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The �rst theoretical descriptions of temperature relax-
ation were given by Landau and Spitzer (LS approach)
[1, 2]. Considering only small angle scattering (straight
line trajectories), the temperature evolution is determined
by: dTe=dt =

P
�(T� � Te)=�

�e, where the electron-ion
relaxation time is given by
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Here, � = ln(bmax=bmin) is the Coulomb logarithm. We
choose the electron Debye screening length for the max-
imum impact parameter (bmax = �eD). bmin is given by
an interpolation between the distance of closest approach
and the deBroglie wavelength, i.e., bmin = (�2

?
+ �2dB)

1=2.
Obviously, the LS approach fails for �<0.
The failure of the LS approach (1) for strong coupling

originates in the concept of straight line trajectories. Con-
sidering hyperbolic orbits (exact solution for Coulomb
scattering), the resulting Coulomb logarithm has the form:
�=0:5� ln

�
1+ (b2max=b

2

ref )
�
. Note that bmin has been re-

placed now by a reference impact parameter which is not
an ad hoc value but de�ned by the distance of closest ap-
proach. To incorporate quantum e�ects, the interpolation
used for bmin can be applied for bref , too.
In recent experiments, much smaller relaxation rates

than the LS approach predicts have been found for strongly
coupled plasmas [3, 4, 5]. Similar theoretical predictions
have been made by Dharma-warana & Perrot using a
model which allows energy transfer through coupled modes
[6]. However, the usual LS approach is ill-de�ned for strong
coupling. Therefore, the data had to be compared with an
ad hoc extension similar to the hyperbolic orbit approach.
We want to test if these discrepancies are due to limi-

tations of the LS theory or the failure of the binary col-
lision approach in general. Therefore, we apply a highly
accurate approach to calculate the binary collision contri-
bution to the energy relaxation rates. This theory is valid
for strong electron-ion coupling, includes quantum e�ects,
considers screened potentials and avoids any ad hoc cut-
o�s. We start from the de�nition of the average kinetic en-
ergy hEii = (2��h)�3

R
dpEi(p) fi(p; t) and determine the

change of the ion distribution function by the quantum
Boltzmann equation. In the case Te � Ti, the resulting
equation for the energy transfer per ion reads [7]
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Here, QT

ei=2�
R
d�(1�cos �) d�ei(k;
)=d
 is the momen-

tum transfer cross section of e-i scattering (� denotes the
scattering angle). We calculate the cross section by a nu-
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Figure 1: Temperature relaxation rates is di�erent approxi-

mations. The system is an aluminum plasma with an electron

temperature of Te=5�105K and an ion charge state of �Z=10.

merical phase shift analysis using the Debye interaction
potential Vei(r)=Zie

2 exp(�r=�eD) =r (T-matrix result).
Fig. 1 shows the results for an aluminum plasma.

Since the T-matrix approach considers all relevant e�ects
(within the binary collision model), it can serve here as a
benchmark. The usual LS theory shows the well-known
break-down for small �. Of course, this behaviour can be
avoided with an ad hoc clamp (�0=3 if �<3), but too large
rates follow in this model. Considering hyperbolic orbits,
the break-down can be also avoided. However, the result-
ing rates are too small for strong coupling. The di�erences
between the T-matrix and the hyperbolic LS approaches
could result from i) the di�erent averaging proceedure and
ii) from the di�erent potentials used (Debye pot. versus
Coulomb cut-o� pot.). To seperate these e�ects, we also
calculated rates with a Coulomb cut-o� cross section aver-
aged over the distribution. In this case, the energy tranfer
rates (dashed line) are much closer to the T-matrix results.
Finally, the T-matrix results are in general larger than

the LS rates. Therefore, the descrepacies with the exper-
imental and coupled mode results can only be explained
by an invalidity of the binary collision approximation.
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