
Direction : ....VTT

Cehtre : ...
' P.éf émetteur :

NIG nJ 316

Titre original du document :

Titre traduit en anelais

Titre traduit en français

isto
jT) m M. /-* u., A C

AUTEURS AFFILIATION

CV-OUS

DEPT/SERV/SECT

\

Jli

VISA (d'un des auteurs) DA'

Nature du document2 •.

PÉRIODIQUE CONF/CONGRÊS POSTER

a ^ r a
RAPPORT

a
• •CIU|)lUtU1"1

THESE COURS MÉMOIRE DE STAGE OUVRAGE

a a a a
Pièces jointes:
RÉSILIE TEXTE

CONGRES

CONFERENCE

PERIODIQUE

OUVRAGE

Nom :

Ville : C

Organisateur :

Titre :

Comité de lecture : oui U non 11

Titre :

Éditeur :

_ P a y s f ^ Date du : \% / ?.. /<& a u \? / S. / f>

THESE Université / EtabUssemenrd'êrïseigrïemerit,Y T; ]

MEMOIRE DE STAGE >r ^ • ' ' • - -

COURS " " T," " "

MOTS-CLES:

DOMAINES :

I 1 I

LANGUE :

N° EPAC : | '^>\A \A\C\

SUPPORT : Disquette '3r~Papief>a'

Les visas portés ci-dessous attestent que la qualité scientifique et technique de la publication proposée a été vérifiée et que la présente
publication ne divulgue pas d'information brevetable. commercialement utilisable ou classée.

SIGLE 1 NOM 1 DATE I VISA | OBSERVATIONS I RH

CHEF DE SERVICE

CHEF DE DEPARTEMENT

Date limite d'envoi du résumé : .J.../... Date limite d'envoi du texte : .../.../... Date limite d'envoi du poster :.../.../...

Destinataires:
Les correspondants publication des départements se charqent de transmettre à I 'INSTN/MIST/CIRST (Saclay) copies des demandes
d'autorisation de publication, du résumé et du texte définitif.

J Enuie d'appartenance di I auteur. Ex. . CEA. CNRS. INSERM ...
" Cocher la case correspondanie



SCES'94, Amsterdam. Version of 26 Mai 1994

Unusual temperature dependence of the magnetic moment
in URU2S12
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Abstract

The influence of the sample quality on the magnetic properties of the heavy-fermion

superconductor URu^Si^ has been studied by elastic neutron scattering. Two single crystals

prepared under identical conditions received different heat treatments. The as-grown crystal

shows an unusual temperature dependence of the magnetic Bragg peak intensity. The

annealed sample behaves normally. The low-temperature magnetic moment is identical for

the two samples, showing that the small moment of 0.023(3) |.IB is intrinsic. By varying the

instrumental resolution, we show that the ordered moment as well as the limited correlation

length (200-400 À) are of static origin. The finite correlation length appears related to

defects- ( ftuvVoc
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Key words: heavy fermion, superconductivity, antiferromagnetism, neutron scattering

Author: B. Fâk. CEA. DRFMC/SPSMS/MDN, 38054 Grenoble Cedex 9, France

Fax: (+33)76 88 51 09. Email: fak@drfmc.ceng.cea.fr or fak@ill.fr.



URU2SÎ2 is a heavy-fermion compound with unusual magnetic and superconducting

properties in coexistence |1-4|. It crystallizes in the body-centered tetragonal ThCnSi^

structure with lattice parameters a=4.126 À and C-9.574Â. Neutron scattering measurements

on single crystals show that an antiferromagnetic order with a propagation vector k=(00\)

and the moment along the c-axis develops at 7^=17.5 K |4-7|. The magnitude of the

saturated ordered moment is very small, only 0.02-0.04 113. Sharp dispersive magnetic

excitations polarized along the t-axis with a zone-center gap of 1.8 meV are observed at low

temperatures. The excitations are fairly well described by a singlet-singlet model with an

RKKY-type exchange interaction \5\. However, the static magnetic moment, which in a

singlet-singlet system is induced by a mixing between the ground state and the excited states,

is overestimated by at least an order of magnitude. Specific heat measurements 11-5] show a

lambda-like anomaly at 7̂ 1 with an exponential decrease below T^. A second transition to an

anisotropic superconducting state is observed at Tc^l.2 K. Magnetic susceptibility

measurements |2 | show a strong anisotropy. with the easy axis along the tetragonal c-axis.

Presently, neither the transition at 7N nor the pairing mechanism for the superconductivity is

well understood.

The small magnitude of the ordered moment and the finite correlation length |4-7| have

raised doubt on whether the magnetic order is intrinsic or related to impurities or defects. The

crystalline quality is known to strongly influence the superconducting transition. In this work,

we investigate the influence of the sample quality on the magnetic and superconducting

properties of URu2Si2- A more complete description of the results will be given in Ref. |8| .

Two large single crystals were prepared under identical conditions, using the Czochralski

technique. One of the crystals was kept as grown (denoted unannealed), the other was

annealed under vacuum during 8 days at 950°C. The two samples have the same lattice

parameters (measured by x-ray diffraction), and nearly identical magnetic susceptibilities.

The unannealed sample has no anomaly in the specific heat at Tc, and the jump at 7N is

reduced by about 30% compared to the annealed sample.



The magnitude of the magnetic moment and the correlation lengths for the two samples

were determined using cold neutron elastic scattering on triple-axes spectrometers at the

Laboratoire Léon Brillouin. Care was taken to filter out higher-order contaminations from the

monochromator. Experimental details will be given elsewhere |8| . The integrated intensity of

the magnetic Bragg peak ( 100), obtained from longitudinal scans at elastic energy transfer

and normalized to the extinction-corrected (101) nuclear Bragg peak, is shown in Fig. 1 for

the two samples as a function of temperature.

The annealed sample shows a normal temperature dependence with a saturation at low

temperatures. The transition at T^ is not sharp, but rounded off as in earlier neutron scattering

studies. X-ray-resonant magnetic scattering |9 | also shows a smooth transition at TN-This

effect seems related to the crystalline quality of the sample. The integrated intensity near the

transition temperature is well described by the mean field expression I(T)=I(0)(1-T/TM)-P. if

we assume that there is a (Gaussian) distribution of Néel temperatures of about ±1 K around

7N= 15.65 K. Specific-heat measurements, on the other hand, give rt\j=17.6 K for the same

sample. We obtain a critical exponent of /3=0.31, characteristic of a 3-dimensional Ising

model, whereas the value /3=l/2 used by Mason et ai [7] does not give a good description of

our data.

The integrated intensity in the unannealed sample shows a very unusual temperature

dependence (Fig. 1). A first plateau is observed between T=\Q and 5 K, with a magnetic

intensity that is five times lower than for the annealed sample. At about T=2 K, the intensity

suddenly increases, and saturates at 7=0.5 K with an intensity very close to that of the

annealed sample. Hence, at sufficiently low temperatures, the magnitude of the magnetic

moment is the same for the two samples, suggesting that the small moment in URuoSî  is

intrinsic, while at higher temperatures some unknown mechanism prevents the ordering of the

full moment in the unannealed sample.

The magnitude of the ordered magnetic moment at low temperatures from our

measurements is 0.023(3) ug. Without extinction corrections, we get a value of 0.032 (.ig, in

good agreement with earlier neutron scattering measurements (~0.03-0.04 HB)[4-7], where no



extinction correction seems to have been made. The moment estimated from x-ray-resonant

magnetic scattering |9 | is also of the same order. 0.02( 1 ) UB-

All scans of magnetic Bragg peaks show a Lorentzian broadening in wave vector, while

nuclear Bragg peaks are resolution limited (Gaussian). No sign of stacking faults was

observed, in contrast to some of the earlier measurements [5]. The inverse correlation length

K obtained from these scans is approximately 5-10"3 Â-' for the annealed sample in both the

a* and c* directions. This gives a correlation length § of 200 Â, which corresponds to ~50

atomic distances in the basal plane, and -40 planes along the tetragonal axis. Surprisingly, the

unannealed sample, which has a smaller magnetic moment at intermediate temperatures than

the annealed sample, has a longer correlation length, ç-s400 Â.

The present results combined with earlier neutron scattering measurements [4-7] show

that different samples have significant variations in the correlation length, but not in the

ordered moment at low temperatures. This indicates that while the antiferromagnetic order is

an intrinsic effect, the correlation length and the temperature dependence of the magnetic

moment are related to the sample quality.

An important result of this work is that the magnitude of the magnetic moment as well as

the correlation length at low temperatures are independent of the instrumental resolution

(measurements were performed for incident neutron wave vectors of k\=\.2. 1.48. and

2.67À'1). This shows that the observed magnetic Bragg peak intensity is due to static

correlations between moments, and not to quasielastic scattering from fluctuating moments. It

also shows that the finite correlation length is due to static effects. Furthermore, the results

suggest that defects are more important than impurities for the correlation length in our

samples, since the two samples prepared under identical conditions (and hence similar

impurity concentrations) have different correlation lengths, while the number of defects is

expected to be different, because of the difference in heat treatment of the samples. However,

more experimental work is needed to investigate the relation between the correlation length

and some parameter characterizing the disorder, eg. the residual resistivity.



In conclusion, we have shown that while the sample quality affects the Néel temperature,

the temperature dependence of the ordered magnetic moment, the correlation lengths, and the

superconducting transition in URu2Si2, it does not influence the magnitude of the moment at

low temperatures, the magnetic susceptibility, or the specific-heat anomaly at 7^.

We want to express our gratitude to F. Bourdarot, Ph. Boutrouille, R.A. Fisher, R. Glas.

N. Phillips, and A. Verniere for their contributions to this work.
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Figure captions

Fig. 1. Integrated intensity of the ( 100) antiferromagnetic Bragg reflection as a function of

temperature for the two samples. The intensity is normalized such that the square root gives

directly the moment in LIB. The solid line is a guide to the eye.
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