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The multi-configuration Dirac—Hartree-Fock method is employed to calculate the energy levels, wave-
lengths, transition probabilities, and line strengths for electric dipole allowed (E1) and forbidden (M1, E2,
M2) lines for the 4s°4p and 4s4p’ configurations of Xe XXIV. From our radiative decay probabilities, we
have also derived the radiative lifetimes of 10 fine-structure energy levels. The valence—valence and core—
valence correlation effects, Breit interactions, as well as quantum electrodynamics (QED) effects are esti-
mated in the subsequent relativistic configuration interaction (CI) calculations. The present results are com-
pared with the experimental data and with the values from other calculations. In this paper, we predict new
data for several radiative data where no other theoretical and/or experimental results are available.
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s pacuema yposueii suepauu, OIUH 80JIH, 8ePOSMHOCHEN NEPEX0008 U CUL OCYULIANOPOS OISl NeK-
mpuyeckux ounonvuwix paspewennvix (E1) u 3anpewennvix (M1, E2, M2) aunuii kongueypayuii 4s°4p u
4s4p® Xe. XXIV npumenen muozokonpueypayuonnwii memoo Jupaxa—Xapmpu-Poxa. U3 eéeposmuocmu
PaouayuonHo20 pacnada noyueHsl paouayuontsie gpemena scuznu 10 moHkocmpykmypHuix ypoeHeti snep-
euu. Dghgpexmobl KOppersiyuu 8aIeHMHOCMb-6ALEHMHOCHb U A0PO-6ANEHMHOCMb, 83aumoodeticmsus bpetima,
a maxoice dpPpexmul keanmosou snekmpoounamuxu (QED) oyenenvi 6 pacuemax peisimusucmceko2o Konpu-
eypayuonnozo e3aumooeticmeus (CI). Pe3yrbmamul cpasHu8aiomcs ¢ dKCHEPUMEHMANbHOIMU OAHHLIMU U
pacuemamu Opyaux aemopog. IIpedckasanvl HOGble OaHHble OISl HECKONLKUX PAOUAYUOHHBIX NOCMOSIHHYIX,
071 KOMOPBIX OMCYMCMBYIOm Opy2ue meopemuieckue u/uny SKCnepUMeHmanbHule pe3yibmamal.

Knrwouesnle cnosa: yposenv snepeuu, O1UHA 80HbL, BEPOSMHOCHb NEPEX00d, CULA OCYUTTAMOPA.

Introduction. The study of highly ionized atomic systems is a subject of considerable interest in atomic
physics because knowledge of the structure and other properties of these systems is important in many fields
of science and technology, such as laser physics, astrophysics, and plasma physics. The probabilities of elec-
tric quadrupole and magnetic dipole transitions, in particular, play an important role in plasma diagnostics.
However, in many cases the experimental data about these systems are absent. In general, one has to use re-
liable theoretical predictions as input in other fields [1, 2].

“*Full text is published in JAS V. 88, No. 4 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 88, No. 4 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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The interest in investigating the spectra of gallium-like ions has motivated many experimental and theo-
retical studies during the past several years [3]. Theoretical energy levels for the n = 4, 0 transitions of the
ion Br V-In XIX along the gallium isoelectronic sequence were calculated using the relativistic Hartree-Fock
model combined with a semi-empirical optimization of radial energy integrals (Slater parameters) [4]. The
fine-structure splitting and magnetic dipole (M1) and electric quadrupole (£2) transition rates between the
45?4p 2Py, and 2P31; levels of Ga-like ions were calculated for Ga to U®'* using the multiconfiguration Dirac-
Fock (MCDF) method [5]. Lines of the resonance transition array 4s°4p—4sdp” in the Ga-like ions Ru XIV,
Rh XV, Pd XVI, Ag XVII, Cd XVIII, and In XIX were identified in the spectra emitted from laser-produced
plasmas [6]. In particular, the spectra of gallium-like ions such as Rb VII, Sr VIII, Y IX, Zr X, Nb XI, and
Mo XII emitted from sparks and laser-produced plasmas were recorded in the region 235-665 A
by Litzén [7]. Highly ionized xenon spectra (95-260 A) excited in TFR tokamak plasmas were recorded
by Breton et al. [8]. The inter-combination multiplet 4s?4p 2P—4s4p® *P in Ag XVII four lines was observed
by Trébert [9, 10]. Spectra of gallium-like rare-earth atoms (Z = 59-70) emitted from high-temperature low-
density tokamak and high-density laser plasmas have been recorded in the soft-X-ray range of 50-200 A
by Fournier et al. [11].

A little more than 10 years ago, at the Livermore Electron-Beam lon-Trap facility, the extreme-
ultraviolet spectra of highly charged Ga-like ions W XLIV [12-14], Os XLVI [15], Au IL [16], Bi LII, Th

LX, and U LXII [16] were recorded. At the Berlin Electron-Beam Ion-Trap Facility Biedermann et al.
investigated the radiation of highly charged xenon ions in the extreme ultraviolet wavelength in the range be-
tween 90 and 240 A for Rb-like Xe!” to Cu-like Xe*" ions using a 2 m grazing incidence spectrometer and
performed atomic structure calculations with the HULLAC code [17]. These experimental measurements
should become simpler and more reliable using this more accurate set of theoretical analysis. On the theoret-
ical front, the atomic data and spectral line intensities for the 11 tungsten (Z = 74) ions from Co-like W*"* to
Rb-like W37" in a high-temperature, low-density medium are presented using the fully relativistic ab initio
calculations by Fournier [18]. The energies, fine-structure splitting of 4s*4p states, and magnetic-dipole and
electric-quadrupole transition rates for the 4s°4p 2P1,—4s*4p *P;, transition for Ga-like ions with the nuclear
charge Z ranging from 31 to 100 were calculated using the relativistic many-body perturbation theory
(MBPT) method by Safronova et al. [19]. The fine-structure energy levels, term splitting, wavelengths, and
transition rates of the Gallium-like 4s*4p—4s4p” transitions in the ions Ge II-U LXII were reported using the
relativistic MCDF method by Hu et al. [20]. The energy levels, wavelengths, transition probabilities, oscilla-
tor strengths, and line strengths for the 4s?4p—4s4p? and 4s*4p—4s°4d allowed (E1) transitions were calculat-
ed using the fully relativistic MCDF method in gallium-like ions from Z = 54 to 59 by El-Sayed [21]. The
wavelengths and transition rates in the X-ray spectra of highly charged gallium-like ions from Yb XL to U
LXII were presented using the multiconfiguration Dirac—Fock (MCDF) code by Quinet et al. [22].

We have used the multiconfiguration Dirac—Hartree-Fock method in the optimized level mode (OL) to
calculate the E£1 and forbidden (M1, E2, M?2) line transition energies, fine-structure levels, wavelengths, tran-
sition probabilities, line strengths, and lifetimes in the X-ray spectra of gallium-like Xe ions. Some of the
core electrons within the atom and the effects of the electron correlation are taken into account in a systemat-
ic way. The Breit interactions and QED effects are also included. This computational approach enables us to
present transitions of the Xe XXIV spectra, which are useful for identifying forbidden lines in further astro-
physical investigations, for an improved understanding of the origin of these effects, for the explanation of
the existing results, and for making further predictions.

Calculations. The wavelengths, transition probabilities, and line strengths for the 4s?4p—4sdp? allowed
electric dipole (E£1) transitions were calculated for Ga-like Xe ions. These calculations were performed using
the fully relativistic multiconfiguration Dirac—Hartree-Fock (MCDHF) approach and the General Martrix
Elements (MCDFGME) program [23, 24] of Desclaux and Indelicato. In order to account for relaxation in
the transition process and different correlation effects in the initial and final atomic states, the atomic state
wave functions were optimized layer by layer. To be able to compute the transition matrix elements built
from independently optimized orbital sets, the biorthogonal transformation techniques introduced by
Malmqvist were used [25, 26].

For the calculations of the lower-lying levels of Xe XXIV, the 4s*4p configuration with total angular
momenta J = 1/2 and 3/2 and the 4s4p” configuration with total angular momenta J = 1/2, 3/2, and 5/2 were
included. In the represented computations, the ionic system was modeled as a core plus valence correlation.
To build a configuration state functions (CSF) expansion, the restrictive active space methods were used.
The {4s, 4p, 4d} orbitals were treated as valence subshells and the rest as the core. From the test calcula-
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tions, by increasing the maximum orbital angular momentum up to g, it was found that the g orbitals were
relatively unimportant for the energies, and the transition data were therefore neglected. The 4s?4p and 4s4p?
were included as reference configurations and the active space was systematically considered until n =7, [ =
=3 s0 as to obtain satisfying results. First, all CSFs from the double excitations of the valence {4s, 4p, 4d}
shell into the active set were included. We only included the valence correlation (VV) following the con-
straint of closed-core subshells for all CSF. In the subsequent calculations, the core plus valence correlation
(CV) due to the 4d, 4p, and 4s orbitals was successively included. The results of these tests show that the CV
correction makes significant changes to the calculations and cannot be ignored. All the levels of two differ-
ent configurations were determined in the so-called extended optimal level (EOL) version. To account for
the close degeneracy between 4s4p” and 4s°4p, the atomic state functions for 4s4p? 2S1, 4s4p® *Pin. 312, 512,
4s4p® 2D3p. sp, and 4s%4p 2Pyj, 30 were determined simultaneously. With a set of fixed orbitals, the core po-
larization from 3p shell to the active set was taken into account in the subsequent relativistic configuration
interaction (RCI) calculations. A similar calculation procedure was previously introduced in our papers [27].
The Breit interaction as well as the QED effects (the vacuum polarization and self-energy correction) as part
of the VV+CV correlations were taken into account by the RCI calculation in each step. The maximum
number of the relativistic CSFs in our calculation reached up to 42009.

Results and discussion. The present results of the electric-dipole allowed (£1) and forbidden (M1, E2,
M?2) transitions among the low-lying levels of Xe XXIV are compiled in the following seven tables. To ex-
plain the influence of the VV and CV correlations, the QED effects, as well as the Breit interaction on the
excitation energies as functions of the increasing active sets, we display some of the excitation energies ob-
tained in different interactions in detail in Table 1. The energy contributions from the Breit interaction and
the QED effects are also shown in the results. As can be seen from Table 1, the VV correlations converge
when n = 7, whereas for core—valence (VV+CV) the principal number is limited to » = 6. This is because of
the following. First, the addition in the 7f orbital was specifically optimized to represent the core polarization
effects. It has a negligible effect on the energies of the system and will, therefore, be neglected in further cal-
culations. Second, the number of the CSFs increases very rapidly when we consider the 7f orbitals, so it is
very difficult to get convergence and accuracy in our calculation. In comparison with the VV results, a large
improvement is achieved in the calculations of the excitation energies by taking the core—valence correlation
into account. For example, comparing the excitation energy with and without the CV correlation for the level
4s4p® 2Dsp, we see that the contribution from the CV correlation is more than 3200 cm™. It also can be no-
ticed that the Breit interaction is important for the excitation energies. For example, comparing the excitation
energy with and without the Breit interaction for the level 4s4p* 2Ds», we conclude that the contribution from
the Breit interaction is greater than 1600 cm™'. These results indicate that the CV correlation as well as the
Breit interaction and QED effects are significant and cannot be neglected in further calculations. Moreover,
as can be seen from Table 2, the results with all these effects agree well with the semiempirical [5] and theo-
retical values [5, 19, 21, 28]. In view of the VV+CV correlation independence just discussed, our energy and
transition data are presented in the VV+CV correlation form only, and the energy contribution from the Breit
interaction and QED effect are included in our calculations.

TABLE 1. The Influence of the VV and CV Correlations, the Breit Interaction, as Well as QED Effects
on Some of the Excitation Energies (in cm™!) for Xe XXIV

Levels VV+Breit+QED VV+CV VV+CV | VV+CV+
n=4 n=>5 n==6 n=7 n=4 n=>5 n==6 +Breit |Breit+QED
4s°4p Py 0 0 0 0 0 0 0 0 0

4s%4p2P3p | 138623 | 138726 | 138712 | 138718 | 140549 | 140940 | 140839 | 139060 139258
4s4p® *P1iy | 395866 | 396146 | 396212 | 396220 | 398493 | 399036 | 399125 | 400784 | 398194
4s4p® *P3p | 486517 | 487044 | 487134 | 487162 | 491139 | 492497 | 492558 | 492691 | 490282
4s4p® *Ps; | 522653 | 523026 | 523084 | 523102 | 527545 | 528303 | 528274 | 528131 525755
4s4p® 2D | 584130 | 584242 | 584229 | 584227 | 587911 | 587689 | 587577 | 587465 | 585139
4s4p® 2P1p | 620900 | 620714 | 620627 | 620604 | 619061 | 618381 | 618202 | 618530 | 616071
4s4p® *Ds; | 655775 | 655997 | 656001 | 656015 | 662513 | 663348 | 663093 | 661459 | 659314
4s4p® 2Sin | 757704 | 757508 | 757376 | 757335 | 761061 | 760190 | 759836 | 758395 | 756163
4s4p* 2P3p | 768108 | 767883 | 767798 | 767787 | 767462 | 767284 | 766980 | 765462 | 763269

N o te. nrepresents the orbital layer, i.e., the principle quantum number.
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Table 2 displays the excitation energies and lifetimes for all the 10 levels of the 4s°4p and 4s4p? config-
urations. The excitation energies are compared with the semiempirical data [5] and other theoretical results
[5, 19, 21, 28]. For the lower-lying levels we find that our results are in good agreement with the MBPT cal-
culations of Safronova et al. [19]. As the excitation energies increase, the match between the calculated en-
ergies and those taken from the MCDF database [21] for these transitions becomes slightly poorer, and the
maximum difference for the results of the VV+CV correlation calculations is 1.26%. As can be seen from
Table 2, for most levels, the deviations between the semiempirical [5] and theoretical results [5, 19, 21, 28],
except for some transitions, are within 0.97% for our results. Since the lifetime is directly measurable, with
very few assumptions for the observed plasma, they are also excellent test cases for experimental methods
and atomic theoretical models. We calculated the lifetimes for the nine levels based on the transition rates,
which are shown in Table 2. The agreement between the length and velocity gauges for the lifetimes of the
nine levels is within 1-6%. This demonstrates the good quality of the results.

TABLE 2. Excitation Energies (in cm ') and Lifetimes (in s) for the 10 Low-Lying Levels in Xe XXIV;
Comparison with the Semiempirical and Theoretical Results

Levels Energy Lifetime
Designation | Present | MCDF [21] |MCDF [5]| SE [5] | DF [28] | RMBPT [19] V L
4s*4p 2Py 0 0
4s%4p>Psy | 139258 | 138676 | 139414 |139057| 138753 | 139392 4.15(-5)
4s4p’ *P1p | 398194 | 398970 2.42(-10) |2.54(-10)
4s4p> *Psn | 490282 | 489664 2.01(-9) | 2.10(-9)
4s4p> *Psp | 525755 | 525725 3.15(-10) |3.36(-10)
4s4p>*Dsp | 585139 | 587031 2.52(-11) |2.56(-11)
4s4p® 2Py | 616071 | 623903 8.66(~12) [8.74(-12)
4s4p**Dsp | 659314 | 658505 9.77(-11) | 1.03(-10)
4s4p>>S1n | 756163 | 760558 1.22(-11) | 1.24(-11)
4s4p®*Psp | 763269 | 770730 6.64(-11) |6.66(-11)

N ote. Numbers in brackets represent powers of ten.

TABLE 3. Experimental and Theoretical Wavelengths (A) of Ga-like Xe Ions (in A)

Transition This Theory Experiment

work | Ref. [21] | HULLAC [17] | Berlin EBIT [17]| TFR [8]
45%4p 2P p—4s4p® *P1p| 251.13 | 252.47
45%4p 2Py p—4s4p® *P3p| 203.96 | 205.41
4s*4p *P1p—4s4p® 2D3p| 171.08 | 171.15 168.00 171.092 171.60
45%4p 2Py p—4s4p® 2P1p| 162.32 | 161.03 157.22 162.470 162.52
45%4p 2P1p—4s4p? 2S1n | 13225 | 131.97
4s*4p 2P1p—4s4p® P3| 131.02 | 130.21
4s?4p 2P3—4s4p? *P11n| 386.20 | 388.55
45%4p 2P3p—4s4p® *P3p| 284.88 | 287.26
45%4p 2P3p—4s4p® *Psp| 258.73 | 260.28
45%4p 2P3p—4s4p® 2Dsp| 22428 | 224.42
45%4p 2P3p—4s4p? 2P| 209.73 | 207.34

45%4p *Pyy-4s4p? *Dsp| 192.29 | 19338 192.084 192.40
45%4p 2P3p-4s4p* 2Sin| 162.10 | 161.54
45*4p *Pyp—4s4p® 2P| 160.35 | 158.91 160.503 160.58

For comparison, the available theoretical and experimental results of wavelengths for lines in Ga-like
Xe ions are presented in Table 3. Measurements of the radiation from Xenon ions were performed at the
TFR [8] and the Lawrence Livermore National Laboratory [17] EBITs. In general, our theoretical results are
in excellent agreement with the experimental wavelengths. We note that the mean ratio Atnis work/Aexp found
was equal to 1£0.003, where the uncertainty represents the standard deviation of the mean. This confirms the
high accuracy of our calculations. Moreover, our calculations are also generally in good agreement with
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the MCDF results of El-sayed [21] and the HULLAC data from Biedermann et al. [17] for Xe XXIV ions,
except for some transitions with a maximum difference of approximately 3.14%. However, a more detailed
comparison of the calculated and experimental energies for these transitions (Table 3) indicates that our
MCDHF transition wavelengths are in better agreement with the experimental values than the MCDF results
of El-sayed [21] and Biedermann et al. [17].

The M1 and E2 transition probabilities of these lines and the lifetime for the lower-lying 4s%4p 2P/, lev-
el are compared with the available theoretical data in Table 4. The present M1 transition probabilities agree
within 2.04% with the calculations of Ali [5] and Biémont et al. [29]. Meanwhile, the present £2 transition
probability is in good agreement with the value of Ali. [5] and Biémont et al. [29]. Moreover, the present re-
sult for the lifetime of the 4s*4p 2P level agrees within 1.97% with the other theoretical results [19].

TABLE 4. Comparison of M1, E2 Transition Probabilities (in s™!) of the Green Coronal Line and
the Lifetime (in s) for the 4s5°4p %P3, Level of Xe XXIV in the Present Work and Other Available Values

Transition This work Ref. [5] Ref. [29]
M1 2.41(4) 2.38(4) 2.46(4)
E2 2.61(2) 2.54(2) 2.71(2)

Lifetime 4.15(=5) 4.07(=5) [19]

N o t e. Numbers in brackets represent powers of ten.

TABLE 5. MCDHF Transition Energies (AE in cm™'), Transition Probabilities (in s™!),
Line Strengths (in a.u.), and the Ratios of Velocity to Length Strengths (S,/S))

in the Present Work for Xe XXIV for Electric Dipole (E1) Lines

Transition Type AE A S Sv/Si
Present | Present | Ref.[21] | Present | Ref.[21]

4s?4p 2Pip—4s4p® *P1p | E1 398194 | 3.84(9) | 3.79(9) | 6.00(=2) | 6.02(-2) | 0.953
4s’4p 2P\ p—4s4p® *P3p | E1 490282 | 0.98(8) 1.02(8) | 1.64(=3) | 1.75(-3) | 0.962
4s?4p 2P\ p—4s4p? *D3p | El 585139 | 3.70(10) | 3.62(10) | 3.65(-1) | 3.58(-1) | 0.984
4s?4p 2Pip—4s4p® *P1p | E1 616071 | 1.09(11) | 1.19(11) | 4.59(-1) | 4.90(-1) | 0.989
4s*4p 2P\ —4s4p? 2S1n | El 756163 | 4.22(9) | 5.96(9) | 9.63(-3) | 1.35(-2) | 1.044
4s4p 2Py p-4s4p® *P3n | E1 763269 | 2.65(10) | 3.63(10) | 1.18(-1) | 1.58(-1) | 1.017
4s?4p 2Py p—4s4p® *P1p | E1 258936 | 9.60(7) | 9.17(7) | 5.46(-3) | 5.31(=3) | 1.028
4s?4p 2Py p—4s4p® *P3p | E1 351025 | 3.78(8) | 3.61(8) | 1.73(-2) | 1.69(-2) | 0.956
4s?4p 2Py p—4s4p® *Psp | E1 386497 | 2.98(9) | 2.88(9) | 1.53(-1) | 1.51(-1) | 0.939
4s?4p 2Py —4s4p® *D3p | El 445881 | 2.04(9) 1.87(9) | 4.54(-2) | 4.17(=2) | 0.993
4s?4p 2Py p—4s4p® *P1p | E1 476813 | 5.73(9) | 5.44(9) | 5.22(=2) | 4.78(2) | 0.999
4s?4p 2P3—4s4p® *Dsp | El 520056 | 9.74(9) | 9.14(9) | 2.05(-1) | 1.96(-1) | 0.953
4s*4p 2P3p—4s4p? 2S1n | El 616905 | 7.65(10) | 8.44(10) | 3.22(-1) | 3.51(-1) | 0.985
4s?4p 2Py p—4s4p® *P3p | E1 624011 | 1.24(11) | 1.31(11) 1.00 1.04 0.994

N o t e. Numbers in brackets represent powers of ten.

In order to further check the accuracy and reliability of our calculations, the calculated results for the £1
transition energies, transition probabilities, and line strengths from the excited levels of the 4s4p? configura-
tion to those of the 4s5°4p configuration are shown in Table 5, together with the other available theoretical re-
sults. In comparison with the transition probabilities and line strengths involved in the table, it can be seen
clearly that our results appear to be close to those of El-sayed [21]. In addition, the ratios of length to veloci-
ty strengths (S,/S)) are also listed in the table. It can be seen that most ratios fluctuate around 1. The nearly
equal values of the length and velocity rates of the transitions can justify our present calculated results. The
E2, M1, and M2 transition energies, transition wavelengths, transition probabilities, and line strengths among
the 10 fine-structure energy levels of Xe XXIV are listed in Tables 6 and 7.
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TABLE 6. Transition Energies (in cm™!), Wavelengths (in A), Transition Probabilities (in s '),
and Line Strengths (in a.u.) in Different Levels of Xe XXIV for Electric Quadrupole (£2) Lines

Transition Type AE A A S
4s4p” *P1—4sdp® ‘P | E2 | 92088 | 1085.91 | 3.72(0) | 9.89(-9)
4s4p *Pi—4s4p? *Dyp | E2 | 186945 | 534.92 | 2.81(2) | 8.40(-8)
4s4p® *P1p—4s4p* *Psp | E2 | 127561 | 783.94 1202) | 1.71(-7)
45%4p 2Pip—4s*4p 2Py | E2 | 139258 | 718.09 | 2.61(2) | 1.91(-7)
454p 2Dyp—4s4p? *Prp | E2 | 30932 | 3232.86 | 1.19(-1) | 3.97(-9)
454p® *P3-4sdp* *Psp | E2 | 35473 | 2819.06 | 1.32(-1) | 8.74(-9)
4s4p® *Pyn—4s4p* *Dsn | E2 | 169032 | 591.61 | 3.12(2) | 1.91(-7)
454p? 2D3p—4s4p® *Dsp | E2 | 74175 | 1348.16 | 2.81(0) | 2.04(-8)
4s4p® *Psp—4s4p® *Dsp | E2 | 59384 | 1683.96 | 1.67(0) | 1.57(-8)
4s4p® “Psp—4sdp**Psp | E2 | 237514 | 421.03 | 2.72(2) | 4.01(-8)

N o t e. Numbers in brackets represent powers of ten.

TABLE 7. Transition Energies (in cm™!), Wavelengths (in A), Transition Probabilities (in s™!),
and Line Strengths (in a.u.) in Different Levels of Xe XXIV for Forbidden (M1) and (M2) Lines

Transition Type AE A A S
4s4p* *P1p—4s4p® *P3p M1 92088 108591 | 1.38(4) | 3.48(-5)
4s4p* *P1—4s4p* *Dsp M1 186945 53492 | 3.67(3) | 1.11(-6)
45*4p *P1-4s*4p *Py; M1 139258 718.09 | 2.41(4) | 1.76(-5)
4s4p® *Dsp—4s4p® *P1iy M1 30932 | 3232.86 | 3.53(1) | 1.18(-6)
4s4p* *P3p—4s4p® *Psp M1 35473 2819.06 | 5.34(2) | 3.54(=5)
4s4p® *P3yp—4s4p® *Dsy M1 169032 591.61 | 1.86(4) | 1.14(-5)
4s4p* *D3p—4s4p® *Ds M1 74175 1348.16 | 2.89(3) | 2.10(=5)
4s4p® *Psp—4s4p® *Dsp M1 59384 1683.96 | 6.63(2) | 6.25(-6)
4s4p* *Psp—4s4p® *P3 M1 237514 421.03 | 1.16(33) | 1.70(=7)
45%4p 2P\ x—4s4p® *Pyp M2 | 490282 | 203.96 | 7.71(1) | 1.29(-9)
45*4p *P1—4s4p® *Dsp M2 585139 171.08 | 1.39(0) | 1.37(-11)
45%4p *P1-4s4p* 2Py M2 | 763269 131.02 | 9.20(0) | 4.09(-11)
45*4p *P1p—4s4p® *Psp M2 525755 19020 | 1.14(2) | 2.32(-9)
45%4p *P1—4s4p* *Dsy M2 | 659314 151.67 | 4.46(1) | 4.92(-10)
4s*4p *P3p—4s4p® ‘P M2 258936 386.20 | 2.00(=1) | 1.14(~11)
45%4p *P3y—-4s4p® *P1iy M2 | 476813 209.73 | 2.75(0) | 2.50(-11)
45*4p *P3p—4s4p® *Sin M2 616905 162.10 | 2.42(2) | 1.02(-9)
45%4p 2P3—4s4p® *Py M2 | 351025 | 284.88 | 2.28(-1) | 1.04(-11)
45%4p 2P —4s4p* *Dspy M2 | 445881 22428 | 2.06(0) | 4.59(-11)
45%4p 2Py —4s4p® 2Py M2 | 624011 160.35 | 9.08(1) | 7.37(~10)
4s*4p *P3p—4s4p® *Psy M2 | 386497 | 25873 | 1.59(0) | 8.14(-11)
45*4p *P3y—4s4p* *Ds,y M2 520056 19229 | 247(2) | 5.21(-9)

N o t e. Numbers in brackets represent powers of ten.

Conclusions. Large-scale calculations of the fine structure energy levels and lifetimes belonging to the
4s*4p and 4s4p” configurations of Xe XXIV, and the E1, E2, M1, M2 transition energies, wavelengths, tran-
sition probabilities, and line strengths among them were performed using the GRASP2K package based on
the MCDHF method. The valence—valence and core—valence correlations, the Breit interaction, as well as
the QED effects were taken into account in a systematic way. Compared with the theoretical and experi-
mental results, our results of the energy levels, lifetimes, wavelengths, transition rates, and line strengths are
reliable and reasonable. In particular, the E1 transition wavelengths are in good agreement with the experi-
mental values. We believe that our results will be useful in analyzing the existing experimental data and in
planning new ones.
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