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The quasi-two-dimensional antiferromagnet CsDy(MpQs studied by neutron diffraction and
guasielastic neutron scattering. The crystal structure of two low-temperature phekes

120 K and below 40 Kis determined. An approximate structure of the magnetically ordered
phase Ty=1.36 K) is proposed. In the ordered state the order-parameter critical exponent
B=0.17(0.01), the in-plane correlation length exponent0.94(0.07), and the staggered
susceptibility critical indexy=1.01(0.04) were determined. Comparing these results to

the exact solution for a 2D Ising magnet, we conclude that, although 2D behavior is apparent in
CsDy(MoQy),, there are deviations from the simple 2D Ising model.2@04 American

Institute of Physics.[DOI: 10.1063/1.1645155

1. INTRODUCTION in several speciés® and typically occurs only at sub-kelvin

) . . temperatures. The rather unusual magnetic properties of
For many years low-dimensiondbw-D) magnetism has  prys have been investigated using dc and ac magnetic
remained at the forefront of solid-state research. Experimens,qasurements?® optical experiment&' and ESR213

tal studies of magnetic phase transitions in quaSI-Iow-D_com- Although neutron diffraction has been widely used in the
pounds are very important for the general understanding o

" ; _ fétudy of crystal structurés>*we were surprised not to find
critical phenomena. The study of 2D Ising compounds is 0 . . . .
any reports in the literature on magnetic neutron scattering

special interest, since for certain low-dimensional Ising the—eX eriments on DRMs. Althouah maanetic neutron diffrac-
oretical models there is an exact solution and the results catn P ' 9 g

be directly compared to experiment. A relatively few mate- lon often is the *ultimate” technique for studying magnetic

rials simultaneously have strong single-ion anisotropy andhase transitions and critical behavior, actual experiments

adequate two-dimensional magnetic interactions to qualify ad'ay be, from a purely '_cechmcql point of view, nontnv!al to
model 2D Ising magnets. carry out. Low magnetic ordering temperatures require the

Double rare-earth molybdaté®RMs) with the general US€ Of bulky cryogenic equipment that limits the regior(of
formula MR(MoQy), (R=rare earth, M- alkali meta) crys- ~ SPace accessible in a diffraction experiment. In addition,
tallize in a variety of layered structurgsee for example Most DRMs go through a whole series of structural transfor-
Refs. 1-4 and are a large family of 2D compounds with Mations when cooled down from room temperature, and the
some very interesting species. The magnetism of molybdatégrmation of crystallographic domains may complicate the
is entirely due to the presence of trivalent rare-earth ions. Fohterpretation of the diffraction pattern. These problems in-
the latter, magnetic anisotropy effects are crucial, and comdeed have to be dealt with, but, as we show below, do not
ponents of they tensor may vary from almost 0 to as much present an insurmountable obstacle.
as 20. In many DRMs the rare-earth sites behave as nearly In the present paper we report the results of neutron
ideal Ising centers. Typically large rare-earth magnetic moscattering experiments on one particular compound, namely
ments in many cases result in appreciable dipolar magneti€sDy(MoQ,),. Data pertaining to the crystallographic and
interactions’® Long-range magnetic order has been detectednagnetic structures, as well as measurements of the mag-

1063-777X/2004/30(2)/7/$26.00 133 © 2004 American Institute of Physics



134 Low Temp. Phys. 30 (2), February 2004 Khatsko et al.

netic critical behavior, confirm the 2D Ising nature of this a b

system. At the same time, certain new features hint at the 42 : : |

important role played by dipolar interactions. < @ < a :

2. EXPERIMENTAL S50 O 95A
MOO4 '

Our choice of CsDy(Mo@), over other DRM species JARN bi..o--Jo--
was largely governed by the availability of large single- A /514 /
crystal samples. Among the rare-earth ions®Din the mo- DyO ® al
lybdates has the advantage of having one of the largest mag- . 0 39A° ©
netic moments. The tradeoff is its appreciable neutron c

_absorptlon_ Cross S_eCt'On'_ CSDy(_MQQ WOUId_ n_Ot be an_ FIG. 1. “Parent” model of thePccm structure of CsDy(Mo@),. () A
ideal candidate for inelastic experiments, but it is well suitedyrojection onto thec crystallographic plane showing the Dy and Cs sites as
for measurements of elastic magnetic scattering. Mica-likevell as the MoQ tetrahedra.(b) Structural relation between nearest-
transparent rectangular single-crystal samples for our experfieighbor magnetic Dy ions in the unit cell.

ments were prepared by spontaneous crystallization from

[ L}
melt Isolunon. 4:?(0'15 mm ar:d 3<12><0.1§ mm For our samples the room-temperature structure was
samples were used for conventional and magnetic neutrog, g o bemonoclinic with the measured cell parameters
Scattering experiments, respectively. a=9.49 A, b=5.05A,c=7.97 A, andB=88.4°. The two
4-circle diffraction data were collected at the H6M monoclinic domains share commati andb* axes. A typi-

4-circle dlffractirr:weter at _the IHIgE Flux Bear;]w_ React(_)rcal rocking curve of thg0,0,49 Bragg reflection, rotating
(HFBRF)] at Brool aven National La orato(;y. (Ijn t, |s|exper|.— around thg0,1,0] axis, is shown in Fig. 2 and illustrates the
ment the sample environment was a standard Displex refri omain structure. It should be noted that monoclinic struc-

erator. Two separate sets dfil) data were collected at 50 K ture at room temperature correlates with recent x-ray

and 15 K, respectively. analysist’ No further crystallographic information was ob-

Low-temperature0.35-5 K) neutron scattering EXPET" tained at room temperature, since our main interest was with
ments were performed at the H8, H7, and H4M 3-axis SPeCie low-temperature behavior

trometers at the HFBR with the use of a pumpéte Dewar. Below T;~120 K, a structural phase transition takes

The temperature was controlled with an automated reSiStan(fﬁace and CsDy(Mog), becomes orthorhombi¢Fig. 2

_bridge toa precisiqn 0+0.01 K. The sample was Wrappgd curve?2). An analysis of the 4-circle diffraction data suggests
in thin aluminum foil and mounted as strain-free as possibley . space group in this low-temperatufT-1) phase is

A neutron beam of fixed final energy¢=14.7 MeV was ... with the 50 K cell parametersi=18.760(7) A
used with a pyrolitic graphitéPG) filter positioned after the & P -760(7)

sample. Pyrolitic graphité002) reflections were used for the
monochromator and analyzer. The collimation setup was 50 000
40'—40 —-40 —-80. The sample mosaic was found to be of (0.0,4)
the order of 2.5° full width at half maximutFWHM). Spe- Y
cial care was taken to precisely measure the dimensions and
orientations of the crystallographic faces. This information
was later used to analytically calculate absorption corrections
to the measured intensities.

40000

30000
3. RESULTS

3.1. Crystal structure T=60K: Pcca

counts/2 s

- 20000

T

At room temperature CsDy(Mop, was believed to be
orthorhombic, space groupccm with cell constantsa
=9.51 A, b=5.05 A, andc=7.97 A2 This structure is es-
sentlglly the same as for C;Pr(M@)@ (Ref. 16. The most 10 000
prominent feature is a stacking of alternating layers along the

crystallographia axis: —Dy—(MoQ)—Cs—(MoQ)- (Fig. T=35K P2yc

1a). Each layer is parallel to th@.00) perfect cleavage plane. 3

The arrangement of magnetic ions is quasi-two-dimensional. 0 ook 1 X ' l l

The interlayer Dy—Dy distance is large;9.5 A=a (Fig. 122 124 126 128 130 132 134
1b). Within each layer the magnetic sites form a rectangular ¢, deg

lattice with nearest-neighbor distances A=b and~4 A _ _

=c/2. Although theP ccmstructure has not been seen in any FIG- 2. Rocking curves of thé,0,4 Bragg peak(rotation around0,1,0)
measured at different temperatures in a CsDy(MeGingle crystal. The

of our CSDy(MOQ)Z samples at any temperature, all the crystal structure is monoclinic at room temperat(ite becomes orthorhom-

CryStal|O§_Jr"3‘phIC phases_ that were obsert®ee belowcan  pic (Pcca below T,~120 K (2), and finally turns monoclinic again

be described as distortions of this “parent” structure. (P2, /c) on cooling throughT,~40 K (3).
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=2apcem, b=5.013(4) A, andc=7.920(6) A. Compared TABLE I. Positions of atoms in the CsDy(Mq@, lattice.
to the “parent” Pccmstructure the axis is doubled and the

Dy ions are displaced along the axis in a direction that Atom | x/d b /e loce | sat [
alternates from site to site along theaxis!® The Dy point T=50K
group isC,, as compared t®, in the Pccmcell. Peca (54) a =18760(7) A, b=5013(4) A, ¢ =7920(6) &,

On cooling throughl,~40 K a structural phase transi- o =90°, p=90°, y=90°

tion to yet another monoclinic structure occyiFég. 2, curve

3). It is interesting to note that both crystallographic transi-
tions atT, andT, are totally reversible. The low-temperature Dy | 0.250000 [ 0.000000 | 0.265612 | 0.5 [ 1.690000
monaoclinic (LT-2) phase is ofP2;/c symmetry, witha Mo | 0.347931 | 0.476683 | 0.015128 | 1.0 | 0.695000
=18.86(5) A=2ap.cm, b=10.05(3) A=2bpcems  C
=7.78(2) A, and3=86.62)° atT=15 K. As in the high-
temperature monoclinic phase, the two types of monoclinic O(2) | 0.281962 | 0.747241 | 0.014366 | 1.0 | 0.580300
domains share commoa* and b* axes. Atom positions 03) | 0.430135 | 0.616141 | 0.018499 | 1.0 | 0.580300
above(50 K) and belowm(15 K) the phase transition at, are
summarized in Table I. The phase transitioriTathas been

Cs 0.500000 [ 0.030423 | 0.250000 [ 0.5 | 0.542000

O(1) | 0.346349 | 0.260980 | —0.160873 | 1.0 | 0.580300

0O(4) | 0.343858 | 0.259971 0.193318 1.0 | 0.580300

previously observed by Zvyagiretal,'® but the low- T=15K

temperature phase structure could not be determined froi P21 /¢ (14) a =18860(5) A, b=1005(3)A, c=778(2)A,

their experiments. It is accompanied by an abrupt change i a=9¢, =86, y=90°

the energy spectrum of the BYy ions which is due to a Dy(1) | 0.748648 | 0.250331 | 0.305721 | 1.0 | 1.690000

lowering of the Dy site symmetrgpoint group 1 in the LT-2
phase.’® In the low-temperature phase there are two crystal-
lographically inequivalent Dy site¥. Cs(1) | 0.505550 | 0.217766 | 0.252675 | 1.0 | 0.542000

Dy(2) | 0.748415 | —0.249622 | 0.259788 1.0 | 1.690000

Cs(2) | 0.005550 | —0.217766 | 0.252675 1.0 | 0.542000

8.2. Magnetic long-range order Mo(1) | 0.840773 | -0.504712 | 0.040900 | 1.0 | 0.695000

Below Ty=1.36 K new magnetic Bragg reflections with oa1) | 0.781186 | —0.377342 | 0.004581 | 1.0 | 0.580300
Miller indices (P2, /c notation (h,0]l) (h-odd,|-even and
(h,k,0) (h,k-integer, h-odd, k-even were observed in the
(0,1,0 and (0,0,) reciprocal-space planes, respectively. O(13) | 0.842379 | —0.625712 | 0.229138 | 1.0 | 0.580300
Much weaker magnetic peaks were seerhat,0) (h,!-odd O(14) | 0.844800 | ~0.617309 | -0.105179 | 1.0 | 0.580300
positions. Constraints imposed by the experimental geometr
prevented us from measuring magnetic scattering in othe
planes. Most of the diffraction data were collected Tat 0O(21) | 0.654182 | 0.127886 | 0.245055 | 1.0 | 0.580300
=0.35 K in the f,0]) zone. In general, magnetic reflections
from different structural domains could always be separatec
although partial overlap occurs in some cases. A typica  ©@3
h-scan along1§,0,2) measured at=0.35 K is presented in 0(24) | 0.571327 { —0.049736 [ 0.086437 | 1.0 | 0.580300
Fig. 3. It shows both the nuclear and magnetic peaks origi
nating from the two monoclinic domains.

Peak shapesAs can be seen in Fig. Gor example, by oG
comparing the(3,0,2 magnetic and4,0,2 nuclear peaks 0(32) | 0.653336 | —0.119275 | 0.347094 | 1.0 | 0.580300
the magnetic Bragg reflections are visibly broader than the
nuclear ones. This anomalously large width of magnetic re
flections, more clearly seen in Fig. 4, was only observec ~ O(4) | 0.715736 | 0.121061 | 0.538746 | 1.0 | 0.580300
along thea* direction. TheQ-width of all the magnetic Mo(4) | 0.841970 | 0.500006 | 0.494863 | 1.0 | 0.695000
peaks investigated is resolution-limited in th& and c*
directions. The anomalous-width was found to be depen-
dent on the rate at which the sample is brought down to low ~ ©(42) | 0.783495 | 0.379413 | 0.524604 | 1.0 | 0.580300
temperature. Fast coolind0 min from T=1.5 K down to 0(43) | 0.841672 | 0.620472 | 0.663917 | 1.0 | 0.580300
T=0.35 K produces the broadest pealiSig. 4, open
circles, whereas slow2 hourg cooling throughTy results
in sharper peaksFig. 4, solid circles The Q-integrated
magnetic Bragg intensity was slightly higher in slow-cooling
experiments. Moreover, some annealigsharpening and in- condensation temperature &fle, and long measurements
tensifying of the magnetic peak®ver a time scale of 24 aboveT=1 K are hard to perform due to a high consumption
hours was observed even Bt 0.35 K. of liquid ®He. The best we could do was to collect data on

Order parameter The large time constants associatedslow cooling (1 hour per fixed temperature with a 0.05 K
with the establishing of long-range magnetic order makestep. The resulting order parameter deduced from the mea-
temperature-dependent measurements of the order paramesered(3,0,0 magnetic Bragg intensity is plotted against tem-
extremely difficult. Ty=~1.3 K happens to be close to the perature in Fig. 5. The critical expone@tand the Nel tem-

0O(12) | 0.923480 | —0.448149 | 0.036071 1.0 | 0.580300

Mo(2) | 0.647130 | 0.008269 | 0.081290 1.0 | 0.695000

0(22) | 0.654667 | 0.117729 | —0.084289 | 1.0 | 0.580300
0.717159 | —0.122156 { 0.015003 1.0 | 0.580300

Mo(3) | 0.649459 | —0.008883 | 0.520559 1.0 | 0.695000
0.649830 { —0.117424 | 0.708992 1.0 | 0.580300

O(33) | 0.566060 | 0.068361 0.544750 1.0 | 0.580300

0O(41) | 0.846766 | 0.624122 | 0.296780 1.0 | 0.580300

0(44) | 0.923446 | 0.438145 | 0.486899 1.0 | 0.580300
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FIG. 3. Elastic scan allong1(0,2)le ;e measured in a CsDy(Maofp, single
crystal. Bragg reflections originating from the two monoclinic domains are oL °
labeled in italic and normal characters, respectively. The indices of magnetic = O
reflections are underlined. é o CsDy(MoOJ,
=
1k
perature were obtained in log—log plots. The analysis yielded 102 1(').2 1(;_1 ]
Tn=1.36(0.01) K ang3=0.17(0.01). The normalization of (TN-TY/Tn . .
the data in Fig. 5 is as discussed below. B e——
. . . . . 0 0.4 0.8 1.2 1.6
Approximate spin structureDetailed magnetic diffrac- T K

tion data could only be collected in thé,0|) reciprocal-

space plane. Accurately determining the magnetic structurgi. 5. Magnetic order parameter in CsDy(MgQ plotted against tem-

is further hindered by the necessity of making strong absorprerature (circles, as deduced from the temperature dependence of the
tion corrections to the measured Bragg intensities. The |att§‘0’o magnetic Bragg intensity. The solid line represents a power law with

introduces systematic errors, which become very importang, cical exponenis=0.17 andTy=1.36 K. The top inset shows the
. o . pproximate spin structure determinedliat 0.4 K. In the bottom inset the
at large reflection(transmissiop angles. The quantity and measured temperature dependence of the magnetizatjmen circley is
quality of the data do not allow us to base the analysis ofompared to the exact result of Onsager for a 2D Ising syssefid line).
magnetic intensities on the complicated low-temperature
crystal structure determined in the experiments with the .
4-circle diffractometer. Instead, we have utilized an oversimhave totally neglected theh(0J) (h,1-odd magnetic peaks,
plified a priori model for the arrangement of magnetic ions Since they are significantly weaker than those @jo{)
in the crystal to obtain information on the spin structure.  (n-0dd, [-even and only a few could be measured. The sim-
For each monoclinic domain the observed resolutionPlified monoclinic arrangement for the BY ions that we

and absorption-corrected intensities B2, /c-inequivalent €MPloyed in the analysis of the magnetic structure was there-

(h,0]) and (h,0,—1) Bragg peaks were found to be the samefore based on a reduced cell with=3ap,; ~9.43 A, b

within experimental error. In addition, in our treatment we =30p21,c~5.03 A, T=cpp1 c~7.82 A, andB=86.62)°.
We have also assumed all the Dy sites to be crystallographi-

cally equivalent and positioned @,0,1/49 and(0,0,3/9. The

1200 above construct is oversimplified, but a model for the mag-
netic structure based on these positional coordinates accounts
1000 Q=(h00) resolution reasonably well for the experimental data.
" T=04K [} 7 A good consistency test for our experiments is an analy-
0 800 sis of Bragg intensities measured hirscans alongh,0,0).
> These were corrected for absorption and resolution effects
£ 600r and are plotted against momentum transfer in Figoen
§ slow cooling ¥ circles. The experimenta) dependence is in good agree-
— 400} 9]; ) ment with a theoretical prediction for the square of the form
fast cooling factor of a free DY ion,?* shown as solid line in Fig. 6.
200f The models used for the analysis of the magnetic struc-
ture assumed a parallel alignment of nearest-neighbor spins

along theb andc axes. The nearest neighbors alangvere
assumed to have antiparallel spins. Three models were con-
sidered, with spins lying in thac, bc, andab planes. Only
FIG. 4. Longitudinalh-scans through thé3,0,0 magnetic Bragg peak in the last model was found to be consistent with the data. The
CsDy(MoQy), measured aff =0.4 K. Fast cooling througfTy produces it of the spins in theab plane with respect to thie axis and

very broad peakéopen circles, as compared to the experimental resolution .\ /4| scaling factor were the only two adjustable param-
(dotted ling. Slow cooling results in much sharper Bragg reflectitsalid . . . . .
circles. Thek- andl-width of all magnetic reflections is resolution-limited ©t€rs. These were refined to best fit the experimental intensi-

ties of 17 magnetic Bragg peaks of the tygeQl) (h-odd,

3.0 3.2
h, r.l.u.

2.8

independently of the cooling rate.
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1.4 TABLE II. List of calculatedl .4 and experimentally observeg, intensi-
ties for the 17 independent magnetic reflections in CsDy(MeGat T
=0.35 K.
1.2
B0 poi /¢ I(Ll)é Sobs Ieale
30-2 3379 34 3681
1.0 50-2 3092 49 3140
g 90-2 2228 121 2135
c
3_ 0.8 110 -2 1720 110 1704
0
& 304 3511 219 2656
’% 06 504 2403 267 2362
2 0.
g Q=(h00) T=0.35K 704 2384 1328 2014
102 4568 50 4110
0.4f
302 3726 36 3681
502 3020 84 3140
02r 902 1937 164 2135
1102 1461 71 1707
1 L ) 1
500 3040 23 3114
0 1 2 3 4 5
4nsing/ A 700 2716 25 2701
FIG. 6. Intensity of h,0,0) magnetic Bragg reflections measured in 900 2359 29 2254
CsDy(MoQ,), as a function of momentum transf@pen circles The data
. . e 1100 1947 28 1819
were corrected for absorption and resolution effects. The solid line repre
sents the square of the magnetic form factor for a freé Dign. 1300 1486 30 1427

[-even that were measured im-scans to compensate for the flections. The Lorentzian component represents the classical
anomalous broadening of magnetic peaks inahealirection.  Ornstein—Zernike form for the energy-integrated neutron
Measurements were done separately for each monoclinic deross sectiod??3

main and corrected for resolution and absorption effects. The

results of the refinement are summarized in Table Il. Consid- d_" _ AT = A/ k2 1)

ering the limiting systematic errors arising from severe reso-  d{} K2+q2' X '

lution and absorption effects, a reasonably good fit to theI'he Lorentzian widths (reciprocal correlation lengthand

experimental data was obtained. o . : .
The refined value for the angle between the spin direc}emperature adjusted amplitud@swere refined to best fit

tion and theb axis is 17.7(0.5)°. The resulting spin structure the data. Th_e solid lines |n.F|g. 7a show the resulis of such
o . : : - its. The reciprocal correlation lengths aloay andc*, «,
is visualized in the top inset in Fig. 5. The absolute value o . . S
: T : . ~andk,., respectively, are plotted again§t< Ty)/Ty in Fig.

the magnetic moment residing on the Dy sites was obtaine . - .

. . . " b usingTy=1.36 K. The same figure shows the tempera-
through normalizing the magnetic Bragg intensities by thos%ure evolution of the staggered susceptibilityAs shown b
of several (,0,0) nuclear peaks. The structure factors for the 99 P Y y

. : solid lines in Fig. 7b, the experimental temperature depen-
latter were calculated from the known atomic fractional CO-yences were analvzed using power-law fits to the data. We
ordinates. AfT=0.35 K the Dy moment was estimated to y gp :

- L — have obtained the following values for the critical exponents:
be Mp,~6.8ug. This is to be compared p,=guie ) _1 140,04, »,=0.35+0.04, andv,=0.94+0.07.
~10ug for a free ion.

4. DISCUSSION

3.3. Magnetic critical scattering The distinguishing features of rare-earth double molyb-

Generous magnetic neutron scattering intensities aldates in general, and CsDy(Mg) in particular, are the
lowed us to study the magnetic critical scattering, whichrelatively low crystallographic symmetry and rather high
could be plainly seen at temperatures ugte1.8 K. All of magnetic moments associated with the rare-earth ions. These
the measurements were performed on the (2.59,dmag-  peculiarities make single-ion crystal-field effects extremely
netic Bragg reflection in a two-axis mode. Scans alongmportant and result in a huge anisotropy of magnetic
(h,0,0) and (2.5,0) were analyzed by first subtracting susceptibility’® The site symmetry of the By ions (the
(point by poin} the background measured &t=4 K and  ground term®H,,) in the low-temperature phase is low
then fitting the data to Voigt profiles. Some typical scans areenough for the ground state to be a single Kramers doublet
shown in Fig. 7a. The width of the Gaussian component ofvith J=+15/2 (Ref. 8. In other words, the DY are ex-
the Voigt function was fixed to the experimen@lresolution  pected to be Ising magnetic centers. Indeed, according to
determined from measurements on nearby nuclear Bragg r&PR studie$? there are two magnetically inequivalent sites
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700 4 nent 8=0.17 measured in CsDy(MaQ®, are reasonably
§ 600k Q=(25,0,1) close to the exact characteristics of a 2D Ising magnet, where
o B=0.125 andv=1. Such behavior is consistent with the
@ 900 layered structure of CsDy(Mag,.
§ 400 Other data obtained in the present study indicate that the
© 300 temperature dependences of magnetic characteristics of
%’ CsDy(MoGQy,), are more complicated than simple 2D Ising
@ 200 : .

I3 behavior. In particular, the measured temperature depen-
£ 100 dence of the order parameter deviates from the exact results
0 of Onsager in a wide temperature ran@ég. 5, bottom in-

-06 seb. An even more obvious discrepancy is revealed in the
behavior of the critical indexy. The experimental valuer
10k 410 =1 is the same as in Ginsburg—Landau theory and quite
] m different from that for a 2D Ising magnet, wheje=1.75 is
. [ y=1.01£0.04 — 1 = expected. Note that in well-established 2D Ising materials,
=i s 41 2 such as KCoF, (Refs. 25 and 26and RBCoF, (Refs. 27—
B A,‘—‘,:A—/A‘“’M & 29), all three critical indices3, v, and v are in good agree-
i ] = ment with theory.
ol Vam0.852004 2 o1 We tentatively propose that the main reason for any de-
"k ) V,=0.94:0.07 3 viations from 2D Ising behavior in CsDy(Mao, are due to

Ty dipolar interactions. As indicated in experiments and calcu-
0:01 (T-Ty/ .?.r: Iatiqns on related molybdates, Qipolar coupling of lIsing
chains or planes may be responsible for experimentally ob-
FIG. 7. Magnetic critical scattering measured in CsDy(MpQaboveT,  S€rvable short-range effet and may even drive the mag-
=1.36 K. (a) Example two-axis scans across the magnetic zone center. Thaetic phase transition, as, for example, in KEr(Mp(Ref.

background has been subtracted, as described in the text. The solid Iing_ For CSDy(MOQ)2 the in-plane interactions are relatively
represent fits with Lorentzian profiles, convolved with the Gaussian experi- : .
mental resolutioridotted ling. (b) Measured temperature dependence of the strong and are, most likely, of exchange origin. On the other

staggered susceptibility (solid circles and reciprocal magnetic correlation hand, interplane coupling is much weaker and yields only
length « along thea (triangles andc (open circleg crystallographic axes.  short-range order between the planes. At—(Ty\)/Ty

The solid lines are power-law fits to the data. =0.03, for instance, the interplane magnetic correlation
length amounts to only a few lattice repe@Esg. 7b|. All
relevant interactions, but the weak interplane coupling most
of all, should have a significant contribution from dipolar
effects. The latter must be enhanced bylarge magnetic
moments of the DY" ions, and i} ferromagneticcorrelations

in the planes. Indeed, the ordered moments are nearly paral-
lel to the planes and generate a large magnetic field that
avors antiparallel spin alignment in adjacent planes. If the
correlations within the planes were antiferromagnetic, the di-
polar field would decay much more rapidly with distance. As

. _has been experimentally confirmtédfor LiTbF,, dipolar
CsDy(MoQy), is expected to be much larger than the order magnets fall into a universality class different from that of

ing temperature, i.e., than the characteristic energy of magéxchange systems, and this may be responsible for the ob-
netic interactions. The direction of magnetic moments in the Lo ;
erved values of critical indices in CsDy(Mg)Q.

ordered phase is therefore dictated by the orientations o Ve
Finally, let us comment on the observed anomalous

single-ion easy axes. From our analysis of the magnetic dif- , . . .
fraction data we conclude that the moments lie in & & width of the magnetic Bragg reflections. The effect can

crystallographic plane and are tilted by 17° with respect tot.’e eagly explame.d. C_r|t|cal slowing down .Of Spin quctug-
; o . .~ _tions is enhanced in Ising systems. On relatively fast cooling
the b axis. It is important to emphasize, though, that since

two inequivalent magnetic sites are present, the actual stru throughTy the short-range magnetic correlations present in

. . '%he critical regime are “frozen” in the ordered phase. Since
ture should be noncollinear, and that the collinear model is . : !

o in-plane spin correlations are much stronger that interplane
no more than an approximation.

The 2D lIsing character of the material becomes apparencfnes’ the broadening of magnetic Bragg peaks is most pro-

in its critical behavior. The technique used to measure thgounced in the direction normal to the planes.

indicesv andy relies on the so-called static approximatfdn,

: . N . CONCLUSION
i.e., on the assumption that the incident neutron energy in
two-axis experiments is much larger than the characteristic In summary, the present investigations enabled us to de-
energy width of critical scattering. Fortunately, for Ising sys-termine the crystal structure of two low-temperature struc-
tems the approximation is excellent, since the time scale dfural phasegbelow 120 K and below 40 K and suggest an
critical fluctuations is infinitely long. The in-plane correla- approximate magnetic structure of the CsDy(Md»O A

tion length exponent.=0.94 and the order-parameter expo- more precise model of the magnetic structure calls for further

with similar principal values of the effectivg-factor tensor
(gar=38.7:0.2,9,,=13.4£ 0.5, g, =1+ 0.5). Theg-tensor
principal axisa’ is reportedly tilted by~ +10° with respect
to thea direction in theab plane, and’ forms an angle of
no more thar=*5° with theb axis in thebc plane. These
two g-tensor orientations presumably correspond to the tw
crystallographically inequivalent By sites that are identi-
fied in this work.

The crystal-field separation of By Kramers doublets in
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