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Resonant two-photon absorption is studied in Cu_0 with subpi-
cosecond resolution. It is possible to distinguish between
true two-photon transition and two-step processes.

With available pulsed light sources of subpicosecond duration, it is possible
to measure dynamical processes on a fast time scale, of the order of 10"12 ggj,.
The purpose of this paper is to present an experimental study concerning time-
resolved measurements of a two-photon process in a semiconductor.A situation

will be examined, in which the system is continuously tuned from the case of

a pure two-photon absorption ( for which both incident light frequencies
and U2 do not fall in a linear absorption region of the crystal) to a resonant
one C when corresponds to a strong linear absorption of the medium).

I'llCu^O has several advantages for such a study'- -' . Its lowest intrinsic
absorption of electronic origin lies in the region of emission of mode-locKed
Rh 6 G lasers. Tuning of the incident laser frequency o). inside the resonance
is obtained here by changing the crystal temperature ( thereby shifting the
absorption of the crystal ) rather than by changing ai^. In this way, use can
be made of the high performances of the passively mode-locked dye laser,
(  pulse duration tp'v 0.5 ps ) operating under optimal conditions. Further,the
resonant intermediate state has two interesting aspects for dynamical studies
on a fast time scale : on one hand, the absorption has a broad spectral ^
width, larger than that of the pump beam ( Au n, /tp corresponding to 20 A),
so that no distorsion of the response is introduced at resonance.
On the other hand, the intermediate state is well defined and isolated from
other electronic transitions. Thereby the system is well defined in view
of its relative simplicity. The intermediate state is the n = 1 term cf the exciton
yellow series of CU2O, with a binding energy B = 0.13 eV. The creation of the
n = 1 exciton occurs predominantly with emission or absorption of parity

conserving optical phonon T _. Therefore, the lowest absorption edge in this
direct gap material is similar to that observed in crystals with indirect
gap.

The principle of the measurement is shown in Fig. 1. The pump pulse 00
( wavelength around 613 nm, duration t n; 0.5 ps ) is obtained by cavity
dumping from a passively mode-locked ^ Rh 6 G_ laser and amplified in a
three stage dye amplifier to an energy E n, 1 mj|_2l. Part of the pulse
irradiates a Cu^O single crystal, of thickness "v 0.5 mm held at different
temperatures. The rest of the pump beam is focused in a cell filled with
HO or 00, generating a broad band continuum of subpicosecond duration, used
as a weak probe beam. The induced absorption Aa of the probe beam (we used
only the wavelengths below the band gap ) is measured in function of
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Flg.1 Experimental setup : L is the output of an amplifier of subpioosecond
pulses [ 0.5 ps, 1 mJ. 10 Hz ). M a step motor, F1, F2, F3 optical densi
ties and colored filters. The beam 1, the pump, is focused on the sample
E in a spatial coincidence with the white probe beam 2. Beams 2 and G
[ reference white pulse ] enter in the spectrometer S and the GSA D.
Induced absorption spectrum appears on display V.

and At, the time delay between pump and probe pulses.

In Fig.2 we show the phonon-assisted absorption band to the 1 S exciton of
CU2O together with the pump beam spectrum.
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Fig.2 Absorption coefficient

of Cu^Q at different tem
peratures after ref. [11:
Also shown is the spectrum

of the pump beam.
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Since the pulse duration is of the order of one cycle of the phonon involved
in the transition [ H o) = 13.5 meV Iwe have compared, in a preliminary expe
riment, the absorption of CU2G measured with cw white light and the subpioo
second probe continuum.The spectral dependence of o and its change with T
were found similar in both cases. In all measurements presented here, care
was taken to keep the pump intensity below IG''^ W/cm , so that the maximum
exciton density estimated from the linear losses at did not reach the
Mott dissociation limit n|,j "v 10^'^ cm~3.
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In Fig. 3, the induced absorption Aa at different temperatures is shown in
function of At for a total energy H C o)^ + o)., 1 = 3.8 eV. The value of Aa,taken

1
2

.8 eV. We haveat At = + 5 psjdoes not change between H 1.4 eV and Y\
also measured the self attenuation of the pump beam a),| at T = 15 K where no
linear losses exist, as a function of input intensity I^. The ratio I^/ I^
(  I is the transmitted intensity ) is well expressed by the relation

I/I= 1 +aI , indicating that higher order terms than two-photon may be
neglected. °

From the time behaviour of Aa, shown in Fig.3 the pure
may be distinguished from the two-step excitation process
absorption is instantaneous and is the only contribution
there is no linear losses at . The observed fast signal

the correlation of the pump and probe pulses. Two-step ab
real creation of excitons as the first step,and the probe
sition towards a continuum of electron-hole pairs. Due to
width of the pump beam, a superposition of exciton states
tors within the n = 1 kinetic energy band are formed at t

two-photon absorption
two-photon and U2)

left at low T, where

then corresponds to
sorption involves the
beam completes the tran

the large spectral
with different k vec-

= G. The second step
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In the transition has a smooth spectral dependence so that the total exolton
population lifetime is measured from the time dependence of the amplitude of the
slow component , rather than the relaxation time of an exoiton with a particular
K vector to other exoiton states |_3l . The population lifetime of excitons at
300 K. as deduced from our results, is in excess of 10"10 sec. Measurements per
formed at low T with nanosecond pulsed excitation jLndicate very long exoiton
lifetime t "v 10"^ sac at temperatures up to 100 K I 41 . Finally, we consider the
ratio of the amplitude of the fast and slow absorption components at high T.
Taking a simplified model, in which only linear and two-photon terms are consi-
dered^it can be shown [s] |hat this ratio should be of the form : Ao [ t =0 ]/
Aa [ t > 5 ps ) = Bxp^ / I dz]] where o,| is the two-photon absorption coef
ficient, Z the propagation°axii,I the pump intensity and S, the crystal thick
ness. From the measured ratio at §00 K, we estimate a. 'v 5x10"^ om/W to be compa
red with the value "v ZxlO'""^ cm/W obtained for the pump beam at 15 K. when io,j

is not at resonance. The ratio of these two values may have some significance
although the absolute magnitudes of a,| are subject to uncertainty ( estimated not
to exceed 10 X ) due to errors in measuring spot size and beam power.

In conclusion, true two-photon absorption can be distinguished from two-step
processes by time-resolved measurements on a picosecond time-scale,using high
intensity excitation.
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