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TEOPETUYHHUI AHAJI3 AHI3OTPOIIII TA MOJISIPU3AILLIL L-PEHTTEHIBCBKOI'O
BUITPOMIHIOBAHHSA EJIEMEHTIB 3 BUCOKUM ATOMHUM HOMEPOM Z

[IpencraBieHo KOMIUIEKCHE TEOpPETHYHE JOCTIPKEHHS KyTOBOi aHi3oTpomii Ta JiHIHHOT monspu3auii
XapaKTEepPUCTUYHOTO PEHTI€HIBCHKOTO BUIIPOMIHIOBAaHHS L-000JI0HKK aToMiB 3 BUCOKHMM Z (TaHTal, BONb(dpam, peHii,
ipuaii, 30J10TO Ta Talii), 110 BUHUKAE BHACIIIOK (oToioHI3aNil HenomsIpu30BaHUMH (hoToHAMH. Po3paxyHKH BUKOHAHO
B MEXaX HEIUIOJIBHOTO HAaONMKEHHS 3 BHUKOPHUCTAHHSIM TPHOX albTEPHATHBHHX MOJENeld aTOMHOTO MOTEHIIaIy:
(i) ToukoBe KyJOHIBCBKE moie, (ii) eKkpaHOBaHE KyJOHIBChKe mmoiie Ta (iil) aHANITHYHUN MiAXiA Ha OCHOBI Teopii
30ypenb. [l DoCHimKeHHS BUKIIOYHO TpaMoi (yopecueHIii L-000I0HKH eHeprilo magarounx (OTOHIB 0OMEKEHO
Jiarma3oHOM BiJ mopora moriauHaHHS Ha L-migobomonkax no mMexi K-000I0HKH; 1€ a0 3MOTY YCYHYTH BHECKH Bix
ionizamii K-obomonku, mepexoxmiB Koctepa—Kponira Tta mpomeciB MiXOOOJTOHKOBOTO TepEHECEHHS BaKaHCIM.
Po3paxoBaHo cTymiHb JiHIHHOT moJsipu3anii Ui criekTpanbHux JiHil L, Loy Ta Lo B mianasoni enepriii 1o 60 xeB 3
METOI0 BH3HAYEHHS 3aJIKHOCTI WX MapaMeTpiB Bif eHeprii 30ymkeHHS. PesymbraT cBigdaTh, 110 BHPiIBHIOBAHHS
BaKaHCiii mocsrae MakCUMyMy MOOJM3y Iopora ioHi3allii, 1¢ BiIOYBalOThCS CYTTEBI 3MIHM aMILUIITYZ 10HI3aIlil
ni000JIOHOK Ta MapLialbHUX XBHJIBOBHX KOMIIOHEHT ()OTOENEKTPOHIB. 3i 301LIbLICHHSM €Heprii (OTOHIB CTYIiHb
BUPIBHIOBAHHS TOCTYIOBO 3MEHIIYETHCS, 110 NPU3BOJWTH 10 3HW)KEHHS aHI30Tpomii Ta mojspusaiii, a 3rojom
HAOMKAEThCA O TPAaHUYHOTO 3HAYCHHS, SKE MOBUIBHO 3MIHIOEThCS B 00yacTi BHCOKuX eHeprii. [lepexim L
JNEMOHCTPY€ BHIY aHi30TPOIII0 MOPIBHIHO 3 IiHIAMHU Lo, TOAI K 3HA4WeHHS monspu3amii mis miHid Lg, Lag Ta La2
3aJIMIIAIOTHCS CIIENU(PIYHUMH JUIsl KOXKHOTO IIEpexo/Iy Yepe3 BiIMIHHOCTI y 3B 513Ky KyTOBHX MOMEHTIB Ta MaTpUYHHUX
eJIEMEHTax pajianifHuX nepexoiB. st BCiX JOCTIKYBaHUX €JIEMEHTIB CIIOCTEPIracThesl 3aKOHOMIpHA 3aJIeKHICTh BiJ
aTOMHOTO HOMEpa, NMPUYOMY BaKdi aTOMH NEMOHCTPYIOTH BIIHOCHO OUTBINI 3MIHH XapakTepy mnomspu3arii. Lls
TEH/ICHIIis, HIMOBIpHO, BioOpakae CyKyIHHUI BIUTHB PENIATHBICTCHKUAX €(eKTiB, CIiH-OpOiTaIbHOI B3aeMOJIil Ta e(heKTiB
SJICKTPOHHOI KOpeJIsiii, XapaKTepHHUX [UIs BaXKKUX aTOMHHX CHCTEM. X04a BCl TPH TEOPETHYHI MiAXOAN MependadaoTh
CXO0’Ki 3araibHi TEHACHIIT 3aJIeXKHOCTI BiJl €Heprii, OTpUMaHO MOMITHI KUTbKiCHI PO301’KHOCTI Y 3HAUEHHSX MOJISpH3allil,
oo IEMOHCTPYE YYTJIHMBICTH PE3yNbTaTiB 10 0OpaHOi MOJeNi MOTEHIady Ta METOLy BpaxyBaHHS BHPiIBHIOBAHHS
BakaHciil. [IpoBeneHe MOpIBHSAHHS 3 paHilIe OIMyOJIIKOBAaHUMH pe3ylbTaTaMu AociimpkeHs Kédmpfer et al., a takox
Ozdemir et al. miaTBepmKy€e y3roKeHiCTh BUKOHAHMX PO3PaxyHKIiB i 3abesrnedye TimblIe TEOPETHYHE PO3YMiHHS
CYKYITHOTO BIUIMBY BHPIBHIOBAaHHS BAaKaHCIW, 3MINIyBaHHS MYJBTHIIONIB Ta PEIATHBICTCHKOI TUHAMIKM Ha
PEHTreHIBChKE BUITPOMIHIOBaHHS L-00010HKH.
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THEORETICAL INSIGHTS INTO L X-RAY EMISSION ANISOTROPY
AND POLARIZATION IN HIGH-Z ELEMENTS

A comprehensive theoretical study of the angular anisotropy and linear polarization of characteristic L-shell X-ray
emission from high-Z atoms (tantalum, tungsten, rhenium, iridium, gold, and thallium) produced by photoionization
with unpolarized photons is reported. The calculations are performed within the non-dipole approximation employing
three alternative descriptions of the atomic potential: (i) point Coulomb field, (ii) screened Coulomb field, and (iii)
analytical perturbative treatment. To examine only direct L-shell fluorescence, the incident photon energy is limited to
the range extending from the Lz absorption threshold to the K-shell edge, thereby eliminating contributions from K-shell
ionization, Coster—Kronig transitions, and inter-shell vacancy transfer processes. The degree of linear polarization for
the L, L, and Lo spectral lines is calculated up to 60 keV to determine their variation with excitation energy. The

al ?
results indicate that vacancy alignment reaches its maximum close to the threshold, where great changes in subshell
ionization amplitudes and photoelectron partial-wave components occur. As the photon energy increases, the alignment
progressively decreases, leading to reduced anisotropy and polarization, and gradually approaches a slowly varying
high-energy limit. The L, transition consistently shows greater anisotropy than the L. lines, while the polarization
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values of L, La1, and L« remain transition-specific because of differences in angular momentum coupling and radiative
transition matrix elements. A systematic dependence on atomic number is observed throughout the investigated
elements, with heavier atoms exhibiting comparatively greater changes in the polarization behaviour. While this trend
may reflect the combined influence of relativistic effects, spin-orbit coupling, and electron-correlation effects
commonly associated with heavier atomic systems. Although all three theoretical approaches predict similar overall
energy-dependent trends, noticeable quantitative differences are obtained in the polarization magnitudes, demonstrating
the sensitivity of the results to the adopted potential model and alignment treatment. Comparison with previously
published results of Kimpfer et al. and Ozdemir et al. confirms the consistency of the present calculations and Lo offers
a deeper theoretical understanding of the combined influence of vacancy alignment, multipole mixing, and relativistic
dynamics in L-shell X-ray emission.
Keywords: L-shell X-ray emission, polarization, anisotropy, photoionization, high-Z atoms.
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