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The correlation of the intensity is investigated for light scattered by a traveling acoustic wave
with coherent or quasithermal statistics, depending on the excitation conditions. It is

shown that the correlation of the scattered light intensity mirrors the statistics of the scattering
acoustic wave. In the case of scattering by quasithermal sound prominent features not

apparent in the angular profile of the scattering line are observed in the angular dependence of
the intensity correlation function. The fourth-order interference pattern with respect to the

field is observed for two independent, quasithermal light sources. © 1996 American Institute of

Physics. [S1063-7761(96)01111-0]

1. INTRODUCTION

The problems traditionally solved by scattered light
spectroscopy generally fall within the category of inverse
problems: A conclusion as to certain properties of a scatter-
ing medium can be drawn by measuring the parameters at
the output for known parameters of exciting (or sensing) ra-
diation at the input. The same applies in every respect to
optical mixing spectroscopy, where the functional relation-
ship between the statistical properties of a scattering field
and medium is analyzed.! Complete statistical information
about a random field is embodied in the set of moments of all
orders, but practical efforts are usually limited to the first two
even moments. An exception is found in the extensive class
of randomly inhomogeneous media with Gaussian statistics,
where the higher moments of the field leaving the medium
are expressed in terms of the lowest moments.

On the other hand, an urgent problem is encountered in
the search for new sources of nontrivial optical fields and
fields with restructurable statistics. The idea here is that the
desired result is obtainable specifically from light scattering
processes (elastic as well as inelastic). For example, when
the frequency shift is decreased (or the effective temperature
is increased) in spontaneous Raman scattering, the bunching
parameter g2 of the scattered light in the limit varies from
© (hw>kT) to 2 (ho<kT).2 Another example can be
found in the influence of anharmonicity of phononlike el-
ementary excitations in both the equilibrium and the excited
state on the statistics of scattered light.*> Also a topic of dis-
cussion is the nonclassical nature of the fields in the separate
detection of the photon and phonon ‘‘components’’ in polar-
iton scattering.*>

In this regard the problem to be solved in light scattering
spectroscopy can be restated as follows: to specify the statis-
tical properties of the medium in such a way that the distri-
bution of the moments of the scattered field will exhibit non-
trivial features.

In the present article we discuss the results of experi-
ments on light scattering by a quasithermal source in the
form of a traveling elastic wave modulated by narrowband
Gaussian noise. We have investigated the statistical proper-
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ties of the scattered light using intensity fluctuation spectros-
copy. We have shown that:

1) an effective source of directional quasithermal radia-
tion having a high luminance and an adjustable coherence
length can be created by an acoustooptic interaction tech-
nique;

2) the angular dependence of the second moment of the
intensity can reveal prominent features not manifested in the
first-order line profile;

3) the two-photon interference effect discussed in quan-
tum optics has a classical analog.

The article is organized as follows. The experimental
arrangement is shown schematically in Sec. 2, along with
various modifications. A group of experiments to study the
correlation of the intensity in scattering by coherent and qua-
sithermal sounds is described. In Sec. 3 the data from all the
experiments are analyzed and compared with the results of
calculations. Finally, the study is summarized in Sec. 5.

2. EXPERIMENTAL

In intensity fluctuation spectroscopy a Brown—Twiss in-
terferometer is traditionally used to separate the contribu-
tions of spatial modes.® Together with this system we used a
second arrangement based on the correlation of the Stokes
(s) and anti-Stokes (a) fields in dual-beam pumping:

kpitk=ktk,,

where k;, and k; , are the incident wave vectors, and k, and
k, are the scattered Stokes and anti-Stokes wave vectors.
Correlation arises in the classical description of light scatter-
ing by fluctuations of the permittivity e =(e)+Ag, where
the intensity fluctuations in k,; and k, modes are synchro-
nized by virtue of the total real Fourier component
Ag,=(Ae_,)*, where q is the scattering vector.” We note
that condition (1) can also be satisfied for modes of different
frequencies. From the standpoint of investigating the corre-
lation of intensities in quasielastic scattering, the dual-beam
pump configuration is described by the same mathematical
model as the Brown—Twiss interferometer configuration (see
Sec. 3). In our work some of the measurements were per-
formed using both configurations, and some using only one
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FIG. 1. Experimental arrangement. /)
He-Ne lasers; 2) acoustooptic cell; 3) dia-
phragms; 4) rotatable mirrors; 5) scannable

optical fibers; 6) photomultipliers (type
FEU-79); 7) amplifier-discriminators; 8)
coincidence circuit; 9) counters; /0) CA-
MAC module; /1) PC/AT 386 computer;
12) filter for the electrical signal; /3) wide-
band amplifier; /4) photomultiplier; /5) sta-
bilized optical fiber; /6) oscillator, 17)
plane-parallel plate. Inset: orientation of the
wave vectors for Bragg synchronism: k de-
notes the light wave vectors; q is the ultra-
sonic wave vector; A 6 and A are the angu-
lar and wavenumber deviations; 6" is the

Bragg angle; z is the direction of parallel
displacement of one of the pump beams.

of them. When referring to each experiment below, we shall
make special note of which configuration has been used for
the measurements.

Figure 1 shows the experimental arrangement with op-
positely directed beams. A single-mode He—Ne laser beam
(coherence length I .,,~14 m, divergence A6~1073 rad)
was directed into an acoustooptic cell through an iris dia-
phragm used to define the diameter of the beam. Elastic
waves were generated in a fused quartz sample by the fol-
lowing procedure.

Pulses from a photomultiplier (7,5c< 10 ns) illuminated
by radiation from a stabilized light-emitting diode were sent
through a wideband amplifier to an active filter with a band-
width Af~2-8 MHz and center frequency (=50 MHz.
The spectrum of the electrical signal was monitored by
means of a spectrum amplitude analyzer. Since the spectrum
of the signal sent to the filter far exceeded the filter band-
width (AQ>Af), the intensity fluctuations at the filter out-
put were normalized.® The resulting signal, representing nar-
rowband (1> Af) Gaussian noise, excited from the surface
a traveling acoustic wave in the fused quartz sample. To
avoid the formation of a standing wave by reflection, the
opposite face of the sample was beveled at a 30° angle rela-
tive to the acoustic wavefront. An elastic wave thus propa-
gated in the cell, generating periodic perturbations of the
permittivity £ through the elastooptic effect:

e=(e)+Ae,
where
(e)=n?, Ae=A(t,z)exp{—iQt+iqz},

A(t,z) is the complex amplitude of the Gaussian stochastic
process, g={)/v, and v is the sound velocity. We refer to
this technique of acoustic wave generation as the quasither-
mal method.
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We also used an amplitude-stabilized narrowband
(Af<10 kHz, 2 =50 MHz) signal generator as the source of
elastic waves. The perturbations of the permittivity had a
harmonic form in this case:

Ae=Aexp{—iQt+iqz+ip(t)}, A=const,

creating a coherent regime. The length of the zone of inter-
action between light and sound was determined by the width
of the acoustic column /4 (of order two centimeters) and
the diameter of the laser beams (from 0.8 mm to 3 mm). In
both ultrasound generating techniques a regime closely re-
sembling Bragg diffraction was established, with the wave
parameter Q= g%l oung/27mk>1 (k and q are the wave vectors
of light and sound). In directions satisfying the phase-locking
conditions we have

k,=k;,+q, k=k;;—q.

The differently directed beams with frequencies
w;=wy— and w,= w,+ ) diffracted by the periodic per-
turbation of the permittivity (Fig. 1) were directed into an
optical intensity correlator by means of an optical fiber. (In
the Brown-Twiss configuration a single beam was used in-
stead of two oppositely directed beams, but after the acous-
tooptic cell the scattered beam was separated by a beam
splitter into two parts, which were then directed to photomul-
tipliers 1 and 2). The correlator consisted of two photomul-
tipliers (type FEU-79) operating in the photon-counting
mode, their output pulses being sent to a coincidence circuit
and counters after preamplification and discrimination. The
measurement results consisted of the photon counts N, and
N,, averaged over the time interval T, which were propor-
tional to the intensities /,=1, and I,=1,, respectively (in
the Stokes and anti-Stokes channels), along with the number
of coincidences of photon detections N3, which is propor-
tional to the second-order intensity correlation function
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FIG. 2. Intensity correlation function vs displacement of one of the pump
beams along the vector q.

G™. After statistical processing, the normalized intensities
I"™™=] /1, and the correlation function were calculated:

(2)— N3 - <1s10)
N\NoTee  {I)X1a)°

where T is the effective firing time of the coincidence cir-
cuit, which varied over the range 5.5 ns <T.4<8 ns in our
experiments.

Figure 2 shows the normalized correlation function
gD T.=N3/N N, as a function of the parallel displacement
of one of the pump beams relative to the other along the
vector q (since the light frequencies w; are much higher than
the acoustic frequency (2, where i=L,a,s, the wave vectors
k; are almost perpendicular to q). Ultrasound was generated
in the quasithermal regime. The experiment was carried out
using the dual-beam pump configuration. Beam shifting was
achievad by rotating the plane-parallel plate 17 (Fig. 1) in-
serted into the first beam. When the axes (z=0) of the op-
posed pump beams k;; and k;, are exactly aligned, the func-
tion g® assumes the value 2 (T.;=5.5 ns). As the beam
shift is increased, the correlation function decreases and as-
ymptotically approaches unity. In the coherent regime g‘? is
independent of the coordinate z and coincides with the level
obtained in calibration measurements, g»= 1. In the experi-
ments discussed here, the pump beams had a diameter
D=3 mm, the width of the spectrum of the ultrasound-
generating electrical signal was Af=7 MHz, the distance
from the cell to the photomultiplier was /=5 m, and the
diameter of the optical fiber was 400 pm.

Figure 3 shows g® T (b, d) and I™™ (a, c) as func-
tions of the scattering angle in the Stokes channel (for a fixed
position of the optical fiber in the anti-Stokes channel) for
the quasithermal generation regime. It is readily shown that
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the deviation of the scattering angle A6 from the Bragg
angle is proportional to the departure of the wave vector
from Bragg synchronism:

Aksz_ks_q.

The graphs in Fig. 3 actually represent the directional pro-
files of the first-order [/(Ak)] and second-order [g®
X(AK) T, intensity scattering lines. The parameter is the
diameter D of the pump beams, which was set by means of
diaphragms: D=0.8,1.5,2.,2.5,3 mm. The diameter of the
optical fibers was 200 um, and the effective time was
T=38 ns.

Characteristically, as the beam diameter is increased, the
angular dependence of the correlation function g‘?(A ) ac-
quires additional maxima, whose repetition period decreases
as D is increased. At a certain value of D (3 mm) the indi-
vidual maxima begin to overlap and cannot be resolved by
the receiving system. The angular distributions of /™™ do
not exhibit oscillatory behavior. For the coherent regime,
within the measurement error limits (2%), g‘>(A ) coin-
cides with unity, independently of the position of the optical
fiber.

These graphs were obtained using the Brown-Twiss
configuration with single-beam pumping and a splitter mir-
Tor.

Figure 4 shows the schematic arrangement used to ob-
serve light interference from two independent thermal
sources. Two parallel, unidirectional He—Ne laser beams are
diffracted by an ultrasonic wave. For a sufficient distance
from the cell to the splitter mirror the diffracted beams over-
lap as a result of divergence, so that each photodetector
records the light contribution from both acoustooptic inter-
action zones. The scattered light is directed onto two photo-
detectors by means of a beam splitter (Brown—Twiss con-
figuration). Figure 5 shows the spatial variations of
I™™(A6) (a) and gP(A6) T (b) obtained when the cross
section of the overlapping beams is scanned by the optical
fiber of the first channel. The distance between the pump
beams was /=8 mm and exceeded the coherence length of
the ultrasonic beam. The distance between the maxima of the
correlation function diminished as / was increased.

3. DISCUSSION

3.1. Narrowband Source of a High-Luminance, Quasithermal
Field

It is readily verified that the scattered (or diffracted) light
has Gaussian statistics for the chosen method of ultrasonic
wave generation. Indeed, the source of elastic waves in the
cell is an electrical signal in the form of narrowband Gauss-
ian noise operating in the plane z=0. One of the possible
representations of this type of process has the form

A=A(t)exp[ —iQt],

where A(t) is the complex random amplitude. The permit-
tivity at an arbitrary point z varies according to the law

e=Age(z,t)exp[ —i(Qt—qz)]+ (),
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and the amplitude Ae(z,t) is related to the complex signal
amplitude in the plane z,=0 by the equation

Ae(z,t)=nA(z=0, t—2z/v), €))
where v is the sound velocity, and % is a constant deter-
mined by the elements of the piezoelectric and elastooptic
tensors. Consequently, the fluctuations of & at each point of
the acoustooptic cells are described by the function A(t) and
are therefore essentially Gaussian. The fluctuations at two
points z, and z, can be regarded as independent if the dis-
tance Az=z,—z, between them is greater than
Zeoh=UV/Af=vT., where Af is the half-width of the fre-
quency spectrum of the Gaussian noise, and 7, is the ultra-
sound coherence time, which coincides with the reciprocal of
the half-width of the spectrum of the electrical signal.

In our experiments the width of the spectrum was 5 MHz
in measurements of the angular dependence of the correla-
tion function and the intensity, and it was 2 MHz in the
investigation of interference of the intensities of two inde-
pendent sources. The transverse acoustic wave velocity is
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Deviation from Bragg angle A6, 10'2deg

Usound=3.76-10° cm/s, so that for the coherence length we
obtain 7., ~0.8 mm and 1.9 mm, and for the coherence time
Teon~ 300 ns and 500 ns, respectively.

The statistical properties of the diffracted laser beam de-
pend directly on the form of the distribution of the random
function A(t). We examine two limiting cases. In the first the
diameter of the incident beam on the cell and, hence, the
transverse zone of interaction of light and sound is smaller
than the coherence length: D<z.,. The intensity of the
scattered beam is then modulated by the function A(t) with
Gaussian statistics. Accordingly, the light has Gaussian sta-
tistics as well.' In the other limiting case, D>z, the elec-
tromagnetic field of the scattered light contains a contribu-
tion from several independent spatial zones, each of whose
fluctuations has a Gaussian character. This endows the field
with thermal statistics, but it will be shown below that the
fourth moment of the field has a nontrivial spatial distribu-
tion.

In coherent ultrasound generation we have A=const,
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FIG. 4. Optical system for the observation
of light interference from two uncorrelated
scattering zones. /) He—Ne laser; 2) acous-

tooptic cell; 3) semitransparent mirror; 4) ro-
tatable mirrors; 5) scannable optical fibers;
6) photodetectors; 7) intensity correlator; 8)
electrical signal source. Inset: geometry of
observation of interference from two inde-
pendent light sources: I, 2) light sources;
PD1, PD2) photodetectors; E;,¢;; are the
strengths and regular phases of the fields
(i,j=1,2), and L is the distance from the
sources to the photodetectors.

l.on>40 cm, and the distribution of the scattered light statis-
tics is Gaussian (coherent state of the field).

We note that the method used in the present study to
create a light field with thermal statistics has several advan-
tages over other known methods:

1) The radiation is highly directional. The angular diver-
gence of the diffracted beam is determined by the minimum
divergence of either the input laser beam or the acoustic
beam.’ The problem of minimizing these factors has been
solved in present-day acoustooptics and laser physics.

2) The coherence length can be varied by regulating the
bandwidth of the filter used for the electrical signal.

3) The thermal radiation has a high luminance compa-
rable with the luminance of laser sources (more than 10'?
photons per mode).

Probably the nearest analogs of such a source of a ther-
mal field in the optical range are a spinning matte disk illu-
minated by laser light'® and a multimode laser with unlocked
modes.!! The disadvantages of these sources are high diver-
gence (in the first case) and a short coherence time (in the
second case).

The results shown in Fig. 2 demonstrate the direct mea-
surement of the coherence length of an ultrasonic wave from
the value of the second-order intensity correlation function.
Exact alignment of the axes of the opposed beams (z=0)
corresponds to the maximum correlation function of the ther-
mal field: g®=2. The decrease in the correlation function
for z>0 is caused by desynchronization of the intensity fluc-
tuations of the diffracted beams k, and k,, when the scatter-
ing zones are separated by a distance greater than the coher-
ence length z.,, of the ultrasonic wave. The value of the
latter measured by this technique, z.,=0.47%+0.04 mm,
agrees with the value calculated from the width of the spec-
trum (7 MHz): z.,=2/Af=0.54+0.08 mm. In diffraction
by a coherent acoustic wave, on the other hand, the scattered
field has the same statistics as the incident (coherent) field,
while the correlation function does not depend on the z co-
ordinate and assumes the only possible value g¥=1.
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3.2. Angular Distributions of the Moments of the Scattered
Field

A more unexpected outcome, in our opinion, is found in
the results of measurements of the directional profile of the
diffracted beam (Fig. 3). The angular dependence of the nor-
malized intensity of the Stokes beam I"™(A 6) consists of a
solitary maximum and is essentially independent of the
transverse width of the interaction zone in both the coherent
and the thermal regime. For certain values of D, however,
the angular dependence of the correlation function exhibits
nonmonotonic behavior (Fig. 3d) and has a greater half-
width than the corresponding distributions of /"°™. The line
profile of the correlation function is asymmetric, attaining a
value of 2 at the maximum and decreasing by an oscillating
route to the level of 1 at the edges. Slight displacements of
the optical fiber in the anti-Stokes (reference) channel cause
both the principal and the secondary maxima to shift and
lead to distortion of the line profile. The oscillations of the
correlation function show the highest contrast for D=2 mm.
For D <z~ 1 mm the correlation function does not contain
any secondary maxima and, as before, remains broader than
the I™™ distribution.

We now estimate the angular dependence of the second
and fourth moments of the scattered field in the approxima-
tion of a planar specified optical pump and an essentially
Gaussian acoustic wave. The scattering volume is deter-
mined by the zone of intersection of the light and sound
fields. Its longitudinal dimension coincides with the width of
the acoustic beam, and its transverse dimension is set by the
diameter of the diaphragm D. The angular spectrum of the
scattered light is calculated as a function of the deviation of
the transverse wave vector from Bragg synchronism:

A=Ak, =k, —k,—q.

The strength of the scattered field is represented by the ana-
lytical signal
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integration is carried out within the limits of the aperture of
the pump beam, and we consider the one-dimensional case,
where the pump is bounded only in the z-direction. Accord-
ing to Eq. (2), the permittivity fluctuations Ae(z,t) represent
a Gaussian random function, and its instantaneous distribu-
tion Ae(z,t=const) is specified by the distribution of the
random function A(¢). The light intensity recorded by each
photodetector is written in the form

. +D12
I;= (|E§|2)=< f—D/Z Ae(z,t)Ae*(Z',1)
Xexp{iA(z—z")}dz dz’>, (3)

where the subscript i = 1,2 labels the corresponding photode-
tector. The one-time correlation function describing the per-
mittivity fluctuations has the form

1 |2
B(Z—Z’)E<As(z,t)As*(z',r))=z——h\/;

. 1N2
(z z)] )

Xexpl ————=5—1.

2Z(‘oh

After integration, the expressions for the intensity and the
correlation function of the scattered light acquire the form

D
1=2 jo YB(y)(D—y)cos(Ay)dy, s)

17122
LI’

gP(A},A)=1+ (5"

where
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The calculated distributions of g® and I"™ (Fig. 6) depend
on the ratio between the diameter of the pump beam D and
the coherence length of the acoustic wave z.y,. In the case
D <z.q, the fields diffracted at different points of the scatter-
ing volume interfere and produce an angular profile of the
intensity line of the form sin C(ZD). On the other hand, the
intensity fluctuations in the scattering volume are correlated,
creating a broad angular dependence of the correlation func-
tion. Analogous curves describe the angular distribution of
the correlation function of a thermal point source. As the
diameter D is increased, the intensity line profile I"*™(A)
loses its interference character and assumes the form of a
solitary peak. However, the corresponding correlation func-
tions oscillate considerably, even for values of
D/z.;n~3-5. The distance between the minima of the cor-
relation function is approximately equal to A,=2wm/D,
where m is an integer. For D/z.,;>1 the angular profile of
the intensity line is determined by the coherence length of
the acoustic wave z..p,, and the width of the correlation func-
tion is determined by the transverse width of the pump beam
D.

Figure 6 shows the results of numerical calculations of
the angular distributions I"™(A6,) and g®*(A8,) for the
cases D/z.;n=1 (a, b) and D/z.,=2.5 (c, d). The deviation
from the synchronism angle (Bragg angle) A6, is linearly
related to the frequency separation A: A9, =A, /k, (Fig. 1).
We assume that the second detector records scattering ex-
actly at the Bragg angle: A,=0 and A=A,. If the second
detector records scattering at an angle 8, # 6% (shift from the
position of the intensity maximum), the profile of the corre-
lation function becomes asymmetric and better matches the
experimental curves (Fig. 3). We note that the angular de-
pendences of the correlation function are considerably more
informative than the 7"°™ distributions. Both the measured
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FIG. 6. Calculated angular dependence
of the normalized intensity (a, c) and the
correlation function (b, d). a, b) Width of
the interaction zone D=0.8 mm,; ¢, d) 2
mm.

and the calculated functions g‘>(A @) are broader and con-
tain several secondary maxima, even for values of the fre-
quency separation at which the signal intensity approaches
zero asymptotically. The experimental implementation of
this situation meets with well known difficulties, primarily a
low signal-to-noise ratio. However, this problem can often
be circumvented by measuring the second moment of the
intensity, because the signal and the noise differ in nature.
The investigated radiation obeys Gaussian statistics. The
noise is a composite of unavoidable random external illumi-
nations (multimode field) and instrument electronic noise,
i.e., it is described by a Poisson distribution function. For a
counting rate of noise pulses approximately equal to
N,~(I,)=150 Hz (when the measured radiation is over-
lapped) the correlation function differs significantly from
unity for a signal-to-noise ratio £~ 1/3. Here allowance for
the mixing of a signal having Gaussian statistics with noise
characterized by Poisson statistics lowers the contrast of the
correlation function. The corresponding correction factor
used in the calculations is of the order of

(2)

source

GU,—1

meas

=(1+hn"")2,

where G e and G 5 are the true and measured values of
the correlation function, and h={(I,)/(1,). The incomplete
contrast of the experimental correlation functions is also at-
tributable to inadequate spatial resolution of the receiving
system. The failure to observe quantitative similarity be-
tween the analytical and experimental curves might be attrib-
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utable to the use of the one-dimensional approximation, al-
though proper estimates of the coherence length from the
line profile of the correlation function corroborate the cor-
rectness of the choice of model.

3.3. Interference of Intensities from Independent Sources

We have hypothesized that the experimentally observed .
features of the line profile are associated with second-order
interference from independent monochromatic thermal
sources.'>!? We have assembled the apparatus shown in Fig.
4 to test this hypothesis. The role of the independence
sources is filled by two scattering zones in the acoustooptic
cell, which are separated by a distance greater than the co-
herence length of the acoustic wave, I>z.,,. The intensity
fluctuations of the two diffracted beams are uncorrelated by
definition in this case, hence an interference pattern (second-
order in the field) is not formed. Regardless of the statistics
of the field sources, the intensity of the light incident on the
photodetector 1 represents the superposition of the contribu-
tions from each zone (see Fig. 4):

1(')=((E,ei‘°‘l+E2ei“’2|)(ETe—i“’1'+E§"e—i“’1')).

™)

Here the angle brackets signify time averaging, E,,E, and
@1 ,P7 are (respectively) the complex amplitudes and regu-
lar phases of the random fields (e.g., ¢, =2wL/\, where L
is the distance between the first source and the photomulti-
plier 1), and the rapidly varying frequency factors e’ are
omitted. Analogously,
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ID=((E e'2+ E e'n)(E*e™ o+ EFe~i922)),  (8)

Since the source are assumed to be independent (the distance
between them being greater than the coherence length of the
acoustic wave), terms in odd powers of E, and E, vanish in
the expression for the intensity correlation function. All that
remains are terms of the form (EYE E¥E,) and
(E¥E\EYE,). We make use of the fact that

(EYE\EYE\)=(I7), (EYE\EXE;)=(I,)(I,)

(the sources are independent). Setting I,=1,=1 for simplic-
ity, we obtain

Iy =2(1*) + 4(I)*cos? ¢/2,

P=@— Pt e @y. 9

Bearing in mind that (I?)=2(I)? for Gaussian fields, we
obtain a final expression for the normalized cross-correlation
function of two independent thermal sources:

(2) <I(I)I(2)> (12 2
g :(1 l)><1(2)>=W:1+COS <p/2 (10)

It is evident from Eq. (12) that the required correlation func-
tion depends periodically on a combination of the relative
phases of the scattered field, taking values from unity (at the
minimum) to two (at the maximum).

The phase ¢ was varied experimentally by displacing
the optical fiber in one detector in the transverse direction
relative to the axis of propagation of the beams. The quantity
@~ @, was varied in this way, but the phase difference
P~ ¢, was left unchanged. We note that the distance /
between the sources (e.g., stars) can be determined by mea-
suring the phase shift between consecutive maxima (minima)
of the interference pattern if the distance L to the sources is
known. _

Figure 5 illustrates the *‘two-photon’’ (or ‘‘latent’’) op-
tical interference effect. Here the oscillating phase depen-
dence appears in the second-order correlation function of the
intensity (Fig. 5b) and is not observed in the second moment
of the field (Fig. 5a) [the nonmonotonic behavior of the func-
tion I"™(x) is induced by the transverse inhomogeneity of
the primary laser beam]. This fact does not contradict the
Siegert relation, which interrelates the first- and second-order
intensity correlation functions for fields with thermal
statistics:®

gP(r)=1+|gW ()|~

An example of this situation is found in the experiments of
Brown and Twiss,'* who succeeded in measuring the angular
diameters of stars with higher accuracy than previously
achieved by the interference procedure.”

We emphasize that these remarks concern the purely
classical description of the interference of classical fields. It
follows from Eqs. (11) and (12) that the maximum attainable
contrast of the correlation functions

2) _ (2
m= Emax ~ Emin
(2) +g(2)

Emax min
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for thermal and coherent fields has the values 1/3 and 1/2,
respectively. Higher contrasts (theoretically up to 100%) are
possible for light fields with nonclassical statistics, where
oscillating phase dependences of the correlation functions
have also been observed.'>'® However, the very occurrence
of so-called latent interference for a classical thermal field
invites constructive skepticism in regard to assertions about
the decidedly quantum nature of this phenomenon. One final
consideration is that it should be feasible to set up relatively
simple optical experiments to exhibit (albeit with lower con-
trast) classical analogies and other effects such as ‘‘quantum
image transfer”’'” and ‘‘quantum cryptography’’'® (a de-
tailed discussion of the occurrence of quantum and classical
properties of light fields can be found in a recent survey.'

4. CONCLUSION

In essence, we have investigated scattering by excited
acoustic phonons with a specified type of statistics (coherent,
Gaussian, or in between). Here the phonon degeneracy factor
satisfies N> 1, and a classical approach is used. The phonon
distribution function is known to be Gaussian in the equilib-
rium state; the same type of statistics is encountered in the
thermal regime of the population of phonon modes. The scat-
tering intensity increases abruptly (in comparison with the
spontaneous process), simplifying the analysis of the charac-
teristics of the scattered field, for example, the higher mo-
ments. The observed features of the angular line profile
2@ (AK) fosters hope for the possibility of utilizing intensity
fluctuation spectroscopy in the investigation of the properties
of localized elementary excitations, for example, optical

* phonons and polaritons in spatially bounded media.

On the other hand, the choice of acoustic phonons
(hw<kT) — long-lived quasiparticles — as the scattered
object is regarded as an intermediate case in passage from
the limit of elastic scattering by permittivity fluctuations? to
the limit of scattering by optical phonons, where hw~kT. A
further increase in the Raman frequency shift involves a
change in the statistics of the scattered field, where the
bunching parameter grows without bound.? The high contrast
of the correlation functions in this case obviates the need for
ultrafast photodetection systems (7.4< 7.n~ 100 ps) as in
scattering by acoustic phonons. We can therefore approach a
situation in which the light statistics changes from quantum
(with high contrast on the part of the correlation functions) to
classical thermal and coherent in a single scattering process.

This work received financial support from the Russian
Fund for Fundamental Research (Grant No. 96-02-16334a).
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