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The frequency distributions of the He 1r lines at 256, 304, 1085, 1216, 1640, 3203, and 4686 A,
broadened by the local fields of both ions and electrons in a plasma, are calculated in the clas-
sical-path approximation. The calculations for the electron broadening are based on an impact
theory which accounts for perturbations to both upper and lower levels of the radiating ion. The
theory allows (approximately) for the level splitting caused by the fields of the (perturbing) ions,
finite duration of the collisions, screening of the electron fields, and includes (approximately)
the effects of inelastic collisions. The effect of perturbations by singly charged ions is calcu-
lated in the quasistatic linear Stark-effect approximation using Hooper’s microfield distribution
functions. Comparison to previous calculations shows fair agreement with some increase in
linewidth. Comparison with experimental results is less conclusive. Fair agreement is found

with some results while others reveal a discrepancy of as much as a factor of 2 in the line

wings.

I. INTRODUCTION

In a previous paper! (hereafter referred to as
KG) the results of calculations of the Stark broaden-
ing by ions and electrons of the first four Balmer
lines were presented. Comparison with experi-
mental results showed deviations of less than or
about 10% between measured and calculated half-
widths. In the present paper we present the re-
sults of similar calculations for the lines of ionized
helium at 256, 304, 1085, 1216, 1640, 3203, and
4686 A. As in KG, the calculations utilize the
classical-path approximation. The calculations
for the electron broadening are based on an impact
theory which accounts for perturbations to both
upper and lower levels of the radiating ion, and
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allows (approximately) for the level splitting caused
by the fields of the (perturbing) ions, for finite
duration of the collisions, and for screening of the
electron fields. 2

The effects of perturbations by singly charged,
structureless ions is calculated in the quasistatic
linear Stark-effect approximation, using Hooper’s®
microfield distribution. In KG it was assumed
that inelastic collisions* between electrons and the
radiating system (atom) could be neglected; in the
present paper the effects of such inelastic colli-
sions are (at least approximately) included in the
line profile.

To first nonvanishing order in a perturbation
expansion, the operator which describes the im-
.pact broadening by all the electrons is
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[See, for instance, Eq. (2) of Ref. 5, hereafter
referred to as GS. ] If one replaces all the expo-
nentials in Eq. (1) by unity, considers the case of
dipole interaction, assumes elastic collisions, and
assumes that the perturbing electrons follow
straight-line paths, Eq. (3) of KG is obtained. If
we retain the other assumptions but allow the per-
turbing electrons to follow hyperbolic paths (a
necessary change if the radiator is an ion) and
introduce the z (charge number) dependence of the
matrix elements, we obtain Eq. (11) of GS. We
write this equation in the slightly different form

@)= < sl ( ) [50)]
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where (v) is given by®
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In Egs. (2)-(4), a and b are the principal quan-
tum numbers of the upper and lower states, ﬁa
and ﬁb are the electron position operators for hy-
drogen (in atomic units), ppa is the maximum im-
pact parameter cutoff and will be discussed further
below, {---) indicates an average over the velocity
distribution, & is a parameter which, for the time
being, we set equal to one, and
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ve=V3 [e22(Z -1)/7 (a®-b?%)] . (5)
In KG it was argued that the Lewis and adiabatic
cutoffs could be incorporated by letting

Pmax= minfv/w;, pot 6)

where pp is the Debye length and w, is the larger

of the Stark splitting caused by ion fields and the
difference between the observed and ion-field-shifted .
frequencies. It was further argued that one can,

to within a factor of 2, set w, equal to the mean
quasistatic splitting of the levels in a given group.
Thus we set

w,=5a*iN?%/zZm . (7)
As in KG we define”
Pmin= (7/mv) (a® - b%)/Z (8)
B mvl _ 5a? 2/3
nEgpr ~ 7 @0 ANt ®)
mv: 25 a*
Vo= ZkT = E Ef aoN1/3 9 (10)

where v, and v, are the velocities such that pp,,
= Pmia and the “Lewis” cutoff is equal to the Debye
length (vy/w,=pp). We further introduce

Ey ( 5(Z = 1)a®a,N?/3\#/3
¥a = kT( 2 : (11)
y*=e*Z -1)/2kTpp , 12)
2 2 -
_mvg _ 3Ey [ Z(Z -1)\
Ye=2rT T 2RT < a®-b® ) - 13

In terms of these parameters the result of the
velocity average is®
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’ ’ .
where y.=max (¥, ¥o), y2=max(y,, yp), O is the
unit step function, ¢ =3(1+iV3), ¢=3(1-iV3), and

g(Z)=-Ci(Z)cos(Z) - si(Z)sin(Z)

is discussed in Ref. 9. The source of the largest

uncertainty in Eq. (2) is w.. This quantity enters

G through vy, v, and y;, where the dependence is
linear, quadratic, and § power, respectively.

—
1

Since these uncertainties are correlated, the total
uncertainty can be reduced by replacing G by the
following average:

Esé[G(ZyI; 4y2) 22/3y3) y*r Ye, 5)

+G (291, 192,22 3y5, 9%, 3., 8)] . (15)

To assess the accuracy of the dipole approxima-
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tion, we now calculate a quadrupole term. For the
quadrupole interaction one has

1(~ -3e? ,( cos?0-3%
ﬁj U, tydt= 7,,I B TRE

(18)
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Since the perturbing electrons follow hyperbolic
paths one can use

1/r=(1/P)(1 - € cosb), am
where

e={1+[mpv¥/(Z - 1)e’P}/? (18)
and

P=p(e?-1)'/2 . (19)

The integration can be carried out explicitly (re-
duced to a single quadrature); however, since it is
only a correction to the dipole term, an approxima-
tion derived by Griem!® is adequate. With this ap-
proximation to the quadrupole term added as a cor-
rection to the dipole term, the electron broadening
operator becomes

— 47 i 2 m 1/2
Po= 73 N<mZ) <21rkT>

[T 3 (i) |

x{R,- R,- 2R, R, +R,"R,}.

(20)

We recognize the first term as the dipole contri-
bution, the second as the quadrupole contribution
in the case of straight-line paths (KG), and thus the
last term as the correction to the quadrupole con-
tribution due to hyperbolic paths. This latter can
be quite large inthe caseof L, and B,. The param-
eter 6 was introduced to guard against the violation
of unitarity of the S matrix due to the quadrupole
contribution. Thus, for L, (B,), 5% must be set equal
to 2 (1.4). To remain consistent one must also
increase ppji, by 0 in the dipole term,

If one relaxes the assumption of elastic collisions
[does not replace the exponentials in Eq. (1) by unity
or zero), the evaluation of the broaddaing operator
becomes quite tedious. Since we expect that inelas-
tic collisions do not contribute a major part to the
broadening, any reasonable estimate of their broaden-
ing strength will suffice. In this spirit we use a
semiempirical Gaunt factor for their broadening
strength. ' With the inelastic collisions thus ac-
counted for, an explicit representation of the elec-
tron broadening operator is
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where G* is the coefficient of the matrix elements
in Eq. (20), (Z(AFE)) is the thermal average of the
semiempirical Gaunt factors, ' and AE, . is the
difference in energy levels between states of ionized
helium with principal quantum number » and n’.

The matrix elements for the inelastic collision terms
can be written as

EA:, m, j: k ’
vin
where
A:) m,n, kEEU’yi,l (n) m, ] IRU‘V, i’ l)
x (v, 1, 1 Ro|n, m, k).

Since the A} near the diagonal decrease rapidly as
In —v | increases (see Appendix III of Ref. 13), the
sum can be approximated by the term with v=n+1.
In fact, for the elements near the diagonal the term
with v=n+1 is at least 60% of the sum over v. (The
Gaunt factors, which multiply the matrix elements,
also decrease as In —v| increases; however, they
are temperature dependent so that no single error
bound can be given). The relative error incurred
by using only the v=%+1 term for the elements
further off the diagonal can be quite large, however,
since these off-diagonal terms are much smaller
than the near diagonal ones, the actual error (the
error in the electron contribution tothe line profile)
is negligible. Thus, since the entire inelastic con-
tribution is small, all terms except those with
n,=n4(ng)+1 were dropped in the final calculations.

The probable error in the ¢ matrix elements may
be estimated from

AGzzé{%[G(2y1’4y21 22/33’3, y*’yc’ 6)
‘G(%yl; %yZ;Z-Z/ayB!y*’ yc’ 6)]2
L [8RT 2n \?
+3 3EH+ 5(a2—bz)
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A B (AL W My + %yf} - (22)
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TABLE I. Fractional (1/#) widths A, of the reduced Stark profiles S(a) from the present calculation, G* is the
coefficient of the matrix elements in Eq. (21), C, and C, are the thermal averages of the Gaunt factors for upper and lower
states (multiplied by 2 n/v3, and E is the error estimate (%).

N, A, Ay Ag G* C, Cy E
NA=1 NB=2
A =304 A
T=5000 K
101 4.60-7 8.21-7 1.31-6 14.68 0.73 0.73 7.8
10% 8.36-7 1.48-6 2.35-6 12,40 0.73 0.73 9.2
T=10000 K
101 3.75-7 6.63-7 1.03-6 16.84 0.73 0.73 6.9
108 6.96-7 1.27-6 1.93-6 14.54 0.73 0.73 8.0
101 1.26-6 2.27-6 3.58-6 12,27 0.73 0.73 9.5
107 2.23-6 3.98-6 7.09-6 10. 04 0,73 0.73 11.6
1018 3.86-6 7.62-6 1.54-5 7.99 0.73 0.73 14.6
108 7.11-6 1.47-5 2.34-5 6.46 0.73 0.73 18.1
T=20000 K
101 3.03-7 5.29-7 8.30-7 19. 08 0.73 0.73 6.3
101 5.67-7 1.01-6 1.61-6 16.78 0.73 0.73 7.2
1016 1. 06-6 1.88-6 2.88-6 14,49 0.73 0.73 8.3
1017 1.91-6 3.47-6 5.76-6 12.21 0.73 0.73 9.9
1018 3.41-6 6.64-6 1.29-5 10.00 0.73 0.73 12.1
10" 6.15-6 1.30-5 2.26-5 7.97 0.73 0.73 15.2
T=40000 K
101 4,58-7 8.16-7 1.30-6 19.19 0.73 0.73 6.7
1016 8.69-7 1.53-6 2.43-6 16.89 0.73 0.73 7.6
1017 1,62-6 2.84-6 4,56-6 14.59 0.73 0.73 8.8
1018 2.92-6 5.53-6 1.02-5 12.32 0.73 0.73 10.5
101 5,40-6 1.10-5 2.00-5 10.10 0.73 0.73 12.8
T=80000 K
108 3. 70-17 6.54-17 1.01-6 21,91 0.73 0.81 6.7
1016 7.12-7 1.29-6 1.96-6 19.61 0.73 0.81 7.4
101 1.35-6 2.43-6 3.77-6 17.30 0.73 0.81 8.4
1018 2.53-6 4,59-6 7.72-6 15. 00 0.73 0.81 9.7
101 4,72-6 9.67-6 1.83-5 12,71 0.73 0.81 11.5
T=160000 K
1016 5. 88-7 1.07-6 1.67-6 22.92 0.73 1,03 7.9
1017 1.15-6 2.01-6 3.25-6 20,61 0.73 1.03 8.7
1018 2.19-6 3.89-6 6.65-6 18,30 0.73 1,08 9.8
10% 4,18-6 8.19-6 1.62-5 15,97 0.73 1.03 11.3
NA=1 NB=3
A =256 A
T=5000 K
101 6.45-5 9,99-5 1, 46-4 10. 90 0.73 0.73 2.8
1015 6.32-5 9, 85-5 1.45-4 8. 62 0.73 0.73 3.6
T=10000 K
101 6.63-5 1.03-4 1.50-4 13,03 0.73 0.73 2.5
101 6.61-5 1.03-4 1.51-4 10.73 0.73 0,73 3.0
1016 6.55-5 1.03-4 1.52-4 8,45 0.73 0.73 3.8
107 6.33-5 1.01-4 1,52-4 6.21 0.73 0.73 5.2
1018 6.14-5 1.00~4 1,52-4 4,14 0.73 0.73 7.8
101 5.36-5 9.13-5 1,42-4 2.60 0.73 0.73 12.6
The first term is the uncertainty in the (elastic) mated to be 3 of the Gaunt factors). The quantities
dipole contribution, the second is the uncertainty M, and M, arethe ratio of inelastic to elasticdipole
in the quadrupole term (estimated to be 7 of the matrix elements and are set to one (worst case) in the
quadrupole term), the third and fourth come from calculation of error estimates presented in Table 1.

the uncertainties in the Gaunt factors (again esti- The last term in the error estimate is from the
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TABLE 1. (Continued)

N, A, Ay Ag G* C, Cy E
NA=1 NB=3
A =256 A
T=20000 K
10t 6.73-5 1.04-4 1.53-4 15,18 0.73 0.73 2.3
101 6.79-5 1,05-4 1.54-4 12,87 0.73 0.73 2.7
101 6.81-5 1,07-4 1.57-4 10.56 0.73 0.73 3.3
10V 6.89-5 1, 09-4 1.62-4 8.26 0.73 0.73 4.3
1018 7.03-5 1,15-4 1.69-4 6.01 0.73 0.73 5.9
101 6.82-5 1,13-4 1.69-4 3.93 0.73 0.73 9.1
T=40000 K
1015 6.90-5 1,07-4 1.56-4 15,07 0.73 0.91 2.9
1016 6.98-5 1,09-4 1.59~4 12.75 0.73 0,91 3.4
10 7.13-5 1.13-4 1.66-4 10,42 0,73 0.91 4,2
1018 7.45-5 1.24-4 1,76-4 8,09 0.73 0.91 5.4
101 8. 02-5 1.36~4 1.87-4 5.79 0.73 0.91 7.8
T=80000 K
101 6.96-5 1.08-4 1,57-4 17.47 0.73 1,17 3.4
1016 7.08-5 1.10-4 1.61-4 15.15 0.73 1.17 4,0
10% 7.27-5 1.16-4 1.67-4 12.80 0.73 1.17 4.7
1018 7.67-5 1.29-4 1.78-4 10,43 0.73 1,17 5.8
101 8.77-5 1.46-4 1.94-4 8. 04 0.73 1,17 7.7
T=160000 K
101 7.14-5 1.11-4 1.61-4 18.11 0.73 1,53 5.1
1017 7.36-5 1.17-4 1.68-4 15,76 0.73 1,53 5.9
1018 8, 02-5 1.31-4 1,79-4 13.37 0.73 1.53 7.0
101 9,18-5 1.50-4 1.97-4 10.93 0.73 1.53 8.6
NA=2 NB=3
A =1640 A
T=5000 K
10 7.72-5 1. 64-4 5.05-4 11. 87 0.73 0.73 4.1
108 1.56-4 4,09-4 9.36-4 9.59 0.73 0.73 5.1
T=10000 K
101 6.21-5 1.24-4 2.99-4 14. 02 0.73 0.73 3.6
101 1.25-4 3.01-4 8.29-4 11,72 0.73 0.73 4.8
1016 2.55-4 6.53-4 1.29-3 9,44 0.73 0.73 5.4
10! 4,37-4 9.50-4 1.67-3 7.20 0.73 0.73 7.0
101 6.27-4 1,24-3 1.96-3 5,13 0.73 0,73 9.9
T=20000 K
101 4,91-5 9.32-5 1.80-4 16.25 0.73 0.73 3.3
10% 9.81-5 2.24-4 6. 78-4 13.95 0.73 0.73 3.9
101 2,10-4 5,60~4 1.19-3 11,64 0.73 0.73 4,7
10% 3.94-4 9,15-4 1.66-3 9.34 0.73 0.73 5.8
1018 6.20-4 1.27-3 2.03-3 7.09 0.73 0.73 7.7
T=40000 K
10% 7.94-5 1.65-4 5.19-4 16,29 0.73 0.91 3.9
101 1.69-4 4,53-4 1,06-3 13.98 0.73 0.91 4.5
107 3.52-4 8.55-4 1.61-3 11.65 0.73 0.91 5.5
1018 5,99-4 1.27-3 2.11-3 9.31 0.73 0.91 6.8
10% 8.75-4 1.70-3 2.67-3 7.02 0.73 0.91 9.2

neglect of electrons with velocity less than v; (see
KG).

II. RESULTS AND COMPARISON TO PREVIOUS
CALCULATIONS AND EXPERIMENTS

The results of these calculations are summarized
in Table I. Reference 13 contains the complete

profiles, both as curves (Appendix I) and tables
(Appendix II).

In Table I, A, are the (half) fractional 1/z widths
and are tabulated for n=2, 4, and 8. The coeffi-
cient G* is the coefficient of the matrix elements
in Eq. (21). C, and C, are the thermal averages of
the Gaunt factors multiplied by 27/v3, and E is the



6.9
8.7
5.9
6.7
7.8
9.4
2.6
3.3
2.3
2.8
3.6

Cy
1.17
1.17
1.17
1.17
1.53
1.53
1.53
1.53
0.73
0.73
0.75
0.75
0.75
0,75
0.75

0,81
0.81
0.81
0,81
1.03
1.03
1,03
1. 03
0.73
0.73
0.73
0,73
0.73
0.73
0.73

G*
16.55
14.21
11.84
9.44
19,67
17.33
14,94
12,49
10.51
8.21
12,55
10.23
7.91
5.62
3.48

o

1640 A
80000 K

NB=4

NB=3
1216 A

5000 K

10000 K

160000 K

A
T=
4.49-3

T

A
4,37-3

TABLE 1. (Continued)
Ag
NA=2

T

9.01-4

1.48-3

2.07-3

2,71-3

T

7.56-4

1.37-3

1.98-3

2.70-3
NA=2

4.45-3

4.60-3

4,80-3

5.02-3

4.91-3
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Ay
3.44-4
7.54-4
1.22-3
1.72~-3
2.47-4
6.61-4
1.15-3
1.69-3
3.19-3
3.22-3
3.32-3
3.38-3
3.51-3
3.63-3

4,
1.34-4
2.92-4
5,56-4
8.68-4
1.09-4
2.45-4
4,98~-4
8.39-4
2.18-3
2.17-3
2.28-3
2.29-3
2.34-3
2.38-3
2.24-3

1017
1018
101
1016
10"
1018
101
1014
101
1014
1018
1016

N

1017

8.9
2.3
2.7
3.4
4.6
7.2
14.0
3.6
4.6
6.6
11,3
4.3
5.2
6.9
10.3
6.5
10.7
3.5
2.5
3.2
4.5

0.94
0.94
0.94
0.94
0.94
0.94
1.20
1,20
1.20
1.20
1.20
1.58
1.58
1.58
2,11
2.11
2,11
0.73
0.73
0.91
0.91
0.91
0.91

0.73
0.73
0.73
0.73
0,73
0,73
0,73
0,73
0.73
0.73
0.81
0.81
0.81
1.03
1.03
1.03
0.73
0.73
0.73
0.73
0.73

14.55
12,22
9. 87
7.50
5.15
2.96
14.26
11.89
9.49
7.03
4,60
14.16
11,73
9.23
6.68
14.59
12,06
9.45
10.04
7.71
11.87
9.51
7.12
4,74

A

°

NB=5

20000 K
40000 K
80000 K
1085
5000 K
10000 K

A
T

5,24-3

5.96-3

T
T
. 04-3
5.96-3

4,.65-3
T=160000 K

5,41-3

T
4.52-3
4.64-3
4.87-3
5,40-3
5.79-3
5.15-3
4, 88-3
5,46-3
6.23-3
6.58-3

T
4,86-3
5,43-3
6.34-3
7.37-3
6.43-3
7.83-3

NA=2
7.01-3
7.53-3

3.49-3
3.36-3
3.44-3
3.60-3
3. 84-3
4,14-3
3.60-3
3.47-3
3.63-3
3.91-3
4,42-3
4.56-3
3.64-3
3.92-3
4,52-3
5.13-3
3.93-3
4,59-3
5.52-3
3.27-3
4,20-3
2,89-3
4,11-3
4,89-3

2.33-3
2.35-3
2.43-3
2.57-3
2.66-3
2.29-3
2.38-3
2,47-3
2.65-3
2,88-3
2.92-3
2.49-3
2.68-3
2,98-3
3.32-3
2,71-3
3.07-3
3.58-3
4,94-4
1.74-3
3.67-4
1.30-3
2,47-3

1018
1014
101
1016
1017
1018
1019
10M
1015

w

5,29-3

2,96-3
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TABLE 1. (Continued)

N, A, A Ag G* C, C, E
NA =2 NB=5
A=1058 A
T=20000 K
101 2.69-4 2.27-3 4,72-3 13.67 0.73 1,17 2.6
108 6.98-4 3.92-3 5.81-3 11,29 0.73 1,17 3.2
1016 2.28-3 4,.85-3 6.96-3 8,87 0.73 1,17 4.3
1017 3.12-3 5.60-3 7.86-3 6.39 0.73 1,17 6.6
1018 3.23-3 5.60-3 7.92-3 3.92 0.73 1.17 12.5
T=40000 K
101 4,95-4 3.55-3 5.57-3 13,17 0,73 1.53 3.6
1016 1.93-3 4,.68-3 6.79-3 10,72 0,73 1,53 4,5
10" 3.09-3 5.66-3 7.88-3 8.20 0.73 1.53 6.3
1018 3.72-3 6.43-3 9,14-3 5,62 0.73 1,53 10.5
T =80000
1016 1.43-3 4.46-3 6.57-3 12, 87 0.81 2.03 5.2
10" 2.94-3 4,59-3 7.75-3 10, 32 0.81 2.03 6.8
1018 3.89-3 6.72-3 9.49-3 7.68 0.81 2,03 9.8
T=160000 K
1017 2.76-3 5.49-3 7.62-3 13.10 1.03 2.70 7.9
1018 3.97-3 6.85-3 9.62-3 10.43 1.03 2.70 10.3
NA=3 NB=4
A=4686 A
T=5000 K
10H 2.84-3 8.18-3 1.61-2 11,08 0.73 0,73 3.1
10% 4,92-3 1.16-2 1,99-2 8,78 0.73 0.73 3.9
T=10000 K
101 2.48-3 7.54-3 1,51-2 13,22 0.73 0.75 2.7
108 4,46-3 1.10-2 1.96-2 10, 90 0.73 0.75 3.3
1016 6.78-3 1.46-2 2.45-2 8.58 0,73 0.75 4,2
101" 9.80-3 1.93-2 3.00-2 6.29 0.73 0.75 5.8
1018 1.24-2 2.33-2 3.67-2 4,16 0.73 0.75 9.0
T=20000 K
1015 4,11-8 1,05-2 1.93-2 13,07 0.73 0,94 3.2
1016 6.39-3 1.43-2 2.43-2 10, 72 0.73 0,94 3.9
107 9.21-3 1, 87-2 2.94-2 8.35 0,73 0.94 5.1
1018 1.22-2 2,33-2 3.67-2 6.01 0.73 0.94 7.4
T=40000 K
105 3.21-3 9.02-3 1.77-2 15.31 0.91 1.20 3.5
1016 5, 81-3 1.36-2 2.36-2 12,95 0.91 1.20 4,1
1017 8.90-3 1,85-2 2,93-2 10.54 0.91 1.20 5.1
1018 1.26-2 2.42-2 3.78-2 8.09 0,91 1.20 7.0
10t 1,64-2 2.98-2 4,75-2 5,69 0.91 1,20 10.5
T=80000 K
1016 5.18-3 1,26-2 2.25-2 15,39 1,17 1.58 4.8
1017 8.37-3 1.79-2 2, 87-2 12,96 1.17 1.58 5.7
1018 1.24-2 2.42-2 3.78-2 10. 46 1,17 1.58 7.8
101 1.74-2 3.27-2 5.02-2 7.93 1,17 1,58 10.1
T'=160000 K
10t 7.99-3 1.75-2 2.84-2 15, 96 1.53 2.11 6.9
1018 1,24-2 2.44-2 3.81-2 13.43 1.53 2,11 8.3

_error estimate E =100* AG/G.

When one compares the A, of Table I to similar
quantities computed from the profiles of Griem
and Shen we note first that, whereas the ratio R,
=A, /A ,(GS) for a given temperature and density is

a smooth function of » for 3203, it is quite eratic
for 4686. This indicates that the shapes of the pro-
files with unshifted central component have been
changed while those without remain fairly similar.
In addition a plot of A, vs electron density (for
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TABLE 1. (Continued)
N, A, Ay Ag G* C, C, E
NA=3 N§ =5
A=3203 A
T=10000 K
101 2.24-2 3.30-2 4,47-2 12.19 0.73 0.91 2.5
1015 2.34-2 3.48-2 4,73-2 9.84 0.73 0.91 3.1
1016 2.48-2 3.75-2 5.28-2 7.45 0.73 0.91 4.3
T =20000K
10' 2,27-2 3.32-2 4,47-2 14.09 0.73 1,17 2.6
101 2.37-2 3.49-2 4,72-2 11,71 0.73 1.17 3.2
101 2.55-2 3.79-2 5.29-2 9.29 0.73 1.17 4,2
1017 2.78-2 4,29-2 5.98-2 6.81 0.73 1.17 6.2
1018 2.81-2 4,44-2 6.39-2 4.36 0.73 1.17 11.1
T=40000 K
10% 2.38-2 3,48-2 4,68-2 13.66 0.91 1.53 3.6
1016 2.57-2 3.77-2 5,21-2 11,21 0,91 1.53 4.5
1017 2.84-2 4,34-2 5.99-2 8.69 0.91 1.53 6.3
1018 3.12-2 4,83-2 7.01-2 6.12 0.91 1.53 9.9
T=80000 K
10'6 2.56-2 3.73-2 5, 00-2 13.41 1.17 2,03 5.3
101" 2.85-2 4,31-2 5,90-2 10.86 1.17 2.03 6.8
1018 3.26-2 4,97-2 7.19-2 8.23 1.17 2.03 9.6
T=160000 K
1017 2.85-2 4,27-2 5,81-2 13.66 1.53 2.70 7.9
1018 3.34-2 5.10-2 7.25-2 11.00 1.53 2.70 10.2

fixed ») indicates that the present calculations agree
(but with some scatter) with GS at n,=10" cm™,
but yield wider profiles for N,>10 cm™. The
deviation in fractional widths is about 10% per
decade increase in N,. These results are not un-
expected. It is known that lines with unshifted
central components are more sensitive to the de-
tails of the computation. The 4686-A profiles of
Griem and Shen probably suffer from some loss
of accuracy in the numerical integration, in fact,
it is a credit to their tenacity that they were able
to perform the calculations at all on the computers
available to them more than 10 years ago. The
general increase in linewidth that we see in the
present calculations is a result of inclusion of the
quadrupole term and inelastic collisions as well
as the inclusion of some off-diagonal matrix ele-
ments neglected in GS, namely those involving
changes in magnetic quantum numbers.
Comparisons to experiments are not as conclu-
sive. There is considerable scatter in the experi-
mental results. Jones, Greig, Oda, and Griem'
measured profiles of Her 304, 1640, 4686, and
10125 A which are in agreement with the present
calculations. %'*® They do indicate however, that
the inclusion of inelastic collisions by means of

adding on terms proportional to the Gaunt factors
tends to overestimate the effect. (see Appendix
VI of Ref. 13 for a short discussion of the effects
on the line profiles of the inclusion of inelastic
collisions). Bogen!” and Berg'® also reported

He 11 4686 A profiles that agree with the present
calculations. Jenkins!® measured the 3203-A line
profile, again in agreement with the present cal-
culation. On the other hand Hessberg and Botti-
cher?® measured profiles of He1r 1640, 1215, and
1085 A which deviate by as much as a factor of

2 beyond the half-intensity point. Similar re-
sults are reported by Eberhagen and Wunderlich®
for the lines 4686, 3203, 1215, and 1085 A. 1t is
unlikely that these differences can be attributed to
the different regions of temperature and electron
density at which the various experiments were
performed, nor can one account for these differ-
ences by allowing for some (or all) of the ions
being doubly charged (see Appendix V of Ref. 13).
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