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MAGNETIC FIELD DEPENDENCEOFTHE NEUTRON SCATTERINGFROM ErRh4B4*

H.A. Mook

Solid StateDivision, Oak RidgeNational Laboratory,OakRidge,TN 37830,U.S.A.

and

M.B. Maple,tZ. Fiskt andD.C. Johnston
1

Institutefor PureandApplied PhysicalSciences,University of California, SanDiego,La Jolla,CA 92093,U.S.A.

(Recieved28 November1979byH. Suhi)

Magnetismin the reentrantsuperconductorErRh
4B4hasbeenstudiedby

neutronscatteringasa function of anappliedmagneticfield. For a tem-
peratureof 1.69K long.rangeferromagnetismis foundin fields higher
than 1 kOe.Considerablehysteresisis foundin the neutronscattering
intensityvsmagneticfield curve andlong-rangeorderwith a small Er
momentremainswhenthe field is reducedto small values.

BECAUSEof its unusualmagneticandsuperconducting usedto removehigh ordercontaminationfrom the
properties[11therehasbeena lot of interestin the monochromator.The monochromatorwaspyrolytic
ternarycompoundErRh4B4.The materialbecomesa graphiteandcollimationafter the sampleof 20’ was
superconductorat 8.7K andsuperconductivityis used.Twosetsof measurementswere made.In the first
destroyedandlong-rangemagneticorderis established set of measurementsthesamplewasplacedin a super-
at about0.9K. Neutrondiffraction experimentsby conductingmagnetcapableof producinghigh magnetic
Monctonet al. [21haveshownthat ErRh4B4is a fields. However,the superconductingmagnethada
ferromagnetbelow 0.9K with the momentdirection in small remanentfield and thus it wasnecessaryto check
thebasalplane.The momentvaluewas found to be the low field resultswith a different magnetsystem.
5.6p~which is well below the free ion valueof ~ Additional low field measurementswerethusmadewith
Fertiget a!. [11showedthat the superconductingstate a conventionalpumped

4He cryostatplacedin a
is destroyedwith theapplicationof a magneticfield. Helmholtzpair of magnetcoils. This gavea uniform
This paperreportsneutrondiffraction measurements magneticfield anda negligibleremanentfield. The
on ErRh

4B4takenasa functionof anappliedstatic experimentswere performedat the lowesttemperatures
magneticfIeld, achievableby the two cryostatsystemswhich were

Thesamplewaspreparedby arcmelting the rare 1.69K for the superconductingmagnetand1.79K for
earthtetraboridewith Rhfollowed by annealing.The thecryostatwith the Helmholzcoils.
aIB isotopewas usedto decreasetheabsorptioncross We will first discussthe measurementsmadein the
sectionfor slow neutrons.Theexperimentswere per- superconductingmagnet.Magneticdiffraction peaks
formedat the High Flux IsotopeReactorusingcon- couldeasilybe observedin fields largerthanabout
ventional techniques.An incidentneutronwavelength 1 kOe. Thediffraction patternwas identical to the one
of 2.46A wasusedso that pyrolytic graphitecouldbe obtainedby Monctonet a!. [21at low temperatures
_____________ withno appliedfield. Thefield thusdestroysthe

* Researchsponsoredby the Division of Materials superconductivitybutdoesnot alter themagnetic
Sciences,U.S. DepartmentEnergyundercontract structurefrom that foundin the low temperaturephase
W-7405.eng-26with theUnion CarbideCorp. in zero field. Figure 1 showsthe(101),(110)and(002)

+ peakstakenwith noappliedfield andin anapplied fieldResearchsponsoredby the U.S. Departmentof Energy
underContractEy.76-S-03.00340PA227-3. of 10 kOe.Thesmall peaksfound uszero field are

attributableto nuclearscatteringonly andindicatethat
* Researchsponsoredby the NationalScienceFoun- thereis no long.rangemagneticorder.Thepeaksfound

dationunderGrantNSF/DMR774)8469. at 10 kOe showferromagneticorderingwith the

§ Presentaddress:CorporateResearchLaboratories, momentorientedin the tetragonalbasalplane.The
Exxon ResearchandEngineeringCo., Linden,NJ, peaksare resolutionlimited showinglong-rangemag-
U.S.A. netic orderof at least150A.
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Fig. 1. Powderdiffraction peaksfrom ErRh
4B4at zero Fig. 2. Fielddependenceof themagneticcontribution

appliedfield (opencircles)andin anappliedfield or to the(101) peakintensitymeasuredin a supercon.
10 kOe(closedcircles). ductingmagnetfor a sampletemperatureof 1.69K.

Whenmakingpowderdiffraction measurementsin about1 kOewas appliedreflectingthesuperconductivity
a magneticfield considerablecaremust be takenthat in this field range.Thescatteringintensity thenincreases
the field doesnotorient the powderparticles with increasingfield, theorderedmomentvaluescorres-
preferentially.Thiscommonlyoccurswith fuse particles pondingto 5.06±0.5fB at 10kOeand6.9 ±0.5~ at
that havesizeablemagneticmoments.In thepresent 20 kOe.This is a similar value to thatobtainedin the
case,thesampleconsistedof rathercoarsepolycrystal- magnetizationmeasurements.The intensity foundupon
line particlesheld in a flat sampleholdersothat the lowering theappliedfield appearsto bequitedifferent
samplesizewasabout2 x 2 x 0.1 cm

3.The field was from the magnetizationmeasurementsalthoughthe
appliedverticallyso that it was perpendicularto the reversiblemagnetizationdataare only publishedfor low
scatteringplaneandalong oneof the longdimensions field values.We seeconsiderablehysteresisin theinten-
of the plate.The thin platewasusedsothat neutrons sity vs field curveandat zeroappliedfield we still see
couldbe transmittedthroughthe samplewhich is quite somelong-rangeorderedmoment.The field valueis not
absorbingto slowneutronsbecauseof the highabsorp- broughtidentically to zerosincethemagnetassembly
tion cross-sectionof Rh. Thesampleparticleswere andspectrometerhavesomeremanentfield amounting
packedtightly in the holderandit seemsunlikely that to about100Oe.
they would movein the presenceof theappliedfield. Goodstatisticswere obtainedafterdecreasingthe
Nevertheless,to checkthat thefield wasnotproducing field tozeroappliedfield (point 1 on thegraph)show-
preferredorientationsthat could influencetheinterpret. ingthat the long-rangeorder foundis a realeffect. If
ationof our results,powderdiffraction patternswere onestartsfrom point 1 and increasesthefield, the inten-
takenbeforeandafter thefields were appliedandat sity remainson thedecreasingfield curveandfollows it
severalvaluesof the appliedfield. Analysisof thedif- backto higher values.If onestartsat point I andwarms
fraction patternsshowedno evidencethat thefield was thesampleto a temperatureabovethe superconducting
producingpreferentialalignmentof a particularcrystal- transitiontemperature(8.7 K) and thenrecoolsto
lographicaxis. 1.69K onereturnsto thezerointensityvaluecorres-

The field dependenceof the magneticscattering pondingto no long-rangemoment.Thescatteringinten-
determinedfrom theintensityof the(101)reflection sity at point 1 correspondsto along-rangeordered
is shown in Fig. 2. Thenuclearcomponentto thereflec- momentof 0.7±0~2PB~FreemanandJarlborg[5] have
tion hasbeensubtracted.Thefield wasproducedby the in fact previouslysuggestedthat uponloweringan
superconductingmagnetoperatingin thepersistent externalfield from avaluegreaterthanthecritical field
modeandthusthe field valuewasverystableduring it may be possibleto form amixed statein which normal
themeasurementsat eachpoint. Thesampletempera. and ferromagneticregionsof thecompoundcoexistwith
ture was heldat 1.69 ±0.02K during thecourseof the superconductivity.
experiment.Thecurve for increasingfield is in some The resultsof the secondset of measurementsare
respectssimilar to that establishedby Fertiget a!. [I] shown in Fig. 3. Thesemeasurementsareconfusedto
andOtt eta!. [3,4] by magnetizationmeasurementsfor low field valuesbut arefree of anyeffectsthatmight
increasingfields.No intensity is observeduntil a field of be causedby anyremanentfield. Upon increasingthe
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3600 I momentat zero field. Upon heatingthe sampleaboveI I I 10K andreturningto 1.79Konefinds againthat there

3200 - - is no long.rangeorderin zero appliedfield.
o/ / Thetwo setsof measurementsthusshowsimilar

2800 — / / - effects.No long.rangeorderis found for valuesless

/ J than a critical field valuebutthe long-rangeordered
2400 — / fi momentdevelopsrapidly with increasingfield values

A I oncethecritical field is attained.Theorderedmoment
2000 - 7’ / - developsin a mannersimilar to thatgivenby magnetiz-
1000 - / / - ation measurements.As the field is lowered the long/ / rangemomentdecreaseswith decreasingfield butno

~ 1200 — / / - reversibleregion is foundin fields up to 20 kOe.For low
/ 7 fields the orderedmomentdecreaseson a curvethat

800 - / / — extrapolatesfo zero butdepartsfrom this curvefor
fields underabout0.2kOe. A small long rangeordered

400 — momentremainsat zero field butdisappearsupon
/ warmingabovethesuperconductingtransitiontempera.

0 ~ 0 — ture andreturningto low temperatures.

—400 I The differencebetweenthe neutronand magnetiz-
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 ationmeasurementsreflectthe factthat only the long-

FIELD. (hOe) rangeorderedmomentis visible in the neutronexper-

Fig. 3. Field dependenceof themagneticcontribution iment while the magnetizationmeasurementssampleall
to the(101)peakintensitymeasuredin a Helmholtz of the momentindependentlyof whetheror not it has
pairof coilsfor a sampletemperatureof 1.79K. long-rangeorder.Someof this momentmay existas

trappedflux in a fluxoid lattice.The fluxoid spacingsarc
field one seesa similar resultas wasobtainedin the first usuallyon theorderof 1000A and would not be
set of measurements.No long-rangeorder is found for directly visible in thepresentneutronscatteringexper-
fields smallerthan about0.7kOe.For fields abovethis iment. Experimentsare plannedwith sufficientresol-
valuea long-rangeorderedmomentdevelopsrapidly. ution to directly observeany fluxoid lattice that might
Very little precurserscatteringis foundat fields lower be formed.
than thecritical field valuefor developinglong-range
order.This is unlike the mannerin which long-range REFERENCES
orderis developedby cooling throughthetransition
whereconsiderableprecurserscatteringis foundat 1. W.A. Fertig, D.C. Johnston,L.E. deLong,
temperaturesabovethe transition. R.W. McCallum,M.B. Maple& B.T. Matthias,
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est field attainablein the Helmholtz coils the field was 3. 1I.R. Ott, W.A. Fertig,D.C. Johnston,M.B. Maple
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