
 1

実験報告書様式（プロジェクト利用） 

 MLF Experimental Report 
提出日 Date of report 

3/6/2013 

実験課題番号 Project No. 2012P0202 

実験課題名 Title of experiment 

Research on structure and electronic properties of 

functional materials by AMATERAS spectrometer 

実験責任者名 Name of principal investigator 

Takatsugu Masuda 

所属 Affiliation 

Institute for Solid State Physics, the University of Tokyo 

装置責任者 Name of responsible person 

Kenji Nakajima 

装置名 Name of Instrument/（BL No.） 

AMATERAS 

利用期間 Dates of experiments 

1/4/2012 – 31/3/2013 

 

 

１．研究成果概要（試料の名称、組成、物理的・化学的性状を明記するとともに、実験方法、利用の結果得ら

れた主なデータ、考察、結論、図表等を記述してください。 

Outline of experimental results (experimental method and results should be reported including sample 

information such as composition, physical and/or chemical characteristics. 

Sample information:   

Tb2Ir2O7 (Tomiyasu) 

PrRh2Zn20 (K. Iwasa et al. 

Rb2Cu2Mo3O12 (Masuda) 

YBaFe4O7(Kamazawa) 

TbMnO3 (Sagayama Arima) 

Cr (Hiraka) 

Research summary of each group:  

1. Tomiyasu group.  

  We aim to develop the concept of frustration in conductors beyond in insulators and that further beyond 

it. A pyrochlore-type oxide R2Ir2O7 (R = Nd, …, Ho) exhibits a metal-insulator transition, in which its 

insulating phase is regarded as the Mott insulator with spin-orbit interaction of Ir [K. Matsuhira et al., JPSJ 

80, 094701 (2011)]. Further, if the magnetic spatial correlation is of all-in all-out type, not spin ice that has 

been often observed in pyrochlore frustrated insulators so far, this system is expected to provide a key 

information to realize a novel three-dimensional topological insulator. Very recently, such a type of 

magnetic long-range structure was discovered by neutron diffraction and resonant x-ray diffraction [K. 

Tomiyasu et al., JPSJ 81, 034709 (2012); H. Sagayama et al., PRB 87, 100403(R) (2013)].             

This time, we further studied electric and magnetic states in the system. However, the further neutron 

approach is quite difficult for Ir system because of its high absorption and low magnetic moment. 

Thus, we tried to develop a method to utilize a crystalline electric field and an internal 

magnetic field at R sites as a local probe like NMR and NQR. Figure shows our experimental 

results of Tb2Ir2O7 measured on BL14. High quality data of crystalline electric field 

excitations are observed. Now is under analysis. 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

 

Fig. 1 Inelastic neutron scattering data of Tb2Ir2O7 measured on BL14. 

 

2. Iwasa group 

 Recently, the f-electron compounds PrT2Zn20 (T = Ir, Ru, Rh), which crystallize into the Fd-3m cubic structure, 

become attractive because of multipole ordering and characteristic conductivities (T. Onimaru et al.: JPSJ 79 

(2010) 033704, PRL 106 (2011) 177001). Among them, PrRh2Zn20 exhibits a simultaneous phase transition to 

superconductivity and a quadruple ordering at 0.06 K (T. Onimaru et al.: PRB 86 (2012) 184426). It undergoes 

also a structural phase transition at approximately 140 K. In order to shed light on these properties, we measured 

magnetic excitation spectra in PrRh2Zn20 by using the cold-neutron disk-chopper spectrometer AMATERAS 

(BL14) under the support of present research project (K. Iwasa et al.: JPSJ 82 (2013) 043707). Figure 2 shows 

the scattering functions derived from integrated intensities (Q = 1.7 - 1.9 Å-1). The background intensity 

estimated from the measurement of an empty sample cell was subtracted. There are two sharp excitation peaks at 

approximately 2.7 and 5.8 meV in the 4.9 K data. Additional peaks at 3 meV at the shoulder of the 2.7 meV peak

and at 4 meV appear at elevated temperatures. Such distinct excitation peaks are attributed to single-site 

excitations between crystal-field (CF) splitting levels of Pr 4f2 electron configuration. We analyzed the results 

based on the CF Hamiltonian. However, no satisfactory result is obtained within the model based on the 

point-group symmetry of Td at the Pr sites in Fd-3m. Thus, symmetry lowering at the Pr-ion sites accompanies 

the structural phase transition near 140 K. We examined the local cubic point-group symmetry T (23) involved in 

a few subgroups of Fd-3m. The least-squares fitting results reproduce the whole data as shown by lines in the 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

figure. The CF scheme is determined as G23 (0 meV) - G4
(1) (2.67 meV) - G4

(2) (5.78 meV) - G1 (6.77 meV). The 

transition probability between G23 and G1 is zero. We propose the local symmetry of T (23) around Pr ion sites in 

the low-temperature phase. The well-defined CF scheme with the non-Kramers doublet (G23) is common to 

PrT2Zn20 (T = Ir, Ru, Rh). This fact means that the quadrupole degrees of freedom of the localized f electrons can 

be responsible for the low-temperature properties. On the other hand, no damping effect of CF spectra is 

significant. The order of energy of interaction between f and conduction electrons is expected to be smaller than 

that in the conventional the heavy-electron system showing quasi-elastic signal. We will go further into a much 

higher-resolution measurement. 

 

 

Fig. 2. Scattering functions of PrRh2Zn20 (K. Iwasa et al.: JPSJ 82 (2013) 043707). 

 

3. Masuda group 

One-dimensional ferromagnetic spin chain with antiferromagnetic next-nearest neighbor antiferromagnetic 

interaction is one of recent interests in geometrical frustrated systems. Several theories predict that the system 

exhibits rich phases including Haldane dimer, vector chiral, nematic, etc. Meanwhile, interchain interaction in 

model compounds has hindered the experimental study on the quantum phases. Rb2Cu2Mo3O12 is a rare 

experimental realization of the ferromagnetic frustrated chain with negligibly small interchain interaction. Bulk 

susceptibility and magnetization measurements show typical behaviors of the frustrated system and no magnetic 

order is observed down to 3He temperature. Spin gap of about 0.2 meV that could be ascribed to Haldane-dimer 

gap was observed. Here we performed cold neutron scattering experiment to reveal the low energy 

gap-excitations of the compound. 

 Figure 3 is the neutron spectrum obtained at AMATERAS spectrometer. Incident neutron energy is 2.63 meV 

and the temperature is 1.5 K. Well-defined gap excitations are observed at 0.2, 0.4, and 0.6 meV. The intensities 

of them showed the maxima at q = 0.5 Å and they are suppressed with the increase of q. The results mean that 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

the gap-excitation is of magnetic origin. The magnitude of the gap is consistent with those observed in bulk 

measurements. The wave number of the maxima is kic = 0.12 in reciprocal lattice unit along the crystallographic

b direction, which corresponds to the spin chain direction. Thus the realized phase in this compound is identified 

as an incommensurate Haldane-dimer instead of the Haldane dimer phase. Our study is the first experiment that 

elucidates the existence of the novel quantum phase in the frustrated chain. 

 

 

Fig. 3 Inelastic neutron scattering spectrum of Rb2Cu2Mo3O12. 

 

4. Kamazawa group 

 Research of frustrated system has long history. Nevertheless the essence has not been clarified. 

The principal investigator has a hypothesis "the essence of frustration brings nonlinear effect to 

the system"  from a decade ago. In order to prove this step by step, we have been carrying out the 

research for frustrated magnetic system strategically. Then, this time we have performed neutron 

scattering measurements using YBaFe4O7 powder sample at AMATERAS. A Cubic 1147 ferrite 

RBaFe4O7 has a pyrochlore lattice, and it can change R site systematically. Therefore, compared 

with a spinel or pyrochlore, it is considered to be the best system to clarify the essence of the 

frustration. However, RBaFe4O7 is a new system which was found recently, and research of 

neutron scattering has not been done by anyone yet.  The main purpose of this study is to obtain 

overview of excitation level and to identify which position is promising S(Q,W) position to chase 

down the hybridization effect.  

In Fig.4, S(Q,E) maps for several temperatures are displayed. Here incident energy were 

6meV(a)~(c), and 27meV(d). Dispersion-less flat excitation mode appeared around E=1~2meV, and 

the Q range was 0<Q<1.2A-1. Also, weak intensity can be seen by Q> 3A-1. We consider this 

excitation as a magnon-like mode which fails to become real magnonThis is because the similar 

excitation can be seen in spinel system widely, although the interpretation is different from author
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１．研究成果概要（つづき） Outline of experimental results (continued). 

to authors. Fig. 3 (c) shows energy spectra which obtained from cutting S(Q,W) map along energy

axes at 0.7<Q<0.8 . With increase temperature toward Tn(g)~45K, the inelastic scattering marges

to E=0meV. This feature is fitted by a dumped harmonic oscillator function. 

 

 

 

 

At the temperature more than Tg, strong magnetic diffuse scattering can be seen around Q~1.2A-1. (See 

Fig.4(c)). Magnetic diffuse scattering of this Q position indicates that the system has antiferromagnetic 

correlation in the nearest neighbors of the pyrochlore lattice. 

Now, it is found that quasi-elastic scattering is accompanied by the magnetic diffuse scattering. It indicates that 

the full magnitude of a quasi-elastic ingredient exists around T~100K, when we pay attention to the temperature 

dependences of energy spectra (Fig. 4 (b) Q= 0.7), and also suggests one more magnetic transition likely to exist 

around 100K. This is also considered to relate to the anomaly around 100K in the magnetic susceptibility. 

The transition of 100K is presumably considered to be the charge ordering of Fe3 and Fe2+, and those are 

located on Kagome and triangle lattice arranged by 3:1, respectively. 

 Furthermore, from Q-Emap (See Fig. 4) of Ei=27meV, very wide flat excitation mode can be confirmed around 

6-9meV and 12-15meV. Since the excitation to 5meV of this Q=2-3A-1 corresponds to the second peak position 

of magnetic diffuse scattering, it is considered to be the excitation which accompanies it.  

Fig. 4(a) 

Fig. 4(b) 

Fig. 4(c) 

Fig. 4(d) 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

Although, with increasing temperature, these flat excitations disappear apparently(Fig. 5), the quasi-elastic 

scattering which accompanies magnetic diffuse scattering becomes strong, and just  looks relatively weak, in 

fact. Since the Bose factor correction is inapplicable to quasi-elastic scattering, the possibility of the phonon at a

high temperature cannot be eliminated here.  

In summary, the powder with a pyrochlore lattice of YBaFe4O7 ferrite was observed by AMATERAS, and

diffuse scattering and excitation characteristic of the frustrated system were observed. This time, it turned out 

that this S(q, w) is a position which should be chased down further, and a place where a possibility that mode- 

mode hybridization (magnon- magnon or phonon- magnon) of excitation will arise. The strong signal which 

remains around  Q~4A-1 and the E~12meV has not been clarified yet. 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

5. Sagayama and Arima group 

Recent spectroscopic studies for a variety of multiferroics endowed with both ferroelectric and magnetic orders 

have revealed the possible emergence of “electromagnon”, which is the electric-dipole active magnetic 

excitation. Especially, electromagnons in a representative multiferroic material TbMnO3 have been intensively 

investigated. Ferroelectric polarization P of TbMnO3 originates from spiral ordering of Mn3+ moments rotating in

the bc plane with a propagating vector q = (0 q 1) (q~0.275) below 28K. Pimenov et al. have measured the

optical absorption spectrum and found electromagnon at 2.5 meV in the ferroelectric phase. The origin of the

electromagnon is still open questions. To clarify the mechanism of electromagnon in a microscopic view, we

performed conventional inelastic neutron scattering experiment on single crystals of TbMnO3 in the ferroelectric

phase. 

Six single crystals grown by the floating zone method were aligned in an aluminum cell for neutron scattering 

experiment by using high-energy x-ray Laue method at ISSP, The University of Tokyo. It was cooled down by a 

He4-closed-circle type refrigerator and was mounted on the spectrometer with the c-axis parallel to the vertical 

sample-rotation axis, phi. Ei were tuned to be 6.4, 11, 27 meV with 5% resolution at dE = 0. TOF data were 

collected for 1 hour at every 2 degree of phi from 0 to 120 degree. We combined and graphed out the data by 

using UTSUSEMI. 

We have surveyed magnetic excitations corresponding to the electromagnon at E = 2.5meV. Figure 6 shows a 

counter map of the inelastic neutron scattering intensities in hk0 plane in transfer energy range between 2 and 2.5 

meV observed at 13K. Large intensities are found around crystallographic gamma points. Figure 7 shows a 

counter map of the inelastic neutron scattering intensities around (1-10) as function of energy and k. Two 

bowl-shaped dispersions possessing energy gap 1.5 and 2.5 meV are clearly found. Theoretical analysis to 

identify the magnetic excitations is now in progress. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. A counter map of the inelastic neutron scattering from TbMnO3 in (h k 0) plane measured at 

13K. The intensities in energy range between 2 and 2.5 meV are binned. 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

Fig. 7. A counter map of the inelastic neutron scattering from TbMnO3 as function of energy and k 

around (1 -1 0) measured at 13K.  

 

6. Hiraka group  

The spin-density wave in Cr is one of the most fascinating subjects in condensed matter physics. Below T_N= 

311 K, an incommensurate antiferromagnetic structure develops due to a transverse spin-density wave (T-SDW) 

with the moments oriented perpendicular to the ordering wave vector, Q_0. At T_sf = 121 K, a spin-flop 

transition takes place to a longitudinal spin-density-wave (L-SDW) phase with the moments along Q_0. So far, 

its spin fluctuations have been intensively studied by means of triple-axis spectroscopy, especially in the 

low-energy region. One of unsettled issues in Cr is a so-called “Fincher-Burke mode”, which appears only in the 

T-SDW state; a corresponding mode in the L-SDW state has not been reported yet. (Fig. 8) 

We have carried out inelastic neutron scattering experiments using a large single crystal of Cr (about 4 cc) on 

AMATERAS. By making use of a large solid angle owing to massive detectors in AMATERAS, the 

Fincher-Burke mode was investigated across T_sf over a wide Q space (in particular, three-dimensionally). 

Multiple incident energy of 42, 15, 7, 4 meV was employed with a relaxed energy resolution DE/E ~ 0.1 to gain 

intensity at first. 

 Figure 9 shows low-energy magnetic excitations around (010) in the L-SDW state. The cross sections arising 

from incommensurate Bragg positions at (±�,1,0) are a portion of magnetic dispersive relation with a steep 

slope. Unexpectedly, we observed additional scattering at the commensurate position (0,1,0) in the low-energy 

channel, which has been not reported so far. Such a commensurate scattering was detectable at its equivalent 

position (1,0,0), but the scattering intensity was much weaker than that of (1,0,0). This substantial intensity 

imbalance between (0,1,0) and (1,0,0) magnetic Brillouin zones quantitatively agrees with that for major 

incommensurate scattering; the newly found commensurate scattering must be magnetic in origin with 

longitudinal spin fluctuations. The commensurate scattering intensity in the low-temperature L-SDW state is 

about 1/20 as weak as that in the high-temperature T-SDW state. (A simple estimation based on the thermal Bose 

factor and the difference of transverse/longitudinal modes gives a reduction number of 〜1/7.)  

“Is the low-temperature commensurate scattering connected to the high-temperature dispersive Fincher-Burke 

mode?” A supportive experiment using a fine resolution would be desirable to determine whether the streak-like 

signal at the commensurate position is real or not. 
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１．研究成果概要（つづき） Outline of experimental results (continued). 

 

 

必要に応じて、A4 サイズの用紙に続きを記入して下さい。 
Please use A4-size papers for further reporting, if necessary. 

Fig. 8 

Fig. 9 


