ay

Correlations and Dynamics of Spins in an XY-Like
Spin-Glass (Nio4sMn,¢)TiOs Single Crystal System

Elastic and inelastic neutron scattering studies of the spatial and temporal correlations of

spins in the XY-like spin-glass state.

pin-glass (SG) systems are examples of frustrated

magnetism and have attracted much interest
as they exhibit a wide range of interesting physical
phenomena, such as history-dependence and diver-
gent nonlinear magnetic susceptibilities. Typically,
the combination of competing exchange interactions
and either site or bond disorder leads to an SG state.
However, in some stoichiometric intermetallic com-
pounds, such as PrAu,Si, and PrRuSis"?, which exhibit
neither static disorder nor a geometrically frustrated
lattice, transition to the SG state has been observed.
Inelastic neutron scattering (INS) studies have shown
that the SG behavior in these systems arises from
dynamic fluctuations of the crystal field levels. These
fluctuations destabilize the induced magnetic mo-
ments and frustrate the development of long-range
magnetic ordering. To date, neutron scattering has
proven to be a powerful tool for elucidating the
nature of static and dynamic magnetic correlations
in the SG state. However, the different behaviors
depending on whether one is dealing with the Ising-,
XY- or Heisenberg-type of SG systems is still a subject
of research.>#In the present work done by Way-
Faung Pong (Tamkang University) and his co-work-
ers,® they focus on an XY-like SG system (Nig4Mngs)
TiO5; (NMTO) that exhibits memory and relaxation
effects and has more recently been reported to exhib-
it linear magnetoelectric (ME) coupling.®
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Fig. 1: Mesh scans around (0, 0, 1.5) reciprocal lattice point at (a) 1.5 K and (b) 30
K at Es=5.5 meV. To remove nonmagnetic contributions, 30 K data were
subtracted from 1.5 K data and results are shown in (c). [Reproduced from

Ref. 3]

Figure 1(a) presents mesh scans of the single crys-
tal of NMTO at E;=5.5 meV around the (0, 0, 1.5)
position at a temperature (T) of 1.5 K. The reciprocal
lattice point (0, 0, 1.5) represents the first antiferro-
magnetic peak in the parent compound, NiTiOs. The
T-dependence of this scattering in NMTO indicates
that it is magnetic in origin similar to that observed in
the neutron powder diffraction pattern. To eliminate
contributions from nonmagnetic nuclear scattering
and higher-order contaminations, data obtained at
30 K (Fig. 1(b)) were subtracted from those obtained
at 1.5 K (Fig. 1(a)). Figure 1(c) displays the pattern
following subtraction. The anisotropy of the pat-
terns in the [0, O, L] and [H, H, 1.5] directions is the
signature of two spin-spin correlation lengths, €. To
determine reliably spatial correlation, § value in both
directions and their dependence on T = Tsg, ENS data
were obtained systematically from 1.5 to 30 K.

Figure 2 displays the T-dependent ENS profiles for
NMTO around the (0, 0, 1.5) reciprocal lattice point
in (a) the inter-plane/layer ([0, 0, L]) direction and
(b) the in-plane ([H, H, 1.5]) direction at several tem-
peratures around Tsg, obtained at Es = 3.7 meV. The
scattering pattern includes a central Bragg-like peak
and background (BG). As the T increases from 1.5 K
to above Tsg, the intensity of central peak decreases,
reaching close to zero at temperatures of above 12
K. The observed patterns are well fitted
by a Lorentzian function, which rep-
resents magnetic diffuse scattering
from the sample with the addition of a
constant BG term. Therefore, the total
scattering function is:

.800.0

AL KL
I(Q)_BG+T[—[—KL2+ ]
where A, and K, represent the inte-
grated intensity and HWHM of the
Lorentzian function, respectively.
Figures 2(a) and 2(b) show fitting
01 results using the above function. Dif-
ferent value of € (€ = K, ') was obtained
in the two directions. At 1.5 K, in the
inter-plane/layer direction, the § is =
(21 +1) A, while in the in-plane di-
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rection itis ~ (73 + 2) A. Figure 2(a) reveals that the
inter-plane/layer § exceeds the distance between the
neighboring Mn/Ni layers (c/3 = 4.7066 A). Generally,
a small € corresponds to the nanometer-scale spin
clusters. These features further indicate that the mag-
netic spin-spin correlations are quasi 2D. The insets in
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Fig. 2: T-dependence of ENS spectra in (a) the inter-layer plane
direction ([0, 0, L]) and (b) in-plane direction ([H, H, 1.5])
between 1.5 and 30 K. [Reproduced from Ref. 3]
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Figs. 2(a) and 2(b) indicate the strong T-dependence
of ¢ and A.. Increasing the T reduces drastically both

€ and A, which are close to zero at 20 K. The increase
in A, below Tsg suggests that the number of antifer-
romagnetically correlated clusters increases as the T
decreases. Further, integrated intensity of the mag-
netic diffuse scattering is proportional to the square
of local sublattice magnetization (order parameter).
Near the SG transition it follows a power-law, | oc (Tsg
- T)?® where B is the critical exponent related to the
order parameter. The integrated intensities along two
directions in the T range from 1.5 to 12 K have been
fitted with the power-law using § and Tsg as fitting
parameters. The continuous lines in the insets corre-
spond to the fitting with B = (0.37 £ 0.02) and Tss ~
(12.4 £ 0.1) K. The value of exponent, (8 is close to XY
model and therefore confirms the XY-like nature of
SG state of NMTO. The value obtained for Tsg is higher
than that obtained from the magnetization measure-
ment due to the non-zero integrated intensity even
above 9.1 K and can be assigned to the slow dynam-
ics of SG systems. To establish the dynamics of the
experimentally observed short-range spin-spin cor-
relations, INS data were collected slightly away from
the (0, 0, 1.5) point to avoid the strong elastic scatter-
ing but sufficiently close to obtain a reasonable signal
from the short-range spin-spin correlations.

Figures 3(a) and 3(b) present the INS spectra as
functions of energy transfer (E) for NMTO from 1.5 to
50 K; two positions (a) (0, 0, 1.52) and (b) (0.01, 0.01,
1.50) corresponding to transverse and longitudinal
displacements from (0, 0, 1.50) reciprocal lattice point
are measured. Owing to the very low intensity of qua-
si-elastic neutron scattering (QENS), the insets in Figs.
3(a) and 3(b) display a magnified view of the tail
region. QENS profiles are indicated by arrows and can
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Fig. 3: INS spectra as a function of energy transfer (E) for NMTO from 1.5 to 50 K in (a) (0, 0, 1.52) and (b)
(0.01, 0.01, 1.50) positions. Insets in (a) and (b) show magnified view that show QENS at T from 1.5
to 12 K, indicated by arrows. [Reproduced from Ref. 3]



be modeled using a Lorentzian func-
tion. The total scattering function is:

AL /—L

n_[fL2+ (hw)? ]

where BG is the background, Yg rep-
resents the resolution-limited elastic
Gaussian component and A, & [, are
the integrated intensity and HWHM of
the Lorentzian function, respectively.
INS data at 50 K are closely described
using a single Gaussian function, but
the tails that arise from QENS are well
fitted using a single Lorentzian com-
ponent. Therefore, all INS data were
analyzed using the aforementioned
function. The HWHM s of the elastic
Gaussian components (instrumental
resolution) are (0.029 + 0.007) and
(0.030 +0.007) meV for (0, 0, 1.52)
and (0.01,0.01, 1.50) positions. These
HWHMs are determined using vanadi-
um scans under similar conditions and
held fixed during fitting.

(w)=BG+ Y _+

Figures 4(a) and 4(b) plot the varia-
tions of the obtained parameters A,
and [, as a function of T for the two
positions. Figures 4(c) and 4(d) show
the elastic Gaussian contributions (Ag
and ). The Ag of the elastic Gaussian
component remains nearly constant
for T =20 K but starts to increase
rapidly as the T falls below 12 K. These
results indicate that for the two posi-
tions, the integrated intensity of the
quasi-elastic Lorentzian component is
zero for T= 20 K, but that of the elastic
Gaussian component is almost con-
stant for T = 20K with a HWHM that

is still comparable to the instrumental
resolution. The T-dependence of the
integrated intensity of the QENS (A,)
profiles is similar to those observed for
some other SG systems and attributed
to the slow dynamics of the spin cor-
relations. However, the spin-relaxation
rates () decrease drastically as the T
falls below Tss. The rapid decrease of
the relaxation rate below Tss has been
observed in many SG systems and
saturates for T <5 K to a value that

is close to the resolution limit of the
instrument. The spin-relaxation rates
at 10 Kfor (0, 0, 1.52) and (0.01, 0.01,
1.50) positions are [~ (0.21 + 0.01)
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Fig. 4: T-dependence of half width at half maximum (/. and Ic) and integrated
intensities of Lorentzian (QENS) and Gaussian (central elastic) components
in (a) & (c) (0,0, 1.52), and (b) & (d) (0.01, 0.01, 1.50) positions. [Reproduced
from Ref. 3]

and = (0.16 £ 0.02) meV, respectively. The life-time of the dynamic
correlations, Tt~ h/l, are approximately (16 = 1) and (16 = 2) ps at 10
K for the two positions, which are comparable to those of typical SG
systems. However, the abrupt increase in the intensity of the elastic
Gaussian component as the T falls below 12 K reveals that there are
two magnetic contributions in the NMTO: first, short-range spin cor-
relations give rise to QENS and can be described using a Lorentzian
function and second, a slower component that appears static within
our instrumental resolution can be described using the Gaussian
function.

In summary, a XY-like SG system, NMTO, with ME coupling was stud-
ied using various experimental techniques. Magnetization measure-
ments show that the SG state of NMTO is stable below Ts = 9.1 K.
Neutron powder diffraction experiments verify strong magnetic dif-
fuse scattering around the (0, 0, 1.5) reciprocal lattice point at 1.6 K
which correlates with the AFM zone centre of the parent compound.
ENS experiments on a single crystal of NMTO also reveal magnetic
diffuse scattering around the (0, 0, 1.5) reciprocal lattice point for T <
12K. The small values of § provide the evidence that magnetic cor-
relations are quasi 2D. Moreover, critical exponent () obtained from
the intensity of magnetic diffuse scattering lies close to the XY spin-
glass system. INS results suggest that the dynamics of the spins start
to freeze for the both positions below Ty, saturating at values that
are close to the instrumental resolution. The life-time of the dynamic
correlations, T~ h/I_are approximately (16 + 1) and (16 + 2) ps at 10
K for the (0, 0, 1.52) and (0.01, 0.01, 1.50) positions. Therefore, the
detailed investigation of T-dependent magnetization, powder neu-
tron diffraction, ENS and INS data herein reveal that short-range-or-
dered antiferromagnetic clusters with slow spin dynamics are char-
acteristics of the SG state of NMTO. (Reported by Shang-Hsien Hsieh,
Tamkang University)
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This report features the work of Way-Faung Pong and his collaborators published in Phys. Rev. B 95, 024425 (2017).

ANSTO-CG4 SIKA - Cold Neutron Triple-axis Spectrometer

* ENS, INS, QENS

e Materials Science, Solid State Physics, XY-like Spin Glass

References

1. E. A. Goremychkin, R. Osborn, B. D. Rainford, R. T. Macaluso, D. T. Adroja, and M. Koza, Nat. Phys. 4, 766 (2008).
2.V.K. Anand, D. T. Adroja, A. D. Hillier, J. Taylor, and G. André, Phys. Rev. B 84, 064440 (2011).
3.R. S. Solanki, S. H. Hsieh, C. H. Du, G. Deng, C. W. Wang, J. S. Gardner, H. Tonomoto, T. Kimura, and W. F. Pong,

Phys. Rev. B 95, 024425 (2017).

4.Y. Yamaguchi, T. Nakano, Y. Nozue, and T. Kimura, Phys. Rev. Lett. 108, 057203 (2012).
5.Y. Yamaguchi, and T. Kimura, Nat. Commun. 4, 2063 (2013).

Orbital Anisotropy Drives the Charge-Density
Wave Transition in SrFeO;.5

From a combination of experiments, it is shown that orbital anisotropy is the origin for the
temperature dependent anisotropic electrical transport, magnetization, nearest neighbor
Fe—O bond lengths and linear dichroism in a single crystal perovskite oxide SrFeO;.s across

the charge density wave transition.

ransition metal compounds (TMCs) form an ex-

tremely important class of compounds in the field
of strongly correlated electron systems due to their
wide range of tunable properties. Among TMCs, the
large variety of fascinating properties exhibited by
perovskite oxides, such as high-temperature super-
conductivity, spin- and charge-order, colossal/giant
magnetoresistance (CMR/GMR), etc. makes it one of
the most attractive family of compounds for materi-
als research. It is well-accepted that the tunability of
their properties arise from the tunability of transition
metal-ligand chemical bonding. However, it is chal-
lenging to experimentally probe the direct connec-
tion between the temperature dependent electronic
structure changes across phase transitions with the
transport, magnetic and crystal structure changes
in such materials. In this article, we discuss a very
important study on a classic perovskite oxide system
SrFe0s.5, which displays a rich phase diagram as a
function of temperature and oxygen content.

It is well-known that the structural, magnetic and
transport properties of the perovskite SrFeOs5 vary
significantly with oxygen content and the valence
state of Fe.™ The known phases of SrFeOs 5 include
stoichiometric SrFeOs (6 = 0), which has a cubic per-
ovskite structure with a valence state of Fe*, the
mixed valent oxygen-deficient phases with tetragonal
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Fig. 1: Temperature-dependence of electrical resistivity of a
single crystal of SrFeO,s1, measured in ab-plane and
along c-axis. Right inset shows temperature-dependence
of magnetic susceptibility (y) measured along c-axis in
ZFC and FC runs in a magnetic field of 1 Tesla, and left
inset presents room-temperature x-ray diffraction profile
showing (004) Bragg peak obtained in 8-scan. [Repro-
duced from Ref. 5]

(6 =0.125) and orthorhombic (6 = 0.25) structures,
and the purely Fe3* brownmillerite (& = 0.50) phase.
In the oxygen-deficient SrFeOs 5 systems, giant
negative magnetoresistance has been observed

in the tetragonal phase, which coincides with a
charge-density-wave (CDW) and magnetic ordering





