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Upper Critical and Irreversibility Fields in Ni- and Co- Doped Pnictide Bulk Superconductors
Nikolo, M. (Saint Louis U., Physics); Singleton, J. (NHMFL-LA); Solenov, D. (SLU, Physics); Jiang, J.; Weiss, J. and Hellstrom, E. (Applied Superconductivity Center, FSU and NHFML)


Introduction
Comprehensive study of upper critical and irreversibility magnetic fields in Ba(Fe0.95Ni0.05)2As2 (large grain and small grain samples or Ni5(SG), Ni5(LG)), Ba(Fe0.94Ni0.06)2As2 (Ni6), Ba(Fe0.92Co0.08)2As2 (Co8), and Ba(Fe0.92Co0.09)2As2 (Co9) polycrystalline bulk pnictide superconductors was made in pulsed fields of up to 65 T.

Experimental
Upper critical fields were measured in pulsed magnetic fields of up to 65 T at the National High Magnetic Field Laboratory (NHMFL) campus in Los Alamos. Radio-frequency proximity detector oscillator (PDO) induction technique was used. Samples’ magnetization was measured in pulsed fields of up to 65 T, using a compensated, inductive extraction magnetometer probe to determine the irreversibility fields Hirr.

Results and Discussion
See Table I. The higher temperature, upper critical field Hc2 data is well described by the WHH model for all samples. We observe a linear increase in Hc2 with decreasing temperature at low temperatures as the data departs from the fitted WHH curve in low temperatures, suggesting an emergence of a new phase that can be attributed to the FFLO state. The fitted values of Maki parameter (>1) indicate that the Zeeman pair breaking dominates over the orbital pair breaking and spin-paramagnetic pair-breaking effect is significant.

Conclusions
The higher temperature, upper critical field Hc2 data are well described by the one-band Werthamer, Helfand, and Hohenberg (WHH) model [1]. The large values of the Maki parameter indicate that the Zeeman pair breaking dominates over the orbital pair breaking and spin-paramagnetic pair-breaking effect is significant in these materials. At low temperatures, the experimental data depart from the fitted WHH curves, suggesting an emergence of a new phase that could be attributed to the Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) state [2].
Possible multi-band structure of these materials is lumped into effective parameters of the single-band model.
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Table I. Measured Hc2, Hirr, BCS computed orbital and Pauli limiting fields, WHH fitted Maki and spin-orbit constants.
	Sample
	Tc (K)
	Hc2 at
1.5 K (T)
	Hirr
at
1.5 K (T)
	dHc 2
dT   T Tc
(T/K)
	orb
Hc 2  (0)
(T)
orbital- limiting field (BCS)
	P
Hc 2 (0)
(T)
Pauli limiting field (BCS)
	
Maki
	SO
spin- orbit coupl ing
	Hc2/Hc2_fit
at 1.5 (K)
	Hc2/Tc
(T/K)
	at
1.5 K (nm)

	Co8
	23.2
	64.0
	50.5
	-8.8
	140.9
	42.7
	6.5
	0.9
	1.08
	2.8
	2.3

	Co9
	25.3
	63.5
	49.5
	-6.3
	110.0
	46.6
	4.4
	0.5
	1.28
	2.5
	2.3

	Ni5(SG)
	19.2
	57.5
	37.5
	-5.9
	78.12
	35.3
	3.2
	2.5
	1.15
	3.0
	2.4

	Ni5(LG)
	20.4
	60.0
	47.0
	-7.1
	99.9
	37.5
	3.2
	2.0
	1.06
	2.9
	2.3

	Ni6
	18.5
	55.0
	41.0
	-6.1
	77.9
	34.0
	3.1
	3.7
	1.11
	3.0
	2.4
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