Pis’ma v ZhETF, vol. 120, iss. 3, pp. 217 – 218 © 2024 August 10

On exchange-correlation energy in DFT scenarios

A. Belhaj^+, S. E. Ennadifi^{∗ 1)}

+ESMaR, Faculty of Sciences, Mohammed V University in Rabat, B.P. 1014 Rabat, Morocco

∗LHEP-MS, Faculty of Sciences, Mohammed V University in Rabat, B.P. 1014 Rabat, Morocco

Submitted 16 June 2024 Resubmitted 9 July 2024

Accepted 9 July 2024

Motivated by the considerable importance of material properties in modern condensed matter physics research, and using techniques of the Ne-electron systems in terms of the electron density nσe (r) needed to obtain the ground-state energy Ee0 in Density Functional theory scenarios, we approach the exchange-correlation energy Exc [nσe(r)] by considering the interelectronic position corrections Δr^{↑↑,↑↓}_x = λx | |δr^{↑↑} − δr^{↑↓} | | and

Δr^{ei ej≠i} c = λc |r − r^′|^{−(Ne −1)−1} corresponding to the spin and the Coulomb correlation effects, respectively, through the electron-electron potential energy. Exploiting such corrections, we get approximate expressions for the exchange Ex [nσe] and the correlation Ec [nσe] functional energies which could be interpreted in terms of magnetic and electric dipole potential energies associated with the charge density nσe (r) described by inversesquare potential behaviors. Based on these arguments, we expect that such obtained exchange-correlation functional energy could be considered in the Local Density Approximation functional as an extension to frame such interelectronic effects.

DOI: 10.31857/S0370274X24080105, EDN: DWPJPJ

In this work, motivated by the considerable importance of material properties in modern condensed matter physics research, and using techniques of the N_e-electron systems in terms of the electron density n_{σe} (r) needed to obtain the ground-state energy E_{e0} in density functional theory scenarios [1–5], we approach the exchange-correlation energy E_{xc} [n_{σe}(r)]. For that, we first present the study of the total electronic energy of many-electron N_e systems from the generalized Schrödinger equation of the many-electron wavefucntion Ψ_{σe} (x_i), discuss the early attempts used to overcome the computational problem by means of the introduction of the electron density n_{σe} (r) reducing the dimensionality of the system, and reconsider the Density Functional Theory (DFT) computational scheme of the N_e-electron systems using the electron density n_{σe} (r) for getting the ground state energy E_{e0} [5–8]. Then, by considering the interelectronic position corrections Δr^{↑↑,↑↓}_x = λ_x | δr^{↑↑} − δr^{↑↓} | and Δr^{ei ej≠i}_c = = λ_c |r − r^′|^{−(Ne−1)−1} corresponding to the spin and the Coulomb correlation effects, respectively, through the electron-electron potential energy. Employing such corrections, we get approximate expressions for the exchange E_x [n_{σe}] and the correlation E_c [n_{σe}] functional energies. By making contact with some known physical energy behaviour systems, a close inspection shows that

1)e-mail: ennadifs@gmail.com

these obtained energies could be interpreted in terms of magnetic and electric dipole potential energies associated with the charge density n_{σe} (r) described by inverse-square potential behaviors [9, 10]. Such inversesquare potential have been largely investigated in different physical scales including high energy physics and related topics [11–13]. Based on these arguments, we expect that such obtained exchange-correlation functional energy could be considered in the Local Density Approximation functional as an extension to frame such interelectronic effects [14, 15]. Particularly, we think that these dipole-like potentials should be implemented in the generalized Schrödinger equation in the DFT framework providing interelectronic interaction energy corrections as well as possible new gates to explore other physical features.

Funding. This work was supported by ongoing institutional funding. No additional grants to carry out or direct this particular research were obtained.

Conflict of interest. The authors of this work declare that they have no conflicts of interest.

1. D. R. Hartree, TheWave Mechanics of an Atom with a Non-Coulomb Central Field, Part Theory and Methods. Mathematical Proceedings of the Cambridge Physical Society 24, 89 (1928).

2. V. Fock, Zeitschrift für Physik 61, 126 (1930). 3. J. C. Slater, Phys. Rev. 81(3), 385 (1951).

Письма в ЖЭТФ том 120 вып. 3 – 4 2024 217 4^∗

218 A. Belhaj, S. E. Ennadifi

4. L. H. Thomas, Mathematical Proceedings of the Cambridge Philosophical Society 23(5), 542 (1927).

5. F. Enrico, Rend. Accad. Naz. Lincei. 6, 602 (1927). 6. W. Kohn and L. J. Sham, Phys. Rev. 140(4A), 1133 (1965).

7. P. Hohenberg and W. Kohn, Phys. Rev. B 136, 864 (1964).

8. M. Born and R. Oppenheimer, Ann. Physik 84, 457(1927).

9. D. Bouaziz and T. Birkandan, Ann. Phys. (NY) 387, 62 (2017).

10. C. A. de Lima Ribeiro, C. Furtado, and F. Moraes, Mod.

Phys. Lett. A 20, 1991 (2005).

11. M. Sreelakshmi and R. Akhilesh, J. Phys. G: Nucl. Part.

Phys. 50, 073001 (2023).

12. H. E. Camblong and C. R. Ordonez, Phys. Rev. D 68, 125013 (2003).

13. T. Jenke, G. Cronenberg, J. Burgdörfer, L. A. Chizhova, P. Geltenbort, A. N. Ivanov, T. Lauer, T. Lins, S. Rotter, H. Saul, U. Schmidt, and H. Abele, Phys. Rev. Lett. 112, 151105 (2014).

14. D. Bagayoko, AIP Advances. 4(12), 127104 (2014). 15. A. D. Becke, J. Chem. Phys. 104, 1040 (1996).

Письма в ЖЭТФ том 120 вып. 3 – 4 2024