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W.C. Martin
Chairman of the Working Group

WORKING GROUP 2: ATOMIC TRANSITION PROBABILITIES

The Data Center on Atomic Transition Probabilities at the National Bureau of
Standards, Gaithersburg, Maryland, 20899, U.S.A. has continued its critical compi-
lation work and maintains an up-to-date bibliographical data base. Work to revise
and expand the existing NBS critical data compilations for the allowed and forbid-
den transitions in Fe-group elements, (Refs. A-D) has been completed. A single
volume containing all these data for the Fe-group elements Sc to Ni is in press
(Volume III of the NBS series of atomic transition probability tables) and is
scheduled to be published in the near future, as a supplement to the Journal of
Physical and Chemical Reference Data.

In Table 1 the important recent literature references containing atomic
transition probability data are presented, which have been published since, the
last Working Group report of August 1984; this material is ordered according to
element and stage of ionization. For brevity the references are identified there
only by the running number of the general reference list given at the end of this
report. In order to keep the size of this list within the allowed space, both the
spectra listed here as well as the references within each spectrum had to be on a
selection basis. However, the NBS Data Center will supply all-inclusive lists of
references on specific spectra on request. In the general reference list supplied
with this report the literature is ordered alphabetically according to principal
authors. Each reference contains one or more code letters indicating the method
applied by the author. These code letters are defined as follows:
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THEORETICAL METHODS:

Q - quantum mechanical (including self-consistent field) calculations.

I - interpolation within isoelectronic sequences, spectral series, or homo-
logous atoms; also, data that are presented in graphical, rather than
tabular form.

EXPERIMENTAL METHODS:

- measurements in emission (arc, furnace, discharge tube, shock tube, etc.).
- measurements in absorption (King furnace, absorption tube, etc.).

lifetime measurements (including Hanle-effect).

- anomalous dispersion (hook) measurements.

- miscellaneous experimental methods (for example, Stark effect, astro-
physical measurements, etc.).

[cqii==l il ]
|

OTHER:

C - additions or suggested revisions to data in previous articles,
comments on particular theoretical or experimental methods, etc.

Cp~ data compilations.

R - relative (non-absolute) oscillator strengths have been tabulated.

F - data on forbidden (di.e. other than electric dipole) transitions have
been tabulated.

References for Introductory Discussion

A. Smith, M.W., Wiese, W.L.: 1973, J. Phys. Chem. Ref. Data 2, p.85.

B. Wiese, W.L., Fuhr, J.R.: 1975, J. Phys. Chem. Ref. Data 4, p.263.

C. Younger, S.M., Fuhr, J.R., Martin, G.A., Wiese, W.L.: 1978, J. Phys. Chem.
Ref. Data 7, p.495.

D. Fuhr, J.R., Martin, G.A., Wiese, W.L., Younger, S.M.: 1981, J. Phys. Chem.
Ref. Data 10, p.305.

TABLE 1. Recent literature sources for atomic transition
probability data of astrophysical interest

This table covers the 3 year period since the publication of our last IAU
report (Reports on Astronomy, Vol. XIX A, 122 (1985); preparation date: August,
1984) to the present (September 1987). The table is arranged in alphabetical
order of element symbols, with further subdivisions according to stage of ioniza-
tion (I, II, etc.). The numbers are the running numbers of the reference 1list
following this table.

Al I: 1 Be I: 8,11,48,74,99,104,135
Al II: 26,55,122 Be II: 38,108
Al III: 27,55 Be III: 84
Al 1IV: 46
c1I: 37,57,79,105
B IT: 9,46,114,115,119 C I1:70,92,113
B ITI: 96,133 CIII: 36,45,72,102,113,114,115,119
B IV: 84 C Iv: 95
Ba I: 8,11,48,74,99,104,135 Ca I: 8,10,51,54,71,80
Ca IITI: 7,93
Ca IV: 4
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Co

Cr

Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
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IT: 116 N I: 25,34,56,65
NI1:37,132
I: 20,39,130 N III: 72,111

N IV: 45,72,88,114,115,119
I: 21,822,112

II: 85 Na I: 43,55,97,101,127
V: 73
VIi: 73 Ni I: 41
VII: 73 Ni II: 90
IX: 57, 121
X: 35 0 I: 2,29,40,50,76
XI: 17 0 I1: 2,37,117,140
XII: 124 0 I11: 2,30,36,37,77
XIII: 18 0 1Iv: 2,31,72
XIv: 49,52,134
Xv: 3,5,47,125,134 P I: 69
XVII: 15 P II: 62,66,141
XIX: 94 P III: 1
XX1: 6,13,37 P IV: 55, 123
XXII: 14
XXIII: 24,63,91 S I:17,68,69
XXIV: 24,63,91 S II: 69
XXV: 24,63 S III: 64,67,69
S Iv: 1,78

H-sequence: 106

He~sequence: 86

Si I: 110,112
si II: 1,89,136
si III: 26,55,107

He I: 12,59,83,120,126,129 Si Iv: 27,33,55
Li I: 44,53,97,127 TL I: 19
Li II: 44,84,128,131 Ti II: 87
Mg I: 8,28,98 vV I:42,61,109,137
Mg II: 27,55 Vv II: 58,81,139
Mg IV: 16 V III: 138
Mn I: 27,75,109
Mn II: 103
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W.L. Wiese
Chairman of Working Group

WORKING GROUP 3: COLLISION PROCESSES
0f the vast array of data on electron and heavy-particle collisions that are
produced each year, I select only those that have an obvious immediate bearing on

astronomical research. A brief review of recent developments in atomic data for
astrophysics has been published (1).

1. Electron Collisions

1.1 ELECTRON IMPACT IONIZATION

Experimental impact ionization (2) and theoretical (3,4) values of the cross
sections for electron impact ionization were obtained for the magnesium-like ions
s4*, €15+ and Ar®t and theoretical values were obtained for Al* (3). Experimental
cross sections were published for electron-impact ionization of B2+ and 0% (5),
of N4* and Nt (6), of Fe5+, Feb* and Fe9+(7), of Fe11+, Fel3t and rel5+ (8), of
Ni3+, Cu2+, cu3* and sb3+ L(9) and of T12+, Fe2+, Ar2+. 12+ and F2t (10). Double
ionization cross sections were measured for Art and Ar®*t (11). Theoretical cross
sections for the single ionization of Fel3t yere calculated (12). Total ioniza-
tion and partial ionization cross sections of many systems have been complied by
Tawara and Kato (13). A list of ionization rate coefficients for astrophysical
applications was compiled by Arnaud and Rothenflug (14).

1.2 ELECTRON IMPACT EXCITATION

An evaluated compilation of data for electron-impact excitation of atomic
ions was published as a JILA report (15). Many calculations of varying degrees of
sophistication have appeared in the literature: excitation cross sections of
transitions of He-like and Be-like ions (16) Li-like ions, outer-shell (17) and
inner-shell (18), B-like ions (19), C-like ions (20) and Ne-like ions (21) and
singly and multiply-charged ions of carbon and ongen (22) have all been carried
out for Het (23).. Lit (24), Bet (25), ct (26), c2F (27), ¢4t (28), Net (20), Ne#t
and Mgb*+ (30), MglOF (31), Mg3* and Mgt (32), a1t (33), si3t (34), s19+ (35),
s110+ (36), st (37), s2+ (38), s+ (30) c15t (40),_Fe* (41), Feb* and Fell+ (42),
Fellt (43), Fel2+ (44), Feldt (45), Felbt (46), Fellt (47), Fel%* (48), Felb+
(49), Cala; (50), cal (51), and cul?t and culb* (52). Excitation to autoionizing
states and theilr contribution to ionization has been investigated for magnesium-
like ions (2,3) and for nickel ions (53). Experiments on the excitation of §i2+
transitions have been carried out (54).

Electron impact excitation of neutral systems has received less attention.

New cross section data are available on He (55) with a list of rate coefficients
(56). Collisions with neutral C atoms (57) and with neutral S atoms (58) have
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