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It is shown that in the degenerate, relativistic, electron gas of white dwarfs and neutron stars with a
degeneracy parameter of S50 and not very large ion charges (Z S 10) the collisions between electrons
make an important contribution to the electronic thermal conductivity.

PACS numbers: 95.30.Qd, 95.30.Cq,

The character of the thermal conductivity ®ee due to
collisions between degenerate electrons is different! at
temperatures T « Tp and Tp « T « Tr. Here Ty =
(n—mc?)/k is the Fermi temperature, Tp = ip/k (see
Fig. 1 inRef. 2), Qp = (47rneezcz/u)1/ 2 is the electron plas-
ma frequency, i is the Fermi energy, ne is the electron
concentration, and k is the Boltzmann constant, The point
is that in the first case, in contrast to the second, the
momenta transferred in the collisions (~hqTF, ATF =
V3Qp/v) exceed the width of the thermal smearing out D()=
of the Fermi surface (~pT/TF, where p and v are the
Fermi momentum and velocity), as a consequence of which arc cos ¢
the collision frequency is strongly is strongly decreased ! (‘<1)=W'
owing to the Pauli principle.
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Here 26 is the electron collision angle. The results of
Ref, 1 are obtained from (1) for v « ¢ and the results of
Ref, 3 are obtained for T « Tp. The integral in (2) can
be taken, but it has a cumbersome form. Asv — c,
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Lampe! investigated the quantity ®ee for a nonrelati- v )‘?"Tt(&“'? - WDty T = — A,

vistic gas (density p < 10° g/cm®). He found that ®ee makes

a weighty contribution to the total electronic thermal con- A ml,

ductivity ® for T > Tp and small ion charges (Z = 2). For y 4)

the calculation he expanded the collision integral by poly- .

nomials of a certain type, Good accuracy (with an error where ¢(s) is the Riemann zeta function. For values of

of less than 15%) was already reached in a one-polynomial ¥ = 0.5, 1.5, 3, 7; and 10 a numerical calcula?ion gives

approximation with allowance for static screening of the J(y) = 0.056, 0.53, 2.6, 8.8, and 13.5, respectively. These

interaction between electrons. values, the asymptotic form (4), and the numerical equa-
tions

y!

The thermal conductivity nee for a relativistic gas
at T« Tp was fo.und in Ref. 3. The variati?nal meth9d Nee = 8.1-1010,/ued (y)T; erg/cm . sec - deg,
used there is equivalent to the one-polynomial approxima- ¥ = 576(pg /et /3 /Tg, Tg =T, /10%K 5)
tion in Ref. 1; for T « Tp an exact solution is also easy to
construct,? but it differs from the variational solutions of .
Ref, 3 by no more than 10%. It is stated in Ref, 3 that in T T
a relativistic gas, in contrast to a nonrelativistic one,
collisions between electrons are important only at very
low T < ®, where © = 0.45h(4wn;jZ2%e?/ mik?)!/? is the Debye
temperature of an ionic crystal (see Fig. 1 in Ref. 2) and
n; and mj are the concentration and mass of the ions. By
comparing ®ee from Ref, 3 with the thermal conductivity
%ei due to other mechanisms of electron scattering (see
Ref, 2, for example), it is easy to show that at T « Tpthe
thermal conductivity ®nee is much larger than ®ej and
therefore is unimportant: %®-! = nee ! +nei™! ~ Rei™!
(this is seen clearly from Fig. 1 of the present report
and Fig. 3 in Ref, 2). In order to find out whether it is
important at T > Tp, we used the variational method and
the static screening approximation of Ref. 3, and by ana- .
logy with Ref. 1 we obtained a relativistic expression for T ,
nee at T « Tp: i : o : : : 8 g
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FIG. 1.
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are sufficient to find ®ee for T « Tf and pg = p/10°
g-cm= >1 (ke = A/Z and A is the mass number of the
ions). The dependence %ee(T) found is similar to the
dependence of Ref, 1 for p; << 1. In particular, as for

pg < 1, the second asymptotic form of (4) works well up
to values of y ~ 1, but the first one works only for y >20.
But the results of Ref, 3, corresponding to the first term
of the expansion (4) for y > 1, are actually correct only
for T < Tp/60.

As an example, in Fig. 1 we plot the dependence
%ee(T) (solid line) for pg = 20 and pe = 2. Here Tf =
8.2.10%K, Tp = 6.4-10%K, and ® = 7.6 - 10*K. The ther-
mal conductivities ®ej and ® for Z = 2 (curves 1) and
Z = 6 (curves 2) are plotted by dashed lines and dash—dot
lines for comparison, using the data of Ref, 2, while %ej=
n for Z = 26 is plotted by dots. The bend in the curve for
Z = 26 corresponds to the ionic crystallization point (T =
TM = Z2€%(47ni/3)/3/150 k): scattering on ions was al-
lowed for at T > T and scattering on phonons at T < Ty.
For Z = 2 and 6 we have Ty ~ 108 and 6.4 - 10%K, so that
® > TM and crystallization does not occur at T < Ty.
Using the results of Ref, 2, we find that for p; > 1 and
T > TM we have the ratio nee/%ei ~ ZAej X y2/10J(y),
where Aej =~ 1 is the Coulomb logarithm for electron—ion
collisions. The minimum value of Kee/Mej ~ ZAgi/3 is
reached at T = Tx = 0.6Tp, i.e., at a degree of degeneracy
Tg/Tx =~ 31. Therefore, collisions between electrons are
unimportant at large Z ~ 30. But even for Z = 8 and
T ~ T4 the thermal conductivity ®ee is ~2.5%¢j and mark-
edly improves the thermal insulating properties of the
relativistic degenerate gas. We note that (Mee/Mej)min ~
ZAei/ 1.6(ps/ue)'/ € and Ty ~ 0.8Tp for p; « 1, according
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to Refs. 1 and 2. Then, in contrast to the case of p; > 1,
with a decrease in p the role of ®ee in the "favorable”
temperature interval of T 3 Tp decreases and the interval
itself shifts toward a lower degeneracy, TF/Tx = 10 -
(os/ue)‘/ 8. therefore, ®ee actually can play a role only
for Z = 2,

A "favorable" temperature T 5> Tp occurs in neutron
stars and white dwarfs which have not cooled too much,
According to Refs. 5 and 6, for example, for a neutron
star of mass ~Mg and a radius of ~10 km such a tempera-
ture is maintained in the layer of p; ~ 1 so long as the
surface temperature of the star exceeds (1-3) - 105K, If
Z Z 10 in this case then electron—electron collisions
markedly retard the cooling of the star by the mechanism
of heat conduction, It is still more important to allow
for these collisions when studying rather deep (pg > 1)
thermonuclear burning of material (accreting, for example)
with Z € 10: they worsen the heat conduction and hence
create more favorable conditions for outburst (explosive)
burning.
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