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Neutron-scattering experiments were performed on the undoped and hole-dopgd,G&us0,,, which
consists of ferromagnetic edge-sharing Gu€hains. It was previously reported that in the undoped
CaY,Cus04g there is an anomalous broadening of spin-wave excitations along the chain, which is caused
mainly by the antiferromagnetic interchain interactidid. Matsudaet al, Phys. Rev. B63, 180403R)
(2001)]. A systematic study of temperature and hole concentration dependencies of the magnetic excitations
shows that the magnetic excitations are softened and broadened with increasing temperature or doping holes
irrespective ofQ direction. The broadening is larger at higli@rA characteristic feature is that hole doping is
much more effective to broaden the excitations along the chain. It is also suggested that the intrachain
interaction does not change so much with increasing temperature or doping although the anisotropic interaction
and the interchain interaction are reduced. In the spin-glass fRase5 and nearly disordered phage
=1.67) the magnetic excitations are much broadened in energyaiidis suggested that the spin-glass phase
originates from the antiferromagnetic clusters, which are caused by the hole disproportionation.

DOI: 10.1103/PhysRevB.71.104414 PACS nun®er75.40.Gb, 75.30.Ds, 75.10.Jm

[. INTRODUCTION becomes broader with increasiiqy along the chain. From
numerical calculations, it was revealed that magnetic excita-

Doping dependence in the strongly correlated transitiortions from ferromagnetic chains are considerably affected
metal oxides has been studied extensively because variowghen a finite antiferromagnetic interchain coupling exists or
interesting phenomena such as highsuperconductivity or frustration is introduced between the nearest-neiglihidt)
colossal magnetoresistance occur. An interesting phenonand next-nearest-neighb@NN) interactions in the chaitt.
enon is that the doped holes can give rise to a charge ordewith hole-doping the long-range ordering is destroyed above
ing which also affects the magnetic ground state. The stripg=1.3 and a spin-glass behavior appears. In the spin-glass
order in Lg_,SrNiO, and the underdoped LgSr,CuQ,, in region magnetic susceptibility measurements show a differ-
which charge density wave and spin density wave coexist, isnce  between field-cooling and zero-field-cooling
an examplé:? In the edge-sharing CuO chains in  processe&? With more hole-doping main magnetic interac-
SrCu40,44, in which copper spins are coupled by the nearly

90° Cu-O-Cu interaction, the singlet dimers weakly coupled @) a

two-dimensionally are caused by the charge ordering of the

doped holes:® a4 g
Cay.y Y 5, CUsO; o Systeni~8is an candidate in which hole ‘ Ju S |

doping effect on the magnetic ground state and excitations :>< ‘ ¢

can be studied. A schematic structure of the edge-sharing Jiz Sz

CuG, chains is shown in Fig. 1. As reported by Hayashi, c

Batlogg, and Cava, this system does not show insulator-to- -

metal transition even when holes are doped by 4Q%ag-

netically, the end-material G¥,CusO,4, which has no holes, FIG. 1. Structure of the edge-sharing Gu€hains in theac
shows an antiferromagnetic ordering of the?Cumoment plane (a) and in theab plane(b) in Cay..Y »,CUOyo. It is noted
below 29.5K with ferromagnetic coupling along the that oxygen ions are located at- +0.125 in (b). The C#* mo-
chain®1°The ordered moment of Ctiis 0.9up at low tem-  ments align ferromagnetically along the chaim axis with the
peratures, similar to the full magnetic moment of the freepropagation vectork=[001] below Ty in Ca.Y>,CusO1g
CU?* ion. Even though the magnetic interaction is ferromag-(x=1.3. The C#* moments point along thie axis. Ja1, Jp, Jo» Jact
netic along the chain, in which quantum fluctuations are conand J,, are NN couplings along tha (chain, b, c, (%,0,%), and
sidered to be less prominent, a remarkable property in thi(s%,%,o) directions, respectivelyl,, is a NNN coupling along tha
system is that the magnetic excitation peak width in energyxis. J,, is a coupling alond$,0,3).
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Ca,,.Y,..0u;0,, Il. EXPERIMENTAL DETAILS
4'0""I""I""I'IlI

The single crystals of GaY,_,CusO.o (x=0, 0.5, 1.0,
] 1.2, 1.3, 1.5 and 1.67were grown by the traveling
7 solvent floating zone method. Typical dimensions of the rod
shaped crystals were~6® X 25 mn? for x<1.3 and
~4® x 15 mn? for x=1.5 and 1.67. Detail of the crystal
characterization is described elsewh&rét18
1 The neutron-scattering experiments were carried out on
. the thermal neutron three-axis spectrometer TAS2 and the
] cold neutron three-axis spectrometer LTAS installed at the
] guide hall of JRR-3 at Japan Atomic Energy Research Insti-
5 2 tute. The fixed final neutron energy was 14.7 and 4 meV on
X TAS2 and LTAS, respectively. The typical horizontal colli-
mator sequences for inelastic scattering measurements were
FIG. 2. Phase diagram of €3Y ,_,CusO,,. The transition tem- uide-80-S-40-80" on TAS2 and guide-80S-80-open on
peratures are determined from the temperature dependence of tE?AS, respectively. For elastic scattering measurements the
(003 magnetic peak intensity. The circles represent the tra”Sitiorhorizontal collimator sequences were guide-8980-80'
temperatures of the long-range ordering. The triangles represent tiBen TAS2 and guide-open-S-8@pen on LTAS, respectively.
transition temperatures of the quasistatic short-range ordering. Th?he single crystal, which was oriented in tielOL) or
open triangle shows that the magnetic state is minor. PM, AF, SG KO) scattering piane was mounted in a closed cycle re-
and D stand for paramagnetic, antiferromagnetic, spin-glass, angd. . ' L . .
nearly disordered phases, respectively. rigerator. Since the&) resolution in the scattering plane is
rather sharp, anomalous broadening of the magnetic excita-
tions, which will be described in Sec. lll, is not expected
from the resolution effect. The broad resolution perpen-
dicular to the scattering plane does not also broaden the mag-

tion becomes antiferromagnetit:1*1t is also suggested that

nerefore it 5 Imereqing 1 Stucy the hle-doping depen ELc ©Xiatons since the ispersion s amostfaound
dence of the magnetic ground state and also the anomalomtjgedzhone Cem.?r tr;? (;XCItatIOI’l .pea(mjks are rs]llghtly Ias_ymmf(fatnc
excitations in this system. Especially, the charge ordering?v?]i chai\;eczrtlzzs?efntl?/vifhr ggliﬁlai?onge to the resolution efect,
suggested for the GaY ,_,Cus0,( (Refs. 13 and 14and the '
related system GaCuO, (Refs. 15-1Y should be tested
from a microscopic point of view. . MAGNETIC EXCITATIONS

In this study we performed neutron-scattering experi-
ments in single crystals of GgY,_,Cus0,¢(0=<x=<1.67).
The magnetic ground state was determined as shown in Fig. Matsudaet al. previously performed inelastic neutron
2. The long-range magnetic order disappears arocund.4.  scattering experiments to study the spin-wave excitations in
In the crystal withx=1.5 a broad transition to short-range the antiferromagnetically ordered state in the end material
ordered magnetic phase is found belewl5 K with rather ~ Ca&Y CusO10'° which contains no holes. Applying the
sharp development below 12 K. This probably originatesinear-spin-wave theory on a model Hamiltonian that in-
from the spin-glass behavior expected from the magneti€ludes uniaxial anisotropy, the dispersion of the magnetic
susceptibility measuremeri&in the crystal withx=1.67 the ~ €Xcitations is given by
magnetic ground state is considered to be nearly disordered
although a minor spin-glass phase was observed. A system-w(q) = {Jal(cosqa— 1) + Jo(cos A, = 1)+ Jy(cosy, — 1)
atic study of temperature and hole concentration dependen-
cies of the magnetic excitations shows that the magnetic ex-
citations are softened and broadened with increasing

A. Previous results in undoped CaY,CusO4q

+J(cog.— )+ 2Jab( cos%icos% - 1) +2).a

N

temperature or doping holes. Hole doping is much more ef- 2

fective to broaden the excitations along the chain. It was +23a(:2_D:| - (23301003%CO3(10

found that magnetic excitations are not resolution limited 2 2

even around the zone center in a doped sarfyptel.0) with 30, q.\2|2

a hole concentration of 20%, which shows a long-range or- + 2Jac20087008§> ) (1)

dering. In the spin-glass phaée=1.5) and nearly disordered

phase (x=1.67 the magnetic excitations are even morewhereD=2J],+2J, ,~J,—-J.,~-J;—-J-2J7, and the mag-
broadened. The magnetic excitations originating from the annetic interactions are shown in Fig. I’ represents the an-
tiferromagnetic correlations in the chain or singlet dimersisotropic exchange interactiod’—J*Y. These parameters
observed by magnetic susceptibility measurements were netere determined by fitting the dispersion relation as shown
observed although there is a possibility of a partial chargén Table I. The nearest-neighbor interaction is ferromagnetic

ordering, which gives rise to the spin-glass behavior. and fairy large. The interchain interaction alongs antifer-
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TABLE |. The magnetic coupling constants in £gY ,_,CusO;.

X T(K) Ja1 (MeV) Jaa (MeV) D (meV) Jap (MeV) Jp (meV) Jc (meV)
02 7 -6.91) 1.4943) -0.2643) -0.0343)  -0.0616) O(fixed)
0 20 -6.9fixed) 1.31(2) -0.1592) O(fixed) 0(fixed)
0 25 -6.9fixed) 1.162) -0.1042) O(fixed) 0(fixed)
15 3 -6.9fixed) 0.5(fixed) -0.09fixed) O(fixed) O(fixed)
1.67 3 -6.9fixed) O(fixed) O(fixed) O(fixed) O(fixed)

3Data from Ref. 19.

romagnetic, which is not negligible. It is noted that there ismeasured atH,0,3), the magnetic form factor decreases
no frustration in the interactions. The anisotropic exchangeand the excitations are broadened so that distinct excitation
interactions, which work to align the spins perpendicular topeaks cannot be observed. The solid lines are the results of
the chain plaquettegh axis), is not so smalf-21 fits to a convolution of the resolution function with a Lorent-
The most interesting feature is that the magnetic excitazian I'/[T?+ (w— wp)?], wherel” and w, are inverse lifetime
tion peak width in energy becomes broader with increasingf magnetic excitations and excitation peak position, respec-
Q along the chain although sharp excitations are observetively. The observed spectra are reproduced by the calcula-
around the zone center and perpendicular to the chainions quite well.
Broadening of excitation peak width was reported also in a Figure 4 shows the-Q dispersion relations parallel and
Szé 1D Heisenberg ferromagnet Cy@MSO2? However,  perpendicular to the chain as a function of temperature. The
broadening is much more pronounced in,Ca w04 dispersion relations show almost a parallel shift to lower en-
From numerical calculations, it was revealed that theanomeergies. We calculated the coupling constants by fitting the
lous magnetic excitation spectra are caused mainly by thebserved dispersion data to the dispersion relationThe

antiferromagnetic interchain interactions. curves are dispersion relations calculated with parameters as
shown in Table I. The observed dispersion relations are re-
B. Temperature dependence in CgY ,CusO;q produced by the calculations reasonably well. It is noted that

As the next step, we studied the temperature dependend@® dispersion along does not depend ody; and Jg, but
of the spin-wave excitations in ©8,CusO;o. As shown in  Jact: Jac2(=2Jac1), Je, andD. Therefore,J,q andD were first
Fig. 3, excitation widths in energy are resolution-limited atfitted with the dispersion alonigand thenJ,; was fitted with
the zone center along the chain and als¢0z0,1.3 perpen- the dispersion along. In the calculationg,; at 20 and 25 K
dicular to the chain at 7 K. With increasing temperature, ex\Vas fixed at the fitted value at 7 K since number of the data
citation widths become broader. As well as the broadening oPiNts is limited.J,, at 20 and 25 K was fixed at zero since
the excitations, we also observed a softening of the excitall® parameter is expected to be very small and also has a
tions. At higher temperatures we could only observe lowSmall effect on the dispersion alohgJ; at 20 and 25 K was
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energy excitations along the chaia axig) at (H,0,1). Al-  also fixed at zero as at 7 R.The dispersion relations along
though the excitations at high€rand higher energies can be h andl are independent af,. These results suggest that with
Ca,,, Y,,Cu:0
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FIG. 3. Temperature dependence of magnetic excitations mea- FIG. 4. (Color online Temperature dependence ®fQ disper-
sured af0, 0, ) and(0, 0, 1.3 in CaY ,CusO,q. The solid lines are  sion relations for the edge-sharing Cuchain in CaY,CusO,g
the results of fits to a convolution of the resolution function with aalong the a (chain and ¢ axes. w-Q dispersion relations in
Lorentzian. The thick horizontal bars represent the instrumental en€a.,Y,_,CusO1o (x=1, 1.5, and 1.6 measured at 3 K are also
ergy resolution. The background intensities( at low energies shown. The curves represent the theoretical ones with the magnetic
below 2 meV are estimated from the data at 7 K. interactions shown in Table I.
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Ca,Y,Cuz0,, CagY,Cug04p T=3K
1.0_""I'"'l""l""l""l""_ 1.0""I""I""I""I""I""_ ?300 2300
o © 5 250 5 250
L ® (0,0,1) ] [ e (0,01 i v by F
08 o (0.025,0.1) 08 5 (001 g g
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—ogl & (007507 1 <ol ] = =
Ot 13t ] & 150 & 150 [
£ r + £ 1 8 a
~ r 1 = 1 c c
~o0.4f 1~0.4f ] g 100 g1oof
- o1 - =
0.2 % +.0_- 0.2} % .o__ g 50 ﬁ 50 [
=4 =
- . 4 + . B —_— 0 -_ 0 1 1 1 1
00-,,,,,,',.,,,,Q,,,,S,,,,.,,,,- poboidit o @] 0 05 1 15 2 25
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€ [ @ Hot11) { E | @ (0.0.L)
FIG. 5. (Color onling Temperature dependence of excitation £ L TAS2 { 2 L TAS2
. . . . . 2 4001 14.7meVE, 1 & 400¢ 14.7meVE(]
width in energy(I") at variousQ positions along tha (chain and 5 . 1 g ]
H £ L ¢ 0 1 E N * -
c axes in CaY ,CusOq. = 300} o 0.025 1 x 300 :
N : 4005 1§ :
b Fov a2 0075 | T ;
increasing temperature the intrachain interaction is not af-g 200F iy d g 200}
fected so much but the interchain interactidp, and the & | 8 |
anisotropic exchange interacti@ decrease considerably. & 100¢ Z 100}
Figure 5 shows the intrinsic peak width in ener@y) g . 8
c =S

parallel and perpendicular to the chain as a function of tem-= 5™ ™5 "3 4 5 7
perature. The widths are resolution limited or close to reso- E (meV) E (meV)

lution limited belowh~0.1 along the chain and also up to

the zone boundary perpendicular to the chain at 7 K. The FIG. 6. Constan® scans at(H,0,L) measured af=3 K in
widths increase with increasing temperatures throughout th€aY1CUsO10- The solid lines are the results of fits to a convolution
whole Brillouin zone including around the zone center. Theof the resolution function with a Lorentzian. Note that background

thermal effect is larger at large and higher energies irre- intensity is included in the fitting ir{c) and (d). The dotted line
spective ofQ direction represents the background intensity estimated from a con@tant-

scan at the zone bounda(®, 0, 2, where magnetic scattering is

. ) considered to be negligible. The thick horizontal bars represent the

C. Hole-doping effect in doped Ca,,Y »-,Cus01g (x=<1.3) instrumental energy resolution.
CaY ,Cus0,¢ has a small amount of hole&~20%),

which are localized. This sample shows a long-range antifersurements at high&p alongh were performed ath, 0, 1.

romagnetic ordering below20.5 K. The magnetic structure on TAS2 as shown in Fig. (6). The magnetic excitation

is the same as in the undoped,¥€aCus0,q. Figure 6 shows peaks around the zone center were measured on LTAS as

the typical neutron inelastic spectra of consta@tscans at shown in Fig. §a). As observed in undoped £6,CusO;q at

(H,0,L) measured at 3 K on LTAS and TAS2. The excita- low temperatures]’ broadens at highe® and higher ener-

tion peaks are broader than those in undopegy@ausO, . gies in CaY,CwO, The | dependence ofl' in

As shown in Fig. 6a), the excitation peak in energy is CaY ;CusOy4 at 3 K is similar to that in Cg¥ ,CusOy at

broader than instrumental resolution even at the zone center

and becomes broader at larg@rFigure 7 shows the typical CazY,Cus0,, TAS2 T=3 K (H,0,1)
neutron inelastic spectra of constamtscans at(H,0,1) 300 e T T 7 100
measured at 3 K on TAS2. A broad magnetic peak originat- w=2meV ; @=4.5meV
ing from the spin-wave excitations was observed. = sor 1 =s8of 1
The observed excitation energies aldngnd| are shown g 200 1E i
in Fig. 4. Alongl all the data are obtained from const&dt- & 1 Beof 7
scans as shown in Figs(§ and &d). On the other hand, g 150 b ¢ ] % [ *
alongh data are obtained from both const&and constant- 3 ] S 40l .
o scans as shown in Figs(ed and 7. The spin-wave excita- g 100 E g [
tions are softened both alorfigand|. The dispersion rela- £ 1 2 ]
tions in CaY ;CusO;pat 3 K are similar to those observed at ~ >°F ] [
20 K in undoped Cga,Cus0,, suggesting that the hole oL L, L, ] oloe i
doping and temperature affect the spin-wave excitations 0 °, (rIu)0'1 02 10 (?':u) 02 03
similarly. o o
Figure 8 showsl’ along h and | in Ca.,Y, CuO;q FIG. 7. Constants scans at(H,0,1) measured aw=2 and

(x=0 and 1 at various temperatures. Because of the larget.5s meV andT=3 K in CaY;CusO;, The solid lines are the re-
incoherent scattering 0, 0, 1 in CaY;CusO,q, the mea-  sults of fits to two Gausians centered(athg, 0, 1).
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hrlu) el FIG. 9. Temperature dependence of 00,3 magnetic peak

FIG. 8. (Color onling Excitation width in energyT) along the intensity(a) and correlation lengths along theb, andc axes(b) in

a (chain andc axes at various temperatures in,€aCusO,pand at ~ C8.5Y0.5CUs010- Open and filled circles represent the data mea-
3 K in CaY;CusOy. sured with incident neutron energies of 14.7 mg\b~ 0.9 meV)

and 4 meV (Aw~0.2 meV), respectively. Background intensity

. L. . . ) measured at high temperatures is subtracted. The intensities mea-
20 K. This behavior is consistent with the softening of theg.eq with two different conditions are normalized at 3 K.

spin-wave excitations mentioned above. The most character-
istic feature is thaf” along the chain is much larger than that volution of the resolution function with a three-dimensional
in CaY ,Cus0,¢ at 20 K. Lorentzian squared 11 +&(0a=0oa)*+&5(0p—Con)*+ £2(Cc

We also measured magnetic excitations in—gg)?]?, whereé andg, are magnetic correlation length and
Ca.,Y»Cus0,0 (x=1.2 and 1.3 The softening and broad- peak position, respectively. The observed spectra are repro-
ening in the magnetic excitations are much larger than irduced by the calculations reasonably well.
CaY 1Cus04. The correlation lengths along tle b, andc axes deter-
mined from the fittings are shown in Fig(td. They increase
gradually with decreasing temperature. The magnetic corre-
lations are highly anisotropic and the longést28 A) along

8467 0.56Us010 the chain and the shortest2 A) perpendicular to the plane

In Ca.Y,CusO;4 (x=1.5 and 1.6y magnetic suscepti- of the CuQ unit. This result is consistent with the aniso-
bility measurements show a difference between field-coolingropic magnetic interactions. In & sCusO, with a hole
and zero-field-cooling process¥ssuggesting a spin-glass concentration of 30%, an averaged spin cluster size@sA
behavior at low temperatures. Neutron scattering experialong the chain. The correlation length is much larger than
ments were carried out in these compounds. Broad magnetibe cluster size.
peaks were observed at the same positions, where sharp mag-Figure 11 shows the typical neutron inelastic spectra of
netic Bragg peaks are observed in,G&, ,CusO1p (X constantQ scans afHOL) in Ca,,Y,CusOqo (Xx=1.5 and
<1.3.%210Figure 9a) shows the temperature dependence 0f1.67) measured at 3 K on LTAS and TAS2. The excitation
the magnetic elastic intensity measured (8t O, 3 in  peaks are much broader than those iR\GEUsO; and it is
Ca5Y 0sCs01p. The intensity depends on the energy reso-very difficult to observe a distinct excitation peak in energy
lution of the incident neutron beam. The transition temperaboth alongh and|. However, as shown in Fig. 12, broad
ture becomes lower when it is measured with lower energynagnetic peaks originating from the spin wave excitations
neutrons, in which energy window is narrowé.2 and alongh were observed in constaatscans although no dis-
0.9 meV in incident neutron energies of 4 and 14.7 meVtinct peak was observed even in constanscans alond.
respectively. The transition temperature-12 K is about The peak positions are plotted in Figas In the calcula-
factor of 2 higher than that determined from the susceptibiltions of the dispersion relation alohgn thex=1.5 and 1.67
ity measurement® This is a typical property in the spin- samples all the parameters are fixed at the values shown in
glass phase, in which magnetic moments are fluctuating arifable | since the number of the data points is limitégd.in
magnetic correlations are short ranged. I ¥, 3CuO19  the both samples is fixed at the value of that ipXCAL U504
both the temperature and incident neutron energy dependeat 7 K. In Ca sY 5 sCusO1g Ja1 @andD are fixed at the values
cies are similar to those in GaYsCusO;q9 with much re-  one third of those in G ,Cus0;¢ at 7 K. These values are
duced intensity, suggesting that the spin-glass phase is minfixed at zero in Cgg;Y g3CWs015 The assumption of,y
and the most of the moments are disordered even at lodor both samples is reasonable since no distinct peak was
temperatures. observed alongj in both constantQ) and constante scans.

Figures 10 shows neutron elastic scattering spectra obFhe observed dispersion relations are reproduced by the cal-
served around0,0,3 with an incident neutrons of 14.7 meV culations reasonably well. The above analysis suggests that
in Cag5Y 0.sCs010. The peak widths are broad along all the the intrachain interaction is not affected so much but the
Q directions. The solid lines are the results of fits to a con-anisotropic exchange interaction decreases considerably with

D. Spin-glass CasY 5CusO4 and nearly disordered

104414-5
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g r 1 FIG. 11. (Color online ConstantQ scans atH,0,L) measured
8 400l ] at T=3 K in Ca4,Y 2,Cus04g ( x=1.5 and 1.6Y.
g C 1
g 2001 ] to the hole-doping effect qualitatively. However, the hole
15 T T T R TR T, doping is much more effective to broaden the excitations

s 1 08 K(rOI 0) 05 1 15 along the chain. This behavior is probably explained as fol-
o lows. The spin of the doped-hole is coupled with the?Cu
FIG. 10. Magnetic elastic neutron scattering spectréap, 3 ~ moment to form the Zhang-Rid&R) singlet?® The ZR sin-

in CagsY :ClsO;0. The solid lines are the results of fits to a con- glet cuts the magnetic bond mostly along the chain so that it
volution of the resolution function with a Lorentzian squared. Thedisturbs magnetic excitations along the chain. Since doped
thick horizontal bars represent the instrumer@atesolution. The  holes affect the excitation width along the chain very effec-
resolution is not shown ific) along thek direction since it is neg- tively, the hole doping effect is larger than that of the thermal
ligibly small. effect. It should be pointed out that the long-range magnetic
ordering persists even when the spin-wave excitations are

hole doping. This is consistent with the result of the magne¢onsiderably broadened.

tization measurements that the saturated*@uoment does ~ With hole-dopingTy decreases slowly. The hole concen-
not change but spin-flop transition field decreases with holdation at which long-range magnetic ordering disappears is
doping!2 ~28%. This is even comparable with the percolation thresh-

. o _1 - , :
In these samples we also measured magnetic excitatiordd for S—% square-lattice Heisenberg antiferromagnet,

below 8 meV around antiferromagnetic positions along thed0.725%2°2°SinceJy; is much larger thad, it may seem

chain( %, 0, 1) and( 3, 0, 2 and also around antiferromag- that Ca.xY>,Cus0yp is @ quasi-one-dimensional system.

netic positions with two times periodicit(y%, 0,1), ( %, 0,0, However, J,» also works as antiferromagnetic interchain

( 1o 2), and( ER 2 as in the Sf,Cly,0,, Systen?5 The coupling along the axis. Furthermore, the number of inter-
41 il l l ) . . . .

elastic peak at 3, 0, 1), where magnetic signal was observed action bonds 00, and‘JaCZ. IS twice as ml‘.'Ch as that Gf;.

in Cay 8£u02,232'24was also measured. However, no distinct | nerefore, the end material £©&CusOy is a system be-

magnetic signal was observed. This suggests that the antifetP’—\'e‘:}n being one and two dimensional. The long-range mag-

romagnetic correlations or singlet dimers observed by othe?et'c or(_jer prob_ably disappears when with hole—dop|r_19 the
measurementé-1623 just exist as a minor phase in these interchain couplings become small compared to the intrac-

. . hain coupling. Experimentally, magnetic order disappears
samples even if they exist. completely in Cag7Y3LU010, in Which interchain cou-
IV. DISCUSSION plings are negligibly small.
The interchain and the anisotropic exchange interactions
In Ca.,Y,,Cus0,9 magnetic excitations are softened are reduced considerably with increasing temperature or dop-
and broadened with increasing temperature, which is similaing holes although the intrachain interaction does not change
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so much. Therefore, it is considered that ab®yethe mag-  clusters are formegf-3With more hole doping the magnetic
netic interactions are well described by the one-dimensionatorrelations along the chain change from being ferromag-
Heisenberg model. We first expected that the onenetic to antiferromagnetid®'#22and a dimerized state fi-
dimensional spin-wave excitations can be observed evenally appeard*-16There might be a drastic change in mag-
above Ty since the NN interaction along the chain is netic interactions above=1.7 probably driven by a charge
-6.9 me\(=80 K) in CaY ,Cus0,, However, with increas- ordering as in the $§Cu,,0,4; Systen:

ing temperature magnetic excitations are damped ardiynd It is interesting to compare the results inG& ,_,CusO1q

so that distinct excitation peaks cannot be observed abowith those in related system t@a,Cu,404; that also con-
Tn sists of edge-sharing Cy@hains. LgCaCu,,04;, shows an-

As described in Sec. |, it was reported that with holetiferromagnetic ordering below 10.5 #.In this compound,
doping the long-range ordering is destroyed abové.3 and  the characteristic features are that the magnetic interactions
a spin-glass behavior appears in tel.5 samplé2 Here,  are frustrating and that broadening of the excitation peak is
we consider how the spin-glass phase is caused. As describgtich more enhanced than in &', Cus010%% The latter
above, the magnetic interactions do not show frustration iriginates from the combined effects of frustrating
thex=1 sample and probably in the=1.5 sample. In addi- interaction! and disorder introduced by a small amount of
tion, the magnetic correlations in the spin-glass phase i§oles (~10%) and by a slight structural distortion in
commensurate and the same as that in the undopddisCayCupsOy;.

CaY ,Cus0,q. Therefore, it is difficult to understand how the  In summary, a systematic study of temperature and hole
spin-glass phase appears in the absence of frustrating intetoncentration dependencies of the magnetic excitations in
actions. It may be possible that doped holes are not localize@&.,Y »x<CusO19 Shows that the magnetic excitations are
randomly but partially orderéd and as the results short- softened and broadened with increasing temperature or dop-
ranged magnetic clusters, which give rise to a cluster spining holes. It was also suggested that the intrachain interac-
glass behavior, are formed although the ordering is not lon¢ion does not change so much with increasing temperature or
ranged. This is consistent with the fact that the correlatiorfloping although the anisotropic interaction and the inter-
length along the chain is larger than the average spin clust@hain interaction are reduced. In the spin-glass phase
size as described in Sec. Ill D. It is interesting that the spin{x=1.5 and nearly disordered phage=1.67 the magnetic
glass behavior appears in a very narrow regienl.5. This  excitations are much broadened in energy &dNeither

is probably because finite interchain couplings are needed tantiferromagnetic correlations nor singlet dimers caused by a
form finite-sized spin clusters which can realize the clustercharge ordering coexist with the spin-glass or the nearly dis-
spin-glass behavior. It is theoretically predicted that in two-ordered phase although there is a possibility of a partial
dimensional Ising system with mobile defects finite sizedcharge ordering, which gives rise to the spin-glass behavior.
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