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Report:

The investigationof the superconductingortex lattice of the recentlydiscoveredtetragonal(spacegroup
[4/mmm)rare-earttboro-carbidesRENi; B,C (RE = rare-earth)is averyactivefield of researchTheinterest
hasbeentriggeredby the obsenation by small angle neutronscatteringon ErNi,B,C of a squarevortex
latticewhena large magnetidield is appliedalongthe c axis[1]. Subsequentlya cross@erto a cornventional
hexagonalvortex latticeatlow field hasbeenobsened[2]. Thiscrossweris notapeculiarityof ErNi,B,C in
the RENIi,B,C seriessinceit hasbeenobsenedfor LuUNi,B,C andYNi,B,C [3-5]. For thethreecompounds,
thevortex latticeis rotatedby 45° with respecto the underlyingcrystallattice.

Although the stabilizationat high field of a squarevortex lattice hasbeenattributed eitherto nonlocalcor-
rectionsto the Londonmodel[6] or to a squareanisotropictermin the Ginzlhurg-Landauexpansion[3], the
magnetoelastimteractionscanstill berelevantfor the propertiesof the vortex lattice. Thesearisedueto the
smalldifferencein specificvolumesof the normalmaterialin vortex coresandthe superconductinghasean
therestof thesamplg7].

Surprisingly asfor the high 7., superconductorf8] an unusuallylarge magnetostrictiorhasbeenfound for
ErNi,B,C by dilatometricmeasuremen{®]. Recentlyit hasbeenarguedthatsuchmeasurementsn super
conductorsareinfluencedby the shapeof the sample[10]. Thereforewe proposedo measurea compound
of this family by high resolutionX-ray diffractionwhich is independendf suchgeometricconsiderationsin
a first stepwe chosea non magneticmember: LuN|282C (superconductlngemperaturéL6 K). The lattice
parametersf thetetragonaktructurearea = 3. 46A andc = 10.63A.

Thefield producedoy thecryomagnetent by the NuclearScatteringsroupwasappliedalongthec crystallo-
graphicaxisandthe Braggreflection[220] wasstudied.

Sincewe needecdhigh longitudinalresolution,ideal silicon monochromatoandanalyzercrystalswereused.
In additionwe worked ascloseto the non dispersve modeas possibleso that the scatteringvectors(G) of
monochromatqrsampleand analyzermatch. In theseideal conditionsthe mosaicspreadof the non ideal
samplés totally decoupledrom thelongitudinalresolution.In practicewe chosethe Si [331] reflection(G =
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5.01A-1) for the monochromatoandthe analyser They matchnicely the LuNi,B,C [220] (G = 5.14A~1)
reflection.

To compensatdor a drift of the triple axis diffractometerwhich we noticedin a previous similar experi-
ment(HS-552),we usedan extra Si crystalwhich wasfixed on the cryomagnet.Eachmeasuremendn the
LuNi,B,C samplewasthereforefollowedby a measuremerdn this Si crystal. The actualvalueof thevaria-
tion of G for LuNi,B,C wasobtainedby a differenceof the resultsof thesetwo measurementd/Ve assumed
the Si magnetostrictiorto be negligible. The Si wasmorewer submittedonly to the strayfield of the cryo-
magnetwhich correspondstthe Silocationto < 20 % of thefield appliedto thesample.

In Fig. 1 we presenthe resultsobtainedfor the variationof the lattice parameter, measuredvith an X-ray
enepgy of ~ 200 keV. The thermo-magnetitistory for the measuremens describedn the figure caption.
Thevariationof thelattice parametermountso ~ 10~* for afield of 2.5 T andsurprisinglyit is positive.

A similar experiment(HS-836)was performedby someof us on the samebeamlineon the high T, super
conductorYBa,Cu3Og 5. It alsoyieldeda positive magnetostriction However, macroscopiddilatometric)
measurementaere performedsubsequentlyn the same sample. Thesemeasurementaredifficult because
of thelarge magneticanisotropy resultingin a strongtorqueactingonthe sample.They gave negative values
for the magnetostrictionn accordwith the naturalexpectationthatthe lattice shouldcontractasthe density
of flux linesincreases.

Thereforewe suspecbur X-ray datato bewrong. The effect of the magnetictorquecould be anexplanation
althoughit seemaiot to berelevantin the caseof a microscopicmeasurementdowever, duringour experi-
mentswe noticedthattheintensityof the Braggreflectiondramaticallydecreaseasthe field wasincreased
andcamebackto its initial value asthe field wasreduced. It was unfortunatelyimpossibleto line up the
sampleto restorethe full intensity of the Bragg peakasthe field wasincreased.The goniometeris indeed
not strongenoughto allow for atilt of arelatively large masssuchasthe cryomagnet.Thereforethe crystal
wasnot optimally alignedwhena field wasappliedandthis misalignmentmay be at the origin of aincorrect
estimatdor theinterplanarspacing.
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