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Neutron inelastic scattering experiments were performed on the quasi-one-dimensional magnet
CaY,Cus0;4, Which consists of the ferromagnetic edge-sharing £a@ains. The magnetic excitation peak
width in energy becomes broader with increastp@long the chain although sharp excitations are observed
around the zone center and perpendicular to the chain. We revealed that the anomalous magnetic excitation
spectra are caused mainly by the antiferromagnetic interchain interactions.
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One-dimensiona(1D) cuprates have been studied exten-Lj,Cu0, (Ref. 13 are well-defined around the zone center
sively because they are a good realization of gpkD mag-  but the excitations become broader with increagihdue to
nets, which show novel phenomena originating from quanthe combined effect of frustration by the NNN interaction
tum fluctuations. Recently, copper oxides with edge-sharingind the quantum fluctuation by the interchain interaction. It
CuGO, chains, in which copper spins are coupled by thehas not been confirmed yet whether or not the calculation
nearly 90° Cu-O-Cu interaction, were found to exhibit vari- explains the experimental results. Therefore, it is important
ous interesting phenomena. The sign and the absolute valte study other compounds with the edge-sharing £uO
of the exchange interaction between copper spins deperzhains in order to elucidate the validity of the calculation as
sensitively on the bond angle and the distance between copvell as the effect of frustration and the interchain interaction.
per and oxygen ion5The chains in CuGephave an anti- In this paper we studied the magnetic interactions in
ferromagnetic interaction and show a spin-Peierls transitiolCaY ,CusO;, using the neutron-scattering technique. It is
at a low temperaturd.On the other hand, in LCuO,, the  found that the magnetic correlation in the long-range ordered
CW* spins order ferromagnetically in the chain below 9.3state is realized to be commensurate because the NNN inter-
K.2 In Sr,Cw,0,;, the Cu ions in the chain show a unique action is very small. However, the magnetic excitations are
dimerized state which is driven by a hole orderfng. affected considerably. The excitation peak width in energy

The Ca,,M,_,CusO;9 (M=Y, Nd, and Gd system becomes broader with increasi@along the chain although
consists of the edge-sharing Cu®hains®® A schematic  sharp excitations are observed around the zone center and
structure of the edge-sharing Cu€hains is shown in Fig. 1. perpendicular to the chain. This experimental result is repro-
In the end material G& ,CusO;, the C#* ions align fer- duced qualitatively using the exact diagonalization tech-
romagnetically along the chaira(axis) below ~29 K%  nique. It is revealed that the anomalous broadening on the
The ferromagnetic chains are coupled ferromagnetically
along theb axis and antiferromagnetically along theaxis.
The ordered moment of copper is-0.9ug at low
temperatured®!*similar to the full magnetic moment of the
free C#* ion. An important feature of the edge-sharing 7 o
CuO, chain is a possible frustration between nearest- "N o
neighbor (NN) and next-nearest-neighbor (NNN) e aRec bT_»
interactions: Another characteristic feature of this com-
pound is_ the existence Qf the antiferromagnetic interactions £ 1. structure of the edge-sharing Gu€hains in theac
perpendicular to the chain. . o plane(a) and in theab plane(b). It is noted that oxygen ions are

In classical magnets, magnetic excitations are sharRycated atz~+0.125 in (b). Below Ty=29.5 K the C&* spins
throughout the whole Brillouin zone. However, frustration jign ferromagnetically along the chaia @xis with the propaga-
and interchain coupling affect the magnetic excitations in th&jon vectork=[001]. Ja;, Jp, Jc, Jacs, andJyp are NN couplings
coupled edge-sharing Cy@hains, as reported by Mizuno, along thea (chain, b, ¢, (1/2,0,1/3, and(1/2,1/2,0 directions, re-
Tohyama, and Maekawa using the exact diagonalizatioBpectively.J,, is a NNN coupling along the axis. J,, is a cou-
techniquet? They predicted that the magnetic excitations inpling along(3/2,0,1/2.
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magnetic excitations is caused mainly by the interchain in- Ca,Y,Cu;0,, 14.7 meVE; 40'-40'-40'-80' 7=7 K
teractions in CgY ,CugOy.

The single crystal of G&,CuO;, was grown by the :000"£;)""”"”(;'(;'1')': ,‘\1505”(9')"" (0203)
traveling solvent floating zon€TSF2) method in air. The £ soof 1k T
dimensions of the rod shaped crystal weré® x 25 mnr. © 1 2 q00k ‘}

The lattice constants wera=2.810 A, b=6.190 A, and £ 600r 1€

c=10.613 A at room temperature, which are consistent with 8 I . 1 8 |

those of the polycrystalline samplé Ty is determined to be z4oor 1 & sof E
~29.5 K from the temperature dependence of the magnetic .E 2000 o 1 s |

Bragg peak intensity, which is also consistent with that of the - =

polycrystalline sar.nplét.)'ll The detail of the crystal charac- Obbe b 0 b b
terization is described elsewhéfe. 250 e 400 (rrr e

The neutron-scattering experiments were carried out on ~ :(b) (0.1,0_3)5 ~ @ (0,0,1.3)
the thermal neutron three-axis spectrometer ISSP-PONTA g 200p 1 £ aool E
installed at JRR-3M at the Japan Atomic Energy Research g | 18 | E
Institute. The horizontal ~collimator sequence was & '°° 15,0l ;
40'-40'-S-40-80" with the fixed final neutron energ; g ook 1320
=14.7 meV. Contamination from higher-order beams was £ [ ¢ ] 1% | E
effectively eliminated using PG filters. The single crystal, 8 sof et 1 2% 3
which was oriented in theH{OL) or (HKO) scattering plane, - F ] ; E
was mounted in a closed cycle refrigerator. O T e e o 0T T e e

Figure 2 shows the typical neutron inelastic spectra at 100y 850 P
(HOL) and HKO) in CgY,Cus0;p measured at 7 K. A ~ © (0.125,0,3)] = 300F (@ (1,1,0) 3
sharp excitation peak is observed @0,) and (1,1,0, E 801 ] gzsoz_ ; 1
which correspond to the magnetic zone center. The solid & 't 1% ]
lines are the results of fits to a convolution of the resolution 2 | 1 52 E
function with a Lorentziad'/[T'?+ (w— wg)?], wherel and < b ; ] Ssof :
w, are inverse lifetime of magnetic excitations and excitaton & [ 1 @ 1o00f 1
peak position, respectivelY. is calculated to be less than 0.1 £ 20f 3 1 £ sof E
meV so that the peak width is resolution limited. The peak at b ] e
(0,0,)) is slightly asymmetric and has a tail at higher ener- T e 8 1o 0T T2 Y e
gies due to the resolution effect. 40.1,0,3 the excitation 180 350 Py
peak is still sharp and almost resolution limited. On the other T PO (015,031 T 300F M (1,0.5,0)]
hand, at(0.125,0,3 the excitation peak is broadened. The § ¢ S sob E
dependence of is shown in the inset of Fig.(8). With @ 100F 1% ¢ ¢ ]
increasingh, the peak width becomes broader and no distinct 2 5 200¢ E
excitation peak is observed abolve:0.2. On the other hand, >k = 150f E
the excitation peaks along tHeand c axes are sharp and @ 505' 1 %@ 1002— )
almost resolution limited as shown in Figsif2and Zh). £ | £ sof E
This indicates that the magnetic excitations are sharp around N R N TR

the zone center and perpendicular to the chain but become 2 4 6 8 10 12 2 0 2 4 6
broader with increasin@ along the chaing axis). @ (meV) @ (meV)
Figure 3 shows the observed excitation energies along  FIG. 2. Constan® scans atl,0L) and H,K,0) measured at
k, andl. As mentioned above, we could only observe lowT=7 K in CaY,CuO,,. The solid lines are the results of fits to a
energy excitations along the chaia éxis) as shown in Fig. convolution of the resolution function with a Lorentzian. The scat-
3(a) since the excitations are broadened at higeand tering below 1 meV mostly originates from the incoherent scatter-
higher energies. Along thie andc axes, we determined the ing from the sample.
full dispersion relation as shown in Figs(b3 and 3c). The
dispersion along the axis is almost flat, indicating that the
interaction along thé axis is very small. NN couplingsdas, Jy, J¢, Jact, andJ,, along thea (chain,
In order to analyze the observed dispersion relation web, ¢, (1/2,0,1/2, and (1/2,1/2,0 directions, respectively. In
used a model Hamiltonian that includes uniaxial anisotropyaddition to these interactions, a NNN coupling in the chain
Jao, @ coupling along(3/2,0,1/2 J,.,, and the anisotropic
interactions in theac planeD,. and in theab planeD,, are
_ 7 o7 ez introduced. The interactions are shown in Fig. 1. From the
H= IE] JijS-§F Iz] JiiSi- S @ consideration of the crystal structure and the orbital configu-
ration, it is found thatsJ,.;=J..1% Applying the linear-
spin-wave theory, the dispersion of the magnetic excitations
In the calculation of the dispersion relation, we introducedis given by
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FIG. 3. w—Q dispersion relation along the (chain, b, andc
axes for the edge-sharing Cu©hain in CaY,Cus0,q. The solid
curves represent the theoretical ones with=—6.9 meV, J,,»
=0 meV, J,=-0.061 meV,J.=0 meV, J,,=—0.030 meV,
Jaci=1.494 meV,J,,=0.747 meV. The anisotropic interactions
are D,,=—0.399 meV in the K,K,0) zone (b) and D=
—0.262 meV in the ,0,L) zone(a) and (c). The broken curve
represents the theoretical one witpy=—-8 meV, J,,=0.4 meV,
and other interactions determined above. The insé&)ishows the
h dependence of the intrinsic peak width in enerdy.(
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2
The dispersion alongin the (H,0,L) zone can be calcu-
lated using on\d.., Jac1, Jac, @andD,.. Sinced, is fitted to
be almost 0, it is fixed at 0. The solid curve in FigcB
represents the result of a fit withd,;;=2J,0
=1.494(3) meV andD,.=—0.262(3) meV. The calcu-
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FIG. 4. S(q,w) along the chain g axis) with J;;=—8 meV,
J»=0.4 meV, andl =2J,,,=1.494 meV. The system has 12
X2 sites, simulating the coupled edge-sharing chains
CaY,Cus040. The § functions are convoluted with a Lorentzian
broadening of 0.3 meV. The thin solid curve denotes a magnon
dispersion obtained by the linear-spin-wave theory.

in

transfer(0,0,2 only spin fluctuations along tha axis are
observed. We then calculated the dispersion alomg the
(H,K,0) zone. The solid curve in Fig.(® represents the
result of a fit with J,=-—0.061(6) meV, J,,=
—0.030(3) meV, an®,,=—0.399(1) meV. In the fitting,
Jac1 is fixed at 1.494 meV. At the zone centdr, 1,0 scat-
tering originates mainly from spin fluctuations along the
axis (99.29%9. D, is slightly larger tharD ., indicating that
the twofold degeneracy of the spin wave branches is lifted
because of the orthorhombic anisotropy. Finally, the disper-
sion alongh in the (H,0L) zone is calculated. The solid line
in Fig. 3@ is the result of a fit withJ,;=—6.9(1) meV
alone. Other interactions are fixed at the values determined
above. Without using,,, the observed data are reproduced
reasonably well. We then considerég, in addition toJ,;.

The broken line in Fig. @& is the result of a fit withJ,; =
—8(1) meV,J,,=0.4(3) meV. Excitation energies around
the zone boundary increase when antiferromagnetic NNN
coupling is introduced. It is noted that both calculations re-
produce the observed data at low energies equally well.
Since we have no data around the zone boundary, it is diffi-
cult to distinguish which result is appropriate only from the
calculations. However, it is revealed from the experiments
thatJ,, is small(J,2/|Ja1| =0.05(4) even if it exists.

An anomalous feature in the dispersion along the chain is
that the excitation peak becomes broader with increa®ing
This behavior cannot be explained if only intrachain cou-
plings are considered sindg, is small’® The next step is to
clarify whether or not the interchain coupling affects the
magnetic excitations. For this purpose we have calculated
S(q,w) along the chain using the exact diagonalization
method for a 1X 2 cluster. Detail of the procedure is de-
scribed elsewher¥. The result 0fS(q,») is shown in Fig. 4.

It is noted thaD, which does not affect the spectral structure
except the opening of a small g&pis not included in the
calculation. The excitation is well-defined around the zone
center. However, atq,<1.57 (h=0.25) and at w

lated values reproduce the experimental result very well. The=10 meV the excitations are broadened. This is consistent
excitation gap at the zone center originates from the easywith the experimental result qualitatively, indicating that the

axis uniaxial anisotropy along theaxis. At this momentum

interchain coupling affects the magnetic excitations in the
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high energy region in G¥ ,CusOy,. tinuum, is superposed. Details of the calculation will be
We compare the result in Qé,CusO;o with that in  published separayei&?._ o _

Li,Cu0Q,. J,; andJ,g in CaY,CusOyq are similar to those We now consider interactions in £6,CusOyg. Jg, is

calculated for LjCuO, (J;=—-8.6 meV and J. small and~5% of [J,|. This is consistent with the com-
=1.4 meV, whereJ; and J. are NN coupling along the Mmensurate magnetic correlations in the long-range ordered
chain and major interchain coupling, respectiyéfyHow-  state. This value is, however, much smaller than that calcu-
ever, both the sign and the absolute valud pfire different lated using the exact diagonalization methodl,(|Ja|
from those determined experimenta(ly.24 meVf.1® Now it =2.2) 1 One reason for this discrepancy would be that the
is revealed that antiferromagnetic interchain interaction afcalculation was made on gauO,, which has the edge-
fects the magnetic excitations considerably, it is natural tgharing CuQ chains similar to those in G¥,Cus0y0. A
consider that in LiCuO, magnetic excitations along the detailed calculation of the exchange constants using the pa-
chain are also damped and no distinct peak is observei@meters appropriate for ©6,CusOy, will give a better re-
above~2.5 meV(Ref. 13 due to the interchain interaction. Sult. Another possibility would be that the smal|, origi-
Since NNN coupling along the chaily, is calculated to be nates from a slight lattice distortion in the chain, which could
~40% of |J;| in Li,CuQ,, which is much larger than in disturb the hopping between the NNN Cu sites so fhatis
CaY,Cus0,, the magnetic excitations are damped at lowerreduced. The sign and the absolute value of the major inter-
energies 2.5 meV) in L,LCuQ, due to the combined ef- chain couplingl,. are similar to those of the interchain cou-
fect of frustration by the NNN interaction and the quantumpling in Sr,Cup,O4; [1.7 meV(Ref. 6 and 0.75 meMRef.
fluctuation by the interchain interaction. 7)], which has an arrangement of the edge-sharing £uO
In this study it is revealed that the broadening of the mag<chains similar to that in G& ,CusO,o. The anisotropic in-
netic excitations is a characteristic phenomenon in the spin teractionsD,, andD,., which work to align the spins per-
ferromagnetic chain coupled antiferromagnetically. This bependicular to the chain plaquettes #xis), are similar to that
havior has not been observed in weakly coupled antiferroin Li,CuQ, (—0.31 meV)™® Similar magnetic anisotropy
magnetic chains. In order to elucidate whether or not this igs also observed in La ,CaCuy Oy .28
characteristic only in the ferromagnetic chain, we calculated In summary, we studied the magnetic interactions in
S(q,w) also in antiferromagnetically coupled antiferromag- CaY,CusO;4 using the neutron-scattering technique. It is
netic chains. It is found that broadening of the magnetic exvevealed thadl,, is small. The most characteristic feature is
citations is not distinct in this system and the broadening ig¢hat the magnetic excitations are broadened considerably at
predicted only around the zone boundary. It would be diffi-high Q’s and high energies mainly due to the interchain in-
cult to observe the broadening experimentally since additeraction. This is characteristic in the spinferromagnetic
tional scattering, which originates from the excitation con-chain coupled antiferromagnetically.
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