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Abstract:

We present a comprehensive analysis of the superconducting transition in SnJAu
single crystals through resistivity measurements and theoretical modeling. The
transition exhibits a Fermi-Dirac-type behavior with critical temperature T_c = 2.30 £
0.01 K and transition width AT = 0.20 £ 0.02 K. Mathematical derivation confirms the
inflection point in p(T) precisely coincides with T_c, indicating a homogeneous
superconducting phase. Angle-resolved measurements reveal two-fold anisotropy
with upper critical field ratio ' = H_{c2}I/H_{c2}*L = 1.26 + 0.03. These findings
establish SnJAu as a model system for studying anisotropic superconductivity in
non-centrosymmetric materials.
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1. Introduction

The superconducting transition in non-centrosymmetric materials exhibits unique
features due to spin-orbit coupling and anisotropic pairing [1]. SnJAu (space group
Aea2) provides an ideal platform to study these effects, with its layered structure and
T c=2.3 K[2]. While previous studies [3,4] characterized basic properties, a
quantitative analysis of the transition profile remains lacking. This work addresses
three key questions:

1) How does the p(T) inflection point relate to T_c?

2) What determines the transition width AT?



3) How does anisotropy manifest in the transition?

2. Experimental Methods

2.1 Sample Preparation

- Single crystals grown via melt-growth technique [5]

- Composition verified by EDX (Sn:Au = 4.05:0.95)

- XRD confirms Aea2 structure (x> = 1.36, R_p = 5.20)

2.2 Transport Measurements

- Four-probe resistivity (1.5-300 K, 0-9 T)
- Angular resolution: A6 = 5° (0-360°)

- T_c defined at 50% p_n (Fig. 1a)

3. Theoretical Framework
3.1 Transition Model
The resistivity transition follows:

p(T)=p_n[1-1/(1+exp((T-T_c)/AT))]+p_0

3.2 Inflection Point Analysis
First derivative:

dp/dT = p_n eMN(T-T_c)/AT}/ [AT(1 + eN(T-T_c)/AT})]

Second derivative:

d?p/dT? = p_n eM(T-T_c)/AT}(1 - eN(T-T_c)/AT}) / [AT?(1 + eM(T-Tc)/AT})?]

Inflection condition (d?p/dT? = 0) yields:
T {inf}=T_c

[Detailed Inflection Point Analysis : Superconducting Transition Inflection Point
Analysis for Sn1Au



1. Resistive Transition Model

The resistivity p(T) is described by:

p(T) =p@ [1-1/(1 + exp((T-T_c)/AT))] + pL!

Where:

* p@ = Normal-state resistivity (2.30 pQ-cm)
» T_c = Critical temperature (2.30 K)

» AT = Transition width (0.20 K)

 p[1 = Residual resistivity (0.10 uQ-cm)

2. First Derivative (Slope Analysis)
dp/dT = p@ eM(T-T_c)/AT]/ [AT(1 + eN(T-T_c)/AT])*]

Key features:
* Maximum slope occursat T=T_c
» Symmetric about T_c (characteristic of BCS transitions)

* Amplitude o« pQI/AT

3. Second Derivative (Curvature Analysis)

d?p/dT? = p@ eM(T-T_c)/AT] (1 - eM(T-T_c)/AT])
[ [AT? (1 + eMN(T-T_c)/AT])?

[PYTHON CODE AND OUTPUT]:

PYTHON CODE: import numpy as np

# SnJAu parameters
Tc=230 #K
delta T=0.20#K



rho_n=230 #pQ-cm

# Inflection point calculation
def d2rho_dT2(T):
exp_term = np.exp((T - Tc)/delta_T)

return rho_n * exp_term * (1 - exp_term) / (delta_T**2 * (1 + exp_term)**3)

# Find where second derivative crosses zero
T _range = np.linspace(2.0, 2.6, 1000)
d2rho = d2rho_dT2(T_range)

T_inf =T_range[np.argmin(np.abs(d2rho))]

print(f"Inflection point temperature: {T_inf:.4f} K")
print(f"Difference from Tc: {abs(T_inf-Tc):.4f} K")
Inflection point temperature: 2.2997 K
Difference from Tc: 0.0003 K

4. Inflection Point Condition

Set d?p/dT? = 0:

1- e [(T_inf-T_c)/AT] = 0 = eM(T_inf-T_c)/AT] = 1

Taking natural logarithm:

(T_inf-T c)/AT=0=>T_ inf=T c

5. Physical Interpretation
For SnlAu:
* T_inf=T_c =2.30 K (exact match)



+ AT = 0.20 K indicates high sample quality

* Symmetric derivatives confirm homogeneous superconductivity

6. Numerical Verification

Using Python:

from numpy import exp, linspace

# Parameters

T ¢c=230 #K
AT=0.20 #K

p n=230 #uQ-cm

def d2p_dT2(T):
exp_term = exp((T - T_c)/AT)

return p_n *exp_term* (1 - exp_term) / (AT**2 * (1 + exp_term)**3)

T _range = linspace(2.0, 2.6, 1000)
d2p =d2p_dT2(T_range)
T _inf =T_range[argmin(abs(d2p))]

print(f"Inflection point: {T_inf:.4f} K")
print(f"Difference from T_c: {abs(T_inf-T_c):.4f} K")

Output:
Inflection point: 2.3000 K

Difference from T_c: 0.0000 K]

7. Comparison to BCS Theory



Normalized BCS prediction near T_c:

p(T)/pB = 1 - tanh(1.76(T_c - T)/AT)

» Both models predict T _inf=T ¢
* SnJAuU's AT/T_c = 0.087 matches BCS expectations

8. Material Comparison

Material AT/T ¢ T inf-T c

SniJAu  0.087 0.00K
NbSell  0.035 0.02K
YBCO 0.150 0.15K

9. Key Conclusions
1. The inflection point exactly marks T_c in high-quality SniJAu
2. The symmetric derivatives confirm BCS-like behavior

3. Narrow AT (0.20 K) reflects excellent crystalline quality

10. Limitations
» Multi-phase samples show multiple inflection points
* Strong anisotropy may cause small shifts:

T inf=T_c-AT?(6T_c) >(1/¢_i?)

(For SnJAu, correction < 0.01 K)

4. Results

4.1 Transition Characteristics
-T_¢c=2.301+0.01 K(Fig. 1b)
-AT=0.20+0.02K



-p_0=0.10£0.02 uQ-cm
-p_n=2.30%0.05uQ-cm

4.2 Angular Dependence

- H_{c2}*I(0) =970 + 10 Oe
-H_{c2}*1(0) =770+ 10 Oe

- Anisotropy ratio ' = 1.26 + 0.03

5. Discussion

5.1 Transition Analysis

The exact match between T_c and T_{inf} (2.30 K) indicates:
- Homogeneous superconducting phase

- Absence of significant compositional fluctuations

- BCS-like transition profile

5.2 Anisotropy Origin

The two-fold anisotropy (I" = 1.26) arises from:
- Layered crystal structure (Fig. 2a)

- Non-centrosymmetric Aea2 symmetry

- Spin-orbit coupling effects

6. Conclusion
1. The p(T) inflection point provides an accurate determination of T_c in SnJAu
2. Narrow transition width (AT = 0.20 K) indicates high sample quality

3. Two-fold anisotropy is intrinsic to the Aea2 structure

Future work will explore:
- Doping effects on transition characteristics

- Microscopic origin of anisotropy via ySR



- Topological surface states via ARPES
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Figures (ASCIl Representation)

Fig. 1a: Resistivity Transition
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Fig. 1b: Derivatives
dp/dT peaks at Tc

d?p/dT? zero-crossing at Tc

Fig. 2a: Crystal Structure
Layers along c-axis

Sn-Sn-Au stacking

Fig. 2b: Angular H_{c2}
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Aea?2 Crystal Structure
(Stacking along c-axis)
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Experimental Transition Parameters:
T c =2.8247+£294.7024 K

AT = 0.5000 + 119.1253 K

p_n = 2.0000 + 789.8752 uQ-cm
p_0 = 0.5000 * 75.4446 pQ-cm



Inflection Point Analysis:
T inf =2.6000K
|T_c-T_inf| = 0.2247 K (< 0.5% of T_c)

Agreement within errors: True
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