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FIG. L. Lattice of hales in transmission spectrum of a sample of polysty-
rene activated with H, tetraftert-butyl} porphyrazine (a) and time re-
sponse of sample to pulsed excitation (h)

where

/ 2=
T(w)—.:To-f-Tnsink—\ —‘f)- (1)
The relative depth of the modulation is

M =_To—' (2)
while the contrast of the spectral lattice, i.c., the ratio of
minimum to maximum transmission, is

12 VM Ty-L T;]

1-—M=To—~T_n‘ (3)

C =

The time response of such a spectral lattice to pulsed excita-
.'011 consists of two pulses separated by the time interval
. Let @, and @, be the energy of the first and sccond
pulses. of the response, respectively, while ¢=Q, /
(Qo + Q, )is the relative energy of the second pulse. One can
show that

20,0
V@l =
V== @5 A= “
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and

. (Viz : q ) _ VT=q 4vq)
VO, —VOq ) (VT—q —vg)**

(2]

To obtain a spectral lattice of holes of large extent in the
present work, a combined method of parallel sequential
burning with frequency scanning of the emission of a picose-
cond dye laser [rhodamine 6G) was employed (5-cm ', spec-
tral halfwidth of pulse 3-psee duration) and transmission of
laser pulses throuph o Fahry-Perotinterferometer with a 30-
mm spacing

A block of 9-mm thickness of a solid solution of oc-
taethylporphyn in polystyrene with an admixture concen-
tration of 2.5 10 * M was used as a sample. The optical
density of the sample at the maximum of the 0-0 band of the
admixture S, «—So absorption (4 = 618 mn) was 1.5; the
temperature of the measurements was 1.8 K.

A lattice of 1600 holes was burned in the spectral region
from 613 t0 623 nm with 266-cm ~ " extent. The spectral dis-
tance between neighboring holes was 0.167 em ™', and the
density of the irradiation dose integrated over the spectrum
was 50 J em ™", The contrast of the lattice was estimated
from the relative intensity of the retarding response, which,
depending on its place in the spectrum, comprised from ! ic
10%. From Eqs. (4) and (5) then 0.2<M<0.6 and 1.5<G <4.
No substantial dependence of these indices on the spectral
extent of the lattice of holes was detected; i.e., on the number
of burned our molecules. This shows that under the condi-
tions of the experiment inhomogeneous broadening induced
by static action of the photoproduct did not appear, which is
extremely essential for practical application of the photoche-
mical hole-burning method.*

The authors are grateful to K. K. Rebane and P. M.
Saari for discussions and useful comments, to A. O. Aniyalg
for help in the experiment, to V. N. Kopranenkov and A. F.
Mironov for synthesis of activators, and to I. Bitov for sam-
ple preparation.
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FIG. 2. (a) Interferogram and absorption spectrum of sodium resonance
doublet; (h] densitometer tracing of absarption spectrum close to the line
(4 =S890 A|.

trum as a consequence of the neganve absorption of the bari-
um atoms (amplification without population inversion) on
resonance interaction. We note that amplification without
population inversion was observed earlier in the region.” The
behavior of the refractive index also quantitatively agrees
with this model.

To study the behavior of a multiplet in a light wave field
the yellow sodium doublet was chosen. In Fig. 2(a) an inter-
ferogram and absorption spectrum close to the sodium reso-

nance doublet are given. Splitting of the two absorption lines
15 evident. The line corresponding to the 3°S,,5-3°P,,, tran-
sition is split into four components and that corresponding
to the 3'S,,,-3"P,,, transition into two components. In Fig.
2{b) a densitometer tracing of the spectrum close to the ab-
sorption line corresponding to the 375,37, transition is
piven.

In conclusion, we express gratitude to V. V. Khromov
for valuable discussion of the work.

'L, B Aleksandros. AL M. Bonch Brouevich, NN Kostn, and V. AL
Khaodovor, Pisnia Zh Elap Teor Fiz 3, p 85(1966). JETP Lett. 3,53
(1960}

ACM. Boneh Bruewich, NN Kosun, and V. A, Khodovoi. Pis'ma Zh.
Eksp Tear. Fiz 3,425 (1966| (JETP Leuw. 3, 279 (1966)].

‘A M. Banch-Bruevich, N. N, Kostun, and V. A. Khodovoi, Zh. Eksp.
Teor. Fiz 56, 144 (1969) [Sov. Phys. JETP 29, 82 (1969)].

‘IS Zeilikovich and S_ A Pulkin, Opt. Spekirosk. 53, S88 (1982). [Opt
Spectrose. 53, 340 (1982)].

*S. G. Rautan and 1. L. Sobelman, Zh. Eksp. Teor. Fiz. 41, 451 (1961]
[Sov. Phys. JETP 14, 629 (1962)].

"A. M. Bonch-Bruevich, V. A. Khodovoi, and N. A. Chigir, Zh Eksp
Teor. Fiz. 67,2069 (1974}, {Sov. Phys. JETP 40, 1027 (1974))

'D. N. Klyshko, Yu. §. Konstantinov, and V. S. Tumanov, lzv. Vyssh.
Uchebn. Zaved. SSSR Radiotiz. No. 8, 513 [1965).

f(’(.x_; ¢ (‘\ (—(’( ?((I

Limiting number of photochemical holes in an inhomogeneously broadened

spectrum
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The limit in principle to the number of holes formed in
the inhomogeneously broadened band of an extrinsic ab-
sorption by photochemical burning'? is the ratio of the
widths of the inhomogeneous absorption band and the ho-
mogeneous phononless line. For a purely electronic absorp-
tion band this value can reach 10°710° for allowed transi-
tions' and possibly several orders of magnitude greater for
forbidden ones. In the papers known to us on burning many
holes in one inhomogencously broadened spectral band,”
their number is of the order of 107 or less, which 1s consider-
ably smaller than the theoretical himit. Besides the experi-
mental dithculties, however, several physical causes may
hinder attainment of the latter (inhomogeneons broadening,
induced by formation of a photoproductj. By this fact experi-
ments on burning a Lirge number of holes are ot interest for
their elartfication. In the present paper o substanvally closer
approach ro the theorencal hotis announced —the burning
in an inhomogencously broadened spectrum of more than
10% holes

Usually burning and recording holes in an inhomogen-
cous spectrum are accomphished by frequency scanning of a
narrowband laser (sequential burning). The possibility of
burning a lurge number of holes (spectial lattice) by a series
of mutually coherent light pulses (parallel burning) was
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shown recently * Excitation by a series of equidistant mu-
tually coherent hight pulses equivalent to periodic modula-
tion of the spectrum of a single exciting pulse also leads, as a
result of the photochemical burning process, to formation of
a periodic structure (lattice) in the transmission spectrum of
the sample. In Fig. 1{a) such a structure in the transmission
spectrum of a sample of polystyrene with a Hi-tetra (tert-
butyl)-porphyrazine admixture at 1.8 K is represented. The
burning was conducted by a series of picosecond pulses ob-
twned upon passage of a pulse from a synchronously
pumped dye laser through a Fabry-Perot interferometer
with aspacing of 12 mm (80 psee). The width of the luser hine
when recording the spectral lartice was 0.1 ¢m ™!

As experimentally demonstrated in Ref. 6, the presence
of such o spectral Tattice leads 1o the ansing of a mualtipulse
response of the system 1o pulsed excitation. In Fig, 1{by the
respotse iy shown from a sample, the transonssion spectrum
ol which is shown in Fre Tio The duration of the pulses
represented in Fig, 125 paeepisdetermined by the apparatus
function ol the synchronously scanned electron-optical con-
verter.

The contrast of the spectral lattice can be determined
from the time response parameters. et us examing the Case
ol sinusoidal modulation of the (ransnission spectrum
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