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We discuss possible magnetic structures ingURgtsed on our analysis of elastic neutron-scattering experi-
ments in high magnetic fields at temperatufesTy . The existing experimental data are compatible with a
true antiferromagnetic order displaying a singlentiferromagnetic structure with three independent domains.
For modest in-plane spin-orbit interactions, the Zeeman coupling between the antiferromagnetic order param-
eter and the magnetic field induces a rotation of the magnetic moments, but not an adjustment of the propa-
gation vector of the magnetic order. A tripdemagnetic structure is also consistent with neutron experiments,
but in general leads to a nonuniform magnetization in the crystal. New experiments involving higher fields and
polarized neutrons could decide between these structures.
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. INTRODUCTION (U,Th)(Pd,Pt} alloys exhibit AFM ordering affy~6 K,
but with ordered moments of conventional sizg,

The coexistence of antiferromagnetic and superconduct-vo_ﬁms/u ion, and resolution-limited Bragg peaks at the
ing order for five of the six heavy fermion superconductorsggme positions as pure UBL?2 Based on these facts, sev-
suggests a deep connection between these two aspects b authors have argued that the anomalg & does not
heavy fermion physics. In these materials fleectrons are  jgicate the onset of true long range magnetic ordering but

involved in the superconducting transition, just as they are '_r?inite-range AFM correlation& which may also be fluctuat-

the formation of the coherent heavy fermion band, but thelringl on time scales of orders510-1°s to 10°7 s24

precise role in the development of the unconventional super- Given the uncertainties about the nature of the magnetic

conducting phase is still unclear. . ) : :
The mgggetic field versus temperature phase diagram statein UP4, studies of the field dependence of the magnetic

UPt; provided compelling evidence of unconventional super—_Order were performed with the purpose of clarifying these

conductivity in U-based heavy fermion materi&féin order ~ 1SSUes. Two experimental groups have measured neutron
to explain the phase diagram of URteveral authors pro- sc2a6tter|ng ratios in magnetic fields up to BEef. 2_5 a_nd 12
posed a multicomponent order parameter based on a muli~" Both studies deducepl that applied magnetlc.flelds. have
dimensional representation of the hexagonal point gfofip. no effect on the magnetic order of WPthether it be in
In these models a weak symmetry breaking figkBP is  aligning the moments or in domain selection. These previous
invoked. This SBF lifts the degeneracy of the multidimen-conclusions support the view of fluctuating magnetic mo-
sional representation and leads to multiple transitions aments. However, our analysis and interpretation of these ex-
lower temperatures and higher fiel@gee also the reviews in periments leads to the conclusion that there is still room for
Refs. 7 and B a conventional dependency on the magnetic field and that
A natural candidate for the role of SBF is the weak anti-additional neutron scattering data is necessary to clarify this
ferromagnetic order shown by neutron scattering measurdssue.
ments belowTy=6 K.1°7'2The ordered moment is unusu-  Our analysis is based on the conventional theory of neu-
ally small, only 0.0 per U atom, and is directed in the tron scattering in magnetically ordered crystals and is sum-
basal plane, thus breaking the in-plane hexagonal symmetrynarized in Sec. Il in the context of UPtIn Sec. Il we
Evidence in support of an antiferromagnetic SBF coupled tqresent our analysis of the two sets of data that have been
the superconducting order parameter is based on the correleported on the field dependence of the neutron scattering
tion between changes in the magnitude of the ordered madntensities. We also present the model-independent theoreti-
ment and the splitting of the double transition. Both the split-cal results for the ratio of the zero- and high-field limits for
ting and the AFM order parameter are suppressed undehe measured neutron scattering intensities. Although this ra-
applied pressure qi.~3.5 kbar>* The effect of Pd is the tio does not depend on theoretical details, a complete de-
opposite; the splitting and the ordered moment increase witkcription of the field evolution of the neutron scattering in-
increasing Pd substitutio. tensity requires a detailed analysis of the competing
However, the character of the antiferromagnetic order isnagnetic energies, as well as models for the possible domain
still unclear. Most thermodynamic and transport measurestructures that may be present in YPthus, a free energy
ments have failed to detect a signature of AFM ordering neafunctional for AFM structures in URtis discussed in Sec.
Ty=6 K.!*7'° However, evidence of magnetic ordering IV; the key features that enter our analysis are in-plane an-
is observed to onset afy in the magnetoresistané®. isotropy energy, the Zeeman coupling to the AFM order pa-
The transition has other unusual characteristics as welkameter and the stiffness energy originating from the gradi-
including finite range correlationgzy~300-500 A, de- ent energy and the domain-wall structure. The
pending on the crystalline direction and sample. By contrastDzyaloshinskii-Moriya coupling is also included in the free
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Domain 1 Domain 2 Domain 3 The magnetic neutron scattering rate per solid angle is
proportional t§"?8
>\ do P
-— o5 *2 IFuL(QIP8(Q-Qu), )
, \ \ e/ 5,
N S \ whereQ is the momentum transfe®,, are the momenta of
~— — ./ \ the magnetic Bragg peaks, aﬁ@l(d) is the component of
/ .\ the magnetic structure factor perpendicular to the momentum
PN P / \. transfer. We can define the magnetic structure factor as
S / T
— ] 2 2 1 - 2 Ai0-R— Wi
a \ \Q Fu(Q)= 5 2 Mojfai( Qe i, @

FIG. 1. The three equivalent domains for the configuration withWh_eremnj iS_ the magn_etic moment of ”_].eh ion ir.l_thenth
propagation vecto,=a*/2. The other two configurationfg,  Unit cell, f,; is its atomic form factorR,; is its position, and

=a}/2,0,=(a* —a%)/2] also present identical domain structures. W; is the Debye-Waller factor. .
Black filled circles represent U atoms in tke=c/4 plane, empty The spatial distribution of magnetic moments can be Fou-

circles represent U atoms on the 3c/4 plane. rier expanded asy, ; = Eamd,je_iq'Rn, where the form factor

associated with this multi magnetic structure ig (Q
energy. Th_is term generates a small induced ferromagnetie Q.+ a)zzjrﬁdyjfj(é)e‘@ﬂ‘wi where FJ- are the posi-
moment driven by the AFM order parameter, and 1eads 10 g of the magnetic ions in the unit cell agih,, label the
correction to the scattering intensities close to thell@@-  ocinrocal lattice vectors. Thus, in a material with only one

sition. In Sec. V we discuss the implications of a trigle- type of magnetic ion the scattering rate becomes
structure in URY, and we point out that the existing neutron

scattering data does not rule out such a structure. Section VI | d o . .2
summarizes the main conclusions of the paper and suggests (—) o 2 [1-(Q-my) Q) X € Nimg
additional experiments that should resolve some of the open Q Qmma ri
guestions about the magnetic structure of JPt > o >
Xé[Q_(Qnm+q)]- (3)
Il NEUTRON DIFFRACTION AND Thus, the UPRt diffraction pattaernacan eltper be associated
ANTIFERROMAGNETIC ORDER with a tripleq structure where,, g,, andqs are present at

_ _ . ~each uranium site or with a singtgstructure where separate
We start from the conventional assumption of tiny anti-regions of the crystal will order with different propagation
ferromagnetically ordered moments at each U site. Thesgectors. It has been inferred from the fact that there is no

moments (n) are assumed to lie on the basal plane due to antensity at theﬁlz[1/2,0,q position that the magnetic mo-
strong uniaxial anisotropy arising from spin-orbit coupling. ment lies parallel to its propagation vectdr? This is the

In addition, there is an in-planghexagonal anisotropy en-  case in the U monochalcogenides and U monopnictides with
ergy which favors alignment of the moments along any ofcubic NaCl structure, which order with magnetic moments
the three directions perpendicular to the hexagonal Iatticizl_&uB 27 A moment directed along would also occur

vectors(Fig. 1). for a triple-q structure, but it is not clear that this condition

; ; 2
Neutron-scattering and x-ray experimefits® show o he fulfilled in the singlet structure. The intensity of
antiferromagnetic order with three possible propagation-

> e s s s > g,=[0,1/2,0 andqgsz=[1/2,—1/2,0] peaks has not been re-
vectors q;=aj/2d;=a;/2qs=(a; —a;)/2, where ai 54 for UPJ. It is possible that the sample preparation
=(4w/\32)(1,0,0), a3 =(47//3a)(1/2,/3/2,0), anda}  methods make domain “1(Fig. 1) preferable over domains
=(2m/c)(0,0,1) are the reciprocal vectors of the hexagonat2” and “3.” However, measuring the intensity of these
lattice with dimensiona=5.74 A andc=4.89 A. The two  three peaks in the same single crystal would allow one to
U moments in each crystallographic unit cell have to aligndetermine if the magnetic moments do lie parallel to the
ferromagnetically in order to account for most of the zero-propagation vector of the domain.
intensity Bragg points in the diffraction pattern. But, in gen-

eral, the magnetic structure cannot be ful!y determined by_ Ill. EIELD DEPENDENCE OF THE NEUTRON

standard ne_utro_n—dlffrac.non experiments, since t_hese experi- SCATTERING INTENSITIES

ments provide information only about the Fourier compo-

nents of the magnetic moment. Single- and mgltkRagnetic Now we discuss the field dependence of the magnetic

structures display the same magnetic Bragg peaks, and caneutron scattering intensity for singéestructures. In a later
not be distinguished unless uniaxial stress or a magnetic fielgection we comment on the possibility of a triglenagnetic
is applied?’ structure. The magnetic unit cell of a singjestructure re-
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sults from doubling the hexagonal unit cell along one in-  1.40 — - - - - - - -
plane direction, reducing the hexagonal symmetry to ortho-
rhombic. 130 F ) i

Transmission electron microscope images provide direct l
observation of basal plane, as well as prism plane, stacking
faults in pure single crystafS. These defects are observed !
even in the crystals with the highest residual resistance rag
tios. We hypothesize that these defects pin AFM domaing
walls in the ab plane and fix the spatial distribution of
domains®®3!

In an antiferromagnet the Zeeman energy prefers the stag
gered magnetization to be perpendicular to the field. Thus, ¢ ¢gg | i
sufficiently strong magnetic field applied in the hexagonal B
plane will give rise to domain reorientation by overcoming

: . . 0.80 . ' . ' . . .
the in-plane anisotropy energy. The magnitude of the stag: 0 2 4 6 8 10 12 14
gered magnetization will remain roughly the same, modu- H(T)
lated only by a small in-plane anisotropy enefgylhere-

fore, for a given magnetic Bragg peak, the ratio between the. FIG. 2. Relative mtggrated mtgnsny of th? n.1agn.et|c Bragg peak
scattering rate at high field and at zero fieltfis Q=[1/2,0,7 as a function of applied magnetic field.is parallel to
thea axis. The solid line corresponds to a crystal with only domain

1 populated, and the dashed line represents a sample with three
(4) equally populated domains. The parameters we (isfdr to Eq.

ty

1.20 B L

ensi

1.10

Integral

1.00

do/dQlp . (1=(Q-My x)?)

r= ~ —= ,
d(T/dQ|H:o <1—(Q~ mH=O)2> (9)] areH, =15 T, U4,,=0.02J,, andr4=0.02. The calculated
. curves are compared with measurements of van &ijil. (Ref. 26
where(- - -) refers to an average over domains. (black squares
Let us analyze the experimental data based on (Ex.
The staggered magnetization lies on the basal plame, Earlier analysi€ was based on the assumption that the

=(cosé,sin6). Van Dijk et al?® chose a configuration with staggered magnetic momentasvaysparallel to its propa-
H parallel to thea axis[ 85=—30° in Eq.(9)] and a mo- gation vector. Thus, it was expected that a sufficiently high

mentum  transfer Q=[1/2,0,=2=[(1/y/3a),0,(1c)], Magnetic field parallel to tha axis would select domain 2

which givesQ=(0.441,0,0.897) and with propagation vectoq, throughout the sample. As a con-
sequence, the magnetic intensity &=[1/2,0,1=q,
1—[0.441 cosby+ 7/2)]? +[0,0,1] was expected to drop to zero. However, as we

(5 show in Fig. 2, if we assume that the spatial distribution of

domain walls is pinned, the form factors fé:[l/Z,O,JJ,

for three equally populated magnetic domains. This ratio camvhich is a vector mostly out of the hexagonal plane, lead to

be increased to=1.18 by assuming that only the domain a much smaller variation of the intensity with the field.

with the staggered magnetization parallel to the propagation Larger expected ratios between the low- and high-field

vector is populateddomain “1” in Fig. 1). Thus, even in intensities are obtained with the experimental setup used by
the case of complete domain reorientation, the neutron scat-ussier et al?® They measured the neutron scattering cross

tering rate aﬁ=[1/2,0,]] in high fields can increase at most section at thrge different mEJmentum transfers, all jn the
by 18% over its value at zero field. Figure 2 shows the exbasal plane:Q;=[1/2,1,0, Q,=[—3/2,1/2,0, and Q3
perimental data and the theoretical curves for a model with=[ —1,3/2,0. The magnetic field was oriented along the
equally populated domains and for a model with only do-axis. Lussieet al?® report data foQ; andQ,, and magnetic
main “1” populated. Although the theoretical calculation fields up to 3.5. We can estimate from Eq4) the ratio
associated with domain “1” is in good agreement with the petween high- and zero-field intensity for any distribution of
data, it is not possible to conclude whether or not the Ugomains in the crystal. A crystal with equally populated do-
moments rotate with the field because of the small change ifains will display the following ratios for the neutron scat-

intensity that is expected for this Bragg peak and the largeering rate at high fields and zero field:
error bars that are reported for the intensity. Note that the

error bars for this measurement are comparable to the maxi- r(0;)=0.86, r(9,)=0.21, r(Q5)=1.93. (6)
mum change in the intensity ratio. In our calculation we have

assumed an anisotropy field bif,,= 1.5 T. However, much If domain 3 is unpopulated and domains 1 and 2 are equally
smaller values are consistent with the limited data. The prepopulated the ratios should be

cise value of the additional parameters in our model play a

role only in the region of small magnetic fields. For fields r(Q,)=1.60, r((§2):0.20, r((§3)=1.38, @)
H>2H_,,the ratio between the intensity at high fields and at

zero field saturates at its upper limit, which is determined byand if only the domain with the magnetization parallel to the
purely geometrical arguments. propagation vector is occupidé.g., domain 1 foQ,) then

(1—[0.441 co86)1?)
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' ' ' ' ' ' ' where all energies are measured in units of the exchange
15k i energyU.,, which is defined as the absolute value of the
free energy at zero temperature and field in the absence of
any anisotropy energy. The magnetic order parameter is re-
= stricted to the basal plane by the large uniaxial anisotropy
% 10l ® Q=(1/2,1,0) i energy[not shown in Eq(9)] and it is measured with respect
£ _© §ZZéL%2i1é2’20) to the antiferromagnetic order parameter in the exchange ap-
- N Q, unequal 1 & 2 proximation my=m/|me, =|my|(cos6,sin6,0). The renor-
g ——- Q,equal1 &2 malized temperature is defined &s- T/Ty, with Ty as the
IS —-— Q,unequal 1 &2 . R ) )
05 Neel temperature. The magnetic fidilis measured in units
------------------- - of the in-plane anisotropy fielth ,,. The first two terms of
——————————————— the free energy correspond to the exchange energy.TFor
00 L . . , , , , <1 antiferromagnetic order with magnetic moment,|

0 1 2 3 4 5 6 7 =|rﬁ|/|rﬁex|= \/1_T and fl’ee energyFAFM=FA|:M/UeX=
—(1—T)2 is stable. The sixth-order term is the leading term
in the in-plane anisotropy energy; it favors alignment along

"the three directions perpendicular to the hexagonal lattice

' _ : _vectors#=n(m/3), wheren is an integer. The in-plane an-

field points along the b_ axis. Calculated curves are compared Wmi%otropy energy induces a hexagonal modulation of the upper

measurements of Lussiet al. (Ref. 25. We show calculations for critical field as a function of the orientation of the field in the

two domain structures: domain 1 and 2 equally populated and do: 5 . . i
main 1 on 3/4 of the sample, domain 2 on 1/4. We used the sameaSal pIané. From the magnitude of this hexagonal modu

parameters as those for Fig. Bl,=1.5 T, U;=0.02J,,, and  lation we estimate an anisotropy energy @f,=U an/U.x
r=0.02. ~0.02%2 The parameterg must be bigger than one in order

to have a stable free energy. We uge=1.5 in our calcula-
- - - tions, however, its precise value does not play any significant
r(Qu=1, r(Qz)=0.25 r(Qz)=2.25. ®)  role in the minimization of the free energy.
The fourth term is the Zeeman energy for an antiferro-

Figure 3 displays the experimental data of Ref. 25, andnagnetF,=g(m-H)? which is quadratic inH and favors
theoretical calculations for two samples, one with domains herpendicular alignmentg>0) of the staggered moment
and 2 equally populated at zero field, another with domains &nd the magnetic field. This term can be written in the form
and 2 unequally populated. The parameters of the model are
the same ones used to fit the dataQat[1/2,0,1 in Fig. 2. Uan( H

2( f 2
We conclude that the limited data f(f_rl and @2 is roughly z Uy Han) (|rﬁex|) coS (6= 6), (10
consistent with either one or two unequally populated do- .
mains, particularly ifH,,=2.5 T. Previous analysis of these Where H = (1/mg,) VUa/(gUe,) and 6y is the angle of
results was also based on the assumption that the propagatigie magnetic field with théﬁlc reciprocal vector.
vector of the magnetic domains follows the rotation of the  The fifth term in Eq.(9) is the Dzyaloshinskii-Moriya
magnetic moments. Thus, at high fields it was expected term describing théinear coupling of the sublattice magne-
that the intensity of theQ, and Q; peaks would be sup- tization to the magnetic fiel&p=g'd- (H>Xmjg). This term
pressed to zero, while increasing the intensity Of(alepeak corresponds to the Zeeman coupling of a weak ferromagnetic
to roughly three times its zero field value. (FM) moment in systems which are predominantly antiferro-
magnetic. Its origin is the anisotropic superexchange cou-
pling between magnetic momenfsﬁij~§i><§j , Whereﬁij
are the Moriya vectors for different bonds on the lattice, and

FIG. 3. Normalized integrated scattering intensity as a functio
of the field forQ,=[1/2,1,0 andQ,=[ — 3/2,1/2,0.. The magnetic

IV. FREE ENERGY FUNCTIONAL which are related to each other by lattice symmet#f€€in
The theoretical curves displayed in the figures have beethe case of URt Dj; =0 wheni andj are nearest-neighbor U
calculated using the free energy functictdf sites, whileD;; = +|d|c, independent of the direction of the

staggered magnetic moment, wherand j refer to next-
nearest-neighbor U atormi®.This superexchange coupling

= — _ _T\Im.|2 214001 |m.|6 _
Fapn=—2(1=T)|mo|*+ |mo| *+ Uad M| *[16 — cOK6 )] generates the Dzyaloshinskii term in the free energy which

+U,H2|my|2 co(6— 6, can(b)e expressed &,=rpU ,H|mo||sin(6—6,)| shown in
- Eq. (9).
+1pUaH|mol[sin(6— 6,)] Finally, the last term in Eq(9) describes the “stiffness”
) ) ) of the order parameter with respect to rotations in &ie
r o2 dlcod 6)] N dsin(6)] (9  Plane. This stiffness originates from the formation of do-
su™ro dH dH ' mains in which the staggered moment points in the same
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direction within each domain. An inhomogeneous domain  200.0 - . -
structure gives rise to domain walls separating differently

oriented domains. The energy associated with the domair

wall is obtained from the gradient energyj(dm;/ 150.0
a%;)(am; 19xy), which must be included in the free energy
functional. For an individual domain wall, the gradient en-
ergy can be written as an integral over the domain wall sur-£

face 0%
-\ 2 -\ 2
Jm Jom
X + _y
Jdo Jdo

Fwauo‘f dﬂf i
QO oq

whereo is the coordinate perpendicular at each point to the
wall surface. The width of the wall is given hy,— ¢, and

m,, m, are the components of the unit vector=m/|m|.
Thls unit vector SaEISfles thAe boundary C9nd't'm02) FIG. 4. Temperature dependence of the integrated intensity of
=Mef(H+AH) andm(o) =me(H), whereme(H) is the  ne magnetic Bragg pea®=[1/2,0,1 in a magnetic field ofH
equilibrium orientation of the staggered magnetic moment in- g and 10 T. The solid line represents a calculatiod at0 T, and

the presence of a magnetic fightl In quasiequilibrium the the dashed line shows the dependende atl0 T. The calculations
direction of the magnetic moment evolves smoothly throughassume that only domain 1 is populated, and we have used the same
the domain wall between its values corresponding to differparameters as those used for the calculations shown in Fig. 2 plus a

ent equilibrium field orientationE?leq(H +AH) andrﬁed(H). weak ferrom.agnetic coupling proport.i_onal tg=0.5. The experi-
By scaling the width of the domain wall thH we obtain the ~Mental data is that reported by van Dgkal. (Ref. 29 at zero field
stiffness energy in the form of the last term in E§). (black circle3 and at 10 T(white squares

The stiffness energy is important in the region of interme-,

diate fields, where the normalized neutron intensity increaseg ' c245€S fof <Ty. It has been shown that a linear term in

. - . e transverse magnetoresistance is present in antiferromag-
from a value close to the one at zero field to its value at hlgﬁ 9 P 9

fields. The initial drop of the neutron intensity as a functionPeertr'gmas'[:é%t:rfosm declairglti??gllovtvr;efro;)(lgreggeer (r)glativc\)lﬁzk
of the applied fieldFigs. 2 and Bis a combined effect of the 9 ' 9

anisotropy and stiffness energies. This drop is due to an inif_or the resistivity that a magnetoresistance which is linear in

tial reduction of the magnitude of the magnetic moment.ﬁeld in a AFM requires the Dzyaloshinskii-Moriya coupling.
Small fields do not induce rotation; instead the magnitude of

the staggered moment is reduced. Higher fields are able to

rotate the moments by overcoming the anisotropy and stiff- V. TRIPLE-q STRUCTURE

ness energies. Consequently, the Zeeman energy is reducedgg tar we have discussed singjestructures or multido-

tp zero and the rotated moment recovers its value at Zerfhain singleq structures. Tripleg structures are also pos-
field. sible. By symmetry each of the Fourier components of the

For low temperatures the effect of the Dzyaloshinskii- agnetizatiom; has the same amplitude. Tripteantifer-
Moriya term is to generate a tiny ferromagnetic moment al"2d G P '

the price of a small reduction in the magnitude of the stagfomagnetic order occurs in the NaCl-type monopnictide
gered moment. However, for temperatures clos@yo the ~ USb."in the CsCl-type DyAgRef. 41 and NdZn,""*and
Dzyaloshinskii-Moriya energy is comparable to the ex-in the AuCu-type TmGg.™ These materials are cubic and
change energy, and leads to a significant reduction in théhe three Fourier components; point along mutually per-
magnitude of the AFM moment and, as a consequence, thgendicular axes leading to the condition of a uniform mag-
intensity of the magnetic Bragg peaks. We can define ajtude of the momerft

crossover temperature in terms of the parameters of the free For a tripleq structure in UPY, in order to explain the
energy [Eq. (9)], TD=1—3\/r%U§nHZ. Although the stag- vanishing intensity at th¢1/2,0,0 Bragg point we are re-
g_ered moment vanishes precisely at theNemperature, for quired to havemdl parallel toq; and by symmetry the other

Tp<T<1 the moment decreases rapidly before the transitwo moments must also be parallel to their propagation vec-

tion at T=1. Thus,Tp could be misidentified as the W  tors. Thus, the magnetic moment of both U ions in ittle

temperature of the sample. The Dzyaloshinskii-Moriya termunit cell is given by

provides an explanation for the crossing of the intensity 3

curves for zero and high fields as a function of temperature - 2 ~ (- G-Ry)

as shown in Fig. 4. mn—|m|i=l %€ :
The Dzyaloshinskii-Moriya coupling also provides an ex-

planation for the linear term in the field dependence of the It can be easily shown that it is not possible to satisfy the

magnetoresistancd which onsets at the Ne&ansition and  condition of equal magnitude of the moment at every U site.

tensity

100.0 |

Integrated

do, (11 500

(12
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parameters is
Farm-sc A 71| = [ 72|%) + B(71%5 + 71 72), with
A=3,_; dm{(n)—mi(n)] = 4—2 cod(d,— ¢1)— 2 cos(¢hs
> —¢1),  B=23,y  m(n)my(n)]=2y3[cos(d— ¢y)
—coS(¢p3— )], where the summation refers to the four unit
cells contained in the magnetic unit cell shown in Fig. 5.
The hexagonal tripler shown in Fig. 5 resembles the an-
tiferroquadrupolar order reported for URH*° Furthermore,
Pt and Pd are isoelectronic, their nearest neighbor U-U dis-
tances are almost identical, and both systems have a hexago-
nal closed packed structures. However, the magnetic and
.. electronic properties of URPand UPd are very different. In
N fact UPg, is a localized materiat with well-defined crystal-
field levels® Several measurements on YPshow two
phase transitions at 7 and 5°k>* The transition 87 K is
believed to correspond to a quadrupolar ordering of the U
ions, which is accompanied by a modulated lattice distortion.
The 5 K transition is magnetic, with an ordered moment that

is very small, as in URt w=0.01ug/U ion. But, the mo-

_ FIG. 5. Spa_ltlal dlstrlbutlo_n of the magnetic moments for aments in UP4 are pointing out of the basal plaﬁ"_é.
triple-qg magnetic structure with equal values of the three phase

factors,®; . Note that the two U ions in the center of the cell have
zero net moment. Black filled circles represent U atoms inzhe
=c/4 plane, and empty circles represent U atoms in the
=3(c/4) plane.

-

RS

~

VI. CONCLUSIONS

We have analyzed neutron diffraction data in the antifer-

_ ~ romagnetic phase of UPat high magnetic field$>2° The
Most choices for the phases, ,#,¢5 produce a nonuni- - magnetic field dependence of the neutron scattering intensity
form d|sgr|but|on of the magnitude of the U magnetic js consistent with an antiferromagnetic order based on the
morr_\ent_‘.‘ For example, Fig. 5 displays a possible spatialnost conventional assumption of a singlestructure with
distribution of the moments. The three Fourier componentgree equivalent domains. The field and temperature depen-
of the triple structure have been chosen with equal phasgence of the neutron intensiti2® can be explained assum-
$1=¢>= 3. The magnetic unit cell is then constructed jng reasonable parameters in a free energy functional. In our
from four unit cells containing eight U ions, reducing the gpaysis, we also assume that defects, e.g., stacking faults

hexagonal symmetry to monoclinic. Note that' the two U io”?which are observed even in the best single cry<tatin the
in the central cell have zero net moment, while the other sixaFv domain walls303?

U ions have equal values for the magnitude of the moment. A iplet-g structure is also consistent with neutron scat-
Even though a triple; magnetic structure in UPts com-  tering experiments. If realized the triptestructure would
patible with the neutron-scattering experiments the resultln%my a nonuniform, frustrated magnetic structure in the

nonuniform magnetization is unusual, but not unique. Theystal, A similar frustrated structure is observed in LBi
triple-q magnetic structure in URis similar to the magneti- " this material the competition between the Kondo effect
cally frustrated structure of the uranium intermetallic Bl anq the antiferromagnetic exchange interaction is fundamen-
which also has a hexagonal crystal lattféeThis material (5 to understand its magnetic structdfeThis competition
orders antiferromagnetically aroufigy= 30 K, with approxi-  -ouId also play a fundamental role in YPt
mately 1/3 of the U spins remaining paramagnetic well be- \ye conclude with a brief discussion of possible neutron
low Ty. It has been suggested that the competition betweegcattering experiments which might clarify the magnetic or-
the Kondo effect, the antiferromagnetic exchange interactioggr in UPt. Systematic, zero-field measurements of the in-
a.nd the frustration of the Crystallographic lattice is responyensity of a number of magnetic peaks in the same single
sible for the unusual UNB magnetic structuré’ Such an  crystal will determine whether or not the magnetic moments
interplay between competing interactions could also takgye indeed parallel to the propagation vector. Using previous
place in UP3. However, to our knowledge, there is no other experimental arrangemeftst would be very interesting to
indication of such a frustrated magnetic structure indJPt  apply fields well aboe 3 T and measure the intensity at three
Note that a tripleg structure does not preclude the cou- jndependent momentum transfers. Although polarized inelas-
pling between the AFM and superconducting order paramtic neutron-scattering experiments have been performed in
eters, which is considered a good candidate for the proposegpt, 5° the magnetic Bragg peaks have not been studied with
SBF in the two-dimensional order parameter models for thgyolarized neutrons. Polarized elastic neutron-scattering
superconducting phas&s’ The SBF coupling is nonvanish- \yould provide confirmation of the magnetic nature of the
ing for triple-q structures, except for the special case intransition. This powerful method has been used successfully
which all three phases are identical. The coupling betweepn UPG, to identify the magnetic nature of the second phase
the superconductingy=(7,,7,), and the magnetic order transition atT,=5 K.>®
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