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The effect of statistical properties of an electromagnetic wave traversing a system of atoms on the
statistical properties of another wave is considered.

COHERENT properties of an electromagnetic field
play a definite role in the interaction of light with matter
leading to certain specific features in the development
of physical processes and to a change in the statistical
characteristics of the medium; at the same time the
statistical properties of the scattered light in turn depend on the properties and the physical state of the scatterer (e.g., in the presence of inhomogeneities and of
fluctuating parameters u, 21 ). Coherent properties can
also be altered when light passes through homogeneous
linear media, provided that strong absorption occurs in
them at the frequencies of the incident light fields[ 3 J
As is shown below in such a medium a characteristic
interaction of light with light can occur in which only its
statistical properties are altered. This interaction
arises as a result of simultaneous excitation of a multilevel atomic system by both fields and, as it has turned
out, has its greatest value when the frequencies w 1 and
w2 are equal to each other and coincide with the corresponding transition frequency Shin atoms. This process
may be of interest in those phenomena where the intensity of the transmitted light plays no special role, and
measurement is restricted merely to the response of
one of the monochromatic light beams to the effect of a
second beam whose coherent properties are known or
are to be determined.
In the case under consideration the Hamiltonian of the
system acted upon by two light beams of frequencies
w 1 and w2 has the form
N(r)

H = fi<lltal+a,

+ fiw,a,+a. + fi 2] Q, 2] <1n +(r) <1n-(r)

Hamiltonian (1) since its contribution does not alter in
any essential manner the final formulas which characterize the process under consideration.
As is well known, the coherent properties of electromagnetic fields are determined by field averages of
normally ordered products of positive and negative frequency parts of the electric field vector in the Heisenberg representation [41 . Generally speaking, it is not
possible in the case of interacting fields to carry out the
separation in terms of the sign of the frequencies, but
scattered fields, since for them the scattering medium
and the photon detector are spatially separated, can be
described by asymptotic (for t =± 00 ) states which do
allow such a separation. For the construction of aki (± 00 )
we use the system of Heisenberg equations for all the
operators appearing in (1):
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and the following approximation [SJ has been utilized

2

+li ~ ~ (Ari<1n-(r)ai++A,.;"an+(r)ai),

where

t

ai(l)= e-•w,t[ ai(- oo)-

S, = -[C(r, t), C+(r, t)] =-([C(r, 0), C+(r, 0)]) =N+(r)- N_(r),

i=i rn

which has enabled us to linearize the system (3) (N. and
N_ are the numbers of excited and unexcited atoms in
the initial state).
In the lowest approximation the relation between the
asymptotic states of the first field which follows from
(3) has the form

(2)

E(r) is the dielectric permittivity of the medium, 17ik
are the polarization vectors, Mri, are the matrix elements for the transitions in the dipole approximation,
a!, ai, are the creation and annihilation operators for
the quanta, [ai, aj] = liij' while a~, a~ are the operators
for the excitation of the atoms, for which the relations
a; = 0, [a;, a~] =[afi, affi] = 0, n f m, and { afi, a~} = 1
hold. In (1) it is assumed that the first beam of light
interacts with the medium during a time t1 ::s t ::s t2,
while the second beam interacts during a time T1 ::s t
::s T2, with T1 < T2. Dissipation is not included in the

(4)

where ~1a1 is the contribution of the interaction with
the medium to the change in a1:
,

"' lt.,d'S,(j)
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contribution of the second field
(12)

while ~aa1 is the corresponding contribution of the second field
(6)

The interaction of light with light in the sense indicated above is characterized by the second term in (4). We
consider the change in the statistics of the first field
associated with this assuming that it is possible to
carry out an experiment in which all the other changes
in it (as a result of fluctuations, inhomogeneities, etc.)
can be compensated for. In particular, this can occur
if the light beam under investigation is divided into two
beams passing through identical samples of a given
medium, and the statistics of one of these beams is
compared with the statistics of the other one. If one of
the samples is subjected to the action of a second light
field then a difference will appear between the two statistics being compared which is associated only with
the term ~aa1 in (4).
The most convenient method for the investigation of
coherence is the determination of the statistics of photoelectrons which, in principle, allows one to construct
correlation functions for the field of arbitrary order
since the factorial moments for the distribution of photon counts during a time (0, t) are determined by means
of the coherence functions
GCn)(ritt, ... rntn; rn'tn', ... , rt't{)

=

(7)

Sp{pEH(r,tt) ... EH(rntn)E<+l(rn'tn') ... E<+l(r/t1')}

by the expression [4 J
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where ~!a) is the parameter (9) for the initial (prior to
incidence on the medium) statistics of the second field,
A is a numerical coefficient in front of aa(- 00 ) in (6). It
follows from (11) and (12) that the greatest change in
statistics is produced by a completely incoherent second
field.
We now consider the quantity !Ala for certain extreme cases, assuming that the level S'la is sufficiently
far removed from S11 and S1 >>Sa. It follows from (6)
that for fl1 = 2Wl- Wa

lA I'= 4P·d'l4i'(N+ -N-) 2 (w,- w1 )-•sin•( (w, ~ wt)T),

(13)

for nl = S'la = n

lA /' = '/•I Ad 2 IA•i'(N+- N_)2T',
for Wl = fl1,

Wa

= fla, W1

f

Wa

t,

=

T,

= 0, t 2 = T,

and W1 = fl1,

Wa

(14)

+ W1 = fla

lA 12 = 1Ad 2 IA•i'(N+- N_) 2 (w,- w1 )-2f2.

(15)

Since wT >> 1, then in the resonance case (14) the effect
of the modulation of statistics is a maximum. The observed change in the dispersion in the distribution of the
photoelectrons in accordance with (8) can now be written
(e.g., for a fully coherent second field ~(2) = 0) for the
case (14) in the form
Cm

=

(sNo) 2 (1lw/2) 2 t 2 ~s

(16)

where No is the number of atoms per unit volume of a
homogeneous detector, s is its sensitivity, t is the time
during which photons were counted, (n1) and (na) are
the average numbers of photons respectively for the
first and the second fields, prior to the switching on of
the second field under the conditions of the experiment
outlined above, and W is the probability for the spontaneous dipole emission of a photon per unit time by an
isolated molecule
2 w2 Ve

· ·. e•n*(rnln')e"n+l (rntn") ... e•,~(r 1 t 1 ")dridt;'dt;",

2W=---IAI
3 :rtc 3

s(tj - tj') is the sensitivity of the radiation detector,
n(rj) is the number of atoms per unit volume,
et(r, t) = i(ncok!2)'1•u•(r)e-iwk

1\s(l) = s<'l- ~·) = lA l'(s(2JIA I'+ (a,+(- oo)a2(- oo)) (a,+a,)),

1,

and the averaging is taken over the initial state of the
field, Sp{p ... } = ( ... ).
The statistics of the field can be characterized by the
parameter

The process described above can be regarded as a
form of induced Raman scattering since the system of
equations (3) under the assumptions made above can be
set in correspondence with the Hamiltonian (with the
medium parameters being independent of the time) in
which the interaction of light with light corresponds to
the term

(10)

since for thermal and for completely coherent (single
mode) fields we have respectively
((a+)"(a)n)ther·= n!(a+a)n,

( (a+)•(a)")coh = (a+a)".

(11)

This quantity according to (8) is directly related to the
dispersion in the photoelectron counts.
Since at the initial instant both fields and the medium
are statistically independent, then under the conditions
of the experiment outlined above one can segregate the

which is analogous to the Hamiltonian of the nonlinear
effect[3 J indicated above

where 1JR is the matrix element for the absorption of
one quantum and the emission of another one.
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