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Pressure dependence of the superconducting and magnetic transition temperatures in Sr,VO3;FeAs
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‘We report muon spin rotation («SR) and magnetization measurements on superconducting Sr, VO3FeAs under
pressure. At ambient pressure, Sr, VO3;FeAs undergoes an antiferromagnetic transition of the V. moments at Ty
and becomes superconducting at 7, < Ty. As a function of pressure, 7y initially decreases while 7, increases.
Surprisingly, once Ty = T at 0.6 GPa, Ty reverses its trend and increases together with 7, which might indicate
a cooperative coupling of the superconducting and the magnetic order.
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I. INTRODUCTION

Superconductivity and magnetism are normally considered
to be antagonistic. Nonetheless, there are several examples of
long-range magnetic order coexisting with superconducting
order. In cases with a large spatial separation of the localized
orbitals of the atom responsible for the magnetism and the
superconducting electron system, there is no or only a weak
coupling between the two orders. Examples are the Chevrel
phases (RMogSg, where R denotes rare earth) [1,2], the boro-
carbides RNi,B,C [3,4], the ruthenate RuSr,GdCu,0Os [5,6],
and the iron-based superconductor EuFe,As, doped either
with P or Ru [7,8]. Sizable coupling has been observed for the
ferromagnetic order below 1K in UGe, and URhGe [9-11].
A coupling of antiferromagnetic [spin density wave (SDW)]
and superconducting order can be observed at much higher
temperatures, e.g., in iron-based superconductors [12-23]. In
the case of a microscopic coexistence, the coupling is nor-
mally found to be of a competitive nature [16-23]. In FeSe,
the coupling changes from competitive at lower pressures to a
cooperative behavior at higher pressures [24,25]. Finding and
understanding different forms of coexistence and coupling
between magnetic and superconducting orders is not only
relevant for the search for higher superconducting transition
temperatures T, but it might also be interesting for technical
applications if one order can be manipulated by controlling
the other.

The iron-based superconductor Sr,VOs;FeAs exhibits su-
perconductivity below T, ~37 K at ambient pressure [26] and
46K at p = 4 GPa [27]. Sr,VOsFeAs is composed of alter-
nating conducting FeAs and Sr, VO3 buffer layers [26]. Upon
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lowering the temperature, Sr, VO3;FeAs undergoes an antifer-
romagnetic transition presumably of the V 3d moments before
it becomes superconducting with the FeAs layer being non-
magnetic [28,29]. Since the V 3d state is less localized than,
e.g., the Gd 4f state in RuSr,GdCu,0Og [5,6] and hybridizes
with the Fe 3d state [30,31], Sr, VO3;FeAs has the potential to
exhibit significant coupling between the superconducting and
the magnetic order.

In this work, we present a study of the superconducting and
magnetic order in Sr, VO3;FeAs under hydrostatic pressure up
to 2.2 GPa by means of muon spin rotation and relaxation
(uSR) and dc-magnetization measurements. We find that the
magnetic ordering temperature 7y initially decreases with
pressure, while the superconducting transition temperature
T, increases. At a pressure of p &~ 0.6 GPa, the two order-
ing temperatures become comparable. Surprisingly, at higher
pressures, Ty increases again together with 7, with the super-
conductivity setting in shortly below the magnetic order. We
discuss possible explanations for this peculiar phase diagram.

II. SAMPLE SYNTHESIS AND EXPERIMENTAL
METHODS

Polycrystalline Sr,VOs;FeAs was synthesized and char-
acterized following Ref. [29]. The sample contains 3.2 %
Sr3V,07., 2.2 % orthorhombic Sr,VOy4, and 3.3 % FeAs,
but it does not exhibit oxygen deficiency or V at the iron
site. The superconducting transition temperature is 7. ~25K
and the diamagnetic shielding fraction is about 26 %. These
values are comparably low, but similar values have been re-
ported before [32,33]. The actual superconducting volume
fraction of our sample is undetermined since the relation to
the diamagnetic shielding fraction is nontrivial for a poly-
crystalline sample with small grains. SR measurements were
performed at the Swiss Muon Source SuS using the GPS [34]

©2021 American Physical Society
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FIG. 1. (a) Representative zero-field (ZF) uSR spectra of poly-
crystalline Sr,VO;FeAs at ambient pressure. The (heavily damped)
oscillations at lower temperatures are due to the onset of static,
long-range magnetic order. The solid lines are fits using the model
introduced in Eq. (1). (b) Left axis: Internal magnetic field B;, at
the minority (black squares) and majority (blue stars) muon stopping
sites as a function of temperature. At 35 K, the determination of the
small By, is difficult due to strong damping of the signal, leading
to very large error bars. At the other temperatures, the error bars
are smaller than the data point symbols. Right axis: Paramagnetic
fraction (red open squares) of the Sr, VO;FeAs sample as a function
of temperature determined by 5 mT transverse-field (TF) uSR. Inset:
Representative 5mT TF uSR spectra. The paramagnetic fraction of
the sample is determined from the oscillation amplitude.

and GPD [35] spectrometers. The data were analyzed with
the free software package MUSRFIT [36]. dc-magnetization
measurements were performed using a commercial supercon-
ducting quantum interference device (SQUID) magnetometer.
Hydrostatic pressure for the SR measurements was applied
using a double-wall piston cell [35]. A CuBe anvil-type
cell with diamond anvils was used for the dc-magnetization
measurements. Pressures were determined by either In or
Pb manometers [37], and Daphne 7373 oil was used as a
pressure-transmitting medium.

III. xSR AND MAGNETIZATION MEASUREMENTS

Figure 1(a) shows representative zero-field (ZF) muon spin
polarization spectra P(t). Down to 60 K, no sign of magnetism

is observed, ruling out a magnetic transition claimed previ-
ously in the 150-170K temperature region [32,38]. Below
60K, the relaxation rate increases and spontaneous muon
spin-precession with two distinct frequencies can be ob-
served below 35K, indicating the onset of static, long-range
magnetic order. The spectra were fitted by the sum of a
paramagnetic [Py ()] and a magnetic [Ppagn(?)] contribution,
assuming that the two distinct precession frequencies are due
to two different muon stopping sites within the crystal lattice:

Psample(t):fmpmagn(t)+(l _fm)Ppm(t)v (D

where

Proagn (1) = fl[ co8(yyuBini11)e T + lei)\ut]
+ (1 = f)[3 cos(yuBing2t)e ™" + LeH1]
2

Py (t) = GKT(t)e " | A3)

Here, f,, is the magnetic volume fraction, f) is the fraction
of muons stopping at site 1, y, = 27 x 135.5 MHz/T is the
muon’s gyromagnetic ratio, Biy ; is the magnetic field at the
respective muon site, and At ; and Ap ; are the so-called trans-
verse and longitudinal relaxation rates for the respective muon
site. The 2/3 (transverse) and 1/3 (longitudinal) components
reflect the polycrystalline nature of the sample leading to a
powder average of the internal fields with respect to the initial
muon spin direction. The paramagnetic fraction is modeled
by the product of a static Gaussian Kubo-Toyabe function
[39] and an exponential relaxation with relaxation rate Apy. To
make the fit more stable and to reflect the fact that the muons
at both stopping sites observe the same magnetic structure,
just from different positions within the unit cell, the parame-
ters Biy,; and By 2 as well as Ay | and Ay » were coupled with
a proportionality constant.

The analysis yields f; =0.25 and Biy,1/Bint2 = 5.4.
Figure 1(b) shows the temperature dependence of the internal
fields Biy: at the muon stopping sites 1 (25 %) and 2 (75 %).
Also shown in Fig. 1(b) is the paramagnetic fraction (1 — f,,)
of the sample determined from the oscillation amplitude of
the weak transverse-field (TF) uSR spectra [cf. the inset of
Fig. 1(b) for representative spectra]. These data show that
Sr, VO3;FeAs exhibits static, long-range magnetic order with
a nearly full volume fraction that microscopically coexists
with the superconducting volume of our sample. The internal
field at site 2 is comparable to the single field reported in
an earlier study on oxygen-deficient Sr,VO3;FeAs [28]. The
significantly larger internal field we detect at site 1 was not
reported previously. Possibly, it was overlooked due to the
small signal fraction (25 %) and the relatively strong damping.
It is worth noting that there is neither a reduction of Bjy
(which is proportional to the ordered magnetic moment) nor a
reduction of the magnetic volume fraction below 7, ~25K.
A reduction would be expected in the case of competition
between the magnetic and superconducting order parameter
or volume [24,25].

5TFe Moessbauer measurements in earlier studies [28,32]
as well as on our sample (Appendix C) show that the Fe
moments do not participate in the static magnetic order and
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FIG. 2. Paramagnetic fraction of Sr,VOs;FeAs as a function of
temperature for representative pressure points determined by TF
1SR at 5mT. The error bars are smaller than the data point symbols.
The sample is virtually fully magnetic at low temperatures for all
pressures. The remaining 60 % of the paramagnetic signal is due to
muons stopping in the pressure cell. The solid lines are fits using a
normal cumulative distribution function assuming a Gaussian distri-
bution of magnetic transition temperatures.

therefore imply V ordering. Reports on 'V and "> As nuclear
magnetic resonance (NMR) are inconsistent since they either
claim Fe magnetism [40,41] or argue in favor of V magnetism
[27,38]. NMR measurements on our sample (Appendix D)
are in agreement with the literature data to a large extent, but
they cannot provide a conclusive answer as to which element
carries the ordering moments. Also, it is not known whether
the high magnetic fields required for NMR influence the mag-
netic properties in a significant way. Since >’Fe Moessbauer
spectroscopy, like «SR, is performed under (nearly) zero field
conditions, we are confident that it is the V that magnetically
orders in Sr, VO3;FeAs.

Motivated by the large and positive pressure effect on
the superconducting transition temperature [27,42], we per-
formed SR measurements under hydrostatic pressures up
to 2.2 GPa. Figure 2 shows the paramagnetic fraction as a
function of temperature determined by weak TF uSR for
representative pressures. Please note that 60 % of the muons
stop in the pressure cell, meaning that for all pressures the
magnetic fraction of the sample stays close to 100 % at low
temperatures. Assuming a Gaussian distribution of magnetic
transition temperatures, the temperature dependence of the
paramagnetic fraction was modeled by a normal cumulative
distribution function (solid lines in Fig. 2). Figure 3 shows
the magnetic transition temperature 7y determined from the
midpoint of these curves. The error bars represent the uncer-
tainty of the fit parameter. At ambient pressure, Ty determined
by this method coincides reasonably well with the onset of
spontaneous muon spin precession observed by ZF uSR.

In addition, we performed measurements of the su-
perconducting transition temperature by means of SQUID
magnetometry under pressure (Appendix B). The obtained on-
set temperatures for superconductivity are depicted in Fig. 3.
In agreement with the literature data, 7, increases monoton-

Sr,VO;FeAs ® T, n
* T,

PM i

§ ] \\
M \
5 2.0 2.5

i

05 10 1. :
Pressure p (GPa)

401;

w
»

w
N
T

N
o
L)

Temperature T (K)
N
N

FIG. 3. Temperature-pressure phase diagram of Sr,VOs;FeAs.
The magnetic transition temperatures 7y (black squares) were de-
termined from the midpoint of the temperature dependence of the
paramagnetic fraction (Fig. 2). The onset superconducting transition
temperatures 7, (red stars) were measured by dc-magnetization mea-
surements. Below 0.6 GPa, the static, long-range magnetic (M) order
is suppressed with increasing pressure while the superconducting
order (SC) is enhanced until 7, ~ Ty. Above 0.6 GPa, the trend of
Ty is reversed and Ty and T increase simultaneously.

ically with pressure [27,42]. The superconducting volume
fraction stays roughly constant for all measured pressures.
The magnetic transition temperature initially decreases with
increasing pressure, until 7y and 7. become comparable at
approximately 0.6 GPa. For higher pressures, however, Ty re-
verses the trend and increases in concomitance with the
increase of 7.

IV. DISCUSSION

The phase diagram presented in Fig. 3 sets
Sr;VOsFeAs apart from other iron-based superconductors.
While an increase in T (e.g., in LaFeAsO;_,F, [43] and FeSe
[44]) as well as an increase (e.g., in RbEuFe4As, [45]) and
decrease (e.g., in BaFe,As, [46,47]) in magnetic transition
temperatures as a function of pressure have been reported for
other materials, the sudden change of trend in 7y once 7, ~
Ty is a novel feature. The simultaneous increase of Ty and
T. at higher pressures is astonishing as the two orders are
usually antagonistic [16-22,48,49]. FeSe is one of the few
other examples, where Ty and 7. increase simultaneously in
a certain pressure range [24,25]. Please note that, as stated
above, for all measured pressures the magnetic fraction
of the sample stays close to 100% at low temperatures
while the superconducting volume fraction stays roughly
constant, too. Therefore, the magnetic and superconducting
order microscopically coexist in a noncompetitive way. This
is different from a coexistence at a mesoscopic scale that
was reported for other iron-based superconductors (e.g.,
CeFeAsO,_,F, [50]) and cuprates (e.g., Laj 94Srp0sCuO4
[51], YBaQCu306+x [52])

In the following, we discuss possible origins of the peculiar
phase diagram of Sr, VO3;FeAs shown in Fig. 3. A trivial ex-
planation is an accidental coincidence of Ty and 7, at 0.6 GPa
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without a significant coupling of the two orders as reported,
e.g., in [NiggAlg33(OH),][TaS,] [53]. A so far undetected
structural phase transition at 0.6 GPa could be responsible for
the sudden change of trend in 7y. Further experiments are
needed to rule out or confirm the existence of a structural
transition as a function of pressure.

Another, more intriguing, but up to now hypothetical
explanation for the phase diagram of Sr,VOsFeAs is a
coupling of the magnetic and superconducting order. Mea-
surements on a second, although less homogeneous, batch
of Sr,VO3FeAs (T, ~26.5K) from a different source (see
Appendix A) result in a very similar phase diagram. How-
ever, the minimum of 7y as a function of pressure in this
second sample occurs at a slightly higher temperature, which
agrees well with the slightly higher 7, and might hint at
a coupling of the magnetic and superconducting order. In
the following, we discuss a possible mechanism for such a
coupling based on the electronic properties of the FeAs and
Sr, VO3 subsystems. Band-structure calculations indicate that
the hybridization of the V 3d state with the Fe 3d state is
detrimental to the occurrence of superconductivity [30,31]. In
analogy to the Mott transition of V,0; [54,55], it is likely
that the magnetic transition in the Sr,VO; buffer layer is
accompanied by a substantial modification of its electronic
structure and a localization of the V 3d states. With the
therefore reduced hybridization of the V and Fe states, the
Fermi surface would become dominated by the Fe 3d bands
and exhibit the well-known nesting with a wave vector span-
ning the hole Fermi surfaces near I and the electron Fermi
surfaces near the M points [56]. A nested Fermi surface is
believed to be the key feature promoting the electronic su-
perconducting pairing via spin fluctuations in most Fe-based
superconductors [57]. The static magnetism in the vanadium
oxide layer (and the likely reorganization of its electronic
structure) would therefore be a necessary prerequisite for the
occurrence of superconductivity. Evidently, it could be ener-
getically favorable for the system to increase the magnetic
transition temperature to gain superconducting condensation
energy. Such a mutual coupling could therefore lead to the
joint increase of Ty and 7. above 0.6 GPa. The nature of
the change in the electronic structure of the Sr, VO3 layer is,
however, not fully clear to date. Magnetic exchange splitting is
too small to remove the V 3d bands from the Fermi level [29].
Photoemission spectroscopy [58] and DFT calculations with
a GGA+EECE (generalized gradient approximation + exact
exchange of correlated electrons) functional [29] indicate that
the V atoms are in a Mott state below the magnetic transition
temperature. It is known that V,03 exhibits a Mott-Hubbard
transition from a paramagnetic metal to an antiferromagnetic
insulator with decreasing temperature [54,55]. This transition
is monotonically suppressed with increasing hydrostatic pres-
sure, which is in accordance with the initial decrease of Ty in
Sr,VOsFeAs. However, a similar temperature-induced transi-
tion of the electronic structure in Sr, VO3FeAs, if present, has
not been confirmed so far.

V. CONCLUSION AND OUTLOOK

In conclusion, we have shown that long-range magnetic
order microscopically coexists with superconducting order in

Sr,VOsFeAs. Initially, the application of hydrostatic pressure
has opposite effects on the magnetic and superconducting
transition temperatures, decreasing the former while increas-
ing the latter until Ty =~ T, at ~0.6 GPa. For higher pressures,
both transition temperatures increase simultaneously, indicat-
ing the possibility of a cooperative coupling of the two orders.
A possible coupling mechanism via the electronic properties
of the FeAs and Sr, VO3 subsystems has been proposed in this
article. Such a speculative cooperative coupling might be in-
teresting for applications since getting control over one order
would enable modifications of the other. However, alternative
explanations for the phase diagram of Sr, VO3;FeAs without a
significant coupling, e.g., a pressure-induced structural phase
transition, cannot be ruled out, and further experimental and
theoretical work is needed.
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APPENDIX A: COMPARISON WITH SECOND SAMPLE

The pressure dependence of the magnetic and supercon-
ducting transition temperatures was determined by means of
muon spin rotation and relaxation («SR) and ac-susceptibility
(ACS) measurements for a second sample (denoted sample
IT) that was synthesized by a different group within our
collaboration [42]. Sample II has a lower magnetic volume
fraction at low temperatures, and about 10 % of the sample
exhibits a transition already at 100-120 K [Fig. 4(a)]. This
high-temperature transition could be intrinsic or stem from
impurities (e.g., FeAs). All in all, sample I shows a more
homogeneous magnetic response with only one magnetic
transition with a nearly 100 % volume fraction. Therefore,
sample I was chosen to be presented in the main text of this
publication. However, the volume sensitive SR measure-
ments on sample II show that the majority of this sample
(about 70 % of the volume) presents the same features as
sample I, as becomes evident below.

5mT transverse-field (TF) uSR shows that hydrostatic
pressure changes the transition temperature 7y of the main
magnetic transition, but not the low-temperature magnetic
volume fraction [Fig. 4(b)], similar to sample I. ACS measure-
ments under pressure were performed with the excitation and
pick-up coils wound around the outside of a SR pressure cell
[35]. The ACS signal as a function of temperature is shown
in the inset of Fig. 4(b) for different pressures. The supercon-
ducting onset transition temperature 7, was determined via the
intersection of two linear approximations of the data above
and below the transition, in analogy to the dc-magnetization
measurements. 7, increases with pressure, but for the highest
pressure point the transition is broader and not so well defined.
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FIG. 4. (a) Temperature dependence of the magnetic volume fraction for Sr,VOs;FeAs sample I and sample II at ambient pressure
determined by 5mT TF uSR. The error bars are smaller than the data point symbols. A small part of sample II exhibits a transition around
110 K. Further, the magnetic fraction at low temperatures is lower than in sample I. (b) Paramagnetic fraction of sample II as a function of
temperature for various pressures. Roughly 50 % of the signal comes from the pressure cell. The solid lines are fits using a normal cumulative
distribution function assuming a Gaussian distribution of magnetic transition temperatures. Inset: ACS signal as a function of temperature for
various pressures. (¢) Temperature-pressure phase diagram of sample II. While the transition temperatures are different from those of sample I,
the phase diagrams still shows the same qualitative behavior. Ty decreases with pressure until 7y & T... For higher pressures, Ty and 7, increase

simultaneously.

Figure 4(c) shows the temperature-pressure phase diagram
of sample II. 7Ty was determined as the midpoint of a normal
cumulative distribution function fit [cf. Fig. 4(b)]. Both Ty and
T. are in general higher than in sample I. The phase diagrams
of the two samples are qualitatively very similar, though.
Ty initially decreases with pressure until Ty & T.. For higher
pressures, Ty and T, eventually increase simultaneously. The
observed sudden change in the trend of Ty once Ty =~ T, is
therefore not just a feature of a specific batch, but intrinsic to
the Sr, VO3FeAs compound.

APPENDIX B: DC-MAGNETIZATION MEASUREMENTS

The pressure dependence of the superconducting tran-
sition temperature 7, was determined by dc-magnetization
measurements using a commercial superconducting quantum
interference device (SQUID) magnetometer. A CuBe anvil-
type cell with CuBe gaskets and diamond anvils was used for
pressure application in combination with Daphne 7373 oil as
a pressure-transmitting medium. Pressure was determined by

a Pb manometer [37]. Figure 5 shows representative magneti-
zation data for different pressures. The cell contribution was
subtracted and the data were shifted to overlap above 7, for
better comparability. 7, was determined by the intersection of
two linear approximations of the data above and below the
transition. In agreement with the literature data, 7, increases
monotonically with pressure [27,42]. Measurements of the
superconducting volume fraction are relatively imprecise due
to the small sample signal (resulting from the small sample
volume). Nonetheless, from the data it is clear that the super-
conducting volume fraction does not change significantly with
pressure.

APPENDIX C: MOESSBAUER SPECTROSCOPY

5"Fe Moessbauer measurements were carried out in an
Oxford Instruments He flow cryostat in underpressure mode.
The Moessbauer spectrometer consisted mainly of standard
WissEl parts. We used a Rh/Co source with initial ac-
tivity of 1.4GBq and a Si-PIN-detector from KeTek. A
high statistics spectrum was taken at room temperature with
a larger velocity range. An additional ferrocene absorber

was mounted to provide the experimental linewidth at low
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FIG. 5. Magnetization vs temperature for Sr, VO;FeAs at differ-
ent pressures after subtraction of the cell contribution. The data were
shifted to overlap above T, for better comparability.
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FIG. 6. Moessbauer spectra at different temperatures.
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temperatures. All spectra were analyzed in a simultaneous fit
using MOESSFIT [59].

The room-temperature Moessbauer spectrum (Fig. 6) con-
sists of a slightly asymmetric Sr,VOs;FeAs doublet. The
asymmetry can be associated with an FeAs impurity phase,
which was included in the fit using the FeAs-model as pro-
vided in MOESSFIT [59,60]. All four Moessbauer spectra
(T =17,50, 100,293 K) were fitted simultaneously sharing
the same quadrupole splitting of 0.27 mm/s, which cor-
responds to V., = 16.42(4)V/A2. There is no additional
broadening of the doublet or increased hyperfine splitting
comparing 7 and 50K data. It can be concluded that there is
neither static magnetism at the iron atom (upper limit of about
0.1up per Fe) nor significant transferred hyperfine fields of
iron impurity.

The isomer shift with respect to room-temperature iron is
8(T — 0) = 0.563(2) mm/s. This value is slightly enhanced
compared to 0.50(1) mm/s, which is typically measured in
Eul22, (Ca,Na)122, and (Na,La)122 compounds. This can be
interpreted as a reduced covalency of the FeAs-bond, or in
other words, an increased localization of the d-electrons.

APPENDIX D: NUCLEAR MAGNETIC RESONANCE

51y and 7’ As nuclear magnetic resonance (NMR) measure-
ments on SrpVO3FeAs were performed in an applied field
of 7.066(1) T and a temperature range from 10 to 293 K.
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The NMR line shapes, spin-lattice relaxation time 77, and
spin-spin relaxation time 7, were determined by means of
standard spin-echo sequences, with a typical 7 /2 pulse length
of 5 us and recycling delays ranging from 0.1 to 30 s. The line
shapes were obtained via fast Fourier transform (FFT) of the
echo signal, whereas the spin-lattice relaxation times 7} were
measured via the inversion-recovery method. Considering the
selective nature of the applied RF pulses, only the central peak
of the spin-7/2 >'V nuclei and of the spin-3/2 > As nuclei was
excited. The relevant fit formulas for each case are reported
in Ref. [61]. The rather asymmetric positions of the probe
nuclei (V close to the base of an oxygen pyramid and As
at the vertex of an iron pyramid—see, e.g., Ref. [62]) shift
and broaden the satellite lines too much to be detectable. In
fact, in the 7 As case, the quadrupole interaction is so strong
that its central NMR line shows second-order broadening
effects.

1/ T data for B As [Fig. 7(a)] exhibit peaks around 40
and 200K, as reported in Refs. [38,41]. A measurement of
the 7 As line in coarse steps (not shown) shows a shift with
temperature below 200 K and a broadening below 100 K, both
in agreement with data from the literature [27,41]. 1/TT data
for 'y [Fig. 7(b)] exhibit a broad peak around 225K and a
drop below ~75K, followed by an upturn below 30 K. The
drop below 75K is relevant, since it coincides with a peak
in the 1/T; dataset for >'V [Fig. 8(b)] appearing at the same
temperature. In contrast to the results reported in Ref. [40],
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FIG. 8. (a) Full width at half-maximum (FWHM) values of the 3'V line as a function of temperature. (b) 3'V-1/T; values as a function of

temperature.
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1/T> of 3'V exhibits a second peak around 150 K. The 'V
line barely shifts with temperature, yet it broadens signifi-
cantly at low T [Fig. 8(a)], in agreement with data reported
in Refs. [40,41]. However, no sharp temperature onset is ob-
served for such line broadening.

The shift of the "> As line around 155K is believed to stem
from a charge- or orbital-type order, with no static magnetism
or broken C; symmetry [41]. From the absence of significant
shifts in the 31V line, it was concluded that the V spins remain
disordered down to low temperature, while the peak around
40K in the *As-1/TiT data was attributed to an ordering
of the Fe magnetic moments [41]. Here, however, we argue
that the nuclei carrying a magnetic moment might relax too

fast (at all temperatures) for the standard NMR setup we
used. Due to the inhomogeneity of the sample, the observed
signal might stem from a minority of nonmagnetic V nu-
clei. Consequently, NMR data cannot exclude an ordering
of the vanadium spins. Also, it is not known whether the
high magnetic fields required for NMR influence the magnetic
properties in a significant way. Indeed, >’Fe Moessbauer-
measurement results reported in the literature [28,32] [which,
like uSR results, are obtained under (nearly) zero-field con-
ditions], as well as our own data (Appendix C), both indicate
that the Fe moments do not participate in the static magnetic
order. We therefore attribute the static magnetic order to the
ordering of the V magnetic moments.
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