
gg -_3 

S.A.Sergeenkov 

DIA\IAG~"ETIC CORRELATIONS 

Ofib8AMH8HHbiM 
MHCTMTYT 
RA8 PHbl X 

MCC18AOB8HMM 

AYfiHa 

El7-89-9 

OF SUPERCO~DUCTIVE GLASS MODEL 

Submitted to "Physica C" 

1989 



1. Introduction 

Recent data on USR [1] and magnetic [2-5] rreasurenents surely con-

finn the existence of a Josephson-like zredium in sintered high-Tc cera

mics. In previous papers ( 6-11] the diamagnetic resfXJnse and supercon-

ductive correlations due to Josephson currents kx:!tween grains in an 

external magnetic field were studied in the frame of the superconductive 

glass (SG) rrodel. 

This paper considers the space-time correlations between these dia-

magnetic (CM) m:::rrents 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 well. 

2. M::ldel of the SUperconductive Glass 

As is well Jma...m [7,9] the Hamiltonian of the SG rrodel in the 

pseudospin representation has a fonn 

H"" -Re L J .. s':s. 
ij l.) l. J 

where 

(l) 

cp
0 

= hc/2e (2) 

The model (1) describes the interaction between superconductive grains 

(with phases f i) via Josephson jW1ctions (with an energy J (T) ) on a 

2-D disordered lattice (with cluster coordinates (xi, yj)) in a frustra

ted external magnetic field H = (O,O,H). So, as usually (see, h:Jwever, 

[11] ) , we have neglected the shielding current effects. 

Josephson currents Iij icsin(fi - fj - Aij) (ic = 2eJ(T)/h) 

induce diamagnetic (lli) m::m211ts [ 6] 
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A mew valUe < mz > (where ( ~ ... ') rreans 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 ~ according to (3) < mz) descril.Jcs the correlations between 

Josephson pseudospins si, i.e. superconductive correlations in the m::xiel 

(1) • E::.Iuilibrium and relaxation properties of the induced magnetization (3) 

were studied in papers [6-9] and [7,8,10,11] , respectively. In particular, 

in papers [a-nj the predicticns of the m:x1el were rather successfully 

interpreted in tenns of the observable properties of the high-Tc ceramics. 

3. Diamagnetic correlations 

Let us consider ~e _possibility of magnetic correlations occuring in 

a granular superconductor in an external magnetic field. For that we shall 

calculate the dynamic structural factor (DSF) of the fonn : 

(4) 

(5) 

Here the Fourier transfonn of m~ is 

(6) 

By using the :rrOOel coupling approximation scherte {see e.g.. (121 ) for 

a Bragg-like OOF one gets : 

(7) 

(8) 
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Here 6 is the projected area of the superconducting loops with a uniforr:: 

phase. Dq(t) denotes the Fourier transform of the correlator Dij (t) 

(91 

The transition to the SG phase occurs at a temperature 'l'<Tc(H), where 

Tc(H) is defined by an equation Lq=O(Tc,H) = 0. A nonzero dynamic parameter 

Lq(T,H) is connected with the correlator (9) in the follCM"ing way [9] : 

L-(T,H) = lim 0--.(t). 
q t-oo q 

(101 

The nonergodic properties of the m::xlel (1) are considered in rrore detail 

in [7,8,10 1 . 
In the critical region near the transition to the SG phase {when ~ < < 1, 

f= (T-Tcl/Tcl one obtains (9,10]: 

where 

= s f f1 (WIL~ + r · <w2 + W 2J - 1/
2 9•1 oL c Y. c q 

1( 
L = -2\E I 

0 

(11) 

(12) 

-d. 
is a scaling frequency, r '::: R·IE I is a oorrelation 

c 

length, r is a paraphase relaxation time. 

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

critical ex.p::ments 

o( = 1/2, a=1 (131 

4 o Discussion 

let us return to the expression (11) for DSF o First of all note that 

the L~ -dependence of the DSF central peak in (lll is a camon feature of 
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the glass-like systems ( a similar dependence was obsei.Ved in (13) for 

spin glasses). A second ranark concerns the DSF dependence on the external 

magnetic field. On the one hand, this dependence enters (11) through the 

amplitude S0 , which in turn defines tile strong sensith.-ity of the magnetic 

neutron scattering intensity to the field. On the other hand, there is a 

weaker dependence on t.~ field via the critical tsuperab.lre Tc(H) (for the 

behaviour of the system (1) in the H-T plahe see [8,9)). 

As it follows from (11) and (12) the intensity of scatteri.pg increases 

linearly at H < He· , 

l/H
4 

when H >> He. As 

has a maximum at H = H = -1
- H , and decreases as 

c -{2 0 

a whole the intensity dependence on the field 

correlates with the similar behaviour of the magnetization (see [8,9]). 

It is necessary to stress that in our case the frustration takes place in 

the fields H ?He. 

As is knc.wn [14] , the intensity of the small-angle neutron" scat

tering by J:l..-1 correlations can b€. estimated as r- N2m2 , where N is the 

number of superconductive grains, m"" ic6 is the mean Il1 m::ment per u1U.t 

cluster. For the typical values of the parameters of the sintered high-T 
• c 

ceramics : ic =!,pA, 6 =~pm2 , m = 5 x 10
5 Jl"a' N = 10

7
, one gets: 

24 2 . . . 
I .-v 10 ..Pa (Jls is the Bohr ma.gneton) and He = lG. 

To verify the predictions of the node! for sintered samples one needs 

to exclude the effects due to the penetration of magnetic vortices into the 

sarrple. For that the xreasurements should be carried out in the fields range 

H > H ~ H • Here H is the first critical field for a single grain (for 
c1 c c1 . 

high-T ceramics it is expected that H >:> H ) • c c1 c 
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