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Activity Report on the Utilization of Research Reactors
(Japanese Fiscal Year, 1997)

(Eds.) Masayuki TOYODA and Yoshimi KOYAMA

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 3, 1999)

This is the first issue of the activity report on the utilization of research reactors in the
fields of neutron beam experiments, neutron activation analysis, radioisotope production, etc.,
performed during Japanese Fiscal Year 1997 (April 1, 1997-March 31, 1998).

All reports in this volume were described by users from JAERI and also users from the
other organizations, i.e., universities, national research institutes and private companies, who
have utilized our research reactor utilization facilities for the purpose of the above studies.

Keywords : Research Reactor, Neutron Scattering, Neutron Radiography, Prompt Gamma-ray
Analysis, Neutron Activition Analysis, Neutron Beam, Irradiation
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Magnetic phase diagram of CuGe, Si O,

J. Akimitsu, O. Fujita, M. Nishi', K. Kakurai', Y. Fujii' and S. Katano?,
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The discovery of the compound CuGeO;,
which is the first inorganic spin-Peierls (SP)
material, stimulated many extensive studies in

order to understand its unique physical properties.

The coexistence of the SP state and long range
antiferromagnetic (AF) order in Zn and Si doped
crystals has attracted much attention since it has
been naively believed that this cannot occur at the
same time in a unique phase. Evidence for the
coexistence of the lattice dimerization and the AF
order has, however, been revealed by neutron
diffraction  experiments; both  superlattice
reflections originated from lattice dimerization
and magnetic Bragg peaks are observed below
the Néel temperature (T) in Cu,_Zn GeO, and in
CuGe, ,Si0;. It has also been shown
theoretically with phase Hamiltonian technique
that disorder induced AF order is possible in the
SP state CuGeO, doped with Si and Zn.

Although several experiments on the doping
effect have been performed, there are still some
discrepancies. In the present work, hence, the
magnetic phase diagram of the Si doped system
has been investigated in more detail over a wide
range of the doping concentration. The results
show that the effects of the Si doping on the
magnetic states are rather weak in comparison
with those reported in the previous work on the
other hand, the effects of Si are a little stronger
than those of the Zn doping.

The magnetic moments of Cu?* ions
weredetermined by the magnetic intensities

observed. The effective magnetic moment is 0.21

1 g for 1.0%, and 0.29 1 , for 1.8% sample.
All the data are presented in Fig. 1 (a). The
magnitude of the magnetic moment roughly has a
linear relation with T,. In this figure the
concentration dependence of magnetic moments
for the Zn doping previously reported” is also
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FIG. I. Magnitude of the magnetic moment (a) and the lattice

shown by the ‘dotted line. The results show a distortion (b) as a function of the Si concentration. The solid lines
similar tendency for both impurities. The lattice guides to the eye. The dotted lines indicate the data for the Zn
dimerization along the Cu-chain direction is also 90ped system observed by Martin er al.

obtained. Figure 1 (b) shows the dimerization &
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at 1.5 K which was normalized by the value of
the pure compound. The lattice distortion is
greatly suppressed with the Si doping at low
temperatures as was mentioned before, and
would not be observed over 2.5 % Si. This result
1s quite different from the work on the Zn doping

" which is shown by the dotted line in the figure.

Figure 2 shows the magnetic phase diagram as
a function of the Si concentration. Comparing
with Fig. 1, T, and T, are found to have linear
relations roughly with the magnetic moments and
the lattice dimerization, respectively. The dotted
line in this figure shows the results for the Zn
doping, and similar discussion mentioned above
can be made. For the Si doping, the present
result agrees well with the recent work.”
However, the results show some distinctive
discrepancies with those in the previous works>*
which is shown by the dash-dotted line. The
concentration dependence of T, reported there is
almost twice as large as that of the present result.
On this point, a recent report showed that the
concentration dependence of these transition
temperatures are strongly affected by the
preparation temperature for crystals and
powdered samples. %) The discrepancies with the
previous results, hence, may be caused by a
slight difference of the sample preparation
temperatures. As another possibility, the
difference in the O, deficiency of the samples”
could be pointed out

To conclude, the coexistence of the SP and
AF states in CuGe, ,Si,O, single crystals was
carefully examined by neutron diffraction
experiments. The Si concentration dependence of
the magnitudes of the magnetic moment and the
lattice dimerization were presented for a wide
range of the concentration.
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Hole-induced antiferromagnetic ordering in the spin singlet state of the ladder material :
Sr, Ca,, ;Cuw, ,0,,
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It has long been believed that the ground state
of the two-leg ladder system is a singlet state
called “the spin liquid state” and this has been
confirmed experimentally by the NMR and
neutron scattering measurements. From NMR
(Knight shift) measurements, spin gap values
(ladder) of Sr ,Cu,,0O,,, Sr,CaCu,,O,, and
Sr, ,Ca,, ,Cu,,0,, were reported to be 44 meV,
24 meV and 23 meV, respectively [1]. In inelastic
neutron scattering measurements, on the other
hand, the spin gap of 32.5 meV, 33.5 meV were
observed for Sr,,Cu,,O,, and Sr, ,Ca,, ,Cu,,0,,
[2,3].

Recently, however, we observed the magnetic
long range order by the heat capacity and neutron
scattering measurements. In this paper, we report
the neutron scattering measurements on Sr,.
CaCu,,0,, single crystal at low temperatures
around 2 K. Our experiments revealed the new
results for the magnetic ground state at high Ca
concentration x (x = 11.5) under ambient
pressure. From the specific heat results, we
observed a magnetic long range order at x ~ 11.5
under fairly low temperatures (T ~ 2.1 K)
compared with the spin gap value. Magnetic
Bragg peaks below Ty, were also observed in the
neutron  scattering  measurements on a
Sr, {Ca,, {Cu,,0,, single crystal.

e performed an elastic neutron scattering for
a single crystal Sr,,Ca, ;Cu,,O,,. From this
experiment, we observed a number of Bragg
peaks which appeared below 2 K. Figure 1
shows the typical elastic neutron scattering
results at (1 0 1), (0 1 1) and (h O 12), these
results were plotted after subtracting the intensity
at5 K from that at 1.4 K. We confirmed that the
FWHM of the observed Bragg peaks is nearly
the resolution limit. Figure 2 shows the positions
of the observed Bragg peaks in the reciprocal
lattice space, where the arrow lines and circles
correspond to the lines scanned and the Bragg
peaks observed, respectively. To clarify whether

these Bragg peaks are magnetic or not, we
performed the polarized neutron scattering
experiments for one of the Bragg peaks, (1 0 12),
as shown in figure 3. In both horizontal and
vertical field, we observed the spin-flip scattering
at 1.4 K. These results clearly show that the
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Fig. 1 Typical results by elastic neutron scattering
experiments at (1 O 1), (0 1 1) and (h 0 12) of the
Sr; sCa, sCu,0,; single crystal, these results were
plotted after subtracting the intensity at 5 K from that at
1.4 K.
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neutron scattering measurements in the reciprocal lattice
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observed Bragg peak, (1 0 12), is purely
magnetic. The static magnetic moments directs
almost along the a-axis in the ladder planes by
taking into account of the scattering vector’s
direction and the peak intensity at (1 0 12).

Assuming that magnetic spins in the ladders
are responsible for the magnetic order, the
appearance of (3 0 12) Bragg peak leads to the
ferromagnetic order in the a-c plane, and this
ferromagnetic order aligns antiferromagnetically
in the adjacent layers. However, due to the
absence of (0 k 0) reflection, the possibility of
the ferromagnetic or ferrimagnetic order in the
plane is excluded. Therefore, we conclude that
the spins are antiferromagnetically ordered in the
a-c plane. However, at present stage, we cannot
construct the reasonable magnetic structure in the
ladder planes. The final magnetic structure is
now under consideration.

We emphasize here the ground state of this
system. As described before, inelastic neutron
scattering has directly indicated that the spin gap
energy for the ladders in the Sr, Ca,, ;Cu,,0,,,
the same material in our present experiment, was
found to be 33.5+0.5 meV [3]. Therefore, it is
likely that magnetic order is due to some of the
unpaired spins, breaking up spin singlet states by
introducing the holes into ladders, and these
unpaired spins ordered antiferromagnetically at
low temperature. Accordingly the ground state of
this system at ambient pressure might be one in
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Fig. 3 The experimental results for one of the Bragg peak,
(1 012)of Sr, sCa,, sCu,,0,, single crystalat 1.4 K using
polarized neutrons. Horizontal field corresponds to the
parallel to the scattering vector Q and the vertical field
correspond to the perpendicular to the scattering plane at
the sample position.

which both paired and unpaired spins coexist and
the holes and spins float in a *“ spin liquid sea at
high temperature. These holes are localized at
certain temperature and the spins finally order at
Ty~2.1K.
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Neutron Scattering Studies of the Low-Carrier System CeP under External Field
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CeP is a low-carrier-density semi-metallic
compound with NaCl-type crystal structure.
Recently, Tohoku Univ. group have successfuly
made high quallity single crystal samples of CeP.
In paticular, the de Haas-van Al%hen signal was
detected on samples of batch no.2, 3 and 7 (we
will abbreviate these to “CeP#2” etc.) It has been
revealed by macroscopic measurements such as
magnetization or specific heat measurements that
CeP#2 and CeP#3 show unusual magnetic phase
diagrams under magnetic field or under high
pressure'®, Although the static measurements

ave no definite information about the datailes of
e phass diagrams, our neutron scattering studies
revealed that there are actually defferent phases in
the diagrams. In this report, we briefly show the
recent results of our neutron scatterin
f_x gn’ments on CeP#3 and CeP#7 under extern:
teld.

Fig. 1 shows the phase diagrams determined bg
the neutron diffraction experiments on CeP#
under magnetic field below 6T and under high
pressure below 1.7 GPa. The magnetic structures
in each phases are schematically shown at the
bottom of the phase diagrams, where long and
short arrows indicate the Ce ferromagnetic sheets
with moment values for each Ce ion to be about 2
and 0.7 .
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These two phase diagrams are quite similar.
There is a scalling of 1GPa of pressure to 12T of
magneﬁc field. At zero magnetic field with
ambient pressure, CeP#3 show typical type-I
antifferomagnetic ordering below the Neel
temperature of T,=10.5K, where each
ferromagnetically orderd (001) plane stacks
antifferomagnetically with the direction of the
magnetic moment perpendicular to the plane. The
magnetic moment per Ce atom is estimated to be
0.815+-0.1 ,, a value close to that of a T,
crystal field state Ce™* ion (0.7 y,).

The most prominat feature of the magnetic
structures under magnetic field or under high
pressure is that they are composed of two almost
independent systems: one is the ferromagnetically

coupled 2 i, Ce double-layer lattice and the other
is the I, Ce lattice, which is in the crystal field
¢ double-

Fround state, sandwiched by the 2 pi;
ayers. The former appers with first order nature
below T, and forms a kind of magnetic frame,
while the latter undergoes an antifferomagnetic
ordering below around T, almost independently
within the 2 |1, Ce frame. The interesting point is
that many different magnetic phases appers in a
quite systematic way under high pressure
compared with under magnetic field. This means
that the formation of the 2 u, Ce double-layer

20
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Phase diagrams of CeP#3 under magnetic field and under high pressure.
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lattice is more sensitive to high pressure than
magnetic field. This is also demonstrated by the
fact that, in the magntic diffraction patterns, the
widths of satellite peaks which originate from the
2 y, doublelayer lattice are rather narrower
under high pressure than under magnetic field.
More dgetaﬁ,ed discussions concerning the
experimental results have already given in
separate papers*™®.

The temperature dependence of the ?ecific
heat on CeP#7 was also measured so far. At zero
magnetic field with ambient pressure, type-l
antifferomagnetic ordering temperature of CeP#7
is identical with those of CeP#2 and CeP#3.
Whnen the magnetic field applied, on the other
hand, the transition temperature of T, slightly
decreases compared to those of CeP#2 " and
CeP#3. In addition, the observed peak at T, is
considerably broad, that is, the transition at ’Iﬁz is
not clear in CeP#7. We also carried out the
neutron diffraction experiments on CeP#7 under
magnetic field below 6T. The results show that
there is no such distinct satellite peak as observed
in the diffraction patterns of CeP#3. These facts
mean that, although the dHVA signal is detected
on CeP#7, this sample has less quality for the
formation of the 2 p, Ce double-layer lattice
under magnetic field than CeP#2 and CeP#3. In
the work of this year, we have carried out neutron
diffraction experiments on CeP#7 under high
pressure of 1.2 GPa to investigate the conditon of
the formation of the 2 ﬁpa Ce double-layer lattice.

Fig.2 shows the diffraction pattern of CeP#7 at
the pressure of 1.2 GPa. The magnetic structures
derived from the diffraction patterns are
schmatically shown at the bottom of the figures. It
is cciluit intereiting that, different from the case
under magnetic field, the magnetic structures of
CeP#7 are identical with those of CeP#3 at the
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same pressure value of 1.2 GPa.

The above feature of CeP under magnetic field
and high pressure can be exglaned by the
magnetic polaron model proposed by Kasuya et
al., in which the combined effect of the Wigner
crystallization due to the low carrier density and
the I} %:lt; mixing stabilizes the magnetic polaron
state”. The 2 p, Ce state observed %elow o Can
be understood as the polarized 4f T'; state caused
by the strong magnetic polaron efifect, in which
the Iy level 1s puﬁed down below the I'; crystal
field ground state.

In the framework of the magnetic polaron
model, the increase of T., with increasing
magnetic field is clearly due to the Zeeman energy
gain of the Iy Ce layers. On the other hand, the
successive increase of the ratio of the I'; Ce layers
to all Ce layers under high pressure is due to the
increase of the carrier (p-hole at I" point ) number
as the result of the increase of the p-f mixin
caused by applying pressure. Thus, the increas o
Te, is due to the g—f mixing energy gain. It is
concluded that high pressure more stailizes the
magnetic polaron lattice than magnetic field
because high gﬁ:}fsure is favorable for p-f mixing
energy gam. This is also demonstrated by the
experimental results on CeP#7.
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Fig.2 Magnetic diffraction patterns and magnetic structures of CeP#7 under the pressure of 1.2GPa.
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It is theoretically predicted that Heisen-
berg spins on the kagomé lattice with an an-
tiferromagnetic coupling show large fluctua-
tions at finite temperatures and therefore the
ground state of a kagomé lattice antiferromag-
net is a main subject of experimental study of
low-dimensional magnets. KCr3(OD)s(SOy4)2
(abbreviated to Cr-jarosite, it is not a cor-
rect name, though) is a model compounds of
kagomé lattice antiferromagnet. uSR mea-
surements indicated that spin fluctuation per-
sists even at T=25mK"), while heat capacity
and neutron diffraction experiments suggest
that coexistence of weak magnetic order and
strong spin fluctuations®?. In order to eluci-
date the ground state of Cr-jarosite, we pre-
pared deuterized sample for the sake of reduc-
ing incoherent background from proton and
carried out detailed powder neutron diffrac-
tion experiments.

A powder sample of deuterized Cr-jarosite
was synthesized according to procedures de-
scribed in Ref. 3. Neutron diffraction patterns
were collected on the triple-axis spectrometer
TAS-2 installed at JRR-3M with 2-axis mode
using an ILL-type orange cryostat.

Neutron diffraction patterns measured at
10K are well reproduced by an alunite struc-
ture (R3m) and a small amount of impurity
(water). At 1.5K we observed magnetic Bragg
reflections and confirmed these peaks disap-
peared above 4.0K. The peak width is lim-
ited by instrumental resolution and thus our
sample certainly has a long-range magnetic or-
der. They were indexed on the same rhom-
bohedral unit cell with the chemical one. In
this case, there are three independent mag-
netic moments and, since no (large) net mo-
ment was reported for Cr-jarosite from the
susceptibility measurements?), we can employ
a so-called 120° structure for a model of the

magnetic structure. As shown in fig. 1, there
are two types of triads with opposite chiral-
ity each other. For the case of (a), magnetic
structure factor is a function of the angle ¢,
while for the case of (b) structure factor is in-
dependent of ¢. The observed intensities of
the magnetic reflections are well explained by
model (a) with ¢=45° and model (b) (both
have the same structure factor). The refined
value of the ordered moment was 2.0ug. It is,
however, not easy to construct a spin Hamil-
tonian whose ground state is model (a) with
¢=45°. Similarly, for the case of the model
(b), there is no adequate reason the magnetic
structure lose the trigonal symmetry.
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Figure 1: Two possible models of the magnetic
structure for KCr3(OD)g(SO4),
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Magnetic structure of RbFe(MoOy), and CsFe(504),
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A series of compounds with the chemical for-
mula ATMTI(XV10,), (A : K, Rb, Cs, NHy, M:
Sc, Fe, Cr, Al, rare earth, X: S, Se, Cr, Mo,
W) have layered crystal structures.!) In partic-
ular, for molybdates and sulfates (i.e. X=Mo
and S), the M ions form a simple hexagonal lat-
tice. Hence, if M is a magnetic ion, it is expected
that these compounds are good models of 2-
dimensional (2D) triangular lattice antiferromag-
nets (TAFs). In fact, in high field magnetization
measurements on RbFe(MoQy)2 and CsFe(SO4)2
a clear evidence of one-third plateau, which is a
specific feature of the magnetization process of
2D-TAF, has been observed.?) In this research,
we carried out neutron powder diffraction mea-
surements on RbFe(MoQy)2 and CsFe(SOy4)2 in
order to determine the crystal and ordered mag-
netic structures of these compounds.

The powdered samples of the molybdate and
sulfate were synthesized using a solid state re-
action method and dehydration of corresponding
alum, respectively. The data were collected on
the triple axis spectrometer TAS-2 installed at
JRR-3M guide hall. The cryostat was an ILL-
type orange cryostat. The observed date were
analyzed using Rietveld refinement programs RI-
ETAN and FullProf.

The space group of RbFe(MoOQy); is reported
as P3m1.%'%) Rietveld refinement of neutron pow-
der diffraction patterns at room temperature ac-
tually well converges to Rwp=7.84% under this
space group. We found that a structural phase
transition occured at around 200K. The powder
patterns measured at 15K is well reproduced by a
calculation in which space group P3 is assumed;
Rwp= 7.84% was obtained.

A long range magnetic order sets in at
Tn=3.7K. The ordered magnetic structure is
commensurate in the hexagonal ab-plane and in-
commensurate along the c-axis. The ordered vec-
tor obtained from Rietveld refinement using Full-
Profis (1/3, 1/3, 1/2-8) §=0.052. The observed,
calculated and difference patterns measured at
1.5K is shown in Fig.1. The indices of magnetic
reflections are shown. The vertical bars indicate
nuclear (upper) and magnetic (lower) reflections.

CsFe(SO4)2 was poor in quality compared
with RbFe(MoOQy4)2. It should be mentioned that
refinement using reported space group P321%)
failed. Instead, we used P3 and obtained rather
good convergence Ryp=10.49%. Observed mag-
netic structure is, probably reflecting a imper-
fection of the lattice, coexistence of commensu-
rate phase whose ordered vector is (1/3,1/3,1/2)
and incommensurate one whose ordered vector
is (1/3, 1/3, 1/2-8) 6=0.11. Both magnetic re-
flections have finite width. The magnetic phase
transition is of first order and the transition tem-
perature is 3.6K.
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Figure 1: Neutron powder diffraction patterns of
RbFe(Mo0Qy4)2 at 1.5K
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It is well known that the ordering phenom-
ena of a frustrated magnetic system is strongly
affected by impurities, dislocations and so on.
Jarosite KFe3(OH)g(SO4)2 and related materials
are models of a Kagomé lattice antiferromagnet
and Wills et al. reported that structural disorder
plays an important role for magnetic long range
order of these compounds.)) They proposed an
idea that vacancy at A site (potassium in the case
of jarosite) lift the degeneracy of ground states
and induce a long range magnetic ordering in this
system. We measured three jarosites by means
of powder neutron diffraction and report on the
crystal, magnetic structure and magnetic phase
transition.

Powder specimens of jarosite were obtained by
hydrothermal treatment. One sample was pre-
pared by one of the authors (MT) before?). The
other two samples (one is normal jarosite and the
other is deuterized jarosite) were newly prepared
by another author (YO). The deuterized sam-
ple was settled in 99.75% D20 solutions. Neu-
tron diffraction measurements were performed on
the powder diffractometer HRPD and triple axis
spectrometers TAS-1 and TAS-2 installed at the
research reactor JRR-3M.

The susceptibility measurements showed that
Takano and Oka samples behave differently near
the transition point Tx.3) Refinement of nuclear
structure shows that indeed the Fe and K sites
are not fully occupied and different between sam-
ples. The occupation factors, however, are nearly
unity and the measurements on magnetic reflec-
tion (113) showed no significant difference be-
tween Takano and Oka samples on Ty (66+1K
and 68+1K, respectively) and on temperature de-
pendence of the peak intensities.

The magnetic reflections could be indexed un-
der a rhombohedral unit cell. There are three
independent spins and we employed a so-called
120° structure as a feasible model. Refinement
using this model successfully converged and the
obtained magnetic structure is shown in fig. 1.4
The ordered moments are confined in the ab-

plane. It is noteworthy to mention that the mag-
netic structure consists of only triads of the spins
which have clock-wise chirality. In addition, the
magnetic structure factor depends on the direc-
tion of the triad and weak (01%) reflection con-
firms direction of the ordered moments shown in
fig. 1. This results can be understood if one con-
sider that there is no trigonal symmetry at the Fe
site and straightforwardly we can conclude that
the Fe ions have weak Ising-type anisotropy.
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Figure 1: The best model of magnetic struc-
ture for jarosite KFe3(OH)g(504)2. Only a
(lower/upper) half of the unit cell is shown.
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In recent few years, A3BB'Og type oxides
(A=Ca, Sr --+; B=Ni, Cu, Zn --+; B'=Ir, Pt ---)
with K4CdClg structure!) have been studied from
a view point of one-dimensional magnet.?) These
oxides are composed of alternating chains with
face-shared trigonal prisms (BOg) and octahedra
(B'Og), and these chains are isolated by A ions.
Here we report on ordered magnetic structures
deduced from neutron powder diffraction mea-
surements for two newly synthesized B'=Mn ox-
ides, Caz BMnOg (B=Zn,Ni).

Polycrystalline samples were prepared using
a citrate sol-gel precursor technique and a solid
state reaction in air. Neutron diffraction pat-
terns were collected at the temperatures 300K
and 10K from 5 to 165° in 260 with a step interval
of 0.05° on the high resolution powder diffrac-
tometer HRPD installed at the research reactor
JRR-3M with a wave length 2.3005A. The sam-
ples were contained in vanadium cans with a di-
ameter of 10mm with He exchange gas and cooled
by a conventional closed cycle “He refrigerator.
All diffraction patterns were analyzed using a Ri-
etveld refinement programs RIETAN and Full-
Prof. Temperature dependence of magnetic Brag
reflections was also measured on the triple axis
spectrometer TAS-1 installed at JRR-3M.

The neutron diffraction patterns at room tem-
perature could be indexed with space group R3c.
Although a small amount of impurities were ob-
served, refinements under the same crystallo-
graphic model of Sr3NilrOg® converged to Ryp =
15.78% and Ryp = 11.57% for CazZnMnOg and
Ca3NiMnOQg, respectively.

Both compounds show a magnetic long
range order at 10K. Magnetic Bragg peaks of
Ca3ZnMnQg were indexed with space group R3.
In this space group, we can readily assume
two-site collinear antiferromagnetic structure, as
shown in fig. la. Since (003) reflection is ob-
served, the ordered moments must be contained
in the ab-plane, because only the spin component
vertical to the scattering vector contributes neu-
tron magnetic scattering. Refinement using this
model showed good convergence to Ryp = 13.84%

and Mn magnetic moment 2.43 +0.15up was ob-
tained. The transition temperature Ty was eval-
uated to be 25.5K.

The magnetic structure of CazNiMnQg is in-
commensurate and is represented by a single
propagation vector (0,0,2+4). A relative angle
between Mn- and Ni-sublattice is required to de-
scribe a magnetic structure completely. Since no
(h, k,0) reflections were observed, it was found
that Ni and Mn moments coupleed almost antifer-
romagnetically. Here we assumed that Ni and Mn
moments were antiparallel. Attempt to refine the
incommensurate magnetic structure using Full-
Prof was successful and we yielded Rwp = 13.4%
and § = 0.0185(7). The ordered moments lie in
the ab-plane and the refined values of Mn and Ni
moments are 2.2(2)up and 1.4(2)up, respectively.
The magnetic structure is illustrated in fig 1b. Tn
deduced from (1,1,2+4) reflection was 19K.
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Figure 1: The best models of magnetic structure
for (a) CazZnMnOs and (b) CazNiMnOs.
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Hexagonal layered material
LuFe204 undergoes
transition at T=230K to a ferrimagnetic
state.

scattering study revealed streak-like

magnetic phase

ordered Preveous  neutron
diffuse scattering running along [001]-
direction on (W3, W3, 1) (h, lintegers)
lines, which persist down to 4K. This
suggests that the ordering is formed
within each Fe hexagonal layer (2-D
ordering), but no correlation between the
neibouring layers is developed even at
4K.

One of the possible interpretation of
such an extraordinary behavior is that
the system can not attain the thermal
equillibrium in the cooling process
realized in the labolatory time scale. This
interpretation is consistent with the
hysteresis phenomena observed in
magnetization curve M(T): Under zero-
field cool (ZFC) condition <M>=0 at 4K,
while in FC condition <M>=2 Mg /Fe ion.

In order to elucidate the properties
of the magnetic ordering, especially non-
equillibrium nature in ZFC/FC conditions,

JRF4 : JRR3-M (& : TAS1(2G)

we carried out neutron scattering

exprements under high magnetic field

“7).

(1) ZFC condition Below Tq ,
coexistance of Bragg reflections and
diffuse streaks are observed on (2/3,
2/3, D-line where Bragg reflections

2/3, 12

intensities

are indexed as (3/3,
(l:integer). Both
increases as T is increased.

(2) FC condition : On the same line, the
diffuse
disappeared. Instead, new Bragg

scattering completely
reflections appear at (2/3, 2/3, D
(Linteger) while Bragg reflections at
(273, 2/3, 1/2) become relatively weak.
The analysis of the
structures under ZFC/FC conditions

magnetic

is now underway.
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In 1990, Coey and Sun reported that the
introduction of nitrogen atoms into RaFeyy
(R=rare earth) compounds led to remarkable
increases in the Curie temperature and magnetic
moments of the Fe sublattice accompanied by a
large increase in unit cell volume (~7%) without

the their crystal structures!). Since then, many
experimental studies have been performed to
clarify the basic magnetic properties of
interstitially modified compounds RaFe17N3.
However, in detail, the influence of interstitial N
atoms on the Fe magnetic moments in the
thombohedral Y,Fe 7N3 has not been reported
yet because of the difficulty to obtain a single-
phased sample.

In this work, we carried out neutron powder

temperature range from 10 to 300 K in order to
microscopically clarify the crystallographic and
magnetic structures in Y2Fe17N3.

The host compound Y,Fey7 was prepared by
arc-melting under argon atmosphere. After
annealing it at 1393 K for two weeks, the ingot
was quenched in water. The annealed ingot was
pulverized into fine powder less than 20 pm in
diameter. The nitride YjFej7N3.1 was
synthesized by heat treating the powder at 713
K for 24 h under a high Nj-gas pressure of
6MPa. Upon nitrogenation, the lattice
parameters a and ¢, respectively, increase by
2.0% and 2.4% at 310 K without changing the
crystallographic symmetry. Neutron diffraction
experiment was carried out at the JRR-3M

diffracion study on the rhombohedral High  Resolution  Neutron Powder
Y,Fe;7N3;  with a nonmagnetic Y in  the
12000 T T T ) L) T 1 i 1 T ] 1 ¥ ]
g 10000 (b) Y,Fe,;;N,, at 10K |
e at
§ 8000} 2277 i
Z 6000 -
(2]
§ 4000 4
s 2000+ 1
o U G I W W bt S VR ARSI B A L A
AY Y"-,’\'M—..—.-A.—-W iy - e
1 1 ] L 1 3 N ] 1 1 s ] 1 1 1
20 40 60 80 100 120 140
20 (deg.)

Fig.1. Neutron powder diffraction pattemn of Y,Fe,;N,, at 10 K. The dotsand line correspond to the observed
and calculated patterns, respectively. The lower part is the difference pattern (observed-calculated).
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Table 1. Refined parameters of rhombohedral Y,Fe,;N; , at 10 K. n is the occupation factor; x, y, and z are the
fractional coordinates; B is the isotropic theral parameter (A); and m is the magnetic moment (1p/atom).
Numbers in parentheses are the statistical error given by the refinement program.

YFe,N,, 10K R=621%
Rhombohedral R=297% R=191%

a=8.6710(3) A c=12.72414) A

Atom Site n x y z B m

Y 6 10 0 0 0.338(1) 0.85(4)

Fe(l) 6c 1.0 0 0 0.0949(6)  0.202(7) 2.86(5)
Fe2) 9d 10 0.5 0 0.5 0.202 2.12(8)
Fe(3) 18f 1.0 0.2829(5) 0 ()} 0.202 2.01(4)
Fe(d) 18h 1.0 0.17033)  -0.1703 0.4860(4) 0202 2.41(5)
N(1) 9¢  0.995(5) 0.5 0 0 0.65(5)

N@2) 183 0.039(2) 0.08(1)0 05 0.65

Diffractometer (HRPD). The diffraction data
was analyzed using RIETAN-94, which was
developed for application of the Rietveld
method?),

Figure 1 shows the neutron powder diffraction
pattern of YoFej7N3,1 at 10 K. As is evident
from the figure, in the diffraction pattern of

YoFe17N3.1, a small and broad peak
corresponding to o-Fe segregation upon
nitrogenation  appears around 26=53.4°.

Therefore, the refinement for the nitride were

performed for the data except 26 range from
52.5to 54.5°.

The calculated pattern (line) is in very good
agreement with the observed pattern (dots), as
shown in the figure. The final R factors were
R=2.97 % and Rg=1.97 %. The result of the
refinement at 10 K is summarized in Table 1.
Upon nitrogenation, total magnetic moment M

increase by 17%, reaching M=38.6(3) up/f.u.3.
As is evident from Table 1, the site-dependent
Fe moments are observed, such that the
magnetic moment of the 18f-Fe atoms is the
smallest (~2.0 pp), while the moment of the 6c-
Fe atoms has the largest (~2.9 pp). This result
could be understood as the differences of
environment around the Fe  atoms.
That s, when  the N atoms

are introduced into the e interstitial site, all the
Fe moments probably increase by a reduction in
the Fe-Fe overlap caused by the increase in the
Fe-Fe distances. In detail, the smallest Fe
moment on the 18f sites which are the nearest to
the 9¢-N atoms is originated in the strong
hybridization between the Fe 3d-states and the
N 2p-states. On the contrary, the Fe moment on
the 6¢ sites which are the farthest from the 9¢e-N
atoms has the largest in YoFe17N3 1.
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In 1997, Janssen et al. reported on the
physical properties of CeFe; with a
rhombohedral ~ Th,Zn,type  structure.
CeFe,; showed three different phases in zero
field. With decreasing temperature, Ce)Fey;
ordered antiferromagnetically at Ty = 220 K
(AF II) and then another antiferromagnetic
order (AF I) appeared at Tc = 125 K.
Furthermore, Ce,Fe;; showed a giant
magnetoresistance GMR at 4.2 K, accompanied
by a metamagentic transition from
antiferromagnetic to ferromagnetic state with a
hysterisis of about 02 T. The
magnetoresistance effect Ap/p = (0ar - PF)/PaF
reached about 0.85 at 4.2 K. On the other hand,
the value of the electronic specific heat
coefficinet y of 351 mJmol'K? in zero field
decreased about 20% by the metamagnetic
transition. This simply suggests that the Ce
sublattice does not act an important role for
GMR. In order to clarify the mechanism of
GMR, we performed the neutron diffraction
for Ce,Fey; with rhombohedral ThyZnys-type
structure. Detalis of the preparation method of
polycrystalline Ce,Fe,; are given in Ref. 1. The
neutron diffraction studies were carried out
with High Resolution Powder Diffractometer
HRPD using thermal neutrons ( wavelength A =
230A and A = 2.97A) and with Low Energy
Triple-Axis Spectometer LTAS using cold
neutrons (A = 4.19A) at the JRR-3M.

In Fig 1, we show the powder diffraction
pattern at typical temperaturesl0 K, 130 K
and 300 K obtained by LTAS. We could

X
2

Fig. 1. Powder neutron diffraction pattern at typical
various temperatures 10K, 130K and 300K. The

inset shows expand one

characterize by rhombohedral ThyZn;,-type
structure on the diffraction pattern at 300 K.
We did not observe any extra peak
corresponding to a-Fe and hexagonal Ce;Fe,s,
indicating that the sample used in this study

JFF47 : JRR-3M

& . HRPD(1G)&LTAS(C2-1)
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Fig. 2. Temperature variations of integrated
intensities (a) and peak positions (b) of the (000)"
and (003/2) magnetic reflections for Ce;Fes,
together with those of nuclear Bragg peak (101).

was single phase. As is obvious in Fig 1, we
can observe some aditional peaks in the
diffraction pattern at both 10 K and 130 K
without change in the intensity of the nuclear
Bragg peaks. Figure 2 shows the temperature
variations of the integrated intensities and the
peak positions of the two charactericitic
magnetic peaks (000)" and (003/2), together
with those of nuclear Bragg peak (101). As is
seen in Fig 2, the intensity and the peak
position of (101) is almost independent of
temperature. At T¢, the (000)" peak position
shifts to lower the Q position and the intensity
suddenly increases during warming Above Tg,
the (000)" intensity decreases with increasing
temperature and then disappears at about Ty,
while the (003/2) peak disappears at 7c.We
consider that AF II has a helix structure with a
propergation vecter 7=0.00372 A" along the c-
axis, where Fe moments lie in a basal c-plane
and are parallel to each other in the c-plane. We

estimated the average Fe moment to be about
1.5 pg at Tc. On the other hand, the AF I phase
has a modified helix structures with 7 =0.00435
A ! along the c-axis. This indicates the
formation of super-structured magnetic cell, in
which the magnetic c-parameter is twice as
large as the chemical unit cell. The magnetic
structure of the AF I phase is completely
different from that of the AF II phase. Our
results are consistent with the results by
Plumier et al.? rather than by Givord et al. ¥, in
which Givord et al. claimed a fan structure
below 90 K. So we can simply expect that the
magnetic sturecture is the same one as Plumier
et al. reported. However, we cannot decide the
exact magnetic structure only from these data.

Considering that GMR occured in only the
AF I phase, it seems likely that GMR connects
to appearence of super-structured magnetic cell
in the AF I phase. Hence, we consider that
GMR in Ce)Fe;; is mainly caused by the
formation of a super-zone gap due to the
development of the AF I phase (SDW) of the
Fe sublattice. In order to clarify the mechanism
of GMR in ditails, it is necessary to determine
the exact magnetic structure from the neutron
diffraction experiments for Ce,Fe;; single
crystal.
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Mn,Sn, crystallizes in the Ni,In type of
structure in which Mnl atoms constitute the
simple hexagonal lattice. MnII and vacancies
randomely situate on the interstitial sites of
the hexagonal lattice [1]. Figure 1a shows the
ZFC (zero field cooled) magnetization 0 ¢
as a function of temperature at H=0.01T.
Between T¢(220-230K) and 7,(100K for y=0 ;
75K for y=0.4), 0 , is remarkably higher
than that below T,[2]. At zero field condition,
an antiferromagnetic reflection (0 0 1/2) has
been observed in our neutron diffraction
pattern taken at 10K. However, Fig.la also
shows that below T, the FC (field cooled)
magnetization o g is higher than o ;¢ and
that it fits the curve extrapolated from the
range of T>T,. Moreover, 0 shows a
tendency of saturation at 6 K (Figlb;[2]).
Hence, it is of interest to investigate the
possibility of a field induced transition
characterized by a disappearence of (0 0 1/2)
reflection. This is because the (0 0 1/2)
reflection is not observed between T and T,

rrr 11T 71"

o Figla| [ 1
-1} of T ," T
3 ’FC ...... ] E -l ]
ST 1, _
oif 1 ¥ 1w

. ZFC ° il b ]

o 1 Fig.1b |

T T 00 o Ty s

T,K H’T

Fig.1 ()0 zcand Opcasa function of temperature (7)
at 0.01T, (b) Oz as afunction of magnetic field ()
at 6K.

Powdered sample (12g) was packed in a
vanadium cylinder (10mm ¢ ). In order to
avoid the preferred orientation of sample
particles under magnetic field, deuterized
methyl alcohol CD,0D (99.8% purity) was
used as the binding regent for particles at low
temperatures.

The neutron diffraction patterns of
Mn,.,Sn, were taken with the multi-counter
type diffractometer (HERMES, Tohoku
University) installed at JRR-3M. The wave
length of neutron was 0.18196 nm and the
measuring angle of 2 8 is ranging from 3°
to 150° . The magnetic field i1s generated
with “ENDOH” superconducting magnet.

Figures 2a-f display the main part of

patterns ranging from 3° to 50° . Reflection

peaks of solid CD,OD (indicated by *) are
observed, together with Mn, ,Sn, peaks, at
T=6K and H=0T(Fig. 2a).This feature is not
changed under 4T, the (0 0 1/2) reflection
also appears (Fig.2b). Figure 2c shows the
detailed comparison of (0 0 1/2) reflections
taken at 0T and 4T. The latter peak is slightly
smaller than that of the former one. It is
considered that the spin structure of the low
temperature phase(7<7,) does not change
essentially.

Our neutron diffration pattern of Mn,.,Sn,
taken under OT at the temperatures between
T, and T, has no magnetic superlattice lines.
Then, in order to retain the ZFC condition the
sample was held under OT at 250K(>T). (As
seen in Fig2d, the pattern shows the
nuclear peaks of the Ni,In type structure.)
After the thermal agitation at 295K, the
neutron diffraction patterns were taken under
0 T (Fig.2e) and 4T (Fig.2f) at 120K. No
essential difference is observed between the
two patterns. The saturation behaviour in
magnetization of Mn,.,Sn, at 120K is not
ascibed to a drastic change of magnetic
stucture due to magnetic field.

JRR-3M, HERMES (T1-3), Magnetism
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Fig.2 Neutron diffraction patterns of Mn,. Sn, taken
under zero field and H=4T at various temperatures.

Now we are forwarding the data analysis
based on the following starting model. A
weak ferromagnetic order is stabilized below
T.. Below T, , an antiferromagntic order with
the period of 8 sheets of Mn basal planes is
superimposed on it, and it makes to hard the
rotation of ferromagnetic (or ferrimagnetic)
domains under field.
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RMnSi (R=Dy. Ho) compounds with the
orthorhombic TiNiSi-type structure, Pnma,
were first synthesized by Nikitin et al. ten
years ago [1]. They reported that the Néel
temperatures of DyMnSi and HoMnS:i are 30
and 36 K, respectively. Recently, we have
measured the neutron diffraction pattern at
290 K [2]. This pattern is characterized by
a occurrence of an additional peak forbidden
by the space grope. Then the magnetic order-
ing temperatures is above room temperature
and the Mn atom has a magnetic moment
in DyMnSi. In this paper, we report on the
magnetic phase transitions in DyMnSi stud-
ied by neutron—diffraction experiments

A polycrystalline ingot was made by a
conventional argon arc method, followed by
vacuum annealing at 900 °C for 100 h. The
sample is showed to be the single TiNiSi-
type phase by the powder X-ray diffraction.
Neutron—diffraction experiments were carried
out at the HERMES diffractometer installed
at a thermal neutron guide of the JRR-3M
reactor in JAERI. A special thin container
shaped like double-wall cylinder was used in
order to minimize the effect of the large neu-
tron absorption cross section of natural dys-

prosiun.

Figure 1 shows typical three neutron diffrac-

tion patters where arrows indicate magnetic
peaks. There are three different types of tem-
perature dependence of these intensities. The
intensities of peaks indicated by M; in Fig.
1 disappear around 53 K. These magnetic
lines is probably caused by the ordering of Dy

JRR-3M HERMES(T1-3), magnetism

magnetic moments since we have observed
the magnetic 1Dy Méssbauer spectra be-
low 33 K. Thus the other peaks indicated
by My and My in Fig. 1 are related the or-
dering of Mn moments. Since the peaks in-
dicated by My are only observed helow 180
K, the magnetic structure of Mn sublattice
changes around 180 K. The analysis of the
data to determine the magnetic structures is

in progress.

DyMnSi

Intensity

26 (deg.)

Fig. 1 Neutron diffraction patrerns ar. 2.3, 65,
and 290 K. The arrows indicate waguetic reflec-
tions.
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Neutron Diffraction Study of Single Crystal Ce,Fe,,
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The physical properties for single-phase 30000 AR
CezF €17 with the rhombohedral ThZZn” 25000 (006) =,
structure revealed that the magnetic phase l

T=100K) ]

»n
g
T T

diagram is reporteds due to two g
antiferromagnetic transition at 125 K and 215 2

K, respectively[1]. The binary phase diagram S 1000} e o
of Ce-Fe indicates a difficulty of growing 5500 K Jj \ ]
pure Ce,Fe;[2]. But, we are growing up a . L ,!/ \‘.~..
small single crystal Ce,Fe,, with %556 57 58 39 60 61 62 63 64 65
rhombohedral structure by using flux technic. Fig. 1 : The neutron intensityl of Ce,Fe,, alog (00]) at
To see the two magnetic phases at low and 100 K.
intermediate temperature, we performed
neutron scattering experiments using single
crystal Ce,Fe,,. 5000
The neutron diffraction experiments
have been carried out by using the HQR
diffractometer (T1-1) install at JRR-3M
Guide Hall in JAERI (Tokai). An incident
neutron with a wave length 2.44 A obtained 1000
by the (220) reflection of PG. 0

There are no antiferromagnetic

refrection at below 90 K. Fig. 1 shows the Fig. 2 : Temperature dependence of intensities for

neutron intensity of Ce,Fe,, along (00/) at helix ordering (0,0,0.4) and temperature dependence
100 K. Beside the nuclear reflections at of susceptibility along c-axis at H=0.1 T.

integer position, magnetic reflections may be
indicate a helix structure. These magnetic
refrections disappear above about T=210 K, References

which well to susceptibili [1] YJanssenetal. Phys. Rev. B, 56 (1997) 13716.
corresponds ptibtlity [2]W.Zhang et al., in Binary Alloy Phase Diagrams,

measurements, as shown in Fig. 2. The edited by T. B. Massalski, vol 2 (1992) 1058
analysis of the data now in progress.
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Neutron Diffraction Study on ErNiSn
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Faculty of Education, Tottori University
lJapan Advanced Institute of Science and Technology
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The ternary compound ErNiSn crystallizes in the
orthorhombic (Pnma) TiNiSi-type structure and
order antiferromagnetically at 7y=4.0 K [1]. In
this report, we performed neutron diffraction
investigations on ErNiSn to determine its
magnetic  structure.  Neutron  diffraction
measurements were performed at the T,., beam
hole of the JRR-3M reactor of JAERIL

Figure 1 shows the powder neutron
diffraction patterns of ErNiSn at 1.45 K and 1.75
K. It is deduced that a magnetic transition occurs
between 1.45 K and 1.75 K. The magnetic peaks

are indexed with a propagation vector g’ = (0.330,
0.494, 0.399) and a spin axis parallel to a-axis at
1.75 K. With decreasing temperature, the intensity
of the magnetic peaks originated from ¢’ is
decreasing. At 1.45 K, new magnetic peaks are

observed. They are indexed with g=(0.285, 0.476,
0.248) and a spin axis inclines to b-axis. These
propagation vectors nearly equal to (1/3,1/2,1/3).
Neutron diffraction study on isostructual
compound ErPdSn suggests that the spin
arrangement is described by a sine-modulated spin
wave one at high temperature and a squared one
at low temperature [2]. However, satellites of
higher order were not observed in ErNiSn.
Further careful neutron diffraction measurements
and analysis are needed to clarify the magnetic
structure in the compound.
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Neutron Diffraction Study of SrMnO, s
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StMnO, s has an orthorhombic perovskite
structure with ordered oxygen vacancy running
for c-direction. Rietveld analysis of powder X-
ray diffraction pattern shows that the space
group is Pbam and the lattice constants at room
temperature are a=5.5197 A, b=10.7643 A
and ¢=3.8093 A. There are two kinds of Mn-
O-Mn angle in the c-plane, 180° and 159° .
The Mn-O-Mn angle for c-direction is 158° .
From magnetization measurements, it is anti-
ferromagnetic with Néel temperature of 375K.

The powder neutron diffraction of this
material was done between 20K and 425K. The
diffraction patterns obtained at 20K and 425K
are shown in Fig.1l. It was found that the
magnetic structure is antiferromagnetic with
two times period for c-direction. Rietveld
analysis shows that, in the c-plane, Mn-Mn
coupling is ferromagnetic when Mn-O-Mn
angle is 180° and is antiferromagnetic when it
is 159° . The Mn magnetic moments are along
b-axis and the magnitude of them is 3.44 u p at
20K. The position of the oxygen vacancy and
the direction of Mn moment in the c-plane are
shown in Fig.2. The temperature dependence
of Mn moment is shown in Fig.3.

The ionic state of Mn in StMnQ; s is expected
to be Mn® with electron configuration of
t*2¢'s. The e, electrons are itinarant because of
the hybridization with O 2p
states. The experimentally
obtained results are consistent
with the suppositions that
when Mn-O-Mn angle is near
180° the e, electron transfer
is large and the ferromagnetic
coupling will appear, and

near 150 ° the antiferromagnetic
coupling will appear because of strong
correlation of e; electrons. The
electrical conductivity is expected not to
exist, because Mn-Mn ferromagnetic
coupling in the c-plane is isolated.

Intensity

425K
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Fig.1 Diffraction patterns at 20K and 425K.
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The rare earth compound Nd,Ni, crystallizes
in the hexagonal Th,Fe,-type structure with a
space group P6,mc. Magnetization
measurements suggest that three magnetic
transitions (Ty=29K, 7T.=14 K, and
T,=8.7K) occurred below 30K [1]. No other
finding about spin configuration has been
reported so far. The aim of the present work is
to investigate magnetic structural properties of
Nd,Ni, by neutron diffraction.

Figure 1 shows the powder neutron-
diffraction patterns at 1.7 K and 35 K, well
above the Neel temperature obtained using the
HQR neutron spectrometer at the T,, beam
hole of JRR-3M. All the peaks on the 35 K
pattern are assigned to the nuclear Bragg
reflections for the Nd,Ni; structure and Al
reflections from a cryostat. At 1.7 K extra
peaks are magnetic Bragg reflections. It is
noteworthy of an existence of the magnetic
(100) reflection in the figure, which suggests
an existence of c-axis ferromagnetic
component at 1.7K. The strong (000)*
reflection suggests that the compound have an
antiferromagnetic structure. We, therefore,
assume that the Nd moment is helically
modulated in the basal plane and along the c-
axis ferromagnetic at 1.7 K. The propagation
vector of this helical component determined to
be k =(0,0,1/3); then the magnetic and
crystallographic  cells are related as:
Arpagn= eryst AN Criggn=3Ccryq. Using this conical
model, we have indexed the magnetic
reflections, as shown in Fig. 1.

The temperature dependence of the (000)i
peak intensity as shown in Fig. 2. The
intensity starts to increase slightly from about
8 K. It reaches a maximum around 12 K and
vanishes around 25 K, which corresponds to
the Neel temperature. The increase from 8 K
suggests that the spin configuration change

from a c-axis conical structure to a helical one.
It seems that the intermediate transition
temperature by the magnetization
measurement corresponds to the temperature
showing of the basal moment maximum.
References:
[1] T. Tsutaoka, H. Fukuda, T. Tokunaga, H.
Kadomatsu, and Y. Ito, J. Magn. Magn.
Mater. 167 (1997) 249.
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Fig. 1. Powder neutron diffraction patterns of Nd,Ni,
at 1.7 K and 35K, well above the Neel temperature.
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Neutron Diffraction Study of DyCuSi

K. Ishimoto, S. Takahashi, H. Miki, H. Onodera,
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Institute for Materials Research, Tohoku University, Sendai 980-77, Japan
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DyCuSi has a hexagonal Ni2In type crystal
structure ( space group P63/mmc ) [1]. This
crystal structure is stable for other rare earth
elements except for Eu. It was reported that
GdCuSi and TbCuSi order an
antiferromagnetically with TN = 12K and
11K, respectively [2]. On the other hand,
no magnetic orderig were observed in
DyCuSi and HoCuSi [2]. Recently, we have
observed two magnetic phase transitions in
DyCuSi at SK ( =Tt ) and 10 K ( =7TN ) by
means of susccptibility measurement. In
order to investigate two magnetic phase
transitions in DyCuSi, we have carried out
powder neutron diffraction measurement .
Neutron diffraction measurement has been
performed by using HERMES diffractometer
installed at JRR-3M guide hall in JAERI.

Fig.1 shows neutron diffraction patterns at
2.2K , 7K and 20K . The observed pattern
at 20K is in good agreement with calculated
one of Ni2In type crystal structure. We can
observe additional refrections in data at 2.2K
and 7K, which is corresponding to the
ordering in the temperature region of T < T}
(low temperature phase) and Tt < T <TN
(high temperature phase), respectively. In
both phases magnetic structure can be
described by modulating the Dy moments. In
the high temperature phase a sinusoidal
structure with propagation vector (0 0 0.2) is
obtained. Below Tt the magnetic structure
becomes commensurate with the lattice and
the propagation vector is given by (0 0 1/6).

JRR-3M, HERMES(T1-3), Magnetism

—103—

Furthermore the appearance of the third
harmonics were observed in the low
temperature phase. The magnetic structure
changes from incommensurate (sinusoidal) to
commensurate (squared-up) at T with
decreasing temperature. It is necessary for
more detail analysis to carry out single crystal
measurements.

3000 T T T

{100)
(102)
(110}

(004)

CuSi
2000 DyCuSi

(200)

A=1.8196A

1000

Intensity (counts)

o

2.2K-20K

| | ) 1 ! 1
10 20 30 40 50 60
20 (degree)

Fig. 1 Neutron diffraction patterns ol DyCuSi
2.2K, 7K and 20K.
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Neutron Powder Diffraction Study of DyB,
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DyBq is an antiferromagnetic compound
with the cubic CaB,

Magnetization curves of a single crystal of DyB;

type structure.

at 4.2 K show muitistep metamagnetic transitions
[1]. The magnetic susceptibility and the specific
heat shows two anomalies at 26 K and at 32 K
{2]. The anomaly at higher temperature has been
considered, from the elastic constants
measurements [3], to be due to the cooperative
Jahn-Teller structural phase transition. The other
anomaly at 26 K is considered to be due to the
antiferromagnetic ordering.

To investigate magnetic structures and
to study the relation between the magnetism
and the structure, we have carried out neutron
powder diffraction experiments. The powder
specimen was prepared by crushing the single
crystals which were enriched up to 99.5% in
""B. The experiments were performed using the
HERMES diffractometer (\=1.8187 A) at JRR-
3M in JAERL Figurc'l shows the diffraction
patterns at 2.5 K, 28 K and 34 K. Splittings of
nuclear Bragg peaks caused by the structural
phase transition are observed at 28 K. The change
of nuclear reflection pattern indicates that the
structure changes from cubic to rhombohedral
symmetry below 32 K (T}), which is consistent
with the results of recent X-ray diffraction
measurement [4]. And the fundamental

propagation vector of the spin structure at 2.5

JRR-3M, KPD(HERMES), 2. magnetism

K is found to be k = <1/4 1/4 1/2> from the

diffraction pattern for the first time.
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Fig.I Neutron diffraction patterns of Dy''B
at 34 K, 28 K and 2.5 K. ‘M’ indicates magnetic

reflections.
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It was reported that the RNiSn compounds
with R=Gd, Tb, Ho and Dy order
antiferromagnetically below 20 K but the other
members do not exhibit any magnetic order
above 4.2 K [1,2]. We have studied the
magnetic  properties of RNiSn ternary
compounds (R: rare earth) which crystallize in
the orthorhombic TiNiSi type [3-6]. Recently,
we have elucidated from the detailed magnetic,
transport and neutron diffraction measurements
on their single crystals that for heavy rare earth
RNiSn compounds with R= Tb and Dy their
magnetic structure at 1.6 K is described by a
squared sine-modulated spin arrangement [3,5].
For other rare earth RNiSn compounds, we have
recently found that NdNiSn, HoNiSn and
ErNiSn order antiferromagnetically below 4 K
with strong magnetic anisotropy [4]. We have
also found that all the RNiSn compounds show
metamagnetic transitions. The easy axis of
magnetization for all the RNiSn except ErNiSn
(a-axis) is the b-axis. In the present report, we
present the neutron diffraction results on
HoNiSn which orders at Ty =3.0 K.

Samples of HoNiSn were prepared by arc-
melting the stoichiometric amounts of the
elements under pure argon atmosphere. Single
crystals were grown by a Czochlalski method.
Neutron diffraction measurements were
performed at the T, ; beam hole of the JRR-3M
reactor of JAERI.

Figure 1 shows the powder neutron
diffraction patterns of HoNiSn at 1.4 K. The
diffraction at 9.0 K shows only peaks of nuclei.
At 1.4 K, we observe the extra magnetic peaks
as indicated in fig.1. The magnetic peaks are
indexed with a propagation vector ¢ = (0.641,
0.333, 0). No ferromagnetic components are
observed on the nuclear positions as reported by
Yakinthos and Routsi [2]. Absence of the higher
order satellites is not concluded from this
powder diffraction experiment. A preliminary
single crystal neutron diffracion gave no

magnetic reflections in the a*-c* reciprocal plane.
The magnetic propagation vector for this
compound is similar to that for other heavy
RNiSn compounds [6], which suggests that the
spin arrangement is described by a sine-
modulated spin wave one or a squared one.
Further careful neutron diffraction measurements
in other reciprocal planes are needed to clarify
the magnetic structure in the compound.

HoNiSn 1.4K

N
S
1200 Z
q =(0.641,0.333,0) -
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b=4.438 F3
g c=7.64 -
g 800 | ramda=2.445 * Ag L
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Fig.1  Neutron diffraction patters of HoNiSn at 1.4 K.
The magnetic peaks areindexed with a propagation vector ¢
=(0.641,0.333,0).
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Short Range Order in the High Temperature Phase of MnAl Alloy

S. Tomiyoshi!, H. Odahara!, M. Ohashi? and Y. Yamaguchi?
! Faculty of Engineering, Ehime University, Matsuyama 790-8577
2IMR, Tohoku Univ.,, Sendai 980-8577

The t -phase of MnAl (bct-type structure)
is a strong ferromagnet with large magnetic
anisotropy. The formation mechanism of the
.phase which is a metastable one obtained
from the high temperature ¢ -phase is very
interesting, but the experimental confirmation
of which is not enough. Kojima et al” proposed
a model that the ¢ -phase (hcp structure)
to the B19 type structure
(orthorhombic) and then which transforms

transforms

martensitically to the t-phase. Last year we
showed by powder neutron diffraction that a
short range order of the B19 type is already
present in the & -phase®.

In the present work we measured the
short range chemical order using a single
crystal sample of the ¢ -phase to clarify the
presence of the short range order more clearly.
The single crystals were grown using Bridgman
technique and quenched in water from 1100°C.
Neutron diffraction measurement was done
using the diffractometer of KSD.

Figure 1 shows a diffraction pattern
scanned along (h,0,0) in the hexagonal c-plane
at 15K. The sharp peaks at (1,0,0) and (2,0,0)
are usual Bragg peaks indexed as the
hexagonal closed packed structure, which have
very small intensities due to nearly zero
matrix alloy. In addition to the ordinary Bragg

peaks broad peaks are observed at (1/2,0,0) and

(3/2,0,0) positions. We also observed broad
peaks with half integer indices in the a*-c*
plane, which can be index as the B19 type
structure in which like atoms align linearly in
the c-plane. Present data shows that the B19
type short range order exists already in the hcp
lattice.

1500
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Fig. 1 Diffraction pattern of the ¢ -phase
scanned along (h,0,0) at 16K.
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Neutron Diffraction Study of the Kondo Antiferromagnet CePt2Sn?2
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The competition between Kondo spin can see that there is certain discrepancy, though
fluctuation and exchange interactions produce a quality of fitting is not so bad. Below Neel
very heavy electron system of CePt2Sn2 which temperature weak magnctic reflections were
is characterized by a very large y> 3 J/mole K2 observed. Detail of the magnetic profile is being
and a low Neel temperature Ty = 0.9 K.1 analyzed now. The magnetic structure is a
Powder diffraction studies were performed to single-k type with a modulation vector (1/3 0
reveal the crystal structure and the magnetic 1/2). In Fig. 2 an approximate magnetic
structure using HERMES and TAS-2. The structure, i.e., tentative result and to be revised,
crystal structure is a CaBe2Ge2-type (P4/nmm) is illustrated.
with a small monoclinic distortion. We
performed the Rietveld analysis (RIETAN) Reference
assuming P21/m and P21 space groups using 1) W. P. Beyermann et al.: Phys. Rev Lett. 66
diffraction data taken at T=1.8 K > TN. A result (1991) 3289

for the P21/m structure is shown in Fig. 1. One
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A Typical Heusler alloy CuzMnAl is
well known as a ferromagnet caused by its ordered
structure. It arouses an interest of us in magnetism
of the alloy in amorphous state. We succeeded to
obtain the amorphous Heusler alloy by substitution
of Y and Zr for Al"?). The amorphous samples,
CugMnAly_.Z. (Z = Zr or Y), were prepared by
using rapid quench technique. Magnetic measure-
ments show spin glass behavior below T, ~50K
for Z=Y and Ty ~100K for Z=Zr with z > 0.25.
However, The alloy, CuzMnAlo 8Zro.2 shows reen-
trant spin glass with T¢ = 50K and Ty = 10k.
The amorphous alloys are paramagnetic above Ty
or T¢c. However, antiferromagnetic scattering was
found for the alloy, CusMnAl; .Y, above Ty by
peutron diffraction in 19932, The magnetic scat-
tering also was observed at high temperature, 470K
that is just below the crystallization temperature.
In the present work, Zr was chosen for Z because
reentrant spin glass was found for x=0.2 in this
alloy system that shows the antiferromagnetic in-
teraction will be weaker in Z=Zr than in Z=Y.
The neutron diffraction patterns for x=0.3 were
measured at 20K, 120K and R.T. at JRR-3M of
JAERI(Tokai). The diffraction pattern shows broad
pesks at Q ~1.5, ~3, ~5 and ~6 at R.T. The
broad peak at Q ~3 and ~6 corresponds to the
one measured by X-ray diffraction. On the con-
trary, the broad peaks at Q ~1.5 and ~5 do not ap-
pear in X-ray diffraction. It shows that the broad
peak at Q ~ 1.5 is caused by AF magnetic scat-
tering. The intensity of the AF magnetic scatter-
ing is almost the same as that at 20K. This result
shows the antiferromagnetic short range ordering
is very strong even in Z=Zr. Fig. 1 shows the
AF magnetic scattering around Q ~1.5. The mag-
netic scattering shows that there are 7 types of Mn-
Mn coupling. Three broad peaks of Q=1.58, 1.83,

JRR-3M, KPD-HERMES, magnetism

2.00 and 4 narrow peaks of Q=1.455, 1.550, 1.655
and 2.100 are observed. The second and forth or-
dered ones of these peaks are also observed. As
described above, the crystallization temperature of
amorphous Heusler alloy is very lower than other
amorphous alloys. These narrow peaks will show
existence of quasi-crystallites as disordered Heusler
alloy.

T T T T T v T

Q=1.550 -
0=0.0245

10001

Count - BG

Fig. 1. Magnetic scattering of amorphous
CuzMnAlgp 4Zro3 at R.T.
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Study on the Crystal and Magnetic Structures of SrTbO; and BaTbO;
by Powder Neutron Diffraction
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We prepared oxygen stoichiometric
SrTbO; and BaTbO; in which tetravalent
terbium ions are stabilized at the B sites of the
perovskite ABO;. Magnetic susceptibility
measurements have been performed for both the
compounds in the temperature range between
45K and room temperature. Both the
compounds show the antiferromagnetic
transition at ca. 33K.

In order to determine the crystal and
magnetic  structures, powder  neutron
measurements were performed at room
temperature and 10K for SrTbO; and BaTbO;
with a High Resolution Powder Diffractometer
( HRPD ) in the JRR-3M reactor with a neutron
incident wave length (A= 1.8234).

Their crystal structures at room
temperature were determined from the Rietveld
analysis of these powder neutron diffraction
patterns shown in Fig. 1. SrTbOs; has an
orthorhombic perovskite-type structure with
space group Pnma ( No. 62 ) as shown in Fig. 2.
On the other hand, BaTbO; has a rhombohedral

structure with space group R3c (No. 167).
Both SrTbO; and BaTbO; have the
orthorhombic perovskite-type structure with
space group Pnma at 10K and the G-type
magnetic structure in which terbium atoms are
antiferromagnetically coupled with the six
neighboring terbium atoms as shown in Fig. 3. It
was found that in BaTbO; the rhombohedral-to-
orthorhombic phase transition occurred when
the temperature was decreased from room
temperature to 10K, whereas SrTbO; showed no
crystal phase transition in this temperature range.
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Fig. 1 Powder neutron diffraction pattern fitting for
SrTbO;.
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Neutron Diffraction Study on Perovskite LassSrp1sCrOs
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Magnetic properties of perovskite-type
compound LagssS1015CrO; have been reported.
Their DC magnetic susceptibilities were
measured from 4.5K to 320K. The compound
showed an antiferromagnetic transition and the
Neéel temperature was determined to be 270K.
Below the Néel temperature, other two magnetic
transitions were furthermore observed. One of
the transitions occurred at ca. 150K. The other
magnetic transition was found at ca. 20K. The
compound showed magnetic hysteresis at SOK.

In order to determine the magnetic
structures, powder neutron measurements were
performed at room temperature, 250K and 50K
with a High Resolution Powder Diffractometer
( HRPD ) in the JRR-3M reactor with a neutron
incident wave length ( A= 1.8234).

From the Rietveld analysis of these powder
neutron diffraction patterns shown in Fig. 1, it
was found that the crystal phase and magnetic
transition occurred between 50K and 250K. The
crystal structure at room temperature and 250K
is rhombohedral with space group R3c, and it
transforms to an orthorhombic structure with
space group Pnma at 50K. The magnetic
structures at 50K and at 250K are both the G-
type in which chromium atoms are
antiferromagnetically coupled with the six
neighboring chromium atoms. The direction of
magnetic moments is directed to [111] of the
rhombohedral unit cell at 250K and changes to
be parallel to the z-axis of the orthorhombic unit
cell ( Pnma ) at S0K as shown in Fig. 2. In fact,
antiferromagnetic moments are not collinear at
50K, because there exists the ferromagnetic
component in the magnetic moment of chromium
at 50K from the magnetization measurements.
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Fig. 1 Powder neutron diffraction pattern fitting for
LaggsSro15Cr0s.
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Fig.2 Configuration of magnetic moments of Cr ions in
pseudo cubic cell for Lag gsSro15CrOs.
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The Crystal and Magnetic Structure of a Ternary Uranium Compound U,Pd,Si
N. Tateiwa', N. Metoki'?, Y. Koike?, N. Kimura®, and T. Komatsubara'
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Uranium compounds attract much
attention because of the variety of the magnetic
properties. Uranium intermetallics favor itinerant
character, since 5f electrons spread out and
hybridized with conduction electrons. The
itinerant character is revealed by the quantum
oscillation experiments in many systems like
UGe,, URu,, Ulr, and URh,. However there is a
localized system like UPd, which exhibits clear
crystal electric field excitation and quadrupole
ordering. UPd, is so far understood as a rather
exceptional case, which has a localized character.

Very recently we have found a new
material U,Pd,Si; which is an isostructual
compound of R,Pd, X (R = rare earth, X =
Si, Ge) series”. This compound attracts strong
interest because of the localized character of 5f
electron; The susceptibility obeys the Currie-
Weiss law in the wide temperature range ( S0K
< T < 300K ) and the effective moment 3.30 4
o/U is close to the values expected for free uranium
ion. The clear anomalies in specific heat at 19K

T T ¥ T T T T T LN i T T T T

3500+
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g 8

w
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Fig. 1 A neutron powder diffraction spectrum of
U,Pd,;Si, at room temperature.

and around 2K indicate the magnetic transitions.
The purpose of this study is to reveal the crystal
and magnetic structure of U;Pd,Si, .

Neutron powder diffraction profiles were

measured using HRPD (A = 1.1624 A). The
temperature dependence of the magnetic
scattering is measured by a triple-axis
spectrometer TAS1. The samples were cooled
down to 100 mK by liquid-helium free dilution
refrigerator developped by JAERI. Single crystal
samples were prepared by the Chochralski pulling
method in a tetra-arc furnace.

Fig. 1 shows a neutron powder diffraction
spectrum at room temperature. We found that
the profile can be well explained by the crystal
structure of RyPd, ;X as shown in the Fig. 2.
There are two different crystallographic sites
for uranium atoms; fcc (4a) site and simple cubic
(8c) site. Details about the result of the refinement
will be published elsewhere.

Fig. 2 The crystal structure of U,Pd,,Si;.
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Figure 3 shows the result of the spin
polarized neutron scattering experiments at the
(111) Bragg point. At T = 7K we observed a
clear peak in the spin flip (SF) cross section. It
indicates the magnetic ordering below the upper
transition temperature Tu=19 K. The weak peak
in SF at T=21 K is a contamination of the NSF
process due to imperfect neutron polarization
ratio of our instrument (93%). Figure 4 is the
temperature dependence of the SF and non-spin
flip (NSF) cross section of the (111) peak. Both
SF and NSF cross section exhibits clear increase
below Tu=19 K, which is due to magnetic
ordering. SF intensities are observed only at
(h,k,1)E(1,1,1), where (h,k,1) is the nuclear Bragg
point. At the other Bragg points, a small increase
of the SF intensity is observed with decreasing
temperature below Tu. However it is obviously
due to multiple scattering, because this change
dissapears, when we measure polycrystalline
samples. It is concluded that the magnetic
ordering of the type II antifferomagnetic
structure of the simple cubic (8c) site, where the
propagation vector [111] corresponds to [1/2 1/2
1/2] on the basis of the simple cubic lattice; The
periodicity of the simple cubic is half of the unit
cell. No magnetic ordering of fcc (4a) site is
expected in this temperature range because
ferromagnetic component is necessary to explain
the increase of the (111) intensity.

Fig. 5 shows the temperature dependence
of the (022) intensity below 2K. We observed a
continous increase of the peak intensity below
the lower transition temperature T1=2K. Similar
increase was also found in the observed nuclear
Bragg peaks. No half order or incommensurate
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Fig. 3 The result of the spin polarized neutron
scattering experiments at the (111) Bragg point.

peak was observed. These results indicate the
ferromagnetic  ordering of the uranium spins
on fcc (4a) site. It is consistent with the
magnetization and susceptibility measurements.
From the intensity calculations, we found that
the type II antiferromagnetic ordering of the
simple cubic (8c) site is stable for the
ferromagnetic transition of the fcc (4a) site.
Therefore there is a coexistence of the
ferromagnetic and antiferromagnetic ordering
below Tl. The detailed analysis of the magnetic
structure will be published very soon.

We thank M. Kohgi for the stimulating
discussions.
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Fig. 4 The temperature dependence of the SF
and NSF cross section of the (111) peak.
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Fig. 5 The temperature dependence of the (022)
intensity.
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Successive Magnetic Sublattice Ordering in Nd,Pd,,Ge;
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Recently the new temary system
R,Pd, X, (R: rare earth, X: Si, Ge) has been
attracted much interest because of the variety of
the physical propeties depending on the rare
earth metal. The characteristic feature of this
system is the successive magnetic phase
transitions. For example, the specific heat and

susceptibility measurements” of Nd,Pd,Ge,

show three anomalies at T = 1.75 K, 1.40 K,
and 0.54 K. The complicated magnetic phase
diagram would be related to the fact that
R,Pd, X, ( spacc group Fm3m) has two
different crystallographic sites for rare earth
atoms ; fcc (4a) site and simple cubic (8c) site.
A Donni et al? have reported that the magnetic
structure at 1.40 K < T <1.75 Kis characterized
by the propagation vector [1,1,1]. The purpose
of this study is to reveal the antiferromagnetic
phases at lower temperatures.

Neutron scattering experiments were
carried out using a cold neutron triple-axis
spectrometer LTAS installed at JRR-3M. The
sample is cooled by a ‘He-‘He dilution
refrigerator. The incident beam (Ei=4.66meV)
is monochromatized by a verticaly bent PG with
a Be filter. The collimation was 25'-40'-40'-80'.
The single crystal was grown by the Chochralski
pulling method in a tetra-arc furnace.

Fig. 1 shows the temperature dependence
of the (111), (100) and (011) peak intensities.
We found that the (111) Bragg intensity increases
below 1.75 K, while (100) and (110) peak appear
and increase in intensity below 0.54 K. From
the crystal structure, we found that the
antiferromagnetic ordering at 0.54 K< T < 1.75
K is a type II structure of the Nd sublattice on
simple cubic (8c) site, where the propagation
vector [111] corresponds to the [1/2 1/21/2] on
the basis of the simple cubic lattice; The
periodicity of the simple cubic is half of the
unit cell. No magnetic ordering of fcc (4a) site
is expected in this temperature range because
ferromagnetic component is necessary to explain
the increase of the (111) peak intensity.

The (100) and (011) antifferomagnetic peak

below 0.54 K indicates that the antiferromagnetic
type I structure of the fcc (4a) site coexists with
the type II structure of the 8c site. The magnetic
ordering of the fcc (4a) site gives rise to no
anomalous behavior of the (111) peak intensity.
It means that the type II structure of 8c site is
stabe for the magnetic ordering of the 4a site.
The magnetic peak intensity increases
gradually below 0.1K. It might be due to the

nuclear magnetic ordering of Nd.

No obvious change of the scattering
intensity has been observed at the transition
around 1.4 K. The origin of this transitionremains
an open question which should be studied further.

Very recently we found a similar double
transition in U,Pd,Si, In this compound,
surprisingly however, the antiferromagnetic type
II structure coexists with ferromagnetic ordering
of fcc (4a) site. Anyhow the successive magnetic
sublattices ordering would be a charastric feature
in R,Pd, X, system.
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The magnetic structure and the mechanism of the metamagnetism in ErRu2Si2
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The rare earth ternary intermetallic compounds
RERu;Siy (RE=rare-carth metal) are classified as a

localized-electron magnet except for the Kondo
lattice system of CeRu,Si,. The crystal structure is

the tetragonal ThCr,Sip-typs ctructure (space group

J4mmm, body centered tetragonal). They have an
ordered state at low temperature and have a strong
Ising-type magnetic anisotropy. The magnetic easy

axis of them is the c-axis except for ErRu;Sij

ErRu;Siy is antiferromagnetic below 6K, and

shows a metamagneitc transition at H=0.5T. The
previous neutron scattering experiments suggested
that the magnetic moment in the ordered state is
modurated with a wave vector of (0.2,0,0) and is
oriented perpendicular to the c-axis.[1] Recently,
our group has performed magnetization
measurements changing the direction of the applied
field in the c-plane and found that the easy axis is
along [110].[2] On the basis ~f these facts, we have
performed neutron diffraction experiments with
powder and single crystalline samples and
concluded that the magnetic structure is double-q

structgre as shown in Fig.1.

In oreder to understand the metamagnetism of
this material on the basis of this double-q

JRR-3M, GPTAS(4G), PONTA(SG), 2. magnetism

structure, we partitioned the pattern of the spin
configuration in Fig.1 into four sections in each
of which the spins are¢ oriented to the same

direction. section

By assuming that each
responds to magnetic field so that the sum of the
anisotropy energy and the Zeeman energy is
minimized, we could reasonably explain the
observed behavior of the magnetizations.This
assumption is also consistent with the results of

neutron diffractions with magnetic field as

shown in Fig.2.
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Metamagnetic transition in Y,Cu,O;
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It is quite strange that Y,Cu,O; shows
metamagnetic transitions below Ty=13K, because
the anisotropy of Cu?* spin must be much smaller
than the antiferromagnetic exchange interactions.
When an external field H is applied parallel to the
b-axis, the induced magnetization jumps atH.,=3.0
T and H,,=4.8 T, then increases linearly up to the
saturation field Hs=8.0 T. The extrapolation of
this linear part does not cross the origin, which
cannot be explained by the simple molecular-field
model.

determination ol magnetic structures in a [ield is

Inorder toexplain these strangebehaviors,
important. However, it is very difficult to grow
large single crystals of high quality to be used for
neutron diffraction experiments. We had to start
from synthesis of it and succeeded.
re-examined the

First, we magnetization

measurements. The magnetization curve for H |l
b-axis is identical with that obtained by a bundle of
tiny needie-like single crystals of which b-axis
coincided. The magnetization curves for H |l c-
and a-axis, which could not be discriminated by the
bundle of tiny crystals, increase linearly from the
origin and saturate at 11.0and 10. 5T for H || c-and
a-axis, respectively.

We performed neutron diffraction experiments of
this compound at temperatures between2.7 and 30K
using PONTA spectrometer in the JRR-3M at
JAERI.

magnetic structure, we used a two-dimensional

To look for diffraction peaks of unknown

detector called 'neutron imaging plate’, developedat
JAERL
(0, 0, 3).

at zero field.

The scanning was done from (0, 0, 1) to

First we observed the diffraction peaks
The peaks observed at (0, 0, 1) and
(0, 0,3)are consistent with the structuredetermined

by the powder sample, namely ferromagnetic array

JRR-3M, PONTA (5G), Magnetism

along the a- and b-axis and antiferromagnetic array
along the c-axis. Next, we applied an external
field parallel to the b-axis up to 6 T which covers
intermediate parts between H,, and H,, and slightly
above H., At fields between H,, and H.,, we found
new diffraction peaks at (0 1/3, 1) and (0, 1/3, 3),
If the

neutron imaging plate was not employed, it might

which are completely unexpected positions.

take a fong time to find the diffraction peaks which
Above H,,,
these diffraction peak disappear, while (0, 0,10 and

appear at such unexpected positions.

(0, 0, 3) peaks which are observed below H revive.
The new peaks observed between H., and H,, mean
that the magnetic moments turn [{rom the
ferromagnetic array to three lattice period structure
along the b-axis keeping ferromagnetic array along
the a-axis like Fig.1. Three structuresis possible
by this results, but the structure shown in Fig.1 is
seems to be most probable considering from other
experiments'. Above H,,, although the intensities
of observed peaks is weak, the symmetry issameas
that below H,,. These structure changes are
completely unexpected and mysterious from the

crystallographic point of view.

Fig.1 Probable magnetic structure expected by
the present experiment.

1)Y.Matsuoka, M.Motokawa,
B.Lebeck: to be published
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Magnetic Structure of the Double-Layered Manganite
Laj_3,Sr;42:Mny07
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The layered perovskite
Mn oxide Laz_2:5ri42:Mn,0; has double
MnO, sheets and (La;_Sr;)20, blocking
layers stacking alternatively along the c axis.
Recently, Moritomo et al[l] have discov-
ered that Las_2,5r142.Mn;0O7 shows a metal-
insulator transition accompanied by CMR
(colossal magnetoresistance) ; the ratio of
magnetoresistance under 7 T to that under
zero field at T reaches about 20000 %.

We have performed neutron diffraction
measurements to investigate how the mag-
netic structure changes with the hall concen-
tration z La,_2,5r142:Mn,07 (z ~0.40). We
have prepared single crystals (z = 0.40, 0.45,
0.48) by the floating-zone method. The mag-
netic structures were determined using the
triple-axis spectrometer TOPAN. The (0 0 2)
reflection of pyrolytic graphic (PG) was used
to monochromate and analyze the neutron
beam, together with two PG filters to elimi-
nate higher order contaminations.

The hall concentration has large effects on
the magnetism in Laz_9,Sr142:Mny0O7. The
ferromagnetic reflection (0 0 2) follows an or-
dinary power law. However, T¢ is strikingly
subjective to z (120 K at z = 0.40 and 95 K
at £ = 0.45) and the ferromagnetism com-
pletely disappears at z = 0.48. On the other
hand, the A-type antiferromagneitc reflec-
tion (0 0 3) shows unconventional exponen-
tial temperature dependence below 200 K.
We thus define the Néel point Ty at temper-
ature where the (0 0 3) reflection emerges.
T thus defined is almost independent of z.

Magnetic structure analyses show that
the neighboring MnQO; sheets have pla-
nar ferromagnetic components canted with

respect to each other along the c¢ axis.
The canting angle changes successively
(15.7°—57.8°—180°) with the increase of z
(0.40—0.45—0.48). The total magnetic mo-
ment is about 3.0 pg/Mn, which is almost
independent of z. We speculate that the mo-
ment is less than the full magnetic moment
{(4.0—z pp/Mn) because spins are contracted
due to the low dimensionality.

Lay 5, Sty,0,MN,0,
E,-HJmaV 30'-30-60"-B (2PG)
T T LA S T
3.13 (i, /Mn)

144 (u_IMn)

0.42 (4 Mn)

Intensity (arb. units)
3

10°F O x=0.40
® x=0.45
0 x=0.48
'ol aazaal a
- S — T
(19 3.08 (i Mn) b

281 (u_IMn)

Intensity (x10° arb. units)
£
L

o T80 100 150 200 250 300
Temperature (K)

FIG. 1 Temperature dependence of the antiferro-
magnetic (top) and ferromagnetic (bottom) reflec-
tion in Lag._225r142.Mn;07 (x=0.40, 0.45, 0.48).
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Ce-based compounds, Ce,X (X=Sb, Bi),
with antifferomanetic ground states(Ty ~10K)
exhibit characteristic features of Kondo anoma-
lies and heavy fermion behaviors at low
temperautest). Ce,X has the tetragonal La,Sb
type crystal structure which includes two indi-
vidual rare earth atom sites, 4e (Ce-I) and 4c
(Ce-I1), with different local symmetry. Because
of the difference of the distance between Ce
atoms in this structure, it is expected that the
4f electrons in Ce-I behave like band electrons
which are shown in valence fluctuation materi-
als, while the 4f electrons in Ce-1I are relatively
localised!). Therefore, it is interesting to make
clear the role of each Ce site for anomalous mag-
netic behaviours at low temperatures.

We performed neutron powder diffraction
experiments on HERMES at the T1-3 hole to
determin the magnetic structures of Ce;X be-
low Ty. From the results of the experiments
by HERMES, we found that Ce;Bi has an
antifferomagnetic structure with the properga-
tion vector of [0,0,1] below Ty=10.1K. On the
other hand, Ce,Sb has a antifferomagnetic state
with the propergation vector of [0,0,1] below
Tn=8.2K{. Since results of magnetisation mea-
surements indicate that the magnetic moments
in Ce;X are along the c-axis, we determined the
magnetic structures as shown in Fig.1; the mag-
nitude of the magnetic moments are given in ta-
ble.1. Open and closed circles in Fig.1 indicate
Ce-1 and Ce-II atoms, respectively. A charac-
teristic point is that there exist non-magnetic
(le-atoms at Ce-I in both compounds. We think
that the quench of magnetic moments at Ce-I
site is due to valence fluctuation behavious of
4[ states because of the small distance between
Ce-I atoms. On the other hand, Ce-Il has a

JRR-3M, TI1-3( HERMES), Magnetism

Table 1: The magnetic moments in (‘esN

Ce-Isite  Ce-II site
CesSb - 0.040.1up  1.540.2p4
Ce,Bi  0.3+0.1pg  1.140.2pp

large magnetic moments because the 4 stats
are relatively localised.

(a) Ce,Sb (b) Ce,Bi

Fig.1 The magnetic structures of Ce,Shia)
and Ce,Bi(bh)
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DyB,C, has a tetragonal LaB,C,-type crystal
structure  (space  group P42c¢) which s
characterised as the layers of -R-(B, C)-R- along
the c-axis. Sakai et al. reported that DyB,C, is
ferromagnetic below 16.4K". On the other
hand, in the temperature dependence of the
specific heat, a sharp peak at T;=24.7K is
observed in addition to that at 7-=15.3K. In the
magnetization measurement, the spontaneous
magnetization i1s observed below I.. However,
there exists no anomaly at 7, in the temperature
dependence of magnetic susceptibility, except a
very small hump in the magnetic susceptibility
along the c-axis. Therefore, the anomaly at 7, is
caused by a nonmagnetic phase transition. Since
the magnetic entropy is close to RIn2 at T and
Rind at T, we think that two Kramers doublets of
the ground and first excited states lead to the
transitions at 7c and 7, .Fig. 1 shows the H-T
phase diagram when the magnetic fields are
applied along the a-axis.

DyB,C,
H//z-axis

H (kO¢)

30 40

T X)

Fig. 1 The H-T phase diagram when the magnetic field is
applied along the a-axis determined from the temperature
dependence of the specific. heat (@) and the differential
magnetization (O and A) measurements, respectively.

JRR-3M, HERMES, 2. magnetism

In the figure, there exists an unknown phase,
phase II, between T¢ and 7, while phase III, IV
and I are the magnetic long-range ordered states
and the paramagnetic state, respectively.

To understand the origin of the phase II and
determine the magnetic structure in the phase III,
we performed neutron powder diffraction
experiments using the powder diffractometer,
HERMES (T1-3), installed at the thermal neutron
guide of the JRR-3M in JAERI. To optimize
the scattering intensity, a double-cylindrical cell
with a gap of 0.5mm was used. The duration
time of a measurement was about 10 hours.

T T T T v T
. 1600 [2 0K (phase I1T) ]
._2 L - 4
12004 g =
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g .
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5 L
E 600} I- Teee . 7
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Fig. 2 The temperature dependence of neutron diffraction
patterns at 2.0K, 20.0K and 30.0K. The inset gives the
temperature dependence of the integrated intensity of the
magnetic 1/2 1/2 0 Bragg peak.
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Fig. 2 shows neutron diffraction pattems at
2.0K (phase III), 20.0K (phase II) and 30.0K
(phase ). Magnetic reflections are denoted by
the letter “M ” and the index. The inset gives the
temperature  dependence of the integrated
intensity of the magnetic 1/2 1/2 0 Bragg peak.
As shown in Fig. 2, the magnetic reflections in
phase III are explained by the propagation vector
of @=[1/2 1/2 1]. Moreover, since no magnetic
reflection was observed in the phase II, it is not a
magnetic long-range ordered state. This is
consistent with the fact that the anomaly at T, is
caused by a nonmagnetic phase transition.

We determined the magnetic structure in the
phase III as shown in Fig. 3. Although we do
not yet determine the magnitude of the ordered
magnetic moments by the neutron diffraction
experiments, the value was obtained as 9.1ug by
the '*' Dy Mdssbauer spectroscopy.

Fig. 3 Magnetic structure of DyB;C; in phase IIl. (a)
The basic antiferromagnetic structure explained by the
propagation vector of (=[1/2 1/2 1}. In this structure, it is
neglected that the magnetic moments are canted. (b) The
spin arrangement in the c-plane. In this figure, the z-
direction is defined as the c-axis.

The magnetic structure 1is basically an
antiferromagnetic one in the c-plane, although the
magnetic moments are canted from the a-axis in
the c-plane; these canted moments cause the
spontaneous magnetization below Tc. Moreover,
the magnetic moments are perpendicular to the
adjacent magnetic moments along the c-axis.
We think that this perpendicular structure, which
cannot be explained by the effects of the magnetic
exchange interactions, originates from an
antiferroquadrupolar (AFQ) ordering structure.
Thus, we think that the phase III is a magnetic
long-range ordered state with an AFQ ordering.
Consequently, we think that 7, is an AFQ
transition temperature, T, that is, the phase II is
an AFQ ordered state in the paramagnetic region.

Moreover, it should be pointed out that no
change of lattice constants was observed at T,
within the experimental errors in the present
neutron diffraction experiments. This fact also
supports our conclusion that the phase II is an
AFQ ordered state. Therefore, we can say that
DyB,C, is the first tetragonal compound which
undergoes AFQ ordering. To confirm the AFQ
ordering at Ty, other experiments such as
ultrasonic-velocity experiments, inelastic neutron
scattering and so on are in progress.
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Incommensurate spin modulation in Pd and Pt alloys
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Pd-M Pt-M  (M:3d-element)

disordered alloys with M concentration of

and

about 10 at% were studied by neutron
scattering.  Satellite diffuse peaks were
observed on the [1 0 0] axis around the |
0 0 reciprocal lattice point for all of
specimens. The satellite peak positions
depend on the solute element M and its
As

increases, the modulation wave vector Q

concentration. the concentration
increases and the satellite peak positions
come close to { 0 0. The satellite peak
linewidth is always broad and not sensitive
to solute concentration. Although these
properties are common for all alloys, the
satellite reflections are classified into three
1) The
concentration wave of constituent atoms for
non-magnetic alloys (PdV, PtV, PtCr), 2)
the spin density wave for spin glass alloys
(PdMn, PtMn PdCr) and 3) the transverse
wave spin modulation for ferromagnetic
alloys (PdFe, PtFe, PdCo, PtCo). Further

measurements for PdNi and PtNi alloys

groups with different origins.

show no satellite reflections for both
systems. An origin of the these modulation
Pd-M and Pt-M alloys is

considered to be a reflection of the parallel

waves in

planes of the Fermi surfaces in these

JRR— 3 M, TIi-1, Magnetism

Wave Vector Q

alloys. In the figure, the modulation wave
vectors Q determined by the Gaussian
fitting for various specimens are plotted as
a function of the solute concentration. The
concentration dependence is well described
by a linear line with positive slope for each
system, but zero extrapolations of these
lines converge into the same value Q~0.45
in 27/ a unit. Pd and Pt metals have very
similar Fermi surfaces and parallel planes
normal to the cubic axes with distance of
about 0.4 (2 7/ a unit) are located around
the W-point. Furthermore, these surfaces
are hole surfaces. When the element with
less numbers of d-electrons are introduced
to Pd or Pt metals, the diameter of the hole
surfaces expands, resulting in increasing of
the Q-vector. This is consistent with the

present observation.
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Magnetic Form Factor of Magnetic Polaron State in CeP
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Cerium monopnictides CeX (X = P, As,
Sb and Bi) are known as systems with low-density
carriers (less than 10 per cerium ion)."® Among
these compounds, CeP is very attractive recently,
because it shows the various long-period magnetic
structures as functions of magnetic fields or
pressures in spite of the simple NaCl-type crystal
structure> ® The structure of phase-I at 2 K and 3
T is composed of a sequence of the double
ferromagnetic (001) layers of cerium ions with
large moments M, estimated to be about 241, and
the rest nine layers of Mg about 0.7y, stacking
antiferromagnetically. Thus the structure of phase-I
has a period of eleven cerium layers. Without fields,
type-I antiferromagnetic (AF) phase with the 0.8y,
moments appears below 10 K, in which the cerium
layers stack antiferromagnetically.

These two kinds of moments M; and M,
are thought to be ascribed to the 4f-electron crystal
field states I, and T, under cubic crystal field,
respectively from their moment value, where the
latter is considered to be the ground state in this
compound. The mechanism of appearance of the
large moments has been explained by Kasuya et
al. theoretically based on the magnetic polaron
effect due to combination of strong p-f mixing
with localization of low-density holes.*®

The purpose of this study is to elucidate
deirectly wave functions of 4f electrons exhibiting
the anomalous magnetic moments.

The measurements of magnetic form
factors by polarized neutrons were performed using
two spectrometers; PONTA(S5G) installed at JRR-
3M, JAERI and 5C]1 installed at ORPHEE reactor,

JRR-3M, PONTA (5G), Magnetism

Laboratoire Léon Brillouin. The single crystal of
CeP was used in this study, which was same as
that for neutron diffraction experiments to
investigate magnetic structures.> ¥

Figure 1 shows the result of magnetic form
factor in phase-I as a function of sinf/ A, where 8
is a half of a scattering angle. Vertical axis
represents the moment per cerium ion, [, times
form factor, f. The data at sinf / A = 0 is quoted
from the magnetization measurement. ” Figure 2
shows the magnetic form factor in type-I AF phase,
which was obtained from integrated intensities of
unpolarized neutron diffraction. The magnetic form
factor in phase-I varies more steeply as a function

030

] | T
$ CeP#3 form factor
0.25% % Phase-1 (1.7K,3T) _|
EI
— %
.5 0.20 il %
o}
~ 0154
> %
— x
= 010 o
¢ measurement
0.05 |- ¥ normalized I'4
O normalized I'g + [?
0.00 1 ]
0.0 0.2 0.4 0.8

sin@ /A [A ']

Fig. 1. Magnetic form factor in phase-I. Filled marks with
error bars indicate the measured results. Open square marks
and crosses indicate calculated results for the crystal field
states of I'; and T, respectively.
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Fig. 2. Magnetic form factor in type-I AF phase. Filled
marks indicate the measured results. Open marks indicate
the fitted results of calculation for the pure crystal field T,
state.

of sinf / A than that of type-I AF phase. This
result shows distinctly the difference between 4f-
electron states in phase-I and that in type-I AF
phase.

The obtained data are compared to the
calculations of magnetic form factors for the crystal
field states.” The least-square fitting of the form
factor of the pure I, state were performed with
the moment value y as a parameter to the data of
type-I AF. In Fig. 2, the results are shown by the
open marks, and the obtained moment value is
0.78 4, per cerium jon. Their variation as a function
of sinf/ A are very similar to that of the measured
data points. It reveals that the 4f-electron state in
type-I AF phase is described well by the I'; state.
Figure 1 shows the calculated form factor of the
I state whose moment value is 1.57 4 as well as
that of the I', state. These are normalized in
magnitude. It is clear that the measured form factor
in phase-I is very similar to the I state one. Since
the ferromagnetic component in phase-I is 2 X M,
- M per eleven cerium ions, the large moment M,
contributes mainly to the form factor. Therefore,

the ordered large moments are described by very
similar state as the I'; one. More detailed analysis
for the wave functions was performed. The small
moment was supposed to be from the pure I,
state. The anomalously polarized cerium ions in
phase-I can be expressed by a wave function of
0.9481+5/2> + 0.3201-3/2> whose moment value
is M, = 1.7914. It is close to the pure I, state.

The present study gives the direct evidence
that the anomalously polarized I';-like states appear
among I, state cerium ions in phase-I.

Boucherle et al. measured magnetic form
factors of CeSb of the ferromagnetic state (4.2 K
and 4.65 T). > '® Their analysis shows that the
wave function of 4f electrons is 0.9951+5/2> -
0.1001-3/2> whose moment value is 2.114,. The
present estimated M, in CeP is rather closer to
that of the pure Iy state than that of CeSb. This
difference of wave functions between CeP and
CeSb is considered to be due to that of the extent
of magnetic polaron effect which depends on the
magnitude of p-f mixing and the carrier numbers.

The precise analysis of the wave function
in not only the phases described above but also
other phases will be shown elsewhere in near future.
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Elastic and inelastic neutron scattering
measurements have been made on a metallic
phase of canonical Mott-Hubbard system

(Vo.95Tio.05)203. The
incommensurate antiferromagnetic order has

development of an

been indicated by the appearance of Bragg
peaks characterized by the propagation vector
q=1.78¢c* below Tn=19K. In the temperature
range Tr=15K< T < TN, no magnetic Bragg
peak is observed on the (00E) reciprocal line.
Based on the intensity analysis, we propose a
spin-density-wave (SDW) magnetic structure.
Below TR, the direction of the magnetic
moments deviate from the hexagonal c-axis by
~60°. In the temperature range Tr < T < TN,
the moment direction is parallel to the c-axis.
The maximum amplitude of the moment is ~0.5
Up at T=8K. Inelastic neutron scattering
patterns scanned along the (10E) reciprocal line
taken at (a) T=9K and at (b) 7=30K are shown
in Fig.1. Each scan was made with constant
energy transfer posted above each curve.
Scattering intensity shows peaks at positions
corresponding to the magnetic Bragg points
observed in the elastic scattering measurements.
For small energy transfer scans, the width of
thepeaks are relatively narrow but much wider
than the instrumental energy resolution. The
width of the peaks grow wider with increasing
energy transfer. Even at T=30K, which is much
higher than T, scattering pattern still shows
clear peaks at magnetic Bragg positions.  For

JRR-3M, T1-1, 4G, magneatism

small energy transfer scans, peaks around the
magnetic Bragg points persist up to T ~107N,
which is much different from normal

(Vo.95Ti0.05)203
ki=2.578 (#4.062) Al 40'-80"-80'-40"

T=9K T = 30K
T T 1 T— 1 U 1 12009 ¥ T 1 T
100~ EalmeV * [ - 100-1meV* f

a0~
60
40

(*5min.)

counts/10min,

Fig.1.

Inelastic scattering patterns along the

(1,0,E) reciprocal line with constant energy
transfer taken at (a) 7=8K and at (b)
T=30K. The curves show the results of

calculations described in the text.
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spin-wave excitation. These characteristics in
inelastic scattéring properties are similar to
those observed in Vy.97303 by Bao et al.12)
We analyze inelastic scattering spectra based on
the self-consistent renormalization (SCR)
theory for weakly itinerant antiferromagnet) as
was done for V1.97303. In the SCR theory, the
imaginary part of the generalized susceptibility
is given by

how/Tx?
hw/rx2)2+[1+(¢1/x)2T

X“(Q'*'q’w) -xq(

where Q is the antiferromagnetic wave vector,
Xq is the static staggered susceptibility, K is
characteristic width in k space and T is
characteristic energy -width.  The scattering
function S(g,) is related to X''(Q+q,w) as
S(g, ®) =1l < n(w)+1> X" (q ,),

where n(w) is Bose thermal factor. The
scattering function multiplied by some
instrumental factor was convoluted with the
resolution function of the spectrometer and the
parameters X , x and I were determined by
the least-square fitting procedure. Curves in
Fig. 1 represent the fits to the data. In Fig. 2,
the temperature variations of these parameters
are shown.

The present experiment has shown that a large
fluctuating component, which has been
observed in the non-stoichiometric system®+2) is
also present in this more "homogencous”
system and of which property can be described
in terms of the SCR theory for weakly itinerant
antiferromagnet.
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Fig. 2.

Temperature variation of parameters
determined by the analysis of inelastic

scattering spectra.
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Layered transition metal oxides, La,MO, have
been extensively studied after the discovery of
oxide high-T superconductors. Since non-doped
La,MO, is a good representation of a 2D
antiferromagnet (AF), experimental and theoreti-
cal interest in a quantum 2D Heisenberg AF has
been renewed. Experimental studies on the spin
dynamics in La,MO, have been concentrated on
mainly M=Cu (5=1/2) and M=Ni (5=1), so far.
Then, as natural extension of experimental
interest, La,CoO, (§=3/2) is focused on.

In the present work, using a single crystal of
La,CoO,, inelastic neutron scattering experiment
was carried out on a triple-axis spectrometer
PONTA. Spin-wave excitations in La,CoO,
below Néel temperature (T,=277.5 K) were
measured to determine microscopic parameters,
which are indispensable to discuss the 2D spin
correlations in this system.

Figure 1 shows results of constant-Q and
constant-E scans at the 2D AF zone center, (1, 0,
-3) (or (0, 1, -3) due to the crystal twining). The
lines represent the results of fits convoluting the
instrumental resolution. The gap energies at the
zone center were determined to be 9.630.2 meV
and 17.24+0.5 meV corresponding to in-plane
(IP) and out-of-plane (OP) modes, respectively.
Note that the OP peak is rather ambiguous since
it becomes weak at large Q. To make definite
statement, measurement at different Q@ s
required. Excitation gaps are rather large in com-
parison with those in La,NiO,, which indicates
large anisotropies in La,CoO,. The evidence is
consistent to the strong Ising character of spin
fluctuations observed near T [l]. The inset
shows the obtained inter-layer dispersion
relation. The results can be accounted by a simple
2D AF spin-wave. From the dispersion up to 35
meV, the inter-layer exchange interaction is deter-
mined to be J=9.240.3 meV. Preliminary results
of the 2D spin correlation length in La,CoO, well
agrees with the theoretical calculation using J ob-

JRR-3M, 5G, 2. magnetism

tained here without any adjustable parameters [2].
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Fig. 1: Result of (a) constant-Q and (b) constant-E scans
at the 2D zone center, (1, -3). The Cowley correction have
been already made in the figure. Inset shows the obtained
intra-layer spin-wave dispersion relation in La,CoO,.
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Anisotropic spin waves
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Very recently, we have studied three man-
ganites with n;, ~ 1/2, and demonstrated
that, instead of the well-known CE-type mag-
netic structure, some of manganites may have
a layered A-type antiferromagnetic (AFM)
ordering.!) The change of the magnetic struc-
ture from a CE-type to an A-type can be in-
terpreted as an effect of widening of the one-
electron band width. The behavior of the re-
sistivity of the A-type manganites is distinctly
different from those with the CE-type orbital
and spin ordering. Based on the detailed study
of the lattice and spin structure of the A-
type manganites, we suggested the possibility
of the two-dimensional character in both mag-
netic and transport properties.!)

To examine such a possibility in magnetism,
we performed a detailed study of the spin dy-
namics in Ndg 4551y 55MnOg3, and found that its
spin wave dispersion relation, indeed, possesses
a "quasi”-two-dimensional character, and this
can be understood as a result of underlying or-
bital ordering. Furthermore, the spin fluctua-
tions in the paramagnetic phase of the A-type
Ndp.455r0.55MnO3 are dominated by the ferro-
magnetic (FM) spin fluctuations.

Most of neutron scattering measurements
were performed with triple axis spectrometers
at the High Flux Isotope Reactor in Oak Ridge
National Laboratory. For the scans which re-
quire the better energy resolution, we employed
a spectrometer HER installed at the cold guide
tube in the JRR-3IM.

The AFM spin wave excitations were ob-
served at ~ 12 K along the directions parallel

Reactor: JRR-3M Facility: HER(C1-1)
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Figure 1: (a) and (b): Spin wave profiles at
12 K. (c): Spin wave dispersion in the A-type AFM
Ndo.455r0.55sMnO3. (d): Spin wave profiles at 210 K and
150 K < T, and 250 K > Tn.

and perpendicular to the FM layers. Typical
profiles observed at selected reduced wave vec-
tors are illustrated in Fig. 1(a) and (b). By
comparing the profiles in Fig. 1(a) and (b), one
can easily see that the spin waves propagating
within the FM planes have higher spin wave en-
ergy.

The obtained dispersion relations are de-
picted in Fig. 1(c), where a clear anisotropy
of the excitation energy between the [101]
and [010] directions indicates a gquasi-two-

Field: 2. &tt Magnetism
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dimensional feature of the magnetic proper-
ties. To parameterize the dispersion relation,
we adopted the same spin wave dispersion for-
mula which was employed for the analysis of
LaMnO3,?) and we obtained 8JS = 32.6 + 0.9
meV, 4J'S = —10.1 £ 0.5 meV, and gupHs =
0.2 £ 0.1 meV. The temperature dependence
of the spin wave profiles measured at Q@ =
(0.95,1,0.95) are shown in Fig. 1(d). With in-
crease of temperature, the AFM spin wave en-
ergy gradually softens, and the AFM spin fluc-
tuations vanish above T .

Corresponding to the disappearance of the
ATFM spin fluctuations above T, we find that
the intense FM spin fluctuation appears in the
paramagnetic phase. At the top panel of Fig.
2, one can see that the diffusive FM spin fluc-
tuation exists in the paramagnetic phase, but
the evolution of the peak structure below Ty
should be attributed to the AFM spin waves.

The middle panel shows that the diffusive FM
component exhibits a sudden decrease below
Ty, indicating that the major spectral weight
of the spin fluctuations is transferred from the
FM component to the AFM component below
Ty. The switching of the spin fluctuations due
to an orbital ordering is rather common phe-
nomena in the transition-metal oxides with a
freedom of the orbitals.

We found that the energy width of the ob-
served FM component in the paramagnetic
state is well described by 'y = Agq?, and ob-
tained A ~ 14.1 = 1 meVA2 It should be
noted that the A is an order of magnitude
smaller than the value of the spin stiffness con-
stant Dgw ~ 117 meVA? evaluated from the
exchange parameters obtained in the present
study. The results indicate that the onset of
the AFM ordering in Ndg 455r0.55MnO3 accom-
panies with the change of energy scale in spin
fluctuations at the same time. The existence
of the two energy scales in doped manganites
is recently reported by thermopower and resis-
tivity measurements.?) The reported activation
energy of the resistivity is close to the Dsw,
whereas that of the thermopower is very close to
the A. The smaller energy scale for the low en-
ergy ferromagnetic spin fluctuations in the para-
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Figure 2: (a): FM scattering observed in

Ndo.45Sr0.55sMnO3. (b): Temperature dependence of the
FM component. (c): Wave vector dependence of the I'
of the FM component at T = 300 K.

magnetic state is attributed to the hopping of
the small polarons.

Part of the work was carried out under the
US-Japan Cooperative Program on Neutron
Scattering.
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Recent theories and computer simulations
of percolating networks predict the existence of
localized fracton excitations with huge
oscillation amplitudes [1]. We performed
inelastic neutron scattering experiments on a 2D
near-percolating antiferromagnet, in order to
distinguish fracton excitations from other local
excitations. 3D antiferromagnets have at least 6
nearest-neighbors. This makes it rather
difficult to distinguish over-damped fractons
from Ising-cluster excitations [2]. In this
sense, the most ideal system to be examined is
a 2D system. The experiments were performed
using a single crystal of RbaMng 598Mgo.402F4
(cp=0.593 for a square lattice) on the triple axis
spectrometer installed at the 4G beam hole at
JRR-3M. The spectrometer was operated with
a kg fixed mode (kg=2.67A-1). The sample was
mounted with its 2D plane to be in the
scattering plane. The measurements were
performed by constant-Q scans at 0=(g,0,0) at
T=4~250K. It is noted that the ordering
temperature of this system was measured to be
Tn=5K. The over-damped component
(x"(q,E)) of the observed energy spectrum at
any q and at any T was well fitted to a damped
harmonic-oscillator scattering function
AETV{(E%-Ep2)2+(EI?} (E being the energy
transfer). Figure 1 shows the g-dependence of
the peak energy (Ep) and the energy width (I')
obtained by the fitting. At low T, the magnetic
response is dispersive and x"(q,E) can be
described by the predicted functional form of
fracton excitations: Ep(g)~I{g)~g%® with the
unique exponent z3 [1]. The obtained exponent
(za=0.910.2) is smaller than the predicted value

JRR-3M, 4G, 2.magnetism

(za=2.5), and a similar observation has been
reported for the 3D percolating system [2]. As
T increases, the g-dependence gradually
becomes weaker, and ¥"(g,E) becomes almost
independent of g at 7>150K. The incoherent
character of y"(q,E) at high T indicates that
collective motions do not exist due to very
small thermal correlation lengths. Fracton
excitations exist only at low T. At the
intermediate temperatures, y"(g,E) exhibits a
crossover from fracton excitations to incoherent
excitations.
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NaV,0; has been thought to be made up of two kinds
of V chains running along the b axis.!) One is the V*+
(§=1/2) chain and the other is the V®* (§=0) chain,
which are aligned parallel to each other by sharing an
edge of VO5 pyramids in the ab-plane as shown in Fig.1.
TIn 1996, Isobe and Ueda® observed an exponential drop
in the susceptibility of NaV,05 below T (35 K). Fujii
et al® found lattice distortion below T, by means of
X-ray diffraction measurement and observed the devel-
opment of the gap energy of 9.8 meV at |Q}=1.0 A-
below T, by means of neutron scattering measurement
using the powder sample. These findings have been con-
sidered to be a direct evidence that NaV,0; is a spin-
Peierls compound, though the low temperature structure
has not been determined yet. It should be noted here
that an observed gap value ( 9.8 meV ) is significantly
large compared to the prediction of 5.3 meV from the
BCS-scaling ( 2A(T=0 K)/kgT: = 3.5 ), implying that
NaV,0; might be a quite unconventional compound as
a spin-Peierls system.

Recently the single crystals of NaV,0; were success-
fully grown by Isobe et al*) by a melt growth method
using NaVOQj as a flux. The largest one has a dimension
of nearly 20 mm x 3 mm x 2 mm. We then carried
out inelastic scattering measurements to study the spin
dynamics of NaV;0; below T, using 8 pieces of single
cristals (totally 0.5 cm?).®) They were alinged within four
degrees so that (h, k,0) zone is mounted in the scattering
plane. ISSP-PONTA installed at JRR-3M of JAERI is
used in the triple-axis mode of operation with E; fixed
at 30.5 meV and 40’-40’-80°-80’ collimations.

We first looked for a magnetic dispersion along the
chain-direction (the b-axis). Constant-energy (3, k,0)-
scans at AE=7, 10, 12 and 15 meV at 7 K (below T;)
were carried out. There is only flat background at AE=T7
meV, while at 10 meV, a gap energy, a strong intensity
centered around the 1-D Antiferromagnetic (AF) zone
center position k=0.5 r.l.u. can be found. At 15 meV, the
two peak structures reflecting the strong AF dispersion
along the b*-axis can be observed. These could be well
fitted including the resolution effect by a strong 1-D AF
dispersion along the b*-axis, with the gap of 9.8 meV
and the zone boundary energy of 59.5 meV { from %’-
with J=37.9 meV.9).

We next focussed our attention on the spin correlation

JRR-3M, PONTA, 2. magnetisin

V*s=12)
, Iv 5+ (8=0)

Fig. 1. Crystal structure at room temperature as reported in ref.
1. Two kinds of VOs pyramids are running along the b-axis.
Filled circles are Na ions. Note that the distance between the
V4+ chain and V** chain is £, while that between V** chain

2
and V8+ chain is § and .

along the a-axis, where the V4* (§ = 1) chain and the
V5+ (S = 0) chain share oxygen ions. Energy scans have
been carried out at Q=(h,0.5,0) with 1 < h < 4 r.L.u.
and we found that, at 7K ( below T, ), a single peak
structure at the gap energy of 10 meV can be observed
when h is an integer, while two peaks can be clearly rec-
ognized between 2 < h < 3rlu. and 3 < h < 4rlu
with the lowest and highest energy position of about 8.5
meV and 11.3 meV, respectively. These peaks vanish at
40K ( above T.. ) and can hence be associated with the
spin-gap formation at T.. These results indicate that
there are two branches along a*-axis, with the energy
difference of almost 3 meV, giving an energy scale of the
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Fig. 2. Filled circles in Fig. 2(a) represent the intensity difference
between 7 K (below T.) and 40 K (above T.) while scanning
along h on the 1-D AF zone center at AE=10 meV. The solid
line in the Fig. 2(a) is the calculated result assuming the h-
dependent structure factor shown in Fig. 2(b) and the dispersion
depicted in Fig. 2(c).

interchain interaction along the a*-axis, much smaller
than that of the intrachain b*-axis direction. In addi-
tion to the existence of two modes, we found strong h-
dependence of the gap intensity. In the energy scans at
(h,0.5,0), we observed fairly strong intensities between
2 < h < 4 r.l.u., while only very weak intensity was ob-
served between 1 < h < 2 r.l.u. and only the background
was observed at A = 1.5 r.l.u. In order to discuss this
problem more quantitatively, we measured the intensity
difference below and above T, on the 1-D AF zone cen-
ter ( i.e. k=0.5 r.Lu.) at AE= 10 meV, corresponding
to the h-dependence of the magnetic signal, as shown by
the filled circles in Fig. 2(a). The strong magnetic inten-
sity observed at h = 0 r.l.u. indicates that the magnetic
fluctuations in the next-nearest neighbour chains are in
phase. Strong intensities were observed at A = 0 r.L.u.
and 3 r.l.u., indicating that 3 r.l.u. can be regarded as the
unit along the a*-direction. Assuming an h-dependent
prefactor (|F(h){? ) in the dynamical structure factor as

indicated in Fig. 2(b) and the dispersion with two ex-
citation modes in accordance with the above findings as
indicated in Fig. 2(c), the expected intensities including
the instrumental resolution for (k,0.5,0)-scan at AE=10
meV can be calculated as depicted with the solid line in
Fig. 2(a). In the calculation, the magnetic form factor
and the intensity variation along the b*-direction have
been included. The intensity ratio of the lower and up-
per modes is chosen to be 2:1, as has been suggested
from the inelastic results at Q=(h,0.5,0), 2 < h < 3
r.l.u. However, it should be noted that the change of
the ratio ( e.g. to 1:1 ) does not essentially affect the
calculation. The intensity difference at the two equiv-
alent points, A = -1 rlu. and h = 1 r.l.u., can be
explained by the resolution effect. It can then be con-
cluded that the dynamical structure factor S(Q,w) has
an h-dependent factor having a periodicity with a unit
of 3 r.l.u. Since the distance between the V** chains
is § (see Fig. 1), this periodicity is indeed unexpected.
One can recognize from Fig. 1 that a clue to our surpris-
ing results may be given by the fact that the distance
between the V** chain and the V3% chain is § and £,
though the final answer is still now not given.

The above findings indicated that the senario of spin-
Peierls transition from the crystal structure as we be-
lieved is invalid and soon triggered off a deep reconsider-
ation of the charge arrangement in NaV,0j, causing the
following stimulating results. Ohama et al.”) carried out
51YV.NMR experiment on NaV;Os and discovered that
the V sites change its valences at T, from uniform V*5+
to two different sites of V4* and V5* with a geometrical
configuration so that spin-gap is formed. Furthermore,
recent theoretical study by Seo and Fukuyama®, treat-
ing NaV,03 as a quarter-filled spin-ladder system not
as a spin-Peierls system, propose that a zigzag type of
charge disproportionation along the ladders of V-ions is
stabilized as a ground state due to the intersite Coulomb
interaction. We are now considering whether these re-
cent results are consistent with our neutron scattering
study, along with more experimental effort to obtain a
final understanding of this unique system.
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For hole doped perovskite manganites, the
ferromagnetic (FM) metallic state has been
qualitatively explained with the double ex-
change (DE) model. This DE picture implies
that, regardless of its FM or AFM ordering
in the ground state, the FM spin correlation
must be the characteristic feature of spin fluctu-
ations in the paramagnetic state of doped man-
ganites. In order to confirm the existence of
the FM spin fluctuations in the paramagnetic
state of doped manganites with an AFM ground
state, we have studied an insulating AFM sys-
tem Pr;_.Ca.MnOj;.

The insulating AFM Pr;_;Ca,MnOj3 system
shows strong ferromagnetic (FM) spin fluctua-
tions in the paramagnetic state. Figure 1 shows
the profiles of g scans along the (1,0,!) line for
the £ = 0.35 sample. In the paramagnetic phase
at 250 K and 200 K, one can see strong diffuse
scattering around the FM Bragg point (101), in
contrast to no diffuse scattering around the nu-
clear Bragg point (102) at which the FM struc-
ture factor for the Mn ions vanishes. The inset
shows the scattering profiles observed at around
(1,0,1) with I = odd at 250 K. The diffuse in-
tensity at (101) is strongest, and decreases as
Q increases, being consistent with the magnetic
form factor. These results lead us to identify
that the diffuse scattering observed in the para-
magnetic phase originates from the FM spin
fluctuations.

Figure 2(a) shows the temperature depen-
dence of the energy spectra of the FM fluc-
tuations in the z = 0.35 sample. Solid lines
are the fits to the Lorentzian form convoluted
with the instrumental resolution. The intense
quasielastic scattering is evident in the param-
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agnetic phase, and it changes over to the AFM
spin wave excitations below Tx.
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Figure 1: Profiles of Q = (101) and (102) along the
[001] direction at 250 K, 200 K and 100 K for z = 0.35.
Inset: Profiles scanned along the [100] direction near
(101) at 250 K.

In order to quantitatively characterize the
FM spin fluctuations, we have studied the ¢
dependence just above Tco. The quasielastic
peaks were fitted to a Lorentzian, and the width
T is plotted against ¢ in Fig. 2(b). For all
three samples, " shows an excellent linearity on
¢* (T = Ag?), which indicates that the scatter-
ing originates from a spin diffusion-like process.
The spin diffusion constant A deduced from the
fits is practically z-independent for all three
samples, yielding 16(4) meVA? (HWHM) for
z = 0.35, 13(2) meVA? for z = 0.40, and 16(4)
meVA? for z = 0.50, repectively. It should be
note that a similar FM component has been re-
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cently reported in the metallic FM manganites,
La0,67Ca0,33Mn03 and Ndo_7Sr0,3Mn03,1) and
a metallic AFM Ndg.45S10.55Mn0O3.2) We would
like to point out that the energy scale A of such
FM fluctuations is anomalously small. For in-
stance, A = 15(1) meVA? for Lag 67Cag 33Mn0O;
and A = 14(2) meVA? for Ndg.455r5 55MnO3.

Pr1.CaMnO3;
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Figure 2: (a) Energy spectra at Q = (1,0,0.95) for
the z = 0.35 sample. (b) Energy widths I" of quasielastic
scattering versus ¢> above Tco; open circle: £ = 0.35 at
(1,0,0.95) and 245 K, triangle: z = 0.40 at (0.95,0,0.95)
and 250 K, closed circle: z = 0.50 at (0.95,0,0.95) and
260 K.

In general, the spin wave stiffness constant
Dgw and the spin diffusion constant A should
be of the same order in magnitude when the
same exchange interactions control the spin
wave propagation as well as the spin diffu-
sion process. The values of Dgw in doped
manganites found in literature are of the or-
der of 100 meV, and, in fact, the values A of
the metallic FM samples, Lag gSrg2MnO3 and
Lag.7S1rg.3MnQj, are reported to be of the same
order with Dgy.>) We think that the discrep-

ancy of the energy scale between Dgw and A
in Pr;_,Ca,MnOj3 should be attributed to its
narrower one-electron bandwidth W. In a sys-
tem with a small W, the small hopping inte-
gral suppresses the mobility of holes, and in-
creases the possibility of the coupling of hole
motion with the lattice distortion. It should
be note that the existence of the two energy
scales in doped manganites is recently pointed
out by studies of thermopower and resistiv-
ity measurements,*) and by a neutron scatter-
ing study of Ndg 45Srp 55MnQ3.2) The reported
activation energies of the resistivity and ther-
mopower are quantitatively consistent with the
spin wave stiffness constant Dgy and the spin
diffusion constant A, respectively. The small
energy scale of the thermopower in the param-
agnetic state was also attributed to the hopping
of the small polarons.

In conclusion, we have demonstrated that the
paramagnetic phase in the charge ordered AFM
insulator Pr;_;Ca,MnO3; with 0.35 < £ < 0.5
is characterized by the anomalous FM fluctua-
tions. For a system with a narrow one electron
bandwidth, the energy scale of the FM fluctua-
tions is an order of magnitude smaller than that
of the low temperature spin dynamics. These
results are compatible with the picture that the
spin fluctuations in the paramagnetic state of
doped manganites is characterized by the hop-
ping of small polarons.
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Observation of the spin fluctuation in Ce(Ru,_,Rh,),Si, x=0.03, 0.15
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CeRuSiy, which is a moderately heavy Fermion

compound, has no magnetic long range order at low
temperature. But previous neutron inelastic scattering
experiments have revealed that some
antiferromagnetic fluctuations develop below 60K.[1]
Recently we have reinvestigated the distribution of
the generalized susceptibility x(q) of this compound
in a wide region of the g-space. The results indicate
that x(q) forms a ridge between 1=(0.3,0,0) and
q2=(0.3,0.3,0) on the reciprocal c-plane, and has a
peak at q3=(0,0,0.35).[2]

Ce(Ruy .Rhy),Si system has the same crystal

structure in the whole range of x. An
antiferromagnetic phase exists at 0.05>x>0.4, whose
ground structure is the spin-density-wave (SDW).[3]
The magnetic wave vector is (0,0,0.42) at x=0.15 and
becomes larger as x increases. We consider that the
fluctuation of CeRu,Si, with g3 develops into this
SDW state due to substitution of Ru with Rh. In order
to study the change of the fluctuations in the process
of the growth of SDW, we performed neutron
inelastic scattering experiments on Ce(Ru;_yRhy),Sip

x=0.03, 0.15. The experiments were carried out at
HER.

The compound of x=0.03 is ciose to the boundary of
the SDW phase. We found that this compound has a
short range order with the magnetic wave vector of
(0,0,0.35) below 4K, whose magnetic moment is
0.02up. The figure shows the results of the g-scans
with a finite energy transfer along [100] around the
reciprocal point (101) for x=0.00, 0.03, 0.15. One can
see in this figure that the fluctuation q1 survives while

JRR-3M, GPTAS(4G), HER(C11) , magnetism

~134—

the fluctuation g3 of x=0.00 grows into SDW of
x=0.15 through the short range order of x=0.03.
Furthermore, the size of q1 increases in the same
way as that of g3.
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Spin-glass systems have been extensively
studied. However, many basic problems, in
particular properties under magnetic fields,
remain unsolved. Even the problem whether a
real spin-glass(SG) transition occurs not only in
zero-field but also in fields has not been solved
yet. Generally, a SG system shows different
behavior when we perform measurements with
different time- and space- scale of observation.
Therefore, in order to clarify properties of SG
systems, it is necessary to examine the behavior
of SG systems by various measurements.

As an objective material, we chose the
diluted antiferromagnet Mng 55Mgg.45Ti03
which shows the spin-glass behavior with the
weak uniaxial anisotropy.[1] We have examined
the behavior under fields by dc-magnetization,
ac-susceptibility and uSR measurements. In
Fig. 1, we show the magnetization as a function
of temperature under various fields. The
behavior changes drastically with increasing
field. On the other hand, we have found from
the uSR measurements that the behavior is
independent of field.

To obtain information on the SG from a
different viewpoint, we performed the neutron
scattering measurement. We applied the
magnetic fields parallel to the hexagonal c-axis

JRR-3M, PONTA, 2. magnetism

3.5+

3.0+

Temperature (K)

Fig. 1 Magnetization as a function of temperature
under the various fields. The open marks show the
magnetization under the zero-field-cooled(ZFC)
condition and the closed marks under the field-
cooled(FC) one.

(spin easy axis) using a cryomagnet with
horizontal field.

We show the diffuse scattering intensity as
a function of temperature measured at the
(2 0 5.08) reciprocal lattice point under a field,
H, of 0 or 1.0 T in Fig. 2. In both fields, the
diffuse scattering intensity starts to increase at
T~20 K, which is much higher than the freezing
temperature(7g=4.5 K at H=3 G) determined by
the DC magnetization measurements. The
temperature dependence of the intensity for H=0
is almost similar to that for H=1.0 T, which
makes a remarkable contrast with the results of
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the magnetization measurements shown in
Fig. 1. The result suggests that the correlation
between the spins observed by the time-scale of
observation of neutron scattering measurements
appears at a temperature much higher than Tg
determined by DC magnetization measurements.
The correlation between the spins is not affected
by the fields at least below 1.0 T.
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Fig. 2 Diffuse scattering intensity at the (2 0 5.08)
reciprocal lattice point under H=0 and 1.0 T.
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Fig. 3 Magnetic phase diagram in the H-T plane
observed by various methods. DC and AC show DC
magnetization and AC susceptibility measurement,
respectively.
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We show the magnetic phase diagram in the
H-T plane determined by the neutron scattering
measurement in Fig. 3. As a reference, we also
show the results observed by DC magnetization,
AC susceptibility and uSR measurements. It is
clearly seen that the phase diagram strongly
depends on the time- and space- scale of the
observation.

We also measured the neutron scattering
intensity near the (0 0 3) reciprocal lattice point,
in which only spin component perpendicular to
the c-axis is reflected. In low fields, any
magnetic scattering is not observed near (0 0 3).
This fact supports that Mng 55Mgp.45TiO3 is an
Ising like spin-glass.[1] When we apply higher
fields than 1.0 T, the diffuse scattering intensity
at the (0 O 2.88) reciprocal lattice point
increases. In the samples with higher Mn
concentration which show the antiferromagnetic
long range order, a spin-flop transition
occurs.[2] Thus, we consider that a spin-flop
like transition occurs also in Mng 55Mgp.45T103
and that the correlation between the spins
associated with a XY like spin-glass freezing is
observed. In other words, the crossover from
the Ising spin-glass to the XY like spin-glass
occurs. To our knowledge, this study is the first
time to observe such a crossover. However, it is
not clear whether the formation of the correlation
between the spins perpendicular to the c-axis
means a real XY like SG transition. To clarify
this problem, further studies are necessary.
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The Zn-Mg-RE (RE: rare earth) icosahe-
dral quasicrystal (i-QC) attracts growing atten-
tions recently. Since this system has localized
4f magnetic moments on the RE sites, it pro-
vides an opportunity to study magnetism on the
quasiperiodic lattice. To date, the neutron pow-
der diffraction was performed, and suggested
a coexistence of the magnetic short-range or-
der (SRO) and long-range order (LRO) at low
temperatures, such as 7 < Ty ~ 7 K for RE
= Ho [1]. However, the magnetic susceptibil-
ity shows no anomaly at Ty, instead, exhibits
a spin-glass-like transition at lower tempera-
tures, for example Tsg ~ 2 K for RE = Ho [2].
Hence, the two results are contradicting. This
can probably originate from insufficient sample
quality: the previous neutron diffraction exper-
iment used ZnspMgsoHog sample, which is now
known to be contaminated by crystalline phases
such as the (Zn;_.Mg;)sHo phase.

In the present study, we have performed
neutron scattering experiments on powder and
single-crystalline samples. The powder experi-
ments are to show the origin of the previously-
reported LRO. Whereas the single crystal study
is intended to explore the anisotropy of the spin-
system, which, if exists, will be the first ob-
servation of the anisotropy on the icosahedral
quasilattice [3].

Neutron scattering experiments were per-
formed at the triple-axis spectrometer ISSP-
GPTAS installed at JRR-3M, JAERI (Tokai),
operated in the double-axis configuration. Col-
limations of 40°-80°-40’ or 40’-80’-80" were em-
ployed. Incident neutrons of k; = 2.67 A-!
were selected by a vertically-focusing pyrolytic
graphite (PG) monochromator, and second har-
monics is eliminated by the PG filter.

First, we prepared the single i-phased sam-
ple by annealing ZngMgzeHoye at 723 K for

JRR-3M, 4G (GP-TAS), 2. magnetism
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Figure 1: Powder diffraction patters of (a) single
i-phase and (b) crystalline contaminant. [3]

200 hrs. The powder diffraction pattern of
this sample is shown in Fig. 1(a). The diffrac-
tion pattern at T = 20 K is shown as a high-
temperature reference with only nuclear Bragg
peaks. The peaks could be indexed with six
indices, confirming the quasiperiodic nature of
the sample. The difference of the data between
T = 1.6 K and 20 K is also displayed to show
the development of magnetic scattering inten-
sity at the low temperature. Although the tem-
perature is well below Ty ~ 7 K, there appears
to be almost no magnetic Bragg peak, indi-
cating the absence of the LRO in the single-
phased sample. Instead, broad peaks appear at
|Q| ~ 0.55,1.15 and 2.0 A~!, and reproduce

—137—



JAERI-Review 99-007

the SRO part of the previous report. On the
other hand, the powder diffraction pattern of
the hexagonal (Zn,_.Mg,)sHo sample, which is
the crystalline contaminant of the previously-
used sample, is shown in Fig. 1(b). At low tem-
peratures, magnetic Bragg peaks appear at the
same positions as the intense LRO peaks in the
previous report. These results strongly suggest
that the intrinsic magnetism in i-QC is SRO and
that the previously-reported LRO can probably
arise from the crystalline phase.

Next, we investigated the Q dependence
of the diffuse scattering using the single crys-
tal. To see overall feature of the diffuse scat-
tering in @ space, we have made a magnetic-
scattering intensity map. Further, to achieve
reasonable statistical accuracy within limited
experiment time, we measured the intensity in
the following procedure. First, the half of the
scattering plane, i.e. Q; > 0 and |Q| < 4 A%,
was scanned at 7 = 1.3 and 20 K. After con-
firming that the subtracted magnetic intensity
satisfies the symmetry requirement, we folded
the data into a single quadrant of Q;,Qy > 0.
Finally, the quadrant was repeated for all the
|Q| < 4A~! space to see characteristics of the
intensity distribution.

Figure 2 shows the resulting intensity map
of the magnetic contribution. In the map, one
can see ridges parallel to the 5f axis, which
pass through the intense diffuse peaks. Those
ridges appear as the satellites of intense nuclear
Bragg reflections. As is well known, the nuclear
Bragg reflections of the i-QC can be regarded
as projected positions of the six-dimensional
(6D) body-centered reciprocal lattice vectors,
G?%p, into the three-dimensional (3D) recipro-
cal space. Since the projection is a linear oper-
ation, magnetic diffuse-scattering, appearing as
the satellite-ridges in the 3D reciprocal space,
also appears as satellite-ridges, elongated along
the 5f axis, in the 6D reciprocal space. This sug-
gests that the corresponding spin-correlations
can be regarded as quasi-five-dimensional in the
6D (real) space. The ridges are found to ap-
pear at Qgp = Gip * g¢p, where ggp is the
magnetic wave-vector: gip = (z11101)gp and
qp = (0111z1)ep, with z being arbitrary. Since

-1000.0 0.0 1000.0
Intensity (counts/30sec.)
({T=1.3K) - I(T=20K))

Figure 2: Magnetic scattering intensity-map of
the single crystalline Zn-Mg-Ho quasicrystal. A
two-fold axis was chosen vertical to the scatter-
ing plane. Collimations of 40’-80’-80’ were used
at ISSP-GPTAS. Dots with G1, G2 and G3 are
the positions of intense nuclear Bragg reflections,
Glp = (244020)¢p, G2 = (422222)6p and Gjp =
(311111)6p [3)-

they appear at forbidden nuclear reflection po-
sitions, the spin-correlations are antiferromag-
netic in nature.

This is the first observation of the an-
sotropic spin-correlations, which are found to be
quite unique as quasi-five-dimensional. Further
study both experimentally and theoretically is
obviously required to elucidate the nature of the
anisotropic spin-correlations in the Zn-Mg-Ho
icosahedral quasicrystal.
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TICuCl; is one of the KCuCly-family

crystals that take an isomorphic structure to
KCuCl,. This structure consists of the Cu-Cu
dimers which are connected to form double
spin chains along the a-axis. The ground state
of the crystals is a spin singlet with a finite
excitation energy gap Es. The gap of TICuCl,
evaluated from the magnetization
measurements is 0.65 meV, which is rather
-smaller than E; of KCuCl, (2.74 meV). The
temperature T,,, giving the maximum
susceptibility is almost the same value, i.e. T,,,
= 38 K for TICuCl, and 30 K for KCuCl,. In
order to clarify the dependence of three intra-
double-chain nearest-neighbor inter-actions
and some inter-double-chain inter-actions on
E; and T,,, in the KCuCl,-family crystals, a
systematic study comparing the dispersion
curves of KCuCl, with that of TICuCl; must be
needed.

We had performed the single-crystal neutron
inelastic scattering of KCuCly; and TICuCl,.
The results for KCuCly were published in ref.1.
We will mention here the experiment of
TICuCl;. The PONTA spectrometer in JRR-
3M at Tokai was used. The final neutron
energy was fixed as E;= 14.7 meV and PRG
filter was inserted behind the sample.
Collimations  were taken as  40-
monochromator-40'-sample-40"-analyser-80'-
detector. The TICuCl, single-crystal sample
was 0.5 cm® in volume and had the (0, 1, 0)
cleaved plane which was laid in the scattering
plane. The excitations for the wavevectors Q =
(h, 0, 0) and (A, 0, 1) were researched by some
constant-Q and constant-E scans at 7= 8 K.

JRR-3M, PONTA(5G), magnetism

From the constant-Q energy scans in the
energy range 1<E<12 meV, two excitations are
observed. Thus, there are two branches in the
dispersion relations for the wavevector along
the a*-axis, as shown in Fig.l1 with guide
curves for the eyes. The lowest energy was too
low to observe in the present conditions, but
we can guess that the energy for @ = (1, 0, 1)
corresponds to the gap.

As for KCuClL[1], the wavevector giving the
gap is the same for TICuCl,, though only a
single branch was observed. The difference in
the dispersion of KCuCl; and TICuCl; must
come from the different balance of strengths of
the exchange interactions, which must be
clarified in the next experiments.

14F T T * 1 - 1T+ 1 ¥ ! R AL L
L TICuCl, : ]
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E hax (MEV)
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Fig.1. The dispersion of the magnetic
excitation in TICuCl, along a*-axis.
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BaCo1-xNiyS2
which consists of alternating stacks of rock-
solt-type BaS layers and Co1.,Ni,S layers,
and is expected to have two-dimensional
(2D) electronic nature. At x =0, the system
is in the Mott-insulating state and
antiferromagnetic with the Néel temperature
Ty ~305 K. The Mott transition can be
induced not only by the substitution of Co
with Ni but also by applying relatively
small external pressure p.l) Therefore, this
compound draws much attention as a typical
2D Mott system. By the Ni-substitution for
Co, electrons are introduced and the system
becomes metallic when x exceeds 0.22. In the
x region around 0.22, the Hall coefficients
Ry and the thermoelectric power S have
been found to exhibit anomalous behavior
similar to that of high- T, oxides.?)

For BaCoggoNig18S2, strong 2D-like
magnetic excitation has been observed above
Tx, where the system is in the metallic state.
Analyzing the data of the inelastic
mesurements by using the random phase
approximation (RPA), we have found that
RPA can explain the experimental results
qualitatively well. However, the inverse
correlation length « gpa deduced from the

has layered structure

JRR-3M, PONTA(5G), 2. magnetism

available data within a framework of RPA,
does not approach zero as T—Ty%
suggesting that it cannot completly describe
the behavior of the present electron system.
For BaCoS;, «grpa approaches zero as T—
Tn.Y The magnetic excitation  of
BaCog7¢Nig24S2 that does not exhibit Néel
order and is in the metallic region has also
been studied.

Single crystal of BaCoq7¢Nig24S; were
prepared by the method described in ref. 2.
Neutron measurements were carried out with
PONTA(5G) triple-axis spectrometer at JRR-
3M of JAERI in Tokai.

Figure 1 shows observed profiles
obtained by constant-energy scan at 3 meV
at various temperatures. A peak has been
observed at h=1/2. The dynamical
susceptibility 7" (g, ) measured from 2
meV to 18 meV at various temperatures has
been analyzed by using the equation

ol o X,
ri(c*+q") g+ o’
where I'g is a characteristic energy of
spin fluctuations, yg is the susceptibility of
a non-interacting spin system, & is an
inverse correlation length (<1/ ¢) and &g is

’

X' (g 0)=
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assumed to be unit cell length a. The
equation can explain the energy dependence
of the full width at half maximum (FWHM)
and y ” (w) qualitatively. Then, # has been
caluclated at various temperatures from the
experimental value of FWHM. The results
are shown in Fig.2. In the present case, « is
almost T-independent at low temperatures.
The prediction based on the quantum non-
linear o model gives a better description of
the T-dependence of inverse correlation
length than RPA. Similar T-dependence of »
was observed in Lag.,SryCu04.5 They may
be able to be argued on a same physical
basis.
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Fig.l. Magnetic  scattering
intensities of
BaCog 76Nip 2452 taken
at 3 meV at various
temperatures.
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observed values of FWHM are
shown, where I'g is chosen to be
17 meV. The solid line indicates
k=xot x(T) where the
description of «(7) is given by
Hasenfratz and Niedermayer.%
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The orthorhombic €-TiNiSi type compound
CeRhSb is thought to be a Kondo semiconductor
which belongs to the same group as CeNiSn.

Transport property measurements indicate that the
density of states at Fermi level in CeRhSb
becomes extremely small or nearly zero with
decreasing temperature below 10 K[1,2).
Moreover, the magnetic susceptibility for CeRhSb
is weakly dependent on temperature and exhibits a
broad maximum at around 120 K; this behaviours
of the susceptibility is quite similar with those in
typical valence fluctuation materials(1,2].  To
make clear the magnetic response in CeRhSb, we
performed inelastic scattering experiments on a
polycrystalline sample of CeRhSb using the triple
axis spectrometer TOPAN at JRR-3M.  The
collimation of 30’-60’-S-60’-B, and a fixed final
energy of 14.7 meV were used. An neutron
powder diffraction pattern from the sample

showed only the Bragg peaks of the proper -
TiNiSi type structure. To decrease the strong
absorption effect of Rh atoms, the sample was
enclosed in a plate type sample cell(
40x40x5mm‘). The plate cell was fixed to be
perpendicular to the incident beam.

Fig. 1 shows the temperature dependence of
spectra of constant Q scan at Q=1.2A’l at 1.8
K(open circles) and 30 K(closed circles). Though
the observed spectra does not show obvious
temperature dependence above 5 meV, the slight
temperature dependence at 3 meV may be due to
the formation of a gap in the magnetic response[3].
Since the hump at 6 meV was not observed in
previous experiments, we do not know the origin
at present. Fig.2 shows the temperature
dependence of the intensity at 4 meV and 5.5 meV
at Q=1.2A". The intensity at 4 meV slightly
increases with increasing temperature, while the
intensity at 5.5 meV is almost independent of
temperature.

To obtain more information at low energy
spectra, it is necessary to increase the incident
flux. For the high flux experiments, however, the

decrease of the y-ray level is important because Rh

is a source of y-ray when the incident flux
becomes large.

JRR-3M, 6G(TOPAN) Magnetism
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Fig.1 Energy spectra of CeRhSb at 1.8 K(open circles)
and 30 K(closed circles) at Q=1.26A"
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Fig.2 Temperature dependence of the intensity at 4
meV(open circles) and 5.5 meV(closed circles)
at 1.2A",
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Magnetic Excitations of Bandwidth-Controlled Mn
Perovskite (Laj_;—,Y,)Sr;MnOj;

K. Hirota, A. Nishizawa, and Y. Endoh
CREST, Department of Physics, Tohoku University

The perovskite Mn oxides R;_,A MnO;
(R is a trivalent rare-earth ion and A is a
divalent alkali ion) have attracted renewed
interest recently, due to the discovery of
colossal magnetoresistance (CMR) around
the Curie temperature To. Appearance of
the ferromagnetic metallic state in the doped
system such as La; _,Sr,MnQOj3 has been qual-
itatively explained by the “double-exchange
interactions.” [1] Recent investigations on the
CMR phenomena, however, have pointed
out discrepancies from the simple double-
exchange model.[2] To study the effects of
band-width on the double-exchange mech-
anism, spin dynamical behaviors were ex-
amined on a series of (Laj;_;—,Y,)Sr:MnO3
single crystals (y = 0.00,0.05, and 0.10)
with a fixed hole concentration (z = 0.20),
where the electronic band-width can be con-
trolled by the average rare-earth ionic radius,
i.e.,, the Mn-O-Mn bond angle. Neutron-
scattering measurements were carried out us-
ing the triple-axis spectrometer TOPAN.

Tc was determined from temperature de-
pendence of the peak intensity at (1 1 0) in
the cubic notation. Thus obtained T¢ are
summarized along with other parameters in
Table 1. Phase transition from the rhom-
bohedral (high temperature) to orthorhom-
bic (low temperature) structure is observed
as the appearance of superlattice peak at
(113)at T < Ts = 92.5 K (on cooling)
or 112.0 K (on heating) for Lag gSrooMnO3.
Upon doping Y, Ts increases drastically; Ts
for y = 0.05 is higher than the highest avail-
able temperature, 330 K. In each sample, the
resistivity shows insulator-like upturn with
decreasing temperature and reaches maxi-
mum around T, then drops rapidly and be-
comes metallic at low temperatures, which

Tc (K) D (meVA2) TCM,.-/TC

EuO 69 7.4 1.3

Fe 1040 175 24

Ni 631 330 45

y=0.00 306 102 2.3

y =0.05 281 87 2.3

y=0.10 271 . 84 2.2

Lao‘-,-Sro,;,MnO;; 378 114 2.1
Table 1: Dynamical properties of

(Lai-g-yYy)SrzMnO; and some typical cu-
bic ferromagnets. The spin-wave stiffness D
is determined at T/T¢ = 0.8.

is typical of the CMR materials. Polycrys-
talline samples were measured in compari-
son, which show a broad maximum at a tem-
perature 50 K lower than that of the corre-
sponding single crystal, indicating that grain
boundaries and defects have large effects on
electrons and blur the intrinsic properties.
The spin-wave dispersion curves for stud-
ied (Laj—g-yYy)SrzMnO; samples show an
isotropic behavior in the measured (g, w)
range, ¢ < 0.40 A1 and hw < 20 meV, and
follow well with Aw(q) = Dq? + E,, typical
of ferromagnetic spin-wave dispersion in low
q and low w range. In order to study the
temperature dependence of spin-wave stiff-
ness D, we have performed constant-(Q) scans
at (1.1 1.1 0) where well-defined peak profiles
are obtained in a wide temperature range.
Each peak profile was fitted with the spin-
wave scattering cross section including the
finite life-time /I’ convoluted with a proper
instrumental resolution. Figure 1 shows thus
obtained temperature dependence of D.
Decrease of the spin-wave stiffness D upon
doping Y is consistent with the double-
exchange mechanism. The e, conduction
band is narrowed because the Mn-O-Mn

Reactor: JRR—:BM

Facility: TOPAN(6G)

Field: 2 B&t% Magnetism
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bonds are bent by doping Y on La sites,
which prevents electrons from hopping be-
tween neighboring Mn ions, resulting in di-
minishing the double-exchange interactions
and D. Note that, in small ¢ limit, D is
related to the nearest-neighbor exchange in-
teraction (such as the double-exchange in-
teraction) J by D = 2JSd/4 where S
is the spin quantum number and d is the
nearest-neighbor distance. We also found
that the energy width ' of spin waves fol-
lows T(q,T) o {1 — [M(T)/M(O)]*}w(a,T)
where M(T) is the magnetic moment at
temperature T', as shown in the inset of
Fig. 1. This relation is predicted in the
double-exchange model.[3] Overall increase
of T with increasing y is ascribed to ran-
dom potential introduced by the Y substi-
tution, which shorten the life time of spin
waves. It should be pointed out that D
scales with T as seen in Table 1. Mean-field
Curie temperature Tg,, is derived from the
Heisenberg model with the nearest-neighbor
interactions J: Tg,,, = 22JPs(P, + 1)/3kp
where z is the number of nearest neighbors
and P, is the saturation moment. Since
D is proportional to J as already men-
tioned, the scaling of D and T¢ supports
the above model in the measured Y concen-
tration range, in which the nearest-neighbor
interaction, i.e., the double-exchange mech-
anism, plays a significant role. According
to Toyr/Tc, which is used for an index of
the itinerancy, (Laj-z—yYy)S1zMnOj is simi-
lar to a typical metallic ferromagnet such as
Fe. It is interesting that the CMR phenom-
ena appearing in the static properties are not
reflected in the spin dynamics.
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FIG. 1 Temperature dependence of the spin-wave
stiffness D.
Dashed lines are guides to the eye. Inset shows a lin-
ear relation between ['(g,T) and (1 — M*%)w(q, T),
where M* = M(T)/M(0).

Error bars indicate fitting errors.
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Magnetic excitations in the charge ordered state of YbsAs;
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YbsAs;3 is known with its typical heavy-
electron-like anomalies at low temperatures in
spite that the compound is semimetallic with
extremely low carrier density [1]. It undergoes
structural transformation at 290 K from the
anti-Th3 P4 type cubic structure to a trigonal one
with decreasing temperature. Our polarized
neutron diffraction experiment [2] proved
directly the existence of the charge ordering in
the low temperature phase of YbsAs; where
four Yb ions aligned along a [111] direction
(Yby) become mainly tri-valent whereas the rest
of 12 Yb ions (Yb]j) in a unit cell are almost di-
valent. The inelastic neutron scattering
experiments [3] revealed that there exist low
energy magnetic excitations which are
attributed to the antiferromagnetic coupling in
the Yb3+ chains. The dispersion relation as well
as the spectral shape of the excitations are well
explained by the one-dimensional spin-1/2
Heisenberg model. It was also found that, by
using the exchange interaction value obtained
from the dispersion relation, the model explains
the value of C/T at low temperatures as well as
the susceptibility anomaly in YbsAss. These
that the
behaviors in YbsAsj are strongly related with

results  suggest heavy-electron

the formation of the one-dimensional Yb3+
chains caused by the charge ordering. However,
other anomalous properties such as the heavy
electron-like 7T-square dependence of the
electrical resistivity or the steep up-turn of the
susceptibility below about 7 K [1] cannot be
explained by the simple Heisenberg model.
Therefore, itis very interesting to clarify

0 25 50 75 100
counts / 10 min

Fig. 1. Intensity map of magnetic response
from YbsAs; measured at C11 spectrometer with
hw=0.5 meV at 1.5 K in the (hhk) reciprocal
lattice plane. Strong peaks near (1,12)
reciprocal lattice point is due to Bragg
contamination from the sample.

* Present address: Tsukuba Institute of Science and Technology, Tsukuba 300-0819, Japan.
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whether any magnetic response corresponding
to these unusual properties, other than that
attributed to the one-dimensional property,
exists. In order to do that, more
detailedneutron inelastic scattering studies of
the low energy magnetic excitations in YbsAs;
were performed.

The experiments were carried out on the
Cl11 spectrometer using a large analyzer with
fixed final energy of 3.1 meV using a single
crystal sample of about 2 g. We have done
constant-E scans’ with /i©=0.5 and 0.3 meV in
a wide Q range around (0,0,2) in the (h,h,k)
reciprocal space, where the [111] direction was
settled as the unique axis by utilizing strain-
cool technique. Fig. 1 shows the intensity map
of the scans with 20=0.5 meV at 1.5 K. The
strong intensity ridge which passes through
(002) corresponds to the scattering from the
one-dimensional spin excitations around the
wave vector ¢ = nt/d in the one-dimensional
representation, where ¢ is measured along the
[111] direction and d is the distance of Ybj ions
in the chains. Similar intensity maps were also
measured at the IN14 spectrometer at ILL with
ho=2 meV using the fixed incident neutron
energy of 14.7 meV. The results indicate that

the whole magnetic response from Yb,As; for
the energy transfer above about 0.3 meV can be
attributed to the one-dimensional antiferro-
magnetic coupling in the Yb3* chains, and that
there is no clear indication of additional
magnetic response which might correspond to
the anomalous properties such as the resistivity
anomaly or the susceptibility up-turn at low
temperatures. Therefore, it is concluded that the
energy scale of the heavy-electron anomaly in
the transport property specific to the pure
material YbsAs; may be very small (less than
about 3 K), if its response is sizable, compared
to those of spin excitations.
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LiV,0O; is the mixed valent (V*/V* =1) vanadate of
which structural element is the distorted VO, pyramid.”
As can be seen from the structure, the spin system can
be regarded as double linear chain consisting of two
independent linear chains, zigzag chain or the
intermediate model between them, which is called
railroad trestle lattice. The magnetic susceptibility of
the powder sample of this compound shows good fit to
the equation for a S=1/2 Heisenberg antiferromagnetic
(1-D HAF) linear chain, although the obtained powder
averaged g-factor is 1.8, and that the ground state is not
a spin singlet state.”?  Therefore it is suggested that this
magnetic system can be regarded as being highly one-
dimensional.

The inelastic neutron scattering experiments on
single crystalline samples were performed using triple
axis spectrometer PONTA installed at the reactor hall
beam line 5G of JRR-3M in JAERI (Tokai). Single
crystals (0.6031[g]) were prepared using LiVO; as a
flux. They were aligned with b*(chain)- and c*(stack)-
axis in the scattering plane.

Fig.1 shows the Q-dependence of scattering intensity
along b*-axis around (0,0.5,2) at the constant energy
transfer E=12[meV). This reciprocal lattice point
corresponds to the zone center of 1-D HAF linear chain
with the lattice constant b. In this Figure, the solid line
represents the expected spectrum for a 1-D HAF linear
chain model with 2J=308[K} evaluated from magnetic
Fig.2 shows the E-
dependence of scattering intensity at (0,0.5,1) which is

susceptibility measurement.

magnetically equivalent to (0,0.5,2) (filled points). The
corresponding energy spectrum at (0,0.4,1) (open
points) is considered to represent the background
including the incoherent scattering from vanadium
atoms around energy transfer E=0[meV]. The low
energy excitations down to 1[meV] can be clearly
observed. We note that there are no excitations

JRR-3M. PONTA. 2.Magnetism

observed at around (0,1,0), corresponding to the zone
center of a zigzag chain. These neutron scattering
results suggest that LiV,0; can be regarded as a S=1/2
1-D HAF linear chain system.
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Fig.1: Constant E-scan at (0,k,2).

Instrumental conditions: Ei=30.5[meV] fixed mode
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Fig.2: Constant Q-scan at (0,0.5,1).

Instrumental conditions: Ei=14.7[meV] fixed mode and
collimations open-PGf-40-S-40-80.
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Magnetism of SrV,0, is governed by S=1/2 quantum
spins at the vanadium sites in 1/4 depleted square lattice.
The structure of this compound is analogous to that of
CaV,0,, of which the magnetic structure has been
recently studied by Harashina et al.”, although the VOj
pyramids in SrV,0, are more distorted. From the
magnetic susceptibility measurement of the powder
sample prepared by solid state reaction, it was
confirmed that the magnetic ordering occurs
antiferromagnetically and that the Neel temperature Ty
is 34.3[K].

Neutron powder diffraction was carried out to
determine the spin structure of the ordered phase. In
this experiment, we used the triple axis spectrometer
PONTA installed at the reactor hall beam line 5G of
JRR-3M in JAERI (Tokai). The spectrometer was
operated in the double axis mode with Ei=14.7[meV]
and collimations:40-PGf-M-Sapphire-40-S-40.

Fig.1 shows the T-dependence of the peak intensity
of the (110)(102) reflection group, which has the
strongest magnetic scattering intensity. With decreasing
T, the magnetic scattering grows in addition to the
nuclear scattering below T=34.5[K], and this is
consistent  with  the magnetic  susceptibility
measurement.

Fig.2 shows representative magnetic scattering
obtained by subtracting the data at S0{K] from those at
7(K]. The integrated magnetic scattering intensities can
be well explained assuming the ‘stripe order’ spin
structure, same as found in CaV,0;, but with the spin
direction along a(stack)-axis, instead of c-axis for
CaV,0,. The ordered moment is evaluated to be y=0.55
+0.02[ug).

In this experiment, the nuclear scattering intensities
at T=50[K] were not in complete agreement with the

intensities calculated using the previously reported

JRR-3M. PONTA. 2 .Magnetism

structure data at RT?, A detailed study on nuclear
structure is now in progress.
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Fig.1: T-dependence of the (110)(102) reflection peak
intensity
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These spectra are obtained by subtracting the data at
50[K] from those at 7{K]. The solid lines represent
the results of Gaussian fits.
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LiMn, O, is

promising

The spinel-type compound
known (0 be one of the most
malerials  of

candidates  for  cathode

rechargeable  lithume  batferies.  The
LiMn,0, undergoes a Jahn-Teller lattice
distortion around 280K, and if. makes the
rechargeability worse. Thus the structuaral
phase transition has been studied by many
authors. But very few data were reporied on
the magnetism of LiMn,Q, which is a typical
manganese oxide.

Provious authors reported  that no
magnetic long-range order is observed in the
data of magnetic susceplibility x, NMR and
neatron diffeaction. Howoever we obtained
completely different results.

We  first

LiMn,O), powder

studicd  susceptibility  of

sample. Anomalies are

seen around 40K and GHIC in suscoptibidity:

diffraction
71-1
spectromator. Figure | shows the observed
diffraction patiern at 18K and 45K, A lot of

sharp peaks are obtained. Most of them arc

measurement. Neulron

experiments  were  performed  at

the magnetic scatiering peaks because these
are temperature dependent, indicaling that
there exists 8 magnelic long-range order al.
low temperature. Figure 2 shows the
dependences  of  the peak

30.2 and

femperanture
infensitics studied at 20 = 26.1,

JRR-3M, T1-1, Magnetism

33.2 degrees. According lo these data, (he
Neel temperature is estimaled to be GBI,
and it coincides with one of the anomalies in
susceptlibility data. On the other hand, there
are no remarkable changes in diffraction
patlerns around 40K, as shown in [Fig]
Thus the anomaly at 40K does nol. look like
transition. TFurther

a  magnetic phase

investigations are going on for this point.
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Ce7Nis crystallizes in the ThyFes-type
hexagonal structure with three non-equivalent
Ce sites.
susceptibility measurements showed that an
antiferromagnetic order (Tn=1.8K) coexists
with a heavy Fermion state (y=9 J/K2 mol f.u.)

Specific heat and magnetic

in this compound?). The antiferromagnetic
order is suppressed by extremely low pressure
(Pc=0.33 GPa) and non-Fermi-liquid (NFL)
behavior appears?). Taking advantage of the
low Pc and the absence of lattice disorder
introduced by the alloying, we started neutron
scattering study of magnetic excitations from
Ce7Ni3
transition and NFL/FL crossover.

accompanied with the magnetic

Elastic neutron scattering measurements
showed -that an antiferromagnetic
characterized by the propagation vector
g~0.22¢c* appears below Tn=1.8K. Also, a
new antiferromagnetic order with the
propagation vector q=0.25c¢* appears below
T~0.8K, without any appreciable change in the
The SDW
magnetic structure  deduced from the present

order

component above mentioned.

measurements is shown in Fig.1, in which
moments on Ce-1 (2(b)-site) and Ce-2 (6(c)-
site) contribute to the antiferromagnetic order of
q~0.22¢* whereas those on Ce-3 (6(c)-site)

JRR-3M, Ci-i, T1-1, 5G, magneatism

contribute to q=0.25c*. Magnetic field
dependence of the magnetic Bragg peak
intensity is shown in Fig.2. Antiferromagnetic
Bragg peaks observed in zero field disappear
above H~0.15T. No magnetic Bragg peak is
observed except for the ferromagnetic points
above H,.

g~0.235¢c*

g=0.235¢c*

T=0.31K

Fig. 1. Magnetic structure of Ce7Ni3.
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Inelastic neutron scattering measurements
under the ambient pressure were made on the
high nergy resolution spectrometer (Cl-1)
utilizing a horizontally focused analyzer. In
Fig.3, we show the constant energy scans along
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Fig.2. Magnetic field dependence of
magnetic Bragg peak intensity.
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Fig. 3. Inelastic neutron scattering patterns
across the (10E) reciprocal line.

the (10E) reciprocal line taken at 7=0.27K.
Scattering pattern at £=0.2 meV consists of two
components, narrow component starting from
antiferromagnetic Bragg points indicated by the
arrows, and a slowly varying wide component.
suggests that the
and the ferromagnetic
fluctuations coexist in the antiferromagnetic

The observed pattern
antiferromagnetic

phase. At E=03 meV, the scattering pattern
consists only of the slowly varying components
starting from ferromagnetic Bragg points (100)
and (102). Figure 4 shows the scattering
intensity map in the (hOk) plane taken at the
energy transfer F=03 meV. The inelastic
scattering measurements under pressure will
shortly be started.

Ce7Ni3 T=0.3K E=0.3maV

Fig. 4. Inelastic neutron scattering intensity in
the (hOl) plane taken at E=0.3meV.
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Magnetic neutron scattering of Zn¥e;O4 single crystal

K.Kamazawa, K.Odaka, Y.Tsunoda and K.Kohmn
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The zinc ferrite contains Fe3+ magnetic ions
only at the octahedral (B) site and for this reason
it is simplest magnetic system with spinel
structure. However, it is known as an Anderson's
frustrated spin system, and hence the
antiferromagnetism of zinc ferrite is still not

solved. The magnetism in ZnFeOp s
investigated by G.V.Bich et al ) and W .Schieel et
al 2 using powder neutron diffraction. They
reported that the center of gravity of the

antiferromagnetic short-rang order (SRO) peak
shifts towards lower scattering angles as

temperature is increased.  Below Ty (~10K) , the
antiferromagnetic SRO and antiferromagnetic

long-range order (LRO) coexisted.

We succeeded to grow ZnFe,0j single crystal.
In the present work, we report neutron scattering
data for single crystal ZnFeyOy The
measurements were performed at the Ty, triple
axis spectrometer installed at the guide hall of
JRR-3M in the temperature range from 1.5K to
30K in the 0 0 1 scattering plane. We found that
the diffuse magnetic peak is focated paraliel to the
[1 1 0] axis above the Neel temperature (Fig.1).

This means that the one-dimensional
antiferromagnetic spin correlation  develops
parallel to the [1 1 0] axis. The peak position
continuously shifts towards small g region as
temperature is increased. While the
temperature is decreased, the wave vector of the
antiferromagnetic SRO peak reaches to 3/4 3/4 0
position, which is commensurate with the lattice
periodicity, then, antiferromagnetic long-range
order develops. However, the Bragg peaks appear
at 1 1/2 0, not at 3/4 3/4 0 (Fig.2). These data
suggest that the magnetic structure of ZnFe;O, at
low temperature is non-collinear spin

JRR-3M, HQR(T1-1), 2.magnetism

arrangement.
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Fig.1 Magnetic smtt%:ring intensity
map observed at T=15K. 10
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04 06 08 1 12 14

[100]
Fig.2 Magnetic scattering intensity
map osaerved at T=1L.5K.
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Metal-insulator transition and antiferromagnetism in NiS,_  Se
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NiS, ,Se, is known as a Mott-type metal-
insulator transition(MIT) system. Se
substitution for S induces MIT at x~0.5. The
same type of antiferromagnetic ordering exists
in both insulator(0<x<0.5) and metal phase
(0.5=x<1.0) at low temperature. The magnetic
moment decreases monotonically across the
metal-insulator boundary[1]. For 0.55x<0.6,
the thermally induced first-order MIT occurs in
antiferromagnetic ordering. Recently, we found
that there are no appreciable change in the
staggered moment at MIT temperature by
simultaneous measurements on electrical
resistivity and magnetic neutron diffraction.
No difference of static magnetic ordering has
been observed between insulator and metal
phase.

At second stage, we are going to study the
dynamical spin fluctuation of this system.
Here, we report the first experimental result of
inelastic neutron scattering for a single crystal
with the volume of 0.lcc (4x5x5Smm3) of
x=0.65 in which the magnetic sublattice
moment is 0.51p/Ni. The single crystal was
grown by chemical transport method using Cl,
gas.

The inelastic neutron scattering
experiments were performed with TOPAN
spectrometer installed at JRR-3M. The inset of
Fig.l shows the temperature dependence of
magnetic Bragg peak intensity at (100) center
and electrical resistivity. The Néel temperature
is 90K and resistivity increases with rising
temperature beyond 90K. The MIT broadens
for 0.6<x<0.7. At 60K, resistivity is 10*Qcm
and antiferromagnetic Bragg peak is observed,
therefore x=0.65 is antiferromagnetic metal at
60K. Fig.1 shows constant-E scan at @=3meV
along (1,k,0) at 60K. We couldn't observe
well-defined  signal. We supposed that the

Reactor:JRR-3M Facility: TOPAN(6G)

sample volume was not enough. However there
is a possibility that the magnetic signal may be
broad at magnetic Bragg (100). Since a single
broad peak at antiferromagnetic Bragg peak
position was observed in the inelastic scans on
antiferromagnetic metal phase of Vz_),O3
system[2]. To get more accurate data, we are
now preparing lager size of single crystals.

The work has been supported under the
Grant in Aid for the Science Research by the
Ministry of Education, Science, Sports and
Culture.

T T T T Ty o T

Ei=13.7meV
L w=3meV
Q=(1,k,0)
B-100-60-B
- PG(mono)

intsnsity(ach. wit) ..

50 |

04

S A

counts/12min.

k (r.lu)

Fig.1 Constant-E scan at @=3meV along

(1,k,0) at 60K. Inset shows temperature
dependences of intensity at magnetic
Bragg(100) peak center and electrical

resistivity.
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Pressure-Induced Weak Moment in the Two-Dimensional
Antiferromagnet (C;H;NH;);CuCly
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Placing a magnetic compound under a high pressure
can yield a change of its magnetism that is strongly cor-
related with the crystal structure of the compound. Re-
cent investigations of K,CuF4 under pressures revealed
a drastic pressure-induced transition from ferromagnetic
to antiferromagnetic state around 9 GPa,!) which is due
to the change of orbital ordering of 3d-holes in Cu?* from
the antiferrodistortive (AFD) one to the ferrodistortive
(FD) one.® The pressure-induced magnetic transition
similar to that observed in K2 CuF is expected in the se-
ries of layered compounds (CyHzn4+1NH3)2CuCly (n =1
and 2), because the intralayer ferromagnetic exchange
interaction in them owes to the AFD orbital ordering of
3d-holes. The spins in each layer in these compounds
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Fig. 1. (a) The magnetic peak that indicates antiferromagnetic

coupling of spins in adjacent layers. (b) The ferromagnetic
peak, which is not allowed when the spin structure is collinear.

JRR-3M, T1-1, Magnetism

couple ferromagnetically, while the interlayer coupling of
spins is ferromagnetic for n = 1 and antiferromagnetic
for n = 2. The interlayer coupling is some orders of mag-
nitude smaller than that in the layer and the spins align
along the g-axis. As revealed by Raman scattering exper-
iments for the n = 2 compound, the crystal structure
that results in the AFD disappears around 4 ~ 5 GPa.
Measuring magnetic susceptibility of the n = 2 com-
pound at high pressures, Ishizuka et al recently found
a ferromagnetic behavior at 1.23 GPa, which is far be-
low the pressure at which the orbital ordering changes.
Their preliminary experiment performed with H = 10
Oe along the g-axis indicates a ferromagnetic moment
induced along the g-axis. On the basis of on this result,
we thought that the interlayer coupling probably became
ferromagnetic.

To confirm our expectation of the spin structure
around this pressure, we performed neutron diffraction
experiments at 2 GPa using the ISSP-HQR spectrome-
ter at JRR-3M in JAERI As a result, we found that the
spins among the layers still couple antiferromagnetically,
as shown in Fig. 1 (a), which is contrary to our presup-
position. However, we detected a weak magnetic peak
that indicates a ferromagnetic moment aligned along the
c-axis, which is shown in Fig. 1 (b). These results indi-
cate a collapse of the collinear spin alignment along the
a-axis, i.e., spin-canting occurs.

We intend to examine whether the ferromagnetic mo-
ment along the g-axis, which was detected by the sus-
ceptibility measurement, is surely induced by pressure
or not in the next machine time.

We think that the observed weak moment is due to
a change of crystal symmetry caused by pressures. As
a result of lowering of crystal symmetry by pressure, an
antisymmetric exchange interaction becomes to be al-
lowed, and causes a spin canting. Further investigations
are now in progress.

1) M. Ishizuka et al.: J. Phys. Soc. Jpn. 65 (1996) 1927.

2) M. Manaka et al.: J. Phys. Soc. Jpn. 66 (1997) 2089.

3) M. Ishizuka et al.: Phys. Rev. B 57 (1998) 64.

4) Y.Morimotoand Y. Tokura: J. Chem. Phys. 101 (1994) 1763.
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Quasi 3-Dimensional Antiferromagnetic Order in Lightly Doped
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S. Wakimoto, S. Ueki, K. Yamada” and Y. Endoh

Department of Physics Tohoku University, Sendai 980-8578, Japan

It is one of the most important subjects among
High-T. researches to clarify correlations
between conductivity and magnetism. For La,
SrCu0, (LSCO) system, systematic and
detailed neutron scattering study for
superconducting region (0.06<x<0.25) was
reported by K. Yamada et al.[1] and magnetism
in lightly doped region (so-called spin glass
region, 0.02<x<0.05) has been remaining issue.
Very recently, T. Suzuki et al.[2] and H. Kimura
et al.[3] observed elastic sharp g peaks at the
incommensurate positions on x=0.12 which
must be strongly related with 1/8 problem.
Similar sharp elastic peak at commensurate
position of x=0.04 was studied by B. Keimer et
al.[4] In the present paper, we report results of
elastic neutron scattering on x=0.05.

Single crystal of x=0.05 was grown by
improved travelling solvent floating zone
method. Its c-axis lattice parameter suits for a
value estimated by interpolation between x=0
and x=0.06. From results of magnetic
susceptibility measurements by SQUID, it shows
typical spin glass (SG) behavior in a-b plane
and SG transition temperature is 4.5K. On the
other hand, its interplane magnetic susceptibility
deviates from Curie-Weiss law below 20K (Tdv)
which is much higher than the SG transition
temperature.

Neutron scattering experiments were carried
out on triple-axis spectrometer TOPAN installed
on thermal neutron beam hole 6G in JRR-3M
of JAERI Collimation set of B-60'-60'-B was
utilized.

Fig.1(a) shows magnetic peak observed in
(H, 0, L) zone. The observed magnetic intensity
may be 2-dimensional and there may be intensity
rod along c-direction. Although we did not study
this intensity along c-direction, this peak means
there exists quasi three-dimensional magnetic
order, because two-dimensional static order must
not be achieved at finite temperatures in this
system theoretically due to quantum
fluctuations. Fig.1(b) shows temperature
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IS
£ ]
g 200 i% %}Eg% _:
% 1500 §}§ g{i*f ]
g | ¢
c r L=0.3 ]

10 07214

H(r.l.u.)

280
:.é 220;.} { (b)
E 210:— E
C : e
3 200F } {» ;
CA s
= 190f } :
(223 o p
b
£ - —————————— - - -]

170

00200 30 40
Fig.1 Temperature(K)

dependence of the magnetic peak intensity. A
dashed line in this figure shows back ground
level. From this figure, the on-set temperature
is about 30K which is higher than T, But if we
observe this feature with tight energy resolution,
the on-set temperature should be lower. We
suppose that the deviation of interplane magnetic
susceptibility from Curie-Weiss law correlates
with this magnetic order. We will study this
elastic component systematically on the other
concentrations in lightly doped region.
References

[1] K. Yamada et al. : Phys. Rev. B57 (1998) 6165

[2] T. Suzuki et al. : Phys. Rev. B57 (1998) 3229- 3232
[3] H. Kimura ez al. : To be published

[4] B. Keimer et al. : Phys. Rev. B46 (1992) 14034

" Present address : Institute for Chemical Research, Kyoto Univ., Gokasho, Uji 610-0011, Japan

Reactor : JRR-3M Facility : TOPAN(6G)

Field : Magnetism

—1556—



JAERI-Review 99-007

WEF - 7 : SRS TSI
R+ =M1 RERITACUF 0, DEBATRFHE

Partially Disordered Phase in Triangular Lattice
Antiferromagnet CuFeO,
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Department of Physics, Faculty of Science, Science University of Tokyo,
Kagurazaka, Shinjuku-ku, Tokyo 162-8601

We re-investigated successive
magnetic phase transitions (T~14.0 K,
T~10.5 K) in a quasi two dimensional
triangular lattice antiferromagnet (TLA)
CuFeO, by neutron diffraction
measurements at 4G and T1-1
spectrometers using single crystals
prepared by floating zone and flux-growth
techniques.

Although the magnetic structure in
intermediate temperature phase has been
identified”? as 5-sublattice partially
disordered (PD) state in which one-fifth of
magnetic moments are paramagnetic in
magnetic unit cell, it turned out to be
incommensurate structure as is seen in the
temperature dependence of propagation
wave number g shown in Fig.1(a), being
consistent with previous powder neutron
scattering experiments?. Moreover, as is
seen in Fig.1(a), with decreasing
temperature, full width of half maximum
(FWHM) of magnetic Bragg reflection of
(a. q, 3/2) start to deviate from resolution
limited value below T, and increases as
the wave number q approaches to 1/4, and
finally return to resolution limited value
below T,,. These feature of FWHM strongly
suggests that intermediate phase is not true
long range ordered state but quasi-long
range ordered state.

By accurate intensity analysis of
magnetic Bragg peaks in (h h 1) zone, the
magnetic structure can be identified as
incommensurate Spin Density Wave
(SDW) state where the magnetic moment
confined along c¢ axis is modulated
sinusoidaly along <110> direction within
hexagonal ¢ plan and stacked
antiferromagnetically along ¢ axis.

With these experimental results in
hand, we re-investigated the Monte Carlo
(MC) simulation of 2D Ising spin TLA model

with J, AJ;|= -0.475 and J, /,|=-0.75 by
Takagi et al."® in which 9-sublattice PD
commensurate state was predicted as
thermally induced state above low
temperature 4-sublattice state. Note that
3rd neighbor exchange interaction J, is
necessary to stabilize 4-sublattice state as
ground state. In previous MC simulation®,
order parameter with only highly-
commensurate structure was surveyed,
whereas we simply employed wave vector-
dependent-magnetization M(Q) in our MC
simulation with system size of 200200, as
shown in Fig.2. Instead of 9-sublattice PD
commensurate state predicted in previous
MC simulation®, quasi-long range ordered
SDW state with temperature dependent
propagation wave vector Q=(q,q) is well
reproduced in our MC simulation, being
consistent with present neutron diffraction
experimental results, as is clearly seen in
Fig.3. Quasi-long range ordered
incommensurate SDW state elucidated in
present studies forms striking contrast to
PD state with temperature independent
propagation wavevector Q=(1/3,1/3) which
has been extensively investigated on quasi-
1D hexagonal insulators such as CsCoCl,
where 1D magnetic chains can be
considered to behaves as a spin on a 2D
triangular lattice.

In spite of Heisenberg spin of orbital
singlet Fe* magnetic ions with competing
exchange interactions, the feature of Ising
spin TLA model with competing interactions
up to 3rd neighbors in CuFeO, is clearly
seen in the successive magnetic phase
transitions. Noted that growth of 3rd
harmonic peak at (1-3q,1-3q) seen in Fig.2
is also confirmed in present neutron
experiments as temperature evolution of
3rd harmonic peak at (3q,3q,3/2) is shown
in Fig.4.

Reactor:JRR-3M Facility:Triple-axis spectrometer(T1-1,4G) Field:Magnetism
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A puzzling phase transition of URu,Si; at
175 K (= T,) is one of the most intriguing
subject in heavy fermion physics. A type-I
antiferromagnetic (AF) arrangement formed
of tiny 5f moments (tora ~ 0.03(1) up) below
T, is apparently inadequate to large anoma-
lies in various macroscopic properties, par-
ticularly a large entropy reduction.!) Failures
in various theoretical approaches assuming
the dipole to be intrinsic have provoked an
alternative hypothesis that some other non-
magnetic mechanism drives the phase transi-
tion. Interestingly, a recent neutron study has
suggested that the onset temperature (Tp,) of
the magnetic Bragg intensity deviates from
the transition temperature (T,) defined as the
midpoint of a jump in C/T.?, as a result of
the absence of annealing procedure.

Here, we present preliminary results of neu-
tron scattering experiments for the pure and
Y 1% doped URu,Si; single crystals. The aim
is to study how the tiny moments relate to
the transition, by tuning the periodicity in U
layers. Both samples were pulled by using a
tri-arc furnace, followed by an annealing in
evacuated sealed quartz tubes at 850 °C for
5 days. Experiments were made by using the
T1-1 triple axis spectrometer at JRR-3M.

Figure 1 shows the temperature variations
of (100) magnetic peak intensity I, normal-
ized by (200) nuclear peak, for each U con-
centration. For the pure compound, whole
feature of I, is in good agreement with the
previous reports for annealed samples. From
the best fit to the data by using the rela-
tion, Iy = I(0)(1 —T/Tn)? for 3D-Ising case
(8 = 0.31), we derive T, ~ 17.3 K, which
shows good correspondence to T,. Lorg iS
roughly estimated to be ~ 0.02up, which also
reproduces the previous results.

By substituting Y for 1% of U, porq is found
to be reduced about half (~ 0.008up at 1.6K).

JRR-3M, T1-1, 2. Magnetism

This is remarkable, because the total entropy
(~ 0.2RIn 2) released below T, is unchanged
by the doping, ensuring that the ordering is
still stable in the static limit. The results thus
suggest that the tiny moments are extrinsic to
the transition at T5.

Regarding the separation of T}, and Ty,
we may not state the exact onset of [, be-
cause of poor statistics in the present exper-
iments. The above procedure of fitting pro-
vides Ty, ~ 13.3K, which is seemingly lower
than T, (~ 16.5 K). To clarify the point, how-
ever, we need careful investigations on the
probable tail in I,,. Such experiments are now
in progress.
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Figure 1: Peak intensity of the (100) Bragg re-
flection vs. temperature, for Y;_;U;RuSiz(z = 1
and 0.99), shown together with the temperature vari-
ations of the specific heat. Solid and broken lines
indicate the best fits to the I, data for each concen-
tration using the relation given in the text.

1) See, e.g.: K. Kuwahara et al., J. Phys. Soc.
Jpn. 66(1997)3251 and its references.

2) B. Fak et al., J. Magn. Magn. Mater.,
154(1996)339.
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Oxygen doping into La,NiO, triggers rich
and complicated phenomena, i.e., a phase
separation, long range ordering of localized holes
and excessive oxygen atoms, a commensurate-
incommensurate transition in the magnetic
correlations and etc. Since the 2D antiferro-
magnetic (AF) spin correlations governs
magnetism in this system, the details of the
influence on the 2D spin correlations are the one
of the most interesting issues of doping problem.
The oxygen doped system is affected by holes
induced by doped oxygen and the doped oxygen
atoms themselves. Our previous study shows
that the ordering of doped oxygen atoms
drastically  changes inter-layer = magnetic
correlation [1]. Then, it is necessary to obtain the
experimental evidence of the effect of oxygen
ordering on the 2D spin correlations.

In the present work, we have studied the
dynamical 2D spin correlation length in
La,NiO, ,,; using a single crystal. Experiment
was carried out on a triple-axis spectrometer
PONTA. In La,NiO,,,;, the excessive oxygen
develops long range ordering below 7,=304 K.
To obtain a disordered state of oxygen atoms, the
sample was warmed above T, and then rapidly
cooled by inserting into a pre-cooled Orange-type
cryostat. Obtained result is compared with the
previous one that was taken in the slowly cooled
condition [1].

The dynamical intra-layer spin correlation
length in quenched La)NiO, ,,s is measured by
energy-integrated scans. To integrate the signal
from the 2D magnetic fluctuations in energy, the
spectrometer was operated in the 2-axis mode
removing analyzer and scans were performed
keeping the final neutron wave vector parallel to

JRR-3M, 5G, 2. magnetism

the 2D AF ridge. The line width, which
corresponds to the inverse spin correlation
length, x was extracted by a fit to a Lorentzian
line shape convoluted with the instrumental
resolution. Obtained x and the amplitude, which
is roughly proportional to the integrated intensity
are represented in Fig. 1 with the previous results
from the slowly cooled sample [1]. Here, the
intensity is normalized by monitor counts. Both
the intra-layer magnetic correlation length and the
integrated intensity show no essential difference
by oxygen ordering within the experimental
error. The result indicates that the intra-layer spin
correlations is controlled only by the doped hole

[2].
[1] K. Nakajimaerd : J. Phys. Soc. Jpn. 66 (1997) 809
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Fig. 1: Temperature evolution of (a) the inverse magnetic
correlation length x and (b) the Lorentzian amplitude of
energy-integrated scans for La;NiO, 5.
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Relaxation phenomena of interplanar magnetic correlations
in a quasi-1D magnetic system CoNb,O,
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Previous neutron scattering measurements of
a deviation of magnetic Bragg scattering function
from delta function in a quasi-1D magnet CoNb,O,
revealed a pronounced 2D magnetic character in
antiferromagnetic(AF) phase below Ty,~1.9 K.»?
In view of an isosceles triangular arrangement of
1D chains running along ¢ axis, we evidenced that
such 2D character results from a cancellation of an
exchange field at the apex site from the anti-parallel
spins on the base site.” However, it has been unclear
why an interplanar inverse magnetic correlation
length « in the a* direction decreases as the
temperature increases. The AF sub-peaks such as
(1/2 1/2 0) observed in our recent study” gave a
possibility for a non-collinearity of spins on the base
sites. Nevertheless, a weakly temperature dependent
(1/2 1/2 0) intensity could hardly explain the
temperature variation of « in the AF phase.

In order to verify an origin of such behavior,
we performed further single-crystal neutron
scattering measurements down to 7=1.5 K on the
triple-axis spectrometer (4G) installed at JRR-3M
in double axis mode with k=2.57 A"'. Since all our
previous measurements have been carried out after
quenching down to T=1.5 K from paramagnetic state
above T,,,~3.0 K, we paid attention to two cooling
process; slow cooling and quenching from 7=4.0 K
with a cooling rate of ~0.5K/hour and ~0.05K/sec,
respectively.

As clearly seen in (h 1/2 0) scan at T=1.5 K
in Fig.1, while the profile of magnetic reflections in
the a* direction for quenching case is broad lorentzian
with quite low peak height, that for slow cooling
case is sharp lorentzian. The interplanar correlation
length € =2 r «/a)" for slow cooling case is ~57
a, which is four-times longer than that for quenching
case of £ ~15 a. Moreover, as shown in Fig.2,
increases with time after quenching down to T=1.5
K. These results conclude that the rapid cooling
produces non-equilibrium interplanar magnetic
correlations in the AF phase and the anomalous
decrease of « with increasing the temperature might
be due to an acceleration effect of relaxation process
with a help of thermal fluctuation. Such relaxation
phenomena is similar to that observed in a quasi-2D
dilute Ising antiferromagnet Rb,Co,, Mg, F,” and is
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interpreted as a consequence of a cancellation of
interplanar exchange field under the isosceles
triangular arrangement of 1D chains which gives
rise to a pronounced 2D magnetic character in a
quasi-1D magnet CoNb,O;. Noted that our intensity
analysis revealed that the recently observed AF sub-
peaks result not from the non-collinearity of spins
but from AF domain structures.”
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Fig.1 Profiles of magnetic reflections in (4 1/2 0} scan at T=1.5 K
for two cooling process.
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Fig.2 Time dependence of interplanar correlation length obtained
after quenching procedure.
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Antiferromagnetic Correlation of Heavy Fermion CeNi2Ge2
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The heavy-fermion compound CeNi2Ge) has
been attracting interest by the metamagnetic
behavior at H = 42 T [1] and by non-fermi liquid
properties at low temperatures. Purpose of this
study is to find antiferromagnetic correlation
using single-crystal sample. Inelastic neutron
scattering experiments were performed by using
4G-TAS. The energy scale of magnetic
excitation is I" = 4 meV, which was measured by
poly-crystal sample [2]. Typical energy scans
taken for (h, h, 1) scattering zone are plotted in
Fig. 1. These spectra show that the energy scale
is consistent with the powder data, and that Q-
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dependence of intensity, that is,
antiferromagnetic correlation exists. A few Q-
scans are shown in Fig. 2. One can see that
peaks at (h, h, 1=1/2) indicates doubling of the
unit cell of magnetic correlation along the c-axis.
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Magnetic Correlation in CsVCl3
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We have been studying the spin
dynamics in CsVCl3, an S=3/2, one-
dimensional (1D) Heisenberg antiferromagnet,
in order to investigate the crossover behavior in
the spin dynamics from the quantum (smaller
spin) to the classical (larger spin) limits [1, 2].
Classical theory has predicted that the linewidth
of the magnetic excitations (I') is independent
of the 1D momentum transfer (q) and is
proportional to the inverse correlation length
(x) at low temperatures, and that I is
proportional to the temperature (T) as a result
of the linear T-dependence of x. Analyzing the
data taken on the chopper spectrometer
installed at the spailation neutron source at the
Rutherford Appleton Laboratory, we found
that, although T is independent of q, I'(T) is
different from the classical behavior and it is
extrapolated to be finite at low temperatures
[2]. In order to obtain an understanding for the
behavior of I'(T), we performed measurements
of k(T).

The neutron scattering experiment was
performed on the triple axis spectrometer
installed at the 5G beam hole at JRR-3M. The
spectrometer was operated in the double-axis
mode with E; fixed to be 30.5 meV using the
collimation 15'-20'-20'. The sample was
mounted with its 1D reciprocal lattice plane
parallel to k¢ in order to realize the geometrical
condition of the energy-integration at each q.
The resolution was measured to be Aq=0.02

JRR-3M, 5G, 2.magnetism
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r.L.u. (reciprocal lattice unit) at FWHM by
removing the PG filter. The g-dependence of
the observed intensity was well fitted with the
Lorentzian scattering function (~(g2+x2)1)
convoluted with the instrumental resolution.
Figure 1 shows k(T) at T well above the three-
dimensional ordering temperature (Tn=13K)
obtained by the fitting. In the temperature range
(T>TN), the 1D nature can be discussed. As
shown in Fig.1, x(T) is also extrapolated to be
finite at low temperatures and behaves
class