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is defined as a region of coherent phases in the s u p e e t o r .  The wn- 

s i d e d  -1 all- clusters inside the physical grains i n  mtrast to 

- and S m d  /8/ and John and Lubenslcy /9/ . The i-th cluster is lo- 

cated a t  'jfi and is Qscihed by a mnplex o&r paranreter 

Here A i  is the canplex energy gapand Chi is the phase of theQ3per 

pairs i n  each cluster i . The ensenble of SC clusters i n  magnetic field 

is then governed by a 2-D X Y d l  klamiltonian 

H Z -  Kij cos (C$i - + j  - A , . )  , 
11 (2) 

i j 

W e  consider the case when coupling energies between daMins of uniform 

phases i .and j Kij = J for nearest neighbours only and otherwise zero. 

For J o s e p h  tunnelling w e  have 

where R is the resistance between daMins i and j i n  their  m m l  i 
ij 

state. 

In  contrast to the ordinary XI-% -1 / lo /  frustration i n  our s y s k  . 
(2) is due to the external magnetic f ie ld (3).  Applying the maqmtic f ie ld 

in the Z-directim we have 

where xi, yi are the a c h l  o o o r h t e s  of i-th cluster and + o  = is 

an elemntary flux quantm. As i n  /6/ the 2-D case for  site disorc?er w i l l  

be amsidered. We w i l l  describe this type of disorder by the Gauss dis- 

tritutici-~ functicn bver the cluster ooordinates (and not by ranch J Ss- 

t r i tu t i rn  as in the SG theory /lo/)  
x ? - ~  . - - 

1 a r  zr 
P(xi,yi) = - as. 

with the mean-square area of SC cluster S being in the form S = . 
50, the mean area of the cluster on the randon Josephson lat t ice  is, i n  

fact,  the only paranreter of our theory. 

A justification of the ncdel (2) can be'found i n  /6/. Here we should 

only renember the n n s t  i n p r t a n t  limitations of the &el. They are : 

(i) the Josephson energy J is s m l l e r  than the transition temperature 

for a single cluster (otherwise the dependence of J on temperature need 

t q b e  taken into account), 

(ii) the London penetration depth is large ccmpared to the cluster size 

and their separation (otherwise one ought to discriminate between the lo- 

cal and applied magnetic fields in ( 2 ) ) .  

In a recent paper /7/ a similar to (2) -1 as a &el of Joseph- 

son spin glass was considered. Although the authors of that p a p r  dealt 

with the region of very strong fields only (in fact, they were in  the re- 

gime of canplete frustration, where the Sa; phase w a s  not existent alrea- 

dy) , their analytical results were very interesting. We &&.e the methad 

they used as a guide line i n  our om research. 

3. Density of States 

Follming Vinokur e t  a l .  /7/ l e t  us rewrite the Hamiltonian (2) in  

the form of a 2-D X u d l  for Josephson spins Si 

It is important to stress tint in contrast to Vinokur e t  a1 /7/ ,  our exchange 

energies Jij autamtically permit Ue s-try J . .  11 = J 3 1  (due to the an- 

tlsymnetry of Aij (5)). ~ e t  us consider the spectrum of the randan (via A .  17 . )  

mtrh Jij , because this spec- (as we are to see k l m )  is connected 

with the c r i t i ca l  behaviour of the I d e l  (7).  The density of states for 



I 

j
 2 

5 
8 

i 
L1 

0
 8

 a
 

2
 

B 
r
l 
- 

A
 

s g 
Y 

U
P

F
A

 

:A 
g 

4
 

E
l

;
 

"
I
"
 

3
9

0
 

i
4

Y
 

q
i

j
 

4
1

5
 

3
:

;
 

u
 - 

r
l

o
N

 
&

$
 +@

 
.rl 

;
e

l
 

8 
V

 

B 
r
l 
$ 

a
 

r
l 

6 
8 3 

8 u-! 

2 2 



111. Irreversible region of frozen Josephson spin glass (H ?Hc2) 

At H>> Hc2 E~ = W N ,  i.e we deal with the regime of anplete 

frustration /7/. 

4. Phase Diagram 

Ihe transition tanperature Tc(H) is defined as usual by the appearance 

of singularity in the behaviour of the generalized susceptibility. The 

mean value mi = < Si> is described by the Thoules-Anderson-Palmer equa- 

tion /11/ in a fictive field hi 

The correlative to the mean field theory correction d (H) was first in- 

trcduoed in /11/ for the arrect description of thenmciynamic properties 

of the SG-nudel. In the case of arbitrary fields this constant is determi- 

ned in fu:l analogy to the one-pint Green functiom by the substitution of 

gii (E) for Xii = 1/2T. By taking into account equations (13)-(16) one 

obtains 

*re 

HZ -1/2. U(H) = (1 + -) 
.", q m .  

Equation (24) for the generalized susceptibility X . . = yields 
11 3 hj 

Sd tke ec;wLi-i-n on Tc (H) has the form /7/ 

where the upper boundary Eo for scnle limiting cases is given by (19)-(23). 

h e  to (25) and (26) ii(Tc) = gii(Eo) = g(Eo). Ckl the other hand in 

the -1 of "hard spins" ( ISi( = 1) in the high tanperamre phase, £run 

linear response mlatioll 2T .?( . . = << S . S* >) , we have /7/ 
1 3  1 3  

Finally the equation on Tc takes the form 

In general the dependence of Tc on H in arbitrary fields is determined by 

(17) and (28). 

In the regions 1-11-111 this dependence is described by the follo- 

wing explicit formulae 

I. H < Hcl (region of nearly ideal diamagnetism) 

11. Hc2 7 H 7 Hcl (region of Sa; phase : AT line) 

111. H > Hc2 (region of JSG phase : strollg frustration) 

Atmzderate fields (H3Ho) 





The analytical results (29)-(33) are reflected on the phase diagram 

(Fig. 2).  'Ib ocmpare it with the exprimental one for the L a - B a d 4  

sys tm we have to translate our units into the units of paper /6/. This 

yields, i n  particular, Ho = O.05T. In view of (14) for  the actual value 

of cluster area S we have 

This is in reasonable a g r e m t  with the c-nly used experimental es- 

2 
timates S = 0.01 i 0.1 g /1-5, 12, 13/. 

5. Diamgnetic R e s p s e  

For the m r e  correct identification of the phases 1-11-111 shown in 

Fig. 2 l e t  us consider the behaviour of isothermal (field-led) mgne- 

t i z a t i m  for these phases versus applied magnetic field. 

In our n-cdel the role of magnetization plays an induced (by Josephson 

supercurrents I .  .)  m q e t i c  mrnent of the SC cluster ensemble /7/ 
11 

where 

H e r e  Aij is defined by (5) . 
By performing t h e m 1  averaging via (24) and randan averaging via (6) we 

find the magnetization per cluster area S as 

where 

ki2;-3/2 , X(~,T,H)  = X o ( t , ~ )  (1 + - 
.', 

In the mean field approximation £ran (27) fo l lws  that in  the s ta t l c  

limit 

Dii(0) = 2T-Yii(T) = 1 . (43) 

Thus i n  relatively -11 fields (Hh Hcl) the relations (39) -(43) l e 5  

to a linear diamagnetic susceptibility i n  the £om 

Acwrding to (39) - (43) the nonlinear effects in the behaviour of juscep 

t i b i l i t y  becane m r e  essential with increasing field. This, in  fact,  was 

observed experinwtally for the region of SO;; (Hc2 > H > HcllWhen 
t! -+ E~~ 

(the JSG phase on Fig.2) the magnetization rather rapidly tends to  zero. 

The behaviour of equilibrium (stat ic)  magnetization versus magnetic field 

is s h m  i n  detail  in  Fig. 3. 

Canforming w i t h  the units of paper /1/ w e  have i n  accordance w i t h  (35) 

This, by the way, all- estimation of the coupling enerw bett.Feen c l k -  

ten J . Namely, fran (45) and (39) me obtains for N = 16 /6/ 

J z 3 . 7  K. 13 the other hand as fo1lu.s £ran (30) for the exprimem1 

value of Tc(0) = 28 K /6/ the Josephson energy is 

So w may say that there is a correlation between the superw~lductiv? 

and magnetic (glassy) properties i n  the high-Tc SO;; nadel. 





Ho 
Fig. 3. Quilibriun (field-aoled) magnetization M versus the magnetic 

field H (cf. Fig.2). 
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On the Phase Diagram of High-Tc 
Superconductive Glass Model 

The transition temperature Tc and isothermic magnetiza- 
tion are calculated as functions of applied magnetic field 
in the frame of the 2-D XY Josephson glass model. Three 
characteristic regions are shown to be distinguishable in 
the H-T plane: the diamagnetic region, region of super- 
conducting glass and region of Josephson spin glass. The 
results are in qualitative agreement with experimental 
data and the results of numerical simulations for "new" 
superconductors. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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AKC~HOB B.JI., C e p r e e ~ ~ o ~  C.A. E17-88-28] 
0 @aso~ofi marpame B Moaenn 
BHco~o~emepaTypHoro csepxnpoBoamqero cTema 

B J J B ~ M ~ ~ H o #  XY MOAenH AXO~~@COHOBCKHX CnHHOB BWHCneHa 
3aBHCNMOCTb TeMnepaTypbl @a30~0ro nepexoaa Tc H H30TepMH- 
qec~0fi HaMarHZIrIeHHOCTH OT BHemHerO MarHHTHOrO nonH H npH 
O_<H<-. noKa3a~0, nT0 Ha mOCKOCTH (T,H) HMeeTCR TPH 
06nac~s, pa3nHsaH)UpieCR XapaKTepOM 3aBHCHMOCTH TC OT H: 
AHaMarHHTHaR 06nacTb, 0 6 n a ~ ~ b  CBepXIIpOBOaRQerO CTeKna 
H o6nac~b F~KO~~@COHOBCKO~O CnHHOBOrO CTema. Pe3yJIbTaTbl 
KarIeCTBeHHO COrnaCyIOTCR C JJaHHbIMH 3KCnepHMeHTOB H WiCJIeH- 
HOrO MOaenHpOBaHHR JJJIR "HOB~M~' CBePXnPOBOAHHKOB. 

Pa60~a BbIIIOnHeHa B na60pa~opHH H~#TPOHHO# @H~HKH O m .  

l lpsnpm O h ~ e m o r o  ~~cnsryn m e p w  n c c n e n o e d .  ,4y6aa 1988 
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