Ordering of magnetic impurity in a superconductor
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Electron paramagnetic resonance is used to establish the existence of magnetic
order of localized states of gadolinium in superconducting La; ,Gd,In.

PACS numbers: 74.70.Gj, 76.30.Kg

The problem of magnetic ordering of impurities in a superconducting com-
pound has been attracting attention for a long time, In experimental investiga-
tions of this equation, electron paramagnetic resonance (EPR) may turn out to
be effective, since it makes it possible to study the interactions between the
paramagnetic impurities directly in the superconducting phase, The EPR
method, in particular, makes it possible to follow continuously the transition
from the paramagnetic phase into the region of magnetic order,. In this paper
we report preliminary results of an investigation of EPR in the compound
La,; Gd,In in the normal and in the superconducting states, The choice of
La,_Gd,In is governed by the fact that earlier investigations"»?] give grounds
for assuming the possible existence of superconductivity and magnetic order
in this system.

The samples for the investigations were prepared in an induction furnace in
an atmosphere of pure helium and then annealed at 600 °C for 24 hours. An x-
ray analysis has shown the presence of only one phase with Cu3Au-type lattice
with a constant a= 5, 07 A corresponding to the compound LaslIn, B3] Measure-
ments of the temperature of the superconducting transition Tc gave a transition
width 0.4 °K, thus indicating that the samples were of good quality. The depen-
dence of the superconducting transition temperature T, on the gadolinium im-
purity concentration ¢ turned out to be linear with 8T,/ 8.~ 0,4K/at, %, in good
agreement with the result off1],

The EPR measurements were made at a frequency 9300 MHz in the tempera-
ture range 1,6~30°K, The Gd concentration in the samples ranged from 0,125
to 1,25 at, %. The temperature dependence of the line width for the investigated
samples is shown in Fig, 1, It is described by the expression AH=a+bT,

The part of the line width not connected with the field of the vortices is indicated
in the superconducting region, ®

Normal state. The character of the presented experimental results indicate
that the “electron bottleneck” conditions are realized in the normal state, The
temperature slope of the EPR line width is determined by the expressiont®!
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where kg is Boltzmann’s constant, § g is the Bohr magneton, g is the spectro-
scopic splitting factor, N is the density of states of the conduction electrons with
given spin orientation on the Fermi surface, J is the exchange-interaction inte~
gral of the conduction electrons and the localized moments of Gd, and §,; and
8so are the rates of exchange and spin-orbit scattering of the conduction elec-
trons. Using the formula of Abrikosov and Gor’kov for the dependence of

T, on the concentration of an impurity with spin S)

7_,2
AT, =~ — cNJ25(S + 1)
8k,

and expression (1), we obtain §,; = 6.7 x 101 c-sec™!, 555=2.8%10!! gec™!, N
=0,26 eV-!atom™! spin-!, and J=0,07 eV,

For a sample with the largest Gd concentration (x =0, 05) in the normal region,
a broadening and a shift of the resonance line is observed at 9°K in the direction
of weaker magnetic fields. This is a typical manifestation of the magnetic order-
ing the EPR spectra (see, e,g.,"), The broadening of the EPR line following
magnetic ordering is due to the abrupt increase of the susceptibility, which

leads to an increasé of the relaxation of homogeneous precession of the local-
ized moments,

Superconducting state. At gadolinium concentrations x <0, 05, when the EPR
measurements can be carried out in the superconducting state, one observes
the usual increase of the line width near T,, due to the coherence effects. At
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temperatures ~ 3°K, for samples with Gd concentrations x=0,03 and 0,01,

a line broadening takes place, analogous to the broadening for the sample with
x=0,05 in the normal state. This offers evidence of magnetic ordering in the
superconducting phase,

Our data do not make it possible at present to establish the type of magnetic
order in the investigated system, or to determine, in particular, whether it is
homogeneous in space or has a cluster character, similar to the “mictomagnet-
ic” or “spin glass” (see, e.g.,!®). A continuation of these investigations,
namely a comparison of the ordering curves in the normal and superconducting
states (measurement of the EPR at different frequencies) and introduction of an
additional spin-orbit scatterer will cast light on the question of the question
of the nature of ordering in the superconducting phase,
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$The procedure of determining AH from the experimental spectra in the super-
conducting phase is described in®3,
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