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Abstract. Radiative lifetimes have been calculated for 15 levels of Xe VII belonging to the configurations
5s5p, 5p?, 5sbd, 5s6s, 5p5d, 4f5p, 5p5d and 5s5f and for 4 levels of the 5p and 5d configurations of Xe VIII.
A relativistic Hartree-Fock approach including core-polarization effects, on the one hand, and a purely
relativistic multiconfiguration Dirac-Fock method, on the other hand, have been used for the calculations.
The accuracy of the present set of results has been assessed through comparisons with radiative lifetime
measurements obtained by beam-foil spectroscopy. A good agreement between theory and experiment is
observed for most of the levels. A new set of transition probabilities is proposed for 169 transitions of

Xe VII and 45 transitions of Xe VIII.

PACS. 34.50.Fa Electronic excitation and ionization of atoms — 32.30.Jc Visible and ultraviolet spectra

1 Introduction

The spectra of Xe®" (Xe VII) and Xe’™ (Xe VIII) are still
poorly known not only regarding term analysis but also
concerning line intensity and radiative transition probabil-
ity determination. Such data however are strongly needed
in different fields of physics including astrophysics and
plasma physics.

In astrophysics for example, the detection of collision-
ally excited lines of krypton and xenon ions in the spec-
trum of the planetary nebula NGC 7027 has been reported
by Péquignot and Baluteau [1] and has stimulated later
on calculations of collision strengths for electron impact
excitation in xenon ions by Schoning and Butler [2].

In plasma physics, spectroscopic and radiative data are
needed for the investigation of excitation mechanisms and
characterization of multi-ionic xenon lasers [3].

In addition, performing calculations of atomic struc-
tures in heavy multicharged ions like xenon ions is attrac-
tive for the theoreticians because relativity and correlation
effects must be considered simultaneously in the calcula-
tions which is a difficult challenge.

In view of this fragmentary knowledge of the transi-
tion probabilities and lifetimes in Xe VII and Xe VIII, we
report in the present work on a detailed theoretical analy-
sis of the radiative parameters of these ions for transitions
or levels not considered previously. Two different theo-
retical approaches i.e. a relativistic Hartree-Fock (HFR)
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method with core-polarization (CP) effects included and
a fully relativistic multiconfiguration Dirac-Fock (MCDF)
methodology have been retained for providing the required
data. The theoretical results have been compared with ra-
diative lifetimes obtained using the beam-foil (BF) spec-
troscopy technique, one of the rare methods able to pro-
vide experimental data in these multicharged ions. An
overall good agreement between theory and experiment
has been observed allowing to assess the reliability of the
new data.

The present paper is an extension of the work recently
carried out in Xe V [4] and Xe VI ions [5].

2 Previous work

2.1 Xe VI

Xe VII belongs to the cadmium isoelectronic sequence.
The experimental lifetimes and transition probabilities in
this ion are still fragmentary.

An early report on Xe VII and Xe VIII line identifica-
tion in atomic spectra was published by Fawcett et al. [6]
who used a zeta pinch device for producing a plasma and
analyzed the wavelength region 40-100 nm. More recent
work on this ion has been reported and was based on
beam-foil spectroscopy [7—10] and on the analysis of spark
spectra [11].

The photon emission, from 60-keV Xe%*t ions collid-
ing with Na and Ar, was recorded by Wang et al. [12]
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in the 35-800-nm wavelength range. Twenty-two new Xe
VII lines were classified and nine new energy levels were
established.

The ground state of XeST is 4d'°5s% 'Sy. The ex-
cited levels belong to the configurations 5snp (n = 5-7),
5p2, 4fbs, bsnd (n = 5-6), 4f5p, 5p5d, 5sbf, 5pbs, Hsns
(n = 6-7) and 4d°5s?nl (nl = 4f,5f, 6p). An extensive in-
vestigation of the Xe VII level scheme is due to Churilov
and Joshi [13] who extended or complemented previous
work [6-9,11,14-17].

72 levels of Xe VII are quoted in the NIST compila-
tions [18,19].

The cadmium isoelectronic sequence (including
Xe VII) has attracted the interest of a number of theo-
reticians who compared different calculational approaches.
Most of these efforts, however, were concentrated on the
resonance transitions. Indeed, the 5s® !Sg-5s5p 13P¢
transitions were studied by a number of authors [20-25,
27-29]. These resonance and intercombination transitions
have also been reconsidered by Biémont et al. [26] for
48 < Z < 57 using the HFR approach, including a CP
potential, and the MCDF method, taking the valence
and the core-valence correlation effects into account.
As pointed out in this work, the discrepancies observed
between theory and experiment for the singlet-singlet
transition indicate that some experimental data are in
need of revision along the sequence.

2.2 Xe VIII

Experimental work in Xe’™ ion is also rather sparse
[10,30-32].

A number of theoretical investigations were fo-
cused on the silver isoelectronic sequence (including Xe
VIII) [33-36]. More specifically, the 5s 281/27517 QPT/2’3/2
resonance transitions have attracted the interest of a num-
ber of theoreticians [37-39].

The ground state of Xe VIII is 4d'%5s 2S; /5 and one-
electron configurations are known experimentally up to
9s, 9p, 9d, 9f, 9g, 9h, 91, 10¢ and 10k, respectively [18,19].
Some levels of the doubly excited configurations 4d°5s5p
and 4d°5s4 f have also been determined experimentally.

Early line identifications in the spectrum of Xe VIII are
due to Fawcett et al. [6]. The Xe VIII spectrum has been
investigated by the use of different types of sources in-
cluding BF spectroscopy [7,40], electric sparks [41,42] and
discharge tubes [43]. The resonance lines of Ag-like xenon
have been reported in different publications [15,41,42]. An
analysis of some highly excited levels of Xe VIII and Xe
IX ions has been published by Churilov and Joshi [44].
Additional work has appeared in different papers [31,32].

82 levels of Xe VIII are quoted in the NIST com-
pilations [18,19] while the most recent compilation of
wavelengths and energy levels of xenon ions is due to
Saloman [19] who adopted for Xe VII and Xe VIII the level
values from references [12,13,15,45] and references [16,31,
41,44], respectively.

3 Pseudo-relativistic Hartree-Fock
calculations

Calculations of energy levels and transition probabilities
in Xe VII and Xe VIII have been carried out using the
HFR approach implemented in the Cowan’s suite of com-
puter codes [46] modified for taking CP effects into ac-
count. Although based on the Schrodinger equation, the
HFR method incorporates the most important relativis-
tic effects, i.e. the mass and velocity contributions and
the Darwin correction. CI can be considered in the calcu-
lations in a very flexible way. Furthermore, the CP ef-
fects have been included through the use of a pseudo-
potential and a correction to the dipole operator leading
to the HFR + CP approach (for a detailed description, see
e.g. [47,48]). This method has been combined with a least-
squares optimization process of the radial parameters in
order to minimize the discrepancies between Hamiltonian
eigenvalues and experimental energy levels when available.

3.1 Xe VI

For Xe VII, we focused our calculations on the lifetimes of
levels belonging to the configurations 4d'°5s5p, 4d'°5p?,
4d'0555d, 4d'°5s6s, 4d'%4f5p, 4d'°5p6d and 4d'°5s5f.
The configurations explicitly retained in the CI expansion
were of the type 4d'°nin/l’ with nl = 4f, 5s, 5p, 5d and
n'l' =4f, 5s, bp, 5d, 5f, bg, 6s, 6p, 6d, 6f, 6g and Gh.

The correlations between the 2 valence electrons and
the core subshells 1522522p%3523p63d104524p54d'° were
considered within the framework of a CP potential and
a correction to the dipole transition operator [47]. The
estimate of these contributions requires the knowledge of
the dipole polarisability of the ionic core, ag and of the
cut-off radius r.. For the first parameter, we used the
value computed by Fraga et al. [49] for the Xe®T ion, i.e.
ag = 0.88 a3, while the cut-off radius, 7., was chosen
equal to 0.86 ag which corresponds to the HFR value (r)
of the outermost core orbital 4d'°.

The semi-empirical optimization of the radial integrals
was applied to all the experimentally known configura-
tions of the CI expansion, i.e. 4d'°5s2, 4d'°5s5p, 4d'°5p?,
4d'%4f5s, 4d'°5s5d, 4d'95s6s, 4d'94f5p, 4d'°5p5d,
4d'0556p, 4d'95s5f, 4d'°5p6s and 4d'°5s6d, using the en-
ergy level values compiled in the NIST Atomic Spectra
Database [18]. The Slater parameters, not adjusted in this
semi-empirical approach, were scaled down by 0.90 accord-
ing to a procedure outlined in reference [46]. The spin-
orbit parameters were left at their ab initio values. The
introduction of a scaling factor is justified on theoretical
grounds [46] and the choice of the numerical value (i.e.
0.90) is suited for highly charged ions [46]. It was verified
that altering the present scaling factors by £5% does not
change significantly the radiative parameters.

In the even parity, 27 levels were fitted with 17 param-
eters giving rise to a standard deviation of 377 cm™!. Con-
cerning the odd parity, 32 levels were fitted with 20 param-
eters resulting in a standard deviation somewhat smaller
(250 cm~1).
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Table 1. Adopted radial parameters values in the HFR + CP

calculations for Xe VIL. All the values are given in cm™*.

Configuration Parameter  Adopted value a®
57 Eav 6729 386
5565 Eav 358541 301
G(5s,65) 4072 270
555d Eav 293262 221
Csd 1067 212
G2(5s,5d) 23724 1526
556d Eav 478427 224
CGd 384 ﬁxed
G2(5s,6d) 8237 fixed
5p? Eau 249085 240
F2(5p, 5p) 48330 1354
oY 1161 173
Csp 11556 207
4f5p Eay 398881 113
Cay 206 81
Csp 11558 213
F2(4f, 5p) 42826 1366
G2(4f, 5p) 31093 987
G*(4f, 5p) 20697 1416
555p Eaw 118690 137
Cop 11702 219
G'(5s, 5p) 59482 515
556p Eaw 407717 171
Cop 4682 231
G'(5s, 6p) 5684 802
5s4f Eay 275867 128
Cay 184 100
G3(5s, 4f) 32029 1043
555 f Eaw 463458 134
oy 89 fixed
G3(5s,5f) 5096 1179
5p6s Eaw 481478 137
Csp 11183 196
G'(5p, 6s) 6701 660
5p5d Eav 418 796 84
Csp 11366 213
Csa 1145 134
F2(5p, 5d) 40381 932
G!(5p, 5d) 45053 439
G3(5p, 5d) 27933 932

“Standard deviation.

The energy parameter values (in cm 1) are reported in
Table 1 which contains only the parameters varied during
the calculations. A comparison between experimental and
calculated energy level values is shown in Table 2 where
we report also the calculated percentage compositions in
LS coupling (only the three main components of the eigen-
vectors are given in the table).

3.2 Xe VIII

In the Xe™ ion, the lifetimes of the levels of the first
excited levels, i.e. 5p QPT/Q 32> and of the 5d *D3 /2,52
states have been investigated. The CI expansion included

the following configurations: 5s, 6s, bp, 6p, 5d, 6d, 4f, 5f,
6f, 5g, 6g and 6h.

As in Xe VII, the correlations between the valence
electron and the core electrons were taken into account
through a polarization potential and a correction to the
dipole transition operator [47]. We have considered the
same core as for the Xe VII calculations, i.e. 1522522p5352—
3p®3d'04524p84d'° Xe IX ionic core and, consequently, we
have adopted the same value for the dipole polarizability
and the cut-off radius.

A least-squares fit has been carried out in order to
minimize the discrepancies between the eigenvalues of the
Hamiltonian and the energy level values recently reported
by Gallardo et al. [32]. 22 radial integrals (the average
energies and the spin-orbit parameters) have been ad-
justed to fit the 22 energy levels generated from the above-
mentioned CI expansion. The characteristics of the fit are
therefore trivial. Table 3 shows the numerical values of the
parameters obtained in this semi-empirical process.

In order to check the reliability of our HFR+CP model,
an extended HFR model retaining explicitly in the multi-
configuration expansion the 4d'°nl Rydberg series up to
n = 10 and all the configurations with an open 4d sub-
shell was tested. This latter model, in which the 4d%ns
(n = 5-10), 4d*nd (n = 5-10), 4d'°ng (n = 5-10),
4d¥ni (n = 7-10), 4d°5s2, 4d°5s5d, 4d°5p?, 4d°5p5f,
4d°5d?, 4d°4f?, 4d°5f?, Ad°4f5p, 4d°4f5f (even parity)
and 4d'"%np (n = 5-10), 4d'°nf (n = 4-10), 4d*'nh (n =
6-10), 4d'°nk (n = 8-10), 4d°5sbp, 4d°5s5f, 4d°5d5f,
4d°4f5s, 4d°4f5d, 4d°5p5d (odd parity) configurations
were included, gave rise to computed radiative lifetimes
for the 5p and 5d states in excellent agreement (in fact
within a few %) with the ones obtained with our HFR+CP
model.

The HFR + CP lifetime values are reported in Table 4
(Col. 5).

4 Relativistic Dirac-Fock calculations

The Z-values and ionization stages considered in the
present work should be sufficiently low for the HFR ap-
proximation to be adequate for the treatment of relativis-
tic effects. To verify this point, we have also performed
fully relativistic MCDF calculations using the latest ver-
sion of GRASP, the General-purpose Relativistic Atomic
Structure Package developed by Norrington [50] from the
original code of Grant and co-workers [51-53]. The com-
putations were performed with the extended average level
(EAL) option, optimizing a weighted trace of the Hamil-
tonian using level weights proportional to 2J + 1.

In Xe VII, the following non-relativistic configura-
tions were included in the model: 4d'%5s2, 4d'%5p?,
4d'05d?%, 4d'04 f2, 4d'5s5d, 4d'°556s, 4d'0556d, 4d'04 f5p,
4d°5s5p?, 4d°5s%5d, 4d°5s%65s (even parity) and 4d1°5s5p,
4d'0556p, 4d'04f5s, 4d'°5s5f, 4d'°5p5d, 4d'°4f5d,
4d*05p6s, 4d°55%5p, 4d°4f55% and 4d°5s%5f (odd parity).

In Xe VIII, the MCDF approach was used with
the non-relativistic configurations 4d'°5s, 4d'°5d, 4d'°6s,
4d*06d, 4d°5s?, 4d°5p?, 4d°5sbd, 4d°5d* (even parity)
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Table 2. Experimental and calculated energy level (in cm™') in Xe VII. Only the largest (>1) percentage compositions are
given.

Eezp® Eoqic? AE°© J LS-coupling composition? (%)
0 0 0 0 9855218 425p218

96 141 96 194 —53 0 100 5s5p 3P°

100 451 100 386 65 1 96 5s5p 3P° + 4 5s5p 1P°

113676 113685 -9 2 100 5s5p 3P°

143 259 143 257 2 1 94 5s5p 1P° 4 4 5s5p 3P° 4 2 5p5d 1P°
223673 223435 238 0 885p23P + 11 5p2 1S
234685 235022  —337 1 100 5p2 3P
236100 236209 —109 2 555p% 1D 4 34 5p2 3P + 11 555d 'D
251853 251598 255 2 655p% 3P + 25 5p2 1D + 9 5554 1D
272581 272565 16 2 100 5s4f 3F°
272812 272839 —27 3 100 5s4f 3F°
273245 273235 10 4 100 5s4f 3F°
273208 273239 —31 0 855p2 1S4+ 125p2 3P 4258218
279282 279288 —6 3 98 5s4f 'F° 4+ 1 5p5d 1F°
287772 287766 6 1 995s5d 3D + 1 5pdf 3D
288712 288721 -9 2 995s5d 3D + 1 5pdf 3D
290340 290334 6 3 99 5s5d 3D + 1 5pdf 3D
307542 307538 4 2 76 5s5d 'D + 1 85p2 1D + 5 5pdf 1D
354833 354833 0 1 99 5s6s 3S + 1 5pbp 38
361671 361671 0 0 985s6s 1S+ 2 5p6p S
382356 382086 270 3 61 5pdf 3G + 33 5pdf 'F + 5 5pdf °F
385422 385592 —170 3 47 5pd4f 3F + 24 5pdf 3D + 24 5pdf 'F
386172 386057 115 4 50 5pdf 3G + 38 5paf 3F + 11 5paf 'G
386811 387062 —251 2 81 5pdf 3F + 11 5p4f 3D + 7 5pdf 'D
393792 393619 173 2 81 5p5d 3F° + 16 5p5d 'D° 4 1 5p5d 3D°
398027 398210  —183 3 355pdf 'F + 33 5pdf 3G + 31 5paf 3F
399987 399916 71 4 57 5pdAf 3F + 43 5pAf 3G
400666 400534 132 0 97 5s6p 3P° + 2 5p5d 3P° + 1 5p6s 3P°
400893 401025  —132 1 74 5s6p 3P° + 23 5s56p 1P° + 2 5p5d 3P°
401595 401313 282 5 100 5p4af 3G
401413 401362 51 3 89 5p5d 3F° + 6 5p5d 3D° + 3 5p5d 1F°
404548 404709  —161 2 33 5p5d 'D° + 26 5p5d 3P° + 22 5s6p SP°
404979 405059 —80 3 73 5p4f 3D 4+ 18 5p4f 3F + 8 5pdf 'F
406342 406 488 —146 2 78 5pdf 3D + 16 5pdf 3F + 5 5p4f 1D
407802 407837 -35 1 67 5s6p 'P° + 18 5s6p 3P° + 6 5p5d 3D°
408347 408338 9 2 73 5s6p 3P° + 19 5p5d 'D° + 3 5p5d 3D°
408767 408856 -89 1 99 5pdf 3D + 1 5s5d D
411551 410879 672 4 87 5pdf 1G + 7 5pdf 3G + 4 5paAf 3F
411022 411148  —126 1 65 5p5d 3D° + 15 5p5d 3P° + 7 5p5d 1P°
412567 412372 195 4 97 5p5d 3F° + 2 5s5f 3F°
416357 416872  —515 2 81 5p4f 'D 4 10 5paf 3D + 3 5paf 3F
417240 417349  —109 2 43 5p5d 3D° + 28 5p5d 1D° + 19 5p5d 3P°
423028 423132  —104 3 86 5pbd 3D° + 8 5pbd 2F° 4 5 5p5d 1F°
424188 424305 —117 0 97 5p5d 3P° + 2 5s6p 3P° + 1 4f5d 3P°
424567 424537 30 1 74 5p5d 3P° + 23 5p5d 3D° + 2 5s6p 3P°
425234 425320 —86 2 53 5p5d 3P° + 41 5p5d 3D° + 4 5p5d 1D°
438428 437792 636 3 74 5p5d 'F° + 15 5s5f 'F° + 7 5p5d 3D°
441376 441708  —332 1 85 5p5d 'P° + 6 5p5d 3D° + 4 5p5d 3P°
462702 462630 72 2 98 5s5f 3F° + 1 5p5d 3F°
462791 462858 —67 3 98 5s5f 3F° 4 2 5p5d SF°
463159 463171 —12 4 97 5s5f 3F° 4 2 5p5d SF°
467700 467814  —114 3 84 5s5f 'F° + 14 5p5d 'F° 4 1 5p5g 1F°
468777 468842 —65 0 99 5p6s 3P° + 1 5s6p 3P°
470805 470737 68 1 79 5p6s 3P° 4 18 5p6s 1P° + 1 5s6p 1 P°
475990 475718 272 1 96 5s6d 3D + 3 5p6p 3D
476220 476248 —28 2 96 5s6d 3D + 2 5p6p 3D + 1 556d 1D
476800 477029  —229 3 98 5s6d 3D + 1 5p6p 3D

- 479359 - 2 925s6d 'D + 5 5p6p 1D + 1 5pdf 1D

485435 485422 13 2 99 5p6s 3P° + 1 5s6p 3P°
489957 489971 —14 1 77 5p6s 'P° + 19 5p6s 3P° + 3 5s6p 1 P°

@ From NIST [18]; ® HFR + CP (see the text); ¢ Eexp — Ecaic;
4 the three main components (larger than 1%) are tabulated.
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Table 3. Adopted radial parameter values in the HFR + CP

calculations for Xe VIII. All the values are given in cm™!.

Configuration Parameter Adopted value
5s Euy 0
6s Eqy 395 497
5d Eoy 311645
Coa 1171
6d Eoy 528 246
Cod 548
5¢ Eoy 570268
Csg 0
6g Eoy 656 891
Gég 0
5p Eqy 128 857
Cp 12390
6p Eay 448 308
Cop 4930
af Eay 265475
Cay 157
5f Eay 497830
Csf 125
6f Eav 616 562
Cor 97
6h Eqy 659 228
Ceh 0

and 4d'%5p, 4d'%6p, 4d'°4f, 4d°5s5p, 4d°4f5s, 4d°4f5d,
4d°5p5d (odd parity). In both ions, the calculations were
performed with the inclusion of the relativistic two-
body Breit interaction and of the quantum electrody-
namic (QED) corrections due to self-energy and vacuum
polarization using the routines developed by McKenzie
et al. [52]. In these routines, the leading corrections
to the Coulomb repulsion between electrons in quan-
tum electrodynamics are considered as a first-order per-
turbation using the transverse Breit operator given by
Grant et al. [51]. The second-order vacuum polariza-
tion corrections are evaluated using the prescription of
Fullerton and Rinker [54], and the self-energy contribu-
tions were estimated by interpolating the values obtained
by Mohr [55,56] for 1s, 2s and 2p Coulomb orbitals. The
nuclear effects were estimated by considering a uniform
charge distribution in the atomic nucleus. In both Xe VII
and Xe VIII, it was verified that the average deviation of
MCDF calculated energies from experimental values was
less than 1%.

5 Discussion about the theoretical results

The HFR+CP and MCDF lifetime values calculated in Xe
VII and Xe VIII are presented in Table 4 where they are
compared with the experimental values measured in the
present work.

One can observe that both sets of theoretical results
(see Cols. 5 and 6 of Tab. 4) are in very good agreement
if we exclude the 5p? 3Pg 19, the 5p® 'Sy and the 4f5p
3Dg, Gy levels in Xe VIL This is mainly due to the fact
that core-valence correlations are more completely taken

into account in the HFR+CP approach than in the MCDF
model adopted for this ion including only a few configu-
rations with one hole in the 4d subshell.

The method used in reference [13] is similar to ours
and led to better standard deviations. A detailed compar-
ison of the results obtained in the present work and those
of [13] shows that our transition probabilities are lower by
about 20% (for 82 transitions). The differences in stan-
dard deviations can be explained by the consideration of a
more extended configuration-interaction expansion in our
model that introduces more uncertainties in our fits due
to the unknown positions of numerous configurations.

In the case of Xe VIII, oscillator strengths were pub-
lished by Gallardo et al. [32] for all the transitions which
they observed in their spectrum. They also used Cowan’s
codes including a more extended CI expansion (going up
to n = 10 and including a few configurations with an open
4d shell). However, it seems obvious that their model is not
sufficient to take into account all the core-valence interac-
tions that affect some levels. More particularly, Gallardo
et al. [32] obtained a log g f-value of 0.172 for the transi-
tion 5s 281/275;7 2P§/2 (strangely they did not observe
the transition 5s 281/275]) QP‘I’/2 falling in their wave-
length range at ~85.8 nm). This corresponds to a cal-
culated lifetime for the 5p 2P§/2 level of 0.22 ns which
is ~30% lower than our theoretical values (Tgpricp =
0.31 ns and Tyepr = 0.33 ns) and our BF measurement
(Texp = 0.35 £ 0.02 ns). However their result agrees with
our HFR value obtained without consideration of the CP
contributions, i.e. Tgrr = 0.22 ns.

In Tables 5 and 6, we report the oscillator strengths
and radiative transition probabilities for Xe VII and
Xe VIII lines, respectively, as obtained using our
HFR+CP model. This approach has been preferred to
the MCDF one because, as already mentioned, the core-
valence interactions were more completely taken into ac-
count in that model.

6 Measurements

In order to assess the reliability of the calculations, com-
parisons with experimental results have been performed.
More precisely, lifetimes of Xe VII and Xe VIII levels have
been measured by the BF method [57], one of the rare
methods able to produce the multicharged ions investi-
gated in the present work.

A Xe™T beam of ~0.15 A was produced by the 2MV Van
de Graaff accelerator of Liege University equipped with a
conventional radio-frequency source. The beam was ana-
lyzed by a magnet and focused inside a target chamber.
Beams of energies up to 2 MeV could be produced. Inside
the chamber, the beam was excited and ionized by pass-
ing through a very thin (~20 pg/cm®) home-made carbon
foil. Just after the foil, the light, emitted by the excited
ions, was observed at right angle with a Seya-Namioka-
type spectrometer. The entrance slit of the spectrometer
had a width of 100 pm and was situated at 10 mm from
the axis of the 6 mm diameter ion beam. The grating
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Table 4. Comparison between calculated and measured lifetime values (in ns) for some Xe VII and Xe VIII levels.
Ton Configuration Level Energy (cm™') 7uprscp (ns) 7umcpr (ns) 7prs (ns)  Depopulation channel [a)
Xe VII 4d*°5s5p 1p? 143 259 0.14 0.14 0.19(1) 55% 1Sg
4d*%5p? 3Po 223673 0.21 0.14 0.25(3) 5s5p P}
3P, 234685 0.17 0.12 0.19(2) 5s5p *P§ .1
3Py 251853 0.21 0.13 0.23(2) 5s5p *PS 5 [b]
4d'"95p? 'Dy 236 100 0.41 0.37 0.36(4) 5s5p 3PY [c]
4d*%5p? 'So 273208 0.151 0.107
4d*°5s5d Dy 287 772 0.07 0.06 0.08(1)* 5s5p 5P§ [d]
5Dy 288 712 0.07 0.06 0.08(2)* 5s5p “PS 5
Dy 290 340 0.08 0.07 0.08(2)* 5s5p *P3
4d*°5s65s 381 354833 0.04 0.05 0.06(2) 5s5p °P3 [e]
4d'4f5p 5Ds 404979 0.27 0.22
4d*4f5p 1G4 411551 0.40 0.32
4d'°5p5d RS 438 428 0.05 0.05 0.06(1) 5p® Dy
4d*°5p5d 1pg 441376 0.07 0.06 0.08(2) 5p% 1S
4d*°5s5f 3FS 463 159 0.06 0.05 0.06(1)* 5s5d *Ds
Xe VIII 4d"5p 12 116 467 0.48 0.53 0.52(3) 55 *Sy /2
PS5, 135052 0.31 0.33 0.35(2) 55 2Sy /2
4d'"°5d °D3 ), 309 888 0.07 0.06 0.10(2) 5p °P1 /s
°Dg ), 312816 0.08 0.07 0.14(2) 5p *Py/s

* Obtained through constrained fit (see the text). [a] We indicate the lower level of the depopulation transition used for the
measurements; [b] the line 5s5p *P3-5p* 3P; is blended with a Xe IX transition; [c] the 5s5p *P{-5p? 'Ds transition is blended
with a strong Xe IX line; [d] possible blend with a strong Xe IX line at 52.1783 nm. According to the NIST Atomic database [18],
the transition to 5s5p *P§ is weak and blended with 5p5d *D$-5p® ®Po in Xe VII; [e] in our spectra, we also identified the
transitions to the levels 5s5p 3P8,1 but these lines were too weak for a reliable measurement.

was a 1 m radius concave grating with 1200 1/mm grat-
ing blazed at 2° 45’ (corresponding to 65 nm in our case).
The grating was coated with Pt in order to optimize the
reflectivity in the UV region.

Depending on the ion beam energy, different ions in
their excited states can be produced by the BF interaction.
In order to optimize the number of ions in the ionization
states of interest for the present work, an ion beam of
1.7 MeV was chosen for the measurements in agreement
with the model proposed in [58].

The light was detected by a thin, back-illuminated, lig-
uid nitrogen-cooled CCD detector specially developed for
far UV measurements. The CCD detector is based on a
EEV CCD15-1 chip of 27.6 x 6.9 mm (1024 x 256) [59,60].
The CCD, which replaces the exit slit of the spectrome-
ter, was tilted to an angle of 125° relatively to the spec-
trometer exit arm axis in order to be tangential to the
Rowland circle. Under that geometry, it has a dispersion
of 0.02 nm/pixel and detects light over a ~20 nm wide re-
gion with a fairly constant resolution giving a line width
(FWHM) of ~0.12 nm. The whole system was working

under vacuum (1075 Torr). The CCD images were trans-
ferred to a networked computer and analyzed by a dedi-
cated software. The XY image was transformed by binning
the horizontal lines into a file containing a list of numbers
representing the line intensities as a function of the wave-
length.

For the decay curve measurements, the spectra have
been recorded at different foil positions along the ion beam
path. The foil holder was automatically moved to several
different positions and its position measured by a digital
gauge (Mitutoyo 5 MQG65-5P) with a resolution of 10 pm.
The spectra were recorded at least at 15 different foil po-
sitions. Since the stability of the foil position can influence
the lifetime estimation, it has been regularly checked. The
lifetime measurements performed by the BFS are also sen-
sitive to variations in the ion beam intensity. In order to
avoid this problem the light measurements were normal-
ized to a fixed beam flux entering the electrically isolated
excitation chamber. The current was measured with an
Ortec 439 current digitizer.
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Table 5. Weighted oscillator strengths (loggf) and transition Table 5. Continued.
?rol))(abiljlltiels. (g‘Aga? Ot)talr}.i(.i u51?g thﬁ.}é};R + fC>P _HlleShOd A (nm)* Transition loggf gA (s !
lioslrtede ines. Only transitions for which log ¢gf > —1.0 are 64.1235 592 7Py 5sbp BT —0.664 3.53(

66.0502a  5sbp SP{-5p2 3Py  —0.419 5.81(
67.528a  5s5d *D3-5p5d *F§  —0.843 2.08(
69.6646  4f5s 3F3-4f5p 'Da  —0.786 2.27(
69.8038a  5s% 'So—5s5p 'PY 0.186  2.10(1

A (nm)* Transition loggf gA (s *
36.6168a  5sop 'P—4fhp 'Ds  —0.847  7.11(
38.6560a  5s5p *PS—5s6s S, —0.695  9.00(

39.3114a  5s5p *P{-5s6s 3S;  —0.242  2.47(1 72.0778  Af5s *F3-4f5p 'Gs  —0.889 1.64(
39.3919a  5p? 'Do-5p6s ‘P —0.365  1.85(1 72.1800a  5s5p *Pg-5p2 °P1 —0.264 7.00(
39.8804 5p? 3P1-5p6s *P3 —0.349  1.87(1 72.3034  4f5s 3F3-4f5p 1G4 —0.713 2.45(
40.1067 5p2 1Dy-5p6s °P3  —0.347  1.86(1 72.3701a  5s5p *Ps-5p2 P, 0.117  1.66(1
40.4635a  5p® *Po-5p6s 2Py —0.434  1.50(1 72.7474  5s5d *D1-5pbd P —0.739  2.30(
41.4666a  5s5p P3-5s6s S1 —0.028  3.64(1 72.9531a  4f5s 'F3-4f5p Do 0.179  1.91(1
41.9989a  5p® 3Py-5p6s 'P; —0.249  2.14(1 73.1028a  5s5d 3D1-5p5d *P;  —0.173 8.38(
42.3513 5p? *P1-5pbs Py —0.711 7.21( 73.2518a  5s5d *D2-5p5d *P§  —0.003  1.23(1
42.6072a  5p? 'Do-5pbs *P; —0.315  1.78(1 73.3052  5s5d *D1-5pbd P —0.474 4.17(
42.7183a  5p® ®P1-5p6s 2Py —0.501  1.15(1 73.4291a  4f5s *F3-4f5p D1 —0.013  1.20(1
42.8115 5p 3Py-5p6s *P3 —0.096  2.92(1 73.6079  5s5d 3Do—5p5d 2Py —0.515 3.75(
45.7851a  5sbp 'P{-5s6s 1Sy —0.249  1.79(1 73.7206a  5s5p *P§-5p2 'Dy —0.441 4.46(
46.1363 5p? 1So-5p6s 1P —0.319  1.50(1 74.0061  5s6s 2S;-5p6s 'P§  —0.792 1.97(
48.2877a  5s5p *P-5p5d 'De —0.964 3.11¢( 74.1323  5s5d 3D3-5pbd 3P3 —0.394 4.90(
49.4243a  5p® 'Do-5p5d 'F3 0.254  4.86(1 74.4513  5s5d *Da-5p5d Dy —0.309 5.92(
52.1832a  5s5p *P§-5s5d 3Dy 0.024  2.59(1 74.4961a  5s5p *P§-5p2 Py —0.418 4.61(
52.4799 5p% 3P1-5p5d *P3 —0.452  8.52( 74.7194  5s5d 'Do-5p5d ‘P —0.276  6.34(
52.6644a  5p* 3P1-5p5d 2P 0.087  2.93(1 T4.7607a  4f5s *F3-4f5p 3Dy —0.149  8.50(

52.7697a  5p® 3P1-5p5d *P§  —0.235  1.39(
52.8720a  5p? 'Do-bphd P —0.202  1.50(
53.0597 5p? 'Da-5p5d *P; —0.570  6.37(

74.8890a  4f5s 3F3-4f5p Dy —0.088 9.72(
75.3652a  5sbd >D3—5p5d 2D 0.066  1.37(1
75.6035a  4f5s 'FS—4f5p 1G4 0.203  1.84(1

53.1179a  5s5p *P$-5p5d 2Da 0.364  5.47(1 75.6620a  4f5s 3F3-4f5p 3Dz —0.097 9.33(
53.3763a  5p? 3Po-5phd DS 0.290  4.58(1 75.9107a  4f5s 3F3-4f5p 3Ds 0.044  1.28(1
53.3850a  5sbp *Pi-5phd ®Dy —0.127  1.75(1 76.405a  5s5d 'D2-5p5d 'F3 0.283  2.17(1
53.4966a  5p° 'D2-5p5d 2D 0.510  7.54(1 76.5684a  5s6s 3S1-5pbs 3P 0.162  1.65(1
53.5980a  5p? 3Py-5p5d 'F$ 0.436  6.30(1

(
772392  5s5d *D1-5phd 2D —0.713 2.17(
77.9119a  4f5s *F3-4f5p 2Cs 0.416  2.85(1
77.9508 5565 'So-bpbs ‘P —0.034  1.01(1
78.6329a  4f5s SF3—4f5p °F,4 0.176  1.61(1
78.8022  5s5d *D3-bphd 2D —0.096 8.62

54.3102a  5p? 3Po-5s6p 'P§  —0.727 4.25(
54.7780a  5p? 3P1-5phd 3D 0.405  5.64(1
54.8201  5s5d 'Do-5pbs 'P; —0.238  1.28(
55.2059 5p° 'Do-5p5d *DS —0.243  1.25(
56.6050a  5s5p 3P3-5p5d 3Ds 0.610  8.48(1
56.7096 5p2 3P1-5p5d 3D —0.456 7.23(
57.1309a  5s5p *P3-5p5d D2 —0.131  1.51(
57.1656a  5s5d *D1-5s5f 3F3 0.535  6.98(
57.4451a  5sbd ®Da-5s5f 3F3 0.707  1.03(
57.4746  5sbd ®D2-5s5f F3  —0.218  1.22(
57.5831 5p2 3P1-5s6p P53 —0.708  3.92(
57.6768a  5p2 3Pa-5p5d *P3 0.387  4.91(1
57.8640a  5sbd 3D3-5s5f 3F3 0.872  1.48(1
57.8992 5p2 3Po-5p5d P —0.334 9.24(
57.9875  5sbd *D3-5s5f F§  —0.222  1.19(1
58.0549a  5p2 'Da-5s6p *P5 —0.425  7.42(
58.2404 5p2 'Da-5s6p 'P;  —0.675 4.16(
58.4196a  5p2 3Pa-5p5d 3D3 0.419  5.15(1
58.8717a  5p2 ®P1-5phd 'Dy —0.008  1.89(1

1

1

(
78.8991a  4f5s *F3-4f5p 3F,  —0.046 9.64(
79.5564  Af5s 'F3-4f5p D3 —0.667 2.27(
79.7156a  4f5s 3F5-4f5p 'F3  —0.071 8.94(
79.8626  4f5s SF3-4f5p 'F5  —0.568 2.83(
80.1398  4f5s *F3-4f5p 'F3  —0.998 1.05(
81.1544a  5s5p 3P5-5p2 3Py —0.321 4.83(
81.6825a  5sbp 3P5-5p2 'Dy —0.209 6.19(
81.7595  5s5d *Da-5p5d D) —0.133 7.35(
81.8149a  5s5d *D3-5p5d *F} 0.143  1.38(1
82.6386a  5sbp SP3-5p2 3P, —0.230 5.78(
83.3125  5sbd 3D;-5s6p 'P;  —0.935 1.12(
83.5876  5sbd 3Da-5s6p 3Py —0.930 1.12(
84.2136a 4fbs 'Fs-4f5p 'F3  —0.171 6.37(
84.7421a  5s5d 3D3-5s6p 3PS 0.272  1.74(1
59.3655 5p2 'Do-5p5d D —0.062  1.64( 86.2277  5sbs 3S1-5pbs Py —0.182 5.89
59.4643a  5p2 'So-5p5d 'PS 0.270  3.52(

60.4642 5p2 3Po-5p5hd DS —0.655 4.06(
60.4913a  5p2 'Do-5phd 2F§  —0.409 7.10(
60.8706a  5s5p 'P{-5p5d Do 0.691  8.84(1
61.2509  5s5d 'Da-5pbs *P;  —0.835 2.60(
62.4383a  5sbd 'Da-5s5f 'F3 0.908  1.38(1
63.4144a  5p2 'Do-5phd 2FS  —0.396 6.64(
63.9002 5p2 *Pa-5s6p P35 —0.828  2.44(

(
86.3285a  5s5d *Da-5phd 1D —0.684 1.86(
87.5422a  4f5s *Fo-4fbp 3Fy  —0.149 6.20(
87.7201  4f5s SF3-4f5p °F»  —0.270 4.67(
87.7624 5565 3S1-5p6s P —0.582 2.27(
88.2137a  4f5s 3F3-4f5p 2G4 —0.328 4.02(
88.4002a  5s5d *D1-5s6p P —0.648 1.93(
88.5528a  4f5s 3F3-4f5p 3Gy 0.129  1.14(1

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
;
) 76.9534a  5s5p 'P{-5p2 'Sg  —0.249 6.35
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
) 88.5787a  5sbd *D1-5s6p *P§  —0.443 3.06(
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Table 5. Continued. Table 6. Oscillator strengths (log g f) and transition probabili-
— — ties (gA) as obtained using the HFR + CP method for Xe VIII
A (nm)* Transition loggf gA(s™) lines. Only transitions for which log gf > —1.0 are listed.
88.7300a 5s5d *Da-5p5d *F§  —0.169 5.74(9)
88.8024a 4f5s SFe-4f5p °F3  —0.313 4.13(9) A (nm)* Transition loggf gA (s7h)
3 3po
Wit il CEiAfm R, Oos omy 2l SmaGl. o —00W  Ls7(0)
90.0309 5s5d 3Ds-5p5d *F§  —0.420 3.13(9) 25.532a 4/ 3/27097/2 —0.106 8.02(10)
91.0956a  Af5s F3-4f5p 3Gs  —0.190 5.17(9) 25.568a 4f7/2-699/2 0.006 1.04(11)
91.2875 4f5s *F3-Af5p 2Gs  —0.435 2.92(9) 32.625b 5ds/26f5 —0.489 2.03(10)
91.6305 5s6s 'So-5pbs Py —0.665 1.72(9) 32.781b A4f2/5-5972 0.327 1.32(11)
92.0870a 5s5p 'PS—5p2 Py -0.676 1.65(9) 32.841b 4f20-5g9)2 0.439 1.70(11)
93.5541 4f5s 'F§-4f5p °Gy  —0.718 1.46(9) 32.915b 5ds/a-6fL)5 ~0.338 2.83(10)
94.2152 Af5s ;F§74 f5p §F3 —0.323 3.58(9) 35.841b 5036512 —0.400 2.07(10)
94.3220a  5sbd °D1-5p5d *FS  —0.325 3.54(9
95.1656 555d 3D;5§5d WE 0735 1.35%9; 38.399b 5p§/27681/ 2 —0.129 3.36(10)
97.0170a  4f5s 'FS-4f5p 3Gy —0.266  3.82(9) 51.7007a 5p1/2~5dz/2 0.325 5.28(10)
99.7406a  5s5d 'Da-5s6p 'PS —0.119  5.10(9) 53.279b 5ds /o552 0.643 1.03(11)
107.1226 5s5d 'Da-5s6p 2Py —0.806 9.11(8) 54.000b 5ds/2-5172 0.792 1.42(11)
107.7120a  5s5p 'P{-5p2 'Da —0.555 1.61(9) 54.129a 5ds/2-5 3 —0.510 7.04(9)
132.7545 556p 3P{-556d 3Dy 0.401 9.50(9) 56.2547a 5pg/275d5/2 0.544 7.37(10)
132.7598  5s6p §P§7556d le 0.103 4.78(9) 57.1894a 5pY5-5ds s _0.418 7.79(9)
1331632 5s6p *P{-5s6d Dy —0.162 2.57(9) 62.7950 519 06972 0593 5.07(9)
133.6773 5p5d *F3-5s6d Dy —0.918 4.52(8) >
138.4045  5p5d 'D-5s6d Dy 0130  4.71(9) 62.9624 5f7/2*693/2 —0.412 6.52(9)
139.5245  5p5d 'D3-5s6d *Da  —0.678  T.17(8) 70.99a 5d3/2-6p3/ —0.710 2.58(9)
146.095a 5s6p *PS-5s6d >Ds 0.576  1.19(10) 72.489b 5ds/2-6p 0.235 2.18(10)
146.1604 5s6p 'P{-5s6d *Dy  —0.532 9.17(8) 74.0458a 551/2-5p% /2 0.031 1.31(10)
146.6534 5s6p 'P$-5s6d D1 —0.726 5.78(8) 74.9%a 5ds2-6p 5 —0.034 1.10(10)
147.325& 5S6p 2P3*586d zDQ —0.183 2.02(9) 85.86073. 581/2*5})9/2 _0.334 4. 19(9)
153.3789  5pbd *Di-5s6d "Dy —0.975 3.00(8) 112.366b 62 6103 0.743 2.99(10)
155.6832 5p5d *F3-5s6d Dy —0.719 5.32(8) 5
186.8670 5565 *S1 5s6p 3PS 0.198  3.01(9) 112.385b 597/26h /2 1101 6.66(10)
188.7897  5s6s 381 5s6p 'PS —0.642  4.27(8) 112.396b 599/2-6h11 /5 1.190 8.17(10)
194.7685  Af5p 'Do-5s5f 'Fy  —0.672 3.67(8) 112.4025 599/2-6h¢ —0.543 1.51(9)
201.0815 5565 3S1-5p5d ‘DS —0.314 8.05(8) 113.8110 6526175 0.893 4.03(10)
216.7060 5s6s 'So-5s6p 'PS —0.197 9.02(8) 114.110b 6ds /2612 —0.411 1.99(9)
217.0400 5565 §817556p 213? —0.076 1.20(9) 119.00a 6pg/276d3/2 0.488 1.45(10)
218.1151 55651 S1-5s6p 1P8 —0.441 5.04(8) 128.175b 6pg/276d5/2 0.711 2.09(10)
231.5068 5p2 'Do-4f5s 'F§  —0.884 1.61(8) 130,46 600 6d 0951 5 90(9
254.8824 5s6s 'So-5s6p PS¢ —0.711 2.01(8) aoa P3/27003/2 : (9)
371.9595  4f5p 'Gs5p5d 'FS —0.488 1.56(8) 137.661b 5f5/27597/2 0.808 2.27(10)
399.5832  Af5p 'Da-5p5d 'PS —0.912 4.97(7) 138.41a 5725902 0.918 2.88(10)
412.9189 4f5p 3Fa-5p5d 2D —0.932 4.51(7) 138.4447 57/2-597/2 —0.626 8.24(8)
433.8869 4f5p 3F4—5p5d 3Dy —0.687 7.36(7) 180.898b 651/2-6p5 /5 0.256 3.67(9)
493.5675  4f5p *Ds-bpsd °PS —0.825 4.08(7) 208.761b 651/2-69%2 —0.107 1.19(9)
520.3360 4 §5p ;F375p5d i’DS —0.858 3.3857; 212.404b 4f9 5 -5ds )3 —0.965 8.05(8)
522.7029  Af5p *Fs-5p5d 'Dy —0.911 2.99(7 o
584.8042 4f5s 3F§-5s5d D3 —0.657 4.30(7) 215.4123 599/276f /2 0185 2.20(9)
628.7560  4f5s PF3 hp5d °Da —0.848  2.39(7) 216.4151 597/26 52 0.069 1.66(9)
655.9437  Af5p 2Ga4—bpbd *FS  —0.683 3.24(7) 223.572b 4f5/5-5d3/2 —0.442 4.82(8)
713.6301 5s5f *F§-5s6d D3 —0.976 1.42(7) 247.387b 65726972 0.984 1.06(10)
732.8822  5s5f *F3-5s6d *Ds 0.075 1.53(8) 248.801b 61256972 —0.451 3.82(8)
744.4520 5s5f 3F3-5s6d Dy —0.108 9.37(7) 248.867b 6f$/27699/2 1.093 1.34(10)
752.3515  5sbf §F§7556d ZDI —0.284 5.96573 394.693b 503602 0.282 1.21(9)
874.1915  4f5p *Gs-5p5d °F3  —0.864 1.21(7 5
911.1608 4f5p *Gs-5p5d *FS  —0.613 1.98(7) 335.003b 5f5/276ds/2 0114 772(8)

* Wavelengths are given in vacuum (in air) below (above)
200.0 nm. The observed wavelengths are taken from [19] (a),
from [32] (b) or otherwise calculated from the available exper-
imental energy levels [18,19].

* Wavelengths are given in vacuum (in air) below (above)
200.0 nm. The observed wavelengths are taken from [19] (a)
or otherwise calculated from the available experimental energy
levels [13,18,19].
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Fig. 1. BFS xenon spectrum between 48 and 60 nm registered
at an energy of 1.7 MeV. The strongest Xe VI, Xe VII and Xe
VIII lines are identified.

The lines observed (35 < A < 95 nm) were identified
by using recent analyses or compilations [13,19,44]. A sec-
tion of a xenon spectrum, recorded between 47 and 61 nm
at an energy of 1.7 MeV, is shown in Figure 1. Some tran-
sitions of Xe VI, Xe VII and Xe VIII are indicated on the
figure. From the recorded CCD data, the profiles of the
lines were fitted with a Gaussian in order to subtract the
background. Repeating the fitting procedure for different
foil positions allows to obtain a decay curve. One example
of a decay curve, recorded during the present experimental
investigation, is illustrated in Figure 2. It shows the inten-
sity of the emitted light as a function of time in the case of
the Xe VIII transition at 85.9 nm. Here it should be men-
tioned that the distance-to-time conversion was obtained
using an ion beam velocity of 1.51 mm/ns.

The lifetimes measured in the present work are re-
ported in Table 4 (Col. 7). Radiative lifetimes have been
measured for 12 levels of Xe VII belonging to the config-
urations 5s5p, 5p?, 5s5d, 5s6s, 5p5d, 4f5p, 5s5f and for
4 levels of the 5p and 5d configurations of Xe VIII. Each
result is the mean value of at least five repeated measure-
ments. The uncertainties are quoted as twice the standard
deviation of the mean. The beam-foil measurements are
affected by cascading problems due to non-selective ex-
citation in the carbon foil that distorts the decay curves
which appear as multiexponential decays. In order to deal
with this effect, the data were fitted with a model de-
scribing the whole decay curve as a growing part followed
by a multi-exponential decay. The estimated lifetime of
the investigated level in this case corresponds to the main
contribution to the decay curve.

In the last column of Table 4, we give the depopula-
tion channels which have been used for the measurements.
Some comments concerning possible blends are indicated
as footnotes to the table.

The experimental values are compared with the
HFR + CP and with the MCDF theoretical values in Ta-
ble 4. The agreement is very good except for the two 5d
2D§/2’5/2 levels of Xe VIII.

40001

Xe VIl 85.9 nm

5528, - 5p 2P,

3000

2000

Amplitude (counts)

1000

0.0 05 1.0

decay time (ns)
Fig. 2. Decay curve of the 5s 281/275}9 2P§/2 Xe VIII tran-
sition observed at 85.9 nm. This curve can be decomposed in
a primary and a secondary contribution whose lifetime values
are indicated on the figure. The numbers between parentheses
are related to the amplitudes of these two components.

For the 5s5d 3D172,3 and 5s5f 3F levels of Xe VII the
direct multi-exponential fitting procedure leaded to large
discrepancies between theory and experiment because for
those levels, the lifetimes (estimated from the calculations)
of some of the most probable cascading levels are close
or slightly longer that the lifetime of the level itself. In
such a situation, is is well-known that a careless fit could
lead to meaningless results because the numerical system
is extremely ill conditioned [62]. For these levels, we have
adopted a constrained fitting procedure where we imposed
to the model a set of cascade lifetimes close to the theoret-
ical ones. Only the amplitudes of the different components
were left free. This approach, conceptually similar to the
ANDC technique [61], but where decay curves of the cas-
cading levels are simulated, avoids the pitfall of the free
fits. In each case, it was possible to obtain a decay curve
that nicely reproduces the observed patterns. This con-
firms that the experimental observations are in agreement
with the proposed theoretical lifetime values. The lifetime
values quoted in the table were obtained by fitting the
decay curves with a function where only the amplitudes
of all components and the lifetime of the main component
was left free whereas the cascading lifetimes were fixed to
the theoretical values. The selection of the components to
include in the analysis was based on the experimentally
observed intensities [13,18,19] and we restricted the sum-
mation to the levels having a strong decay channel to the
studied level. For these four levels, the results presented in
Table 4 were obtained using this constrained fitting pro-
cedure.

In Xe VIII, the lifetime of the four strongest lines ap-
pearing in our spectra have been measured. For the 5p
2P° term, the agreement between experiment and theory
is good, whereas for the 5d 2D3/275/2 levels both exper-
imental values are 40% larger than the predictions. For
these two decay curves, a constrained fit, including the
main cascades [from the 5f 2F° (~0.06 ns), 6f 2F°, 6p
2P° (~0.11 ns) and 7p ?P° (~0.12 ns) terms] was not com-
patible with the observational data and, consequently, the
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values presented in Table 4 were deduced from direct fits.
The difficulty is thus arising here from the experiment and
is related to the fact that it appeared impossible to dis-
entangle from the decay curves the different components
with similar lifetime values.

Weighted oscillator strengths (loggf) and transition
probabilities (gA) have been calculated for a number of
transitions of Xe VII and Xe VIII involving low-lying lev-
els. These results are reported in Tables 5 and 6. Only
the transitions for which loggf > —1.0 are listed in the
tables.

7 Conclusions

Radiative lifetimes have been obtained for 12 levels be-
longing to the configurations 5s5p, 5p2, 5s5d, 5s6s, 5p5d,
4 f5p, 5pbd of Xe VII and for 4 levels of the 5p and 5d con-
figurations of Xe VIII. Core-polarization effects have been
included in the framework of a relativistic Hartree-Fock
approach. The HFR results have been compared with the
entirely relativistic MCDF calculations carried out for the
same levels. The accuracy of the theoretical data has been
assessed through comparisons with radiative lifetime mea-
surements performed with the BF spectroscopy. A good
agreement between theory and experiment has generally
been observed after a careful analysis of the cascades. A
new set of transition probabilities is proposed for 169 tran-
sitions of Xe VII and 45 transitions of Xe VIII.

A limitation to the accuracy of the results reported in
Tables 5 and 6 might possibly originate from cancellation
effects affecting the line strengths. In fact, this is not the
case because, for all the transitions quoted in the tables,
it was verified that the cancellation factor, as defined in
reference [46], is larger than 0.01 for all the depopulating
channels indicating that such effects were not present.

For the different reasons outlined above, we are confi-
dent in the accuracy of the g f values reported in Tables 5
and 6 which extend the data available for these two ions.
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