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Report:

Unusuallylarge magnetostrictioreffects have beendetectedor high 7, cupratesuperconductorby dilato-
metricmeasurementd,2,3,4]: arelative samplelengthchangeof 10~ alongthe ab planehasbeendetected
at4.8K for amagnetidield of 6 T appliedalongthec axisof Bi,Sr,CaCyOg [1]. Thesameeffectshave been
obsenredfor otherhigh T, superconductorg,3,4]. It hasbeennoticedthatthe magnetostrictions strongly
anisotropic:it is approximatelytwo ordersof magnitudesmallerif the samplelengthis measuredlongthe
field direction. Theseeffectshave beenattributedto flux-pinningin the samplebut sucha modelstill doesnot
shawv quantitatve agreementvith the data.

It hasalsobeensuggestedhat the resultsof the dilatometricmeasurementare strongly influencedby the
sampleshape[5]. Thereforewe proposedio measurehe magnetostrictiorof the high 7. superconductor
YBa,Cu3O;_s (YBCO) by x-ray diffractionwhich is independendf suchgeometricconsiderations.
Thesemeasurementaere performedon a crystalfabricatedat the University of Geneava. It hasbeenshavn
thatflux-pinningin ultra-purecrystalsof YBa,Cu3O;_; is dueto oxygenvacang clusterg6]. We usedin a
first stepa samplewith § ~ 0.05(superconductingemperaturé®?2 K). Untwinnedsamplesvereusedasthe
detwinningprocesss known to introducestrainin thesamplewhichwould bedetrimentato ourexperiments:
therelative changeof thelatticeparameters expectedo besmall. Thelatticeparametersf the orthorhombic
crystallographisstructureareq = 3.82A, b = 3.88A andc = 11.68A.

Thefield producedoy thecryomagnetent by the NuclearScatteringsroupwasappliedalongthec crystallo-
graphicaxisandthe Braggreflection[200] wasstudied.Becausef the presencef twins, thereflection[020]
wasalsoobsenedin our longitudinalscansjn thevicinity of [200] andit exhibited similar behaiour to the
[200].

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
samplées totally decoupledrom thelongitudinalresolution.In practicewe chosethe Si [220] reflection
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(G = 3.25A-1) for the monochromatoandthe analyser They matchnicely the YBa,CuzOg.95 [200] (G =
3.28A-1) and[020] (G = 3.26 A1) reflections.

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
YBayCu30g 95 Samplewasthereforefollowed by a measuremendn this Si crystal. The actualvalueof the
variationof G for YBa;Cu30g 95 Wasobtainedby a differenceof theresultsof thesetwo measurementdiVe
assumedhe Si magnetostrictiono be nggligible. The Siwasmoreoser submittedonly to the strayfield of the
cryomagnetvhich correspondsitthe Silocationto < 20 % of thefield appliedto thesample.

In Fig. 1 we presentheresultsobtainedfor 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 parameteamountgo ~ 2 x 10~* for afield of 5 T andsurprisinglyit is positive.
Macroscopiddilatometric)measurementsave beensubsequentlperformedon the same sample at the Uni-
versity of Frankfurt. Preliminaryexperimentsshaved an effect muchlarger andof the samesignasthe one
obtainedby X-rays. However it turnedout that thesemacroscopianeasurementaere flawed. The large
anisotropy of the compoundeadsto large magnetictorquewhich affectedthe measurementNlew measure-
mentsdesignedo overcometheseartifactsfinally gave negative valuesfor the magnetostrictionin accord
with the naturalexpectatiorthatthelattice shouldcontractasthe densityof flux linesincreases.
Thereforewe suspecbur X-ray datato bewrong. The effect of the magnetictorquecould be anexplanation
althoughit seemaiot to berelevantin the caseof a microscopicmeasurementdowever, during our 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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