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Service de Physique du Solide et de Résonance Magnétique,

Centre d'Etudes Nucléaires de Saclay, 91191 Gif-sur-Yvette, France

•' We introduce the technique of studying the field dependence of the

electro-nuclear energy levels of a rare earth to measure the magnetic field

present at the rare earth/yttrium site in YBa2Cu3Ox. Measurements were made

by Yb spectroscopy. The hyperfine spectrum of the ground state Kramers

doublet for Yb1* ions diluted into this matrix is sensitive to fields In

the range 100 to 2000G. Flux penetration and trapping at the local site

level have been measured in superconducting samples. A molecular field

exists on the rare earth site in non superconducting samples suggesting

that the ordered Cu2 magnetic moments are intrinsically non colinear.

1. INTRODUCTION

The connection between superconductivity and magnetism is one of the most

intriguing aspects of the high Tc ceramic superconductors. In the YBa2CUjOx
series for example, the ordered magnetic moments which are present within the

Cu2 sublattice at x near 6.0 where the sample is semiconducting /1/, vanish at

near x — 6.5 which is the threshold oxygen level for superconductivity /2/.

Another interesting property of this series is that yttrium can be completely

replaced by most of the rare earths without influencing the transport properties

and, at low temperatures, rare earth sublattice magnetic order coexists with the

superconducting state /3/4/5/. The interaction of an external magnetic field

with the superconducting state is also receiving much attention /6/.

Here we introduce the technique of measuring the magnetic field on a probe

atom (a rare earth R) at a well defined lattice site (the 8 fold coordinated Y

site) in YBa2Cu3Ox so as to obtain information on two different aspects of the

magnetic characteristics of this system. The first concerns the evidencing of a

molecular field at the R(or Y) site in a tetragonal non-superconducting sample

and the second the measurement of the magnetic field at the R(or Y) site in a

superconducting sample threaded by fluxons. The technique used to measure the

field on the rare earth is Môssbauer spectroscopy and the probe discussed here

is 170Yb (Icx - 2, I - O1 E,. - 84keV, Inun/s - 68MHz). Other rare earths have

also been examined. Low (isotopically enriched) substitution levels were used

(typically Yb/Y ~ 3%) in order to suppress the magnetic interactions between the

rare earth ions. These interactions have been well characterised in isomorphous

compounds with complete rare earth substitution /4/5/. Suppressing these-

interactions has the double advantage of suppressing both the molecular fiel :

produced within the rare earth sublattice and the rare earth paramagneti

fluctuations.
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The slow relaxation hyperfine Hamiltonian

X - S.A.I. + g 3H.S

Is made up of a hyperfine term and an electronic Zeeman term (with H a molecular

or an applied field). The nuclear Zeeman term is not included as it plays only a

very minor role. The elecro-nuclear levels (Breit-Rabi scheme) shows a strong

non-linear dependence on the field when the Zeeman term is comparable in size to

the hyperfine interaction which at low temperatures, depends on the crystal

field properties of the Yb1* ground state. In the present case the measured

properties depend markedly on the field for values in the range from about 100

to 2000 G.

To obtain quantitative measurements of the field via the above Hamiltonian,

we first need to derive the bare hyperfine tensor A. This was obtained from

measurements at 4.2K, in zero applied field, on a single phase orthorhombic

superconducting sample. The spectrum obtained is shown on Fig 1. Two subspectra

are visible. The dominant contribution, amounting to about 75% of the total

absorption, is made up of a well split doublet fitted in terms of an axially

symmetric slow relaxation Hamiltonian with H - O and with AZ+2A± - 2640 MHz and

(Az~A±)/AZ ~ 15* (the l o c al z a x i s is along the crystal c-axis). The ground

state Yb1* Kramers doublet, associated with these hyperfine values is well

separated from the first excited level and shows only a small anisotropy. In

fact, the ground state is quite close to an isotropic P7 doublet. The hyperfine

parameters are compatible with the hyperfine field observed when Yb completely

replaces Y /5/. The broad central contribution accounting for about 25% of the

total absorption, is probably due to magnetically coupled Yb3* ions and/or to Yb

occupying other sites.
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2. MOLECULAR FIELD IN TETRAGONAL NON SUPERCONDUCTING YBa2CUjOx

The spectrum at 4.2K for a single phase tetragonal non superconducting

sample in zero applied field is shown in Fig. 2. The line fit was obtained in

terms of the above Hamiltonian with a Yb3* hyperfine tensor the same as for the

superconducting sample and with an electronic Zeeman term with H - 1700G. This

field which arises from within the sample is attributed chiefly to a molecular

field. Although the fit shown was obtained with a unique field value it is not

possible to rule out the presence of a small distribution. Measurements are in

progress on grain oriented samples to obtain the direction of the molecular

field relative to the crystal c-axis.

It is now well established that towards the x - 6 end of the composition

range, the Cu2 moments form an ordered antiferromagnetic arrangement /1/2/.

However the colinear structure proposed does not produce a net field at the R(Y)

site. Our results suggest that the Cu2 sublattice moments are slightly canted or

buckled so as to produce a molecular field at this site.

The tetragonal sample was obtained from the orthorhombic sample discussed

earlier by annealing in argon. The observed weight loss corresponds to a

decrease in the oxygen count of 0.8 per formula unit. The tetragonal sample thus

has an oxygen content well towards the x - 6 end of the composition range where

the oxygen vacancies are well ordered. This suggests that the non colinear

magnetic structure is not to be attributed to the presence of different local

environments due for example to a random distlbution of oxygen vacancies in the

CuO2 planes, but that it is rather an intrinsic property of Cu2 sublattice

arrangement. In addition as the Yb ion is quite isotropic it is unlikely that

it is the presence of the Yb3* ion which provokes a local non-colinearity of the

Cu2 moments.

The information that the Cu2 moments do not form an exactly colinear

structure could be of interest in relation to the study of the

coupling mechanisms within the Cu2 sublattice and the evolution of the system

towards a superconducting state.

3. FLUX TRAPPING IN ORTHORHOMBIC SUPERCONDUCTING YBa2Cu3Ox

Measurements have been made at 4.2K during and after the application of

magnetic fields of different strengths in the field cooled (FC) and zero field

cooled (ZFC) configurations and in the rémanent state (REM) reached by removing

the field after a field cooling. The results obtained to date are

semi-quantitative. A more precise quantitative analysis is in progress. This is

expected to provide local information, at a particular lattice site, which is

analogous to the sample averaged information conventionally obtained through

bulk magnetisation measurements /6/. Examples of preliminary FC and REM data are

shown on Fig 3. The statistical quality is poorer than above due to the

increased source-detector distance imposed by the presence of the coils which

produce the applied magnetic field. Fig 3a shows the lineshape after a field

cooling in 350G. The field at the Yb3+ site shows a small distribution with an
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average value not significantly reduced compared to the field present outside

the sample. Because Yb can completely replace Y in these matrices, it is

reasonable to assume that when diluted, the Yb is randomly distributed and not

segregated at grain boundaries. The field on the Yb1* ions after a field cooling

thus contains contributions from the field linked to the fluxons as well as to

the field within the surface penetration depth. Fig 3b shows the REM lineshape

when the applied field was then reduced to zero. The field present at the Yb

sites is now associated only with the fluxons and it shows a fairly broad

distribution with an average value lower than that observed in the FC state.

When the sample was then cycled above Tc (91K) the fluxons escaped and the field

at the Yb site fell to zero. ZFC measurements at 4.2K in 350G indicated that

significant field strengths were present at the Yb sites (the average value was

more than 100G) even though bulk magnetisation data on the same sample showed

that at this applied field strength the screening was almost complete.
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