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Absence of nematic order in the pressure-induced intermediate phase of the iron-based
superconductor Ba, gsK 1sFe;As,
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The hole doped Fe-based superconductors Ba; _, A, Fe,As, (where A = Na or K) show a particularly rich phase
diagram. It was observed that an intermediate reentrant tetragonal phase, in which the C, fourfold rotational
symmetry is restored, forms within the orthorhombic antiferromagnetically ordered stripe-type spin density wave
state above the superconducting transition [S. Avci et al., Nat. Commun. 5, 3845 (2014); A. E. Bohmer et al.,
Nat. Commun. 6, 7911 (2015)]. A similar intermediate phase was reported to appear if pressure is applied to
underdoped Ba; _, K, Fe,As, [E. Hassinger et al., Phys. Rev. B 86, 140502(R) (2012)]. Here we report data of the
electric resistivity, Hall effect, specific heat, and the thermoelectric Nernst and Seebeck coefficients measured on
a Bag 35K 15Fe, As, single crystal under pressure up to 5.5 GPa. The data reveal a coexistence of the intermediate
phase with filamentary superconductivity. The Nernst coefficient shows a large signature of nematic order that
coincides with the stripe-type spin density wave state up to optimal pressure. In the pressure-induced intermediate

phase the nematic order is removed, thus confirming that its nature is a reentrant tetragonal phase.
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I. INTRODUCTION

Applying external hydrostatic pressure to the A EFe;As;
(“122”) (AE = Ba,Sr,Ca) family of iron-based superconduc-
tors [1-8] has a similar effect as chemical ion substitution
[9-18]. It serves as a control parameter which suppresses the
static magnetic order of the parent compound and induces
superconductivity. Electron doping can be achieved, e.g., by
substitution of Fe?* by Co* [9,10], while hole doping occurs
upon substitution of Ba’>* by K* [11,12] or Na™ [13]. In
addition, isovalent doping is achieved by chemical substitution
with isovalent ions of different size. The latter can be regarded
as applying internal chemical pressure, which is, for example,
achieved through substitution of As by P [14,15]. Pressure
is regarded generally as a particularly clean way of tuning
materials since only one sample is used for the study of a
particular region of the phase diagram, which normally helps
to minimize reducing the effect of crystalline disorder [8,19].
The normal state of the 122 materials is characterized by both
a nematic order that reduces the rotational symmetry of the
high-temperature tetragonal structure of C4 symmetry to an
orthorhombic twofold C, symmetry, and a spin density wave
(SDW) order that causes a stripe-type antiferromagnetic spin
arrangement in the FeAs layers [20]. There is growing evidence
that the nematic order is an electronically driven instability,
but it remains unclear whether it is primarily the result of
orbital order or spin driven order [21]. Upon doping the parent
compound, e.g., BaFe,As,, the nematic and SDW ordering
temperatures are gradually suppressed, and superconductivity
appears with the maximum transition temperature 7, close to
the concentration where the structural and magnetic transitions
are suppressed to zero [20].

In hole-doped 122 compounds such as Ba; _, K, Fe,As, and
Ba; _,Na,Fe;As,, the phase diagram appears to be particularly
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rich. In Ba;_,K,Fe,As,, a new phase under pressure has
been observed in resistivity measurements in the underdoped
range with x = 0.16-0.19 [22], which appears within the
magnetically ordered state. For example, only a small increase
of T, from 10 K up to ~17 K was observed when pressure was
applied to a sample with x = 0.16 up to 1.25 GPa. For higher
pressure, T, decreased slightly and then saturated at ~15 K
up to at least 2.4 GPa. A second, steplike resistivity drop
occurred above T, with its onset increasing to almost 40 K for
pressure of 2.4 GPa. More recently, it was shown that such an
intermediate phase also appears at ambient pressure in a narrow
doping range between ~24% and 28% of K substitution, and
was associated with a reentrant tetragonal phase [23]. A similar
ambient-pressure reentrant C, phase was previously observed
in Ba; _,Na,Fe;As; [24]. This phase is associated with a spin
reorientation that restores the C, rotational symmetry [24,25],
and has been interpreted as an itinerant double-Q spin density
wave state [26]. It is still unclear whether the force driving
this transition is due to magnetic interactions, or the orbital
reconstruction of the iron 3d states [24]. The pressure-induced
intermediate phase in Ba;_,K,Fe,As, [22] and the reentrant
C4 phase at ambient pressure [23] are likely of similar origin,
and additional data of other physical quantities would be highly
desirable to confirm this.

In this paper we investigate the pressure phase diagram of
a high-quality [23] single crystal of BaggsKy jsFesAs, with
a variety of experimental probes, including resistivity, Hall
effect, specific heat, and the thermoelectric Nernst and Seebeck
coefficients, which we measure under pressure up to 5.5 GPa
in a Bridgman-type pressure cell. This allows us to study the
characteristics of the pressure-induced intermediate phase with
a multitude of techniques that are rarely carried out under
pressure, and to extend the phase diagram up to higher pressure
to reveal the entire pressure range of the intermediate phase.
In particular, the Nernst effect shows a strong sensitivity for
the nematic order that coincides with the stripe-type SDW
order up to optimal pressure. This nematic order is suppressed
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in the intermediate phase, which confirms that the rotational
C4 symmetry is restored analogous to the reentrant tetragonal
phase at ambient pressure.

II. EXPERIMENTAL DETAILS

The Bag 35Ky, 15Fe,As, single crystal was grown from self-
flux in an Al, O3 crucible. Ba and K were mixed with prereacted
FeAs in the desired ratio and filled into the crucible. The
crucible was sealed in a steel container and heated to 1151 °C.
Subsequently, the crucible was cooled very slowly to 1051 °C
at 0.2-0.5 °C/h. At the end of the growth process the crucible
was tilted and slowly pulled out of the furnace to decant
the remaining flux. The exact K content x of the samples,
which typically differs from the starting stoichiometry, was
determined by energy-dispersive x-ray analysis (EDX) and by
four-circle x-ray diffraction.

The high-pressure experiment was conducted in a modified
Bridgman pressure cell in a pyrophillite gasket mounted on
a tungsten carbide anvil with 3.5 mm active diameter [8,19].
As pressure medium, the soft “soapstone” steatite was used.
Although it only offers quasihydrostatic conditions, its use
is essential because of its low thermal conductivity, which
enables us to thermally isolate the samples from the anvils
during the specific heat and thermoelectrical measurements.
At temperatures exceeding 10 K this is difficult with most
common liquid pressure media. The drawback is that our
samples are exposed to some pressure gradients, which are
known to have a rather strong impact on the phase diagram
of Bal22 [6,7]. Pressure gradients can strongly alter the
phase diagram of Fe-based superconductors in the vicinity
of structural phase transitions [6,7]. The applied pressure
was determined with the help of a thin piece of Pb foil,
which served as a manometer by monitoring the pres-
sure dependence of its superconducting critical temperature
[27-30]. With special care taken to ensure a parallel anvil align-
ment and a long waiting time (at least 2-3 days) for the cell to
relax after each pressure change, our Pb manometer showed
sharp superconducting transitions of width A7, < 0.1 K. This
indicates that pressure gradients did not exceed 4 kbar, which
is not much worse than what has been reported for common
liquid pressure media [6]. This is further confirmed by the
similarity of our pressure phase diagram to literature data [22].

A photograph of the experimental setup is shown in Fig. 1
together with a sketch showing the arrangement. Twelve
50 pm thin electric wires were fed through 70 um narrow
grooves in the gasket to electric contacts on the sample, to
a resistive heater at a short distance from the sample, to two
pairs of Au-Fe(0.07%)/Chromel thermocouples in contact
with the samples and to electric contacts on the Pb manometer.
The sample and the wires were placed on a thin disk made
of steatite and fixed with tiny drops of epoxy resin. The Au
wires are simply placed onto the sample and the manometer,
so that the electric contacts will be established when pressure
is applied to the cell. The contacts between the thermocouple
legs were made with a small drop of silver epoxy. After
completion of the setup, it was covered by a second disk of
steatite and some pyrophillite powder was placed to cover the
wires in the grooves through the gasket for electric insulation
from the top anvil.
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FIG. 1. Experimental configuration in the gasket (gray ring on
the edge of the picture) of the Bridgman cell on top of one anvil.
(Left-hand photograph, right-hand sketch.) The dark rectangle on the
right is the Bag g5Ko 15Fe,As, single crystal, contacted by Au leads
and two thermocouples (TC1 and TC2). The light gray stripe on the
left is a foil of Pb in a four-probe resistance configuration that serves
as a manometer.

The electrical transport measurements were performed
using a standard four-probe technique with an ac current source
in combination with a lock-in technique. The specific heat
was measured with an ac temperature-modulated technique
at a high modulation frequency of several hundred Hz up to
1 kHz, to achieve thermal isolation of the sample [8,19,31].
The Joule-heating resistor was used to modulate periodically
the temperature of the sample and a thermocouple was
used to monitor the temperature modulation with help of a
low-noise transformer connected to a lock-in amplifier. The
thermoelectrical measurements were carried out in a similar
way, but using transverse and longitudinal electric contacts
on the sample to measure the Nernst and Seebeck voltages,
respectively. The temperature gradient was determined by
the two thermocouples. Both the Nernst effect and the Hall
effect were measured for positive and negative magnetic
fields applied perpendicular to the FeAs layers to eliminate
spurious longitudinal voltages from an imperfect geometry of
the electrodes. The Nernst effect data were measured during
temperature sweeps at constant magnetic fields of £6 T. The
Hall effect was measured at stabilized temperatures during
field sweeps.

III. RESULTS

Figure 2(a) shows the resistivity of the sample at different
pressures up to 5.5 GPa. At the lowest pressure of p = 0.2 GPa,
T, is indicated by a drop beginning at 14 K. Zero resistivity
is reached at 10 K. A certain change in the slope marks
the beginning of nematic and stripe-type SDW order below
~120 K. The transition is more obvious in the temperature
derivative of the resistivity dp/dT [Fig. 2(b)], which dis-
plays a sharp peak at T;y = 112 K. At higher pressure this
magnetostructural transition is barely visible in the resistivity,
which is likely a consequence of strain-induced broadening
of the nematic transition by our quasihydrostatic conditions.
However, the transition can be traced in the form of a small
bump up to 3.5 GPa in the derivative [Fig. 2(b)]. The normal
state resistivity above Ty is continuously decreasing with
increasing pressure, even above 3.5 GPa where T, begins
to decrease. At higher pressure, the onset of the resistive
T, appears to increase rapidly and saturates at 34 K, but a
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FIG. 2. (a) Resistivity of Ba gsKg 5sFe, As, under various pressures up to 5.5 GPa. The inset shows details at the superconducting transition
in the low-temperature regime. (b) Temperature derivative of the resistivity. The arrows mark the onset of nematic and stripe-type SDW order.

tail of finite resistance remains down to 14 K and vanishes
only at pressures of 3 GPa and higher. At higher pressure, T,
decreases, indicating that the overdoped regime is reached. At
first glance, the overall behavior of T, (p) seems rather ordinary
and the pressure-induced intermediate phase [22] is hidden in
our experiment. The strong drop in the resistivity appears to
be at first glance entirely related to superconductivity, with
the 7, onset increasing up to 34 K at 3 GPa. However, the
long tail of the resistive transition extending down to ~14 K
for pressures of 1-3 GPa indicates that in this pressure range
superconductivity is disturbed, which could be evidence of the
presence of the intermediate phase. This is more evident in
the inset of Fig. 2(a), which shows the transition regime on a
double logarithmic scale. In this plot, a double-step feature at
T, (which we define in the following by the steplike anomaly in
the low-temperature regime) and 7 (defined at the onset of the
upper steplike anomaly) becomes obvious for the data at 2.3,
2.8, and 3 GPa. This agrees with Hassinger’s observations [22],
although the drop in resistivity is much more pronounced in
our experiment. A certain nonhydrostatic pressure component
in our pressure cell likely causes some stress in the sample, and
this may be the reason for the much lower resistivity of this
intermediate phase in comparison to Hassinger’s data [22]. In
our experiment, the intermediate phase involves filamentary
superconductivity, as we will demonstrate later.

In the following experiments, we concentrate on the low-
pressure range up to 3 GPa, for which we have specific heat
and thermoelectric data, and investigate in detail the pressure-
induced intermediate state between 7, and T;.

Figure 3 shows the specific heat at 0.2, 2.3, and 3 GPa. A
sharp BCS-type superconducting transition with 7, = 13.7K
is seen at 0.2 GPa (see lower right-hand inset for details).
The specific heat jump occurs close to the temperature of
the onset of the resistivity drop. At 2.3 and 3 GPa, T, does
not increase, but actually decreases marginally to 13.5 K and
remains at this temperature at 3 GPa, and a further anomaly
appears with a maximum at ~32 K and onset at ~34 K for both
pressures. In the upper left-hand inset, we have subtracted an
approximate phonon background, which shows the presence of
the two distinct anomalies in this pressure range in detail. The

onset of this transition anomaly coincides with the temperature
where the resistance starts to drop in this pressure range. The
specific heat as a bulk thermodynamic probe thus confirms that
a distinct intermediate phase exists between 7, = 13.5K and
Ty = 34 K for this pressure range, which is characterized by a
small but finite resistance. The steplike shape of the anomaly
at 7| suggests that the transition is of second order, in contrast
to the first-order transition that restores the C,4 rotational
symmetry in Ba;_,K,Fe,As, at ambient pressure [23]. This
may, however, be an artifact caused by pressure gradients.
The thermoelectric Nernst effect has been proven to be
a powerful tool for understanding the phase diagram of
superconductors [32-34]. While the Nernst coefficient is
usually very small for ordinary metals in their normal state,
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FIG. 3. Specific heat of Baj 35Ky ;5Fe, As, under pressures of 0.2,
2.3, and 3.0 GPa. The lower right-hand inset shows details at the
superconducting transition temperature 7,. In the upper left-hand
inset, an approximate phonon background has been subtracted. This
clearly reveals the presence of a further anomaly at 7} > 7, in the 2.3
and 3 GPa data.

104516-3



ZHENG, TAM, HOU, BOHMER, WOLF, MEINGAST, AND LORTZ

PHYSICAL REVIEW B 93, 104516 (2016)

'; 10 — Nernst coefficient g 08 T Nemst cosfficient
S Seebeck coefficient T > Seebeck coefficient
= 05 Sondheimer term ‘ 2 0.6 —— sondheimer term
: s
2 c
©

8 8 T,
(%) UJ_ i
< 5. <
> =l

= (o]
~ -0.21

. o
=) -1.04 9
V{ v -0.4-
£ 154 =
4 g -0.64
2 (a) 2.3 GPa > (b) 3.0 GPa
T 20 : : = 08 : :

10 100 = 10 100

T (K)

T(K)

FIG. 4. Temperature dependence of the Nernst coefficient v = N/B in a field of 6 T applied perpendicular to the FeAs layers (black open
dots), the zero-field thermopower (green squares, scaled for comparison), and the Sondheimer term S tan 6 /B (red line) of Bay gsKo.15sFe;As,

at pressures of (a) 2.3 GPa and (b) 3 GPa.

a large positive contribution from vortex motion results in
type-1II superconductors in addition to the regular normal state
contribution, and has been used to monitor the presence of
superconducting fluctuations above 7. [32]. In addition, the
Nernst coefficient is particularly sensitive to nematic order
arising from electronic correlations that spontaneously break
the rotational symmetry, as observed in various cuprate and Fe-
based superconductors [34]. Figure 4 shows the thermoelectric
Nernst (in a 6 T field) and zero-field Seebeck coefficients
measured at 2.3 and 3 GPa. The Seebeck coefficient primarily
mimics the resistivity and drops at both pressures below
~34 K, presumably due to filamentary superconductivity. The
Nernst coefficient shows two distinct anomalies, which we
attribute to the transitions observed at 7, and T in the specific
heat. The fact that the anomaly at 7, appear slightly below
the specific heat transition can be explained by the applied 6
T magnetic field, which typically reduces 7, in underdoped
Ba;_,K,Fe;As; samples by at least 2 K [35]. A pronounced
positive signal appears for both pressures below 7., which
clearly corresponds to vortex motion [32]. The data remain
positive up to 77, although the data at 2.3 and 3 GPa show
a somewhat different behavior in this temperature regime.
At 2.3 GPa, there is a broad positive bump between T, and
Ti. At 3 GPa, a plateau with a finite small positive value is
observed in this temperature range. At 7 the Nernst coefficient
changes abruptly to a large negative signature in the form of
a steep drop when the temperature is increased. Such a giant
normal-state Nernst coefficient is regarded as a signature of
nematic order, which is related to a symmetry-breaking Fermi
surface reconstruction [34]. It has been observed previously
for LaFeAsO;_,F, [33] and CaFe,_,Co,As, [36], but its
magnitude is particularly large here. In the high-temperature
region, the negative signal magnitude decreases gradually and
crosses zero at ~90 K before it saturates at a small positive
value at ~104 K, where the nematic and SDW order vanishes.
The magnitude of this negative contribution is smaller at
3 GPa, which indicates that the nematic and SDW orders
become suppressed rapidly at higher pressure, even though the

antiferromagnetic transition appears only slightly decreased to
~94 K.

The Nernst data further confirm that a distinct intermediate
phase is present between T, and 7. In this phase the strongly
negative contribution observed in the stripe-type SDW phase is
absent. Since this negative contribution is associated with the
nematic order that more or less coincides with the stripe-type
SDW state in Ba;_, K,Fe,As; [34], we can conclude that in
this intermediate phase nematic order is suppressed and it
thus shows similar characteristics to the reentrant C4 phases
observed in Ba;_,K,Fe,As, [23] and Ba;_,Na,Fe;As; [24]
at ambient pressure. The vanishing of the strongly negative
Nernst coefficient in the SDW phase below 7; demonstrates
that the nematic order is suppressed in this phase. Its finite
positive Nernst coefficient points to the presence of mobile
vortices well above the bulk superconducting transition at
T.. We can thus conclude that the intermediate phase is
a reentrant C4 phase such as the one observed at ambient
pressure [23], and that it coexists in our experiment with
filamentary superconductivity.

Figure 5 shows the Hall coefficient at various fixed
temperatures. The magnetic field was applied perpendicular to
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FIG. 5. Field dependence of the Hall coefficient at various
temperatures at pressures of (a) 0.2 GPa and (b) 3 GPa.
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the FeAs layers. Here we compare the behavior at a very low
pressure of 0.2 GPa without an intermediate phase with data at
3 GPa with an intermediate phase. The Hall voltage vanishes in
the entire temperature range below the bulk superconducting
T.. In the normal state it shows the expected linear field
dependence. At 0.2 GPa and 5 K, the Hall voltage is zero in
a field below a characteristic critical field H. ~ 9T, and then
increases gradually. At 8 K, the trend is similar, but with alower
H. ~ 4.5T. At 3 GPa, the Hall coefficient almost vanishes at
20 K, and obviously H. exceeds our available field range at
this pressure. The vanishing Hall coefficient confirms that the
material is still in a superconducting state from a transport
point of view, in accordance with our conclusions from the
Nernst coefficient and the resistivity. At 5 K, a slightly negative
Hall signal is observed, presumably related to vortex flow. It
is interesting that at 30 K the signal increases with a larger
slope first and then goes through a maximum, and finally the
linear normal-state behavior is approached. This characteristic
is absent at higher temperatures. It is obviously related to the
vicinity of the transition from the reentrant C4 phase to the
stripe-type SDW phase and may be a precursor of the Fermi
surface reconstruction associated with the appearance of the
stripe-type SDW and nematic order [37].

IV. DISCUSSION

Under the influence of a temperature gradient and an
electrical field the total charge carrier current density is
J=06-E+4+a-(—=VT), where o is the Peltier coefficient
tensor and o is the conductivity tensor. The resulting transverse
Nernst voltage is then

Ey o axyaxx - axxaxy

N = =
v, T

ey
of + 3,

The solution of the Boltzmann equation leads to the follow-
ing relationship between the electrical and the thermoelectrical
conductivity tensors:

22
a= _n_lﬁa_a . (2)
3 e de|,_,
Substitution into Eq. (1) yields
N:_n_zkéT d tan Oy 3)
3 e e |,

For a single band system, the Hall angle can be expressed
in terms of the cyclotron frequency and scattering time.
Therefore, an alternative description of the Nernst effect is
(38]

72 k3T 0t
3 m* e

v=NB=—

, “

E=EF

where B is the magnetic field. Obviously, the Nernst signal
is zero when the Hall angle is independent of energy. Taking
into account Eq. (3) for the quasiparticle contribution only,
it is clear that two cases lead to observable Nernst signals:
a multiband structure, or energy-dependent Hall angles. The
characteristic Fermi surface of Fe-based superconductors is
responsible for the occurrence of charge carriers of two
opposite signs [20] due to multiple bands. Therefore, it is
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crucial to analyze the quasiparticle contribution to the Nernst
signal. To what extent the Nernst signal is unusual can be
judged from the “Sondheimer cancellation” [38],

Xy 1
u=<“v—5mm)—, (5)
o B

where § is the Seebeck coefficient and 6 the Hall angle. In
an ordinary one-band metal the two terms cancel, resulting
in a vanishing of the Nernst coefficient v. To test whether
the Sondheimer cancellation holds is therefore a powerful
tool to reveal strongly correlated electronic states such as
superconductivity, nematic order, or SDW states. The degree
of violation of the Sondheimer cancellation can be tested
experimentally, by comparing the measured v with the term
Stan 6 /B derived from thermopower and Hall effect data. For
an ordinary metal it would be expected that v is much smaller
than Stan6/B.

In Fig. 4 we added the Sondheimer terms to the plot of
the Nernst and Seebeck coefficients to illustrate the result
of the Sondheimer cancellation. At 2.3 GPa, the absolute
magnitude of v in the stripe-type SDW and nematic state is
much larger than S tan 6 /B. For LaFeAsO, the violation of the
Sondheimer cancellation in this state has been explained by a
Fermi surface reconstruction [33] with spontaneous breaking
of rotational symmetry associated with the nematic order [37].
Upon comparing the magnitude of the negative Nernst signal
with the parent compounds LaFeAsO [33] and CaFe,As; [36],
it becomes obvious that the absolute magnitude of the Nernst
coefficient associated with the nematic order is particularly
large for Ba;_,K Fe,As, in this pressure range, especially
regarding the fact that optimal pressure is almost reached.

The absolute magnitude of the negative signal in the stripe-
type SDW state above T is much larger than that of the positive
vortex contribution in the bulk superconducting state below 7.
Therefore, the positive Nernst coefficient in the intermediate
phase between 7, and 7; cannot originate from a partial can-
cellation of positive and negative contributions. The negative
Nernst signal of the nematic order thus vanishes below T}
and becomes replaced by a positive weak vortex contribution
of superconducting origin. The vortex signal is weaker than
in the bulk superconducting state and the resistivity is finite,
thus identifying a filamentary nature of superconductivity. A
likely explanation is that the transition at 7; into the reentrant
C4 phase is incomplete and some orthorhombic domains
coexist with tetragonal domains in the volume. The pressure
medium in our experiment is less hydrostatic compared to
Hassinger’s conditions [22]. It was reported that the transition
from the nematic SDW phase into a reentrant C4 phase in
Ba;_,Na,Fe,As, is not always complete and some phase
separation with spatially separated orthorhombic and tetrag-
onal regions may exist [25]. This may depend significantly
on the choice of pressure medium. Our data do not supply
any information about the structure or magnetic order in the
intermediate phase, but a likely explanation for our data is the
coexistence of a reentrant C4 phase and a C, minority phase on
a microscopic length scale. The filamentary superconductivity
could be associated either with the C, minority phase, or the
domain boundaries between the two phases. On the other hand,
the volume fraction occupied by the orthorhombic domains
must be very small since the Nernst coefficient does not show
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any sign of long-range nematic order in the reentrant Cy
phase.

At 3 GPa, the sample approaches optimal pressure condi-
tions and the negative Nernst contribution in the stripe-type
SDW phase is much smaller compared to the sample at
2.3 GPa. Indeed, the Nernst coefficient v is now smaller
than Stanf/B and thus the Sondheimer cancellation is no
longer violated. This is in accordance with the expectation that
the nematic order vanishes upon approaching the overdoped
regime.

V. CONCLUDING REMARKS

The multitude of experimental data from different physical
quantities which are rarely available under high-pressure
conditions offers information about the pressure-induced
phase diagram of slightly doped Ba;_,K,Fe,As,. The data
confirm the presence of a pressure-induced intermediate
phase between the onset of bulk superconductivity and the
stripe-type SDW state observed by Hassinger et al. [22], and
extend the high-pressure phase diagram of Ba;_,K,Fe,As;
to higher pressure to reveal the entire range that encloses the
intermediate phase. In addition, our Nernst effect data show
that the nematic order is absent in this phase, thus confirming
that it represents a similar reentrant C; phase as observed
for Ba;_,K,Fe;As, with higher K contents at ambient
pressure. The data further reveal a highly complex interplay
of superconductivity, SDW and nematic order. A compiled
phase diagram is shown in Fig. 6. This phase is referred
to as “filamentary SC+reentrant tet.” In this intermediate
phase, tetragonal regions likely coexist spatially separated with
orthorhombic regions of vanishingly small volume fraction
in which the ordinary stripe-type antiferromagnetic SDW
order is preserved. This coexistence is likely responsible
for the filamentary superconductivity. Note that filamentary
superconductivity within the reentrant tetragonal phase is not
only a consequence of pressure gradients, but is also observed
in samples at ambient pressure [23]. This demonstrates the
need for bulk thermodynamic data to reveal the true phase
diagram of this material class. When the temperature is
lowered, the entire sample goes into a bulk superconducting
state in which the larger positive Nernst coefficient indicates a
liquid vortex phase. At higher pressure, the intermediate state
shrinks and finally disappears at 3 GPa. We added Hassinger’s
data [22] for a 16% K doped sample (stars) in the phase
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FIG. 6. Phase diagram of BaggsKo 15sFe,As, compiled from the
resistivity, specific heat, and Nernst coefficient data (tet., tetragonal;
orth., orthorhombic; SDW, stripe-type antiferromagnetic spin density
wave state; SC, superconducting state). The stars are data taken from
Ref. [22] for Ba0‘34K0.16FezAsz.

diagram shown in Fig. 6, which is in perfect agreement with
our data.

The lower bulk 7, values in the pressure range of the
reentrant tetragonal phase demonstrate that the reentrant Cy
phase competes particularly strongly with superconductivity
under pressure. The onset of filamentary superconductivity
associated with the orthorhombic minority domains can be
taken as an estimation of how high T, could be if the reentrant
C4 phase was absent. The specific heat data, which provide
the bulk thermodynamic values of the transition temperatures,
reveal that the bulk 7, is suppressed as much as ~20 K (from
34 K down to 13.5 K) by the reentrant tetragonal order.
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