Evidence for line nodes In superconducting
gap (d-wave superconductivity ?) of
(K,Na)Fe,As,

Vadim Grinenko
IFW-Dresden

HTS-2013
Zvenigorod



Qg a _TAICQ T .
SINGIE CryStalS 01 K, ,Na, Fe,As,:

Experiment:
M. Abdel-Hafiez, O. Vakaliuk, D. Gruner, E. L. Green, M.
Kumar, J. P. Vogt, A. Reifenberger, C. Enss, M. Hempel, R.
Klingeler, A.U.B. Wolter, B. C. Hess, B. Holzapfel, J. Wosnitza, B.

Biichner




BNC scaling AC oc T3
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Empirical scaling holds for 122 iron-pnictides



BNC scaling Is expected in the limit of strong pair-
breaking within BCS theory for d-wave or s+ SC gap
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strong pair-breaking at T .<<T, for <Q>=0
T, — critical temperature in the clean limit
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BNC scaling Is expected for a guantum critical metal
undergoing a pairing instability

J. Zaanen, Phys. Rev. B 80, 212502 (2009)

1000 ¢ : — e : —
@ Ba(Fe Co)As, ;
* Ba(Fe, Ni)As, ] T d/ Z
1 DO :'- A Ba(Feﬂ-mCOU.w|)2A52 %' .
— S Ba, K, FeAs, T . ; ( —
Nx Bao.ssKo.dsFezAsz ﬁ' - ) — A
S | </ Ba(Fe, TM)As, TM=Pd,Rh Yo ] p Cr
g b
= 101 . - Z
E : °. s 0
e o :
2 3
TE E . .
: w " ; AC oC I c forthree dimensional SC
! . 10 AC oC c for two dimensional SC

z ~ 1 and d I1s dimensionality of the space



BNC scaling AC oc T3
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-deviation from the universal BNC curve for K ,Ba, ,Fe,As,at x > 0.7;
-essential changes in superconducting state was expected



D. Evtushinsky at al., ARPES
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Thermal conductivity
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Residual contribution to thermal conductivity
nodes in the SC gap of K,Ba, ,Fe,As,at x > 0.7
Non universal behavior -> s+ gap with accidental nods ?
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Possible gap symmetry of KFe,As,
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Superconductivity of KFe,As,: s,_accidental nodes or d — wave ?
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Disorder independent line nodes in the gap of K, ,Na,Fe,As,
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Disorder independent line nodes in the gap of K, ,Na,Fe,As,
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KFe2As2 : a two-dimensional effective single-
band d-wave superconductor?
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Superconducting specific heat jump AC for K, ,Na Fe,As,
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We fix the hole doping and vary amount of disorder
iInduced by Na doping



Magnetic susceptibility K, ,Na,Fe,As

V.Grinenko et al., arXiv:1308.2201
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Specific heat of K, ,Na,Fe,As
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Specific heat jump at T,
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- two regions can be indentified:

1) BNC scaling AC oc T for the

most of iron-pnictides

I ™>ii) new scaling for K, Na Fe,As,

AC oc T2

Consistent with d-wave SC gap
but with reduced 1v,;

Residual specific heat cannot be
explained by pair-breaking due to

disorder



Open questions
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Possible nodal multi-band superconductivity of KFe,As,
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Possible nodal multi-band superconductivity of KFe,As,

T=0.5 K (our study)
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Low-T anomaly interpreted as small gaps



Possible nodal multi-band superconductivity of KFe,As,

T=0.5 K (our study)
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Possible nodal multi-band superconductivity of KFe,As,
F. Hardy et al., arXiv:1309.5654v1
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Conclusion

Disorder under control:
the powerful tool to investigate physical properties of iron-pnictides

Disorder suppresses small gaps and results in the large residual
electronic specific heat;

*Nodes In the large superconducting gap stable against disorder:
evidence for d-wave;

«Conventional behavior of AC, o T2 for unconventional Fe-
pnictides, also consistent with d-wave superconductivity;

*Nodal multi-band superconductivity, in clean samples;



Thank you for attention!
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Critical

behavior |: susceptibility

DC susceptibility
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Non — universal critical behavior

DC susceptibility
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a)) —~— Power low behavior at low temperatures

Scaling with a non-universal exponent A5 = 0.5
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Critical behavior Il: specific heat

V. Grinenko et al., Phys. Status Solidi B (2013)
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Specific heat of d - wave SC

The quasiparticle excitation spectrum at low-T
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