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ABSTRACT The free-free Gaunt factor of the dense high-
temperature stellar plasma is calculated by using the 
accurate relativistic cross section, and is compared with 
the Gaunt factor derived by using Sommerfeld's exact 
nonrelativistic cross section. A wide range of electron 
degeneracy is accurately taken into account. Significant 
deviations from the nonrelativistic relsults are found for 
high-temperature cases. 

1. INTRODUCTION 

The present authors ( Itoh, Nakagawa, and Kohyama 1985 ) 
have investigated the relativistic free-free Gaunt factor 
for a high-temperature stellar plasma. They have used the 
relativistic Bethe- Heit 1 er cross section ( Bethe and 
Heitler 1934) corrected by the Elwert factor (Elwert 1939). 
Itoh, Nakagawa, and Kohyama ( 1985 ) have found that the 
relativistic Gaunt factor deviates significantly from the 
nonrelativis tic one at high temperatures. 

The exact nonrelativistic bremsstrahlung cross section 
for the pure Coulomb field is given by Sommerfeld's formula 
( Sommerfeld 1953 ). For practical calculations we use the 
series expantion method of Karzas and Latter ( 1961 ) by 
taking into account the electron degeneracy accurately. 
Green ( 1960 ) has also given numerical tables of the exact 
nonrelativistic free-free Gaunt factor taking into account 
the electron degeneracy accurately. Berger ( 1956, 1957 ) 
has examined the accuracy of the Elwert approximation. 
However, his calculation is limited to the case of 
nonrelativistic nondegenerate electrons. Elwert and Haug 
(1969) and Pratt and Tseng( 1975 ) has confirmed that the 
Bethe-Hei11 er cross section corrected by the Elwert factor 
gives excellent results for ions with small atomic number. 

2. FORMULATION 

The detailed derivation of the relativistic free-free 
Gaunt factor with the use of the Elwert approximation has 
been presented in Iton, Nakagawa, and Kohyama ( 1985 ). 
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When the electrons are nonrelativistic, it is customary to 
express the thermally averaged inverse bremsstrahlung cross 
section in terms of the thermally averaged Kramers cross 
section per electron, 
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where m is the electron mass, w is the angular frequency 
of the absorbed photon, a is the fine-structure constant, 
ro is the classical electorn radious, nj is the number 
density of ions with charge Zje, and u = -tfw/kT. We define 
the relativistic free-free Gaunt factor by 

< g > = "-<*/> + " + <**> , ( 2 ) 

Zj njZj<ffK> 

where n_ and n+ are the number densities of electrons and 
positrons, and <a~> and <o"+> are the thermally averaged 
inverse bremsstrahlung cross sections for the electrons and 
the positrons. The thermal averages of the these cross sec­
tions are carried out relativistically. 

Green ( 1960 ) calculated the thermally averaged exact 
nonrelativistic free-free Gaunt factor for the case of 
degenerate electrons by using the energy-dependent Gaunt 
factor of Karzas and Latter ( 1961 ). In using their data, 
he had to make interpolations with respect to u ="fTw/kT. 
Nakagawa, Kohyama, and Itoh ( 1987 ) calculated the exact 
nonrelativistic energy-dependent free-free Gaunt factor, and 
then used this for the calculation of the thermally averaged 
Gaunt factor without making any interpolation. 

3. NUMERICAL RESULTS 

We have carried out the numerical calculations of the 
thermally averaged nonrelativistic and relativistic free-
free Gaunt factors. The temperature parameter 

-2 - ZJ2 Ry 7 2 1-579X IQ5 K 
kT = ZJ T rl = — < ? - = — = Z\* (3) 
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calculations are shown in Figures 1 and 2. Agreement of the 
results of the calculations with different methods proves 
the accuracy of the present calculations, 
curacy of the present calculations is about 

The 
0.2 

overal1 ac-

<9ff> 

1-8 

1-6 

14 

1-2 

10 

0-8 

0-6 

0-4 

0-2 

i i i i i 

_ H Tl=-2-0 
u=10a5 

-
RELATIVISTIC ELWERT 
AND 
N.R. ELWERT 

^ ^ L " 

/T-
«_RELATIVISTIC / N R EXACT 
V ELWERT / 

\~s 
~ 

r " RELATIVISTIC ELWERT 
N.R. EXACT 
AND 
N.R. ELWERT 

-
N.R. EXACT AND N.R ELWERT 

1 I 1 ! I 

-4-0 -20 00 
LOGY2 

20 

FIG. 1. Comparison of the various thermally averaged free-
free Gaunt factors for the case of pure hydrogen plasma with 
V = -2.0 and u = 100-5. 
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Same as FIG. 1 , but f o r y = 40 . 
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