x) 14 ax?
where n, is the density of electrons, n, the hole density, w. 0 = =2
the electron mobility, and u;, the hole mobility. Note that for a pec(0) + )é
perfectly compensated two-band system (n, = ny,), py(H) ~ o () = ctdx X (C4)
H? and pyx(H) ~ H. Therefore, to account for the deviations . 14+b6x27

(€3)
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FIG. 10. Application of the two-band model to the magnetotransport of FeSe;_,S,. (a)—(c) Fitting of the longitudinal resistivity p,,(H)
normalized to the zero-field value p,,(0) [18] using Eq. (C3). The fits are shown for (a) FSS00, (b) FSS10, and (c) FSS13 at T = 30 K.
(d)—(f) Fitting of the field derivative 1/p.,(0)(d p../dH). Black lines represent the measured data and red lines the fits to Eq. (C3). (g)-(i)
Simultaneous fitting of the Hall resistivity p,.(H) using Eq. (C4) with fitting parameter b taken from the fit to the MR data (see text). Again,

black lines represent the measured data and red lines the fits to Eq. (C4).

where  x = poH,  pu(0) =1/(en.pe +enppp), a=
epxx(0)(Mptte + nepin)itnple, b= e*pl (0)(ny — ne)uppl,
¢ = epZ (0)mpp} — nep?). and d = ep2(0)(m, — n)pu?:
a, b, ¢, and d are thus the relevant fitting parameters, though,
normally, only three of these are completely independent.
Nevertheless, in the following, we will assume that all
fitting parameters are free. To check the applicability of the
two-band model, we must fit both p,.(H) and p.(H) in a
self-consistent way. Note that o, (H) and p,(H) share a
common denominator which strongly constrains the fitting.
There are multiple ways of performing this fitting routine
self-consistently. Here we decided to first perform a fit of the
previous MR data [18] using Eq. (C3) without constraining
either a or b. After that, we fit the p,(H) data using Eq. (C4)
with the same value of b. The results of this fitting procedure
are shown in Fig. 10 for FSS00, FSS10, and FSS13.

A quick glance of the top panels in Fig. 10 suggests that
the two-band model actually gives a reasonable fit to p,(H).
However, as shown in the middle panels, a closer inspection
of the field derivative of p,.(H), shows clearly that the ten-
dency of the fitting curve toward saturation at higher fields is
never realized in the actual data. Indeed, 1/p,(0)(d oy /dH)
invariably has both a finite intercept and a constant slope,
indicating that the high-field MR exhibits a parabolic field de-
pendence, i.e., pu(H) = p(0) + a1 H + axH 2, Clearly, the

unconstrained fits to Eq. (C3) cannot replicate such behavior.
The failure of the two-band model is also more evident in
the constrained fits of py,(H) to Eq. (C4) as shown in the
lower panels of Fig. 10, which completely fail to reproduce
the essential features of the data. We thus conclude that the
two-band model alone cannot describe the magnetotransport
properties of the nematic phase in FeSe_,S,.

2. Three-band model

Explicit formulas for the transport coefficients of an ar-
bitrary multiband system have been derived by Kim using a
matrix formalism [56]. In the case of a three-band system, the
appropriate expressions are

pu(x) 1+ ax* + bx*
pe(0) 1+ ex2 +dx*’
e+ fx> 4 gx*
1o +dad
where again x = uoH and a, b, ¢, d, e, f, and g are the fitting
parameters which depend on individual carrier densities and
mobilities. Although normally only five parameters are com-
pletely independent, we will assume that all parameters are

free. Here, p.(H) and p,(H) share two common fitting pa-
rameters, ¢ and d, in their denominators, though in a perfectly

(C5)

pye(x) = (C6)
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FIG. 11. Application of the compensated three-band model to the magnetotransport of FeSe;_,S,. (a)—(c) Fitting of p,(H)/p.(0) [18]
using Eq. (C5) with the fitting parameter d = 0. The fits are shown for (a) FSS00, (b) FSS10, and (c) FSS13 at 30 K. (d)—(f) Fitting to the
field-derivative 1/0,,(0)(d px./dH) for the same data set. Black lines represent the measured data and red lines the fits to Eq. (C5). (g)-(i)
Simultaneous fitting of p,,(H) using Eq. (C6) with d = 0 and c taken from the fit to the MR data. Black lines represent the measured data and

red lines the fits to Eq. (C6). Insets: Enlargement of the low-field part.

compensated system, d = 0 [56]. This model was previously
applied to successfully explain the low-field magnetotransport
of pure FeSe [44] and BaFe,;As; [58]. In both cases, perfect
compensation was assumed.

As with the two-band model, we first perform the fit to the
e (H) data using Eq. (C5) letting all parameters (bar d = 0)
be free. After that, we fit the p,(H) data using Eq. (C6), again
with d = 0 and ¢ set equal to its value found from the MR fit.
The results of this fitting procedure are shown in Fig. 11 for
the same three samples FSS00, FSS10, and FSS13.

The fits to the compensated three-band model are of course
better than those for the two-band model. Nevertheless, in-
spection of the field derivatives (middle panels of Fig. 11)
reveals additional features in the fits that are absent in the
data. Moreover, the constrained fits to p,,(H) (bottom pan-
els) in Fig. 11 also fail to capture the low-field response, as
highlighted in the insets.

To proceed further, we relax the constraint of perfect
compensation (i.e., we allow d to be finite) and perform
simultaneous fits to p,(H) and p.(H) using Egs. (C5)
and (C6). The results are shown in Fig. 12. As ex-
pected, the fits to the uncompensated three-band model
are again improved, particularly for p..(H). Nevertheless,
even with this wholly unconstrained fitting procedure, we
struggle to capture the low-field feature in py,(H), espe-

cially for FSS10 and FSS13 [see insets of Figs. 12(g) and
12(h)].

Of course, one could always incorporate additional pockets
into the model or add further complexity into the two- or
three-band models, such as field-dependent mobilities and
carrier densities, band anisotropies, etc. Importantly, however,
the very specific form of the MR in FeSe;_,S, (particularly in
more disordered samples [18] where the fitting is expected to
be much simpler), coupled with the marked changes in the
Hall response as a function of x, are incompatible with any
standard multiband model. It is for this reason that we proceed
to consider the alternative scenario outlined in the main text
that incorporates both NM and SM components.

APPENDIX D: PARALLEL CONDUCTIVITY CHANNEL
APPROXIMATION

Within a parallel conductivity picture, the total conductiv-
ity o of the system can be written as

tot __ _NM SM
axx - Uxx + axx

(D1)
where oM™ and oM are the normal and SM contributions to
ot respectively. The transverse magnetoconductance is then

XX 2
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FIG. 12. Application of the uncompensated three-band model to the magnetotransport in FeSe;_,S,. (a)—(c) Fitting of p,,(H)/px:(0) [18]
using Eq. (C5) without any constraints. The fits are shown for (a) FSS00, (b) FSS10, and (c) FSS13 at 30 K. (d)—(f) Fits to the field-derivative
1/0xx(0)(d pxx/dH). Black lines represent the measured data and red lines the fits to Eq. (C5). (g)—(i) Simultaneous fitting of p,.(H) using
Eq. (C6) with the fitting parameters ¢ and d taken from the fit to the MR data (see text). Again, black lines represent the measured data and red

lines the fits to Eq. (C6). Insets: Enlargement of the low-field part.

given by the weighted sum:

osM(H) Aosm
o (H) oSM(H)

Aol ofM(H) Aonu
ol(H)  o(H) ocNM(H)

(D2)

where Aoy (H) = 0 (H) — 0,,(0). In reality, it is the MR
[Apu(H) = pox(H) — prr(0)], rather than the magnetocon-
ductance that is measured, the former being related to the
latter via inversion of the (in-plane) conductivity tensor:

Apxx Oxx(H) A0y O'yzx(H )
__ _ . (D3)
Pxx(0) o2 (H)+o%(H) ok(H)+ol(H)

To proceed, we make a number of approximations. Our first is
the usual assumption that oy2x (H) <« axzx (H), leading to

AV ~ Aoy Uyzx (H)
Pxx(0) ou(H) o2(H)

(D4)

The second approximation is to assume that the MR is domi-
nated by the magnetoconductance term Aoy, /o, (H),i.e., that

o2 (H)
oL (H)'

Aoy,
O (H)

(D5)

after which we obtain

Apo(H) Aoy (H)

. (D6)
0xx(0) 0w (H)
Putting Eq. (D6) into Eq. (D2), we get
Apmt ~ ogM © GEM(H) Apnm
N o' () o) (D7)

o (0) (oo (H)
+ Apsm.
0 (0) J\ o3 (H)
Our final approximation ignores the field dependence of the

ratio of the NM/SM conductivity component and the total
conductivity:

O'gM(H) ~ U;:ICM(O)

, D8
o) s0) .
o) o (0) (D8b)
oRH) o)
This gives, finally,
UNM(O) 2 O'SM(O) 2
Apt ~ XX A NM XX A SM’ D9
onx < O_X[;)t(o) ) IO,\x + O,;;)t(o) loxx ( )
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FIG. 13. Test of the validity of approximation (D6). A p,,(H)/px:(0) and Ao, (H)/o..(H) at 30 K for (a) FSS10, (b) FSS16, and (c) FSS25.
Top panels refer to the total measured quantities, middle panels to the NM component, and the bottom panels to the SM component. Red lines

represent Ap,,(H)/p.,(0) and black lines Ao, (H)/oy.(H).

which is the relation used in our previous MR study [18].
Equation (D9) states that in the parallel conductivity model,
the total measured MR can be approximated as a weighted
sum of the MR contributions coming from the separate
channels with the weighting factors [oNM(0)/0'(0)]* and
(0) / a“’t(O) ]° being a measure of the contribution of each
respectlve channel to the total zero-field conductivity.

Before proceeding, we first examine the validity of the
three approximations employed. Figure 13 shows a compar-
ison of Ap.(H)/p«(0) and Ao, (H)/o(H) as a function
of magnetic field for the total, NM and SM contributions
for three representative concentrations, FSS10, FSS16, and
FSS25 at 30 K. (Similar values were obtained at all measured
temperatures and also for FSS13 and FSS20). As demon-
strated in Fig. 13, Eq. (D6) holds reasonably well for all three
quantities at all concentrations. Only in case of the NM com-
ponent for FSS16 is the difference between A py(H)/ 0 (0)
and Ao, (H)/o.(H) somewhat bigger, but even there the
maximum error introduced is never more than 35%

Figure 14 shows the field dependence of oM /ot

M/t for the same concentrations at 30 K. According
to Eq (D8), oM /gt and oSM /o' should not exhibit sig-
nificant field dependence. As can be seen in Fig. 14, this
statement holds very well for FSS16 and FSS25 at 30 K
(and at all other temperatures studied) and also for FSS20
(not shown). For FSS10 (and FSS13), however, o \™ /o and
aSM /o't exhibits a pronounced field dependence. This is a
consequence of the MR which increases with decreasing x,

reaching 100% at 30 K (see Fig. 10). As it turned out, analysis
of the Hall effect for FSS10 and FSS13 proved more challeng-
ing than for the other concentrations as will be discussed in the
following section.

APPENDIX E: SEARCH FOR THE HALL RESPONSE OF
THE STRANGE METAL COMPONENT

Assuming parallel conduction, the diagonal element of
the total conductivity tensor o' is given by Eq. (D1) and
the MR for the combined components is then approximated
by the Eq. (D9), i.e., by a weighted sum of two indepen-
dent contributions. In a similar vein, the Hall conductivity
O.[Ot IS

yx

oy‘gt = UyleM + O'nyM. (ED)
Since ApM(H) displays a nonsaturating H> MR for all finite
x [18], charge compensation must be imposed on the NM
component across the entire series. According to Eq. (C2), it
follows that pNM (H) is strictly H linear. To estimate the form
of pwlw (H), we first calculate cr“’t (H) from the experimentally

determined p'(H) [18] and ,o‘,"t(H ) using the standard
expression:

_pyx (H)

(H) = .
)= P + (o (P

(E2)
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FIG. 14. Test of the validity of approximation (D8). ciM/5'" and o3M /o' as a function of H at 30 K for (a) FSS10, (b) FSS16, and

(c) FSS25.

As explained in the main text, we assume as our starting
point that aySXM(H ) = 0 and attempt to fit o,'(H) with only
a single NM component o\™(H) the form of which is ob-
tained by assuming a linear Hall resistivity pﬂM (H) = auoH
and a quadratic longitudinal resistivity pXM(H) = bp'°'(0) +
b Bam(oH)? and inserting these into Eq. (E2), resulting
in Eq. (1) in the main text. Here b = pMM(0)/p'(0) is a
free fitting parameter and appears as a direct consequence of
Eq. (D9). Namely, Snm, taken from our previous MR mea-
surements [18], denotes the as-measured quadratic MR term
and therefore, to extract the real quadratic contribution com-
ing from the NM component, Sxyv has to be rescaled by the
weighting factor [0)2?\’[(0)/0;)‘?(0)]2 as imposed by Eq. (D9).
Then, by examining the residual [i.e., o0 (H) — anyM (H)], we
obtain an estimate of O’SCM(H ). In the following sections, we
describe the details of this fitting procedure and show how the
resulting fit parameters also enabled us to obtain estimates of
the zero-field resistivities of the two components as well as
the Hall coefficient associated with the NM component.

1. Fitting the total Hall conductivity

There are three obvious ways with which to fit the total
Hall conductivity assuming the presence of a single NM com-
ponent based on Eq. (1) in the main text. The first is to fit the
whole data set from O to 33 T. The top panels in Fig. 15 show
illustrative fits using this routine for (a) FSS13, (b) FSS16,
and (c) FSS25 at T = 15 K. While the fits are reasonable, the
residuals, as one might expect, oscillate around zero and apart
from the FSS13 data, display what appears to be a nonphysical
form.

The alternative procedures involve restricting the fitting
range to either low or high fields. The results of the low-field-
constrained fitting procedure are shown in Figs. 15(d)—15(f)
for the same data sets. In this case, the low-field feature in
FSS13 forces its residual to contain the bulk of the oy, (H)
curve, in marked contrast to what is observed in the other
two samples. Again, we see no physical reason for such a
pronounced switch in behavior.

Restricting our fits to high fields results in the residuals
shown in the main text. Other than the change in sign for x >
0.13, all residuals are found to generate pf}’[(H ) curves with
an identical form, namely, a H-linear growth at low fields,
a peak at intermediate fields, and an exponential tail-off at
high fields, similar to that obtained in a more direct manner in
BaFe;(As;_,P,), in vicinity of its AFM QCP [21]. Moreover,
as shown in Fig. 6 in the main text, the evolution of ,0}5)?’1 (H)
across the nematic QCP is found to mimic that found for
pSM(H) [18], suggesting that this procedure, if nothing else,
generates good consistency between the measured Hall and
MR responses.

It is worth noting that the high-field fitting procedure itself
is to some degree arbitrary regarding the size of the high-
field range over which the fitting was performed. However, as
shown in Fig. 16 for FSS13 at 15 K, the same data set shown
in Fig. 3(a) in the main text, the fitting procedure performed
over three different field ranges (25 T-33 T, 18 T-33 T, and
10 T-33 T) has little influence on the residuals, which in
all three cases have a pronounced maximum at ~3 T with
the value ~0.8 (mQcm)~! followed by a rapid decrease and
a zero value at high fields. [An additional small feature in
the middle field region, most pronounced for the shortest
fitting range in Fig. 16(c), is an artefact of the fit.] Making
the fitting range any bigger would again cause oscillations
in the residuals, while making it smaller would introduce
unnecessarily large error bars in the fitting parameters. Similar
considerations also apply to the fitting of all the other samples.

2. Details of the high-field fitting procedure

Table I shows the fitting parameters obtained by fitting
the calculated oy, (H) data plotted in Fig. 3 to Eq. (1) for
all concentrations except x = 0. The fits themselves have two
fixed parameters, p'%'(0)-the measured zero-field resistivity—
and Bnm—the coefficient of the (as-measured) H> MR term
[18]-and two free parameters a and b. Parameter a is equiva-
lent to Ry of the NM component while b is equivalent to the
ratio pNM(0)/0°4(0).

Since a is always negative, Ry must be positive and thus
Wwn > . for all x and T'. In most cases, b > 1, as it should be.
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In some of the fits, particularly for FSS10, » < 1, which is un-
physical. This is a consequence of the approximations taken in
obtaining Eq. (1), the most important being the approximation
in Eq. (D8) that ignores the field dependence of the weighting
factor cNM(H)/o®'(H) (which is directly related to the pa-
rameter b). Looking at Fig. 14(a), we can see that for FSS10
(and FSS13), O’gM (H)/o®(H) does change in magnetic field,
exceeding unity at the highest fields. The case b < 1 prevents
the decomposition of the zero-field resistivity into the NM and
SM components but gives us the more flexibility in finding
the unknown Hall response of the SM component. Forcing
b > 1 would make it impossible to fit the measured o,, even
in the high-field range which would cause the more complex
behavior in residuals of oy,.

In cases where b > 1, we are able to decompose p'%'(0)
into NM and SM components, the results of which are listed in

(a) (b)

Table II. As indicated, these estimates of pECM(O) and pfi“(O)
compare favorably with the ones extracted previously from
the transverse MR [18] (listed in the fourth and fifth columns
of Table II), despite the very different (and independent) way

in which each ratio has been obtained.

APPENDIX F: FITTING THE STRANGE METAL HALL
RESISTIVITY

0 SM SM (7.
To obtain py," (H), we must first convert oy (H):

—oSM(H)

(F1)
[oMD] + [osM )]

Py (H) =

-1

0, (mQcm)

T T T T T T T T T T T T
0:- c—ew
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FIG. 15. (a)—(c) Fitting of o,.(H) in FeSe,_,S, to the full field range using Eq. (1). Black dots are o,,(H) data obtained at T = 15 K
for (a) FSS13, (b) FSS16, and (c) FSS25. Red dashed lines represent the fits to Eq. (1) over the whole field range. The insets shows the
corresponding residuals. (d)—(f) Fitting of the same oy, (H ) data for (d) FSS13, (e) FSS16, and (f) FSS25 to just the low-field regime (0-1.5 T,
0-10 T, and 0-5 T for FSS13, FSS16, and FSS25, respectively). Again, black dots are o,,(H ) data and red dashed lines the fits to Eq. (1) at
low fields. Blue lines represent the corresponding fitting residuals.
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FIG. 16. High-field fitting of oy.(H ) for FeSe;_,S;, x = 0.13, using Eq. (1) for three different high-field ranges: (a) 10-33 T, (b) 18-33 T,
and (c) 25-33 T. Black dots represent measured values and red dashed lines represent the fits to Eq. (1). The insets shows the corresponding

residuals.

where oysXM(H ) is given by the residuals, as shown, e.g. in
Fig. 3, and:

1

SM ~
O ) ssican
XX

1
SM(()) 72
pSM(0) + [ 2 ] Apsu(H)

(F2)

Here pSM(0) is the zero-field resistivity of the SM compo-
nent and A psv(H) = Apoi(H) — Bam(oH )? [18] is the SM
contribution to the total measured MR. [The validity of the ap-
proximation in Eq. (F2) will be discussed later.] The resultant
pysj\’[ (H) at representative temperatures are shown in Fig. 4 of
the main text for all x > 0. As highlighted by the solid black
lines in Fig. 4, p‘siv[ (H) is well described by the expression

Py (H) = ¢ x noH x expl—d x (noH)’l,  (F3)
where ¢ and d are free fitting parameters. All parameters
relevant to this fitting procedure are listed in Tables I-III. The
R-squared value for the majority of fits is found to be close
to 1, indicating that Eq. (F3) is a reasonable approximation.
However, in some cases the R-squared value turned out to
be significantly smaller than 1, e.g., for FSS10 at 15 K. This
perhaps demonstrates that the validity of the parallel conduc-
tivity model deteriorates with decreasing x, as we showed
in Appendix D. In addition, the quality of the fits deterio-
rates close to 7, as a consequence of SC fluctuations which
are visible in the zero-field resistivity [32], the longitudinal
MR [18], and the Hall resistivity. For FSS10 and FSS13,
where T, =~ 10 K, it is not possible to obtain a reasonable
fit over the entire magnetic field range for 7 < 15 K using
Eq. (F3).

Let us here briefly discuss the validity of approximation in
Eq. (F2) which enabled the determination of p3M(H ) from the

Hall and longitudinal conductivity aySXM (H) and UXSXM (H) data

using Eq. (F1). Strictly speaking, o>M(H) is given by
pe (H)

[pSMD] + [pSMc]”

Note that ,oySAM (H) also appears in Eq. (F4), making an explicit

determination of p3M(H) impossible. However, if we make
the assumption

osM(H) =

(F4)

MH)]*
ﬁ <1, (F5)
Eq. (F4) reduces to
o (H) ~ 1 (F6)

PN (H)
ie., Eq. (F2). Looking at Fig. 4 of the main text, we
can see that the maximum value of ,oys)ivl(H ) for FSS10 is
around 70 1 Qcm at 30 K, while the corresponding p3M(0) ~
350 u2cm (see Table II) and increases with field. Hence,
[SM(H)/ oM (O)]* < 0.04. Similarly, [pSM(H)/pSM(0)]? ~
0.002-0.09 for all other concentrations, thus validating our
initial assumption in Eq. (F5) and the use of the approxima-
tion (F2). In the present analysis, we used pSM(0) extracted
from fitting the Hall conductivity data (third column in Ta-
ble II). Only in cases where pf}/l (0) could not be extracted did
we use the value obtained from the previous MR study [18]
(fifth column in Table II).

APPENDIX G: CARRIER DENSITIES AND MOBILITIES

Having decomposed the zero-field resistivity, the longitu-
dinal MR, and the Hall response into two contributions, we
finally consider the NM component. As mentioned above,
Ap™M(H) shows a nonsaturating H? dependence, which
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TABLE 1. High-field fitting of the calculated o,,(H) data based
on Eq. (1). Input parameters p>' (0) and By are taken from Ref. [18].
Parameter a is equivalent to (—)Ry of the NM component while b

TABLE II. Decomposition of p

tot
xx

(0) into NM and SM compo-
nents. Columns 2 and 3 show the decomposition using parameter b
from Table I. Where b < 1, no physical value is possible. Columns

= pIM(0)/p'(0). 4 and 5 show corresponding values obtained from our previous MR
study [18].

o (0) Brm

(nQem)  (uQem/T?)  a= —Ry PaM(0) PSM(0) PaM(0) PM(0)
(&K [18] [18] (uQem/T) b= ppM(0)/pi(0) T Ky (uSem)  (uQem)  (uQcem) [18]  (ufem) [18]
FSS10 FSS10
30 61.3 0.022 —0.10 0.76 30 - - 74.5 346.0
25 52.0 0.029 —0.10 0.78 25 - - 64.6 266.6
15 333 0.047 —0.15 0.87 15 - - 424 155.2
10 23.7 0.056 —0.22 0.95 10 - - 30.2 110.1
6 16.0 0.063 —0.15 0.77 6 - - 199 81.6
4.2 12.6 0.064 —0.26 0.83 4.2 - - 15.3 71.4
1.3 6.7 0.038 —0.60 1.28 1.3 8.6 30.6 9.2 24.7
FSS13 FSS13
30 50.3 0.013 —0.24 1.01 30 - - 63.1 248.0
25 44.1 0.014 —-0.24 1.02 25 - - 55.9 208.9
15 30.4 0.018 —0.46 1.25 15 38.0 152.0 38.7 141.7
12.5 26.7 0.018 —0.54 1.29 12.5 344 118.8 34.0 124.4
10 22.7 0.018 —-0.92 1.52 10 34.5 66.4 28.7 108.6
8 19.7 0.021 —0.60 1.23 8 24.2 105.4 24.4 102.3
6 16.7 0.023 —0.42 1.04 6 - - 20.4 92.1
4.2 14.5 0.025 —-0.35 0.92 4.2 - - 16.9 102.1
2.5 12.5 0.022 —0.49 1.03 2.5 - - 14.9 77.6
FSS16 FSS16
30 42.9 0.010 —1.23 1.65 30 70.9 108.9 58.2 163.2
25 40.0 0.010 —1.27 1.74 25 69.6 94.1 57.5 1314
15 30.4 0.010 —0.96 1.71 15 52.0 73.2 47.5 84.4
10 23.7 0.010 —0.78 1.67 10 39.6 55.0 39.6 55.0
6 19.9 0.010 —-0.91 1.75 6 34.8 46.4 334 49.2
4.2 17.7 0.010 —1.16 2.00 4.2 354 35.4 33.6 374
1.3 14.3 0.008 —2.28 2.70 1.3 38.6 22.7 30.3 27.1
FSS20 FSS20
30 33.1 0.010 —0.62 1.48 30 49.0 102.1 38.8 225.3
25 29.3 0.012 —0.66 1.49 25 43.6 89.1 34.5 1944
15 21.5 0.015 —0.62 1.48 15 31.8 66.3 26.0 124.2
10 16.9 0.017 —0.56 1.43 10 24.2 56.2 20.1 106.2
8 14.8 0.018 —0.48 1.37 8 20.3 54.8 17.8 87.8
6 13.0 0.019 —0.38 1.29 6 16.8 57.8 15.9 71.3
4.2 11.5 0.020 —-0.31 1.23 4.2 14.1 61.5 14.2 60.5
2.5 10.3 0.023 —0.18 1.06 2.5 - - 13.3 45.7
FSS25 FSS25
30 313 0.010 —0.35 1.34 30 41.9 123.4 393 153.8
25 26.6 0.012 —-0.33 1.29 25 34.3 118.3 33.3 132.2
15 17.7 0.017 —0.30 1.23 15 21.8 94.7 21.4 102.4
10 13.6 0.019 —0.30 1.24 10 16.9 70.3 17.2 65.0
6 12.2 0.020 —0.46 1.37 6 16.7 45.2 15.0 65.4
4.2 11.6 0.020 —0.55 1.43 4.2 16.6 38.6 14.4 59.7
1.3 11.3 0.019 —-1.73 1.96 1.3 22.1 23.1 14.5 51.2
0.3 11.2 0.019 —1.45 1.89 0.3 21.2 23.8 15.6 39.7

reduce to
o = ne(pe + fn), (GD)
within the two-band model imposes the condition of perfect
compensation between electrons and holes, i.e., n, = n; and R — i Hh — He (G2)
. . NM H=——"—,

a strictly H-linear dependence of Py (H). For such a com- ne i + e
pensated two-band system, it is trivial to extract the carrier % _ HY G3)
densities and mobilities using Eqs. (C1) and (C2) which 0 Hatte(RoH )",
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TABLE III. Fitting of pSM based on Eq. (F3). Columns 2 and
3 show the fitting parameters ¢ and d and the last column shows
goodness of fit with the standard R-squared (Ry,) value.

T (K) ¢ (uf2em/T) d(T7) Roqr
FSS10

30 —12.4 0.0059 0.9701
25 —12.8 0.0063 0.9666
15 -10.2 0.032 0.5557
FSS13

30 —123 0.0059 0.9693
25 —13.3 0.0069 0.9556
15 —-13.7 0.025 0.7160
FSS16

30 0.58 0.0068 0.8095
25 0.63 0.0074 0.8373
15 1.1 0.0048 0.9140
10 2.0 0.0049 0.9039
6 3.1 0.0059 0.9355
FSS20

30 0.38 0.0082 0.8368
25 0.48 0.0092 0.8793
15 0.80 0.010 0.9231
10 0.97 0.014 0.8859
8 1.2 0.015 0.8287
FSS25

30 0.42 0.0089 0.8620
25 0.70 0.011 0.8863
15 0.86 0.010 0.8851
10 0.49 0.015 0.7658

where o = 1/p5M(0), n = n, = my, Ry = p)"'/(110H ), and
Ap _ pH) — pM0)
£0 PNM(0)
NM ()12
[/:jé‘(%)))] Brxm(poH)?
PNM(0)

(G4)

The extracted values are given in Table IV. The carrier
mobilities are in the range 200 — 1000 cm?/Vs while the car-
rier densities range from 2 — 4 x 10 cm~3 or 0.016 — 0.032
carriers per Fe atom for all 7 and x studied. We find both
mobilities increase with decreasing temperature, reflecting the
overall metallic behavior, while ©;, > u, at all T. The carrier
densities do not exhibit any noticeable T dependence and, as
shown in Fig. 5 of the main text, their average value for each x
is approximately half those extracted from a recent QO study
[23].

Finally, we compare the conclusions drawn from our
present analysis with those of the mobility spectrum analysis
performed on pure FeSe by Huynh ef al. [53]. The latter led
to the appearance of three mobility peaks in pure FeSe; two
ascribed to the large, almost perfectly compensated electron
and hole pockets and one to a tiny electron pocket having a
much larger carrier mobility. This small pocket was believed
to originate either from a Dirac cone or a large anisotropy of
the FS. Our analysis confirms that there is a contribution com-

TABLE IV. Calculated carrier densities and mobilities in
FeSe,_,S,. The values were determined by applying the compen-
sated two-band model [Egs. (G1)—(G3)] on zero-field resistivity, MR,
and Hall coefficient extracted from the NM component as described
in the main text. The last column gives the carrier density per Fe atom
calculated by taking into account the unit cell volume V.. = 78.2 A3
[50] for the tetragonal structure and the fact that there is one formula
unit per cell.

T (K) w,(cm?/Vs) . (cm?/Vs) n (102 cm™3)  n (per Fe)
FSS10

30 216.7 204.4 2 0.0156
25 269.7 254.3 1.8 0.0140
15 442.4 406.9 1.7 0.0132
10 585.4 512.4 1.9 0.0148
6 739.0 663.0 2.3 0.0180
4.2 881.6 714.6 2.5 0.0196
FSS13

30 197.8 159.8 2.8 0.0220
25 222.6 179.7 2.8 0.0220
15 336.8 216.8 3 0.0240
12.5 384.7 228.7 3 0.0240
10 512.7 245.7 2.4 0.0188
8 505.3 257.3 3.4 0.0260
6 525.6 319.6 3.6 0.0280
FSS16

30 301.2 128.2 2.1 0.0164
25 320.1 137.1 2 0.0156
15 351.5 166.5 2.3 0.0181
10 380.8 183.8 2.8 0.0220
6 454.5 192.5 2.8 0.0220
4.2 537.3 210.3 2.7 0.0212
FSS20

30 288.8 162.8 2.8 0.0220
25 3332 182.2 2.8 0.0220
15 435.1 239.1 2.9 0.0226
10 512.8 282.8 3.2 0.0250
8 542.3 304.3 3.6 0.0282
6 560.9 329.9 4.2 0.0328
4.2 585.2 368.8 4.6 0.0360
2.5 604.7 464.7 4.5 0.0352
FSS25

30 258.0 173.7 3.5 0.0274
25 295.9 199.4 3.7 0.0290
15 413.9 277.9 4.2 0.0328
10 510.8 332.8 4.4 0.0344
6 633.4 358.4 3.8 0.0298
4.2 696.2 366.2 3.5 0.0274

ing from a pair of compensated electron and hole pockets with
mobilities and densities very similar to the ones found in the
mobility spectrum analysis [53], plus an extra contribution,
the behavior of which is similar to that found in other quantum
critical systems close to a QCP [14-17,19]. Since this addi-
tional contribution is both universal and exhibits a systematic
evolution across x., we ascribe it here to the SM component,
rather than to Dirac fermions or to a large anisotropy in the FS
parameters, all of which are expected to disappear beyond x,.
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