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Comparison of measured and calculated Stark broadening parameters for neutral-helium lines
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Stark broadening parameters for neutral-helium lines obtained using a semiclassical perturbation
formalism are compared with critically selected experimental data. Our data are also compared
with the results of Benett and Cxriem as well as with the semiclassical convergent calculations of
Bassalo, Cattani, and Walder.

I. INTRODUCTION

Recently, we have calculated' electron and proton im-
pact linewidths and line shifts of 56 neutral-He lines in
the ultraviolet, visible, and infrared regions of the spec-
trum using a semiclassical perturbation formalism. 's The
version of semiclassical approach used in our calculations
differs in several respects from the other large-scale calcu-
lations~ 7 of neutral-He lines. Since He is a simple atom-
ic system and since many experimental Stark broadening
data are available for He lines, ' the data we obtained
provide an opportunity for testing various approximations
included in the semiclassical perturbation formalism. Our
data as well as the results of Benett and Griem and semi-
classical convergent calculations of Bassalo et al. are
compared here with the critically selected '9 experimental
data o zz in order to test various sets of assumptions in-
volved in different approaches.
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Here, i and f denote, respectively, the initial and final lev-
els and j and j' the corresponding perturbing levels. The
phase shifts Pz and P», due respectively to the polariza-
tion (-r ) and to the quadrupole potential (-r ), are
given in Ref. 2 (Sec. 3, Chap. 2). ,

All of the cutoffs (R&, Rz, R3, Rq) are described in
Ref. 3 (Sec. 1, Chap. 3). We recall here that we have
"symmetrized" the inelastic cross section by replacing u

by its modified value due to collisions, i.e., u —(iricojj'/m),
where RcoJJ is the threshold energy.

In terms of the S matrix for a collision of a single elec-
tron with the atom, one has

(P&y+Pjj) =2I 1 —S;Sf 'J,„,
J~J &J

(6)

II. THEORY

We calculated electron-impact broadening parameters
of isolated neutral He lines using the semiclassical pertur-
bation formalism. ' The relations for (full) half width
( w) and shift ( d) in the framework

' of the above-
mentioned approach are

w=N f uf(u)du gott(u)+ g ofj'(u)+o,), (1)
l'+i j'+f

where the curly brackets I I,„indicate an angular average.
Griem et al. as well as Sahal-Brechot ' adopted a per-
turbative method based on the series expansion of the S-
matrix elements. Griem et a/. neglected the elastic term
I'JJ and took into account e1astic collisions via the strong
collision term. The low cutoff is determined by the condi-
tion

OO R~
d=1V f uf(u)du f 2mpsin(2$&)dp .

or

(Pq& +Pjj)=1.3,

R~
gtr; (u)= 2mRi+ f 2mpdp+Ptj(p, u) .
J+i J+l

(3)

Using the adiabatic approximation, the elastic cross sec-
tion is

The inelastic cross section otj(u) can be expressed by an
integration over the impact parameter of the transition
probabilities I',J as

while in Refs. 2 and 3 the lower cutoff for inelastic
collisions ( R

& ) is determined from the condition
g.,+.Pjj —,

' and the corresponding —one for elastic col-
lisions (Rz) from the condition PjJ ——2.

The "convergent approach" is based on the analogy be-
tween the Dyson-series and Taylor-series expansion of e".
In this case the divergence for small impact parameters
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does not exist and lower cutoffs are not needed. This ap-
proach, developed by Vainshtein and $obel'man in a
two-level approximation, was applied with some modifi-
cations by Dyne and O'Mara and, recently, in the
many-level approximation by Cattani, Yamamoto, Bas-
salo, and &alder ' ' to calculate Stark broadening pa-
rameters of neutral-helium lines. In Refs. 1—3 ions had
been treated in the impact approximation. To take the ion
contribution into account, here we use the approach
developed by Griem et al. and Griem, due to its simple
applicability to different kinds of perturbing ions. In
terms of the parameters A and R, ' total width and
shift are given by

W;„=[1+1.75A (1—0.7SR)]w,

d„,=d+2.0A (1—0.75R)w .

The sign, in the shift equation is equal to that of the low-
velocity limit of d.

III. COMPARISON OF MEASURED
AND CALCULATED VALUES

Our results' as well as the calculations of Benett and
Griem and Bassalo et aI. , are compared with the criti-
cally selected ' experimental data. ' The criteria for
selection of experimental papers were as follows: ' (a) an
independent and accurate determination of the plasma
electron density N„(b) a reasonably accurate determina-
tion of the electron temperature, (c) a discussion of other
interfering broadening mechanisms and appropriate ex-

TABLE I. Key data on experiments.

Author Year Plasma source
Method of measurement

Electron density Temperature

Wulff (Ref. 10) 1958 Low-pressure
pulsed arc

Inglis- Teller limit
and composition data

Heu to Het
line intensity ratio

Berg et al.
(Ref. 11)

1962 Electric T tube Absolute hydrogen plus
helium continuum intensity

Heu to HeI
line intensity ratio

Botticher et al.
(Ref. 12)

1963 Wall-stabilized
arc

Absolute intensities
of Her lines

Absolute intensities
of Her hnes

Lincke (Ref. 13) 1964 Electric T tube H, Hp, Hy, 3889-A Her
line profiles and absolute
hydrogen plus helium
continuum intensity

Hydrogen line to continuum
intensity ratio

Czreig et al.
(Ref. 14)

Cxreig and Jones
(Ref. 15)

1968 Electric T tube

1970

Hp Hp to continuum
intensity ratio

Kusch (Ref. 16) 1971 Pulsed arc Hp to continuum
intensity ratio

Morris and Cooper
(Ref. 17)

1973 Plasma jet Stark widths of Hp
and HeI 5016- and 4921-A
lines

Absolute intensities of Heu
lines

Einfeld and Sauerbrey
(Ref. 18)

1975 Low-pressure
pulsed arc

Absolute intensity of the He
continuum radiation at 5300 A

Absolute intensity of Her
5016-A and Heu 4686-A line

Chiang et al.
(Ref. 19)

1977 T tube Michelson-type
interferometer at 6328 A

Hp line to continuum
intensity ratio

Solwitsch and Kusch
(Ref. 20)

1979 Low-pressure
pulsed discharge

Michelson-type
interferometer at 5145
and 6471 A

Absolute intensity of Hen
3203- and 4686-A lines

Kelleher (Ref. 21) 1981 Wall-stabilized Hp Stark width Absolute intensity of Her
lines

Gauthier et al.
(Ref. 22)

1981 CO2 laser
produced plasma

Her 3889-A Stark
linewidth

Absolute intensity of Her
3889- and 6678-A lines
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All experiments
included

Experiments with
C and D accuracy

excluded

( ~m ~~osa)
( ~m ~~sew)av
( W /8'gG), „
( dm ~doss )av

( dying ~dBcw )av

(d /da~)„

1.17+0.04
1.07+0.04
0.92+0.04
1.20+0. 13

(1.07+0.04)
1.23+0.08

(1.27+0.07)
1.14+0.07

(1.07+0.04)

1.17+0.02
1.07+0.04
0.93+0.02
1.13+0.03

1.34+0.09

1.14+0.03

perimental problems. Total uncertainties (in electron den-
sity and Stark width or shift measurements) are subdivid-
ed into four ranges and coded by letters. ' The letters
represent the following uncertainties: A, within 15%, 8,

TABLE IV. Average accuracy of different theoretical
methods compared to Stark width and shift experimental data
for helium lines. The results in parentheses are obtained by ex-
cluding the 2p D—3d D line which exhibits a strong unex-
plained difference between d and the calculated shift (especial-
ly for dos~ and da~).

within 30%; C, within 50%; D, larger than 50%. Fur-
ther differentiations are made by singling out slightly
better pieces of data among similar ones by assigning a
plus sign (+) to indicate the first choice. ' Key data
from selected experiments are given in Table I. Compar-
isons between various calculations and experimental data
are given in Tables II and III for widths and shifts,
respectively.

The averaging is first performed within a multiplet and
then the obtained values are averaged over the number of
multiplets. The average values of the ratios of measured
to calculated linewidths and line shifts are presented in
Table IU.

The calculations of Bassalo et al. and of Benett and
Griem give, on the average, the better agreement with
linewidth measurements than the present calculations,
while the results of Benett and Griem and the present
calculations are in better agreement with experimental
shifts. Since the assumed uncertainty of the semiclassical
approach is within 20% and the typical uncertainties of
experimental data are within 30%, one can conclude that
all three variants of the semiclassical approach are suc-
cessful in the calculation of the Stark broadening parame-
ters.
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