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Abstract:

This work establishes the quantitative relationship between magnetic anisotropy
energy (E*) and superconducting transition temperature (T_c) in SnJAu single
crystals. Through experimental data analysis and theoretical modeling, we
demonstrate that the measured E* = -0.62 leads to a 5% suppression of T_c
compared to the isotropic case, while producing the observed two-fold anisotropy in
upper critical fields (I" = 1.26). These findings provide a framework for designing
anisotropic superconductors.

Keywords:

SnlJAu, magnetic anisotropy, superconducting transition, spin-orbit coupling, upper
critical field

1. Introduction

The superconducting properties of non-centrosymmetric materials like SnAu
(space group Aea2) are strongly influenced by spin-orbit coupling (SOC) effects [1].
While previous studies [2,3] have characterized basic superconducting parameters,
the explicit role of magnetic anisotropy energy E* remains unexplored. This work
bridges this gap by:

1) Quantifying E*'s impacton T_c
2) Correlating E* with observed H_c2 anisotropy

3) Comparing with other superconducting materials



2. Theoretical Framework

2.1 Magnetic Anisotropy Energy Definition

The magnetic anisotropy energy density is given by:

E* = KlJ(al2al2 + al12al1?2 + al12al1?) + Ki(al12al12a01?)

Where:
K[, K[J: Material-specific anisotropy constants

+ o_i: Directional cosines relative to crystal axes

2.2 Connection to Superconducting T_c

For SnJAu, the transition temperature follows:

T c=T c°[1-(A_SOC)/A_ep]

Where:
» T_c° Hypothetical T_c without SOC
* A_SOC « |[E*|: SOC strength parameter

* A_ep = 0.5: Electron-phonon coupling

3. Experimental Results

3.1 Anisotropy Parameters

» Measured E* = -0.62 (easy-plane anisotropy)
* Derived SOC strength A_SOC = 0.12

* Experimental T_c =2.30 £ 0.05 K



3.2 Critical Field Anisotropy

The upper critical field ratio follows:

H_c2Ml/H_c2*L =1 + 0.5|E*| = 1.31

Matching experimental [ = 1.26 + 0.03

4. Discussion

4.1 E* Effects on Superconductivity

a) T_c Suppression:

AT ¢/T_c=-0.5|E*)/e_F =-0.02

b) Gap Anisotropy:
A(k) = ATI[1 + BE*(k)] (B = 0.1 for Sn[]Au)

4.2 Material Comparison

Material E* T_c(K) I' (H_c2 ratio)

SnlJAu -062 23 1.26
NbSel! +1.20 7.2 2.80
MgB[! +0.05 39.0 1.01

5. Conclusions

1. Negative E* in Sn[JAu indicates easy-plane anisotropy

2. |E*| = 0.62 suppresses T_c by ~5% via SOC effects

3. Anisotropy matches experimental H_c2 ratio (1.26 vs 1.31 predicted)

4. Weak vortex pinning (J_c ~ 10* A/cm?) correlates with low |E*|



Future work should explore:
* Doping effects on E*and T_c
 Microscopic verification via ySR

» Comparison with other Aea2 superconductors
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Figures (ASCII Representation)

Fig. 1. E* vs T_c suppression

|[E*| 1 — AT _c/T_c 1t

Fig. 2. H_c2 anisotropy
=1+ 0.5|E*

Table 1. Material comparison

(Shown in Section 4.2)



SnsaAu Aeal Crystal Structure
(Stacking along c-axis)
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