Stability of Time-Reversal Symmetry Breaking State by applying Magnetic Field in Inhomogeneous Superconductivity
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We show a superconducting gap structure with horizontal minimum lines and temperature dependences of spin susceptibility for the non-unitary chiral superconductivity of Eu: (kyz+e k,x, k,z+e k,y) mixed through a coefficient
e, in the Sr,RuO, model. Assuming the non-unitary chiral state of a bulk phase, the analysis of the Ginzburg-Landau equation clarifies a field-induced chiral transition and paramagnetic chiral supercurrent in an inhomogeneous
interface phase of a eutectic Sr,RuO,-Ru. Although the field-induced chiral phenomena change by increasing € in the nonunitary state, the features are qualitatively similar to those in the unitary state for e=0
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Field-induced order-parameter component

Superconducting Gap and Spin Susceptibility

Energy of Superconducting state in-non-unitary chiral state Spin susceptivity xi;/xijn ref. A. ). Leggett, Rev. Mod. Phys. 47, 331 (1975)
Ef = g2 +1|d|* £ |d* x d| Xij/Xn = {51',' - f dkydkydk, [1 =Y (kps, T)][d7d;/(1d]* + |d* X dl)]} kg on the cylindrical Fermi Surface (6=0)

Yosida function: Y(k:T) = fooo dek%ﬁ sech? %[)’ Ep+

N =—iNy =Noy1-— T/T,

Energy dispersion: g
e = (1 —8cosk,)(kZ+k2)—u

§=011 pu=20 . ol .
10F 106 e
Two-dimensional Fermi Surface - ' E— \ T
weakly warped along to the k,-axis e _ oaf %
N < | £00 — <1
. . . 06 06} ><—0.6:’
d|* = (|771|251n2kx + |772|251n2ky) + e?sin’k, (In4|* + [m21%) ‘*Xﬁ "'><- : £=0.1 ;: ’:
M = | K
|d* x d| = 2€|n1||n2|sinkz\/sin2kx + sin?k,, + £%sin?k, ><H‘-“ ; 04r €203 — 0.41,'
[ [ 1 T=0 ----- Xl X
02r a2k E_D 95 . 02: ;Z/Xzzn
non-nodal horizontal-line minimum gaps : [ - /A
atkzzoyn L PR I TR S SRR NN TR TN SUN RN TN SN SN SN T T S | T B S T T T B T T S T T | I T
04 02 0.4 08 08 1.0 00 07 24 T 08 T T m " m ” m
T;'"TE T,."T{: €

The reduction rates y,, and x,, at zero temperature change depending on e.
In the non-unitary state at a large value of e=1~2, x,, reduces by approximately 10~15% and the reduction in y,, weakens.

Field-induced Chiral Transition by applying H/z in Inhomogeneous Interface State; The 3 Kelvin Phase of Eutectic SryRuO,-Ru
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