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ON THE PHASE DIAGRAM OF HIGH-T, SUPERCONDUCTIVE
GLASS MODEL

V.L.Aksenov, S.A.Sergeenkov

The transition temperature T, and isothermic magnetization 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 superconducting glass and region of Josephson spin glass. The
results are in quantitative agreement with experimental data and
the results of numerical simulations for new” superconductors.

The investigation has been performed at the Laboratory of Neu-
tron Physics, JINR.

O ¢a3osoit guarpamme B MOAeNH BHICO KOTEMITEPATYPHOTO
CBEpPXITPOBOARILErO CTEKJIa

B.J1. Axcenos, C.A.Cepreenkon

B asymepnoit XY Moaenn mx03eCOHOBCKHMX CIIMHOB BMIMHC-
NleHa 3aBHCHMOCT TeMnepatyphl ¢asosoro nepexons T, m m3orep-
MHYECKOH HaMarHHMYeHHOCTH OT BHelUHero markuTtHoro nons H mpm
0 <H < w». Moxa3ano, 4ro Ha miockoctn (T, H) mmewrca rpu 06-
J1aCTH, panHdalOLMecs xapaxTepoM 3aBrcumoctH Ty or H: mma-
MariuTtHaa obnacts, obnacTs ceepxnmpoBopsLiero crexns m ofmacrs
0X03e)COHOBCKOTO CIIMHOBOTO CTeKNa. Pe3y/iprarthl KauecTBeHHO
COrNacyl0TCA ¢ NaHHhIMM JIKCHEPHMCHTOB H YHCIIEHHOTO MOJEIMpO-
BaHHA [UIA "HOBBIX’’ CBEPXIIPOBOIHKKOB.

Pa6Gota Buinontena 8 JlaGoparopuu HeditponHo# ¢usmxu OHAH.

Many of the experimental results on the glassy behaviour of high-T,
superconductors can be explained in the 2-D disordered Josephson
spin lattice model’l/. The phase diagram in the plane H-T was stu-
died both numerically (up to fields H < HY)’ /" and by analytical
methods (for H> H')/¥, This paper presents the generalization
to arbitrary magnetic fields. The obtained phase boundary T,(H) is
shown in the upper part of the figure.
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One may distinguish three characteristic regions in the field depen-
denceof T,,.

ILH<H g (quasireversible diamagnetic region)

To(0) -To(H) H .2 )
T, 3 H
where

H, =

Hy  Hy <0 T, (0) = —
0 0‘:281 c()='?JN0

and S=mn0 is a mean-square area of the superconducting cluster.
II.H é‘> H> Hg (region of superconductive glass: AT line)

- |eo

T, (0)‘Tc(H)= 3_——6—.}{2/3 @)
T, (0) NERS:

where H' =15 H,,.
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IIIL H > Hg (region of Josephson spin glass: strong frustration)

2
3NH, | T, (oo)=-;-J\/N. (3)

T, (H) =T, (») (1+
2H &

The phase diagram (obtained is consistent with’ 1/ at H < Hy and
with/%/ at H> H . The lower part of the picture shows the field
dependence of the mothermal magnetization M. In the diamagnetic
region (I) it has a linear character, in the SCG phase (II) the nonlinear
effects become essential, and, at last, in the region of the JSG phase
(IIT) the magnetization rapidly tends to zero (when H- H: ) indicating
the strong suppression of the superconducting transition temperature
Ts in contrast with the glassy temperature T,(H) (see the figure). .
The glassy transition, as is well-known, is connected with the
dynamic transition from the ergodic to the nonergodic state. The non-

ergodicity parameter of the model L= lim <8}(t) 8,>~T( XFC-XZFG)

is calculated, and its temperature dependence versus T/T, (H) is shown
to have a universal character (a dynamic “temperature-field”” scaling).
The estimations for La ceramics’3/ with T,(0) = 28K, Hy=0.06T
give the mean value of the superconducting cluster area S = 0.02pu2
and Josephson energy J = 3.5K in reasonable agreement with commonly
used estimates. On the whole the experimental data for fieldcooled
and zero field-cooled measurements confirm the obtained phase diagram.
Nevertheless, further experimental study of the magnetic field depen-
dence of T, under transition from the SCG phase to the JSG phase
is of interest.
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