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Positive muon spin relamtion ●xpariments hava baan conducted
on the heavy-famion superconductor UPt3 in both the nomal
and auparconducting states for zaro, trtinsv~rse, ●nd longitu-
di~~allyappliad magna:ic fislds. Mlow 6 K in zero applied
field, the 1,1+relaxation rata im ●pproximately twica that
●xpoctod from Iqspt nuclear dipolar relaxation ●lone.
Transvarsa- ●nd longitudinal-fiald masuremntt show thst tha
observad ralmxation rata depands on mcgnetlc field and la
quamiatatic in origin. It im cugg~stad that tht onoat of
vary weak (-10-3 LIB/U●tom) magmtic ordering IM1OW approxi-
mately 6 K is responsible for tha obsgrvcd increas~ in tha
relaxation rat-. u+ Knight shift measurements in tha normal
stata of ~JPt3chow ● temparaturo dapcndont shift KU which
tracka :hc bulk ouccaptibility X. From tha Ku vs. ~ plot, a
+ hyparfino field of ●pproximately 100 Oa/pB is ●xtractad.u

1. INTRODUCTION

Following the discovery of heavy-famaion superconductivity (HFS) in CaCu2Si2
Ill ●nd UB413 121, a third HQ9 systm, UPt , wao reportod /3/. In addition to

2tha usual proparcieo t4/ ●aaociatod with t ●sc materials, UPt ●xhibited #pin
fluctuation behavior similar to thmt ?rovi,ouolyreportad for ?iB.2 /5/ ●nd UA12
/6/. Thus it was suggected that UPt might rapr~sant tha first known oyotm to
●xhibit coaxictant bulk ●uparconduct<vicy ●nd @pin fluctuation. Moreover, it
was propooad chat tha ●lactron pairing rcsponsibla for superconductivity in UPt3
was not tha ucuai RCS type but rather ●n unusual form, poosibly odd-parity
pairing, Further ●vi ~nca ●upportlng this suggaotion has bacn racantly infc~rad
from ultrasound meawramntr /7/ ●nd critical field atudiea /81.

Deopito atxcanoiv~thooratical ●nd Qxpcrimantal ●fforts to understand the
low-tamperatura propartiao of HFS compounds in g~neral, ●nd UPt3 in particular,
much rwaains to ba Iaarncd. For ●xample, no NHR signals haw ba~n det,cted in
UPt3, dua presumably to ● vary larga broadening mchanitm. Consequently, we havm
undertaken po@iciv@ muon (U+] spin relaxation (IJSR)studias in UPt3 Co
invaatigata the bchavlor of local ❑agn~tic fjalds.

2. EXPERIMENTAL

Zaro-field uSR data were takm in tho interval 0.165-20 K, vltllsome
●dditional pointt taken in ●ither lon~ltudinal or transvars~ fialdo, using ●

conventional MSRspactromotar. For th- mro-flald m~aour~m-nta tha magnetic
field ●t the ●araplewas uulled to t10 mti. High transvarsa iiald (5 kti) data
wrc taken in tho intarv~l 2,3-300 K, from which tha M+ relaxation rat- ●nd
Knight shift vera datemintd$ ~la otability of tho ●ppliad fiald W-C monitored
by ●n NllRproba. Haamur@dD Knight ohifts K -ra corract~d for ● coppor
rcfarancr ●hift of 60 Ppm 19/. Tmparaturoo #olow 2.3 K w~ra ●ttained with ●
~u--ub A41n.*4-- -m@-4---..-- Ill\) A..... - -i.11.1*4-..n,s@ln unu APw/9mPmP Wam Ilmarl



above 2.3 K. An arc-melted polycrystalline ingot (19 mm diameter, 3 mm thick)
with light interstitial impurity (C,N,O) concentrations of 10C-I5O ppm at. was
used in this st~dy. From ac susceptibility data the superconducting transition
was found to occur at 0.41 tO.01 K.

3. NORMALSTATE KUAXATION (T > 0.5 K)

Figur@ 1 shows the u+ GaussIan relaxation rate for Upt in zero and various
applied magnetic fields. ?me calculated Van Vleck linewidti am /11/ for random,

,statlc 19SPt (I - 1/2) nuclear dipoles is indicated by the cross-hatched area in
“Fig. l(b). The value of am ranges from 0.031 Us-l to 0.042 Us-l, depending upon
which Interstitial site is assumed for the u+ occupation. For purely dipolar
fields, the zero-field linewldth is known /12/ to be latger than ~w by a factor
~, thus the range of values shown in Fig. l(a) is from 0.070 IIS-l to 0.094 Us-l.

I ufd#f
0.16 i#f ‘~

c1(d
●ZERO FIELD +

& 0“2 f ?
r

Fig. 1. u+ Gaussian relaxation rats. in polycrystal.lineL!Pt.
2

The
cross-hatched ●reas correspond to the calculated Van Vleck 1 ndwidths,
Uw s with the limits being IJ+ site dependent.

For 6 K c T c 1S K, the zaru-fiald relaxation rate, UZF, [Fig. l(a)] is
consistent with UW; however, for T < 6 K, uz~ increatiea by ●pproximately a
factor of two, attaining a value of 0.16S IIS naar 1.4 K. In a low (100 Oe)
tranevarse ●pplied field, the u+ relaxation rata au is consisterit with u far
15 K 4 T < 20 K [Fig. l(b)]. As tht temperature decreases, thera is ● 50Y
increase in q between 1S ●nd 10 K; ● additional 50% increase 10 observed
between 3 ●nd ‘~ K, where Oy raaches ●n ●pproximate value of 0.121,1.”1. Below

{
=2K, UZ /uF= 1.45 i 0.1 s

Hig -f~eld (5 kOe) tranawrse MSR relaxation ratea Uw ●re ohown in Ftg. 2
for tha interval 2.3 K G T < 300 K. Over comparable temperature intervals, UHF
ia 2-4 time. am large ●e aLF, indicating field-dependent ralaxatlon. Thare
●xiatc a plateau in UHFnear 30 K, followed by ● marked incrsaoe ●. T is raduced
from 15 Kto 2.3 K.
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Fig. 2. u+ Gaussian relaxation ratea In polycrystallfue UPt3 taken in
a 5 kOe transverse fieli as a function of temperature*,

All of the M+ relaxation rates in longitudinally appliI!d fields are
essentially zero below about 17 K [see Fig. l(bl]. These results are consistent
with a quasistatic relaxation mechanism in transverse and zero fields. This
meana that the temperature dcpdnden~e u ~ is due neither to M+ hopping nor to

imotional narrowing of the IJ+ local fiel by relaxation of 195Pt nuclei.
The principal ●xperimental result presented here is that one observes a

larger-than-expected, field-dependent, quauiatatic M+ relaxation rate for T < 15
K in UPt . To explain this finding one must postulate the existence of an
increased M+ local field distribution, of which three hypothetical mechanisms are
discussed below. First, precipitations of ● spurioue magnetic #econd phase,
s.g,, UPt /13/, may ha-~e contaminated our sample and might give rise to a
macroscopic magnetic field Inhomgeneity. Second,, the increaned U+ linewidth may
be caun~d by a strong indirect cotiplicg between U+ ●nd 195Pt moments, n!ediated by
band ●lactrons. Third, the band (heavy) ●lectrono themselves might possess a
weak form of magnetic order, which could r8ault in a U+ local field distribution
via the u+ hyperfine interaction. We discuss theoe possibilities in turn.

3,1. lfa~netic Second Phaaa

To check for the poosible ●xistence of magrletic phases, magno~ization
meawrementa were conducted on ● portion of the sample used for uSN. No remanc :
mommt was obae’:vad, and we can place an upper lit~it of =2 x 10-3 ●mu/gm on the
remanent magnatizatione If UPt (Te = 27 K) is ●srnmed to be tha magnetic second
phase, its mole fraction must therefore be lQSS than 0.064%.

The Waletedt-Walker (WU) mechaniea /14/ for inhomogeneous line broadening by
a static distribution of paratzagnetlc impurities ia ●lao ●pplicablo to broadening
by dipolar fiald. of inclusions of ● magnucic second phaac, ●e long ●s the
incluoiono ●re well dispersed ●nd mean. The Lorantzian linewidth A in the ww
theory 11 give~ by -

A = 5.065 ~Umaff D

where Y f,a the ~+ gyromagnatic ratio (6,51 x 104 Fla-l), and
notisat!on due to the sacond phasa, If ● UPt concentration of

(1)

‘e
6[

1, the mag-
0. 4% 1s ●saumed,



then a W calculation yields ●n upper limi~ of 0.016 Us-l for the u+ linewidrh.
A Lorentzian fitted to the data balow 2 K (not shown in Fig. 1) yialds
0.057 Us-l, which is 3.5 times larger than the calculated width. W* conclude,
thereforo, that tho obsarved upper limiL on the remananc magnatizatlon implies a

small contribution to the observad D+ linewidth from magnacic inclusions.

3.2. Ind5recC Interaction

WC now con~ldcr ConsaqUanCas of R strong ●lcctron-madiatad interaction
~betwean U+ ●nd l~Sn mo~nts /151. T% order of magnltuda of the P+ linowidch

aird due to this mechanism is

Uind M Au(’UFt3)+t(UPt3) dupt3) s (2)

whera A (lJPt3) ●nd A ~(UPt ) ara the nyparfino (hf) coupling constants between
band cl~ccrons ●nd ut and ?~spt @pIns, raspactivaly, ●nd o(UPt3) is the density
of band etatas ●t tha Fermi ●nargy. A valu~ o nd ■

J
10SS-l is raquired to explain

the observed lov-temparatura LI+ ~Ln@wldch in U t3 [Fig. l(a)]. This la
coincidentally tha ●pproximta valu~ of tha Indiract (iUCKY)interaction J ~ M

[Apt(pt)]2 p(Pt) b~twean Y195Pt spins in plat$aum wtal /16/, whtire ~t(Pt is the
hf coupling constant and p(Pt) is tha d~nsity of stat-a.

Availabla data can ba umad to ●.timatc the valu~ of Oind. As we haw noted
above,

aind . ~(Wt3) AP)’UPt3) o(UPt3)

~; m“T;t~x~ “
(3)

Now tha ratio A (IJ’pt3)/A(pt) M 8 x 10-S can be ●stimatad from our u+ Knight
#shift meamrma tb ●nd NH Knight shift data from Pt -cal /17/. Similarly, the

ratjo p(UPt3)/P(pt) ■ 70 is obtained from meaaured spacific-haat co~fficients C/T
in the two syst~ms /18/. This yimida

(4)

“ ‘rd”r‘h8tainfiJMt3than in pt mgtal.
w I tha ?t hf coupling conccant would hava to ba mor, than

175 ti~s Largar An ●xparimental valu8 for A t(uPt31
is unfortunately not ●vailabla, QS l~spt h?fRhas not y-t b~an obscrv-d fn UPt3.

Naverthtiaso some svidancs points toward a raduction, oftwi consid~rabla, of
tho hf couplin~ upon passing from a pura ~.onmagn~ticcntal to the earns matal
incorporatao in ●n f-atom ccmpound. For axaaplc, in C@Pt. tha tranaf~rr~d hf
coupling im ‘~orM30 tireo weuhr than th~ d-bmnd cora poli~-izationInccraction in
puro Pt /19/. Thuo thors ~~aps ● diacrapancy of as ❑uch as fou: ordara of
magnitude botuacn tho ●stimatad valu~ of oind and tha ●xparimantal u linawidth.
T?Iir‘iscrcpancy saemc aifiicult to maka up with inaccuraciaa of thm abova
csti~ ,taa, such ●. unkrmwn dac~ils of th~ indiract Interaction, tor ●xamplo, We
concludu that th~ contribution of thtiobservgd U+ linawidth duo to indiract
intaractiona with tha surrounding Pt nuclai in in ●ll prcbabilicy nagligibl~.

Finally, we ●xamina conmquenccs of ●n ●osumd quasiacatic magnatic order in
tha band ●lactron cyatam. We ixrot nota that, in gonoral, M+ hyparfin~ fialds
ar. of the ordar of 103 Oe/U , via ●ith-r indiract Fatmi contact or diract
dipoiar Intorantiono. Thus h ● obaorv~d incroas~ in linwidth o/Y (-1 Oa in
flald unitu) occurring balow 6 K Impliao ●n ordor~f-magnituda mom#nt par U ●tom
of only 10-~ IJB. It la impcrtunt to note that racant -pacific heat ●nd
susceptibility maasur~mnto /20/ cn UPt ●lloy~d with Pd, ●xhibit low-tarnpcratura
mamacic ●nomali~s. For tkmmDIQm ?in U( t- ~.Pd~ ~.)~ thara is a ooak at 3.6 K in



the specific heat data which the authors suggest may be due to an antiferro-
magnetic type of ordertng. Similar studies /21/ on Pd- and Th-doped UPt3 report
an anomaly at 6 K in the magnetic susceptibility and specific heat data which,
based upon field dependence, appears tc be due co antiferromagnetism. Other
studies /22/ on Tlwioped UPt3 reveal a Fermi-surface instability occurring at 6.5
K. We believe that our vSR results are consistent with these findings, the
difference being that MSRis more sensitive to weak magnetic ordering thereby
allowing us to observe such an effect In “pure” UPt3 in zero field. The strong
field dependence o;’ the u+ relaxation rate further supports the notion of some

:kind of quasistatic magnetic state which sets in below about 10 K.

4. SUPERCONDUCTING STATE RELAXATION(T < 0.5 K)

The zero-field relaxation rate UZ
r

inereaaes by approximately 10% just below
T as shown In Fig. l(a). A change o this magnitude corresponds to an
I%reasad M+ local field distribution of approximately 175 mOe. This cannot be
explained by external field inhomogeneities because the field was nulled to t10
moe. Similar experiments by u. on PbO ~InO ~ (BCS Type 11 Superconductor) and
UBe ~ (HFS) ●xhibtt no change in U+

A
re~sxat{on rate upon entering the super-

eon ucting state. The moat likely ●xplanation for the UPt3 data is that the
local field distribution produced by the weak magnetism discussed above is
changed slightly upon entering the Meissrm state.

5* u+ KNIGHTSHIFT

Figure 3 shows both the normal state v+ Knight shift K and bulk magnetic
susceptibility x meanured as ● function of temperature. KVUis approximately zero
for T $ 20 K, but decreases to s 0.030% naar room temperature. A plot of
K VS. x yfelds a slope of 0.086 mol ●mu‘1; however, the LorenRz and demagnet-
i~ation fields give rise to a linear KMva. x relation with a slope of 0.068 mol
emu-~, i.e., 80% of th~ observed value. The macroscopic corrections therefore
account for the majority of the observed slope. This places ●n upper limit on

the hyperfine field of 100 (223) Oe/UB. two orders-of-magnitude smaller than
obtainsd in UBe13 /23/. Such a small value might be due to the presence of two
nearly equal hyperfine couplings of oppoeite sign.

r- 1 I I I

0.010 . T ? ‘[: 0.007

Ii
-0.010
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Fig. 3. u+ Knight ●hift and suoc~ptib~l~ty of Upt3*
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