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Abstract. Predicted term energies for values of the prin-
cipal quantum number up to 30 and orbital quantum num-
bers | > 3 in C II, C IIT and C IV have been obtained
using the Ritz and the polarization formulae. Wavelength
predictions for lines involving these high-nl term energies
together with the corresponding oscillator strengths, cal-
culated by the HFR approach, are also reported in the
present paper. Some astrophysical implications of these
new atomic data are discussed by means of a compar-
ison with the observed spectra of the planetary nebula
NGC 7027*.
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1. Introduction

Atomic dipole transitions involving high-nl Rydberg
states are frequently encountered in astrophysics and in
laser physics. In astrophysics, the interpretation of re-
combination spectra emitted by extraterrestrial sources
requires the knowledge of a large number of transition
energies and rates as emphasized for example by Hoang-
Binh et al. (1987) and Hoang-Binh (1990, 1993). In laser
physics, oscillator strengths for transitions with large val-
ues of the principal quantum number n can now be
measured in laboratory by accurate techniques (see e.g.
Connerade et al. 1992; Mende & Kock 1996).

Recently, several dozens of lines involving intermedi-
ate and relatively large (n, [) levels in the low ionization
stages of very common elements such as carbon, nitrogen
and oxygen were observed in the spectrum of the planetary
nebula NGC 7027 between 399 and 1050 nm (Péquignot
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1" Tables 1 to 5 are also available, Tables 6 to 8 are only
available in electronic form at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5).

& Baluteau 1994; Baluteau et al. 1995; Péquignot 1996,
1997). More particularly, owing to the large abundance
of carbon in NGC 7027, several Rydberg series of C II,
C III and C IV were probably detected up to princi-
pal quantum number n = 30 by Baluteau et al. (1995)
and Péquignot (1996, 1997). In these papers, it is stated
that available compilations of high-nl atomic energy lev-
els may not be sufficiently comprehensive to fully exploit
the nebular spectroscopic data now accessible to common
astrophysical devices and this lack of basic atomic data is
pointed out as a major limitation to future progress in the
field of nebulae.

Up to now, the highest (I > 3) Rydberg terms exper-
imentally determined were 1s?2s27f 2F°, 8g 2G, 7h 2H°
in C II, 1s22s7f 3F°, 7g 3G, 6h *H° in C III (Bashkin &
Stoner 1975) and 1s28f 2F°, 8¢ 2G, 9h 2H°, 9i %I in C IV
(Bashkin & Stoner 1975; Tunklev et al. 1997). The aim
of the present work is to provide predicted term energies
for values of the principal quantum number up to 30 and
orbital quantum numbers [ > 3 in these three ions using
the Ritz and the polarization formulae. At the same time,
wavelength predictions to an accuracy of at least 0.01 nm
for lines involving high-nl Rydberg states together with
the corresponding oscillator strengths, calculated with the
help of the relativistic Hartree-Fock (HFR) method, are
reported in the region 400 — 1100 nm which might be use-
ful for the interpretation of astronomical observations.

2. High-nl term energies
2.1. The Ritz formula

In 1s?2s?nl (C 1), 1s?2snl (C III) and 1s?nl (C IV)
configurations, the outer nl electron moves in the resul-
tant field of the nucleus and the inner electrons. In such
cases, the deviations between the observed term ener-
gies and the exact hydrogen-like values, caused by small
core-penetration and polarization effects, are accurately
described by the Ritz formalism. In this semi-empirical
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technique, discussed in detail by Edlén (1964) and more
recently by Drake (1994), the term energies are written as

_Ryz’
(n*)?

where Ej is the ionization energy, Ry is the reduced mass
Rydberg constant (Ry = 109732.3 cm~! for carbon), Z.
is the net charge of the core (Z. = 2, 3, 4 for C II, C III
and C IV respectively) and n* is the effective principal
quantum number given by

E(nvl) = F; (1)

n* =n—d(n,l) (2)

d(n,l) is the so-called quantum defect which is strongly
dependent on the l-quantum number but only weakly on
n and which can be expressed, in the Ritz formalism, by

S(n,)=a+bn*)?+c(n*)*4.. (3)

2.2. The polarization formula

The energies of high [ (non-penetrating) states can also be
given to a good approximation by the polarization formula
(Edlén 1964):

E(H,Z)ZEI—EH—ER—EP. (4)

The hydrogenic, Fy, and relativistic, F'gr, terms are given
by

Ry ZC2

En=—— (5)
o? Ry ZA n 3

Br="1a <l+1/2_1) (6)

where « is the fine structure constant. The polarization
term, Ep, can be written as

Ep =A P(n,))[1+k q(n,1)] (7)
with

B 3n? —1(1+1)
P ) =Ry s ma i iy O

and

q(n,l) = Ry x

35n* —5n2[61(141)—5]+3(1—1)I(1+1) (1+2) - (9)
8n7(1—3/2)(I—1)(I—1/2)I(1+1/2)(+1)(1+3/2)(1+2) (1+5/2) P(n,1)

In Eq. (7), the factors A and k can be expressed respec-
tively by
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A=aq 72 (10)
and
k= Z—: 72 (11)

where aq is the dipole polarizability of the atomic core in
units of ao® and oy represents the quadrupole polarizabil-
ity of the core in units of aj.

2.8. Predicted term energies

Using the values 196664.7 and 386241.0 cm™! (Moore
1970) for the ionization energies of C II and C III re-
spectively and the observed term energies deduced from
the compilation of Bashkin & Stoner (1975), new Ritz
formulae were derived for the 1s?2s?nf, 1s?2s?ng (C 1II)
and 1s?2sng (C III) series. The Ritz parameters (a, b, c)
obtained in the present work as well as the standard devi-
ations between the experimental term energies and those
calculated from the Ritz formulae are given in Table 1. For
the 1s?2s>nh—ni (C II), 1s*2snh—nk (C III) and 1s*nf—nk
(C IV) series, the polarization Eq. (4) was used. In the
cases of C IT and C III, only the dipole contribution was
retained (k was set equal to zero) with the dipole polariz-
abilities aq = 3.77 and 3.46 aJ respectively. These values
were derived from the oscillator strengths published for
C III and C IV using the following formula:

Joi

ad:4a8 Zm (12)

where (E; — Ep/Ry) are the transition energies (in
Rydbergs) for lines connecting the ground level in C III
and C IV and fg; the corresponding oscillator strengths
taken from the Opacity Project (the Opacity Project
Team 1995) and corrected with experimental wavelengths
by Verner et al. (1994). In the case of C IV, we
used the polarization Eq. (4) including both dipole and
quadrupole polarizabilities published recently by Tunklev
et al. (1997), i.e. ag = 0.00921 a3 and aq = 0.00111 ao®,
and the ionization energy E; = 520175.9 cm™! obtained
by the same authors.

Table 1. Ritz formulae for the nf, ng series in C II and the ng
series in C III. The standard deviations between experimental
term energies (Bashkin & Stoner 1975) and those calculated
using the Ritz formulae are also given

TIon Series a b c standard deviation
CII nf2F° 0.028958 —0.221105 0.828474 0.50 cm~—1
CII ng2G 0.006837 —0.040060 —0.242426 0.32 cm !
C III ng 3G 0.026138 —0.672472 6.720485 0.41 cm~?!
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The term energies calculated in our work are compared
with available experimental values in Table 2. Examining
this table, it is seen that the discrepancies between both
sets of values are very small (the mean difference being
0.8 cm™1) if we except the 6h 2H° term belonging to C II.
For this term, the difference between our value, calculated
using the polarization formula, and the measured energy
(Bashkin & Stoner 1975) reaches 64.6 cm~! which prob-
ably means that this particular term energy should be
redetermined experimentally.

Tables 3, 4 and 5 contain the term energies adopted in
the present study for the nf, ng, nh, ni series in C II, for
the ng, nh, ni, nk series in C IIT and for the nf, ng, nh, ni,
nk series in C IV respectively for n up to 30. Following the
hereabove discussion, the mean uncertainty affecting our

predicted values in these series should not exceed 1 cm™1!.

Table 2. Comparison between the term energies calculated in
this work and the available experimental data. All values are
given in cm ™!

Ion Term Experiment This work A
CII 4f2F°  168978.8% 168979.3¢ —0.5
CII 5f2F°  178956.4% 178956.5¢ —0.1
CII 6f2F°  184376.5% 184376.5¢ 0.0
CII 7f2F°  187642.0° 187643.3¢ —1.3
CII 5g2G  179073.5% 179073.5¢ 0.0
CII 6g2G  184449.7% 184449.7° 0.0
CII 7g2G  187691.8% 187691.8¢ 0.0
CII 8g2G  189794.6% 189795.9¢ —1.3
CII 6h2H° 184529.9% 184465.3¢  64.6
CII 7h2H° 187701.0° 187702.2¢ —1.2
CIII 5g 1G  346579.3% 346579.9° —0.6
CIII 5g 3G 346579.3% 346579.9° —0.6
CIII 6g 1G  358692.2% 358692.6° —0.4
CIII 6g 3G 358692.3% 358692.6¢ —0.3
CIII 7g 3G 365998.4% 365998.6° —0.2
C III 6h 3H® 358776.3% 358775.8% 0.5
C IV 4f2F°  410431.5% 410431.3¢ 0.2
C IV 5f2F°  449941.3% 449939.84 1.5
C IV 6f2F°  471402.4° 471401.3¢ 1.1
CIV 7f2F°  484341.9® 484341.8¢ 0.1
C IV 8f2F°  492740.8° 492740.7¢ 0.1
CIV 5g2G  449945.20 449945.0¢ 0.2
C1IV 6g2G  471405.8° 471404.5% 1.3
CIV 7g2G  484345.6° 484343.9¢ 1.7
CIV 822G  492743.8° 492742.1¢ 1.7
C IV 6h 2H°  471406.8% 471405.3% 1.5
C IV 7h 2H° 484345.8% 484344.4¢ 1.4
C IV 8h 2H° 492743.8% 492742.4% 1.4
C IV 9h 2H° 498501.4% 498500.1¢ 1.3
CIV 72l 484346.0% 484344.7¢ 1.3
C1IV 8i?l 492743.9% 492742.64 1.3
CIV 92l 498501.4% 498500.2¢ 1.2

@ Bashkin & Stoner (1975).

b Tunklev et al. (1997).

¢ Calculated using the Ritz formula.

d Calculated using the polarization formula.
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Table 3. Adopted term energies (in cm™') for the nf 2F°, ng
2@, nh 2H® and ni 21 series of C II

n  nf 2F° ng 2G  nh 2H° ni 21
4 168978.82

5 178956.4% 179073.5%

6 184376.5% 184449.7% 184529.9%

7 187642.0% 187691.8* 187701.0% 187705.1¢
8 189762.2% 189794.6% 189803.0¢ 189805.1¢
9 191214.0° 191238.2° 191243.3¢ 191244.8¢
10 192251.8° 192269.8° 192273.6¢ 192274.6¢
11 193019.2° 193032.9 193035.8¢ 193036.6¢
12 193602.6° 193613.3% 193615.5¢ 193616.1¢
13 194056.4° 194064.9 194066.6¢ 194067.1¢
14 194416.3° 194423.1% 194424.6¢ 194425.0¢
15 194706.6° 194712.20 194713.3¢ 194713.7¢
16 194944.1° 194948.7% 194949.7¢ 194949.9¢
17 195140.9° 195144.7° 195145.5¢ 195145.7¢
18 195305.7° 195309.0 195309.6¢ 195309.8¢
19 195445.2° 195448.0 195448.5¢ 195448.7¢
20 195564.3° 195566.6° 195567.1¢ 195567.3¢
21 195666.7° 195668.8" 195669.2¢ 195669.3¢
22 195755.5 195757.3Y 195757.6¢ 195757.7¢
23 195832.9 195834.5Y 195834.8¢ 195834.9¢
24 195900.9° 195902.2° 195902.5¢ 195902.6¢
25 195960.8° 195962.0° 195962.3¢ 195962.4¢
26 196014.0° 196015.1° 196015.3¢ 196015.4¢
27 196061.3° 196062.3° 196062.5¢ 196062.6¢
28 196103.7% 196104.6° 196104.8°¢ 196104.8¢
29 196141.8° 196142.5° 196142.7¢ 196142.8¢
30 196176.1° 196176.8Y 196176.9¢ 196177.0¢

@ Deduced from the experimental energy levels
(Bashkin & Stoner 1975).

b Calculated from the Ritz formula (see text).

¢ Calculated from the polarization formula (see text).

3. Wavelengths and oscillator strengths

The wavelengths in air, A, and the oscillator strengths,
f, for the nd—n'f, nf—n’g, ng—n'h, nh—n'i (n = 3 — 6,
n’ = 4 — 30) transitions in C II, the nf—n’'g, ng—n'h,
nh—n'i, ni—-n’k (n =4 — 7, n’ = 5 — 30) transitions in
C III and the nd—n'f, nf—n'g, ng—n'h, nh—n'i, ni—n'k
(n =5-10,n" = 6 —30) transitions in C IV are presented
in Tables 6, 7 and 8 respectively in the 400 — 1100 nm
spectral region. The wavelengths were deduced from the
1 >3(CI),! >4 (CII) and I > 3 (C IV) term en-
ergies reported in Tables 3-5 and from the experimental
energy levels published by Bashkin & Stoner (1975) and
Tunklev et al. (1997) for smaller values of the I-quantum
number. From the estimated mean uncertainty affecting
the term energies obtained in the present work (see Sect.
2.3), the predicted wavelengths in Tables 6-8 should be
accurate to within a few 0.01 nm.

For the calculation of oscillator strengths, we used the
relativistic Hartree-Fock (HFR) method with the help of
the codes written by Cowan (1981). These computations
were performed using the following sets of configurations:
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Table 4. Adopted term energies (in cm™?) for the ng 3G, nh
L3HC ni 131 and nk Y3K° series of C III

n ng 3G nh L3He ni L3I nk L3Ke
5 346579.3¢

6 358692.2¢ 358776.3%

7 365998.4% 366063.8° 366077.5¢

8 370743.2° 370794.1¢ 370803.6¢ 370807.1¢
9 373997.4% 374037.0¢ 374043.8¢ 374046.4¢
10 376325.4° 376356.4¢ 376361.5¢ 376363.5¢
11 378047.8° 378072.5¢ 378076.3¢ 378077.8¢
12 379357.8° 379377.6¢ 379380.6°¢ 379381.7¢
13 380377.1% 380393.2¢ 380395.5¢ 380396.5¢
14 381185.8° 381198.9¢ 381200.9¢ 381201.6¢
15 381838.1% 381849.0¢ 381850.6¢ 381851.2¢
16 382371.8° 382381.0¢ 382382.3¢ 382382.8¢
17 382814.1° 382821.8¢ 382822.9¢ 382823.3¢
18 383184.7° 383191.3¢ 383192.2°¢ 383192.6¢
19 383498.3% 383503.9¢ 383504.7¢ 383505.0¢
20 383766.0° 383770.9¢ 383771.5¢ 383771.8¢
21 383996.3Y 384000.6¢ 384001.1¢ 384001.4¢
22 384195.9% 384199.6¢ 384200.1¢ 384200.3¢
23 384370.1% 384373.3¢ 384373.8¢ 384373.9¢
24 384522.9% 384525.8¢ 384526.1¢ 384526.3¢
25 384657.7% 384660.3¢ 384660.6¢ 384660.7¢
26 384777.2Y 384779.5¢ 384779.8¢ 384779.9¢
27 384883.8Y 384885.8¢ 384886.1¢ 384866.2¢
28 384979.0° 384980.9¢ 384981.1¢ 384981.2¢
29 385064.6° 385066.3¢ 385066.5¢ 385066.6¢
30 385141.8% 385143.3¢ 385143.5¢ 385143.6¢

@ Deduced from the experimental energy levels
(Bashkin & Stoner 1975).

b Calculated from the Ritz formula (see text).

¢ Calculated from the polarization formula (see text).

C I 1s?28?nd (n = 3-6) + 1s®2s’ng (n = 5-30) +
1s22s%ni (n = 7-30) + 1522s2p? + 1s22s2p3p + 1522s2pdp
+ 1s22s2p4f (even parity) and 1s?2s’nf (n = 4-30) +
1s22s?nh (n = 6-30) + 1s?2s2p3d + 1s%2s2pdd (odd
parity);

C II: 1s?2snf (n = 4-7) + 1s?2snh (n = 6-30) + 1s*2snk
(n = 8-30) + 1s%2p3d + 1s?2p4d (odd parity) and 1s?2sng
(n = 5-30) + 1s?2sni (n = 7-30) + 1s?2p4f (even parity);

C IV: 1s?nd (n = 3-10) + 1s’ng (n =
(n = 7-30) (even parity) and 1s?nf (n = 4-30) + 1s?nh
(n = 6-30) + 1s’nk (n = 8-30) (odd parity).

Scaling factors (0.90) were introduced for the Slater
integrals while the ab initio spin-orbit parameters, cal-
culated by the Blume-Watson method, were retained.
Moreover, the average energies were adjusted using the ex-
perimental energy levels (Bashkin & Stoner 1975; Tunklev
et al. 1997) and predicted values reported in Tables
3-5. Comparison with previously published oscillator
strengths is possible only for transitions involving rela-
tively small n-values. As an example, within the frame-
work of the Opacity Project (OP), f-values for nl—n'l’
transitions (n, n’ < 10, I, I’ < 4) were calculated by

5-30) + 1s%ni
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Table 5. Adopted term energies (in cm™') for the nf 2F°, ng
2@, nh ?H°, ni %I and nk 2K° series of C IV

n nf2?F°  ng2G  nh?2H° ni 21 nk 2K°
4 410431.5%

5 449941.3% 449945.2%

6 471402.4% 471405.8% 471406.8°

7 484341.9% 484345.6% 484345.8° 484346.0°

8 492740.8% 492743.8% 492743.8b 492743.9% 492742.7¢
9 498498.8° 498499.8° 498501.4° 498501.4° 498500.3¢
10 502617.6¢ 502618.3¢ 502618.5¢ 502618.6¢ 502618.6¢
11 505665.0° 505665.5¢ 505665.7¢ 505665.7¢ 505665.8¢
12 507982.7¢ 507983.2¢ 507983.3¢ 507983.3¢ 507983.4¢
13 509786.5¢ 509786.8° 509786.9¢ 509787.0¢ 509787.0¢
14 511217.7¢ 511218.0¢ 511218.1¢ 511218.1¢ 511218.1¢
15 512372.4¢ 512372.6¢ 512372.6° 512372.7¢ 512372.7¢
16 513317.3¢ 513317.5¢ 513317.6° 513317.6¢ 513317.6¢
17 514100.5¢ 514100.7¢ 514100.7¢ 514100.7¢ 514100.7¢
18 514756.8¢ 514756.9¢ 514757.0¢ 514757.0¢ 514757.0¢
19 515312.2¢ 515312.4¢ 515312.4°¢ 515312.4¢ 515312.4¢
20 515786.5¢ 515786.6¢ 515786.6¢ 515786.6° 515786.6°
21 516194.6° 516194.6° 516194.7¢ 516194.7¢ 516194.7¢
22 516548.3¢ 516548.3¢ 516548.4¢ 516548.4¢ 516548.4¢
23 516856.9¢ 516856.9¢ 516856.9¢ 516857.0¢ 516857.0¢
24 517127.7¢ 517127.7¢ 517127.8¢ 517127.8¢ 517127.8¢
25 517366.7¢ 517366.7¢ 517366.7¢ 517366.7¢ 517366.7¢
26 517578.6° 517578.7¢ 517578.7¢ 517578.7¢ 517578.7¢
27 517767.5¢ 517767.5¢ 517767.5¢ 517767.5¢ 517767.5¢
28 517936.4¢ 517936.4¢ 517936.5¢ 517936.5¢ 517936.5¢
29 518088.2¢ 518088.2¢ 518088.2¢ 518088.2¢ 518088.2¢
30 518225.1¢ 518225.1¢ 518225.1°¢ 518225.1¢ 518225.1¢

@ Deduced from the experimental energy levels
(Tunklev et al. 1997).

b Deduced from the experimental energy levels
(Bashkin & Stoner 1975).

¢ Calculated from the polarization formula (see text).

Fernley et al. (1997) and Tully et al. (1990) in the
cases of C II and C III respectively and compiled in the
TOPBASE atomic database (Cunto et al. 1993) at the
CDS (http://cdsweb.u-strasbg.fr/OP.html). These OP os-
cillator strengths are compared in Fig. 1 with the results
obtained in the present work. In general, the agreement
between both sets of oscillator strengths is within a few
percent if we except the 5f{—7g, 6f—8g, 6f—9g, 6f—10g sin-
glet and 5f—8g triplet transitions of C III for which the
discrepancies reach 25%. An exception occurs also for the
C III 5f 'F° — 8¢ G line for which the f-value obtained in
the present work is one order of magnitude smaller than
the OP result. However, for this particular transition, our
calculated line strength is affected by strong destructive
interference effects (cancellation effects) indicating that
the corresponding f-value may be expected to show a large
error.

4. Some astrophysical implications

Some astrophysical implications of the new atomic data
obtained in the present study are now discussed by means
of a comparison with the observed spectrum of the plane-
tary nebula NGC 7027 in the 654-1046 nm region. Possible
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Fig. 1. Comparison between the oscillator strengths (log gf)
obtained in the present work and the Opacity Project results
compiled in the TOPBASE atomic database (Cunto et al.
1993) for the nd—n'f, nf-n'g (n = 3 — 5, n’ = 4 — 10) tran-
sitions of C II (e) and the nf-n'g (n = 4 -7, n' = 5 — 10)
transitions of C III (o)

observations of lines involving high-nl Rydberg states in
C1II, CIII and C IV are also predicted in the A < 654 nm
spectral region of this nebula.

4.1. CIT

The 4d—5f and 4f—5g lines, appearing at 922.89 and
990.39 nm respectively in the 654—1046 nm NGC 7027
spectrum (Baluteau et al. 1995) are strong enough to im-
ply other 4d—nf and 4f—ng recombination lines should be
detectable in the region 400—654 nm. For these series, our
predicted wavelengths are 615.14, 512.22, 462.03, 432.98,
414.35 and 401.58 nm for the 4d—nf (n = 6—11) tran-
sitions and 646.20, 534.24, 480.27, 449.12, 429.23, 415.61
and 405.82 nm for the 4f—ng (n = 6—12) lines. If we ex-
cept the transitions 5d—9f, 5g—9h, 5g—11h and 5g—12h,
blended or masked by other lines, all members of the series
5d—nf (n = 8-11), 5f—ng (n = 8—12) and 5g—nh (n =
8—13) are observed in the NGC 7027 spectrum published
by Baluteau et al. (1995). However, in view of the rela-
tively small calculated oscillator strengths corresponding
to these transitions for larger n-values, only the first next
members of these series could probably appear in the A <
654 nm spectral region. The transitions with n = 6 lower
terms, characterized by small f-values, are not observed
in the NGC 7027 spectrum.

4.2. C IIT

The large values of oscillator strengths for the 5f 'F° —
6g'G (f = 1.11) and 5f 3F° — 6g 3G (f = 1.26) transi-
tions observed in the Baluteau et al. (1995) NGC 7027
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spectrum suggest higher members of these series might be
detectable. The only 5f—ng transitions which might ap-
pear in the 400 — 654 nm spectral region are predicted
at 583.32, 456.84, 530.51 and 423.80 nm for 5f' — 7g?,
5f1 — 8g!, 53 —7g3 and 53 — 8g3 respectively. The 5g—6h
and 6g—8h lines appearing at 819.67 and 826.11 nm in the
NGC 7027 spectrum are also characterized by large oscil-
lator strengths (f = 1.65 and 0.267 respectively) which
implies other lines from higher nh levels could be ob-
servable. These lines should appear at the following pre-
dicted wavelengths: 513.09, 412.86 nm for 5g—nh (n = 7,
8), 651.51, 565.96, 515.85, 483.30, 460.68, 444.19, 431.72,
422.02, 414.31, 408.06 and 402.92 for 6g—nh (n = 9-19).
Some of the 7g—nh, Th—ni and 7i—nk transitions are also
observed for n = 10-14 in the Baluteau et al. (1995)
NGC 7027 spectrum. Consequently, wavelength predic-
tions for higher members of these series up to n = 30
are given in Table 7.

4.8. CIV

In the 654 — 1046 nm region of the NGC 7027 spec-
trum, the highest members of the 8—n, 9—n and 10—n
Rydberg series, detected by means of unblended lines, are
situated at 773.57 nm (8 — 11), 674.69 nm (9 — 16) and
702.19 nm (10 — 23). Other lines in these series might
be observable in the 400 — 654 nm region and their pre-
dicted wavelengths are reported in Table 8 up to n =
26, 30 and 30 for the 8—n, 9—n and 10—n series respec-
tively. However, as already mentioned by Baluteau et al.
(1995), all C IV lines involving quasi-hydrogenic levels
with large principal quantum numbers should be system-
atically blended with homologous O IV and N IV lines.

5. Conclusion

Recent analyses of the spectrum of the planetary nebula
NGC 7027 by Péquignot & Baluteau (1994), Baluteau
et al. (1995) and Péquignot (1996) have stimulated the
present calculation of term energies, wavelengths and os-
cillator strengths for transitions involving Rydberg states
of C II, C IIT and C IV for values of the principal quan-
tum number up to n = 30. Our results have been compared
with the NGC 7027 spectrum observed in the 654—1046 nm
region by Baluteau et al. (1995) and wavelength predic-
tions to an accuracy of at least a few 0.01 nm have been
obtained for lines which might be detectable in smaller
wavelength regions. Several of our predicted lines coincide
with many lines observed in the unpublished NGC 7027
spectrum between 400 and 654 nm (Péquignot 1997).
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