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Comment on ‘‘Magnetic field effects on neutron diffraction in the antiferromagnetic
phase of UPt3’’
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Moreno and Sauls have recently tried to reanalyze earlier neutron-scattering studies of the antiferromagnetic
order in UPt3 with a magnetic field applied in the basal plane. In their calculation of the magnetic Bragg-peak
intensities, they perform an average over different magnetic structures belonging to distinct symmetry repre-
sentations. This is incorrect. In addition, they have mistaken the magnetic field direction in one of the experi-
ments, hence invalidating their conclusions concerning the experimental results.
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Neutron elastic-scattering measurements of the magn
order in UPt3 have shown that a high magnetic field appli
in the basal plane or along the hexagonalc axis has virtually
no effect on the size of the magnetic moment, the Ne´el tem-
perature, or on the magnetic structure.1,2 Within the precision
of these measurements, no change of the dom
populations1,2 or of the moment direction in the basal plan1

was observed. Recently, Moreno and Sauls3 ~MS! have tried
to reanalyze the two experiments in Refs. 1 and 2 under
assumption that the pinning energy of the domain walls
larger than the in-plane anisotropy. Unfortunately, the ac
analysis of MS is incorrect for reasons that will be discus
below.

UPt3 orders antiferromagnetically belowTN56 K with a
propagation vectork5(0.5,0,0) and the Fourier compone
of the momentmk parallel tok. For a sample without strain
and in zero magnetic field, neutron scattering cannot dis
guish between a single-k structure with threeK domains and
multi-k structures with or without domains. Recent neutro
scattering measurements under uniaxial pressure4 indicate
that the magnetic structure is singlek, and we will only dis-
cuss this case in this Comment. We restrict ourselves als
magnetic fields in the basal plane~Ref. 2 also treatedHuuc),
as this is the only case analyzed by MS. Since the temp
ture dependence of the moment is smooth without any ju
at the transition temperature and there is no evidence of
hysteresis or latent heat, we assume that the transitio
second order. We also assume that the moment is static
that the crystal structure in the paramagnetic phase is
agonal with space groupP63 /mmc(D6h

4 ), although a lower
trigonal symmetry was recently reported.5 These assump
tions were also made by MS.

Group-theory analysis6–8 indicates that for a propagatio
vector k5(0.5,0,0) the magnetic representation that d
scribes a magnetic moment at the U position (2c) can be
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decomposed into six irreducible representations~IRs! of or-
der one. A ferromagnetic alignment of the moments with
the unit cell~shown by neutron-scattering measurements! is
compatible with only three of these, namely,G2 , G4, and
G6.9 Application of the Landau theory for a second-ord
phase transition provides an important simplification to
analysis of the resulting magnetic structure because it
quires that only one IR become critical. Consequently,
can limit thesymmetry-allowedmagnetic structures to thos
defined by a single IR. As each of these IRs has only o
basis vector associated with it in the present case, we
immediately that the moments are fixed along specific cr
tallographic directions. The corresponding moment dir
tions ~assuming a single-k structure! are parallel tok, per-
pendicular tok in the basal plane, and parallel to thec axis,
respectively. Since theQ5(0.5,0,0) magnetic Bragg reflec
tion is absent in neutron-scattering measurements, the
ferromagnetic phase is described byG2 with the moment
parallel to the propagation vector. In this case, there are nS
domains,10 i.e., there is only one possible orientation of th
momentm with respectk. There are, however, threeK do-
mains, corresponding to the three equivalent orientation
k in the basal plane:k15(0.5,0,0), k25(0,0.5,0), andk3
5(0.5,20.5,0). For unstrained~annealed! samples, the three
K domains have equal populations, as seen from the inten
in neutron-scattering measurements.11 This is the standard
picture of the magnetic order in UPt3 as observed by neutro
and x-ray scattering.

When a magnetic field is applied within the basal plan
the K domain with moments perpendicular to the appli
field is favored over the otherK domains. For a sufficiently
strong field, one would expect a repopulation of the differe
K domains. Within current precision, this has not been
served by neutron-scattering measurements.1,2 However, re-
cent measurements under uniaxial pressure suggest a do
repopulation.4
©2002 The American Physical Society01-1
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COMMENTS PHYSICAL REVIEW B 66, 216401 ~2002!
Moreno and Sauls assume in their work that there
three ‘‘domains’’ for a givenK domain, as illustrated in thei
Fig. 1. However, the magnetic structures shown in Figs. 1~b!
and 1~c! are not domains of the structure in Fig. 1~a!. Rather,
they are 2S domains of a different magnetic structur
While Fig. 1~a!, which corresponds to the actual magne
structure of UPt3, is described by the basis vectors associa
with G2, the structure shown in Figs. 1~b! and 1~c! corre-
sponds to a mixing of those associated withG2 and G4.
Hence the structure presented as Fig. 1~a! has a different
symmetry than that shown in Figs. 1~b! and 1~c!. Since or-
dering underG2 andG4 involves more than one IR, the mag
netic structure shown in Figs. 1~b! and 1~c! must involve a
first-order transition, in contrast to the structure of Fig. 1~a!
which is compatible with a second-order phase transiti
Although it appears as if the magnetic structures shown
Fig. 1 have the same energy, they have different symmet
Hence, one would expect that either the structure in Fig. 1~a!
or the structure in Figs. 1~b! and 1~c! is established. The
absence of theQ5(0.5,0,0) magnetic Bragg reflection i
neutron-scattering data shows unambigiously that the st
ture shown in Fig. 1~a! is established. It is also the only on
of the structures shown in Fig. 1 that is compatible with
second-order phase transition~provided that the nonmagneti
space group isP63 /mmc). Even if the magnetic phase tran
sition were first order so that the restrictions of Land
theory no longer apply, the structure of Fig. 1~a! has still a
different symmetry from that in Figs. 1~b! and 1~c!.

In their actual analysis of the experimental data, M
evaluate the ratior of the magnetic Bragg-peak intensities
field and in zero field, given by Eq.~4! in Ref. 3. However,
they average Eq.~4! over the twodifferent structuresshown
in Fig. 1. This is clearly wrong. Since the moment is para
to the propagation vector@see Fig. 1~a!#, there are noS
domains,12 and there should be no averaging. If the mom
were not parallel tok, but still in the basal plane forming a
anglea with respect to the propagation vector~which would
require a first-order transition!, the two S domains corre-
sponding to1a and2a @these are illustrated in Figs. 1~b!
and 1~c! for the case ofa560°] should be averaged. Th
incorrect averaging over different magnetic structures in
invalidates their analysis of both Refs. 1 and 2. In particu
the results given in Eqs.~5!–~8! are all incorrect.

A second problem is that MS’s analysis of the work
van Dijk et al.2 assumes wrongly that the applied field w
along the particulara axis that was at 30° with respect to th
observed moment. However, van Dijket al. clearly stated

*Present address: Department of Chemistry, Christopher In
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UK.
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that they measured theQ5(0.5,0,1) magnetic Bragg pea
using a vertical-field magnet, which means that the magn
field was applied perpendicular to the horizontal scatter
plane, and hence at 90° with respect to the moments of
studied Bragg peak. The field was thus along thea axis that
in the notation of Ref. 2 can be labeled~0, 1, 0! in real space
or (21,2,0) in reciprocal space. In this geometry, there is
reason for the moment in thek5(0.5,0,0) domain to rotate
so no intensity change is expected. However, if the otheK
domains would be depopulated and instead contribute to
k5(0.5,0,0) domain, the intensity atQ5(0.5,0,1) would
increase by a factor of 3~for a full domain repopulation! as
stated by van Dijket al.

In the experiment by Lussieret al.,1 the lower magnitude
of the applied field allowed the use of a horizontal field ma
net, which gives a much larger choice of geometries. Th
analysis, which is correct, shows that for a field of 3.2 T
the basal plane there is no domain repopulation, not even
a field-cooled sample where the pinning energy is irreleva
as only the most favored domain will form on coolin
through the Ne´el temperature. Notably, they also did not o
serve any moment rotation.

MS also suggest that it is not known whether the Four
component of the magnetic moment is parallel to the pro
gation vector in zero field. However, Haydenet al.11 showed
beyond any doubt thatmk is parallel to k. For the same
sample, they first showed that theK domains are equally
populated, by measuring at three different Bragg peaks, e
corresponding to a differentk vector. Next, they showed tha
a magnetic Bragg peak withQik in one of these domains ha
zero intensity, which proves unambiguously thatmk is par-
allel to k. The same result has been found by other grou
including ours.

In summary, although the scenario with a large pinni
energy and the discussion of the symmetry-breaking pro
ties of a triple-k structure are interesting, the actual analy
by Moreno and Sauls of the field dependence of the magn
Bragg-peak intensities in UPt3 is incorrect, as they perform
an average over different magnetic structures that are s
metry inequivalent. There is no experimental evidence t
the moment rotates away from the propagation vector whe
magnetic field is applied in the basal plane. Also, such
rotation is not compatible with the symmetry properties o
second-order phase transition.

We have benefited from discussions with F. Bourdarot a
J. Schweizer onS andK domains.
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