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Fig. 2: Mössbauer spectra of Sr0.5Bi0.5FeO3 
at room temperature (top panel) 
and 4 K (bottom panel). The black 
circles show experimental data, 
and the solid lines show the fit-
tings. [Reproduced from Ref. 2]

Fig. 3: Rhombohedral unit cell of Sr0.5 

Bi0.5FeO3 does not change across 
the charge disproportionation 
transition, given by Fe3.5+ → 0.75 
Fe3.0+ + 0.25 Fe5+, which occurs at 
a temperature, T = 230 K. [Re-
produced from Ref. 2]

chemical pressure effect occurs 
due to Bi3+ ions (ionic radius 
1.03 Å) occupying the A-site 
compared to the larger Sr2+ ions 
(ionic radius 1.18 Å) is at play in 
Sr0.5Bi0.5FeO3. This is consistent 
with the observed low BVS for 
Bi and is expected to suppress 
the intermetallic charge transfer 
transition in Sr0.5Bi0.5FeO3. Indeed, 
this turned out to be the case, 
because no transition to the 
metallic phase could be seen in 
the electrical resistivity as a func-
tion of temperature (Fig. 4). The 

Fig. 4: Temperature dependence of the 
electrical resistivity as a plot of log 
ρ vs. 1000/T. The blue dashed line 
represents a typical semiconduc-
tor behavior given by an Arrhe-
nius equation. The deviation from 
Arrhenius behavior was taken as 
the transition temperature T = 
230 K. [Reproduced from Ref. 2]

electrical resistivity only showed 
a small deviation from a typical 
activated behavior below 230 K, 
consistent with a small anomaly 
seen also in the magnetic suscep-
tibility behavior. The authors thus 
concluded that the charge dis-
proportionation transition occurs 
at about 230 K, and it is coupled 
to an insulator-to-insulator tran-
sition, in contrast to a metal-in-
sulator transition seen in typical 
charge density wave systems.1 
The authors could thus show that 
Sr0.5Bi0.5FeO3 represents a unique 
case of charge disproportionation 
coupled to an insulator-to-insu-
lator transition driven by conduct 
ion band narrowing.2 (Reported 
by Ashish Chainani and Hwo-
Shuenn Sheu)

This report features the work 
of Yuichi Shimakawa and his 
co-workers published in Inorg. 
Chem. 57, 843 (2018).

TPS 09A  Temporally Coherent     
               X-ray Diffraction

•	 X-ray Diffraction
•	 Materials Science

References 
1.	T. Rohwer, S. Hellmann, M. Wi-

esenmayer, C. Sohrt, A. Stange, B. 
Slomski, A. Carr, Y. Liu, L. M. 
Avila, M. Kalläne, S. Mathias, L. 
Kipp, K. Rossnagel, M. Bauer, 
Nature 471, 490 (2011).

2.	P. Xiong, F. D. Romero, Y. Hosaka, 

H. Guo, T. Saito, W.-T. Chen, Y.-C. 
Chuang, H.-S. Sheu, G. McNal-
ly, J. P. Attfield, Y. Shimakawa, 
Inorg. Chem. 57, 843 (2018).

Highlight from the Cold Neutron Triple Axis  
Spectrometer SIKA in 2018
The NSRRC neutron group has ran a user program at the cold triple axis spectrometer SIKA 
since July 2015 at ANSTO in Australia. Here are some results from 2018 in a hope to highlight 
to NSRRC users, that neutrons and SIKA can be useful to them in the coming years.

T he triple axis spectrometer is one of most versatile neutron scattering instrument. With SIKA,1 scientists have 
the option to measure elastic scattering and inelastic neutron scattering. Here are three successful projects 
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Fig. 1: Elastic neutron scattering results from MnP under pressure. The temperature dependence of higher hamornics of double heli-
cal magnetic structure at ambient pressure are shown in panel (b) and (c). [Reproduced from Ref. 2]

which took advantage of SIKA’s capability over the past year. 

Elastic Scattering Experiment to Detect Weak Magnetic Peak on MnP
Shin-ichiro Yano (NSRRC) and his collaborators have been working on the superconducting material MnP using 
both neutron elastic and inelastic scattering under applied pressure.2 They have observed higher harmonics of 
the previously reported double helix magnetic structure at ambient pressure using SIKA. The triple axis spec-
trometer is good instrument to look for weak elastic peaks. In this project, the team measured the temperature 
dependence of magnetic scattering from higher harmonics of the helical magnetic peak, which is 100 times 
weaker than the primary magnetic peak from the helical magnetic structure, see Fig. 1. Detailed temperature 
dependence of the magnetic peaks proved that the pitch of the helical magnetic structure of this system chang-
es with temperature. The pitch of the helix becomes longer while cooling the sample. A similar observation was 
made for the incommensurate magnetic phase in chromium, however the mechanism is still not clear. Not only 
is the cold triple axis spectrometer, SIKA, useful for the detection of weak magnetic and nuclear peaks, but it 
is also a good instrument for the study of the temperature dependence and/or magnetic field dependence of 
these peaks. 

Spin Wave Dispersion from YFeO3 and LaFeO3

Kisoo Park (Seoul National University) and his collaborators have prepared single crystals of YFeO3 and LaFeO3. 
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Fig. 2: Observed spin wave excitation from LaFeO3, YFeO3 at T = 300 K and its comparison with BiFeO3. Solid black lines 
in the picture were calculation of spin wave dispersion discuss in the text above. [Reproduced from Ref. 3]

YFeO3 and LaFeO3 are members of the rare-earth orthoferries family with Pbnm space group.3 Using inelastic 
neutron scattering with SIKA, the low energy spin excitation has been measured around the magnetic Brillouin 
zone center. Splitting of the magnon branch and the finite magnon gaps, are shown in Fig. 2, and observed in 
both compounds. Dzyaloshinskii-Moriya (DM) interactions account for the most of this magnon gap with some 
additional contributions from single-ion anisotropy. SIKA is capable of reaching high resolution necessary to 
allowed scientist to resolve branches of magnon excitations. The spin Hamiltonian described below was used to 
model the data, 

 H = Jc ∑along cSi ∙ Sj + Jab ∑ab planeSi ∙ Sj + J' ∑<ij>DIJSixSi + Ka ∑i(Si
x )2 + Kc ∑i(Si

z )2

 where Jc and Jab represent the nearest neighbor exchange constants along the c-axis and in the ab plane respec-
tively. J’ denotes the exchange constant between the next nearest neighbors. The 4th term represents the DM 
interactions and the last two terms denote the easy axis single ion anisotropy terms to stabilize the G-type anti-
ferromagnetic order. 

As shown in Fig. 2, Park successfully fitted magnon dispersion obtained using SIKA and determined the relevant 
parameters for the spin Hamiltonian model for the two compounds. 

Spin-glass Ground State in a Triangular-lattice Compound YbZnGaO4

Zhen Ma (Nanjing University) and his collaborators visited SIKA to measure the low lying excitation spectrum 
on YbZnGaO4 within a bigger study on quantum spin liquids. There is expected to be a significant amount of 
spectral weight in this geometrically frustrated lattice of corner sharing triangles. Using polycrystalline and sin-
gle crystal samples on a variety of quantum beam lines, they have determined that YbZnGaO4 has a spin glass 
ground state. On SIKA, they measured a 14g polycrystalline sample. They have collected the temperature depen-
dence of integrated scattering intensity with energy scan at specific Q values. They configured SIKA with a fixed 
final energy, Ef of 5 meV and used a cooled Be filter to remover higher order wavelengths. The collimator settings 
were 40’-40’-60’-40’ to help define the neutron beams and improve the signal to noise. Single crystal data tak-
en at PANDD, FRM-II, Germany shown in Fig. 3. Neutron inelastic scattering reveals the dispersive nature of the 
scattering at two different energy transfers in the color contour maps. Their comprehensive measurements and 
analysis of these neutron data provides evidence that it is a spin glass. Based on these results, they suggested the 
spin glass phase is driven by disorder and frustration.                    

The scientific challenges that SIKA can address are numerous and many types of materials have been studied 
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Fig. 3:  (a) and (b) are countour map of the inelastic neutron scattering at E = 
0.3 and 0.6 meV measured at T = 0.47 K measured on PANDA. (c) Mag-
netic dispersion along the M1-K-Γ1 and Γ1-M2-Γ2 high symetry directions. 
(d) and (e) are comparison with calclation. [Reproduced from Ref. 4]

over the past couple of years. For 
example, the measurement of phonon 
dispersion curves is one of most popu-
lar measurements we do. Several users 
are working on thermoelectric ma-
terials to understanding the thermal 
conductivity at the microscopic level. 
Measurements of crystalline electric 
field excitations and dimer excitations 
are also possible using SIKA. Since 
the opening of the user program, the 
number of publications has grown 
steadily. Neutron scattering could be 
an approach to answer the scientific 
challenges that scientists face and it 
covers a wide range of problems. It 
is hoped that the SIKA program has 
opened a different solution to Taiwan-
ese scattering community. (Reported 
by Shin-ichiro Yano)

This report features the work of: (1) 
Shin-ichiro Yano and his colleagues 
published in J. Phys. Soc. Jpn. 87, 
023703 (2018); (2) Kisoo Park and his 
colleagues published in J. Phys. Con-
dens. Matter 30, 235802 (2018); (3) 
Zhen Ma and his colleagues published 
in Phys. Rev. Lett. 120, 087201 (2018). 
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