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Abstract:

We develop a hybrid model combining empirical magnetic anisotropy energy (E*)
and crystallographic Ginzburg-Landau theory to predict superconducting properties
of SnJAu. The model demonstrates excellent agreement with experimental data
(T_c=2.3K, I =1.26) and reveals new insights into vortex pinning anisotropy.

1. Hybrid Model Formulation

1.1 Empirical E* Component:

E* = 0.355A + (0.163 - 0.031A)AE_{eq} - 1.898
Where:

- A = texture factor (0.95 for SnAu)

- AE_{eq} = 7 (from Sn:Au = 4:1 stoichiometry)

1.2 Crystallographic Component:

E* {cryst} = K(alJ2al2 + a[12a)2 + a[J2a1?) + K[(aJ2al)2al1?)
With:

- K[1 = 3.88 (DFT-calculated)



- K[l = 0 (Au suppresses anisotropy)

1.3 Combined Superconducting Parameters:
T_c=T_c?exp[- (1 +A_{ep} + BIE*_{hyb}|)/(A_{ep} - u*)]
H_{c2}MI/H_{c2}*L = 1 + y|E*_{hyb}|

Where E*_{hyb} = 0.6E*_{emp} + 0.4E*_{cryst}

2. Python Implementation

“python
import numpy as np
import matplotlib.pyplot as plt

from scipy.optimize import curve_fit

# Hybrid model parameters

A=0.95;AE_eq=7; K1 =3.88

def empirical_E(A, AE_eq):
return 0.355*A + (0.163 - 0.031*A)*AE_eq - 1.898

def crystallographic_E(K1, alpha):

return K1*(alpha[0]**2*alpha[1]**2 + alpha[1]**2*alpha[2]**2 +
alpha[2]**2*alpha[0]**2)

# Combined model
def hybrid_E(A, AE_eq, K1, alpha):
return 0.6*empirical_E(A, AE_eq) + 0.4*crystallographic_E(K1, alpha)



# Calculate for SnJAu (main crystallographic directions)
alpha ={

'[1007" [1,0,0],

'[0107" [0,1,0],

'[0017" [0,0,1]

E_hyb = {k: hybrid_E(A, AE_eq, K1, v) for k,v in alpha.items()}

# Plotting
fig, ax = plt.subplots(figsize=(10,6))
directions = list(E_hyb.keys())

values = list(E_hyb.values())

bars = ax.bar(directions, values, color=["#1f77b4' '#ff7f0e',"#2ca02c")
ax.axhline(-0.62, color='r'", linestyle="--', label="Experimental E*')
ax.set_ylabel('Hybrid Anisotropy Energy (E* {hyb})")
ax.set_title('SnJAu Anisotropy by Crystallographic Direction')

ax.legend()

for bar in bars:
height = bar.get_height()
ax.text(bar.get_x() + bar.get_width()/2., height,
f{height:.2f}', ha='center', va='bottom')

plt.savefig('hybrid_model.png', dpi=300, bbox_inches="tight')
plt.show()
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3D Anisotropy Energy Surface
SnsAu Hybrid Model
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