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1. 試料 Name of sample(s) and chemical formula, or compositions including physical form. 

 

Lutetium Ferrite, LuFe2O4, single crystal 1.4 g 

 

 

 

2. 実験方法及び結果 （実験がうまくいかなかった場合、その理由を記述してください。） 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

The sample to be studied had first been oriented and characterized by polarized neutron diffraction at DNS 

(FRMII), with clear magnetic Bragg peaks being observed at 200 K very similar to previously investigated 

(much smaller) crystals. For the 4SEASONS experiment the sample was remounted on a sample holder with 

much less Al, to minimize background, such that (HHL) is the scattering plane. The mounted sample was then 

put in an Al can flushed and back-filled with He, and attached to the cryofurnace, allowing to reach the three 

target temperatures of the experiment (the empty can was measured also to subtract its contribution). Given 

the multiple-incident energy feature we chose a setting with energies 11, 18, 35, and 96 meV. For each 

temperature we measured a 120°slice in omega, which proved sufficient to reach all regions of interest in q-E 

space. We used 1°-steps and 15 min counting per step. In the pre-analysis during the experiment lack of 

intensity (especially in the high-E region) was identified, and we chose 290 K to measure again in order to 

double the statistics. Post-experiment analysis was hampered by software installation problems and is thus 

still not complete (e.g. results below are without background subtraction). 
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2. 実験方法及び結果（つづき） Experimental method and results (continued) 

 

Fig. 1. Scattered Intensity as a function of (HH0) and energy transfer for incident neutron energy 35 meV. The 

data have been integrated along (H,-H,0) from -0.15 to 0.15 and along (00L) from 0 to 6. The results for three 

temperatures are shown: 200 K (left), 290 K (middle), and 350 K (right). The elastic intensity at H~0.7 is 

heavily affected by an Al powder line. 

 

The strongest feature observed is shown in Figs. 1 and 

2, inelastic intensity above (1/3,1/3,L) superstructure 

peaks. In diffraction experiments, superstructure peaks 

due to CO appear at (1/3,1/3,n/2) below 320 K, which is 

replaced by diffuse (1/3,1/3,L) rods at higher T. The 

increased elastic intensity is also visible in Fig. 1, but 

interestingly there is also increased inelastic intensity. 

In polarized neutron diffraction, there is also diffuse 

magnetic intensity at (1/3,1/3,L), replaced by magnetic 

Bragg peaks at (1/3,1/3,n) and (1/3,1/3,n/2) below 240 K. 

Below this temperature, inelastic intensity is 

significantly decreased (Fig. 1 left). We interpret this as 

magnetic moments starting to fluctuate when the 

magnetic phase is left, resulting in intensity shifting from elastic to inelastic. This interpretation is 

in line with short-range correlations seen by neutron diffraction while no static magnetism is seen 

by Mössbauer spectroscopy. In contrast to a previous report on powder inelastic scattering we see no 

indications of a spin gap of several meV, which is surprising given the Ising anisotropy. There is a 

practically vertical in-plane dispersion of inelastic intensity above superstructure peaks. In the 

out-of-plane direction (Fig. 2) the inelastic intensity looks “diffuse” with no dispersions resolvable 

(Fig. 2). In part, this is likely due to the long c-axis (25 A) increasing the requirement for 

q-resolution. We plan to further investigate the features described above with a triple-axis 

spectrometer with polarization analysis to clearly separate magnetic and non-magnetic 

contributions and resolve out-of-plane dispersion. Further in-depth analysis of all the data gathered 

is also planned once we have a stable-running software installation on our cluster computers. 

 

 

 

 

 

 

Fig. 2: As Fig. 1 left, except that 

Intensity vs E and (00L) is shown, 

integrated in (HH0) from 0.2 to 0.4. 

 




