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The interaction of a multielectron atom with the single-mode and multi-mode laser
pulses is studied on the basis of the S-matrix Gell-Mann and Low formalism. We
have examined the three-photon transition 6S-6F in the Cs atom. It has been shown
that the dynamical shift of atomic line under the multi-mode laser pulse is signifi-
cantly larger then the corresponding shift under the single-mode pulse. New per-
spectives of using photon echo as a new physical principle for the realization of neu-
ral networks in optical information processing systems are considered. We have
studied the operation of an optical neural network, constructed on the basis of the
stimulated three-pulse photon echo effect. The latter is used for highly effective re-
alization of the neural network with retarding in optics for processing complicated
sequences of images.

1. The interaction of atomic systems So(palk) = /'do Im Ey (0) (© - 0/ k) / N,
with laser field attracts great interest, espe- U = ['do Im E, (@) (© -0/ D™/ N, (1)
cially due to the further progress in laser
technology [1]. One of the consistent meth-
ods for the calculation of the radiation char-
acteristics of an atom in a laser field has
been developed in [2, 3]. It is based on the S-
matrix formalism and quantum-electrody-
namical moments technique. Here we con-
sider the dynamics of interaction of the
atomic system with single-mode and multi-
mode laser pulses. The dynamical shift of the
atomic line (a-p transition between certain
discrete levels with the absorption of £ pho-
tons is considered) in the laser field can be
determined as follows [2,3]:

Here N=/"doImE, is a normalizing fac-
tor, wpe — the position of the non-shifted line
for the atomic transition a-p; dw(palk) is the
shift under A-photon absorption and ®pa=wpq
+ k-dw(palk).

The moments p, and pj determine the
atomic line dispersion and asymmetry. In or-
der to calculate 6w and p,, values it is neces-
sary to expand FE, into the perturbation the-
ory series. The corresponding calculation of
the interaction of the atom with a laser pulse
of Gaussian form: f(w)=/ exp[ln2(w*/A?)]
resulted in the following [3]:

do(pa | k) = {nA 1 (k+ DK} [ EQ, 0,0/k) - E(a, 0,0/0)],  pa= A%k
ps = {4nA* / [k (k+ D1} [ E@, 0polk) - E(@, 0pe/k)), )

where

1 1
E(, o,./k)=0,5 V i Viir
U, 0pa/k) ; ip Pl[a) ] /k]
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As an example, we consider a three-
photon transition 6S-6F in the Cs atom.
The detailed theoretical and experimental
study of the multi-photon processes in Cs
atom has been carried out in [4-6]. Accord-
ing to [4], the dynamical shift of the lines is
linear versus laser intensity (the laser inten-
sity is increased from 1.4 to 5.7x10’

W/cem?*) and is determined as follows:

dw(po. | k) =bl
with b=(5,6+-0,3)cm™/GWecm ™

(b is expressed in terms of energy of the
three-photon transition 6S-6F). The corre-
sponding shift obtained for coherent laser
pulse is determined as follows:

dwl(pa | k) =al
with =2 cm™/GWem™.

Similar theoretical values were obtained
on the basis of the calculation within our ap-
proach (in the calculation we used our nu-
meric atomic code; cf. [2, 3, 7-9]:

dw(pa | k) =bl
with 5=5.8 cm™'/GWem™

S00(po [y=al
with ¢=2.1 em™'/GWem™.

It should be noted that the atomic line
shift due to the interaction of the atom with a
multi-mode laser pulse is significantly larger
then the corresponding shift under the inter-
action of the atom with a single-mode pulse.
According to the zero-bandwidth model [5,
6], the enhancement factor is equal to 3. One
can see that the atomic line shift is enhanced
by the photon-correlation effects.

2. Note that investigation of multi-
photon processes and nonlinear optical phe-
nomena in general may be very useful for
some technical applications. In the recent
years new perspectives of using the photon
echo (multi-photon echo) as a new physical
principle for realization of neural networks
in optical information processing systems
have been opened [10]. Here we study the
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operation of an optical neural network, con-
structed with the use of the stimulated three-
pulsed photon echo. As it is well known, in
the papers of McCulloch and Pitts [11-13] a
model of a neural network was proposed, in
which neurons are considered as simple
threshold elements interacting through a
system of inter-neural links. The different
models of neural networks are used for the
solution of artificial intellect problems, in
particular, the Hopfield networks (Hemming,
perceptrone and multi-layer perceptrone [11-
15]). Different physical, in particular, optical
and opto-electronic realizations of these
models are intensely studied now. As it is
well known , the photon echo is a non-
linear-optical effect and represents the phe-
nomena of four-wave interaction in the non-
linear medium with time delay between light
pulses. The calculation of the medium po-
larization (a macro-dipole, determined by the
sequence of three optical pulses) and substi-
tution into the Maxwell equations gives:
E(echo)=b E\E,E,. Here b is a coefficient,

determined by the medium parameters and
E(123) are the amplitudes of (1,2,3) pulses.
We consider an internal-product scheme of
the optical neural network realization. The
optical scheme to memorize the images
ELET as follows [15]: {{In-
put—>Accumulative Matrix Fi—Correlation
Field - Accumulative Matrix F2— Out-
put— Threshold Device—T}. At first one
should calculate the internal products be-
tween the input vector and the memorized
one. The expression for the amplitude of the
stimulated photon echo signal is given by

is

*m .
u(m) ~ Z i ‘;n & .
J

Here the amplitude of the first pulse is
equal to 1. Then the internal products weight
the  corresponding memory  vectors
(&',...,£7), accumulated in the matrix F2.
This operation leads to the appearance of the
stimulated photon echo signals, which are
afterwards summated, resulting in a one-
dimensional distribution with the amplitude
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The photon echo principle enables a 2-D op-
tical array to be processed. It requires the use
of an additional time coordinate. The output
signal amplitude in this case is given by

~ 2u(myay = Z%Zam v -
m

m

out

ay

In order to take into account retarding ef-
fects, the retarding values should be include
to the network dynamics:

N Qk-l ,
é:i(n"‘l):f[z_] E)Jg‘fj(n"l)]a

where the links matrices (corresponding to
the retarding values) have the following
form:

s Qk-l

J]j:kz: Zz xp+,1.1 km (Jl’ld ékmkﬂ é;f,l'
Here s is the number of chains, O« — the
number of images in the k-th chain. If /=0,
one deals with a network with moment re-
sponse. In order to enable modelling of defi-
nition-invariant images and increase the in-
formation capacity, one should use the net-
works of the higher orders. We have devel-
oped a new similar scheme. The sums of the

non-linear expressions of the following type

out = sgn( Z

JLj2,..jn

in _in

R N a

mil,..,

1<j1,j2,jn<N, 1<m<N,

are used instead of the linear (with s) expres-
sions in the image transformations and ma-

trix calculations rules. Here a”is the input
image, a — the output image; j=1,2,...,No;
W — the strength of the link between the neu-
rons with numbers m, j/, ...,jn:

f out m k m k
mjl n £ ‘ *

In conclusion we note that it is possible
also to recreate the dynamics of the network,
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which is capable to write hierarchically or-
ganized images [15]. In order to write a two-
level hierarchy of images one can use the
corresponding rule of memorizng and choose
the interaction matrix of the type given in
[16, 17]. We also propose similar schemes in
the neural network theory which can be con-
structed with the use of another cooperative
optical effect, namely, superemission (Dicke
emission).
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JTAHAMIKA B3AEMO/III ATOMA 3 JASEPHUM
IHOJIEM. ®OTOHHA JIYHA TA II BUKOPUCTAHHS
B TEOPII HEUPOMEPEX
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I{enTp aroMHOI, MOJEKYIIPHOI Ta JIa3epHOI CIEKTPOCKOITIT,
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Ha ocnoBi S-matpmunoro dopmaniamy [emn-Masa Ta Jloy pocnimxyerscs
IuHaMika B3aeMofii 6araTOENeKTPOHHOTO aToMa 3 OXHOMOIOBHM Ta GaraToMmo-
JOBUM Na3zepHUMH iMIyiabcamu. PosrminyTo TprdoToRHUM nepexin 6S-6F B aromi
Cs. ITokasano, mo AMHaMidHe 3MiILeHAs aTOMHOI JIiHil npy ail 6araToMo0BOTO J1a-
3€PHOTO iIMITYJIBCY 3HAYHO Ginblie, HiX BiANOBiAHE 3MIIUECHHA TIPH Aii OAHOMOJOBO-
ro iMmyancy. PosrnsHyTo HOBI NMepcnekTHBY BHKopHCTaHHA (oToHHOI (Gararodo-
TOHHOT) JIyHH X (i3uyHOro NPUHOMITY A7 peanizalii HefipoMepex y cucTeMax 06-
pobku onituuHOi iHGopManil. Ilpoananizosano QyHKIIOHYBaHHA ONTHYHO! Helfpo-
Mepexi Ha OCHOBI edexTy TpudoToHHOT MyHH. OCTaHHIH BHKOPUCTAHO ANd BUCO-
rxoedexTHBHOI peanizanii B onTuni Hefipomepeki 3 3amizHeHHAM 1 0O6poOKM yck-
nanHeHoT ToCIiZOBHOCTI 06pa3iB.
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