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High pressure resistance, susceptibility and Fe Kβ x-ray emission spectroscopy measurements
were performed on a Fe-ladder compound BaFe2Se3. The pressure-induced superconductivity was
observed which is similar to the previously reported superconductivity in the BaFe2S3 samples.
The slope of local magnetic moment versus pressure shows anomaly across the insulator-metal
transition pressure in the BaFe2Se3 samples. The local magnetic moment is continuously decreasing
with increasing pressure, and the superconductivity appears only when the local magnetic moment
value is comparable to the one in the iron-pnictide superconductors. Our results indicate that
the compressed BaFe2Ch3 (Ch=S, Se) is a new family of iron-based superconductors. Despite the
crystal structures completely different from the known iron-based superconducting materials, the
magnetism in this Fe-ladder material plays a critical role in superconductivity. This behavior is
similar to the other members of iron-based superconducting materials.

PACS numbers:

Iron-based superconductors provide a fertile play-
ground for sorting out the effects of the magnetic de-
gree of freedom on the superconductivity[1, 2]. The
magnetic fluctuations instead of electron-phonon cou-
pling were suggested as a pairing glue in the iron-based
superconductors[3, 4]. Both a local moment scenario and
itinerant models have been invoked to establish the na-
ture of magnetism in these materials[5]. The iron-based
superconductors have been interpreted as a family of ma-
terials in a proximity to a Mott transition, similar to the
cuprate materials [6–8], which favors the local moment
approach. Thus, directly probing the local magnetic mo-
ment is a crucial component in solving the mechanism of
the high TC superconductivity in iron-based supercon-
ductors. The neutron scattering is usually used to detect
the local magnetic moments. However, it requires a large
quantity of sample, thus limiting its application, espe-
cially in the high pressure experiments. A bulk-sensitive
method of x-ray emission spectroscopy (XES), which can
detect the local magnetic moment of Fe in small sam-
ples, has been proven to be a useful method to quan-
titatively obtain the information on the local magnetic
moment of Fe and other transition metal materials.[9–
12]. Although many families of iron-based superconduc-
tors have been discovered until now, the majority of the
iron-based superconductors have a two-dimensional Fe-
square lattice tetrahedrally coordinated by pnictogens or
chalcogens. Recently, pressure induced superconductiv-
ity was observed in an one-dimensional Fe-ladder com-
pound BaFe2S3[13, 14], which provided a quasi-one di-
mensional structural prototype for the studies of iron-
based superconductors. However, whether such super-
conductivity is universal in one-dimensional Fe-ladder
compounds is still unknown. Since high pressure is

needed to induce the superconductivity, a limited num-
ber of the experimental methods can be used in studies of
this material. It remains unknown, whether the mecha-
nism of superconductivity in BaFe2S3 is similar to the one
in other two-dimensional iron-based superconductors. In
this letter we report our results on a similar compound
which help to solve these problems.

The two-leg ladder BaFe2Se3 compound is a semicon-
ductor with the long-range antiferromagnetic (AFM) or-
der around TN = 250 K[15–17]. It adopts the CsAg2I3-
type structure (Pnma space group), which can be con-
sidered as the distorted BaFe2S3 (Cmcm space group)
structure. Each unit cell has two iron ladders along b-
direction which are built by edge-sharing FeSe4 tetra-
hedra. The BaFe2Se3 hosts an exotic block magnetic
order with magnetic moments ( 2.8µB/Fe) aligned per-
pendicular to the leg direction[19–21] (which is analo-
gous to the block AFM order in KxFe1.6Se2[22]) , in con-
trast to the other 123-ladder compounds and the iron-
pnictide superconductors, which exhibit stripe magnetic
order[19, 23, 24]. It is proposed that BaFe2Se3 forms
an orbital-selective Mott phase and is a potential mag-
netic multiferroic with a large ferroelectric polarization,
as predicted by theory[25, 26]. By applying pressure, a
structural transition is induced around 6 GPa, transform-
ing the material to a structure similar to BaFe2S3[18] at
high pressure. However, whether superconductivity can
be induced and how the magnetic moments will evolve
under pressure, is still unknown in this material.

By using the high pressure transport, susceptibility
and XES measurements, we can map out the phase di-
agram and check whether the compressed BaFe2Se3 is
a superconductor. We can also obtain the information
on the local magnetic moment on Fe from the XES mea-
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FIG. 1: (color online). The temperature dependence of the
resistance of BaFe2Se3 at various pressures. (a) The resis-
tance is gradually suppressed during compression. The metal-
lic behavior emerges above 7 GPa. (b) An anomaly around
11 K appears in the metallic state which is possibly due to
the superconducting transition. The transition becomes quite
sharp around 12.7 GPa. The superconducting transition can
be completely suppressed by applying high pressures above
15 GPa. The upper inset shows in more detail the resistance
around the TC . The lower inset shows the magnetic inductive
measurements of the sample with superconductivity (black
line) and without superconductivity (red line).

surements under pressure, which is a crucial contribution
to the understanding of the novel properties of these one
dimensional ladder compounds under pressure. These re-
sults will also help us to understand how the magnetism
is coupled to the superconductivity in iron-based super-
conductors.

High quality single crystals of BaFe2Se3 were grown
by self-flux method[15]. Pressure was applied at room
temperature using the miniature diamond anvil cell for
resistance measurement[27]. Leads are insulated from
Re gasket with c-BN\epoxy mixture[28]. Diamond anvils
with 300 µm culet with sample chambers of diameter 120
µm were used. KCl was used as the pressure transmitting
medium. Pressure was calibrated by using the ruby flu-
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FIG. 2: (color online). The temperature dependence of the
resistance of the BaFe2Se3 sample at various magnetic fields
under the pressure of 13 GPa. The deduced upper critical
field (HC2) is shown in the inset.
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FIG. 3: (color online). The normalized room-temperature
XES at Fe Kβ for BaFe2Se3 at the pressure of (a) 2.4 GPa,
(b) 13.6 GPa and (c) 26.2 GPa as compared with the spectrum
at 30.1 GPa(black line). The difference of the spectra between
26.2 GPa and 30.1 GPa is rather small, thus we can assume
the system is completely tuned to non-magnetic state above
30 GPa.

oresce shift at room temperature. The current is applied
in the bc plane and the magnetic field is applied along
the a-axis direction. Resistance was measured using the
Quantum Design PPMS-9. A single crystal cut with the
dimensions of 65×65×10 µm3 was used for the magnetic
susceptibility measurement. Two single loop coils made
with 2µm thick gold foil were attached on the culets
of the two diamonds respectively. The single loop coils
were insulated from Re gasket with c-BN\epoxy mixture.
One single loop coil was used as the excitation coil with
frequency around 10∼20MHz. The other one was used
as signal coil. The low frequency modulating coil was
wrapped around the cell[29]. The diamond anvils with
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FIG. 4: (color online). The phase diagram of BaFe2Se3 under
pressure. The deduced IAD which is proportional to the Fe
local moment is shown as the red squares (300 K), blue cir-
cles(100 K) and green triangles (17 K) . The slope of magnetic
moment of Fe versus pressure shows anomaly around the pres-
sure at which insulator-metal transition takes place. Further
increasing the pressure, the magnetic moment keep decreasing
and superconducting transition appears at low temperature.

300 µm culets and Be gasket were used for the x-ray
emission spectroscopy (XES) measurements. The XES
measurements were performed at the 16-IDD beamline of
the High-Pressure Collaborative Access Team (HPCAT)
at the Advanced Photon Source at the Argonne National
Laboratory.

The temperature dependence of the resistance under
high pressure for BaFe2Se3 is shown in Figure 1. The re-
sistance shows insulating behavior at low pressures. The
resistance gradually decreases under compression and
an insulator-metal transition starts to appear above 7.3
GPa. At the pressure around 8.8 GPa, insulator-metal
transition temperature shifts to 150 K. Above 10.2 GPa,
the resistance shows a metallic behavior in the whole
temperature range. Meanwhile, the resistance shows a
sudden decrease around 11 K, which is possibly due to
the superconducting transition. This transition becomes
very sharp at pressures around 12.7 GPa, and disappears
above 15 GPa. A non-zero resistance is possibly due to
the non-hydrostatic pressure in the diamond anvil cell
with the solid pressure medium: such behavior is similar
to the BaFe2S3 case[13]. We detected also the susceptibil-
ity signal by using the inductive modulation method[29]
as shown in the lower inset of Fig.1(b). The peak emerges
under 13 GPa which is due to the superconducting tran-
sition. Susceptibility signal shows no sign of transition
at 20 GPa when the superconductivity is completely sup-
pressed.

In order to confirm the superconducting transition, we
have applied the magnetic field to suppress the transition

temperature. Temperature dependence of the resistance
of the BaFe2Se3 sample at various magnetic fields un-
der the pressure of 13 GPa is shown in Figure 2. The
increasing magnetic field gradually suppresses the tran-
sition temperature, which is typical for the supercon-
ducting transition. From these measurements, we ob-
tain the upper critical field (HC2), which is shown in
the inset of Fig. 2. The Tc was determined from the
onset of the resistance drop similar with the inset of
Fig.1 (b). Within the weak-coupling BCS theory, the
upper critical field at T = 0 K can be determined by
the Werthamer-Helfand-Hohenberg (WHH) equation [31]
Hc2(0) = 0.693[−(dHc2/dT )]Tc

Tc. We can deduce that
Hc2(0)∼15.5 T. The combined transport and susceptibil-
ity measurements confirm the superconductivity in the
compressed BaFe2Se3. Our result contrasts with a re-
cent high pressure work on Ba1−xCsxFe2Se3[35], where
no superconductivity or metallization in BaFe2Se3 is ob-
served. Such discrepancy is possibly due to the difference
in the original crystals. The small difference in Ba or Fe
content may dramatically alter the physical properties.
Further high pressure works are needed to solve this dis-
creapancy.

As we know, BaFe2Se3 exhibits AFM order below 250
K with the large local magnetic moments on iron sites.
It is crucial to study the evolution of magnetic moments
under pressure, especially in the superconducting state.
However, the common magnetic measurements methods,
such as neutron scattering, need a large sample volume
which is difficult to accommodate under conditions of
high pressure experiments. In order to obtain the infor-
mation about the local magnetic moments under pres-
sure, we have performed the Fe Kβ XES measurements,
which can probe directly the local magnetic moment on
the Fe site. In order to quantitatively derive the total
local moment from the Kβ line profile, we have used the
integrated absolute difference (IAD) analysis, which has
been successfully performed on the other layered iron-
based superconductors[10–12]. In order to obtain IAD
values, a reference sample with the same local coordi-
nation around Fe without a local magnetic moment is
needed. However, such low-spin samples with the struc-
ture similar to BaFe2Se3 are not available. In order to
obtain the IAD, we have used the spectrum which is
taken at 30.1 GPa as a reference, since high pressure
is known to suppress the local magnetic moments in Fe-
based materials[10, 32]. The Figure 3 shows the typi-
cal normalized room-temperature XES of Fe Kβ spectral
lines for BaFe2Se3 under pressure. We notice that the
difference of the spectra between 26.2 GPa and 30.1 GPa
is rather small, supporting our assumption that the sys-
tem has been completely tuned to a non-magnetic state
above 30 GPa.

We can map out the phase diagram as shown in fig-
ure 4. The deduced IAD value (proportional to the local
magnetic moment) gradually decreases with increasing
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pressure. The initial IAD value is equal to the value mea-
sured in A2Fe4Se5 (A=K, Rb, Cs) at low pressures[12].
Previous results indicate that the magnetic moment of
BaFe2Se3 is about 2.8 µB, which is smaller than the mag-
netic moment of A2Fe4Se5 (3.3 µB). The photoemission
spectroscopy also reveals the coexistence of the localized
and itinerant electrons in BaFe2Ch3[33]. Such small dis-
crepancy is due to the local Fe environment in BaFe2Se3
being different to the one in the layered iron-based su-
perconductors, thus the overall scaling factor is slightly
different. The slope of IAD value shows anomaly around
7.5 GPa, near the insulator-metal transition in the sam-
ple. This pressure is also quite close to the pressure at
which the structural transition occurs[18]. By increas-
ing the pressure, the bandgap is gradually decreased,
and the local moment gradually becomes itinerant. The
superconductivity emerges for the IAD value between
0.06 and 0.1 (∼0.7 µB to 1.3 µB). The deduced mag-
netic moment is similar to the one in the iron-pnictide
superconductors[12]. The IAD value becomes small after
the superconducting transition is completely suppressed.
These results indicate that the magnetism plays an im-
portant role in the superconductivity and the mechanism
of the superconductivity for the BaFe2Se3 might be sim-
ilar to the other iron-based superconductors. We also
performed high pressure XES measurements at low tem-
peratures as shown in Figure 4. The IAD values mea-
sured at the temperatures of 17 K and 100 K exhibit the
same pressure dependence as the room temperature data,
which indicates that the local moment almost does not
change with the temperature. The critical pressure at
which the IAD value drops is shifting to a slightly higher
pressure when the temperature is decreased. It is consis-
tent with the insulator-metal transition shown in Figure
1.

The observed insulator-metal transition takes place
when the local magnetic moment is decreasing. The crit-
ical pressure at room temperature is also quite close to
the structural transition reported previously[18]. Our
results support the intimate relation between the mag-
netism, the crystalline lattice, and the electronic struc-
ture in this material. The magnetoelastic coupling was
suggested as the origin of the structural distortion at am-
bient pressure[17]. The decrease of the magnetic mo-
ment will greatly decrease the magnetoelastic coupling,
thus, within this model, the structure will become less
distorted, and similar to the structure of the BaFe2S3

compound at high pressures. The discovery of the super-
conductivity in compressed BaFe2Se3 confirms that the
BaFe2Ch3 (Ch=S, Se) is a new family of iron-based su-
perconductors, which are similar to the Cu-oxide ladders
that are also superconducting[34]. The exotic magnetic
and superconducting properties make these 123-ladder
compounds an ideal playground to explore the correla-
tions between the magnetism and superconductivity. By
doping K or Cs in BaFe2Se3 material, the crystal struc-

ture can also be tuned to BaFe2S3-type structure[19, 35].
Meanwhile, in such doped materials, the block magnetic
structures change to the strip magnetic structures, which
may be similar to our high pressure case. Although we
can not deduce the magnetic structure from our XES re-
sults, the block AFM structure may also change to the
stripe AFM structure after structural transition. High
pressure neutron scattering measurements are needed to
confirm this assumption. The maximum TC in BaFe2Se3
is lower than the TC in BaFe2S3, which is different from
the other layered iron-chalcogenide superconductors in
which the TC in FeSe-based materials is much higher
than the TC in FeS superconductors[36–38]. It is a pos-
sible that the TC in the BaFe2Se3 material is not opti-
mized, and small local modifications of the structure of
FeSe4 tetrahedra may help to increase the TC .

In conclusion, we have observed the insulator-
metal transition in the compressed Fe-ladder compound
BaFe2Se3, which is accompanied by the change in the
Fe local magnetic moment dependence versus pressure.
The superconductivity emerges above 10 GPa, which is
similar to the behavior of the BaFe2S3 material. The
superconductivity has strong correlation with the mag-
nitude of the local magnetic moment of iron. Our results
directly show that the relatively small magnitude of the
local magnetic moments is crucial to the occurrence of
the superconductivity in this one dimensional Fe-ladder
compound. This behavior is similar to the other layered
iron-based superconductors, which supports the similar-
ity in the mechanisms of the superconductivity despite
the different structural motives in the iron-based super-
conductors.
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