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~ ABSTRACT

In this paper we apply the Quantﬁfn¥me¢$hénicall formalism

developed by Bassalo and Cattani . to calculatethe broadening ‘and

'shift produced by electronic collisions of some lines (5876, 5048,

. o o : S _
5015, 4713, 3964 and 3889 A ) of neutral Helium in a plasma. The

effect of the ions are also taken into account. Qur theoretical

predictions are compared with the experimental results of BStticher,

Roder and Wobig' and with the semi-classica_l,é_st_imates of Griem,

‘Baranger, Kolb and Oertel. '




(1) Introduction

In a preceding paper (Bassalo, Yamamoto and Cattani

hd

-1975) we have applied the quantum-mechanical formalism developed by
‘Bassalo and Cattani (1972, 1974) to calculate the broadening and

'shift of the neutral Helium line  4°

s> 2%p (4713 1K) . This
formalism'haé-been carried outtxadetermine.the_broédening and shift
of isolated atomic lines produced. by electronicféollisions. To take
into account ﬁhe.contribution_of.the ions wé have uséd the approach
developed by GBKO (Griem, Baranger;_Kolb and Oerﬁel 1962) and Griem
'f(1962),__ |

| In the present paper, follpwing the _progedure used
~in fhe preceding paper, we calculate the half-width ~Av and shift

' O . O
S of the lines 4%s » 2Yp (5048 %) , 4° % (43t , edp -

) O Q
35 (5876 8) , 3%p » 235 (3889 %) .  and .

s + 2

+ 2%s (3964 By , 3% » 2

1

L ‘ 0 o
3lp > 2%s (5015 R) . The half-width and the shift of the 4713

e

-line will be recalculated because Bassalo, Yamamoto and-CattaniGﬂ?S)
have made a mistake in the estimation of the ions effect.

These transitions of neutral Helium  were chosen
because their shifts and widths have been extensively studied Dby

B&tticher, Roder and Wobig (1963) in the temperature range from T =

13000 XK to 19000 X , and in the electron'density range from N =

5.101%/em® to  35.10%%/cm .

It

The experimental results of BOtticher et al. (1963)
are compared with our theoretical estimates and with the predictiohs
obtained with the semi-classical approach of GBKO (1962) and Griem

(1962).
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(2) Calculation of Av and S

‘Let us indicate by [n%%) and |n'%2') , where ¢ = 1

for the para-Helium and ¢ = 3 for the OrtOmHeiiumiuthe'initial and

-

final slLates, respectively, of the analyzed transition:  ‘The £inal

jstate"ln'gz') will be chosen as the lowest energy level; and as it

is wuch less.polarizable than the initial state, its contribution to

‘the broadéning and shift will be.negligible.éompared with  that . of

the initial state.
- ~'According to Eassalp_and-Cattani,(;gvz, 1974) and

Bassalo, Yamamoto and Cattani (1975) . the halﬁfWidfh_g_Aye _and the

shitt 5, produced by electronic collisions, of the line lnoa)__+

> [n'aﬂ') are given by:

| 1/2 a2 7 Lo
4 Am _ o y 4y
Av ==16Ne[_-«-——] [ } OF (y)
© - e ho [ (v + 652 ¢+ 0%, n%
rEA R 2“'
G a.,
. exp| - _ n R.fn.ﬁ. ny (1)
- Yy
and '
. 32 4 Bm 1/2 % 2 y dy 2
s, = —-—Ne | 53 LT e g, (Y)
&) S~ h (y* + &%) 4' n"2,n 0"
o
EA
o Gy
.D{ nt,nt _ gy (2)
Y

where N is the electronic density, B8 = l/kBT . kB the Bolkzmann
constant, T the absolute temperature of the plasma, nm the reduced
mass of the electron and Helium atom, a, the Bohr radius, 6==2aO/QD,

' : - i/2
QD the Debye radius, & = (2.‘3m)l/2 ao/h and n = (RB/2m) / ﬁ,/dao .




The form-factors F g o (y) , that are given in the Appendix,
ni,ni'

have been calculated assuming that the more excited electron is bound

" to a nucleus with effective charge Zeff = 1. and with a hydrogen-

like wave function. So, the form-factors have the same form for

orto and para-Helium. = The energy differences - A . between

n%2 ;ngﬂ’

the states |n®%) and |n%2') * are given, for instance; by Bethe

:énd Salpeter (1957) and the Dawsoh's integral D{x) ‘is defined and

tabulated by Abramowitz and Segun (1969).

e verlified that, if the screening parameter § =

= 2a_/t; 1is put equal to zero, which means that % is infinite,
our theoretical predictions for Aye “and 5, are modified only by
a few percent.

With equations (1) and (2) we can calculate the half-
width and the shift produced by electronic collisions. ~To calculate
‘the effect of the ions we use the approach déveloPed by GBKO (1962)
_énd Griem (1962). Foliowing thesé'authors, the total half-width

and total shift S are given by:

Av = Ave [ 1+ 1.75a (1 - 0.75 R) ] (3)
and . .
S = 8§ * 2,00 (1 - 0.75 R) Av (4)
e e
'where the parameters o and R are defined in those papers. The

- signal in equation (4) is equal to that of the low-velocity limit for
s, (Griem 1974).
Our guantum-mechanical estimates do not coincide with

the semi-classical predictions of GBKO (1962) and Griem (1962) only

: ' _ o o}
for the widths of the 3889 A and 5876 A lines and for the shift

&
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of the 5048 g line. This ie ehown in Figures 1, 2 and 3,
respectively, where the experimental results of . Bbtticher et al.
(1963) are compared w1th our theoretical predlctions and With the.”‘
semiﬂcla351cal estimates | a | |

| - _ The figures of the remaining cases .(where quantum -
mechanical and semi-cla531ca1 predictions COinCide) ~can be seen in '

the paper of Bottlcher et al (1963).
- (Insert figures 1, 2 and 3)

We see from figures 1, 2 and 3 that the quantum -

_mechanical estimates are in better agreement with - the' expefimental'

results than the semi- cla531cal predictions ' Indicating‘byi Av, and’

S; the contributions of the ions to the half-width and to the shift,

: respectlvely, we verify that Au “n 15 Av '_and S n —2 SiSi i

From figures 1, 2 and 3 and from those given by

Bbtticher et al. we observe that only Ffor Av is there a reasonable

agreement between theory and experiment. For the shifts ., in

practically all cases, no good agreement is found.
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-_F4s,4s ' [Zeff-(4y
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APPENDIX

' We preseht here the fOrm—factors' F - s (¥) that
n%,n '

have been calculated assumlng that the more exc1ted electron.lsbound

and w1th a hydrogen llke

eff
functlon. | In thlS approx1mat10n, the form—factors haved the same
form for orto and para Hellum We remember that the form-factor is
defined by: o | |
P (¥ = |Z... 8, ;) = < ni0 | exp(isq g'ﬁmum”z
ni,nk - A Bk “ -

_ eff‘ L,

'So, we have:

12

Il

- a6y™% 166y8.- 215¢% + 100y% < 10y% + 1)/ (yE + 1y 8

8 , a6 _ oo d o2

4s,4p = 13 (2920 - 18y® + a3y® - 37y* + 11y - 12 ¥ P A 1S
L LB e aand 2 .24, 2 . .16
Fys,aa T Te (7 64y + S68y” - 992y” + 536y" - 80)T vy /(yT + 1TV
S 6 4 2, e, 2 6,2 16
,F4S'4f = 355 (= 160y" + 1470y 2240y° + 560)° vy /{y" + 1)
10 8 6 4 2 2 8] 2
Tap,ap = [Zeff_* (50y™" ~ 272y" +425y° - 223y +37y°-1)/(y" + 1) ]

1l

Fap,aa é (150y° - 648y° + 666y - 20492 + 12)2 ¥/ (y? + 11O

44 11492 - 12)? vt 2+ 1yt®

1

)
F4p,4f (42y - 168y

2
8 6 4 2 2 8]
Faa,4a [Zeff (102y” - 263y~ + 169y - 25y" + 1}/(y )

1 6 4 2 ay2 .2,,.2 16
Faa,af = 5~ (161y’ - 287y + 103y Ny /yT + 1)

i
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F3p,3p
Fap,3s
F3p,3d
Fag,3a

F3d,3s

2Ag (

-3

_"/....,

6 4 2 2 614
Zopp + (14580y° - 53136y° + 41472y° - 4096)/(9y /4 + 4) J

—
bJ
[o4]

(615.007° - 4374y* + 6260y” - 23007 P/ (oy%/a 4 022

:

4

256 (1822.5y

- a752y2 + 1152) 2 v2/ (9y%/a + 12
{ééff % (220329~ 19968y '+:4o96)/(9yr74_+-4)-]~}

32768 (22.78y% - 162y + 12002 y*/(9y?/4 + 1%

_The pa;§meter Y seen"above,“isxdafiﬁgd by Yy =

oy

electron

O
begg )
and atom in a collision (Bassalo and Cattani 1972).

) . where | Aq_;vis the'momentum}; transfer' betﬁegn
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FTIGURE CAPTIONS

Figures 1 and 2 -

Figure 3 -

Experimental results of Bbtticher et al. (X X X )
for the half-width compared with the semi-classical
estimates of Griem et al. ( ———— ) , with the
quantum—mechahical predictions Av (.“**ﬁ.@ r—— )
given by eguation (3) and with Ave  (h_ _— e —)

given by equation (1).

Experimental results of BStticher et al. (X X X )

for the shift compared with the semi ~ classical

estimates of Griem et al. { ) ; with the
guantum-mechanical predictions § { ——— @ —— }
given by equation (4) and with Se ( - - — )

given by equation (2).
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