


1, Introduction

Recent data on  uSR [1] and magnetic [2-5] measurements surely con-
firm the existence of a Josephson-like medium in sintered highﬂ‘c cera~
mics. In previous papers [6—11] the diamagnetic response and supercon=-
ductive correlations due to Josephson currents between grains in an
external magnetic field were studied in the frame of the superconductive
glass (SG) model.

This paper considers the space-time correlations between these dia-
magnetic (DM) maments in the region of frustration. The influence of
such correlations on the behaviour of the critical neutron scattering

intensity for sintered high—Tc ceramics will be discussed as weil,

2. Model of the Superconductive Glass
as is well known [7,9] the Hamiltonian of the SG model in the

pseudospin representation has a form

H = -Re )3 JijS';Sj , I3y
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where

Jij = J(T)@@(iﬂij}, 8; = explif,),
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The model (1) describes the interaction between superconductive grains
(with phases fi] via Josephson junctions (with an energy J(T)) on a
2-D disordered lattice (with cluster coordinates (xi, yj)) in a frustra-
ted external magnetic fieid H= (0,0,H). So, as usually (see, however,
[11] ), we have neglected the shielding current effects,

Josephson currents Iij = 1Csm(fi - fj - Aij) (lc = 2aJ(T) /h)
induce diamagnetic (D) moments [GJ :
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A mean value <mz) {where ¢...» means the thermodynamic averaging
with a Hamiltonian (1}, and the bar denotes the configurational averaging
with a Gauss-like distribution function over cluster coordinates (xi,yj))

describes the magnetization of a granular sample (see e.g. [6-9] ). At the

same time according to (3) <mz> describes the correlations between
Josephson pseudospins Si, i.e. superconductive correlations in the model
(1) . Boquilibrium and relaxation properties of the induced magnetization (3}
were studied in papers [6-9] and [7,8,20,117] , respectively. In particular,
in papers [8-113 the predictions of the model were rather successfully

interpreted in texms of the cbservable properties of the high-T, ceramics.

3. Diamagnetic correlations
Let us consider the possibility of magnetic correlations occuring in
a granulaf superbonductor in an external magnetic field, For that we shall

calculate the dynamic structural factor {DS¥) of the form :

s@qw) = Jdtei“’t GRS m
where
S(g,t) = (mq.(t)m_q(O)> . 3}

Bere the Fourier transform of m;k is :
S I e ®
ik .

By using the model coupling approximation scheme (see €.9. [12] ) for

a Bragg-like DSF cne gets @

s@b =sg-fogw]? . ¥
where
P mnd n = /26 . Fw = e
8, = FW/H) I (M/H, . o o . 1+



Here d is the projected area of the superconducting loops with a uniforr

phase. Dq(t) gGenotes the Fourier transform of the correlator Dij (t) :
. . FERTE .
Dij(t) = <si(t)sj> [}

The transition to the SG phase ccours at a temperature T< Tc (H), where
Tc(H) is defined by an egquaticn L@O(TC'H) = 0. A nonzero dynamic parameter
Lq(T,H) is connected with the correlator (9) in the following way [9] 3
Lq(T,H) =tLir‘:°Dq(t). (10}
The nonergodic properties of the medel {1) are considered in more detail
in [7,8,201 .
In the critical region near the transition to the 5G phase (when £<< 1,

€ =T -1)/T) one obtains {9,10] :

S@u = so[A s+ 1w +wd ga] . w)
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Here ("-)c = GZP/{"‘ is a scaling frequency, rc'= RfEi is a correlation
length, [ is a paraphase relaxation time.

In the mean field approximation one gets the following values for the

critical exponents
o« = 1/2, f,u Lo F=1r . {13)
4. Discussion

Let us return to the expression (11} for DSF, First of all note that

the Lg—dependenoe of the DSF c¢entyal peak in (11) is a common feature of
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the glass—like systems ( a similar dependence was c;bserved in [13} for
spin glasses) . A second remark concemns the DSF dependence on the extermal
magnetic field. On the one hand, this dependence enters (11} through the
amplitude So’ which in turn defines the strong sensitivity of the magnetic
neutron scattering intensity to the field. On the other hand, there is a
weaker dependence on the field via the ¢ritical temperature TC(H) (for the
behaviour of the system (1) in the B-T plane see [5,9)).

As it follows from (11} and (12} the intensity of scatteripng increases
linearly at H < HC_ , has a maximum at H = I-IC—E —:—— Ho' and decreases as
1/}{4 when H »>» Hc' As a whole the intensity dependence on the field
correlates with the similar behavicur of the magnetization ( see LS,QJ 1.
It is necessary to stress that in ocur case the frustration takes place in
the fields H ZH_.

As is kncwn [14] , the intensity of the small-angle neutron scat-
tering by [ correlaticons can be estimated as Yo~ szz, where N is the
number of superconductive grains, m = icé is the mean DM moment per unit
cluster. For the typical v:ralues of the parameters of the sintered high—‘i‘c
ceramics : i, ==1J.1A, é =§)Jm2, m=5x 105 Far N o= 107, one gets :
1~ 102 @2 (g is the Bohr magneton) and H_ = 1c.

To verify the predictions of the model for sintered samples ¢ne needs
to exclude the effects due to the penetration of magnetic vortices into the
sample. For that the measurements should be carried cut in the fields range
H, > H 2 K . Here H,

1 1
high-’Ic ceramics it is expected that H s s Hc) .
1

is the first critical field for a single grain {for
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