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Optical dephasing, i.e., the decay of the polar izat ion f ield in 
a semiconductor, is a direct consequence of electron and 
hole scattering. Under h igh excitation conditions or i n a 
semiconductor ampl i f ier / laser, carrier-carrier scattering is 
often the dominant relaxation mechanism, wh ich also leads 
to energy-level broadening and dynamical screening of the 
Coulomb interaction potential. The theoretical analysis of 
carrier-carrier scattering is based on the quantum Boltzmann 
equation. Even though this equation is we l l known in the 
many-body literature, 1 its solution for h igh excitation condi
tions and nonequi l ibr ium carrier distributions is a substan
tial challenge. 

To study nonequi l ibr ium carrier relaxation and optical 
dephasing, we performed direct numerical integrations of 
the time-dependent Bol tzmann equation where the dynami
cal screening of the Cou lomb interaction potential was con
s istent ly treated at the same leve l as the scat ter ing 
probabilities. 2 , 3 The solution of the quantum Boltzmann equa
tion yields the dynamic changes of the electron and hole 
distribution functions. These changes can be expressed in 
terms of scattering rates, wh ich determine the average time 
an electron or hole remains in a quantum state. In generali
zation of the wel l -known relation between optical dephasing 
and excited state lifetime in atomic systems, the sum of the 
"l i fet imes" of the semiconductor electrons and holes in a 
state determine the dephasing of that state. 2 , 3 

We studied the carrier dynamics and optical dephasing 
for an optical semiconductor amplif ier, i.e., an inverted semi
conductor where the carrier density is sufficiently h igh to 
al low a spectral region of optical gain. The ampli f icat ion of 
an incident light beam leads to a frequency dependent deple
tion of the inversion, i.e., to a "ho le" in the distr ibution 
function. Studying the relaxation of such a "kinetic hole," 
we obtained carrier relaxation and optical dephasing times 
of the order of 50 fsec for carrier densities, typical for ampl i 
fier or laser operation conditions i n G a A s . 2 The figure shows 
an example of the dynamic evolut ion of the electron distri
but ion function. The corresponding scattering rates are es
sentially time independent. The momentum-dependence of 
these scattering rates reflects the phase-space restriction near 
the Fermi edge, wh ich is strongly smeared out i n this case. 

A very different situation occurs for femtosecond exci
tation of passive semiconductors, energetically h igh i n the 
region of optical interband absorption. For the generated 
nonequi l ibr ium plasma, we f ind significantly reduced relax
ation times, wh ich can be as short as 10 fsec.3 In Part B of the 
figure, we plot the relaxation of the nonequi l ibr ium elec
tron-hole plasma distribution. The dynamic scattering rates 
(inset) exhibit a very strong momentum dependence w i th 
pronounced peaks corresponding to dephasing times around 

Numericol solutions of the electron-hole Boltzmann equation 
using the dynamically screened Coulomb potential in random 
phase approximation. The figure shows only the electron 
distributions at different times; the full electron-hole relaxation 
dynamics can be found in Refs. 2 and 3. (a) Relaxation of 
initially disturbed Fermi distribution functions for density n = 3 x 
1018 cm-3 and temperature T = 300 K. Shown is the electron 
distribution as function of the carrier momentum in units of the 
exciton Bohr radius (a B ) . The initial (t = 0) distribution function 
is plotted as a dotted line. Consecutive times are t = 21 fsec 
(short-dashed), t = 75 fsec (long-dashed), and t = 147 fsec 
(dash-dotted), and the final time t = 796 fsec (solid). (b) 
Relaxation of initial nonequilibrium distribution for density n = 
4.6 x 1017 cm-3. The initial (t = 0) curve is plotted as a dotted 
line. Consecutive times are t = 70 fsec (short-dashed line), t = 
1 85 fsec (long-dashed line), t = 355 fsec (dash-dotted line), and 
the final time t = 1590 fsec (solid line). The insets show the 
corresponding scattering rates in ps-1. 
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10 fsec. We find that such extremely high scattering rates 
occur only for carrier configurations that allow the 
undamping of the acoustic plasmon resonance,3 which is 
strongly Landau damped under equilibrium conditions. Our 
analysis shows that the acoustic plasmon undamping for 
nonequilibrium distributions causes the enhancement of the 
scattering matrix element leading to ultrafast relaxation and 
optical dephasing. 
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