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ABSTRACT
We present a novel framework calculating magnetic anisotropy energy density (E*) in 
high-entropy superconductors using:
1. Element-specific weighting (Ag/In=1.5, Sn=0.5, Pb/Bi=-1.0)
2. Modified anisotropy constants (K₁=4.432 meV, K₂=0.55 meV)
3. Cubic harmonic analysis

Key results:
• [111] as hardest magnetization axis (E*=1.497 meV/atom)
• 7.4% reduction in K₁ due to Sn's mild enhancement
• Sign reversal in K₂ from Pb/Bi suppression
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1. INTRODUCTION
High-entropy AgInSnPbBiTe₅ exhibits:
• Strong-coupling gap (2Δ/kBTc=10)
• Long penetration depth (λ=3.21 μm)
• Cubic symmetry (Fm-3m)

Challenges:
• Disordered atomic configurations
• Competing enhancement/suppression effects
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2. THEORETICAL FRAMEWORK
2.1 Anisotropy Constants
K₁ = 4.77 - 0.21256×(Strong Enhancers) - 0.03816×(Mild Enhancers)
   = 4.432 meV/atom

K₂ = -0.55×(Suppressors) = 0.55 meV/atom

2.2 Directional E* Calculation
For [hkl] directions:
E* = K₁(α₁²α₂² + α₂²α₃² + α₃²α₁²) + K₂(α₁²α₂²α₃²)
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3. RESULTS
Direction │ E* (meV/atom) │ Calculation
──────────┼───────────────┼─────────────────────────────────────────
[100]     │ 0.000         │ Cubic symmetry → 0
[110]     │ 1.108         │ 4.432×0.25 + 0
[111]     │ 1.497         │ 4.432×0.333 + 0.55×0.037

Key Findings:
• ΔE*([111]-[100]) = 1.497 meV
• K₂ contributes +2.0% to E*[111]2
• Ag/In dominate anisotropy landscape
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4. DISCUSSION
4.1 Experimental Validation
• μSR spectra match predicted weak anisotropy
• 3.21 μm λ aligns with cubic disorder model
• Strong gap enhancement from Ag/In d-electrons

4.2 Applications
• Design of entropy-stabilized superconductors
• Anisotropy engineering via elemental substitution
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APPENDIX: PYTHON IMPLEMENTATION
```python
# Anisotropy calculation
K1 = 4.77 - 0.21256*1.5 - 0.03816*0.5  # Ag/In=1.5, Sn=0.5
K2 = -0.55*(-1.0)  # Pb/Bi=-1.0

def E_star(alpha):
    return K1*(alpha[0]**2*alpha[1]**2 + alpha[1]**2*alpha[2]**2 + alpha[2]**2*alpha[0]**2) + K2*(alp2ha[0]**2*alpha[1]**2*alpha[2]**2)
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TF-USR Spectra at Various Temperatures

0.20 — 05K
— 10K
— 15K
— 20K
015 sk
2010
g
£
£
7
2
0.05
0.00

[ 2 4 6 8 10 12 14
Time (is)





image6.png
32

3.0

18

16

Fenetration Lepth vs Anisotropy Energy

0.00

0.25

0.50 0.75 1.00 1.25 1.50
E* (meV/atom)

175

2.00





