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1- Introduction
The discovery of

Heavy Fermion Super
conductoa such as Up6 and
lJBa:, indicated ahe
luperconductivity in Healy
Fennion compounals is by
nomeans lmusual. Rathea the
large numbet of different
Hea\y Fermion syste1rr fourd
up till now show rhar thc large
electron mass enlEncemeni i.
compatibie with various
different ground states sr:eh as
superconducti[g giourd state ]r
Up,, and llB", or
antifeff omagmetically ordered
ground state whicl is fornd in
UCdu and UrZ,r? oi a gtoruld
state which does show neiaher
the tmdency towards ma$letic
ordgr nor a tendetcy towards
superconductivity oilserved in
CeAl3 a1d C.C.6. oompourals
UPo, UB"" show traasitio.s to
superconducting grolmd state at
te&perature below I kelrrin.
TLe Heavy Fermion compound
UB.13 has been identified as I
Hqry Femion superconductor
by Ott et al [1]. This gmup
established the existence of a
superconductor grormd s.ate in
UBa: with a tralsition
temperature of Tc-0.8 Kl. The
electronic ronhitrution 10 ihe
speaific heat is found to
enhanoed with a 1 LIBet3 value
of I 100 [mj/mol.K1. The high

tetl,]pelalrrro magnetic
snsceptibility shows a Cu e
Weiss behavio.r foa
teftperattne aboye 100[K]. The
effecdve nagletic riromeDt
obtaired in these measuaemenls
is deaen ined to values arcrmd
3 pB per uranilrm atom. T Ctrie
Weiss t€mpe€ture 0 is negaaive
with value between -50[K] and

-70[K] reported in &e literature
f2l- below lo0iKl tlrc alagtetic
suscoptilility deviales frorn a
simple Curie Weiss law
rcldering the inoasured values
at low Gnrperature to be
$tralle. tllaa expected on the
basis of tre high tempeBhre
Cr]rie Weiss suscepribility. Upu
is E superconductiog Hea\,]
Ien olt syrtem with a specific
heal y is fonnd to bo enhanced
ia Up6 with a value of
l-4224i!/mol.K1. The
supereonducting aarsition
tenpemlure is deterltfned to be
Tc:5[k]- specifc ieat
measuremcrts caried our bv
Frilgs et al t3l at loi
temperatures aad in normal
state werc ittefpreted as
indicatiog strong spin
fluotuations in Uptr, At higler
temperafuaes the magnelic
susceptbiiiry is described ty a
Curie Weiss law with an
effective magnetic mo{ent of
2.6*: 2 /pa U.atom l2J.
Measurement on sitgle oystals
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of UAl itdicate ihe magretic
sus.€ptibiljty to te saong
unisotropic wirh C-axis being
the hard magretic directiotr[4].
The properties of Upir have
been reviewed by de visser et al
[5,6]. Determination of the
magnetization density in Up,3
will reveal that the electrons
r$polsible fol the &agnetistr
in this compound are located on
both the uranium as well as the
platinum atoms. Coaseqceutly
tbe magretic prope$ies a.e
therefore comples.

2- fxperimettal
As single crystal

staucture determinrlion has
beeD canied out usins rhe
diffiactomerer D15 mrc 'rhe c Gi-f
cylindrical shape. About 1 0 rl1m
il heiglrt 1.5 mm in di4rleter.
Approximately 400 Bragg
re8e4tions were measaued at
tcmpemtule of T:5lKl and
T-23[K], This enabled the
delemination of about 1 00
crystallogaphically
independent Bragg .eflection
for each temperat[re. The
atoms are located in two
hexagooal planes in the urit
celi, given by X,Y,Z*ll4 a
X,Y,Z=3/4. Both the origin of
the uit cell ard poirt
(l/2,1/2,1/2\ are celters of
inversion s,.rnmetry for tlis
sfuchfe. These poirts are not

occupied by any alorn i! Upn.
Tle inversicx symmeul, oI
(.1/2.112.1121 :lllows the .pper
plarc of &c lnit cell to be
obtained trom the lower one b,v
pornr rnverston \li2.112,lt2)
An additional conscquence of
tilc inversion symmelry of lhis
sfxctlre is the realit] of the
nlclcar lactor. Tle lelice
perametels oi Up,r deiemlined
ao bc a-b-5.161 A' 6nd c=
4.894 A". Tlre primirive cell
cortaits two aonnuh of LJp,r
l|ith llc atoms being locatcd at
positions as indicaied in
Trb.(l ). Figll). l-.rsin8 ttre
parafieters drivca ihm &e
r.rinement and thc latiice
constant (7) tiu learcs!
neiglrbour l-l-U dislance was
de{enrined to be 4.12 [A,,]. Ih.
nea.st neighbour distance
bel\e.n Pl atoms ij :.81 JA'].Tle various inleratomic
disrancc are indicatcd in fig(2)
and tigal). I he stucau.e
dete.minaaion confirms the
p6r&mc space group lor Upr
as reporied in rhe literalure
(pearson_s cr)-sltllog.aphic
Data l3l.
The te perature lactor of thc
thcnrul vibralions where ibund
to bc srnall and no anomalirs
oould be detected. Derails of
lhe strurlurrl pammeler are
give in lab12) rvi$ a
kno$ledge of rhe laltice
paraneler, lha distanccs
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between thc aloms can be
calculaled. A mcasurgnlent ot'
lhe stali. induced
magnetization densiiy in Upl3
was carried out on llre
difliactometer D3. The same
si.gle crystal was used as for
the uaclear stgcture
detemination. The crysta! was
oriented such that ahe (210)
direction of &e C:rysaal (this
direction corresponds to a.y
easy ards of magnetization) v/as
paBllor to the extemal 1ield,
SusceplibiliB and
magnetization measuaeme*t

i5,6l indicate that lhe
crystallographic c-axis is the
ha.d magnelic direction.
Measurements were carded oul
sl a tempe€ture of5[k] and in a
field of 4,65 Tesla. An induced
magtretization expedmer{ had
been inteereted in term! of an
rranium 5f electror
magnetization ody. Usitg an
efective moment of .105
MBru atom is dedlced f{]1 a
field of 4.65 Tesia al
temperature of T=4.2 &1. This
oorrespondiag to magnetic
stluctule factor of .21 MB(a)
there are two uraiiurn atoms
per rmit cell for &e X-0
rcflection. Restaicting the
unrdum atom form factor to tl]e
dipole apFoximatiorl. l9l an
initial relinement was carried
out. The aligned magnetic
moment on the U ard the factor

C, were taketr a: tl€ palamelets
to be deterniined. The best
agreemert to tlrc obse ed
magnelic shucture factoG was
obtaindd for an U alorn moment
Mu of 0.55 13 and Cr:1.96.
The observed foial factor and
the resullant rcfinertent
obtaincd with &e above
parameters is shown in fig(4).
Within &e rnodel tte magnelic
sh1.rct1]I6 factor and the U fo.m
facto. aro .elated by the.uclear
aiaaniual slblattic structur€
factor. For some ,eflections a
fuite flipilg ratio is observed
despite a zero U struatuae
lictor. The preserf model can
nol ascounl of tbese
observatiols and tltis
reJlectiom ae not showr in fig
(4). The total rnagnetic moment
to approximaiely half the
.romeat observed il1 ihe
induced magrretizatiotr
expedntent. Iurtl-iet, the
obselwed poir*s are scrttered
arorurd the cune rcpresefuing
the best ait to the dala. The
value of C2:1.96 ildicate an F
occupation betwcen
configumtion Fr and Fa rhe C2

val e do rot sigdficantly
improve dre 6t comprred to
that oblained lsir1g Cr:1.75
which corresponds to a Usf
con&guation flg- (5)-

3- Magnetic cor.elation in
UB"r:-
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lhe nagnetic
corelalion jn UIl"r ha\e been
invcsligated in paramag.eda
scarering expcrimenl conslalrl
K and constant energ) scnns
have bcen perlormed oli the
diflracromcter D5 {&&**}*S
&&Wal a.larieq--. ol differenl
tcmperature- The scans which
were carried out as a functior1
of the scattering vector and at
constanl energy lfanslir
revealed lhe presence of
a.tilaronragnetjc correlation in
U8"ir ibr rempe.alure up to
loolkl lig{61 1{) figl9l show rhe

resul8 ol neutron scalts ng
expclimenfs caried out
T-l00lrnkl. 1olkl, I00lkl and
:l00lkl. The rnagncric scafiering
aross seclion was studied
etpcrimen&lll as a lonclion ol
enerSl, trarrsler 1br scatlering
fecto. ol i.06lA"l, 1.56[A"] and
2.561A"1 and tenrpcratxre ol'
l0ikl and 100[k] figl10l,
tisli ll, md lbr k=1.06 Ar ar
'l'-300lkl Fig ll2l. Ihe anaLtsis
oi inelartic ncut on scallering
experiments has been preseltl]d
and discussed by lldland.
Modz et al fl0l. Snnil.r
prcscntalion are also giyen by
Itoliand. Moriz ll ll and
severing ll2l.

;l- Discussion
Ihe erpeiml:ntal

rcsuiis ol this invesiigation xs
reported and cornpared to tbose

results which are reported by
Stasis ei al l13l for a rimiller
investigation. The resElts of the
indlced mag.etizatioa density
deJemination have yield
valuable inlolmation
concernjng &c role of
conduction elecrons in these
He6\'r [cmio, Conrpounds.

The physical piclure
which cnr.rges liom the
invcsaigatioD ol the indlrccd
magneliz6tior dcnsily iI1 L,:l]. r
ls significanllt- dilGrsrt iiom
thc onc obtaired tir Up,i. while
for UB"rr !h. dipole
apprc\imalion and the u.arium
only l-elsclron model \orks
*ell it conlplelcly hils lo
account lbr lhe obscrvalio,l ifi
Up,r. Bolh l lea!,y Fermior
s-vslems have in common a

small u.ariun iI electon
magnriic fionrent which is
align d parallel to lhe extenlai
rnagnelis field dlr.ction.
'I ierctirc. Howere. tlis
similaril-r be{r'een Up.r and
UB"r seerns to end. Whilc the
magnelization densit,v'' is
observed lo be of tai.ly sinrplc
characlcr in UB..x the
nagn€lizalion dcrsit). in lJplr is
fo nd 10 be cornplcx. Ihe pure
uranlum 5i-eleslron
Eagnetizalion density is of the
salne ordff of (10 me v) and
sphericaliy syrimetic in boihe
compourds. But Upr and l]B.rr
differ sigrGcandy whel the

2s6
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non umnirm 5t eieciror!
contdbution are considered- ln
Up,. these non-51 electrons
accounl 1br approrimalely l*14
ol'lhe lolal magnctic mo ent
aiigred in lhe exremal magnatic
field. 1B contrasi the
magnetizalion in alB"[ is lbu.d
!o have ro aplreciable
conduction ele.trol1
l:onlrrbution. Also no n'ngietic
conbibulion is lound rhich is

aentered on lhe siles ot the Be
atoln. Ihc complcxity oa lh.
magrclizadon dislribulion ir
Lp,r is rcllccted in the stalic
magnelizalion rtcasurernenl al

lon lemperat!.e i:oL,served a

conrplex beha\,iour as a

lirnction of lield in Up,.. -l-he

magnelizalion is observed io be

highly anisolropic *ilh lhe
C-axis bcing 1he magnelicailv
hard direclio. \lithin the bisal

al which the devialion oi lhe
lnagrelic susceplibilily ftom
the Curie-Weiss beh.viour is
observed. At this temperalulc
and belo* anlilleromagnelic
shor: rangc oadea corrciadon
being 1o aptear in UB"[.

'fhe expcrimeniai
lindings of the idduced
magneliTalion de.sit] in Up,l
and Ull"r-. also indicat . -fh:11

bolh compounds difl'er
substa.tiall-v in the conduction
eleclron donsily ol slale al lh.
Fe. i level. Thus lhe
determinalior of the indr:crd
:nagnelizatjon dersil ia a

neulron scattenag experiment
\rill enable \"ia ti.
idcnaification oI lhe various

so.rrces of nragnatjation
density to asses the vaious
electonic wava iulrtions
*-hich contribute to the densilt
ol satcs at lho Fenni leve-

llowerer. the srgumcnt js onl,
ol qnalitalive character, hlcauslr
tae lilling ol eleciron
,jige states is dtttrnined in
monrentum space whare 3s lhe
nragnciizatiorr densirt is sholrn
in posilion space. Thcre is no

straight for*ard and sirnple

conncction bclwecn lhe one !r1d

tle olher- A para iiom fie
infomration that a padiall)
filled aand inust cul lhe Fenni
le!l]l some uhere.

S- Conclusions

plane
susceptibility is larger
indicating an easier alignment
of the magaetic moErents along
*. di.ection oa tte extemal
field. As po&ted olr1 above this
inierpretation is coffirstent wiih
&e results of the paramagnetic

scattedag experimenl caried
out i! a powder saople of
LrB"l], Thse is an energy scal€
of the ordel of 100lmev1 was
indefiified. The erergjr scale is
equiYalent to a temperature of
the order of 100!kl al]d ii
coarespo[ds to ihe tem?emtuae

the magnetic
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ln rhis \\ or*
magnetization deosity spin
polariTed neutro. scatrcring has
been used 1br rhlr investigation
of two members ol Heavt
Fermion Systenrs UB.1 and
1;Ar. The nuciear struclures of
conrpounds the inflIeacc of
nBgnetic momcnts on the
physical propcries hat e l,cen
invcstigated.

The expeimental
resuks indictte thal snbstanres
sho\\ a \,aried beha\.iour.
l)estile thc sjmilariries in ihcir
bulk prof(ies as obse(ed in
neasuremcnt $hi!h prcbe
nr.roscopic characaeristics lirr
examplei the onsel oa
superconductivity is abserved
lor co&pounds at tern perat!:re
belorv T=.1lkl. Their prope.ries
on lhc alomic scale are
strikingl] differcit. 't'lre lack of
similarity is vividl), ill!sirared
bv-' tte vtriatioa in lhe
nragnclizalior densi!;es ot' Up|
and UB.i. Ihese measurement
ill.slrale thc different lcvei of
imporlance of conduction
e,eclron iIl Up,r and Ll3"n.
$hile thc nuclcar struclure
determirtalio1r experimerls
itldicate a nonna] bcha\,er ot
the n!:cleer dcgrees of fi'eedoln
in thc ura Lfir based lleaw
Fennion svstems. ln this
coDpoulds direct end indirect
cvidence point bwards the
importance ol an energ) scale

wli.l is signiicanaly iarge.
th1n i0lkl. This larg€. energy
s.ale is iell responsible ibr thc
low ralue of tl.te aligned
magnetic molnenl at lo\\
lempelatore observed in thc
induce m:tqnetizati.D
measuremeat aepotfed ebo\-c,
ln UB.D it is the iluctuatjo. of
.h€ magnetic nrofienl {hich is
dctermined by this energ_v
scale. ln tlis crse these
i]ultraiion are noi de.ive, b)
lenlpcaatu e. Therafbre. !o be
aonsideaed as conslituliat
q.anlult oa Tero loint
1l u cluation.

ln order to assers lhe
irnporlanl of the quanlllm
fluct ations more detailed
€rpoitllent aae needed. Tlese
;nvolve a deiaiied invesiigation
of phonons in this compomds.
!'or ilB.r:, magrctic scattering
er(perimant on singt cr1slals
$ill hale to be larried oxr in
order ro clucidate the role ofthe
anrill'erotnasnelic flrcLnation.
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Tab. 1- Atomie poifiotr of U atrd Pt atoms ilr Upt3 lor the spsce group
P63 / mmc.

rig.,
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rrC.2
Pditi.r of rte ,ror!. tu the 1,y,t =l/4 pLne ,o. lo& Mit e{ . Th.
dirrrne3 bcrse*n rrom! se iDdical€d Tl'e pLritrlD atur!r tre rEM*td itr
r$ o difrere. r equiui(fl| rrirngls $ ilh ride lel8rb 2.8, I 4 I rdnn d ui, nele )

aDd 2.95 IAI (rti! rrirtrste is irdr{red h, rhe brolietr Un4. Tte umd{ol
stoB is sunouded lry 6 ptati[lrE st -s i. thtu pkle witb a 3-fold
rolafiond mb perleralictrhr to the Dlrne a'y:z=llL

rig.3
Postaior of t[e atorll,! i! ale alir cell rs prcie.tcd donn orrt the \y plr..
the r?dolts dlsta.eeB betw@. rtons in dillemrt ,-pltne! of ln€ {!it cel arc
ililica&d- Elery lmni[nr stoln i, slrr.Iiurded by 3 pi.tiNs .tons fro3
aboye aud 3 othe. on$ liom b.l@. Tle sLortesa dist8nce betveon !tuiM
!.ons k 4.12 lAl as.hor, &e plrt-

,, s,4... @
I __\-..._

..124 2;

------- . - ^_1

261



]'!u-C llqilrqli!]-liLlLNql.2lli

r"Ja(] l":3txl

3r7i i:) .3r7r ()
.0rs (rr) .eir {]5j
lt1 f:) ,.0r] fn)
.ro ($) .0I {1{)

T[. nru:r,, p!rir.r( dt lPrl rrJ ri., i{:n.d 56trdtn ddiri.x!

obr;.d u rh! tu.i rfii.n.d ar. +o!, h.1.1

-|

1f

Sig, 4 Ur.I'|rm IorE l'rcior fa (co.ri.sous tire) for Upal nsd oiserv{aians
tcroses sitb error ba^ tor ric besr txo prmoeler fd ocitrg sn u@iuD fom
facror i! dipole epprodmriotr.lte cd.trlario, pr! caricd Dut rakirg 0!b rhe
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