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Scaling Law and Irreversibility Fields in MgB, Superconductors

Kazuyoshi Kitahara *, Tadahiro Akune " ‘)@sukuni Matsumoto ',
Nobuyoshi Sakamoto

Abstract: Theoretical analysis of the irreversibility fields B; was obtained from the flux creep
theory based on a depinning mechanism caused by thermally activated flux creep and predicted
to vary according to power of (1-(7/T,)?). The measured B;, however, increases more rapidly at
low temperatures. This enhancement from the power law in low temperatures and high fields has
been ascribed to the different pinning mechanism. The irreversibility fields B; of MgB,
superconductors are estimated from the onsets of imaginary parts of AC susceptibilities and
shown to agree well with the numerical estimation of the original flux creep equation with the
upper critical field term. The magnetization characteristics are also successfully obtained from

the pinning parameters.
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Fig. 1  Theoretical irreversibility field B; (T) as a
function of T/ T, with parameter Bjy/ B,(0) =

0.1~1.0.
2
10 . ——— (i) highT
e e, ( ii ) lowB |
—— (iii) general
10° SEEINRNTN
mQ
SR
g 107 B /By(0)=0.2
m=2~8
Y= 0.5
10_4 §=05
0 T 05 1
T/T,

Fig.2 Theoretical irreyersibility field B; (T) as a
function of 7'/ T, with parameter m = 2~8.
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Fig.3  Theoretical irreversibility field B; (T) as a
function of T/ T, with parameter » = 0~1.0.
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Fig. 4  Calculated magnetization using (a) the critical
state model (solid lines) (b) the scaling law
(broken lines) as a function of field normalized
with B,
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Fig.5 Real Y ' and imaginary %" part of AC
susceptibility in MgB,-20 at (a) low fields of
0.2 to 1.0 T and (b) high fields of 1.0to 6 T.
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Fig.6 Real y ' and imaginary %" part of AC
susceptibility in MgB,-50 at (a) low fields of
0.2to 1.0 T and (b) high fields of 1.0 to 14 T.
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Fig. 7  Magnetization curves for sample (a) MgB,-20
and (b) MgB,-50 at T=5-35K
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Fig. 8 Temperature dependence of irreversibility field
B; estimated from the onsets of the imaginary
part x" in (a) MgB,-20 and (b) MgB,-50
sample.
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Table 1  Fit parameters

sample K m 7 J

Bo(D) | BoO)XD) | By/Bo() | B, )

MgB220 | 124 | 2.0 | 045 | 2.5

1.48

9.28 20.6 0.45 17.1

MgB2-50 [ 115 1.83 0.43 2.0

7.73 209 0.37 38.0
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Fig. 8 Dependence of the magnetization width 4 M on
magnetic field at 7= 5, 10, 15, 20 and 25 X for
(a) MgB,-20 and (b) MgB,-50 samples. Solid
lines are calculated by Eq. (2) using the fit
parameters in Table 1.
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