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Magnetic order of UPt; under uniaxial pressure
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The weak antiferromagnetic order of the heavy fermion superconductoy h#3t been investigated by
elastic neutron-scattering measurements under applied uniaxial pressure up to 6 kbars adomgdihexes
of the hexagonal crystal structure. Foj{c the small antiferromagnetically ordered moment of Q.Q2/U
atom shows a nonlinear decrease for increasing pressures and is still not completely suppressed at the maxi-
mum applied pressure of 6 kbars. Fojja a significant increase in the magnetic Bragg peak intensity is
observed, which suggests an incomplete domain repopulation and confirms the presence okassingiare.
The Neel temperature offy=6 K does not substantially change with uniaxial pressure. The results are
discussed in relation to the understanding of the unconventional superconducting phase diagram.
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[. INTRODUCTION rowing of the antiferromagnetic Bragg peak below 50 mK,
and a resolution limited peak was observed below 20 mK.
One of the central problems in the understanding of theThe onset of long-range antiferromagnetic order below 20
heavy fermion superconductors is the role of the antiferromK was earlier suggested by a low-temperature anomaly in
magnetic order. The magnetic interactions in most heavy ferthe specific hedtand later supported by magnetization
mion systems are governed by a hybridization of ftte¢ec- measuremenfs The proximity to a magnetic instability of
trons and the conduction electrons that lead to a competitiob/Pt is nicely demonstrated by the effect of doping with
between the Kondo screening and the indirect exchangemall concentrations of Ptf which causes a substantial in-
(Ruderman-Kittel-Kasuya-Yosidlanteraction of thef elec-  crease in the size of the ordered moment with a maximum
trons. As a consequence, a strong enhancement of the quagilue of 0.G.g/(U atom) for 5% Pd doping. Recently, Fo-
particle mass at low temperatures, and a rich variety of magmin and Flouquétand Okuno and Miyak8 have proposed
netic structures, is observed. The relation of themodels for an alternative scenario that ascribes the weak
antiferromagnetic order to the superconductivity, and theiimagnetic contribution, observed in elastic neutron-scattering
coexistence at low temperatures, is one of the major issuggeasurements below 6 K, to the development of magnetic
yet to be resolved experimentally and theoretically. fluctuations. These fluctuations are sufficiently slowaf»
For UPg, elastic neutron-scattering measurements  pearstatic on the time scale of neutron and x-ray scattering
vealed the onset of antiferromagnetic order belby=6 K experiments.
with an unusually small ordered moment ofm At low temperatures, URtshows unique unconventional
=0.02ug/(U atom). The antiferromagnetic order has asuperconducting properties. The superconducting transition
propagation vector ot=(1/2,0,0) with the ordered moment at T, =0.55 K is followed by a second superconducting
along the propagation vector in the basal plane of the hextransition atT, =0.50 K. As a function of magnetic field
agonal close-packed crystal structuréspace group and temperature, an exotic superconducting phase
P6;/mmg. The magnetic Bragg peaks are not resolutiondiagrant!~*®is observed with three different superconduct-
limited but show a Lorentzian broadening that correspondéing phases that meet at a tetracritical point. Neutron-
to a finite correlation length of the order §&250-500 A.  scattering*'*and magnetic x-ray-diffractidrmeasurements
The weak antiferromagnetic order, observed by neutronat low temperatures revealed that the superconductivity co-
scattering measurements, has only been observed by twaxists with the antiferromagnetic order. Combined elastic
other techniques, namely magnetic x ragsnd muon-spin neutron-scattering and specific-heat measureméhtsnder
rotation in magnetic field.Recent elastic neutron-scattering hydrostatic pressure showed a direct relation between the
experiments at low temperatufeshowed a considerable nar- size of the weak ordered moment and the splitting of the
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superconducting transition temperatutes. =T, —T_ . By Il. EXPERIMENTAL PROCEDURE
applying a pressure of 3—4 kbars, the antiferromagnetic order The neutron-scattering experiments were performed on

is fully suppressed and the two supgrconducting transitior{\N0 high quality single crystals prepared under ultrahigh
temperatures merge. In order to describe the exotic SUperco)z .,um by the Czochralski technique and annealed for 5
ducting phase diagram, several scenarios have bee

dhys at a t ture of 950°C. The first | df
7220 ~17-19 o ys at a temperature o . The first sample, used for
o oy 2 et osiing Tod s . o pegeBIESSU Xperiments along b, was a cube of 85

y y Y 9 “9CN% 5 mn? with a mass of 3 g. The second sample, used for
eracy of the components of a vector order parameter within

single symmetry representation. The most likely c:andidat(-fi\i)ressure experiments along texis, had a thickness of 1.7

for the symmetry-breaking field is the weak antiferromag-- " & surface area of 30 mimand a mass of 1 g. For both
. y y 9 g samples the surfaces, where the uniaxial pressure was ap-
netic order, as the magnetic order lowers the symmetry of the . o o o
lied, were parallel within 0.1°. Resistivity measurements

system. Recent = small-angle neutron scatterin onfirmed the good crystal quality, with a residual resistance
measurement$ of the superconducting flux-line lattice in an ratio of RRR=600 for an electrical current along tieeaxis

applied magnetic field along theaxis demonstrated the un- . X .
conventional nature of the superconductivity and assigneH1 both samples. The+superconduct|ng transition temperature
of both samples was; =0.55 K.

the symmetry of the superconducting gap function toke The antiferromagnetic order in UPtvas studied by elas-

representation. _ ) . .
In view of the important implications to the understandingtIC heutron-scattering measurements on the COId_ triple-axis
spectrometer IN14 of the ILL. Pyrolytic graphité€d02)

of the superconductivity, Lussiet al?? studied the effect of | 4 as both h g ! W
an applied magnetic field within the basal plane on the antiP'an€s Were used as oth monoc I’OI’[]?'[OI’ and analyzer. yve
used an initial wave vector &6 =1.48 A1, a collimation of

ferromagnetic order. Their elastic neutron-scattering meaz>~" <" " = ™ ; ,
surements af =1.8 K showed no change in the antiferro- 37 ~40'-40'-60" in the horizontal scattering plane, and a be-
magnetic order and, in particular, no significant domain'Y/lium filter before the sample. The crystals were mounted
repopulation for applied magnetic fields up to 3.28]|a), ina gnlaX|aI pressure cell and a_llgned with, respectively, the
which includes the entire field range of interest for the syd axIs (1-g sa.mplé a_md_ thec axis (3-g samplg along the
perconductivity B, =2.2 T) 13 In order to explain the vertically appI|ed_un|aX|aI pressure. The.samplg was placed
absence of domain repopulation for magnetic fields Withinbetween two stainless steel spacers with a similar surface

the basal planeR||a), Lussieret al?? proposed the exis- area as the sample.

tence of a triplek structure. The question whether the mag-roo?ielm'a;r':tl Sl)g\?.zsawgzﬁigfgt\gghrg dhggaaglllin%@gnt
netic order corresponds to a sindlder a triplek structure is peratunevi : 10!

crucial for the understanding of the unconventional superpl"jls(t:::sn Zt”l)?/v\'\é tfir:]gﬁ;tui:‘e ttcr)1éherézgﬁrseovt/i?r]\?)u?imeglt?ﬁ Ttr;:;
conductivity because the magnetic order determines the syrr?-y : ging the p . 9

metry of the system. Additional elastic neutron-scatterin ressure cell. During the expenmen.t the force 'applled .by the
measurements in applied magnetic fields up to 12814 ydraulic press was measured continuously with a calibrated

) - . piezoelectric sensor. After each change of force, a small
?nn;giﬂgl (sljreufc.:ti?edclg ?ﬁ; sor:gévr: ds:gglrfrl]ceirt]t .?E?S‘ngseég;]hpz pressure drift was observed, which remained within 4% of

ible with a triplek structure but does not exclude a single- he total force during all measurements. In order to reduce
P .the background, care was taken to avoid that the direct beam

structure since the energy gain of a domain repopulation Rit any of the pillars of the pressure cell or the vertical faces
relatively small for ordered moments of 082/(U atom). . .
of the spacers, using cadmium where necessary.

An alternative method to study whether the magnetic or-
der corresponds to a singke-or a triplek structure is to
apply uniaxial pressure in the hexagonal plane. A triple- lIl. RESULTS
structure is expected to be rather insensitive to applied
uniaxial pressuré? while a singlek structure is expected to ~ Measurements of the magnetic Bragg-peak intensity were
show a domain repopulation for uniaxial pressure in theperformed under applied pressures up to 6 kbargfiar and
basal plane. Due to the small size of the ordered moment, itg||c. In both cases the uniaxial pressure is applied perpen-
pressure dependence is difficult to measure and has onBlicular to the scattering planaf-c* for p||a anda*-b* for
been determined by elastic neutron-scattering measuremerc). For pressures along theaxis scans through the mag-
under hydrostatic pressute. netic Bragg peak atQ=(3/2,—1/2,0) along k=(1/2,

In order to study the uniaxial pressure dependence of the-1/2,0) and perpendicular # were performed. In Fig. 1,
weak antiferromagnetic order, we performed elastic neutronsuch scans alonlg are shown for applied pressures along the
scattering measurements under pressure up to 6 kbars foraxis of p=0.37 and 2.54 kbars t=1.6 K. Under a pres-
plla andp||c. The applied pressure along theaxis allows sure of 2.54 kbars the Bragg peak intensity, which is propor-
us to study a possible domain repopulation and possibly digional to the square of the ordered moment, is strongly sup-
tinguish a singlek structure from a triplée structure. If a  pressed. Similar scans through the magnetic Bragg peak at
sizable domain repopulation is indeed observed for applie®@=(0,1/2,2) alongc* have been performed for pressure
pressure along the axis, a triplek structure can be excluded along thea axis atT=1.7 K.
for the antiferromagnetic order with important implications  The pressure dependence of the integrated intensity of the
for the unconventional superconductivity. magnetic Bragg peak is shown in Fig. 2 fofja andp||c.
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I p=2.54 kbar . FIG. 2. Relative integrated intensity of the magnetic Bragg
o T=10K peaks atQ=(3/2,—1/2,0) andQ=(0,1/2,2) as a function of ap-
plied pressure fop||c and p||a, respectively. The data points for
0 1 L 1 p||a (solid squaresand p||c (solid circles are normalized to the
-0.04 -0.02 0 0.02 0.04 extrapolated zero-pressure value and compared with the earlier
q measurements under hydrostatic pressapen circleg of Hayden
et al. (Ref. 15. The lines are fits to Eqg2) and (3) for p||c and
FIG. 1. Magnetic Bragg peak intensity &=(3/2+q,—1/2  pl|a, respectively. The error bars for the pressusd and p||c)
—q,0) as a function of under an applied pressure p£0.37 and  are a measure for the maximum drift during the experiment.

2.54 kbars fop||c at T=1.6 K. For comparison, high-temperature
scans T>Ty) are also shown. =(3/2,—1/2,0) is shown as a function of applied pressure

for respectivelyp||a and p||c. The scans were performed
. . . . alongc* at Q=(0,1/2,2) and alonk=(1/2,—1/2,0) atQ
The |nt.egrated intensity of the magnetic Bragg 'peak WaS':(?,/Z,f 1/2,0). It is interesting to note that the full width at
normalized to the weak nuclear Bragg reflection @t

=(1,1,0) for p||c and Q=(1,0,1) for p||la. For applied
pressures along theaxis the magnetic Bragg peak intensity 0.03 T T T T T T T
atQ=(3/2,—1/2,0) alongk=(1/2,—1/2,0) shows a nonlin- *

ear decrease for increasing pressure and remains finite up te~ B +
the maximum applied pressure pf5.70 kbars. Similar re- % 0.02 '*
sults have been obtained for the scans perpendicular o
order to make sure that all three magnetic domains show the 001 F UPt
same pressure dependencefic we have performed scans E )

through the magnetic Bragg peaks @t=(3/2,—1/2,0),
(1,2/2,0, and(1/2,1,0 along their respectiv& vectors atp 0 ' ' ' ' : ' '
=0.37 and 4.10 kbars. For applied pressures along teds

a significant increase in the relative integrated intensity is

observed. The observed pressure dependence is nonlineeas 0.02 —_§_§§_}_ i_}_{_ _}; _______ -
and the increase does not reach a factor 3 at the maximurr &

applied pressure qi=6.10 kbars along tha axis, as would

|
sl
S
1

be expected for a complete domain repopulation and a con-g 0-01 |- e pllc 7
stant moment. For comparison the data from earlier elastic
neutron-scattering measureméntsinder hydrostatic pres- 0 ! ) L L L L L
sure are shown in Fig. 2. For pressures up to 2 kbars the

o . . 0 1 2 3 4 5 6 7 8
pressure dependence of the relative integrated intensity for p (kbar)

hydrostatic pressure is similar to the uniaxial pressure depen-
dence along the axis, while for higher pressures a stronger  F|G. 3. Full width at half maximum of scans though the mag-
suppression is observed for hydrostatic pressure. netic Bragg peaks &= (3/2,—1/2,0) alongk=(1/2,—1/2,0) and

In Fig. 3 the full width at half maximum of the scans atQ=(0,1/2,2) along:* as a function of applied pressure fpt|c
through the magnetic Bragg peaks @t=(0,1/2,2) andQ  andpl|a, respectively.
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with the data from earlier elastic neutron-scattering measure-
ments under hydrostatic presstrdt is important to note
that the observed hydrostatic pressure dependence of the
magnetic Bragg peak intensity €£m?) cannot be derived
from the present results of the uniaxial pressure dependence
along thea and thec axes via the expressiad[ In(m?)]/dp
=2d[In(m?)J/dp,+d[In(m?)}/dp,, which would be valid for
an isotropic pressure dependence of the ordered moment
in the basal plane. Apparently, the magnetic domain struc-
ture is significantly modified by an applied pressure along
thea axis as the uniaxial pressure breaks the sixfold symme-
try in the basal plane. For pressures up to 2 kbars the pres-
sure dependence of the relative integrated intensity for hy-
drostatic pressure is similar to the uniaxial pressure
dependence along theaxis (d[ In(m?) J/dp~=d[In(m?)J/dp,).
This clearly indicates that the pressure dependence of the
magnetic Bragg peak intensity along theaxis is mainly
caused by the induced symmetry breaking in the basal plane.
The pressure dependence of the magnetic Bragg peak for
p||c shows an unusual strongly nonlinear suppression for

FIG. 4. Temperature dependence of the integrated intensity of’Créasing pressure~ig. 2). If we assume a linear pressure
the magnetic Bragg peak @=(3/2,—1/2,0) under an applied dependence for the ordered moment up to a critical pressure

pressure op=0.96 and 4.10 kbars along tleeaxis.

p., of the formm(p)=m(0)[1—p/p.,], then the magnetic
Bragg peak intensity(p)=m(p)? is described by

half maximum, and therefore the finite correlation length for

the antiferromagnetic order @f~250-500 A, is insensitive

1(p)=1(0)[1—p/pe 1% @

to the applied pressure fgi|a andp||c. Additional scans

through the magnetic Bragg peak @& (3/2,—1/2,0) per-

A fit of the relative integrated intensity(p)/1(0) for p||c

pendicular tok confirm that the full width at half maximum Yields a critical pressure gf.,=7.3(5) kbars, which is be-
is insensitive to applied pressure along thaxis.

The temperature dependence of the integrated intensity ghuch better fit is however obtained if we assume an expo-
the magnetic Bragg peak &= (3/2,—1/2,0) is shown in

yond the maximum applied pressure pf5.70 kbars. A

nential pressure dependence for the ordered momefithe

Fig. 4 for applied pressures pf=0.96 and 4.10 kbars along form m(p)=m(0)exp(-ap). The magnetic Bragg peak in-
the ¢ axis. Although a significant decrease in intensity istensityl(p) is then described by

observed with increasing pressure, theeNemperature is

hardly affected by the applied pressure. The values of the

Neel temperature derived from temperature scans such as

I(p)=1(0)exp(—2ap). 2

those shown in Fig. 4 are listed in Table | fojja andp||c.
The absence of a significant pressure dependentg &f in
good agreement with the results of earlier elastic neutronn Fig. 2(a) fit of the relative integrated intensity(p)/1(0)

scattering measurements under hydrostatic preSsared

for p||c is shown with a value ofr=0.22(1) kbars. An

was also found for measurements in magnetic fields up texponential pressure dependence for the ordered moment

1272

IV. ANALYSIS AND DISCUSSION

would imply that the weak antiferromagnetic order does not
show a critical pressure for the suppression of the ordered
moment.

In order to check that the observed nonlinear pressure

In Fig. 2 our present result for the u_niaxia_l pressure de‘dependence fop||c does not originate from an inhomoge-
pendence of the magnetic Bragg peak intensity is comparegeoys pressure distribution inside the sample we have per-

TABLE |. Pressure dependence of thédléemperaturely of
the weak antiferromagnetic order of WYRor p||a andpl|c.

plla pllc TN

(kbarg (kbarg (K)
0.37 6.34)
0.96 5.84)
4.10 6.17)

4.08 5.65)

formed finite-element calculations. In these calculations we
have assumed elastic deformations and an infinite surface
friction (fixed surfacgé As a consequence of the infinite sur-
face friction enhanced stresses develop in a small region
around the surface edges. The regions within 0.5 mm from
the surface are, however, shielded in our experiment by cad-
mium in order to reduce the background. In the remaining
volume of the sample the variation in stress alongdiaeis
remains within 20% of the average value and cannot cause a
significant nonlinear pressure dependence of the magnetic
Bragg peak intensity as a function of the applied pressure.
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Although the pressure dependence of the relative intelow-temperature phas& T ) remains stable for all pres-
grated intensity of the magnetic Bragg peak is qualitativelysures along the axis and does not show a transition to the
the same forp||c and hydrostatic pressure in the low- high-field phase at the critical pressure. This phase transition
pressure region, the situation at higher pressures is less clesas deduced from sound-velocity measurements in magnetic
Haydenet al® reported that the magnetic order was com-field under uniaxial pressureé(|p||c).*
pletely suppressed at a hydrostatic pressure of 4 kbars, while For applied pressures along ta@xis the magnetic Bragg
our present results fop||c indicate a significantly higher Peak intensity in Fig. 2 shows an initial increase at low pres-
critical pressure. The experimental results of Hayeeal.  Sure and a saturation at high pressure, which can either be
do, however, not exclude a higher critical pressure in case @scribed to an increase in the ordered moment or by a re-
a nonlinear hydrostatic pressure dependence, as neutroR@Pulation of magnetic domains. From a comparison of the
scattering measurements under hydrostatic pressure hay@iaxial and hydrostatic pressure dependence of the mag-
limited sensitivity. netic Bragg peak intensity we concluded that the observed

A comparison of the hydrostatic pressure dependence dyressure dependence al'ong.ﬂnems is mainly due to the
the madnetic Bra eak intensity m2. measured by elas- induced symmetry breaking in the basal plane. If we further
. 9 99 p s, y assume tham?= AT, and recall that according to specific-
tic neutron scatterindf and the splitting in the superconduct- heat experiment8 AT, is independent of pressure fpf|a
ing fransition temperaturesT;, measured by specific-heat we can conclude thact the ordered moment is insensitive to
measurement§ indicated a direct relationAT.<m?). This ressure along tha axis. As a consequence, the large in-
relation was later qualitatively supported by combined elasti rease in the relative Brellgg peak intensity is r,10t related to an
neutron-scattering and specific-heat experiments on Singl‘?ﬁcrease in the ordered moment but suggests a repopulation
crystalline UP§ doped with small concentrations of Btior of magnetic domains for applied pressure along ateis.
small concentrations<(0.6%) of Pd doping both the mag-

tic B K intensit dth litting in th Unfortunately, this repopulation cannot be proven since for
Netic bragg peak ntensity and the Spiitiing in the Ssuperconz, applied pressure along thexis and perpendicular to the
ducting transition temperatures increase for increasing P

. oo : cattering plane, the magnetic Bragg peaks of the other two
concentrations, but show some deviation from the S'mpl%omains are not accessible in our experimental setup.
AT.oem? relation.

. ; . For a complete domain repopulation and a constant mo-
It is interesting to compare our present experimental data,

fm2 und I eaxis with ¢ ent, a factor 3 increase in the integrated intensity is ex-
of m® under pressure along t XIS wit m_easure_ments 0 pected at the maximum applied pressurepef6.10 kbars.
AT. under pressure along tleeaxis assuming a direct pro-

. ) 5 o 27 The domain population for the energetically most favorable
portionality _betweenATC and m-. Sp_ec[flc-he&f}' and domain is given bya,= 1/ 1+ 2exp(AE/ksT)], whereAE
spund—velocnf measurements fqn||g |nd|ca.t.e a SUPPTES- is the energy difference between the domalgsthe Boltz-
sion of AT, for increasing pressure with a critical pressure Ofmann factor, and’ the temperature. For an incomplete do-
p.c'r'\N’z kbars. These experiments are, howeyer, rather inseny - repopulation withAE=ep, the relative magnetic
sitive for small values oA T, as the Wl_dthéTc_ of each of Bragg peak intensity(p) can be expressed as
the superconducting transitioig andT is relatively large
compared to the initial splitting iT.: 6T;~10 mK and
AT.~55 mK atp=0 kbars®®?” When the magnetic Bragg 3
peak intensity is reduced by a factor 3 with respect to its I(p)=1(0) (17 0)+ (2—8)exi—Bp)’ (€
value at zero pressure the two superconducting transitions at
T, andT, cannot be distinguished individually. It can there-
fore not be excluded that the critical pressure is significantlywhere 6 and 8= e/kgT are phenomenological constants. A
higher for a nonlinear pressure dependence. fit of the experimental data fop|la in Fig. 2 givesd

Our present experimental data for the magnetic Bragg=0.38(8) and8=1.0(3) kbars®. The saturation value of
peak intensities fop||c indicate a nonlinear pressure depen-the relative intensity for the incomplete domain repopulation
dence ofm? with a critical pressure beyond the maximum corresponds td()/I(0)=3/(1+ &) =2.2(1),while the en-
applied pressure of 5.70 kbars. This has important conseergy difference between the domains per unit pressure is
qguences for our understanding of the superconducting phaggven by e=AE/p=pBkgT=0.14(4) meV/kbar at T
diagram. It can either imply that the critical pressure Adr, =1.6 K. For an applied pressure along thaxis the crystal
is in fact much higher than the established valuepgf  structure is slightly distorted and the hexagonal symmetry is
~2 kbars, or that the weak antiferromagnetic order is not théoroken. The in-plane distortion of the crystal structure,
origin for the splitting inT.. Due to the weak sensitivity of which is governed by the compressibilitieg, ands;,, lifts
both specific-heat and sound-velocity measurements to rehe degeneracy of the three magnetic domains and causes a
solve a small splitting ifT;, the most likely scenario is that domain repopulation.
the critical pressure foAT; is much higher than the estab-  The presence of an incomplete domain repopulation for
lished value ofp,,~2 kbars. The excellent fit of the experi- p||a has consequences for the magnetic structure of.UPt
mental data in Fig. 2 to an exponential pressure dependendée antiferromagnetic order of UPtetermined by elastic
[Eq. (2)] even suggests the absence of a critical pressure anteutron-scattering measurements in zero pre$sfireas
a continuous suppression @&T. for increasing pressure three equivalent propagation vectoks: (1/2,0,0),(0,1/2,0,
along thec axis. This would also imply that in zero field the and (- 1/2,1/2,0). The magnetic structure is therefore in
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principle consistent with three different scenarios: a sitkgle-  In our present experiments we confirm thg{ is also
doublek, and triplek structure. Both the singlk- and insensitive to uniaxial pressures fpf|a and p||c, as indi-
doublek structures have three magnetic domains, while aated in Fig. 4 and Table I. Further, we find that the magnetic
triple-k structure does not have magnetic domains. As theorrelation length is insensitive to applied uniaxial pressure
triple-k structure is rather insensitive to applied uniaxial for p||a andp||c. Even the incomplete domain repopulation
pressuré the most likely scenario is the presence of aobserved forp||a does not lead to an enhancement in the
singlek structure with three magnetic domaigdthough the  magnetic correlation length, as would be expected for static
doublek structure cannot be excluded order. In high magnetic fields the magnetic correlation length

One of the main questions related to the weak antiferroalso remained constant up to 10 T Bf|a and B||c.?® In
magnetic order of URtis whether the magnetic peaks ob- addition, the pressuréFig. 2) and temperatufe'’ depen-
served in elastic neutron scattering describe static momengence of the magnetic Bragg peak intensity is rather unusual
with a finite correlation length or slow fluctuations. In the for static order. The observed anomalous behavior, which
case of static magnetic moments the long-range antiferrgstrongly deviates from the magnetic response for static order,
magnetic order would be limited to a finite correlation lengthcan be regarded as indirect evidence for the presence of
by a relatively large density of structural defects which act as!owly fluctuating moments.

pinning sites for the magnetic domain walls. Transmission- Additional support for the existence of slow fluctuations
electron microscoﬁ?*zg and x—ray-diffractioﬁ8 measure- 1S found in elastic neutron-scattering measurements at low

ments have indeed shown a relative large density of Stackinﬁmpergtureé,which show a decrease _in_ the width of the
faults which can take up to 3% of the sample volume of agnetic Bragg peak below 50 mK until it becomes resolu-

single-crystalline samples. A subsequent transmissiont—'on limited below 20 mK. This can be favorably interpreted

electron microscopyTEM) study® even reported the pres as a transition from slow fluctuations to static long-range
. P P the pres- antiferromagnetic order. Recent nuclear magnetic resonance
ence of an incommensurate structural modulation. Simila

. M8 easurements at low temperatdfesndeed show an
effects have also been reported in a more recent TEM inve

- . a1 : . Snomaly below 50 mK, suggesting a slowing down of the
tigation on whiskers.” A serious problem with the reported 5 piterromagnetic fluctuations, but indicate also that the an-

incommensurate structural modulation is, however, that ONGferromagnetic order is not yet static down to 15 mK. Recent
cannot exclude the possibility that it is induced by themuon-spin resonance experimértave shown that the clear
sample preparation for the TEM studisRecent small-  sign of weak antiferromagnetic order observed in applied
angle neutron scattering measurements along tids of a  magnetic field vanishes in zero field. This can be explained
high-quality single crystat showed a strong defect scatter- py the presence of slowly fluctuating moments. One cannot,
ing along thea* axes. All the experimental evidence indi- however, exclude the existence of static order when the local
cates that the presence of structural defects is inherent to thgpolar magnetic field at the stopping site for the muon is
system and also exists in the highest quality samples. Theanceled by the symmetry of the surrounding magnetic mo-
absence of a domain repopulation in elastic neutronments. In either case an applied magnetic field causes a dis-
scattering measurements in applied magnetic fields in thgyrtion of the magnetic structure, which then produces a local
basal plan& has been claimed to prove a strong pinning ofdipolar magnetic field. Further low-temperature muon ex-
magnetic domain walls. For an applied pressure in the basgleriments T<50 mK) are desirable to clarify the situation.
plane we have observed a significant increase in the magn the scenario with static moments where the finite correla-
netic Bragg peak intensity, which can be related to a domaifion length for the antiferromagnetic order is caused by struc-
repopulation. This domain repopulation does, however, nofyral defects, the pinning of the magnetic domain walls
lead to a change in the magnetic correlation length as showould need to become less effective below 50 mK in order
in Fig. 3. to explain the increase in magnetic correlation length. It is
If the magnetic signal beto 6 K is in fact not static, but  difficult to imagine what the origin for such a weakening of
corresponds to slow magnetic fluctuations, as recently prohe magnetic domain-wall pinning would be without assum-
posed by Fomin and Flougdeand Okuno and Miyak&  ing drastic changes in the magnetic structure at low tempera-
then a weak pressure and field dependence is expected gges. The most likely scenario for the magnetic structure of
only the excitation spectrum of the fluctuations is mOdIerdUPt3 is therefore the presence of S|ow|y ﬂuctuating moments
The strongest support for slowly fluctuating moments is thatyhich fluctuate with frequencies in the range between those

no Sign of antiferromagnetic order has been observed |6f nuclear magnetic resonance«l_ MHz) and neutron-
nuclear magnetic resonarié@nd muon-spin resonance mea- scattering (-1 GHz) measurements.

surements in zero fieRiBoth techniques are extremely sen-
sitive to small magnetic moments, but on longer time scales
than neutron scattering. High-resolution neutron spin-echo
measurements could in principle distinguish between slowly
fluctuating and static moments, but have not yet been suc- In conclusion, we have measured the weak ordered mo-
cessful for UP4.>3 The scenario of slow fluctuations is sup- ment of UPj using elastic neutron scattering under uniaxial
ported by the observation that the onset temperature of thgressures up to 6 kbars fpt|a andp||c. Forp||c the small
magnetic signal Ty) is insensitive to hydrostatic pressures antiferromagnetically ordered moment of 0.03/U atom

up to 4 kbars(Ref. 15 and magnetic fields up to 12 shows a nonlinear decrease for increasing pressures and is

V. CONCLUSIONS

104426-6



MAGNETIC ORDER OF UP§ UNDER UNIAXIAL PRESSURE PHYSICAL REVIEW B 63 104426

still not completely suppressed at the maximum applied prespresent results suggest that the two superconducting transi-
sure of 6 kbars. Fop||a a significant increase in the mag- tion temperatures do not merge for pressures up to 6 kbars.
netic Bragg peak intensity is observed, which suggests an ACKNOWLEDGMENTS
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