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Abstract. The electron damping constants of some UV lines of astrophysical interest are calculated 
within the impact and semiclassical approximations and are compared with experimental results 
where these are available (Nn, UV(1) and Cn, UV (1)). 

The good agreement between experimental results and the semi-classical calculations 
of Sahal-Brechot (1969a, b) and Chapelle and Sahal-Brechot (1970) has led us to 
perform other calculations on UV lines of astrophysical interest. First we give a 
short account of our method. The widths are calculated within the impact approxi
mation (Baranger, 1958). Under this condition the profile is Lorentzian and the width 
is given by the quantum formula (77c) of Baranger (1958). The validity criterion is 

yx -4 1 

where y is the width of the line (damping constant) and t a typical collision time. We 
have shown (Sahal-Brechot, 1969a, b; Chapelle and Sahal-Brechot, 1970) that the 
impact approximation is valid for both electron and proton collisions in stellar at
mospheres. For this reason we have also calculated the damping constants for proton 
and He+ collisions. 

The scattering amplitudes and cross-sections which interfere in the calculation of 
the width are evaluated within the semi-classical approximation (Alder et al., 1956); 
first, the perturber is assumed to be a classical particle moving along a classical path 
unperturbed by the collision; for radiating ions this path is a hyperbola. This is the 
main improvement compared with the Baranger-Griem calculations (Griem et al., 
1962; Griem, 1964); the use of a hyperbolic path instead of a straight one increases 
the resulting widths by a factor between 3 and 5. Secondly, the second order perturba
tion theory for the interaction electrostatic potential is used; dipole inelastic inter
actions, dipole (polarization) and quadrupole (20% of the total width) elastic inter
actions are taken into account; the quadrupole inelastic interactions are negligible; 
the inelastic interactions are important only for electron collisions. Symmetrized 
cross-sections (Alder et al., 1956; Seaton, 1962) are used; the impact parameter cut-off 
is chosen in a way which copes with the conservation of the flux of particles, i.e. 
the ^-matrix is unitary (Seaton, 1962). 

The semi-classical approximation is obviously valid when most of the collisions are 
weak, i.e. the close (or strong) collisions are not important. The validity criterion is 
the following; 

AEjkT < 1 
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where AE is a typical energy gap between the interacting levels of the radiating atom 
and kT is the temperature. Nevertheless the comparisons between semi-classical cal
culations, experiments and the more recent elaborate quantum calculations (Bely and 
Griem, (1970) for Mgn 3s-3p, Barnes and Peach (1970) for Can As-Ap) show that 
the semi-classical calculations are accurate to within 30%, despite the importance of 
the strong collisions (75% in the case of Mg+ 3s-3p where AE/kT>4). This agreement 
probably comes from the care taken with the physical nature of the model (use of 
symmetrized cross-sections and a unitary S-matrix). 

From the results presented in this paper it can be seen that our calculations for the 
UV resonance lines CII (1) and Nil (1) (Figures 1 and 2) fit the recent experiments 
of Fortna (1969) and yet the typical energy gap for these two lines is of the order of 
10 eV! The close collisions are predominant and the typical impact parameter geS 

is very small (see Table I). Table I shows also that the impact approximation is valid 
for both electrons and protons: y is the calculated (or experimental) value of the 
damping constant for a density, Ne = 1015 cm ~ 3, and T=2 x 10* K; the typical collision 
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Fig. 2. 
Fig. 1-2. Electron Damping constant of Cn, UV (1) and Nn, UV (1) (for a density of 1 cm ~ 3) versus 
the electronic temperature. Curve (1) this work. (2) this work, elastic collisions only. (3) Formula 
(102) of Brechot and Van Regemorter (1964) (No (1) of this paper). (4) Lindholm (1942). x semi-

empirical (Griem, 1968). Classical damping constant: experiment of Fortna (1969) 
1.2 x 10" for CII (1) 
1 .9xl0 9 forNn( l ) 
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TABLE I 

close coll. 

contrib. 
electrons 

80°/o 1 to 2 

80°/o 1 

/ 

protons 

125 

75 

yx 

electrons 

3 x 10-' 

2 x 10"' 

protons 

2 x 10-5 

1 x 10-5 

eeft typical impact parameter for 7" = 2 x 104K 
aa Bohr radius 
AE typical energy difference between the interacting levels 
/ typical angular momentum of the perturber 
y damping constant for iVe=1015 cm"3 and T=2 x 104K 
T typical collision time for T= 2 x 104K 
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time, T is of the order of QeSlv; the velocity of the perturber v is of the order of 
y/(8kT)/(nm) where m is the reduced mass. The typical impact parameter geff is 
evaluated a posteriori (Chapelle and Sahal-Brechot, 1970) in the following manner: 
first, the cross-section a is evaluated and then the predominant impact parameter geff 

is deduced (one can write O-=%Q\S for instance). 
From Figures 1 and 2 it can be seen that the semi-empirical formula of Griem 

(1968) and the simple formula of Brechot and Van Regemorter (1964), analogous to 
the Lindholm (1943) adiabatic formula but with a hyperbolic classical path, 

y = Ne 3.86 x 1(T5 Z4 / 5 |a, - af\
2/s T~m (1) 

also give reliable results for these two lines. Ne is the electron density in cm - 3 , Z is 
the charge of the radiating ion, a; and af are the polarisabilities, in atomic units, of 
the radiating ion in the stage / or/, the initial and final levels of the transition involved. 
Nevertheless, these two formulae must be used with caution if a result with accuracy 
better than a factor of two is required. The Lindholm (1941) formula gives a rather 
poor result and likewise the classical value of the damping constant gives results 
which are greatly overestimated at stellar densities (Nx 1014 cm - 3 ) . 

In Table II the damping constants of several Sin, in, iv, CII , iv and Nil (1) lines 
are collected. The typical energy difference AE gives the order of the uncertainty of 
the results. If kT/AE> 10, the uncertainty is less than 20%, if kT\AE<\, it is of the 
order of 30% or 40%. The classical value yclJN (evaluated for iVe = 1014 cm - 3 ) , the 
Lindholm value (1941) and the Brechot and Van Regemorter (1964) value (formula 1 
of this paper) are given for comparison. 

When kT\AE<k\ the simple B-VR formula is rather useful; indeed, the elastic 
contribution is predominant and the adiabatic assumption is valid. Under this con
dition the very simple formula can give quite reliable results. Nevertheless, the semi-
classical calculations are also very simple to perform, the Fortran IV program of the 
Observatoire de Meudon gives the result after a few seconds (IBM 360-65 computer), 
the input data are only the oscillator strengths and the energy differences of the 
interacting levels of the transitions involved. 
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DISCUSSION 

G. K. Oertel: Elastic collisions contribute strongly to the electron broadening of ionic lines. The 
impact theory with hyperbolic classical path is therefore applicable to only a small portion of the 
total damping constant in most cases— The good agreement with other calculations and with expe
riment is therefore very surprising. 
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