Unconventional pinning in iron based superconductors of 122 family
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Results
1. Investigation the factors influencing on Jc in 122 superconductors.
2. Comparison the properties of iron based superconductors (FBS) within 122 family.
3. Similarities and differences in pinning of 122 superconducting single crystals.

1. Plot H/Hirr vs Fp/Fpmax show us hp = 0.48 for Ba1-xKxFe2As2 (x=0.36) (Fig.6) and 0.3 for BaFe2-xNixAs2 (x=0.09)
(Fig.7). Obtained values evidenced on a rather strong pinning according to the DH model.
2. Comparison of hp values obtained from several works for BaFe2-xCoxAs2 and BaFe2-xNixAs2 . The values of hp for
BaFe2-xCoxAs2 and Ba(Fe2-xNixAs2 compounds < 0.5. We may conclude that the pinning force is strong in wide
range of doping concentrations. (Fig.8)

Theory
1. Effective tools in investigation of flux pinning mechanisms are models proposed by
R. Griessen et al [1] and Dew-Hughes (DH) [2].
2. Griessen et al describes temperature dependence of Jc in terms of dTc- pinning
(fluctuation of the critical temperature and extended pinning centers) and dl-pinning
(random deviations of the mean free path charge carriers and point like pinning centers)
(Fig.1), whereas t=T/Tc.
3. DH model evaluates the strength of pinning force depending on position of the peak
maximum (hp). According to the theory, the scaled pinning force can be fitted by
evaluation F p /F pmax = A hp (1-h) q, where A is a parameter, p and q are defining hp position
given by the expression p/(p + q).
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4. If h p < 0.5 (h p) - indicates strong pinning centers , while h p > 0.5 indicates weak pinning centers. Fe-based superconductors
have significant difference between H c2 and H irr , which used to determine Fp. The H irr can be obtained from the fusion point of
hysteresis magnetization loops.

Samples
Single crystals were grown by self-flux method. Magnet measurements were provide in fields up to 14T. The transition width is
about 1.5 K for the Ba1-xKxFe2As2 and about 2K for Ba(Fe1-xNix)2As2 (Fig. 2,3). The Tc was determined by the deviation of the curve
from zero signal and was about 18.9K and 25K.
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3. The normalized critical current density (Jc/Jc(0K)) vs. the normalized temperature (T/Tc) for compounds
BaFe2-xNixAs2 [4] , BaFe2-xCoxAs2 [5] , Ba1-xKxFe2As2 , Ba1-xNaxFe2As2 [6] (Fig. 9). They shows strong pinning force of
vortices and significant difference from the model curves. The observed discrepancy with the models δl and δT
pinning can not be explained by the inhomogeneous distribution of the pinning centers.
4. CaFe2-xCoxAs2 [7], BaFe2As2-xPx) [8], KxFe2−ySe2 [9] compounds with weak pinning centers shows agreement
with the theory (Fig. 9) .
Explanations: 1. The deference between the number, shape or/and the strength of pinning centers and causes
additional vortex-vortex interactions in pinning cores. 2. Dramatic changes in nature of pinning at low
temperatures (<5 K) in 122 superconducting family with strong pinning core.
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Critical current density calculated by the expression (J с =20M/(a(1-a/3b))[3], for the Ba0.64K0.36Fe2As2 Jc (4.2 K, 0 T)=2,4 х 105 A/cm2)
and BaFe1.91Ni0.09As2 Jc (4.2 K, 0 T)=3,9 х 105 A/cm2 (Fig.4,5).

1. Dew-Hughues model is valuable instrument for a qualitative estimation
of pinning in FBS.
2. FBS superconductors 122 family with electron and hole doping
characterized by strong pinning weakly depended on the doping level.
3. FBS superconductors with high vortex-vortex interaction can't be
described by model proposed by Griessen in low fields[3].
4. No evidence of unconventional behavior in Jc vs. T curves were found in
Fe-based compounds with weak pinning centers.
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