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Using the convergent impact theory, developed by Bassalo,
Cattani and Walder, to treat the broadening and shift of atomic lines,
we have analysed the Stark profile and widths of the Hel 5016 R line.
A very good agreement is found between our predictions and the experi-
mental results of Chiang et al. The discrepant factor v 1.7 between
theory and experiment announced by Kusch, Einfeld and Sauerbrey was not

found.

Usando a teoria convergente de impacto desenvolvida por Bas-
salo, Cattani e Walder para descrever o alargamento e deslocamento de
linhas emitidas por atomos, ndés analisamos o perfil Stark e larguras da
linha de 5016 R do Hélio neutro. As nossas previsbes tedricas estdo em
muito bom acordo com os resultados experimentais de Chiang et al. un
fator discrepante da ordem de 1.7 entre teoria e experiéncia relatado

por Kusch, Einfeld e Sauerbrey ndo foi encontrado por nos.

1. INTRODUCTION

Griem, Baranger, Kolb and Oertel!’? (GBKO) have developed a
theory to obtain the Stark broadening and shift of lines emitted by
neutral atoms and ions in a hot plasma. This theory has usually been ra=
ther successful in predicting widths and shifts of isolated lines of
neutral helium?. However, Kusch® conclude frommeasurements, of the

He I lines 5016 R and 3889 8, in a wall-stabilized pulsed discharge that
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the measured widths results in electron densities too high by a factor
n 1.7 if the GBKO theory was used. Einfeld and Sauerbrey®, with a simi-
lar discharge procedure, confirmed this discrepancy for the He 15016 R

Tine.

Since this 1.7 factor is surprisingly large compared with
N+ 20% agreement to GBKO theory observed in several experiments2 in-

5 have re-ana-

volving different devices, Chiang, Murphy, Chen and Griem
lysed, experimentally and theoretically, the profiles of the 5016 and

3889 R transition.

Chiang et gZ. % have measured the widths of the above menti-
oned lines in a high pressure electric shock tube of electron density
& 1x10%7 em™® and temperature T~ 1.5 eV. According to them, the mea-
sured half-widths are in £ 10%agreement with the calculated widt'hs ba-
sed on GBKO theory, so that the factor ~1.7 discrepancy was not confir-
med. Chiang et al. ® believe that this very large discrepancy found by
Kusch, and Einfeld and Sauerbrey is due to a systematic error, possibly
from opacity effects in the electrode regions of the pulse discharge tu-

bes or errors in the electron density determinations.

In a recent paper, Bassalo, Cattani and Walder® have deve-
loped a convergent theory to treat the electron impact broadening and
shift of lines of neutral atoms. They have applied this formalism to
study the widths and shifts of many neutral helium lines and they have
verified that the convergent and GBKO theories are equally successful

to describe the experimental results.

in this paper we apply our convergent approach® to analyse
the profile and the widths of the Hel 5016 R 1ine measured by Chiang et
al.®. Our intention is to test the theory of Bassalo, Cattani and Wal-
der® and also to verify if there is a so large discrepant factorbetween
theory and experiment as was announced by Kusch®, and Einfeld and Sauer-

brey?.
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2..CALCULATION OF THE PROFILE AND WIDTHS

To evaluate the electronic impact widths we and shifts de we
use a semi-classical convergent theory developed by Bassalo, Cattani

and Walder®.

To calculate the theoretical profile of the Hel 5016 R line
we consider two different approachs developed, respectively by GBKO!*2

and by Barnard, Cooper and Smith’,

According to GBKO!’? the total Stark profile IH(m)ofan iso-
lated neutral atom line is given by the convolution of electron impact

profiles with a quasi-static quadratic Stark effect for the ion broade-

ning:
w, (@ dF H(F)
IH(U.)) =—_E‘J(_ ) 2 o2 )
0w+ (w-wif.-de-(Zﬂ/e YC, F?)
where wif' is the energy difference between the initial 3 and final f

states of the line, F the static electric field generated by the ions,
H(F) the Holtsmark distribution function for F and ¢» the Stark parame-

ter.

This IH(w) profile written in dimensionless variables beco-

mes j, R(x) given by'’Z%:
’

() =_]_ Jw dB H(B) (2)
Tl s (x-Al’/a g2)?

J4,R

_ - - _ uy3/s _ 3
where x = (W wﬂ; de)/we’ A= (ZWCh/we.Dm} , B = (TTC,,/DmUi), v, the
mean ‘ion velocity, R = Dm/pD, P = (3/4ww)1’3 is the mean ion-ion sepa-

ration, N the ion density and pD the Debye radius.

According to Barnard, Cooper and Smith7, the total Stark pro-

file j{x,0,4), in dimensionless variables, is given by

l 1 +w (3)
T (x-d)? + (14w)?
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where 0 = wepm/vi , W= A8/® 0—1/3 W'(k), k = 1.03 ¢*/°n,

g=t @ g0k -

R),
the signal * is the signal of 4, and the functions W'(k) and D'(k) are
tabulated by Barnard etal.’

Since -in our case the line profile in onity slightly modified
if we neglect the Debye screening effects, we put, to simplify our cal-

culations, AR=0.

To compare experimental and theoretical profiles it is ne-

cessary to multiply jA R(x) and j{x,0,4) by arbitrary constant factors.

In,igure 1 are shown the experimental profile of the Hel
56{6 R line, measured by Chiang et qZ.% for ¥ = 1.06 x i0'7 cm™®  and
T = 1.5 eV, and the theoretical profiles obtained with equations (1)
or (2), and (3).

As one can see from figure I, there is a good agreement

between theoretical and experimental profiles.
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Fig.l - Experimental and theoretical results for the Stark profile the Hel
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5016 8 Vinz for B = 1.05 x 16'7 cm™® and T = 1.5 eV.
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We cal culate now the total half-halfwidths w of the Hel 5016
R 1ine and we conmpare them with the experinental results of Chiang e#

al.b.

To obtain the ions contribution to the widths we use only
the approach devel oped by Griem' that seems to give the better descri p-
tion of the experimental widths, as was verified in our preceding paper’.

According to Griem, the total haif-haifwidths wis given by
w=[1+1.7540 - 0.75 B)]o, (4)

In table | are compared the theoretical widths,obtained with
equation (4), with the experimental results of Chiang ¢t al.®

Table 1. Comparison betwsen the imeasured ind caiculated widths of the
He 1 5016 R 1ine for T = 1.5 eV.

B ectron density Halfwidths (R)
(1037 em™) Heasur ed Calculated
141 12.0 12.54
1.26 10.2 11.14
1.08 9.2 9.48
1.0 9.6 9.48
1.05 9.6 9.20

As cne can see fromfigure ! and table 1, the theoretical
predictions are in ~ +* 10%agreement with the experinental results.

So, we can conclude that: a) the agreenent between theoryand
experiment, within the experimental errors, is very good, h) the dis~
crepant factor ~ 1.7 found by Kusch®, and Einfeld and Sauerbrey® was
not conf irned.
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