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Abstract. Refined oscillator strengths for resonance transitions
of astrophysical interest in neutral chlorine have been calculated
with the SUPERSTRUCTURE computer program, taking the
most important configuration interaction (CI) and relativistic
effects into account. The present results are believed to be the
most accurate theoretical data available to date for the transi-
tions considered. Good agreement with recent measurements is
reported except for the two transitions 3p° — 3p*3d at A 1088
and 1097 where discrepancies persist, due to a very strong in-
teraction between the 3d 2Ds, and 3d % F5 , levels, on the one
hand, and to a possible experimental misidentification for the
same two states, on the other.
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1. Introduction

Chlorine is present in diffuse interstellar clouds. Cl 11 should
appear as the dominant ion of chlorine in regions primarily com-
posed of atomic hydrogen while C! I or HCI should be present
in molecular regions (Dalgarno et al. 1974, Jura 1974, Jura &
York 1978). The available observations tend to confirm this
simple picture of the chemistry of chlorine in the interstellar
medium (Jura & York 1978, Harris & Bromage 1984, Feder-
man 1986) but the analysis of the spectra is partly hampered by
the lack of accurate f values for the UV transitions of interest
(Keenan & Dufton 1990, Morton 1991).

Experimental data for Cl I have been reported by Hof-
mann (1967) who studied 10 resonance transitions in emission
with a wall-stabilized arc, by Clyne & Nip (1977) who ob-
tained the oscillator strengths for all possible transitions be-
tween 3323])5 2P10/2’3/2 and 3823p4(3p)48 2’4P]/2,3/275/2, by
Schwab & Anderson (1982) who measured the 3p° ZPI"/Z,3 /2=
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3s23p*(! D)4s 2Dy p 5/, transitions with the help of an ab-
sorption technique, by Wujec & Weniger (1977) who used a
wall-stabilized arc to determine f values for transitions be-
tween fine-structure levels within the 3p*C P)4p 4 P°,*D° and
3p*(P)5d *D, 2D and *F terms, and by Lawrence (1967) who
measured the mean lifetime of the upper level of the line at
A1335. Very recent beam-foil measurements are due to Schect-
man et al. (1993) who obtained lifetimes connected to the
3p° 2P° —3p*3d 2D, 2F and 3p® 2P° — 3p*4s 2P transitions.

Very few theoretical atomic data are available for C1 I.
Ganas (1981) published results for the 3p’ 2Py, — 3p*C P)ns
P4 < n < 7) and 3p° 2P, — 3p* CP)nd 2P, 2D
(3 < n < 7) transitions. However, this work was done with an
analytic independent-particle model potential and its accuracy
is expected to be rather limited. The studies of the chlorine iso-
electronic sequence by Vajed-Samii & MacDonald (1981) and
Huang et al. (1983), using the Multiconfiguration Dirac-Fock
technique, and that by’ Fawcett (1987), based on the Relativistic
Hartree-Fock method, did not concern the E1 transitions con-
sidered in the present work. Intermediate-coupling calculations
have been reported by Lawrence (1967) for the 3p° — 3p*4s
transitions.

A recent attempt to provide an extensive set of reliable f
values for C1 I is due to Ojha & Hibbert (1990), who used
large multiconfiguration expansions in the atomic structure code
CIV3 (Hibbert 1975). However, a detailed analysis of their re-
sults shows some discrepancies between the data calculated in
the length (L) and velocity (V) forms for the resonance tran-
sitions. This indicates that an improvement upon this work is
possible. Ojha & Hibbert themselves recommend caution when
using their f values for the transitions between the fine-structure
states in the 3p*(® P)3d and 3p*(® P)5s configurations, and they
point out the significant redistribution occurring in the oscillator
strengths due to the spin-orbit mixing.

The main purpose of the present paper is to provide a more
accurate set of f values for the UV resonance transitions in
Cl I. A further aim is to shed additional light on the discrepan-
cies observed by Schectman et al. (1993) when comparing their
measurements for AA 1088 and 1097 with the theoretical data
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of Ojha & Hibbert (1990), which are also in conflict with the
astronomical observations of Federman (1986).

Abrief description of the present method and physical model
can be found in Sect. 2. Our results are given in Sect. 3. The avail-
able theoretical and experimental data are discussed in Sect.4,
while Sect. 5 consists of a brief conclusion.

2. Present method and physical model

Use was made of the atomic-structure computer program of
Eissner et al. (1974), SUPERSTRUCTURE (hereafter referred
to as SST), as modified by Nussbaumer & Storey (1978). The
wavefunctions were calculated in a way similar to that described
by Biémont & Zeippen (1992) and Biémont et al. (1993a,
1993b), for O I, P I and S I, respectively. Configuration in-
teraction (CI) effects were taken into account with the help of
the configuration basis set listed in Table 1, where only the first
15 entries were treated as “spectroscopic”.

All the orbitals were calculated in a scaled Thomas-Fermi
statistical model (SM) potential (see, for example, Eissner 1991)
whose n— and [—dependent parameters \,;, were determined
variationally through a global minimization of the sum of the
non-relativistic term energies in the 15 spectroscopic configu-
rations, with a view to build a well-balanced physical model.
The adopted values for the 18 scaling parameters are :

Als = 1458, Mg, = 1.102, ), = 1.046,
A3s = 1.068, M3, = 1.069, \3g = 1.152,
Ms = 1137, Mgy = 1,123, 04y = 1.152,
Ay = 1244, )5, = 1139, X5, = 1.127,
Asa = 1154, Xs; = 1.257, X, = 1.139,
Xep = 1.126, deq = 1.155, Xy = 1.245.

The relativistic effects were taken into account in the frame-
work of the Breit-Pauli approximation. The expansion of the
relativistic wavefunctions was improved by means of semi-
empirical term energy corrections (TECs) as described by Zeip-
pen et al. (1977). In practice, the TEC for a given term is taken
to be the difference between the calculated and measured ener-
gies of the lowest level in the multiplet. It should also be noted
that, when computing oscillator strengths, experimental ener-
gies were substituted for theoretical ones.

Since the publication of the compilation of atomic energy
levels by Moore (1949), the C1 I spectrum has been the sub-
ject of a number of investigations (Avellén 1954; Humphreys
& Paul 1959, 1965, 1972; Minnhagen 1961; Humphreys et al.
1971; Radziemski & Kaufman 1969; Reader 1974; Cantu et al.
1985). The TECs used in our calculations are reported in Table 2,
together with the calculated fine-structure splittings. Observed
energies taken from the analysis by Radziemski & Kaufman are
also given for comparison.

For thelow-lying configurations listed in the table, it appears
that the multiplets are generally well represented by our physical
model. A similar consideration is also valid for additional levels
included in the calculation but omitted in Table 2. The most
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Table 1. Configuration basis set used in the present C! I calculation.
All configurations include 1s225%2p®. The first 15 configurations in
the list are taken as “spectroscopic”. The other entries correspond to
mere “correlation” configurations. Any correlation term which is not
matched by one spectroscopic term with the same values of S and L
is suppressed in the calculation

3s523p5
3s23p44s
3s23p45s
3523p46s
3323p44p
3s23p45p
3s23p46p
3s23p43d
3s23p44d
3s23p4sd
3s23pt6d
3s23p44t
3s523p4st
3s23pdef
3s3pb
3s3pS4s
3s3pS5s
3s3pS4p
3s3p55p
3s3p53d
3s3pS4d
3s3p5S5d
3s3p5Saf
3s3p55f
3pb4s
3pb4p
3p63d
3pbad
3pbat

0N A WN -

NN NN NNDNNNDRN = = a2 =

noticeable exceptions concern the energies of the 3p*( P)3d 4P
and 2P terms and the 3p*(P)5s configuration but the latter
is well known for not satisfying either pure LS or pure JK
coupling.

It should be noted that Ojha & Hibbert (1990) obtained an
even better theoretical energy structure than the present one.
They added to the 1s,2s,2p,3s and 3p orbitals taken from
Clementi & Roetti (1974) another 10 orbitals optimized through
a very elaborate multiple-step procedure. It appears however
that the cost for their better accuracy regarding energy levels is
a less satisfactory agreement between the f values computed
with the L and V formalisms, reflecting a not so well-balanced
physical model (see Sect. 3 below).

3. Oscillator strengths

The present f values calculated in the L and V forms are given
in Table 3. Figure 1 compares the ratio between the L and V
results in the CIV3 work of Ojha & Hibbert (1990) and in the
present SST study. It turns out that the mean ratio R is much
closer to unity in the SST case (R = 1.056 & 0.089) than in
the CIV3 case (R = 1.770 £ 0.286) [the quoted uncertainty is
taken to be twice the standard deviation of the mean]. Although
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Table 2. Observed excitation energies, Eqy, and fine-structure splittings, AEqy. Calculated fine-structure splittings, AE e, and semi-empirical
corrections to calculated non-relativistic energies, TECs. All energies are in cm ™', The experimental data are taken from Radziemski & Kaufman
(1969) and only the energies < 100000 cm ™" are given

Config. Level Eops AE s AEcq1c TEC
3p> 2pey,, 0.0
882.4 908.2 0.
2pe, 882.4
3p4(3P)as 4P, 71958.4
530.2 477.9
4 N
Pap 724886 5318.
338.4 303.5
4Py, 728270
2
Pap 74225.8
639.9 580.0 -7508.
2
Pyo 748657
3p4(1D)4s 2Dy, 841203
1.6 -8.7 -7278.
2
Dy, 841219
3p4(3P)ad  4D,, 879795
100.5 90.3
4
Ds;, 88080.0
108.6 93.4
4 N
D, 881886 6326.
84.1 70.4
4
Dy, 882727
4
Fgp 901936
294.2 303.8
4 -
Fyo 904878 6411.
261.6 209.4
4
Fgp 90749.4
199.1 107.1
4
Fap 90948.5
2
Fyp 910895
817.3 526.5 -6467. (%)
2
Fgp 91906.8
4
Pyp 91069.0
469.5 123.8
4 .
Payp 915385 6646.
122.1 576.3
4
Ps, 91660.6
2p,,, 91564.3
629.9 1708.8  -8385.
2pgp  92194.2
2Dpg,, 911270
46.5 -65.7 -8507. (")
2Dg,, 911735
3p4(3P)5s  2[2]5,, 913435
337.5 739.1
2[2]3,, 91681.0 -6570.
470.4 304.4
111y, 92151.4
1[1]3,2 92140.1
462.6 1600.1 -6500.
0[0]y,, 92602.7
3p4(3P)3d  2s,, 99534.4 2272.

(*) See Table 4 and the last three paragraphs in Section 4.
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Table 3. Oscillator strenghts (f) for resonance transitions in Cl I. The SST results of the present work (in both the length f1,, and velocity, fv,
forms) are compared with the CIV3 data of Ojha & Hibbert (1990) and with the other experimental and theoretical data available. a(b) stands

fora x 10°
This work Previous results
Upp. level A fL fy f
a) Lower level : 3p5 2P°3;5 B
4s 4Pg5,p 1389.693 1.30(-4) 1.04(-4) 1.17(-4)N, 9.20(-5)I, (1.4£0.1)(-4)0,
9.819(-5)d
4P5,, 1379.528 2.75(-3) 2.73(-3) 2.57(-3)", 2.23(-3)i, (2.4:0.5)(-3)b,
2.4(-3)9, 2.595(-3)d
4Py, 1373.116 4.61(-5) 7.95(-5) 9.63(-5)N, 1.14(-4)i, (7.9¢4.8)(-5)P,
3.2(-5)9, 7.277(-5)%
2Py, 1347.240 1.47(-1) 1.51(-1)  1.32(-1)N, 1.47¢-1), (1.53£0.11)(-1)3,
1.134(-1)9, 1.381(-1)f, (1.00.3)(-1)b,
(1.09+0.10)(-1)C, 9.0(-2)9
2p,,, 1335.726 2.99(-2) 3.08(-2) 2.64(-2)N, 2.30(-2)}, (2.8+0.6)(-2)b,
>1.3(-2)9, 2.328(-2)d, 2.76(-2)
2Dy, 1188.752 5.50(-3) 5.50(-3) 5.17(-3)M, 4.52(-3)i, (5.£1.)(-3)C,
5.977(-3)d
2D, 1188.774  7.01(-2) 7.28(-2) 6.77(-2)N, 5.96(-2)i, (6.8+0.7)(-2)C,
7.725(-2)d
3d 4D5p 1135.331 8.64(-5) 9.93(-5) 2.11(-5)N, 1.18(-5)i 4 ' ' ' '
4Dy, 1133.934 7.62(-5) 6.93(-5) 5.21(-5)N, 1.75(-5)i
4D,,, 1132.853 1.69(-5) 1.37(-5) 1.41(-5)N, 4.08(-6) g a ¢ ssT
4F5,, 1101.936 1.13(-2)  1.01(-2) 3.84(-2)N, 1.56(-2)i :-_':, A Civ3
4F3,, 1099.523 1.14(-2)  9.08(-3) 3.81(-3)N, 1.45(-3)i n‘—f 3l A ¢ j
S5s 2[2]5,21094.769 1.66(-2)  1.52(-2) 1.12(-3)h, 4.48(-4)i
3d 4P,,p 1098.068 2.68(-4)  4.15(-4) 2.56(-4)N, 1.18(-4)i AA a " AA
4P5, 1092.437 2.27(-3)  2.10(-3) 9.32(-3)N, 4.07(-3)i “ a @ a a®
A
a good agreement between the L and V results is a necessary 2r . )
but not a sufficient indication concerning the general accuracy a .
of a calculation, it may be argued here that the present wave- a
functions and therefore the present oscillator strengths mark an .a
improvement upon previous work. °A adda .'.’. o o e OWA L S
17 © ee®% ® o 0o ¢ ° 7
4. Discussion s ° . ¢
The present f values are compared with previous experimental * ?a A B
and theoretical results in Table 3. For many transitions, the only ¢
data available for comparison are the CIV3 values of Ojha & .
Hibbert (1990). In general, the two sets of data agree to within % 1'0 ’ 2'0 3'0 4'0 50
a few % for both the AS = 0 and AS = 1 transitions. Larger
discrepancies of up to a factor of two or even more are spotted for Transitions

anumber of transitions, mostly weak ones. Oscillator strengths
for such transitions are very sensitive to CI effects and to the TEC
procedure. As underlined in Sect. 2, the much better agreement
between L and V results in the SST calculation is a serious
indication that the present work should be more reliable.

Fig. 1 The ratio between the length (L) and velocity (V) oscillator
strengths yielded by the present calculation (SST) and that of Ojha &
Hibbert (1990) (CIV3) is shown for all the transitions listed in Table
3. The ordering is the same in the table and in the figure. Note that for
the 3p° 2Py, —3p*( P)Ss ? D, transition the CIV3 ratio lies outside
the graph (R = 17.43)
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This work Previous results
Upp. level MAY* fL fy f
5s 2[2]3,,1090.739 6.80(-3)  6.05(-3) 1.27(-5)", 1.30(-3)i
3d 4Ps;p 1090.982 1.02(-3)  9.28(-4) 2.44(-3)N, 9.99(-4)i
3d 2Py5 1092.129 1.76(-3)  9.10(-4) 4.62(-3)N, 1.75(-3)i, 1.48(-2)f
5s 1[1]1,21085.171 7.32(-5)  4.10(-5) 8.66(-5), 2.28(-4)i
3d 2Fs5;0 1088.062 4.95(-3)  4.50(-3) 1.59(-2)N, 6.43(-3)i, (8.140.7)(-2)@ (*)
5s 1(113/21085.304 5-81(-4)  1.04(-3) 2.52(-3)h, 4.62(-3)i
3d 2P5,, 1084.667 3.20(-2)  3.03(-2) 1.11(-2)N, 5.20(-3)i, 7.44(-2)f
55 0{0]1,21079.882 6.98(-3)  6.85(-3) 6.53(-4)", 1.32(-3)i
3d 2D5,, 1097.369 8.03(-2)  7.30(:2) 4.23(-2)M, 1.70(-2)i, (8.8+1.3)(-3)2 (),
2.408(-1)f
2p;,, 1096.810 1.09(-2) 8.33(-3) 1.34(-2)h, 5.33(-3)1, 2.68(-2)f
b) Lower level : 3p3 2P°¢ 5
4s 4P5,, 1396.527 6.58(-4)  6.80(-4) 6.15(-4)N, 5.44(-4)i, 7.(-4)9,
6.261(-4)d
4Py, 1389.957 6.76(-4) 5.60(-4) 6.19(-4)N, 4.69(-4)i, 5.011(-4)d
2p,, 1363.447 5.30(-2) 5.45(-2) 4.74(-2)h, 4.16(-2)i, (5.5£0.4)(-2)3,
3.5(-2)9, (3.8+0.6)(-2)P, 3.950(-2)d
2Py, 1351.657 1.16(-1)  1.20(-1) 1.05(-1)N, 9.30(-2)i, (9.31.6)(-2)b,
6.9(-2)9, 8.934(-2)d
2Dy, 1201.353 8.35(-2) 8.55(-2) 8.06(-2)", 7.07(-2)i, (1.02£0.10)(-1)C,
9.0(-2)9, 9.039(-2)d
3d 4Dg3p 1145.394 7.30(-5)  8.45(-5) 2.21(-5)N, 1.45(-5)i
4D,,0 1144.291 6.28(-5) 4.91(-5) 5.79(-5)", 1.70(-5)i
4F5, 1110.295 3.10(-2)  2.92(-2) 2.31(-3)N, 9.60(-4)i
4P12 1108.811 3.48(-6) 5.25(-5) 4.78(-4)h, 1.52(-4)i
4P, 1103.069 7.17(-3)  6.55(-3) 2.85(-2)N, 1.12(-2)i

According to Ojha & Hibbert (1990), the calculations by
Ganas (1981) should only be correct for the transitions involving
the 3s23p*(3 P)4s 2P levels, the oscillator strengths for all other
transitions being inaccurate due to the neglect of CI effects. The
present Table 3 fully confirms this opinion.

The SST results lie within the error bars of the experimen-
tal study of Clyne & Nip (1977) for the 3p° 2Py, — 3p*C P)4s
4Py2,5/2, > Py 2 transitions. For transition 3p° 2Py, —-3p*CP)4s
‘P /2, our L value is in between the results of Clyne & Nip
(1977) and Hofmann (1967). The “high” oscillator strengths
that we obtain for the 3p’ 2Py, — 3p*CP)4s 2Py, and 3p°
2P1°/2 — 3p*(CP)4s 2P; , transitions nicely confirm the recent
experiment of Schectman et al. (1993). The SST f values for
transitions 3p® 2Py, —3p*( P)4s? D3 52 agree with the mea-
surements of Schwab & Anderson (1982), while for the 3p®
2P]"/2 —3p*CP)4s*Py ), 35, 2 D, transitions, one notes area-
sonable agreement with the results of Lawrence (1967) and Hof-

mann (1967). The measurement of this latter author turns out to
be substantially lower than the other results available for tran-
sition 3p° 2Py, — 3p*C P)4s 2Py 5.

The only experimental data for transitions 3p> — 3p*3d are
due to Schectman et al. (1993) and they only concern the two
lines at A\ 1088 and 1097. For both transitions, the measured
value disagrees strongly with both the CIV3 and SST findings.
Both calculations predict the f value for A\1097 to be substan-
tially larger than that for A\1088 while the laboratory measure-
ments of Cantu et al. (1985), the astronomical observations of
Federman (1986) and the experimental work of Schectman et
al. (1993) tend to indicate that the reverse may be true.

As emphasized by Schectman et al., the 3p*(> P)3d config-
uration mixes with 3p*( P)5s to form a complex of 22 even-
parity levels in between 88,000 and 93,000 cm ™. In particu-
lar, the states with J = 5/2 are not well represented either in
pure JK or LS coupling. The strong mixings confuse the issue
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Table 3. (continued)

o This work Previous results
Upp. level MAY* fL fy f

5s 2(2]3,,1101.338 6.71(-3)  5.95(-3) 2.98(-3)N, 1.71(-4)i
3d 2Py, 1102.755 1.24(-2)  9.65(-3) 1.76(-2)", 6.53(-3)i
55 1(1]1,21095.662 1.45(-3)  1.49(-3) 4.06(-4)N, 9.14(-4)
5s 1[1]3,21095.797 6.93(-2)  5.95(-2) 4.87(-3)h, 4.54(-3)i
3d 2P5/, 1095.148 1.51(-2)  1.40(-2) 4.32(-2)", 1.82(-2)i
55 0[0];,21090.271 2.46(-2)  2.37(-2) 2.54(-3)", 5.34(-3)i
3d 2D3,, 1107.528 1.28(-2)  1.30(-2) 3.67(-2)h, 1.51(-2)i

+ From Radziemski & Kaufman (1969)

a Schectman et al. (1993); b Clyne & Nip (1977); ¢ Schwab & Anderson (1982); d Lawrence

(1967); f Ganas (1981); g Hofmann (1967);
& Hibbert (1990) (velocity form)
(*) See Table 5 and the last three paragraphs in Section 4.

of identifications: see the changes in some level designations
when comparing the study of Minnhagen (1961) and that of
Radziemski & Kaufman (1969). Through the semi-empirical
aspects of the method used, the present oscillator strengths ob-
viously depend upon the term and level identifications adopted
by the experimentalists. Here, we used the labelling proposed
by Radziemski & Kaufman, but we also checked that the op-
tions of Minnhagen for the J = 5/2 levels in the 3p*(® P)3d and
3p*(3 P)5s configurations would not help improving the agree-
ment between the SST f values and the experimental data for
both A\ 1088 and 1097.

We ate aware that, for the 3p° 2Py, - 3p*(CP)3d 2Fs
2Dy /2 transitions, the calculated oscillator strengths are highly
sensitive to CI effects and to the TECs. Nevertheless, the present
discrepancies between theory and experiment in the case of A\
1088 and 1097 remain frustating in view of the rather good
agreement between the SSTL and V f values. It does not appear
that the quality of our wavefunctions can be easily improved by
a small extension of the configuration basis set.

Table 4. Modifications to Table 2 resulting from an interchange of
the upper level identifications for the two transitions 3p° — 3p*3d at
AA1088 and 1097 (see text for details)

Config. Level Egps AEgps AEqgic TEC
3p4(3P)3d  2F,,, 91089.5
37.5 371. -7200.
2
Fso 911270
2pg, 911735
733.3 712. -7750.
“2pg,,"  91906.8

h Ojha & Hibbert (1990) (length form); i Ojha

Considering the very strong mixing between the 3d 2Ds /2
and 3d 2Fs /2 levels, one is led to check the experimental iden-
tifications proposed by Radziemski & Kaufman (1969). The
simplest alternative combination is obtained by a direct inter-
change of the published labels for the two upper states in AA
1088 and 1097. Table 4 shows the energy structure obtained
on such a basis. The TECs presented were selected, in particu-
lar, with a view to optimize the two fine-structure splittings as
compared to “experiment”. The strong interaction between the
two J = 5/2 states made it impossible to achieve that aim. As
A Eq. for the 2F multiplet remained far too large and varied
little in most of the test runs, it was decided to concentrate on
getting a good A E,qy. for the 2D multiplet. Thus, the two main
positive features of the option in Table 4 are an excellent cal-
culated energy for the 2F /2 level and an excellent calculated
splitting for the 2D term. Of course, all other TECs listed in
Table 2 were kept fixed throughout the test.

Table 5 gives the present oscillator strengths computed for
the A\ 1088 and 1097 transitions with the TECs in Table 4.
It can be seen that the agreement between the theoretical and
measured values is now much better, even though it cannot be
rated as excellent. It should be stressed that the calculated f
values are extremely sensitive to the semi-empirical correction
procedure, due, once again, to the strong mixing between the
two J = 5/2 states. All our “realistic” test runs, however, con-
firm that the oscillator strength for A1088 should be larger than
the one for A1097. To summarize, the present findings tend to
indicate that the experimental labels adopted by Radziemski &
Kaufman (1969) for the 3d % Ds , and 3d 2 Fy , levels are ques-
tionable, they go a long way to confirm the f values observed
by Schectman et al. (1993) for A\ 1088, 1097 but they also
show that a definitive calculation for those transitions will re-
quire further refinements. In conclusion, it is our opinion that
the experimental oscillator strengths for the two highly sensi-
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Table 5. Modifications to Table 3 resulting from an interchange of the upper level identifications for the two transitions 3p° — 3p*3d at AA1088
and 1097 (see text for details). The recommended oscillator strengths for the two lines are those measured by Schectman et al. (1993). They are

FTOOAAGA 277870 "

repeated here for comparison. a(b) stands for a x 10°

This work Experiment
Upp. level AA)* fL fy f
Lower level : 3p° 2P°3/p
3d “2Ds5;p"  1088.062 6.88(-2) 6.18(-2) (8.1£0.7)(-2)
3d “2Fg5,,"  1097.369 1.22(-2) 1.11(-2) (8.8+1.3)(-3)

+ From Radziemski & Kaufman (1969)

tive transitions discussed here should be the recommended ones,
pending new calculations and measurements.

Further elaborate theoretical work, extra experimental stud-
ies on energy level identifications in C{ I, as well as new ac-
curate oscillator strength measurements, possibly with a higher
resolution than that reached in beam-foil experiments, would
be most welcome in order to resolve definitively the problem of
transitions AX 1088, 1097.

5. Conclusion

Making use of an extended CI basis set, new accurate oscillator
strengths have been calculated for allowed and spin-forbidden
resonance transitions in neutral chlorine. Some of the results
reported here are extremely sensitive to CI effects, particularly
in the case of weak transitions. It does appear, however, that
the present set of data must be considered as the most accu-
rate theoretical data available to date for the transitions studied.
This claim is supported by a detailed comparison with previous
experimental and theoretical work, as well as by the general
agreement between our L and V oscillator strengths. A persis-
tent discrepancy with astronomical data by Federman (1986)
and with recent beam-foil measurements by Schectman et al.
(1993) for two 3p® — 3p*3d transitions of astrophysical interest
can be greatly reduced by a simple interchange of the experi-
mental labels for levels 3d 2 Ds ,2and3d 2Fy /2. Further accurate
experimental and theoretical work based on independent meth-
ods could help to settle this question definitively.
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