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Opacity calculation based on average atom  m odel 

Sun Yong—Sheng，Meng Xu—Jun and Zheng Shao—Tang 

(Laboratory o／Computational Physics，Institute o／Applied Physics and 

Computationaf Mathematics，Be ng 1 00088) 

Abstract The relativistic self-consistent average atom model is employed to calculate 

the radiative opacities for high Z plasma．One—electron transitions arc considered fo r bound— 

bound process． The line distribution from ionic configurations are calculated ion by ion． 

The ReIsseland mean opacities and the Planck mean ones for europium with D=0．1 g／cm ， 
T=60~10 eV are given and com pared with data given by SESAM E data base． 
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1 Introduction 

In radiative transfer work，two 

averaged radiative opacities play an 

where 

role．For optically—thick plasmas，the R~osseland 

mean opacity is important，whereas the Planck 

frequency— mean opacity is of interest in optically—thin plas— 

important mas．Their usual definitions are 

KR(cm ／g) 

15 

4丌4 ／0。。 U4exp(——u)du Kt(u)[1一exp(-u)] 
P(cm ／g)= 15 oo[ t(u)+ ff(u)+ t (“)]u3exp(一u)du 

K (u)=[Kbf(U)+K (u)+gbb(u)][1一exp(一u)]+K 

11,= hv／kT．Kbf(U)， ff(u)，Kbb(U)and Ks 
are the frequency—dependent opacity from pho- 

toionization (b-f)，inverse bremsstrahlung(f- 
f)， photoexcitation (b-b) and scattering， re— 
spectively． Each of them equals their respec— 

rive cross section multiplied by corresponding 

particle number per unit mass． In present 

work，for inverse bremsstrahlung cross section， 

(1) 

the Kramer’s classical formula 釜(u)is used，【 1 
and for scattering process，the Thomson cross— 

section T 6．653×10一 cm is used． 

2 Atom ic m odel 

In order to give the O'bf(U)，O"t)b(u)and 
population (or particle number)， the one— 
component Dirac equation(in a．U．)for the av— 

erage atom(AA)as the following 

d2Gi(r) Q ／2 (1V(7’)dGi(7’) 

dr 1+Ol ( +v)／2 (1r d7。 

+[21Ei+V)一 (匠 一 等 ) 0 (4) 
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was solved by Hartree—Fock—Slater(HFS)8elf_ 
consistent potential method，[2．3】 where is 

the fine．structure constant，Y(r1 is the selg 
consistent potential，K is the relativistic quan— 

turn number，Ei and Gi(r)arc the single par— 
ticle level and the wave function for the i-th 

state，respectively．Thc boundary conditions of 

Eq．(4)for AA arc 

( 0)=0， dv(r) 
dr 

lirar_．0rV(r)：Z 

r：R0= 0， 

(5) 

where Z is the nuclear charge and 

R0=(3fl0／Or) ／。the wS radius，fl0 the atomic 
volume determi ned by the plasma density．The 

AA model as sumes that the electronic lcvcls are 

populated according to th'e Fcrmi—Dirac statis— 

Ics： 。 

肌 ： 2 l Ki 
cxp[(E,一,)／kT]+1 (6) 

where T is the temperature of plasma， ，上 

the chemi cal potential determined by requir— 

ing charge neutrality in the ion—sphere． The 

level E ，the mean population札 ，the chemical 

potential ，the wave function G (7’)and the 
self-consistent potential y(7’)can bc obtained 

bv the self-consistent solution．Based on v(T)， 

thc continuum wave functions of free electrons 

and the photoioniz ation cross section can bc 

calculated-【4]So Can the photoionization opaci— 

ties Kbf(~)bc given easily． 

3 Phot6excitation 

The calculation of Dhotoexcitati0n opaci— 

tics Kbb(U)are most complicated．It is the key 
to the opacity calculations．Ttie average a6om 

has only a statistically nlean sense． Actually， 

in a hot plasma，there are statistical fluctua— 

tions of electronic occupation about the mean 

value Ni for each leve1．The fluctuations of clec— 

tronic occupation cause the differing amounts 

of screening and，in an ensemble of radiating 

atoms(ions)，split each generically one—electron 
transition into many lines． This splitting is 

called configuration splitting． The spectrum 

corresponding to one．electron transition from 

the initiallevel(n fJ)to the final one(n’f’ ’) 
is called a transition cluster． 

From the Dirac Eq．(4)the shift△目 of 
the i-th level，due to population changes from 

toⅣ for all of other leveIs J，is given by 

△E )=
一 Y]j~i(一Nj一 )E 

=  2([r Ei+V)+舢 Q。(Ei+V)／2 dV了Ki+击 31)( 
+譬 i．+a2(El+V)／2】一 (了gi+ 1 dGi．，~Vi(。2 )) 

嵋 (r) = 广 
× G ，)G ，)dr + 

蟛 (r)= 厂 G 一 
Jo 

Gj(7‘) 

Gi(7") 

where 6(z)is the DirAc function；m；，m； 
the spin quantum number of t,he i-th state an(t 

the J．th state，respectively．Likewise there arc 

the similar expressions f0r≮llt !( 、 1． 【Jf膏 

(r，)dr 丽GAT')6(m 
，嘲) 

啪  r，)d叫 

去 m，)( 

shift A(twiI)( 、()f th【、{mIlsition line i 

．

f：J)is expressed 

(7) 

(8) 

(9) 

△ rh c1： △ P 一 △
．E； (11) 

changing i into，in Eqs,(7～10)-’ Ⅲ  gy I 。。i a t onfiguration{c)is 
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(hvil)( )：hvil+A(hvi ) (12) 

The exiting probability PI )for a configuration 

(c)is 

P(c)=H exp[一丝 ] 

(13) 
where gj is the statistical weight of the J．th 

state， 

Ⅳ = Ⅳj(“， E(c)：EJ “， 
= + △ ’ 

。 i8 8elected in the limits： 

可 一△ ’ +△ⅣJ 

(14) 

(15) 

△Nj=Nj (16) 

The probable configurations are those with inte． 

ger occupation numbersⅣ close to the mean 

values Nj． In our work only those configura． 

tions with probability larger than 1 0 × 

are kept，where 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． 

rn as． 

Finally the frequency dependent photoex- 

citation opacities Kbb(hv)is written as 

甄 b(̂ )= N0 E E
( 5c’(̂ )=≤ 鲁E 口(巧 G 一G 叫 
×E( )P(c’· · ’( ，r)Ⅳ ’(1一 “／y，) 

where No is Avogadro’S number；A the atomic weight of plasma； 

曰cu，z =c2z+ c2J + ( 。1) {； 2 ：) 
where l and j{、l and are the quantum numbers of the orbital and total angular 

e·ectron in the initial state(fin ate ective ( 。1)删{； 1 
3-d symbol and the 6-j symbol； ‘ 

’(̂ ，r)is the Voigt pr。file。f the line transiti。n
，
and can be expressed aLs[51 

where 

枷 = ln2·％· 

(17) 

(18) 

momenta of 

；：)are the 

Y= lV％~2[E 一( ，)( )]／rD，Ⅱ=r ／rD，b=[， 一(hvi!)(c’] ／rD 

here E is the dumb variable in the convolution， 

PD stands for the half-width of the Doppler line 

shape at half maximum，rt for the sum of the 

electron collision half-width rc and the Stark 

half-width Ps(the natural half-width was l’g- 

r =丁87r2(． 2)． 1／2 h。 N fD 
m3／2 A 

nored)， 

(19) 

(20) 

I、D[(̂ ，)( ’]=[eVT1n2／Mc2] ／(hvi，)( ) 
(21) 

(七 )-1／2∑ ，B(1j，z )f／ G u·7．． ，R0 
‘，0 

G J，dr】 (22) 
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r = 5 nfa0

一

e2~0R~G ．r．dr+ R。G；·r·dr] 

in which，n， = Z — EiN i is the mean ioniza- 

tion degree of the AA，M  the atom mass，D the 

density of plas ma． 

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 r 

diative opacities for a number of elements have 

(23) 

ample． Fig．1 and Fig．2 show the Rosseland 

mean opacities and the Planck mean opacities 

for EU at D=0．1 g／cm3 and kT =60～ 10 eV． 
respectively，where the SESAME values[6J、／⋯1 ,s) 
are ais0 shown． A agreement is found for 

the Rosseland mean，but for the Plan ck mean 

there is an evident deviation in the range of 

kT >2 keV．W le have nothing to say for this de． 

viation because no detailed informations have 

been calculated with this program． Here the been published on how the SESAM E tables 

partial results on europium are given aLs an ex- were generated． 

1O一’ 10一‘ 10。 10I 

Temperature／keV 

Fig．1 Rosseland mean opacities VS temperature 

f0r Eu at D =0．1 g／cm。 

I 

lO‘ 

l0s 

lO0 

10一I 

10一’ 10一I 10。 10' 

Temperatute／h'V 

Fig．2 Planck mean opacities VS temperature for 

Eu at D=0．1 g／cm。 

The solid llne represents the results of pres ent work，the dots are from the SESAM E opacity library 
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