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ABSTRACT

Dielectronic recombination coefficients have been computed fgr
hydrogenic ions from He II to Fe XVI overla range of conditions
typical of laser generated plasma. The results are displayed in a
set of graphs together with the corresponding collisional radiative
recombination coefficients. A comparison of these results indicates
plasma conditions where dielectronic recombination is a significant
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iz INTRODUCTION

Calculations of dielectronic recombination coefficients have
already been presented in the literature ( for example Burgess 1964,
Ansari et al 1970). The previous treatments are relevant to plasma
electron densities less than 10*° cm™S. Burgess and Summers (1969)
have pointed out that densities greater than this figure introduce
significant effects which must therefore be implicit in any treatment.

The aim of this paper is to investigate the role of dielectronic
recombination in laser-generated plasma, where electron densities
range from ~ 107 cm™® to 1023 cm”°, and electron temperatures range
from ~ 10 eV to10 keV. Burgess (1965) has mentioned that the main
comtributions to the dielectronic recombination coefficients come
from quite a wide range of the principal quantum number of the recom-
bining electron, and so the total dielectronic recombination coefficient,
in high density laser-generated plasma, will be reduced due to the
reduction of the ionisation limit. The following sections consider
the relevance of the various processes occurring at electron densities
between 10** em™® ang 102 cm_a, which can affect the recombination
coefficient.

Although it is not possible to define a uniquely accurate value
for the dielectronic recombination coefficient under these conditions,
to a first approximation, working values of dielectronic recombination
coefficients have been computed. Hydrogen-like ions have been considered,
for ease of computation and to gain insight into the physical processes

involved.
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2 THEORY

2.1. Dielectronic Recombination
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nl 1

x.(z) x.(z-q)* xo(Z‘l)

nsl,l =0

Fig.1 Term Diagram for Dielectronic Recombination.

As can be seen from the term diagram in figure 1, dielectronic
recombination is the consequence of inverse auto-ionisation (resonance
capture), immediately followed by a stabilising decay, as detailed in
the foliowing equations; where an ion of species X, charge +2 and
valence electron state nf recombines with an incident electron of
energy E and angular momentum £'" + 1 resulting in an ion of charge

(z - 1) and valence electron state n'"4":
X+(Z)(n L) + e (EL" + 1) - X+(Z_1)(n'£ 3+ T2 n"AM) eea(1a)

2D (g gy an oy » X 2 gy ) m Ll (1)
The dielectronic recombination coefficient, @49 for incident electrons

of energies E > E + dB, is expressed by the following formula, Burgess

(1964) :



' 3
A(n'£+13n"L" > ndy n”£”)C,1(kTe)mz exp(—E/kTe)EQ(n£;EE"+T9n'£+1;n"ﬂ”)dE
..(2)

oY =
a A(n'£+1;n"ﬂ”*n£;n"ﬂ")+-Céb(nﬂ)EQ(nﬂ;E£"+19n'£+1;n"Z”)dEﬂD(n'£+1;n”ﬁ")

where C, = b (ZWme)_%, C, = 16ﬁmeh_3, A (j - i) is the Einstein spontaneous
decay rate for level j to level i, (process 1b), kTe is the electron
temperature, Q(i » j) is the collisional excitation partial cross-section
from level i to level j, (process 1a), dE is the width of the electron energy
spectrum, and w(i) is the statistical weight of level i. The total diel-

ectronic recombination coefficient is given by:

ad(tot) = Z a5 (n'L£+13n"4"), eel(3)
n T n"‘e"

For a detailed derivation of this formula see Appendix A.

2.2. Supression of Dielectronic Recombination by Ionisation of Upper

Quantum Levels

Collisional ionisation processes, as described by the following
equations,rsuppress dielectronic recombination involving the higher n' and n"
levels

X+(Z-1)(n‘£ + 13 n"A") + & = X+(Z)(n'ﬂ +1) + e + e .o (ba)
X+(Z_1)(n’£ + 13 n"A") + e = X+(Z)(n" M) + e + e . .o (4b)
The meximum principal’ quantum levels which remain appreciably populated
are denoted by n't and n"t. Lower lying energy levels can be strongly ionised
when collisiopal excitation occurs as an intermediate process, so the
level D, the thermal limit, is defined such that excitation followed by

ionisation of the levels above n, is faster than their radiative decay (see,

for example, Jordan (1969)):

n, = 1.26 X 10314727 § "¥7 | = exp ——3—1—— ..(5)
. Xi | 170" kT
Al t e



where Ne is the electron density in cm-a, Zn is the nuclear charge seen
by the electron, x; is the ionisation potential of the electron from the
ion ground state, and kTe is the electron temperature.

Other processes suppressing recombination to the upper quantum
levels are merging of these levels due to the Inglis Teller effect and
photoionisation (see Appendix B). Both these were found to be less
significant than the thermal limit process.

Formula (5) was derived on the assumption of hydrogenic levels

+(z)

so it is applicable to the X ion, and for n" > 3 it was found to
be applicable to the X+(Z_1) ion. Thus, using (5) né was calculated
for X+(Z) and ng for X+(Z_1). These were taken as the maximum principal

quantum levels contributing to the dielectronic recombination coef-
ficient.

2.%, Effects of High Electron and Radiation Densities on the Stabilisation

Rate

At low densities stabilisation is effected by spontaneous decay,
but at the high densities which are typical in laser-generated plasma,
stabilisationrcan be enhanced by collisional de-excitation, while

reversal of stabilisation by collisional excitation remains negligible,
X+(Z-1)(n'£ + 13 n"A") + & = X+(Z"1)(n£; n"g") + e ee (6a)
X+(Z-1)(n'£ + 13 n"A") + e -~ X+(Z-1)(n'ﬂ +13nb)+e . .. (6b)

Stabilisation by stimulated emission was found to be negligible, but
re—absofption of radiation can reverse the stabilisation process, s0O
this effect was included by means of the escape factor g(TO) see, for
example, McWhirter (1965) and Holstein (1947). The optical depth T

was calculated assuming a typical scale length of 50 microns for
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rplasma generated by 1;06 wm radiation, Donaldson et al (19?35, and
400 microns for plasma generated by 10.6 pm radiation, Donaldson

and Spalding (1976). The fractional abundances of ions in the plasma
used in the calculations of g(To) and stimulated émission rates, were
taken from House (1964). The dielectronic recombination coefficients
obtained, compared to within 10% with those calculated using abund-
ances taken from Jordan (1969). The high density effects mentioned

above are included in equation (2) by replacing:

A(3 > 1) with A(j = Dglt ) +ay, e (7)

¥ docex is the collisional de-excitation rate for ions, see for example

Van Regemorter (1962):

3 _1 . .
gemex = 20060 A7 N (KT )7 A(j > 1)P(A kT ) . (8)

where N_ is the electron density in cm °, A is the wavelength of the
transition j - i in cm, kTe is the electron temperature in eV and the
parameter P(A,kTe) ~ 1.0 is tabulated by Van Regemorter (1962).
Electron collisions can also induce statistical redistribution
between degenerate n'4" states, favouring the states of highest
angular momenta; so that auto-ionisation, the inverse of reaction (1)
is reduced, thus enhancing dielectronic recombination. TFor the plasma
conditions considered Nel> o cmha, the results of Pengelly and
Seaton (1964) indicate that a complete redistribution of 4" states
will occur, for n" > L, States with n" < 4 were not considered
sufficiently degenerate to undergo any statistical redistribution of
£" states and as will be apparent from section (3), even a complete
statistical redistribution would not appfeciably afféct the dielectronic

recombination rates to levels where n" < 4,



2.4, Computational Details

For the calculations of dielectronic recombination of a hydrogen-
like ion, the resultiné helium~like ion was visualised by a two un-
coupled electron model. This can be justified by the quantum mechanical
treatment Shore and Menzel (1968), Trefftz (1969). It is applicable
for n' > n' and thus does not introduce a significant error in most
cases considered, because the main contributions to the dielectronic
recombination coefficient arise from n' = 2 and 6 2 n" 2z 3. Inaccuracies
only arise for very high electron densities, Nei> 1% cm_a, for which
ng < 3, so that coupling of the electrons is still strong. However,
at these densities o4 is too small to be of significance. In this

model A(j = i) is independent of the captured electron ie:
A(n'f + 13 n"4" = nfs; n"e") = A(n'L + 1 = nl). «s (9)

Recombination involving decay of the core electron to the ground state

is the only significant contribution to the value of ad(tot), so that

A(n'L + 1= nt) = Aln'p = 1s) . «s €10)
The incident electron kinetic energies, E > E + dE are specified by

the initial and intermediate bound state energies, Enﬂ’ and

En!£+’]; n'gn la€.
ZB
E=E ., .1~ By - s s LT70
and
2
dE o 2Z . o8 (12)
(n™)®

The spontaneous decay rates were obtained from tables of Wiese et al

(1966).
The collisional excitation partial cross-section in equation (2)

was evaluated for threshold excitation of the 1s 2 n'p transition

_ B =



using:

8T 1 f(n'4+1 = nﬂ)g£”+1(Eth) Wai

—== ee(13)
V3 E (En’£+1 - Enz)

Q(nd3;EL"+1 > n'f+13n"L") =

where E is the incident electron kinetic energy in Rydbergs, En'ﬂ+1
is the intermediate bound state energy, Enﬂ is the initial bound
state energy, B is the first Bohr radius, f(i - j) is the emission
oscillator strength for the transition i = j and Bpiny (Eth) is the
partial free-bound Gaunt factor evaluated for an incident electron
with angular momentum £"+71 and threshold energy Eth = By pam = Eer
For low electron density By, (Eth) was calculated using the
Coulomb-Born approximation, Burgess et al (1969). For high electron
densities, as mentioned in section 2.3, complete redistribution of

L" states was assumed, for n" > L, so that it was necessary to replace

Egnpq (Byy) by

(E )=£ﬁ”+_’])_

g_gn_,,q th (nn)a =0 g.e'"+1 () .. (1)

th” *

This assumption considerably simplifies the calculations.

A FORTRAN routine was written to calculate the values of di-
electronic recombination coefficients of hydrogen-like ions from
He II to Fe XXVI .at electron densities ranging from 10'® om™3
to 10°* cm™®, and at the low density limit, 10*! cm™ 2.

For the purposes of computation some simplifications are possible
when the first term in the denominator of equation (2) is greater than
the second ie:

(z+1)°% 9.4 x 10° 8oy 1(Byy)

> th . «.(15)
72 (nm)® (24'"+1)

When condition (15), is satisfied, Donaldson and Peacock (1975),

equation (2) reduces to a simplified form.



3
vy = c,l(kTe)‘ z exp(~E/kT ) EQ(nf;EL"+1 > n'L+1; n'"4")dE. ..(16)

Equation (3) reduces to:

3
ay(tot) = 3 C,](kTe)_ * exp(-E/kT ) BQ(tot) dE. . (17)
nln'l'l

Q(tot) can be obtained from equation (13) by putting 81 = 0.2.

= I

£ Bgnyg
The sum over n" can be avoided if E is taken as the energy of

the transition nf - n'#+1. E cancels with the value in Q(tot) s the

only other value of E apﬁears in the exponential, and only a small

error is produced in @y
For Z 2 17 condition (15) is satisfied for all values of n",

and o, can be easily evaluated using equations (13) and (16) to

better than 50% accuracy, and to better than 15% accuracy for

7> 25. Note that «, is then independent of a redistribution in

d
" values and independent of g(T ).

At low densities, for Z 2 17, a large number of n' terms must

be summed, and thus equation (3) can be further simﬁlified to:

3
a4(tot) = C, (kT Y~ 2 272 E(3) T exp(-E/kT ) EQ(tot) .. (18)
e nl e
where £(3) is a Reimann zeta function = 21 1/h3 = 1.2021.
n=

Usually not more than four values of n' need be summed. Formulae
(17) and (18) should also be useful for non-hydrogenic ions.

Tor all values of Z the same formulae can be applied to suf-
ficiently large values of n'" which satisfy condition (15). For example,
for(JVI at low densities, @4 can be calculated from n" = 1 to n" = 100
using equations (2) and (3) and from n'" = 100 to n" =@ by use of

equation (18), with an error in the answer for the worst case of

better than 1% and the sum over n' not greater than n' = 8.



3. RESULTS AND CONCLUSIONS

The low density values obtained for He IT were in excellent
agreement with results calculated by Burgess (1964) using values
of @ extrapolated below threshold. The values of C VI and N VIT
were in good agreement with those calculated by Ansari et al (1970),
from the general formula for dielectronic recombination, Burgess
(1965), but those for O VIIIwere a factor of 3 greater than
Ansari's results.

The graﬁhs in figures (2) show the results obtained for typical
laser—generated plasma conditions of Ne and kTe. The collisional-
radiative recombination coefficients, @, ., Bates et al (1961), are
also plotted to illustrate the regime of dominance of dielectronic
recombination. As can be seen it dominates at high temperatures
where kTel> X3 and is in some cases a sufficiently important proceés
to be included in calculations of equilibrium conditions.

It can be deduced from equation (18) that, as Z increases, @y
tends to an asymptotic decrease as a:d/Za with kTe scaling as ZakTe,
while-crCr increases as 2 - with kTe scaling as ZakTe, s0 that
for large Z(> 17) although the plasma processes tending to suppress
dielectronic recombination are less significant, collisional radi-
ative recombination dominates over dielectronic recombination.

The density and dimensions of the hot core of the laser—generated
plasma considered range from 10%* cm™2: 50 um for Na°* laser radiation,
to 10*° cm™®: 400 um for 002 laser radiation, so favourable conditions
for dielectronic recombination are obtained for fhe-range 8<z< 17
in the low density plasma pfoduced by COZ‘laser radiation at the longer

wavelengthe



Tables I{a) and (b) compare the magnitude of the most important
plasma processes with the spontaneous emission rate, at densities

of 10%° cm™® and 10°° cm™® for the 1s - 2p transition in CVI.

TABLE I(a)

COMPARISON OF PLASMA PROCESS FOR C VI 1s - 2p TRANSITION (N_ = 10 en™®)

Spontaneous Colligionafl Stimulated Recape Faxtor
kT (eV) A De-excitation e g(t.) n!
e Emission Rate Rate Emission Rate Scale Length 50 am t
10 8.4 11 0.380 11 - 1.00 1
50 8.14 11 0.17 11 - 0.22 2
100 8.4 11 0.12 14 - 0.018 2
200 8.14 11 0.085 M1 0.069 11 0.59 2
300 8.14 11 0.069 1 0.037 11 0.88 2
500 8.1% 11 0.057 M1 - 0.98 2
1000 8.1k 11 0.059 11 = 1.00 2
2000 8.1k 11 0.054 1 = 1.00 2

TABLE I(b)

COMPARISON OF PLASMA PROCESSES FOR C VI 1s - 2p TRANSITION (N = 10*° em™ ®)

Collisional . Escape Factor
(o0 | Srontaneoss, | peencitation | SRS | et | o
10 814 11 0.0386 11 - 1.00 2
50 8.14 1 0.017 11 - 0.84 3
100 8.4 11 0.012 11 - 0.32 3
200 8.14 11 - 0.95 3
300 8.14 11 - 0.99 3
500 8.14 M - 1.00 3
1000 8.14 M - 1.00 3
2000 8.14 1 - 1.00 3
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It can be seen that when the density is sufficiently high for the
collisional de-excitation rate to be significant, the thermal limit
is so low that the dielectronic recombination coefficient is negli-
gible, so that for Z< 8 the only effects which affect the accuracy
significantly in an estimation of @4 are the reduction of the thermal
limit for Nei> 10** cm™2 and a finite optical depth for Nel> 107 om™3.
Table II shows the approximate reduction in oy for C VI due to reduc-
tion of the thermal limit n: in C V.

TABLE IT

THE EFFECT OF THE REDUCTION IN THERMAL LIMIT ng ON @4

! cra/a,]
2 0.08
3 0.22
L 0.40
5 0.55
6 0.65

C oy is the low density value of @y

oy is the value of @4 summed up to
and inclusive of ng
As mentioned previously for Z » 17 equation (17) can be used,
while for Z < 17 condition (15) is reversed for sufficiently low n% and

ng, so that @4 reduces to the following form

C
@y = A(n'L+75n"L"> nlsnign) E-l[fu(n'.ﬁﬂ; n"ﬂ”)/w(nﬂ)_—]exp(—E/kTe) (KTe)- %.
2 :
' .. (19)

At the densities considered for 7z < 8, n{ and n} are less than
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. 7 so that equation (19) applies. Thus oy is not very sensitive to

the value of Q. So at high electron densities and Z < 8 the approxi-
mation for Q is relatively unimportant, and even a complete redistribution
of 4" states has a small effect, as can be seen from Table III, where

the percentage increase in &d is shown summed for all levels up to and

jnduﬂxeofngfm'CV-

TABLE IIT

PERCENTAGE INCREASE IN oy AS A FUNCTION OF THE TERMINAL LEVEL ng

DUE TO A COMPLETE REDISTRIBUTION OF 4'' STATES IN C V

i Increase
g in o
d
2 2%
3 2%
b 12%
5 25%
6 32%

Acknowledgements

The author wishes to thank Dr N.J. Peacock for suggesting this
work and for useful discussions. Thanks are also due to Professor
P.K. Carroll, to the National Science Council of Ireland for a post-
doctoral fellowship during the tenure of which some of this work was
carried out, and the Physics Department of University College, Dublin,
where this fellowship was held, and to G.J. Parker for some assistance

with the computations.

- 12 =



APPENDIX A

Dielectronic Recombination

The dielectronic recombination term diagram is illustrated in
figure 1. A free electron of energy E and angular momentum 4" + 1 can
recombine with an ion X+(Z)(n£) by the transfer of its kinetic energy

+(z=1) a

into excitation energy of a core electron in the ion X nd

consequent capture into an autoidnising state of the ion. The resulting
ion X+(Z' 1 is thus in a doubly excited state with a term scheme
similar to that of the singly excited scheme shifted by an amount

equal to the excitation potential of the excited core electron (see

figure 1). This process is described by:

(2 (ng) 4 e (EL" + 1) » X+(Z-’])f (n'£ + 13 n"4™) . .. (A1)

The inverse process is autoionisation, which will occur unless the
. +(z=1)* it Gl - ;
ion X stabilises by radiative decay of the excited core

state to the ground state; described by:

+(Z"1) (nl.; n"en) 4+ h\J_ .. (A2)

Xz 13 n"AM) > X

Tne process of recombination by means of these two reactiﬁns is
referred to as dielectronic recombination, and was first suggested by
Massey and Bates (1942). An expression for the dielectronic recombina-
tion coefficient is derived below.

Using the law of conservation of energy and observing the con-
vention that the energy of an unbound state is positive, while that
of a bound state is negative and where the energy of the state

"2y - m . the incident elsctren energy E,,, , is defined, viz.

ng?

Egngg = Bpg = = Bpugn = Brugiqe wa SEZ)

= 1% =



Assume the outer excited electronic states to be hydrogen like, i.e.

3

&
Enr%u = nna . .. (AL)

So that for incident electron capture the electrons must have

energies defined by:

2

:E(nf;_)nlﬂrl-") _E___. | | s (A5)

E = Epnyn o

i *
If the state X+(Z ) (n'2+13 n'"4") is assumed stationary the number
of electron losses due to autoionisation and radiative decay equals

the number of electron captures:
L " * =
. N’}(z 2 (n'4+13 n”£”)1 Ar(n'£+1; n"g" < nfy n'"e")
' npn ] i vt (2) b ng
+ Aa(n L+13 n"L" - nfy EL"+1) = NN (ng) Ac(nﬁ;EL”+1—*n'ﬂ+1;n W)
.. (A6)
where N+(Z)(n£) is the number of ions of charge +(z) in state (nf),
Ar is the radiative rate coefficient, Aa is the autoionising rate
coefficient, AC is the electron capture rate coefficient or collisional
excitation rate, and Ne is the number of electrons. Since stabilisa-
tion is necessary for recombination, the dielectronic recombination
+(z = 1)*

rate per unit volume equals the stabilisation rate of the X

species per unit volume:

;ad(nE;Eﬂ”H)] NeN+(Z)(n-@) o N+(Z-1)*(n'£+1:n"£") : Ar(n'£+1;n”ﬂ“—’nﬂ;n".ﬂ")
) .+ (87)

where oq is the dielectronic recombination coefficient. Eliminating

1) *
N+(Z 1 (n'£+1; n"4") by combining equations A6 and A7:
(2) y+(2) NAA
Q’dN Ne= Ar""Aa - se (A8)

To express AC in terms of Aa’ L.T.E. is assumed between the processes

- 14 -



of autoionisation and electron capture. This is valid in the laser -
generated plasma, since most of the levels involved in dielectronic

recombination are in L.T.E. with the continuum.

Hence w2 g oo (), ..(49)
e C a
So that from the Saha equation (Griem 1964),
3
2 w(ng) (21 m, kTe) :
A=A exp (E/KT ) .« (A10)
w(n'4d + 15 n"e") h® ©

where w(nf) is the statistical weight of the level (nf) and all other

symbols have their conventional meaning or have been defined previously.

AA
= .. (A11)

o = 3 —
& 2 A (2T mkr )2 n . exp(E/kT_) w(n)/(n'4 +15 n'"e") + A

The guantity AC can be expressed in terms of a collision cross-section

Q, with incident electrons in the velocity range v~ v + dv:

=
K 2
B e 2E\' dn(E)
c . m n

where dnﬁE) is the fraction of electrons with energy in the range

E-E + dE. The electron energy distribution function dn(E) is assumed

to be Maxwellian:.

’r\-)[-A

»m

A =Q

C

S~

3 A, -
j%=(kTe) 2 E® exp (-E/kTe) dE  cm® sec” . .. (412)

S50 the final expression for the dielectronic recombination coefficient

is:
a
A(n'£+13n"L"nl n”£)01(kTe)_ 2 exp(-E/kTe)EQ(nE;E£”+14n'£+1;n”ﬂ”)dE
=g = A(n'2+13n"4">nl ; n”E”)+C£U(nﬂJEQ(n£;E2”+1ﬁn'E+1;n”ﬂ”)dEﬂn{n'£+1;n"£”)
..(A13)

“y

where all quantities are in cgs units,C, = 4(2Mm )72 = 5.29 x 10*° cgs
‘ &

-1

units and C, = 16Mmh™% = 1.58 x 10°2 cgs units, and @, is in cm® sec” .

= A5 &



The total dielectronic recombination coefficient is obtained by

summing over all possible levels, ie:

ad(tot) = 3 ad(n'£+1; n'"4"). .. (A1)
nvnn'gll

= 16 =



APPENDIX B

Photoionisation

Photoionisation rates were calculated using the hydrogenic
formula derived in this appendix. The cross—sectioﬁ for photo-
ionisation of a principal quantum level, n, in an atom or ion, by
radiation of frequency v, is given by o(n,v). See for example
Marr (1968).

GUTT% o 1O mez4

o0(n,v) = — cm® : wulB1)
%3 c¢h® v w(n)n®

where e is the electronic charge,me is the electronic mass, c is the
velocity of light, h is Planck's constant and w(n) is the statistical
weight of level n. For a level, n, the total photoionisation rate

of an atom or ion, P., is given by
(=]

P, = [ o(nv) q(v) @ sec™? «s{B2)

v
n

where M is the frequency of radiation required for threshold ioni-
sation of the level n, q(v)dv is the number of photons in the frequency
range V 2 V + dv emitted in the plasma per unit area per unit time,
Assuming a Black Body radiation distribution: '

2
ar - em” ° sec” *. .. (B3)
c? Lexp(hv/kT )=~ 1]

q(\))d\) =

Thus, from B1, B2, B3:

p - 1281° e¥mez® | - (B4)
T 3/3 ¢ n® v, vlexp(mv/kT )- 1]

If h v >’kTe (true in some important cases) an approximate amalytic

form for the integral can be found:

9 4
P = 2.0 X 107 7

1 B
n

Eé(xn/kTe) sec”t . ..(B5)

- 17 =



where kTe is the electron temperature, Xn is the ionisation potential
of the level n, and Ei is the exponential integral, values of which

are tabulated, (see for example Weast and Selby (1967)).
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APPENDIX C

Stimulated Emission

The stimulated emission rate, Sr’ is given by:-

S, =B(j > 1) p(v) sec”’ ..(C1)

where B(j 2 i) is the Einstein stimulated emission coefficient for
the transition j = i and p(v) dv is the stimulating
radiation density in the frequency band v » v + gdv corresponding

to the transition j - i.

3
B(j— i) = -"E__E' A(j = i) ergs_l cm® sec
8 hv

-2 ..(C2)

where ¢ is the velocity of light, h is Planck's constant, and
A(j » i) is the FEinstein spontaneous decay coefficient.

The radiation density p(v)AvV was calculated by adopting the
assumption that the coronal model describes the laser-generated
plasma to a first approximation, Donaldson et al (1973), so that:

NN X(is 3)D hv _
= ergs cm ° +s(C3)

p(v)dv =

C

where Ne is the electron density, Nz is the number densitylof ions

in the state of ionisation z in the plasma, obtained from Jordan (1969),
D is a typical scale length in the plasma ~ 50 microns for plasma
created by 1.06 pm radiation and 400 microns for plasma created by

10.6 ¥m radiation, Av is the Doppler width of the transition and

X(i 2 j) is the excitation rate of the transition i - j, McWhirter

(1965)

8.50 X 10”* g £(i » jexp(-1.16 X 10%(1,3’)/1@8) .
X(4 = j) = T . cm” sec

T2 ,(i,3)
& B .. (ch)

= 19 =



where g is the effective Gaunt factor for the excitation process,
taken as 0.2, f(i - j) is the absorption oscillator strength,
x(i,3) is the energy of the transition in eV, and T, is the electron
temperature in °k.

Combining equations C1 and C3 the stimulated emission rate is

obtained:

NN X(i- 3j) pnwB (j— 1)
e Z -]

Sr = _ T sec . .s (05)

- T T
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