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Fig. 1. Feynman diagram within the self-consistent Born
approximation: (a) Self-energy, (b) Green's function obey-
ing the Dyson equation, (c¢) Longitudinal conductivity in
the ladder approximation, and (d) Bethe-Salpeter equation
for the vertex correction. Here magenta and blue lines rep-

resent GR and G, respectively.
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Fig. 2. (a) Feynman diagrams for the Fermi surface contri-
bution to the conductivity o';“yrf. To avoid crossing of the
impurity scattering lines in the ladder diagrams, two single-
current vertices and two double-current vertices are intro-
duced. Then it is decomposed into three panels (b)-(d),
where (d) represents the duplicate term arising from (b)
and (c) relative to (a). (e) Feynman diagrams for double-

vertex Bethe-Salpeter equation.
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Table 1. The “ten-fold way” symmetry classification tablel®%5% showing the ten symmetry classes derived from the three

intrinsic symmetries and their periodic table of topological invariants.

Class T C S 0 1 2 3 4 5 6 7
A 0 0 0 Z 0 VA 0 VA 0 Z
AlIT 0 0 1 0 Z 0 Z 0 Z 0 Z
Al + 0 0 Z 0 0 0 27, 0 Za Zso
BDI + + 1 Zo Z 0 0 0 27 0 Za
D 0 + 0 Zo Za VA 0 0 0 27 0
DIII - + 1 0 Za Za Z 0 0 0 27
Al - 0 0 27 0 Za Zo VA 0 0
CII - - 1 0 27 0 Zo Zo Z 0
C 0 - 0 0 0 27 0 Zo Za Z 0
CI + — 1 0 0 0 27 0 Zo Za Z
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Fig. 3. Feynman diagram representation of the Fermi sea
Hall conductivity o3y : (a) The total contribution, which
includes one density vertex, four single-current vertices, two
current-density vertices, and three double-current vertices.
Panels (g)—(1) are the duplicate terms or the compensation

terms arising from panels (b)—(f) relative to panel (a).
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Fig. 4. Real and imaginary parts of the self-energy components Yo and X, as functions of the Fermi energy: (a) Real part of X ;
(b) imaginary part of Xg ; (c) real part of Xy ; (d) imaginary part of X
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Fig. 5. Renormalized semi-Dirac bands with different ReX;(0): (a) ReX;(0) = 0; (b) ReX,(0)

= —0.005; (c) ReX,(0) = —0.01.
(d)—(f) Corresponding bands with views from k. axis with respect to (a)—(c), respectively.
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Fig. 6. Longitudinal conductivity of semi-Dirac fermions within the self-consistent Born approximation: (a) Longitudinal conductiv-

ity along the linear dispersion direction under different disorder strengths; (b) longitudinal conductivity along the parabolic disper-

sion direction under different disorder strengths; (c) longitudinal conductivity in the clean limit; (d) minimal conductivity as a func-

tion of the impurity scattering strength.
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Fig. 7. Weak-field Hall conductivity ozy as a function of
the Fermi energy under different disorder strengths W.
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Fig. 8. Weak-field Hall conductivity as functions of energy: (a) Contribution from the Fermi surface electrons; (b) contribution from

the Fermi sea electrons.
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Abstract

Disorders such as impurities or defects inevitably induce complex scatterings in realistic material systems.
As a result, we need transport theories dealing with these disorder scatterings to compute electronic transports.
The self-consistent Born approximation (SCBA) is an effective field-theoretical approach for weak disorders by
incorporating scatterings into both self-energy and vertex corrections self-consistently. However, previous SCBA
theory relies on isotropic assumptions and lacks a systematic symmetry analysis for anisotropic systems. He we
develop a symmetry-constrained SCBA (SCSCBA) framework for disordered semi-Dirac fermion systems by
combining joint space symmetries consisting of both momentum and pseudospin space with intrinsic discrete
symmetries including particle-hole symmetry (PHS), time-reversal symmetry (TRS) and chiral symmetry(CS).
Through symmetry constraints we reduce self-energy, single current-vertex and double current-vertex tensors
into a few scalar algebraic equations, thereby greatly simplifying self-consistent calculations on transport
properties. Applying SCSCBA, we systematically investigate the self-energy, band renormalization, vertex
corrections, longitudinal conductivity, and Hall conductivity of disordered semi-Dirac fermion systems. We find
that, (i) both the real and imaginary parts of the self-energy preserve the PHS, and the increased disorder
strength drives the initial semi-Dirac metallic phase into two-node semimetals through the Lifshitz transition;
(ii) For longitudinal conductivity, along the linear-dispersion direction there exists a robust minimum close to
4e*/mh near zero energy reflecting the underlying Klein-tunneling nature of Dirac fermions, whereas the
conductivity along the quadratic-dispersion direction vanishes at zero energy, manifesting a remarkable
anisotropy; (iii) The weak-field Hall conductivity exhibts an odd function feature with energy, and the Fermi-
surface contribution plays the dominant role in the Hall response, compared with the Fermi-sea contribution;
(iv) Away from zero energy, both longitudinal and Hall conductivities are significantly suppressed by disorders.

The suggested SCSCBA perspective can also be extended into other anisotropic systems.
Keywords: semi-Dirac fermions, self-consistent Born approximation, symmetry, weak-field Hall effect

DOI: 10.7498/aps.75.20260737 CSTR: 32037.14.aps.75.20260737

* Project supported by the National Natural Science Foundation of China (Grant No. 12247101), the Fundamental Research
Fund for the Central Universities, China (Grant No. lzujbky-2025-jdzx07), the Natural Science Foundation of Gansu
Province, China (Grant No. 22JR5RA389, 25JRRA799), and the 111 Center, China (Grant No. B20063).

1 Corresponding author. E-mail: wangyunhua@lzu.edu.cn

170704-14


http://doi.org/10.7498/aps.75.20260737
https://cstr.cn/32037.14.aps.75.20260737
mailto:wangyunhua@lzu.edu.cn
mailto:wangyunhua@lzu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 半狄拉克费米子的有效哈密顿量
	3 输运的自洽玻恩近似理论
	3.1 纵向电导率
	3.2 弱场霍尔电导率

	4 对称性分析
	4.1 粒子-空穴对称性(PHS)
	4.2 时间反演对称性(TRS)
	4.3 手征对称性(CS)
	4.4 动量-赝自旋空间镜面反射对称性
	4.5 对称性约束下的物理量

	5 数值计算结果及分析
	5.1 数值方法
	5.2 无磁场下的纵向输运
	5.3 弱场霍尔效应

	6 总　结
	附录A 弱场霍尔电导率的具体表达式
	附录B 从Kubo公式到费米面和费米海电导率
	参考文献

