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Abstract

The relativistic self-consistent average atom model is cmployed to calculate

the radiative opacities for high Z plasma. One-electron transitions arc considered for bound-

bound process.

The line distribution from ionic configurations arc calculated ion by ion.

The Rosseland mean opacities and the Planck mean ones for europium with D=0.1 g/em?®,
ET=60~10%eV are given and compared with data given by SESAME data base.

Keywords

1 Introduction

In radiative transfer work, two frequency-
averaged radiative opacities play an important
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KR(cmz/g) 471"1 K¢(u)[1 —exp(—u)]?

Kp(cmz/g) 71r5 /(; [be(u) + Kg(u) + Kbb(u)]uaexp(—u)du

where

K (u) = [be(u) + Kg(u) + Kbb(u)] [1 - exp(—u)] + K,

= hll/k'T be('u.), Kﬁ(u), Kbb(’u.) and Ks
are the frequency-dependent opacity from pho-
tolonization (b-f), inverse bremsstrahlung (f
f), photoexcitation (b-b) and scattering, re-
spectively. Each of them equals their respec-
tive cross section multiplicd by corresponding
particle number per unit mass. In present

work, for inverse bremsstrahlung cross section,

de,-(r)
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role. For optically-thick plasmas, the Rosseland
mean opacity is important, whereas the Planck
mean opacity is of interest in optically-thin plas-
mas. Their usual definitions are

uexp(—u)du

(1)

(2)

(3)

the Kramer’s classical formula o (u) is used,!!]
and for scattering process, the Thomson cross-

section o= 6.653x1072% cm? is used.

2 Atomic model

In order to give the opi(u), ouvp(w) and
population (or particle number), the one-
component Dirac equation (inn a.u.) for the av-
erage atom (AA) as the following

dV(r) dG;(r)

dr2

K,'(K,‘ —+ 1)

+|2(E; +V)— 2

+a*(Bi+ V)~

T 1+a?(Ei+V)/2 dr  dr

a?/2 dV(r) K
l+a?(Ei+V)/2 dr

Gi(r)=0 (4)
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was solved by Hartrec-Fock-Slater (HFS) self-
consistent potential method,23! where « is
the fine-structure constant, V(r) is the self-
consistent potential, K; is the relativistic quan-
tum number, E; and G;(r) arc the single par-
ticle level and the wave function for the i-th
state, respectively. The boundary conditions of

Eq.(4) for AA arc

dV(r)
V(RO) =0, dr |r=R0: 0,
limeorV(r)=2 (5)
where Z is the mnuclear charge and

Ro=(3Q0/4nm) 1/3 the WS radius, Qg the atomic
volume determined by thé plasma density. The
A A model assumes that the electronic levels are
populated according to the Fermi-Dirac statis-
tics:

2| K|
exp [(B; —‘p.)v/kT] +1

where T is the temperature of plasma, g
the chemical potential determined by requir-
ing charge neutrality in the ion-sphere. The
level E;, the mean population N;, the chemical
potential pu, the wave function G;(r) and the
sclf-consistent potential V{r) can be obtained
by the self-consistent solution. Based on V(r),

(6)

P =

Ro
Eij =/ G?{[1+0‘2(E1+V)+——[1+a (B: +V)/2]
+ﬁ4—[1+a2(E +V)/2" 1(-—+

1 T Rg
2 7 !
;/0 Gj(r )dr +/;

T Ro
x[% /0 G;(+")Gi(r")dr' + / %Gj(f')G-'(T’)d’“']

ViD(r) =

Vi(jZ)(T) — 7_12_—/0 GJ?(,,.')d-,J (

where 6(z) is the Dirde’ é function; mg, m’
the spin quantum number of the i-th state and
the j-th state, respectively. Likewise, there are

the similar expressious for the leve 17 bt
changing i into f in Egs.(7~19).

(O30 J‘,

The cnergy

the continuum wave functions of free electrons
and the photoionization cross section can be
calculated.[¥! So can the photoionization opaci-
ties Kps(u) be given ecasily.

3 Photoexcitation

The calculation of photoexcitation opaci-
tics Kpp(u) are most complicated. It is the key
to tlic opacity calculations. The average avom
has only a statistically meau sensc. Actually,
in a hot plasma, there are statistical fluctua-
tions of clectronic occupation about the mean
value N; for each level. The fluctuations of clec-
tronic occupation cause the differing amounts
of screening and, in an ensemble of radiating
atoms (ions), split cach gencrically one-clectron
transition into many lines. This splitting is
called configuration splitting. The spectrum
corresponding to one-electron transition from
the initial level (nlj) to the final one (n’1’j’)
is called a transition cluster.

From the Dirac Eq.(4) the shift AE’}C) of
the i-th level, due to population changes from
—N—j to N](-C) for all of other levels 7, is given by

AE® = -5,V — NOEy; (7)
where N](c) is a set of integers for a configura-
tion (c).

,dV K;
___(___

)m‘;’)(r)}dr

1 dG: 1
1 dG;
G; dr (8)
%G?('f")d?"] — gﬁ—g:g—(S(mf,m;)

(9)

r)

10)
o (

—Lo(mi,m \—/ G;{(r")G,(r")dr’

shift A(hviy () of the transition line ¢ to f {2-
f:J ) is expressed as

AR P = AE,(C) -~ AE}C) (11)

The place of the Line J tor ax onnguration (¢) 1s
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(hl‘/,'_f)(c) = h,V,'_f + A(h,l./,'f)(c) (12)

The exiting probability P(¢) for a configuration

(c) is

uN© — glo) ]

95!
PO =1, g e

(9, = NN

(13)
where g; is the statistical weight of the j-th
state,

N =N, E© = 5,NOES),

E{ = B; + AE® (14)
NJ(C) is selected in the limits:
N; - AN; < N9 <N, + AN; (15)
Ny 873e%al
Kbb(hl/) = 72] E(C)O'_(IC)(’LV) = TLO

x ey P - b - 15 (he, YN (1

N,
=25, B(15,I'7)]
0]

The probable configurations are those with inte-
ger occupation numbers NJ(C) close to the mean
values Fj. In our work only those configura-
Py
are kept, where PIE;) stands for the probability
of the most probable configuration. This config-
uration is obtained by truncating the AA level
populations to the nearest integer value. Using
the above two limits, several thousand configu-
rations are considered usually for high Z plas-
mas.

tions with probability larger than 10~3 x

Finally the frequency dependent photoex-
citation opacities Ky, (hv) is written as

Rq
A Gnlj T Gn’I’j’dr]2

— N /gy) (17)

where Ny is Avogadro’s number; A the atomic weight of plasma;

B = 2+ 1)+ 1) (g

0 0 0

o (18)

RER R

where ! and j (I’ and j') are the quantumn numbers of the orbital and total angular momenta of

. C . . P 11 r
electron in the initial state (final state), respectively, ( 0 0 0o ) and { io1/2 j } are the
3-j symbol and the 6-3 symbol;
I{,C)(hu, ') is the Voigt profile of the line transition, and can be expressed as(®!
n2 T * exp(—y)3dy
19 , T A / — 19
A TS - S I i (19)
where
y = VIn2[E' — (hv;5)())/Tp, a=TW2/Tp, b= [ — (h,;)@}Vin2/Tp (20)
here E’ is the dumb variable in the convolution, nored),
I'p stands for the half-width of the Doppler line
shape at half maximum, I'y for the sum of the
clectron collision half-width I', and the Stark Tpl(hvif)9] = [2kTIn2/Mc?) M2 (huiy )
half-width T's (the natural half-width was ig- (21)
1/2 h No’nfD 1/2¢ Ro 2
< (37) m3/2 (kT) / Z,/ JB(I],I )[ A Gan A G"lIIJ'IdT] (22)
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R
T, = §"f“°ez[/ ey
0

2 RZ

in which, ny = Z — E_,-F_,— is the mecan ioniza-
tion degree of the AA, M the atom mass, D the
density of plasma.

4 Results of calculation

The calculating program (OPINCH) for
the above model was written on the computer
Galaxy II made in China. Up to now the ra-
diative opacities for a number of elements have
been calculated with this program. Here the
partial results on europium are given as an ex-
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Fig.1 Rosseland mean opacities vs temperature
for Eu at D = 0.1g/cm®

(23)

ample. Fig.l and Fig.2 show the Rosscland
mean opacities and the Planck mean opacities
for Bu at D=0.1g/cm? and kT = 60 ~ 10%eV,
respectively, where the SESAME values(®}(dots)
are also shown. A agreement is found for
the Rosseland mean, but for the Planck mean
there is an evident deviation in the range of
kT >2keV. We have nothing to say for this de-
viation becausc no detailed informations have
been published on how the SESAME tables

were generated.
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Fig.2 Planck mean opacities vs temperature for
Eu at D=0.1g/cm®

The solid line represents the results of present work, the dots are from the SESAME opacity library
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