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1. MeTtog, R-maTpuui 3 B-crijaliHamMu B T€Opii HU3bKOEHEPTETUYHOTO PO3CisSIHHS €JIEKTPOHIB Ha CKJIQHUX aTOMax

2. The B-spline R-matrix method in theory of low-energy electron scattering on complex atoms



Pedepar:

1. Po3po6aeno HoBy BCP-Bepcito meTomy R-marpuii, sika 6a3yeTbCsl HA BUKOPUCTaHHI 6a3MCHUX CIIJIAlHIB Ta
3aJIEXKHUX BiJi TEPMY HEOPTOIOHa/IbHUX opbiTaneil. [Jana BCP-Bepcis nae 3MOry HOCiIKyBaTU SIK €JIeKTPOHHY
CTPYKTYPY CKJIAJIHAX aTOMIB Ta iOHiB, TaK i eJleMeHTapHi IpoLecy (IIPY>KHOTrO PO3CisiHHS, 30yI>)KeHHs! Ta ioHi3arii) ix
B3aeMofii 3 pOTOHAMU Ta NOBiIIbHUMU €JIEKTPOHaMU. Ha IpuKJjiazii HU3bKOEHEPTreTUYHOTO PO3CisSIHHS €JIEKTPOHIB
Ha aTOMax KaJbllilo i amoMiHio Ta poToposmenseHHs Bixg'eMHunx ioniB Ca- i Al- mokasaHo, 1o rnporoHoBaHa BCP-
BEpCisl Jjae pe3ysbTaTh BUCOKOI TOYHOCTI /1J151 HEPEJISITUBICTCHKUX 3iTKHEHD €JIEKTPOHIB Ta (DOTOHIB 3 aTOMaMU i
Bil'€eMHIMM iOHaMHU, SIKIIO B PO3KJIaJli CUJIbHOTO 3B'S13KY BPaxXyBaTH BCi BiIKPUTi KaHaJH, a B 6a31C (PYHKLIN
KOHQIrypauiiiH1x CTaHiB BKJIIIOYUTHU €JIEKTPOHHI KOH(irypatiii 3 01HO- Ta IBOKPATHO 30y >KeHUM KopoM. [TokasaHo,
1110 ypaxyBaHHS (3 JJOIIOMOT0I0 TEXHIKU 3aJIeXXHUX Bifl TEpMYy HEOPTOrOHAJIbHUX OpOiTasieil) siBUla peJsakcallii
KBaHTOBOI Op6iTH 3d-eJ1IeKTPOHA 3HAYHO TOJIIIIYE Y3TOAKEHHS 3 eKCIIEPUMEHTOM 004U CIEHUX €Hepriil 3B'SI3Ky
30yIKeHUX cTaHiB aToMa Ca Ta nepepisiB IPYXKHOTO PO3CisHHS i 30yIpKeHHs aToMa Ca eJIeKTPOHHUM yIapPOM.
BcTaHoBIIEHO, 1110 Y BUNIAAKY CKIIAOHUX aTOMIB (Takux sk Ca Ta Al) nepepizu po3cissHHS 3HaYHO OiJIbII Yy TJIMBI 10
€JIEKTPOHHUX KOPEJISLii B MilllEeHi, HK 10 KOPOTKOZiI0YMX B3AEMO/IiN 3 HAJIITAal0UMM €JIEKTPOHOM. BusiBieHo
CKJIaJHY PE30HAHCHY CTPYKTYPY B €HEPreTUYHUX 3aJIeXKHOCTSIX NepepiziB pOoTOpo3IeNnaeHHs Bi'eMHOro ioHa Al- B
OCHOBHOMY Ta 30y[I)KEHOMY CTaHaX, 3yMOBJIEHY YTBOPEHHSIM Ta PO3MaloM B IIpoLieCi 3iTKHeHHs ho+Al-
aBTOBigpuBHUX cTaHiB (ABC) Al-. BuzHaueHo nosioxxeHHs i mupunu uux ABC Ta npoBesieHo iX CLIEKTPOCKOIIYHY
xiacudikalito.

2. We developed the new BSR version of R-matrix method, based on the use of basis splines and term-dependent
non-orthogonal orbitals. This version allows to investigate both an electronic structure of complex atoms and the
elementary proccesses (such as elastic scattering, excitation and ionozation) of their interaction with photons and
slow electrons. Using the example of low-energy electron scattering on calcium and aluminium as well as
photodetachment of negative ions Ca- and Al-, we have shown, that proposed BSR approach allows one to obtain
highly accurate results for non-relativistic collisions of electrons and photons with atoms and negative ions. To
achieve this the close-coupling expansion must include all open channels. Also the basis set of configuration state
functions should contain the electron configurations with excited core. It was shown, that the inclusion of core
relaxation effects (using the term-dependent non-orthogonal orbitals) can significantly improve the corresponding
binding energies as well as cross sections of elastic scattering and electron impact excitation of Ca atoms. We have
determined that for the complex atoms (such as Ca and Al) the scattering cross sections are more sensitive to the
electron correlations in the target, than to the short-range interactions with the incident electron. We found, that
the energy dependence of the photodetachment cross section of Al- negative ion exhibits complex resonance
structure caused by autoionizing states (AIS) of Al-. The positions and the widths of these AIS were obtained along
with their classification. The predicted photodetachment cross sections provide new opportunities for future
experimental and theoretical studies of the Al- negative ion. A large array of data for the scattering characteristics
is obtained: integral and differential cross sections for elastic scattering and electron impact excitation of Ca and
Al atoms, atomic collision parameters (so-called pseudo-Stokes parameters), oscillator strengths of selected
transitions, electron impact ionization cross sections, cross sections of photodetachment of negative ions Ca- and
Al-. The obtained results are in good agreement with the available experimental and theoretical data. The present
calculations shown significantly better agreement with the absolute peak value of the Ca- photodetachment cross
sections than other R-matrix calculations. Comparison of results obtained in our BSR-models with different
numbers of target states provides an estimate regarding the likely accuracy of the present cross sections, which
considered as converged to an accuracy of a few percent.
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