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We have investigated the magnetic structure of the fcc antiferromagnepiBgBnagnetization and specific
heat measurements on small single crystals prepared from natural elements and by neutron diffraction on
isotopically enriched powder samples. Magnetization measurements up to 9 T show up to three magnetic
phases in th® vs T phase diagram, depending on the orientation of the applied field. The specific heat in zero
field exhibits a very steep increaseTgi=7.4 K, but its maximum is reached only at a lower temperature. In
applied magnetic field up to 8 T additionellike anomalies are observed which confirm the phase boundaries
from the magnetization measurements. Powder neutron diffraction in zero magnetic field reveals an antiferro-
magnetic structure belowy. The basic reflections can be indexed witt/2+51/2+6 1/2+6), where §
=0.035, pointing to an incommensurate magnetic structure. In a field beloirtfie lowest-field magnetic
phase the principal reflections remain; in a higher magnetic field they become suppressed. Moreover, the
magnetic background strongly decreases with applied field. The analysis of results shows that an amplitude-
modulated, incommensurate structure likely represents the magnetic order of FlbB very complex phase
diagram of this compound can arise from the interplay between the RKKY and dipole-dipole interaction and/or
from frustration effects in the fcc-symmetry lattice.
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I. INTRODUCTION one. The lower band has a Fermi surface similar to that of

Rare earth dodecaborides exhibit a variety of physicall°Ple metals; the Fermi surface of the upper one is simply
properties which result predominantly from thé ghell oc- ~ connected and almost spheriéal. . .
cupancy of their rare earth ions. Thus YpBs an interme- As regards the magnetic dodecaborides, it was shown that
diate valence system showing features of van Vleck para@n indirect exchange interaction of the RKKY type is an
magnetism, TmB,, ErB,, HoB,, and DyB, are metals dominating mechanism leading to the observed antiferro-
which order antiferromagnetically at low temperatures, andnagnetic ordering'® There are, however, indications that
LuB,, with a fully occupied 4 shell is a metal which be- the magnetic structure of some of th¢aiove all of HoB,)
comes superconducting below about 0.4Refs. 1-5. All  exhibit more complex featur&s!® which cannot be ex-
the dodecaborides crystallize in a NaCl-based fcc structurplained by the RKKY interaction alone. The crystalline elec-
where the N&ions are replaced by rare earth ions and thetric field plays an important role in the understanding of
ClI” ions by By, cubo-octahedra or icosahedra. The linksmagnetic properties of this material, at least above their Néel
within B4, clusters and between these clusters are determinggmperaturely (Ref. 15. The direct dipole-dipole interac-
by strong covalent bonds which are responsible for the rigidtion, which prefers ferromagnetic ordering in this structure,
ity and high melting temperatures of the dodecaborides. can play an important role in the magnetic structure forma-
Theoretical studies of the electronic structure of tetra-, hexatjon as well because of the large effective magnetic moment
and dodecaborides indicate that two valence electrons dfe Of the HG" ions (pes=10.5ug), as shown in Ref. 5.
each rare earth atom compensate the electron deficiency of From this point of view HoB, exhibits similarities with
the boron sublattice, thus realizing the maximum stabftity. the ultralow-temperature nuclear spin systems of Cu and Ag
This electron transfer generates an ionic bonding betweetRefs. 16 and 1) On the structural side they share the frus-
rare earth and boron clusters. Despite the approximate charated fcc structure and the high localization of the moment.
acter of this model, the electrical properties of these materiAs for the noble metals, there is one valence electron in the
als seem to be qualitatively explicable. According to thisconduction band, a likely explanation for the similarities in
model, borides with divalent rare earth cations should bethe band structure which in turn should be reflected in the
come semiconductors, while borides with trivalent rarerange function of the RKKY interaction. Thus the relative
earths(e.g., Lu, Tm, Er, Ho, Dyare metals with one electron strengths of the RKKY and dipolar interaction are expected
per rare earth atom in the conduction band. Recent results & govern the magnetic ordering, and the theoretical concepts
experimental and theoretical investigations of the electronicleveloped for the nuclear spin systems of noble met4is
structure of some dodecaborides can be found in Refsian be tested. In the case of a dominating RKKY
10-12. E.g., there it is shown that the Fermi surface of LuB interaction—provided that the band structure of the noble
exhibits two conduction bands: a lower one and an uppemetals is applicable—the interaction should be close to the
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Heisenberg cadg'® and frustration effects could be impor-  2ef
tant. With increasing magnetic moment the dipolar aniso-g:jﬁi
tropy should become more important and in a magnetic field2 st
a complex phase diagram is expected although the lattice§ 1of
symmetry is high. The series &84, (R=Tm, Er, Ho, Dy 2 ool
therefore provides ideal model systems to investigate the rolef 34f
of the various interactions—the magnitude of the dipolar in- 08— totinmms
teraction increases from Tm to Dy—whereas the RKKY in- Temperature [Kelvin] Magnetic Field (Tesls)
teraction should remain very similar over the series. An im-

portant difference to the experimental work on the nuclear FIG. 1.(a) shows the magnetization of a Hefsingle crystal at
ordering in noble metals Cu and Ag is that in tRB,, sys-  different magnetic fiellds. pare}lle! to th@00) axis as a function of
tem a full experimental characterization is possible without€mperature. The solid lines indicate the onset and end of a plateau
the limitations inherent to nuclear magnetism studies at uloPserved in the magnetization data which is associated with the
tralow temperature. phase boundaries between the paramagnetic, the AF1 and AF2

We have started with Ho which represents a case of phases(b) shows the field dependence measured ona polycrystal-
strong dipolar interaction. It should be comparable to thelme sample at a constant temperature. The transition between the
: AF1 and AF2 phase is best seen in the derivativd/AB which

RKKY. mt.eraCtlon ‘?‘”‘?' therefore resemble the .nUdear SPINy as numerically estimated from the magnetization data.
ordering in Cu. This is supported by the experimental ratio
between paramagnetic Curie Weiss temperature of —-24 K. ) ) )
and the Neél temperature of 7.4(Ref. 5 which is almost S|d§s of the _slabs. Folr neutron diffraction measurements iso-
as large as in Cu with —200 nK vs 60 nK. The aim of the topically enriched Hd'B,, powder was used.
present work was the investigation of the magnetic structure
and phase diagram of HgB To reveal and identify the de-
tailed magnetic structure of this material we have measured The typical temperature and field dependence of the mag-
the magnetization and specific heat of single-crystallinenetizationM(T) is shown in Fig. 1 for data obtained on an
samples prepared from natural elements and performed negriented single crystal and on a powder sample. In low mag-
tronlldlffractlon measurements using isotopically enrichedyetic field antiferromagnetic behavior is found: i.e., the mag-
Ho *'B,, powder. netization decreases after a maximum is reached clo$g. to
Towards lower temperature the magnetization does not ap-
proach zero; almost independent from the crystalline orien-
tation, the magnetization extrapolates to approximately 70%
The magnetization data were taken within 1.7 K andof its maximum afTy. Thus the magnetization data resemble
400 K with a commercial superconducting quantum interferthe susceptibility from a powder sample with equal mixing
ence devicgqSQUID) magnetometefQuantum Designin of the transverse and longitudinal components of the suscep-
fields up to 5.5 T and in a homemade high-field magnetometibility. In an intermediate magnetic field around 1 T and
ter which is based on a commercial dc SQUID syste@T) below Ty a linear regime of the magnetization is found,
in the temperature range 1.5—50 K in magnetic fields up tavhich gets broader with increasing field. In a magnetic field
B=9 T. The specific heat was measured in the temperaturef 2.5 T below the ordering point this linear behavior pre-
range between 0.5 K and 14 K and in a magnetic field up twails and no reduction of the magnetization is found down to
8 T by the relaxation method using a commercial calorimeted..5 K.
(Oxford Instruments Neutron diffraction measurements  As usual, the derivative of the magnetization with respect
were carried out on the powder diffractometer E6 at the BERo temperature and, where appropriate, to the applied mag-
Il in Berlin using a wavelength of 2.4 A. Two different dif- netic field has been used to define the phase boundaries. The
fractometer configurations have been used: one with aporresponding phase diagrams obtained from oriented single
open collimation to achieve stronger signals and another onerystals are displayed in Fig. 2 and indicate that three differ-
with a 10 collimation in front of the monochromator to yield ent magnetic structurgslenoted as AF1, AF2, and Af8an
better resolution. A 5-T cryomagnet with a variable- be found as a function of applied field and temperature in
temperature insert was used to set the temperature and madeB,,. For a field applied in the crystallographit1l) and
net field. (110 directions, all three magnetic phases seem to merge in
The process of sample preparation comprised the synthene point close toly=7.4 K; i.e., in this point, all three
sis of dodecaborides by borothermic reduction of rare eartiphases should coexist. The critical field is certainly below
oxides in vacuum at 1800-2000 K, the compacting of thed.5 T, but based on the magnetization data it was not pos-
thus received powders by slip casting into rods, the sinteringible to achieve an improved estimate for the multicritical
in vacuum at 2000 K, and the process of inductive zongoint(s). For the orientation100) the phase boundary be-
melting. The HoB, samples for magnetization and specific tween phases AF2 and AF3 at low magnetic field cannot be
heat measurements were obtained in single-crystalline forrdetermined unambiguously as the magnetization data in this
and cut from the same batch in the form of oriented, rectanease do not exhibit sharp and well-distinguishable kinks.
gular slabs. All samples have been characterized by a Laue The observed heat capaci®(T) is displayed in Fig. 3. In
picture which has shown cubic symmetry from oppositezero magnetic field a very steep increase at
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0 1 2 3 4 5 6 17 8 FIG. 3. Specific heat as a function of temperature, measured on
Temperature (Kelvin) a single-crystal HoB, sample of 8.8 mg mass. The field was ap-

plied parallel to thg100) axis of the sample. The lattice contribu-
FIG. 2. Phase diagram of HgBas a function of magnetic field tion was estimated from_ the measure(r) araund 30 K anq has
and temperature for fields applied along the0), (111), and(110) been sul_)tracted, assumingratemperature dependend@) gives
directions. Lines are drawn to guide the eye. Most of the data pointgn overview of the_ measured (_ja(b) and(c_) shc_>w the e_volut|_on of
were obtained from temperature scans, except for the flat parts pe §pecn‘|c heat in the low-field and high-field regimes in more
the boundary between the AF1 and AF2 phases which are derive tail.
from scans of the magnetic field at constant temperature.

Tn=(7.40£0.02 K can be seen, but the maximum®@(T) is  transferred to the heat bath during the time of nonexponential
reached only at temperatures around 6.6—6.8 K. The steaplaxation the upper bound for the latent heat was estimated
increase afly may be taken as an indication of a first-order to be about 6uJ/g.

phase transition. However, no hysteresisC¢T) is observed In the paramagnetic region of HeBat about 40 K a

in our experiments and the entropy calculation does not shochottky contribution to the specific heat is obsert®dhis

any jump afTy as well. The behavior affy may best be seen was interpreted to suggest an important role of the crystalline
in the thermal relaxation following a heat puldgg. 4): the  electric field on the physical properties of this compound
T(t) trace can well be described with exponential relaxatiorabove Ty. From these results it was also shown that the
functions. AtTy a sharp change of the time constant is ob-ground state of HoB is theT'.* with a splitting of ~416 K.
served, showing first of all that the phase transition is veryFrom entropy calculations it follows that the ordered ground
sharp and the uncertainty @f, from the fits to the exponen- state can be described with an effective angular momentum
tial decay is less thanTy=5 mK. From the amount of heat J=1.
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) ) ) on a HoB, single crystal with a magnetic field applied parallel to
F_IG. 4. Temperature_relaxatlon profile of the calorlmeter_after 8the (100) axis. Note the phase boundary between the phases AF2
1% increase of the applied heater powelfgt 7.32 K. The deriva-  5nq AF3 which has not been observed in the magnetization
tive was calculated numerically and is displayed on a |09arithmicexperiments.

(right) scale. It is evident that the relaxation is exponential; the
inverse slopes of the straight linéise., the time constantdelow  crystallographic directioi100) it shows that in this direction
and aboveTy=7.40 K are directly proportional to the correspond- the phase boundary between phases AF2 and AF3 does not
ing specific heat. Deviations from exponential relaxation occurjoin at Ty as is the case for th@11) and(110) directions, but
aroundTy in a very limited time interval of less than 5's which gt |ower temperature and in a nonzero magnetic field. The
corresponds only to a few mK temperature change. These devigshase boundary lines between the paramagnetic and antifer-
tions have _been_ used to determine an upper bound for _tht_e latent het"i‘}magnetic(P and AF1/AF3 phases follows well the relation
for a possible first-order phase transm.on. These.dewat.lons, hOW(B/BC)2+(T/Tc)zzconst.
gi\;ir,er;fw:ésas well be caused by experimental artifacts like sample The observed magnetic phase diagram of HaBigs. 2
' and 5 is quite complex; it represents an interesting problem
The magnitude of the heat capacity discontinuityTat ~ With respect to all the reasons leading to its formation. The
and the shape of(T), in particular the fact that the maxi- comparison to Hog which crystallizes in the bcc symmetry
mum is reached well belot, are features typical of incom- With aI'Z ground state, may be useful. HpBras shown to
mensurate amplitude-modulated magnetic structi#&sin exhibit a standard\-like antiferromagnetic transition at
this structure the magnetic moment amplitude varies periodi5-6 K (Refs. 21 and 2R As the ground states of HaB(I'y)
cally with a wave vector which does not correspond to aand HoBs are similar and both exhibit a threefold ground-
symmetry point of the Brillouin zone. state degeneracy, it appears that different interactions and the
With a magnetic field parallel to the crystallographic ori- different crystal symmetry lead to the various magnetic
entation(100) the overall heat capacity picture remains very phases in HoB,. In particular, the interplay between RKKY
similar, but the steep increase GfT) at Ty gets reduced in and dipole-dipole interactions could be one reason for the
amplitude. Moreover, with an increase of the magnetic fieldstriking difference to Hog another reason could be the frus-
of between about 0.4 T and 2 T a sharp peak in @& tration of the fcc lattice.
dependence is observed. A detailed picture of the evolution TO shed more light on the magnetic structure of HgB
of this peak, which vanishes above 2 T, is shown in Fig.neutron diffraction investigations of an isotopically enriched
3(b). The integration of the specific heat shows that the enpowder sample were carried out at temperatures above and
tropy change associated with these peaks is very small. B&elow Ty and in a magnetic field up to 5 T. The diffraction
tween about 4 T and 8 T another peak in the heat capacitpattern at 1.7 K and the difference of powder spectra ob-
dependence can be sefsee Fig. 8)], which points to the tained at temperatures below and abdyeand in zero mag-

phase boundary between phases AF2 and AF3 observed fi¢tic field are shown in Fig. 6. _ _
the magnetization experiment. The neutron data can be understood assuming an incom-

At the lowest temperatures, in addition, a contributionmensurate magnetic structure with a propagation vector
from the hyperfine enhancé@Ho nuclear moments is ob- 9=(1/2-6,1/2-6,1/2~5), where5=0.035. The applicabil-
served[cf. Fig. a)]. However, the expected temperatureity Of this representation can be seen in Fig. 6—all of
and magnetic field dependence of this contribution, whiciihe observed positions are matched well. Comparing the
should scale a$B/T)2, was not seen. Instead, (8/T)¥2  indexing for reflections (Fig. 7) it is obvious that,
dependence was found. The reason for this deviation is likel§-9., (3/2£5,3/2+5,3/2+6) and (5/2+6,1/2+65,1/12£6)
connected with the variation of the electronic magnetizatiorfre higher-order reflections to the propagation vectors
M which changes as a function of bothand B and thus  *(1/2-8,1/2-5,1/2-6). Vice versa, mixed reflections like
modifies the local field,.~ AM seen by the nuclei whese  (3/2+6,1/2+5,1/2+6) and(3/2+6,3/2+5,1/2+5) come
is the parameter of the hyperfine exchange interaction. ~ from different domains of the ordering vector parallel to the

The results from the specific heat experiment were used t6-111) and(-1-11) directions, respectively.
construct a phase diagram with three phases in an applied While the ordering vector is well defined, it is more dif-
magnetic field(Fig. 5). This phase diagram compares very ficult to determine the spin structure. An attempt was made
well with that based on magnetization dgEg. 2). For the to refine a sinusoidal amplitude-modulated moment arrange-
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% 2000 [ 3 N 89 FIG. 8. Moments for an amplitude-modulated structure on
§ 1000.- itealubhe g3 L% the fcc lattice along thg1ll) axis. Following the refinement,
= ol I noi ” ” i the moments are perpendicular to the ordering vedtuere
o A= s/l /sl g=(1/2-51/2-51/2-8)]. Within successivéll1l) planes the mo-
gg ‘gg; &eggggg&gg ments are parallel. Note that the average moment is reduced in this
L ;.;; géﬁ‘}i’g .‘;g model; the remaining part of the moment is disordered.
s &= 888 §
¢ 3§ g9 . . .
= 35 §§S§§§ §§ tent with the specific heat data because amplitude-modulated
e P T T T structures are expected when the specific heat shows a maxi-
0 10 20 30 40 5 6 70

mum below the Neél temperatud®The variation of the mo-
Detector Angle (deg) ment along a space diagon@&lig. 8) shows that in that case
a significant part of the magnetic moments remains disor-
FIG. 6. Powder diffraction pattern measured on a polycrystallinejered. At low temperature, squaring of amplitude modulated
Ho*'B,, sample at 1.7 K in a zero magnetic field. Circles are mea-syryctures is expectdtiand higher harmonics should appear.
sured data points; the line corresponds to the fit for an amp"t”deHowever, they are not observed in the powder experiment.
modulated structure. Except for the structu¢all), (200), and In fields of 1 T and 1.5 T the intensity of the antiferro-

(220) reflections which remain independent of temperature all othe . : . . )
reflections disappear above 7.4 K. The inset shows the dif‘ferenctinagnetlc reflections increases smoothly as a function of tem

between scans taken at 1.7 K and 15 K for the fundamental reflecsgraturedbetx\./eﬁﬁ-’\‘.:Z'A't K and t"."b"“t 4 K'dNO éumﬁs are
tions as function of the momentum transfer. Note the reduction o served, which points to a continuo(second-ordérphase

the background at low temperature seen in the difference plot. ransition atTN’ In agreement .W'th the specific heat results_.
Below approximately 4 K the increase becomes steeper with

) i decreasing temperature. The reasons for this behavior are not
ment and a spiral structure. In the absence of more informas o,
tion an equal distribution of magnetic domains has been as- gcang at various temperature in magnetic fields between 0
sumed. In case of the spiral structure the fit has not beeg, 5 1 \vere carried out in order to see whether there are

satisfactory. The amplitude-modulated structure with a colinications for phase boundaries between antiferromagnetic

linear arrangement of moments perpendicular to the orderingpases The principal reflections remain; i.e., no change in
vector was a significant improvemedf. Fig. 6 compared 6 antiferromagnetic propagation vectors in low magnetic
to a magnetic spiral. The remaining error can well be attrib+ie|q \yas observed. In Fig. 9 the results are summarized: The
uted to experimental difficulties which were connected W'thintensity of the basic reflection &l/2+5,1/2+5,1/2+0)
the need to change the detector position and to a slight texz y ceq significantly in fields higher than 2 T. The mixed
tureN Otf thelpovgder samptlﬁ. f t of th li reflections(3/2+6,1/2% §,1/2 &) close to(111) are much
ot ‘only because (ne refinement o € collinean s affected by the external field. A likely reason for these
amphtude—modulatgad structure was better Fhan thg §p|ral, It Bbservation is the repopulation of magnetic domains in an
interesting to consider this case more seriously. it is Cor‘S'Sépplied field. Parallel to the reduction of antiferromagnetic
reflections the structurgll1l) reflection increases in fields

022 . . . .
022 .5 above 2 T because a ferromagnetic moment in the field di-
% rection is developing. In a 5-T field we estimate a moment of
¥z
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FIG. 7. Reciprocal space map of the observed reflections. The FIG. 9. Magnetic field dependence of some reflection intensities
(5/2+6,3/2% 6,1/2+0) reflections, which have been observed asmeasured at 1.7 K. The lines are guides to the eyes; error bars are
well, are not seen in this projection. based on the counting statistics.
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Ty different phases and therefore different structures should
coexist. Both the AF1 and AF2 phases can be characterized
by the same incommensurate ordering vector. The difference
between both phases is the observation of a ferromagnetic
moment in the field direction in the AF2 field phase and the
striking observation that in the zero-field phase a significant
amount of the moment remains disordered. The latter obser-
vation supports an incommensurate amplitude-modulated
structure and seems to be in qualitative agreement with re-
cent observation of Kalviust al23 using muon spin rotation
; . . techniques. Such a structure is supported further by the fact
° 1 2 3 4 5 that the maximum of the specific heat is reached only below
Field (Tesla) Ty
FIG. 10. Change of the magnetic background signal as a func- _The steep increase of.the specific healjamight suggest
tion of magnetic field(left/bottom axis, solid symbojs For com- a first-order phgse transition. However, the upper l_)ound for
parison, the background variation as a function of temperature in éhe latent heat is very low and therefore the transition could

zero field has been added using the same scaling factors for tr%”'y W(?[.akl); betOf f'rslt Ord(t:"k:' V\?thct)ut exaﬂ#nowmquer?f t?e
intensities(open symbols, top right axis magnetic structure also other reatures o € SpecIiic heat are

difficult to analyze. In particular the model of Blanebal.,?°
] ] o which nicely explains the maximum of the specific heat be-
3.4ug in reasonable agreement with the magnetization datgyy T, with an amplitude-modulated structure, is not directly
(cf. Fig. 1) where Jug is found in a 5-T field. The changes of appjicable because it predicts squaring. This cannot be con-
the neutron scattering data, both as a function of temperatui§med by the present neutron data because higher harmonics
and field, correlate well with the location of the phase bound-e not observed.
aries found in the specific heat and magnetization experiment fFina|ly, we should compare to the nuclear spin system of
(Fig. 9), thus confirming the phase boundary inferred fromcy, The experimental results—as far as the phase diagram is
specific heat data. L concerned—confirm the picture that both cases are similar.
_ The behavior of the background was surprising: in zerorhree AF phases are found as a function of magnetic field
field it decreases belowy as the temperature is reduced. and entropy(temperaturg It is interesting that even the to-
This is expected because the paramagnetic diffuse signal dgp|ogy of the phase diagram is reproduced, in Cu, and the
creases as the antiferromagnetic reflections grow. The fielghases seem to merge at a critical entréiye entropy is a
dependence measured well within the ordered phase agood” thermodynamic variable for the isolated nuclear spin
T=1.7 K shows that the background reduces further in apgystem. In HoB,,—as mentioned above—the phase bound-
plied fields. In a 5-T field the change of background com-gries also meet close . It is therefore reasonable to as-
pares well to the amount observed in zero field as a functiogme that the dipolar interaction is the reason for the com-
of temperaturgFig. 10. This can only be possible if in zero pjex phase diagram of this compound because no other
field, even at a fairly low temperature comparedTi@ &  anisotropy should be present: the cubic crystal field is
significant amount of disorder remains which disappeargiamely not effective forJ=1. Strain-induced quadrupolar
only in an applied field. This finding is in accordance with anjsotropy has been investigated in the paramagnetic state
the amplitude-modulated structure discussed above. Thugng was found to be negligiblé.
the diffuse signaloriginating from disordered magnetic mo-  The comparison between the antiferromagnetic structure
menty further supports this model. With the present dataof these systems, however, is less favorable because in the
although the number of measured field points is not large, itase of HoB, an incommensurate ordering vector is ob-
is tempting to characterize the zero-field phase below thgeryed which does not change with magnetic field in the
2-T field as an incommensurate structure with a significan{/arious phases whereas the nuclear ordering of Cu has
amount of disorder. shown commensurate structufeswithin the three AF
phases. Nevertheless, in Cu a similar problem was encoun-
tered between the zero-field and high-magnetic-field phases
which both order with g=(100. As pointed out by

We can conclude that HgB exhibits a quite complex Lindgard® the interplay between interactions in the ordered
magnetic phase diagram as a function of temperaturstate as a function of magnetic field leads to a different cant-
and applied magnetic field. Powder neutron diffraction in aing of moments which distinguishes the phases. This could
zero magnetic field likely reveals an incommensuratewell be imagined also for the case of HgBalthough with
amplitude-modulated magnetic structure belbyy the basic  the present powder data it is not possible to sort out possible
reflections can be indexed byl/2+6,1/2+68,1/2%6), moment reorientation transitions.
where §=0.035. The present data show three phases in an The incommensurate structure of HgRompares to the
applied field. Within experimental resolution the phaseintermediate field phase of copper which is characterized by
boundaries of all phases merge close to zero field gt ¢=(0,2/3,2/3. In the case of Cu it was namely predicted
except forBll [100] where only the AF1 and AF2 phase that this structure is close to stability through the interplay of
boundaries merge &i. This is remarkable because then atthe RKKY and dipolar interactions with an incommensurate

Intensity (cts / 20 10°'MON)

Intensity (cts / 20 10°MON)

IV. CONCLUSIONS
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ordering vector which only depends on the ratio of bothwork shows that theRB;, system is very suitable to test

interactionst® These arguments certainly can be transferredheories of antiferromagnetic ordering in fcc symmetry, to

to the case of HoB. The amplitude modulation suggested characterize the role of various interactions and the possible

for HoB,, finds another interesting correspondence in an alimplications from the frustration of the AF ground state.

ternative suggestion for the stability of th®, 2/3, 2/3

phase in Cu at a finite magnetic field. Similar to Blareto

al.,?%in a variational approach by Ot all’ it was assumed ACKNOWLEDGMENTS
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