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Table 1. Number of transitions calculated within the
MCDF model for various diagram, satellites and hy-

persatellites X-ray lines.

IR BRI Lk BRI HH
K-1LO 1st - np~ ! 4
K-1L-1 1s71L=1 - np~ LT 56
K-1L—2 1s71L=2 - np~ L2 317
K-1L-3 1s71L=3 - np~1L—3 858
e K-L4 1s7 1L~ % 5> np L4 1154
K-1L-5 1s71L=5 - np~1L—5 772
K-1L—-6 1s71L=6 — np~1L—6 253
K-1L-7 1s71IL=7 —» np~ L7 38
K-1L-8 1s71L=8 > np~ L8 2
K210 1s72 = 1s~Inp~ ! 4
K—2L-1 1s72L! — 1sIpp~1L1 56

K™2L"2 1s72L72 = 1s~lnp~1L~2 317
K—2L=2% 1s72L3 — 1s~Inp~ L3 858
B K2L4 1s72L* = 1s~lnp~L-% 1154
K—2L=% 1s 2L 5% — 1s~Inp~1L-° 772
K2L=6 1s72L=6 — 1s~Inp~1L—6 253
K2L"7 1s72L"7 - 1s~np L7 38
K—2L-8 1s72L8 - 1s~Inp~1L~8 2

2 Ar T EARBRT RER  RITMER AR 28

Table 2. The transition energies, rates and relative intensity of diagram lines for argon atom.

bl PULHE/V BRI M /1012 51 RS

NR R SCHR [15] ' SCHR [15]
Ka1 2960.91 2057.72 2957.77 71.81 100 100
Koo 2958.67 2055.56 2955.563 36.31 50.56 —
Kp1 3194.47 3191.19 3190.5 7.36 10.25 11.3
Kgs 3194.29 3191.01 — 3.72 5.18 —
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Table 3. Average energy (eV) and relative intensity of K X-ray satellite and hypersatellite lines for Ar.

®3  ArJiT K XSGR 4P BRIT B8 B AR X o

Lk Ko fH4 Kg fl4& . Ko i FE Kg B
fEfE eV R fEfE eV R fEfE eV R fett /eV R
KL 2956.99 4.97 3191.14 2.25 K—2LO 3131.62 10.13 3416.32 4.80
K-'L-1 297343  25.34 3234.97 9.95 K—2L-1!  3149.44  26.33 3462.01 13.62
K112  2991.94  61.80 3278.05 3726 K72L"2 316822  73.76 3510.01  49.51
K~'L=2  3011.05  100.00 3322.99  79.02 K2L—2% 3188.35  93.27 3557.95  79.99
KL% 3031.72  98.02 3366.97  100.00 K~2L—*  3209.95  100.00 3609.19  100.00
K~1L=% 3053.41  66.37 3416.65  91.19 K72L—> 323221  58.31 3659.68  77.92
K-1L=6 3075.82  26.11 3468.76  56.53 K72L=6 325552  26.63 3710.83  59.48
K=1L=7  3099.79 4.63 3523.15  24.48 K72L=7  3279.61 4.52 3768.94  23.26
K-11,-8 — — 3581.65 6.55 K—21,-8 — — 3828.97  12.19
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Fig. 1. The calcultaed spectra corresponding to Ky
and Kg diagrams, satellites and hypersatellites of Ar

atom (FWHM = 20 eV).
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Fig. 2. Transition energy of the Kq and K statellite
and hypersatellite versus the number of the spector

vacancies in the L shell for Ar atom.
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Fig. 3. Energy shifts of the K, and Kz statellite and
hypersatellitev versus the number of the spector va-
cancies in the L shell for Ar atom (Cal denotes the
data calculated by MCDF method, Fit denotes the
data from Eq. (6)).
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Abstract

A systematical knowledge of the satellite and hypersatellite structures of X-ray transitions is of great interest for
various research areas, such as the explanation of the X-ray radiation from universe, plasma diagnostics, extreme ultra-
violet (EUV) and X-ray sources and so on. Among these researches, the detailed explanation of the complex structures
of X-ray satellites and hypersatellites are crucial for understanding the X-ray emission mechanism and the hollow atom
formation mechanism. In this paper, the K, and Ky X-ray satellite and hypersatellite structure are theoretically studied
for hollow argon atoms with the relativistic multiconfiguration Dirac-Fock (MCDF) method, which includes the Breit
and quantum electro-dynamics (QED) corrections. To check the applicability of the method, the transition energies
and rates of the diagram lines for Ar are calculated, . and the results are in agreement with previously published data.
Then the MCDF calculations of the transition energies and probabilities of K12 (K — L3 2) and Kg1,3 (K—=M32) X-ray
satellites and hypersatellites, which originate from the argon atoms with additional vacancies in the L shell, are carried
out. To obtain the overall profile of the K X-ray spectrum, the diagram lines are integrated with the satellites and
hypersatellites on the assumption that the intensity is proportional to the corresponding transition probability and each
discrete line has a Gaussian distribution profile with a full width at half maximum (FWHM) value of 20 eV. From the
convoluted profile, we can obtain the dependence of the average transition energy and relative transition intensity of
the satellites and hypersatellites on the initial hollow configuration. It is found that the transition energy shift increases
linearly with the number of spectator vacancies in the L shell increasing. For instance, the energy shift of the K, satellite
caused by L-shell hole is about 20 eV, and that of the Kj satellite is 48 eV. While for hypersatellite, the energy shift
increases greatly due to the double ionization in the K shell. The energy shift increment of K, and Kp hypersatellites
corresponding to L vacancy are 21 and 52 eV, respectively. Finally, four simple empirical formulae for estimating the
energy shifts of the K, Kp X-ray satellites and hypersatellite for Ar atom with any number of L-shells vacancies are
deduced by using the least square method. These results are useful in explaining various K X-ray spectra and better

understanding the collision process.
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