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                    Abstract
We have considered theoretically Weyl’s semimetals, for which the point symmetry group contains reflection planes and which have equivalent valleys with opposite chiralities. These materials include the most often studied compounds, viz., monopnictides TaAs, NbAs, TaP, NbP of transition metals, as well as Bi1 ‒ xSbx alloys. Circular photogalvanic current inverting its direction upon the sign reversal of the circular polarization has been calculated for light absorption under direct optical transitions near Weyl points. The total contribution of all valleys to the photocurrent differs from zero beyond the limits of Weyl’s model when the spin-independent tilt linear in wavevector k or spin-dependent terms cubic in k are taken into account additionally in the effective electron Hamiltonian. When the tilt of the energy dispersion curve in a Weyl semimetal of symmetry \({{C}_{{4{v}}}}\) is considered, the photogalvanic current can be expressed in terms of the components of rank-two symmetric tensor determining the energy spectrum of carriers near a Weyl’s node. At low temperatures, this contribution to the photocurrent is excited in a certain limited frequency interval Δ. The photocurrent associated with cubic corrections in the optical absorption region is proportional to the square of light frequency and is generated both within window Δ and beyond its limits.
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                  Choice of Matrix
                  \({\boldsymbol{\hat {\beta }}}\)
                  from the Known
                  \({\mathbf{\hat {\Lambda }}}\)
                  Matrix
                

                  Choice of Matrix
                  \({\boldsymbol{\hat {\beta }}}\)
                  from the Known
                  \({\mathbf{\hat {\Lambda }}}\)
                  Matrix
                
For matrix \({{{\boldsymbol{\hat {\beta }}}}_{0}}\) in expression (7), we choose one of solutions to equation

                  $${{{\boldsymbol{\hat {\beta }}}}^{2}} = {\mathbf{\hat {\Lambda }}}.$$

                    ((44))
                


                Let us write matrix \({\mathbf{\hat {\Lambda }}}\) in diagonal form
$${{{\mathbf{\hat {D}}}}_{d}}{\mathbf{\hat {\Lambda }\hat {D}}}_{d}^{{ - 1}} = \left[ {\begin{array}{*{20}{c}} {\lambda _{1}^{2}}&0&0 \\ 0&{\lambda _{2}^{2}}&0 \\ 0&0&{\lambda _{3}^{2}} \end{array}} \right],$$

where \(\lambda _{1}^{2}\), \(\lambda _{2}^{2}\), and \(\lambda _{3}^{2}\) are the eigenvalues of this matrix and \({{{\mathbf{\hat {D}}}}_{d}}\) is the matrix of the corresponding orthogonal transformation. Then the chosen matrix has form
$${{{\boldsymbol{\hat {\beta }}}}_{0}} = {\mathbf{\hat {D}}}_{d}^{{ - 1}}\left[ {\begin{array}{*{20}{c}} {{{\lambda }_{1}}}&0&0 \\ 0&{{{\lambda }_{2}}}&0 \\ 0&0&{{{\lambda }_{3}}} \end{array}} \right]{{{\mathbf{\hat {D}}}}_{d}},$$

                    ((45))
                

where we assume for definiteness that all three numbers λ1, λ2, and λ3 are positive. Expression (45) can be written in terms of matrix \({\mathbf{\hat {\Lambda }}}\) and its eigenvalues [19]:
$${{{\boldsymbol{\hat {\beta }}}}_{0}} = \frac{{{{{\text{I}}}_{\beta }}\sqrt {{{\Delta }_{\Lambda }}} {\mathbf{\hat {I}}} + \frac{1}{2}({\text{I}}_{\beta }^{2} + {{{\text{I}}}_{\Lambda }}){\mathbf{\hat {\Lambda }}} - {{{{\mathbf{\hat {\Lambda }}}}}^{2}}}}{{\frac{1}{2}{{{\text{I}}}_{\beta }}({\text{I}}_{\beta }^{2} - {{{\text{I}}}_{\Lambda }}) - \sqrt {{{\Delta }_{\Lambda }}} }},$$

                    ((46))
                

where \({\mathbf{\hat {I}}}\) is the 3 × 3 unit matrix, ΔΛ = det(\({\mathbf{\hat {\Lambda }}}\)), while IΛ = \(\lambda _{1}^{2}\) + \(\lambda _{2}^{2}\) + \(\lambda _{3}^{2}\) and Iβ = λ1 + λ2 + λ3 are the traces of matrices \({\mathbf{\hat {\Lambda }}}\) and \({{{\boldsymbol{\hat {\beta }}}}_{0}}\). It should be noted that in spite of the fact that matrix \({{{\boldsymbol{\hat {\beta }}}}_{0}}\) is diagonal, set of matrices (7) satisfying Eq. (6) contain both diagonal and nondiagonal matrices.
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