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We show that weak picasecond opticul pulse propagation through an absarbing medium with a photochemically burned-
in persistent spectral hologram of a picosecond pulse train makes the sample emit coherently a replica of the pulse train ap-

plied in the burning-in cycle.

I. Introduction

Photochemical hole-burning (PHB) [1,2] has
proved to be a very useful method in low-temperature
spectroscopy providing effective ways to get rid of
inhomogeneous broadening [3.4]. This method has
also opened new possibilities for technical applica-
tions, for example in developing optical memory de-
vices with high storage density [5.6].

The starting-point of stationary PHB techniques,
commonly used both in research and applications, lies
in burning and detecting of photochemical holes by
means of CW radiation. The homogeneous widths of
purely clectronic lines (PLL) in impurity centres at
low temperatures are very small (10 >—10~% ¢cm™!
and less [7]) and the usual aim in P1IB experiments
is to have the excitation linewidths as natrow as pos-
sible. Therefore the characteristic times of excitation
are usually much longer than the phase relaxation
time 75 of the impurity centre,

On the other hand, PHB with light pulses short
compared to the relaxation time T, and with a spec-
trum much broader than the homogencous PET -
width, can also be utilized for research and applica-
tion purposes. As shown experimentally in a recent
work of three of us [8], under conditjons where in-
homogeneous broadening is much lurger than the
width of the excitation spectrum, the I'LIB by means
of a sequence of pairs of coherent relatively low-in-
tensity picosecond pulses shifted in time by 7 (7 <€ 15)
results in a persistent photochemical hole with a
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complex spectral shape. The envelope of the hole
reflects the spectrum of an individual pulse, while the
hologram-like substructure appears due to the inter-
ference of the second pulse with the excitation pro-
duced in the matter by the first pulse.

Now let us ask: what is the effect of a &-like light
pulse propagating through a medium with such a per-
sistent hologram-like transparency spectrum?

To answer this question in the case of strong ex-
citation, one must solve a complex prohlem of coupl-
ed Maxwell—Bloch cquations, which describe such
nonlinear processes as free induction decay, stimulat-
ed echo, etc..

In the limit of weuak cxcitation the answer can be
derived from the general rules of linear filtration by
postulating that the output pulse shape is determined
by the Fourier transform of the transparency spec-
trum,

So it may be supposed that if a spectral hologram,
produced by a sequence composed from a number of
pulses, is “scruned” with a weak picosecond pulse,
the free-decay signal of the excitation should also
have a form of several retarded spontaneous bursts of
coherent radiation, as in the case of stimulated photon
ccho.

In order to prove this simple consideration we ar-
ranged an experiment, in which we burned a persis-
tent photochemical spectral hologram and subsequent-
ly probed its pulse response to weak picosecond pulses.
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2. Experimental

The scheme of the set-up is presented in fig. 1.
The photochemical holograms were burned and
probed by means of a picosecond rhodamine 6G dye
laser synchronously pumped by an actively mode-
locked Spectra-Physics model 171 argon-ion laser,
The picosecond dye laser provided 82 MHz repetition
rate pulses with 2—3 ps duration and 5.5 ¢! spec-
tral FWHM. For spectral measurements we used a
0.075 cm™! FWHM and a 12 cm ! tuning range
laser line dclivered by the same dye laser readjusted
to CW regime and by scanning fine tuning etalons
inserted in its cavity. A broader spectral region of the
sample transparency was measured with a glow lamp
and a MDR-4 monochromatar, The spectra were
recorded with a conventional photon-counting sys-
tem.

The temporal analysis of the radiation was per-
formed by focusing the beam on the entrance slit of
a synchroscan streak camera system [9,10], which
provided temporal resolution better than 20 ps
(FWHM).

The sample, prepared by polymerization of a por-
phyrazine [11] styrol solution, was embedded in a
He cryostat at 1.8 K. The mean intensity delivered
on the sample during burning and probing cycles was
0.1 mW/em? and 0.1 uW/em? respectively. For
generating a coherent scquence of burning pulses a

CH1/CH2
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Fig. 1. Scheme of the experimental arrangement. ML —
mode locker, PM - photamultiplier, BS — beam splitter,

S — shutter, FP — Fabry—Perat etalun, F — filter, L glow
lamp, C — He-cryostat, SSC — svnchroscan streak camera,

OMA - optical multichannel analyser, PC — photan counter,

CR — chart recorder,
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12 mm basis Fabry—Perot etalon was inserted in the
optical path of the burning beam. During the experi-
ment four equal 5.0 mJ/em? dose exposures were
made. After each exposure the [-abry—Pcrot eralon
was removed and the beam was attenuated with neu-
tral filters 10% times to avoid the destruction of spec-
tral holograms during streak camera measurements.

3. Results and discussion

In fig. 2 the transparency spectrum of a photo-
chemical hologram produced by the picosecond pulse
train generated in the Fabry—Perot etalon from the
initial picosecond laser pulse is presenited. The enve-
lope of the spectrum refers to the spectrum of a
single pulse entering the Fabry—Perot etalon, while
the obscrvable sharp features appear to be due to
interference between the pulses merging from the
etalon.

The high contrast of the spectral hologram arises
from the accumulation of the PHB effects, produced
by nearly 10'0 identical pulse trains delivered during
the exposure at 82 Mz repetition rate on the
sample.

The temporal response of the hologram, as it ap-
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Fig. 2. Transparency spectrum of the sample after the
fourth exposure. Insert — burned-in photochemical hole and
its pscudo-photon-sideband ; main frame — fine structure of
the hole, measured by scunning of the dve laser line with
FWHM = 0.075 ¢cm™!,
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Fig. 3. The streak image of the picosecond laser beum passed
through the spectral hologram after the last exposure. Upper
left is the passed-through laser pulse, while the twa pulses
on the right of it are the “echo™ pulses produced by free
decay of excitation. For actual time reference the streak
image of the first three pulses from the coherent burning
sequence is also presented in the lower part of the figure.

pears on the streak camera image, is presented in fig.
3. Itis clearly seen that the passed-through laser pulse
is followed by two additional retarded bursts of radia-
tion. The delays of these ““echo” pulses are 80 ps and
160 ps, which correspond exactly to the delay produc-
ed in the 12 mm Fabry—Perot etalon.

L'rom our viewpoint these experimental results
prove the simple consideration that even in the limit
of weak excitation any spectral modulation of trans-
parency gives also rise to the modulation ot the tem-
poral response function,

The fact that the ohserved pulse response of the
hologram does not correspond exactly to that of the
Fabry—Perot etalon can be qualitatively expluined
by the effect of saturation broadening of photochem-
ical holes, which leads to the deformation of the P11B
spectrum | 12] *, On the other hand it should also be
taken into account that to carry out a complele spec-
tral holography of the pulse train, a still shorter §-like

* A Tull quantitative theory of the phatochemical time
domain holography will be published elsewhere.
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reference pulse with a hroad uniform spectrum must
he available.

[t is interesting to point out that we noticed no
changes in the hologram during the experiment and
so the lifetime of the hologram, determined by that
of the photoproduct, could be several hours or even
days [3,13].

[n order to discuss the applications of the photo-
chemical holography it will be useful to compare it to
some aspects of the recently published theory of
time-domain optical data storage [14], where the pos-
sihility of PHB with short optical pulses was also mern-
tioned. But as this theory requires nearly 10° times
more intense excitation pulses than those applied in
our experiment, it does not correspond to the weak
excitation case of the general problem raised in sec-
tion 1. This circumstance hrings it close to the recent-
ly reported effect of correlation of the shapes of
single nanosecond and picosecond pulses in stimulat-
ed photon echo experiments [15,16], rather than to
the phenomenon discussed in this paper.

Nevertheless, as tar as the conditions * p A and
T5 » 7 are satisfied, all the suggested applications of
the time-domain optical data storage hold also for
the photochemical holography of weak pulses. Even
more the application of subpicosccond pulses, which
is possible duc Lo the large inhomogeneous broaden-
ing (=500 ecm™! ), will result in 10° 102 bits per
nanosecond data read-out speed, which is three orders
of magnitude more than in the mentioned theory.
The high contrast of spectral holograms, created in
our case hy the accumulation of the PHB effect, re-
sults in a high-contrast data read-out free-decay signal,
which in the far-from-ideal conditions of our experi-
ment was 4%, i.e. an order of magnilude higher than
that offered by the most optimistic theoretical predic-
tions in ref. [14].

In conclusion, it should be said that besides optical
data storage the photochemical holography of weak
pulses may be applied for many other purposes, for
example, for phase conjugation of laser pulses, for
monitoring picosecond laser operation, and also for
direct time-domain investigation of ultrafast phase re-
laxation processes,

* pois Lhe width of the inhomogencous broadening, A is
the maximum spectral width ol data pulses, and 7 is the du-
tition of the duta wriling pulse train,
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