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Report:

The investigationof the superconductingvortex lattice of the recentlydiscoveredtetragonal(spacegroup
I4/mmm)rare-earthboro-carbides,RENi� B � C (RE= rare-earth),is averyactivefield of research.Theinterest
hasbeentriggeredby the observation by small angleneutronscatteringon ErNi � B � C of a squarevortex
latticewhena largemagneticfield is appliedalongthe � axis[1]. Subsequently, acrossover to aconventional
hexagonalvortex latticeat low field hasbeenobserved[2]. Thiscrossover is notapeculiarityof ErNi � B � C in
theRENi� B � C seriessinceit hasbeenobservedfor LuNi � B � C andYNi � B � C [3-5]. For thethreecompounds,
thevortex latticeis rotatedby 45

�
with respectto theunderlyingcrystallattice.

Although the stabilizationat high field of a squarevortex lattice hasbeenattributedeitherto nonlocalcor-
rectionsto theLondonmodel[6] or to a squareanisotropicterm in theGinzburg-Landauexpansion[3], the
magnetoelasticinteractionscanstill berelevantfor thepropertiesof thevortex lattice. Thesearisedueto the
smalldifferencein specificvolumesof thenormalmaterialin vortex coresandthesuperconductingphasein
therestof thesample[7].
Surprisingly, asfor thehigh

�
	
superconductors[8] anunusuallylarge magnetostrictionhasbeenfound for

ErNi � B � C by dilatometricmeasurements[9]. Recently, it hasbeenarguedthatsuchmeasurementson super-
conductorsareinfluencedby theshapeof thesample[10]. Thereforewe proposedto measurea compound
of this family by high resolutionX-ray diffractionwhich is independentof suchgeometricconsiderations.In
a first stepwe chosea non magneticmember:LuNi � B � C (superconductingtemperature16 K). The lattice
parametersof thetetragonalstructureare � = 3.46Å and � = 10.63Å.
Thefield producedby thecryomagnetlentby theNuclearScatteringGroupwasappliedalongthe � crystallo-
graphicaxisandtheBraggreflection[220] wasstudied.
Sincewe neededhigh longitudinalresolution,idealsilicon monochromatorandanalyzercrystalswereused.
In additionwe worked ascloseto the non dispersive modeaspossibleso that the scatteringvectors( � ) of
monochromator, sampleandanalyzermatch. In theseideal conditionsthe mosaicspreadof the non ideal
sampleis totally decoupledfrom thelongitudinalresolution.In practicewechosetheSi [331] reflection( � =
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5.01Å �� ) for themonochromatorandtheanalyser. They matchnicely theLuNi � B � C [220] ( � = 5.14Å �� )
reflection.
To compensatefor a drift of the triple axis diffractometerwhich we noticedin a previous similar experi-
ment(HS-552),we usedanextra Si crystalwhich wasfixed on the cryomagnet.Eachmeasurementon the
LuNi � B � C samplewasthereforefollowedby a measurementon this Si crystal.Theactualvalueof thevaria-
tion of � for LuNi � B � C wasobtainedby a differenceof theresultsof thesetwo measurements.We assumed
theSi magnetostrictionto benegligible. TheSi wasmoreover submittedonly to thestrayfield of thecryo-
magnetwhichcorrespondsat theSi locationto � � 20 % of thefield appliedto thesample.
In Fig. 1 we presenttheresultsobtainedfor thevariationof the latticeparameter� measuredwith anX-ray
energy of � 200 keV. The thermo-magnetichistory for the measurementis describedin the figure caption.
Thevariationof thelatticeparameteramountsto ����� �� for afield of 2.5T andsurprisinglyit is positive.
A similar experiment(HS-836)wasperformedby someof us on the samebeamlineon the high

��	
super-

conductor������� �"!$# %'&)( *,+ . It alsoyieldeda positive magnetostriction.However, macroscopic(dilatometric)
measurementswereperformedsubsequentlyon thesame sample. Thesemeasurementsaredifficult because
of thelargemagneticanisotropy resultingin a strongtorqueactingon thesample.They gavenegativevalues
for themagnetostrictionin accordwith thenaturalexpectationthat the latticeshouldcontractasthedensity
of flux linesincreases.
Thereforewe suspectour X-ray datato bewrong. Theeffect of themagnetictorquecouldbeanexplanation
althoughit seemsnot to berelevant in thecaseof a microscopicmeasurement.However, duringour experi-
mentswe noticedthat the intensityof theBraggreflectiondramaticallydecreasedasthefield wasincreased
andcameback to its initial valueas the field wasreduced. It wasunfortunatelyimpossibleto line up the
sampleto restorethe full intensityof the Braggpeakasthe field wasincreased.The goniometeris indeed
not strongenoughto allow for a tilt of a relatively largemasssuchasthecryomagnet.Thereforethecrystal
wasnot optimally alignedwhena field wasappliedandthis misalignmentmaybeat theorigin of a incorrect
estimatefor theinterplanarspacing.
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Figure1: Relative variationof the interpla-
narspacingmeasuredon the[220] Braggre-
flection(correspondingthereforeto the � lat-
tice parameter)asa function of the field ap-
pliedalongthe � axisof LuNi � B � C.Thesam-
ple wascooledto 4.5 K in zerofield. Then
the field was increasedfrom 0 up to 2.5 T
(with several measurements,seethe figure)
and then decreasedback to zero-field. The
presentedresultsare the averageof several
measurements.
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