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Abstract

We present anumerical analysis of the diffusion equation of the magnetic flux in YBCO
in presence of ac magnetic fields taking into account flux creep and flux flow. Despite critical
state models, the results show the dependence of harmonic susceptibilities on the field

frequency in agreement with the experimental behavior.
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1. INTRODUCTION

The ac harmonic susceptibilities (x,,) can be evaluated in the framework of critical state
models [1,2], which predict an universal dependence of the x,, on a parameter & given by the
ratio between the applied field and an effective full penetration field H* [3]. However these
models do not predict the experimental frequency dependence, since only hysteric losses are
taken into account. On the contrary the frequency dependence of higher harmonic components
(x',+ix",) of x implies the presence of time dependent noninear effects related to fluxons
motion [4,5]. In order to consider these fenomena, the amplitude and the frequency dependence
of X, has been recently evaluated by numerical solutions of the diffusion equation for the
magnetic field [6,7]. According to the same approach, in the present paper we caculate and
discuss the behaviour of X", ..

2. NUMERICAL METHOD
We consider an infinite superconducting slab with thickness 2d, in presence of magnetic
fields parald to the sample surface. The non linear diffusion equation of the field B into the
sampleis.
0B/0t=0/0x[(p(B,J)/L,0B/0xX] 1)

where p(B,J) isthe resistivity given by the parallel [8] between the creep (pr) and the flux flow
(py) resistivities:
Per(J9)=2p, I /I exp(-U,/KT) sinh[JU/(IKT)] 2)
Ps= Pn B/Be(t) 3)
where U, is the pinning potential, and B,(t) is B, (t)=B,(0) (1+2)/(1+t?), with t=T/T..
Equation (1) is numerically solved by the FORTRAN NAG routines. The boundary
conditions are B(d,t)=B(—d,t)=B,sin(2rt), where B,=20mT. Then the steady magnetization
loops are computed and the harmonics of the susceptibility are calculated
The parameters for an YBCO sample ared=1cm, T, = 92.28K, B(0) = 112T, U,(0)/Kg
= 2+10°K, J.(0)=10%A/m2. We assume p_=px;.

3. RESULTS AND DISCUSSION
The temperature dependence of X is a function of the pinning model. For a collective
pinning [9] we have:
U, (B,)=U(B,0) (1-t9) 4a)
J(B,1)=J(B,0) (1-t2)52 (1+t2)-2 4b)
We neglect the field dependence of the critical current. In a previous work [6], we have

shown the temperature dependence of x," at different frequencies. Asshown in Fig. 1, a higher
frequencies the progressive departure from the Bean prediction is due to the contemporary



presence of hysteretic and flux motion losses, which increase the area of magnetization loops.
The frequency induced distortions of the magnetization loop affect higher harmonics of the
susceptibility, asreported in Figs. 2 and 3, where the imaginary part of the 8 and 5% harmonics
are shown as afunction of the temperature at different frequencies. In the same plots the Bean
model predictions[3] are reported.
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Asthe frequency increases, the activation processes, together with strong noninearity of
Psf, ae more important near T.. In fact in Fig. 2, the negative values of ¥ for T around 92K,
predicted by the Bean model, move up, and a positive peak appears, whose peak temperature
increases with the frequency. Moreover, the frequency increase changes the oscillations of the
X5 & lower temperatures. Infact a low frequency (0.4—4Hz) the Bean minimum at about
91.65K shifts up, and the temperature and the amplitude of the peak between 90.5-91K
increase with a Bean like behavior. However, the first becomes again negative and the seconds
significantly decrease a higher frequencies with large deviations from the critical dSate
description. In an analogous way the temperature dependence of s a different frequencies, is
show in Fig. 3. Large changes of the temperature and amplitude of the peaks are evident near T,
and at higher frequencies, so that deviations from the critical state description (full line) cannot
be neglected. In particular the xs" maximum, present in the Bean model near T, is much higher
in the diffusion approach, and it increases with the frequency. At low frequency the
corresponding peak temperature is lower than the Bean one, and it becomes higher at higher
frequencies. Moreover only a low frequency the general shape of X5 is symilar to the Bean
one.

In conclusion the large variations of the shape and of the peak amplitudes of the
susceptibilities with the frequency show that, in presence of time dependent relaxation effects,
the universal behavior [3] predicted by criticad state models is not found. Moreover,
experimental temperature dependences of ;" [10-12] can be explained by our modd taking



into account the diffusion effects, without considering alocal magnetic field dependence of Jc.

0.03

«—Bean model
—f=0.4Hz
——f=4Hz
——f=40Hz

Xs (Sl units)
Q

Fig. 3 — Numerically computed x".vs
temperature for four frequencies; full lineis

-0.0 s ‘ ‘ ‘ ‘ ‘
89 895 90 905 91 915 92 925 the Bean result.
Temperature (K)

REFERENCES

[1] T.Ishida,R.B.Goldfarb,Phys.Rev.B41(1990) 8937.
[2] C.P.Bean, Rew. Mod. Phys.2,31 (1964).

[3] S.Shatz, et.a, Phys.Rev.B 48(1993) 13871.

[4] P.Fabbricatore, et.al,Phys.Rev.B 50,(1994) 31809.
[5] R.Protozov, et.a, Phys.Rev.B 52(1995) 12541.
[6] D.DiGioacchino et a.1996Appl.Sup.Conf.MBB-7.
[7] M.J.Quin, X.X.Ya0, Phys.Rev.B 54(1996) 7536.
[8] R.Griessen Phys.Rev.Lett. vol. 64, 1674(1990).
[9] R.Griessen,et.al,Ph.Rev.Lett.vol.72, 1910 (1994).
[10] H. Mazaki et a,Phys.C 252(1995) 275-281.

[11] R.Navarro et a, Phys.C 167(1990) 549-559.

[12] Ishida,Goldfarb et a, Phys.C 185(1991) 2515.



