
� � � ������
� �
� � � � � �����������

�� �
� � �

� � � � � ����������
��
� �
� � ��� � � � � ����������

��
� �
� � �

ESRF

Experiment title: Moment Collapse in U � La ���	� S in-
vestigated by X-ray magnetic circular dichroism at the
uranium M edges

Experiment
number:

HE-538

Beamline:

ID12A

Dateof Experiment:

from: 28April 1999 to: 4 May 1999

Dateof Report:

February2000

ReceivedatESRF:Shifts:

15

Local contact(s):

A. Rogalev

Namesand affiliations of applicants (*indicatesexperimentalists):

*A. Bombardi,CEA-Grenoble,
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Report:

TheuraniummonochalcogenidesUX (X=S, Se,Te) compoundswith FCCNaCl-structureareferromagnets
with easyaxes


��
�����
. Magneticpropertiesof U compoundsare generallyascribedto the magneticmo-

mentassociatedto the �
� electronsat the U site. In UX compounds,the orderingtemperaturedecreases
whereasthe magneticmoment,strongly reducedcomparedto the free ion value, increaseswith the X ion
size. This clearly indicatesthat the featuresof the �
� electronsin thesesystemsare strongly modified
by hybridizationwith bandandvalenceelectrons.The role of the hybridizationdecreasesgoing from US
to UTe [1]. Since the magneticorderingonsetin thesecompoundsresultsfrom a fine balancebetween
hybridizationandmediatedexchange,it can be easily modified by applying an external perturbation,e.g.
pressureor dilution by diamagneticions. Dilution was found to inducedramaticeffects on magnetism.
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Figure1: Absorptionanddichroic signalat
theM � andM � edgesin U ��� � La��� � .

Accordingto neutrondiffractionmeasurements[2], replacing
U by diamagneticLa in US andUSecompounds,leadsto the
collapseof the magneticorderingin zero field for a U con-
centration( �������! "��# ) far above thepercolationlimit for the
NaCl structure( ���%$&�! �(' ). Thesemeasurementsestablished
an upperlimit for the magneticmoment( ) ) of �*�! ,+.-0/ /U.
Muon spin rotationexperimentsstatesthatmagneticordering
is still presentup to ��$1�! � � , but the magneticmomentcol-
lapses( �2�! 3�4�.-0/ ) [3]. Thecollapseof themagneticordering
is quantitatively describedby anab-initio model[4], basedon
thehypothesisthat the � electronspectraldensitymustbedi-
vided into two parts,a localizedonethat contributesto mag-
neticorderinganda delocalizedonethat is not effective from
themagneticpoint of view.
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Figure2: Absorptionanddichroicsignalat the
M � andM � edgesin U ��� � La��� �

Onewayto checkthevariationof thespatialextentof the ���
electronswavefunctionis to measurethe ratio betweenthe
orbital, -65 , andspin, -67 , moments[5]. In principle X-ray
magneticcircular dichroism(XMCD) experimentsshould
be able to observe sucha variation. For examplein UFe8
[6], where ��� electronsarealmostcompletelydelocalized,9;:=<:=>@?

�
whereasin US 9;:=<:=>@? +A ' . For this experiment

we have chosenthreesampleswith ��� = 0.60, 0.40 and
0.30. U ��� � La��� � S behaves like pureUS with a Curie tem-
peratureB6C ?

� �
� K and ) ?
�  ,D.-0/ /U. Crystalswith ���

= 0.40and0.30do not show any magneticorderingin neu-
tron diffraction experiments.Their magneticanisotropy is
weakbut their inducedmagneticmomentsareconsiderable
( � � -0/ /U atsaturationin ���E$F�! ' ). In orderto avoid crys-
tal breakingwe have chosento performthe measurements
onU ��� � La��� � Sat B = 90K closeto BGC . Ontheothersamples
themeasurementswereperformedat low temperature.Theshapeof theobservedsignals(seeFigs. 1, 2 and
3) is similar to theoneobservedon pureUS [7] anddoesnot changealongtheseries,whereas,asexpected,
themagneticmomentis reducedupondilution. TheXMCD


IHKJL�
valuespoorly agreewith -G5NM 9 
IHKJL� -0/

obtainedfrom neutronmagneticform factormeasurements[8]. For instance,afternormalisationto thesatu-
rationvaluesto acountfor thedifferentexperimentaltemperature,field andorientationconditions,XMCD on
the ���O$P�! 3Q
� samplegives


IHKJL�
? 9 +A "+!RI+
S whereasneutronsgive -G5T$U+A 3VWR � SX-0/ . Thediscrepancy is well

beyond the error bars. The uncertaintiesgivenabove arethe uncertaintiesof the experiments.They do not
takeinto accountthenormalisationprocedure,basedonbulk magnetisationmeasurements,whichis neededto
comparetheXMCD andneutronresults.Anotherorigin for thedifferencebetweenthetwo techniquesarises
from thefact theX-rayspenetrateonly thefirst 3000Å of thesamplewhereasneutronsprobethebulk of the
crystals.We alsonoticethat theXMCD measurementsmaybe affectedby coherenceeffectswhich arenot
yetundercontrol[9].
However part of the systematicuncertaintiesin XMCD compensatewhen the ratio Y 5�ZX[Y 7]\I[ (where ^G_ is the
effective spin operator[7]) is considered. Comparingthis ratio for the different examinatedsamplesis
meaningfulas the experimentswere performedin the sameway. We find Y 5.Z�[Y 7 \ [ = 9 �  ,#
+`Rba4S , 9 �  '
' Rc#
S
and 9 �  ' DWRc#
S for the compoundswith ��� = 0.6, 0.4 and 0.3 respectively. This abrupt changebe-
tween ��� = 0.6 and 0.4 supportswell the idea that when decreasingthe U content, the localized �
�
electronfraction falls abruptly below a critical value around ���d$ �! ,�
# [4]. For comparisonwe give
the Y 5�ZX[Y 7 \ [ valuesavailable for US (Collins et al [7] [ 9 �  3Q4�`Rca
Sfe and Kernavanois et al [10] [ 9 �  "��Q`RcQ4S ]).

3520 3540 3560 3580 3700 3720 3740 3760 3780

0

1

2

3
U

0.3
La

0.7
S

U M
5

U M
4

Difference

*(−20)

Absorption

Difference

*(−5)

Absorption

B
ext

=5T T=10K

Energy(eV)

A
bs

or
pt

io
n(

a.
u.

)

Figure3: Absorptionanddichroicsignalat the
M � andM � edgesat �E$F�A ,D .
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[1] J.Scḧoneset al., Phys.Rev.B 23, 14987(1996).
[2] F.Bourdarotet al.,Eur. Phys.J.B 9, 605-611(1999).
[3] G.Grosseet al., J.Mag.Magn.Mat.205, 79 (1999).
[4] B.R.Cooperet Y.-L. Lin, J. of Applied Phys.83, 6432
(1998).
[5] G.H.Landeret al., Phys.Rev. B 4313672(1991).
[6] M.Finazzi,Phys.Rev. B 553010(1997).
[7] S.P.Collinsetal.,J.Phys.Condens.Matter7 9325(1995).
[8] A.Bombardiet al., unpublished
[9] J.HunterDunnet al., Phys.Rev.Letters841031(2000).
[10] N.Kernavanoiset al, privatecommunication.


