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Report:

Unusuallylarge magnetostrictioneffectshave beendetectedfor high
���

cupratesuperconductorsby dilato-
metricmeasurements[1,2,3,4]:a relativesamplelengthchangeof 10�
	 alongthe �
� planehasbeendetected
at4.8K for amagneticfield of 6 T appliedalongthe 
 axisof Bi � Sr� CaCu� O� [1]. Thesameeffectshavebeen
observedfor otherhigh

���
superconductors[2,3,4]. It hasbeennoticedthat themagnetostrictionis strongly

anisotropic:it is approximatelytwo ordersof magnitudesmallerif thesamplelengthis measuredalongthe
field direction.Theseeffectshavebeenattributedto flux-pinningin thesamplebut suchamodelstill doesnot
show quantitativeagreementwith thedata.
It hasalsobeensuggestedthat the resultsof the dilatometricmeasurementsarestrongly influencedby the
sampleshape[5]. Thereforewe proposedto measurethe magnetostrictionof the high

���
superconductor����� ����������� � � (YBCO) by x-ray diffractionwhich is independentof suchgeometricconsiderations.

Thesemeasurementswereperformedon a crystalfabricatedat theUniversityof Geneva. It hasbeenshown
thatflux-pinningin ultra-purecrystalsof

����� ����������� � � is dueto oxygenvacancy clusters[6]. We usedin a
first stepa samplewith !#" 0.05(superconductingtemperature92 K). Untwinnedsampleswereusedasthe
detwinningprocessis knownto introducestrainin thesample,whichwouldbedetrimentalto ourexperiments:
therelativechangeof thelatticeparameteris expectedto besmall.Thelatticeparametersof theorthorhombic
crystallographicstructureare � = 3.82Å, � = 3.88Å and 
 = 11.68Å.
Thefield producedby thecryomagnetlentby theNuclearScatteringGroupwasappliedalongthe 
 crystallo-
graphicaxisandtheBraggreflection[200] wasstudied.Becauseof thepresenceof twins,thereflection[020]
wasalsoobservedin our longitudinalscans,in thevicinity of [200] andit exhibitedsimilar behaviour to the
[200].
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 [220] reflection
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( $ = 3.25% Å �'& ) for themonochromatorandtheanalyser. They matchnicely the
����� ���������)(+* ,.- [200] ( $ =

3.28Å �'& ) and[020] ( $ = 3.26Å �'& ) reflections.
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����� ���������)(+* ,.- samplewasthereforefollowedby a measurementon this Si crystal. Theactualvalueof the
variationof $ for

����� ���������)(+* ,.- wasobtainedby a differenceof theresultsof thesetwo measurements.We
assumedtheSi magnetostrictionto benegligible. TheSi wasmoreoversubmittedonly to thestrayfield of the
cryomagnetwhichcorrespondsat theSi locationto / 0 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 /21436587 �
	 for afield of 5 T andsurprisinglyit is positive.
Macroscopic(dilatometric)measurementshavebeensubsequentlyperformedon thesame sample at theUni-
versityof Frankfurt. Preliminaryexperimentsshowedaneffect muchlargerandof thesamesignastheone
obtainedby X-rays. However it turnedout that thesemacroscopicmeasurementswereflawed. The large
anisotropy of thecompoundleadsto largemagnetictorquewhich affectedthemeasurements.New measure-
mentsdesignedto overcometheseartifactsfinally gave negative valuesfor the magnetostrictionin accord
with thenaturalexpectationthatthelatticeshouldcontractasthedensityof 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: Relativevariationof theinterplanar
spacingmeasuredon the[200] Braggreflec-
tion (correspondingthereforeto the � lattice
parameter)asa function of the field applied
on

����� ���������)(+* ,.- . The samplewascooled
to 4.2K in zerofield. Thenthefield wascy-
cledin thefollowing sequence:0, 1.5,5, 1.5,
0, 9 1.5, 9 5, 9 1.5 and 0 T. The presented
resultsare the averageof several measure-
ments.
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