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calculations by Hartree-Fock techniques. Work by Fischer on the Al1 isoelectronic sequence is of
particular interest; she explained some unexpectedly low oscillator strengths in Sim. For highly
ionized atoms intermediate coupling calculations must be performed, and configuration interaction
must often be included as well. Intermediate coupling calculations were reviewed in (3); among
more recent papers we mention the work of Mendlowitz on Tin. Examples of configuration inter-
action calculations include papers by Froese on various stages of ionization of iron and silicon and
of Weiss on C1 and Co and on Al1r. A number of calculations of oscillator strengths including
electron correlation effects have been made by Sinanoglu and his students.

Many problems remain to be studied. Perhaps the most important is in the area of the oscillator
strengths of high-excitation-potential lines in atoms such as Fel. Independent measurements of
oscillator strengths for some such lines by methods which do not involve a knowledge of Boltzmann
factors are greatly desired to check on excitation potential effects in the existing measurements, and
to place existing measurements on a more reliable absolute scale.

Recent work on forbidden lines was reviewed in (5). Confidence in the reliability of the theoretical
results has been increased to some extent by Thackeray’s comparisons of [Fen} and [Nin] intensities
in # Carinae with theoretical intensities. Laboratory experiments by Hults on [Pbi] and [Pbu]
lines in which there is a mixture of magnetic dipole and electric quadrupole radiation tend to confirm
the theoretical ratios of these two types of radiation. Measurements of some ratios of lines in [O1]
and in [S1] by LeBlanc, Oldenberg and Carleton, and by McConkey, Burns, Moran, Kernahan
and Emeleus are in excellent agreement with the theory. Garstang has calculated the transition
probabilities for a number of magnetic quadrupole transitions, and showed that one line in each
of Feix, Fexvil and Fexxv may be a significant contributor to the de-excitation process in these
ions in the solar corona. The 2 3S,-1 .S, line in the helium isoelectronic sequence has been shown
by Griem to be due to magnetic dipole radiation made possible in a relativistic approximation,
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COMMITTEE 3: COLLISION CROSS SECTIONS AND LINE BROADENING

1. LINE BROADENING

Two review articles have been published (1, 2).

1.1. Collision broadening by neutral atoms. The continued study of widths and shifts produced
by neutral atom impacts at low densities has shown that the Van der Waals interaction (— Cg r ~%)
as used, for example, in (3), is an inadequate representation of the interatomic potential. The clas-
sical theory for a Leonard-Jones potential (C,, r~!2 — C¢ r %) has been developed (4) and subjected
to experimental test (5). Further improvements result from introducing a term Cg r ~ 8 in the potential
(6) and from allowance for quasi-static effects (7). Applications to broadening by H—atom impact
are discussed in (8).

Progress has been made in the study of resonance broadening (collisions between atoms of the
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same kind). The theory has been subjected to further experimental test (9), and a study has been
made of combined resonance interaction and dispersion interaction (10). Calculations (11) and
experiment (12) for alkali atoms give information applicable to hydrogen (12).

1.2, Line broadening by charged particles. New and more general theoretical approaches have
been developed (13, 14). The theory of Stark broadening of hydrogen lines has been improved
(15, 21) and extended to lower densities and higher quantum numbers (17), and semi-empirical
formulae have been given for line wings (18). The Ly« line has been studied, with special emphasis
on the contribution from strong impacts (19, 20). Further calculations have been made for Hei
lines, with forbidden components, using a theory similar to that used for Hi (22, 23, 24).

Semi-classical impact theory has been applied to many lines of atoms and ions, and it has been
shown that the domain of validity of the theory is greater than has been previously supposed (25).
The method has been critically reviewed (26). Refinements in the theory for isolated lines of neutral
atoms do not give significant changes in calculated results (27). For positive ions the approxima-
tion of rectilinear paths has been abandoned ; the use of hyperbolic paths gives substantially greater
widths, in better agreement with experiment (25) and with quantum mechanical calculations using
reactance matrices obtained from close-coupling calculations for Mg (28a) and Ca1 (28b). A semi-
empirical formula may be used for approximate calculations (29).

In turbulent plasmas collective fields can be more important than Holtmark fields (30).

2. COLLISION CROSS SECTIONS

2.1. Data services. We again draw attention to the important services provided by two Informa-
tion Centers; details are given in our last report (31). A new journal is devoted to publication of
atomic data (32).

2.2. General reviews and bibliographies. A second edition of a standard work of reference is being
published in four volumes (33). Complete abstracts have been published of papers given at two
international conferences on atomic collisions (34). Another recent book is concerned with biblio-
graphies on chemical kinetics and collision processes (35); further bibliographies are also avail-
able (36).

2.3. Heavy particle collisions at high energies. References are given only to the most recent papers.
Impact parameter calculations have been made for excitation of H by H (37, 38) and by He (39),
and it has been shown that a simple approximation is reliable over an extensive range (39). Born
calculations have been made for excitation of He by H (40), and H by H* (41, 42). Excitation of
H by H™* has also been studied using other approximations (43, 44, 45). Ionization by fast H* has
been studied for H (46), He (47a) and heavier atoms (47b). Calculations have been made for electron
loss from fast H and He in H or He (48) and a simple approximate formula has been given (49).
Excitation of He by H* has been studied in the Born approximation (50) and in a more refined
treatment (51). Charge transfer has been studied for H* in ground-state H (52) and He (53), and
excited-state H (54). Various other calculations have been made for fast H— H* collisions (55, 56).
Studies of the stopping of fast H in H (§7) are of importance for theories of the solar wind.

We mention an earlier review (§8), not cited in our last report, on heavy particle collision pro-
cesses of importance in astrophysics, at both high energies and low energies.

2.4. Heavy particle collisions at low energies. Excitation of forbidden lines by heavy particle impact
has been reviewed (59). Further work has been done on excitation of fine-structure transitions by
proton impact (60).

New calculations (61) for radiative attachment of C and H, and of C* and H, give rate coefficients
much larger than earlier estimates. Further rate coefficient calculations have been made for asso-
ciative detachment of H + H - (62, 63). A rate coefficient of 2 x 10~ 5/7 cm? sec~* (T'in K) has been
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reported for H* + H~ mutual neutralisation (64). Theoretical studies have been made of Penning
ionization (65, 66). Further work has been done on rotational excitation of H, by H impact (67, 68)
but serious uncertainties remain. Recent work (67; see also 59) suggests that earlier estimates of
the cross sections for O3P,->3P;. by H impact, are in error by a factor of about 3. Improved
calculations have been made for transitions between hyperfine structure levels in the H ground state,
by H impact (69). Calculations based on a shape-resonance model have been made for three-body
association, H+H +M—H + M (70).
A bibliography of work on ion-molecule reaction rate data is available (71).

2.5. Electron collisions with molecules. Review articles have been published on experimental (72)
and theoretical (73, 74) work concerned with excitation of rotation and vibration in simple mole-
cules by slow electrons. In two recent calculations for rotational excitation of CN (75, 76) different
values of the dipole moment have been assumed ; an experimental value has now been obtained (77).

A bibliography of work on low energy electron collision cross section data is available (78).
There are also bibliographies on electron swarm data (79), and on cross sections for hydrogen and
for rare gases (80).

2.6. Excitation of atoms and ions by electron impact. A major review article deals with experi-
mental and theoretical aspects of electron impact excitation of atoms (81); further reviews are
concerned with electron collisions with atoms (82) and ions (83) and with classical theories (84).
Many references in these reviews are not repeated in the present Report. A major advance has been
the development of a semi-classical approach, based on the correspondence principle (85), which
should give greatly improved cross sections for transitions between highly excited states.

Electron collision processes in gaseous nebulae have been discussed in two review papers (86, 87)
and work has continued on excitation of forbidden lines in configurations 2p¢ (88, 89, 90, 91) and
3p? (92, 93, 94). Further calculations have been made on transitions between levels of P terms in
these configurations (95).

The ‘close-coupling’ approximation has been used to calculate cross sections for excitation of
Mg* and Ca™* (96), and cross sections for 252 —2s2p 3P and 'P in Cm and other ions (97). Some
very elaborate calculations for e-H scattering (98) give the best estimates currently available for the
near threshold excitation of the n= 2 levels. Similar calculations have been made for excitation
of He* (99).

Large numbers of cross sections for excitation of positive ions are required for the interpretation
of coronal and chromospheric spectra. A detailed study has been made of the semi-empirical g
formula (100). General computer programs are being developed, for the more accurate calculation
of large numbers of cross sections (101).

A general review of excitation and ionization by electron impact, with emphasis on processes of
astrophysical importance, is being prepared for publication (102).

2.7. Ionization by electron impact. An earlier review of experimental work has been followed by
a companion review of the theory of electron-impact ionization (103). Several other papers have
been concerned with reviews of available data and calculation of rate coefficients (104, 105, 106).

The most important recent advances, so far as astrophysical applications are concerned, have
been concerned with work on the ionization of positive ions. References to experimental work are
given in (107) and to theoretical work in (108). It has been confirmed that the Coulomb-Born
approximation for ionization of ions is more accurate than the Born approximation for ionization
of neutrals. Using a general computer program (109), Coulomb-Born calculations can be made for
many different ions.

2.8. Recombination. Some further work has been done on the theory of dielectronic recombina-

tion at low densities (110, 111, 112), and a detailed study has been made of the effects of additional
collisional processes which become important at higher densities (113).
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COMMITTEE 4; STRUCTURE OF ATOMIC SPECTRA

General work on Atomic Spectra

A current Bibliography on The Analyses of Optical Atomic Spectra is in print (43). It appears in
four sections, three of which cover the same elements as the respective volumes on Aromic Energy
Levels. Relevant literature references from the dates of publication of these Volumes are continued
for each spectrum to the present, as follows:

Section1 H -23V issued September 1968.
Section 2 24Cr —*'Nb  issued February 1969.

A2N[ 57
Section 3 3,,11:[;’_89‘1;3 issued May 1969,

The last Section contains references to rare-earth spectra:

57La _71Lu

89Ac _99Fs € issued September 1969.

Section 4 3
The present report will be limited to later work.

Monographs, extended analyses, wark in progress

The active programs in Lund are providing data on atomic spectra that are urgently needed. In
the Physics Department of the University, Edlén and his colleagues have published or submitted
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