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Intensity interference in Bragg scattering by acoustic waves with thermal statistics
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Angular distributions of the intensity and the fourth-order correlation function are studied for light scattered
by acoustic waves with thermal statistics. In the case when the beam diameter exceeds the coherence length of
the acoustic wave, the fourth-order correlation function is found to contain an interference structure, whereas
the intensity angular distribution has a one-peak shgg#050-294®6)50911-X]

PACS numbd(s): 42.50.Ar, 42.25.Hz

Does the intensity correlation functiothe fourth-order tics. This fact, perhaps obvious enough, is to be discussed in
correlation function, in Glauber’s notatipprovide any in- detail in Ref.[4]; for its theoretical proof, see Ref5].
formation that is not contained in the intensity distribution?  Light scattered at the Bragg angle is analyzed by means
For coherent light and for light with thermal statistics, the Of the Brown-Twiss interferometer. It is split by a beam
answer is at first sight trivial: higher-order intensity momentssplitter (BS) and the two beams are fed to a pair of photon
can be expressed via the average intensity. On the oth&eunting photomultiplierfPMT1 and PMT2 The output
hand, the well-known experiment by Brown and Twjd3 pulses 01_‘ the PMT's are sent to a.digital correlator CORR
demonstrated that the measurement of the intensity correld?at provides the coincidence counting rgand the count-
tion function has some advantages over the measurement {9 rates of both detector®, and R,. An IBM personal
the field correlation function. In particular, it was success-COMPUter calculates the norm?llzeczj seczond intensity mo-
fully used for determining the angular diameters of sflis ment, the b“”C(Q)'”g parametgff = {1907 wh|ch IS re-

There is no contradiction in these two statements. Th%?r%dirfgclj?cb;lst%e r:esgllliiloF\;nzgftm: gi:flerraet:)err '?ﬁg]gdgfa-mce
fourth-order correlation function differs essentially from the hetween the sample and each of the detedtors m: that

second-order one, whenever the light under study contalnsig’ the scattering is observed in the far field zone. A 0.4-mm

superposition of independent fields. As a simple examplediaphragm(Dl) at the input of PMT1 selects radiation
one can consider the interference from two monochromati%Cattered at the Bragg angle. At the input of the other PMT
sources with thermal statistics: |_f the sources are mdepen[he angle of scattering is scanned by means of an adjustable
dent, they form no second-order interference pattern, but thg 4_mm diaphragnD2 connected by fibeF with the PMT.
fourth-order correlation function contains interferencepe diaphragm can be displaced within the vicinity of 15
fringes, which can be used for measuring the angular dismm, this corresponding to the scattering angle variation
tance between the sourcks. by 0.2°.

In the present paper we show how the measurement of the The experimental results are representedpyR;R, and
intensity correlation function of light scattered by acousticr, plotted against the coordinate Bf2. The first value is
waves can provide information that is not contained in theequal tog‘® multiplied by the effective coincidence resolu-
intensity distribution. The experimental setup is shown intion 7, which was equal to 7.5 ns. We obtained a set of such
Fig. 1. A single-model He-Ne laser beam, whose apetrture dependences for the following diameters of the pump beam:
can be varied by means of the diaphrag® within the
range 0.8—3 mm, is directed into a block of fused silies).

In the silica the beam is scattered by an acoustic wave propa-

gating normally to the beam. The acoustic wave has quasith- .
ermal statistics, for it is excited in the following way. A
photomultiplier tube(PMTO) operating in a photon counting
regime is illuminated by the radiation of a stabilized light-
emitting diode(LD), and its amplified pulses form a continu-
ous spectral distribution in the frequency range from 10 to
100 MHz. This “white noise” is sent to a narrow-band ac-
tive filter (AF), which amplifies the signal within the band of
6f=2.5 MHz with central frequencyf=Q/27=50 MHz. l
According to the principles of statistical radiophysics, such a PC
procedure gives a random signal with Gaussitirerma)
statistics. The spectrum of the electric signal is analyzed by FiG. 1. The experimental setup. LD, light-emitting diode:
means of a spectrum analyz8A). This signal is fed to a pmT0, PMT1, PMT2, photomultiplier tubes; AF, active filter;
piezoelectric elementPE), which is used to generate the SA, spectrum analyzer; PE, piezoelectric element; FS, fused
acoustic wave in the silica. Thus, we obtain a quasithermadilica; DO, diaphragm with variable diameter; BS, beam splitter;
acoustic wave with coherence length 1.5 mm. Light scattered1 and D2, pinholes;F, fiber; CORR, correlation circuit; PC,
by this quasithermal wave must also possess thermal statisemputer.

He-Ne
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FIG. 2. Upper plots: angular distributions of the normalized correlation function; lower plots: normalized intensity distributions for the
diffracted beam. Experimental points are shown as squares; theoretical dependences are plotted as solid curves. Displacement of fiber 2 in
the far field zone corresponds to the difference between the angle of observation and the Bragg angle. Diameters of the Bidmmagm
1.5 mm(a), 2 mm(b), and 2.5 mm(c).

0.8, 1.5, 2, 2.5, and 3 mm. For the beam of 0.8 mm widthpends on time as a random Gaussian signal and can be writ-
the normalized correlation function has rather weak deten in the form

pendence on the angle of scattering, and the bunching pa-

rameter is near 2 in the whole area where the signal is _ . .

observed. For larged0 apertures the normalized correlation U(t)=Uo()exip(t) Jexdiat],

function has oscillating angular dependence. At the same

time, corresponding angular intensityRy) distributions  y(t) and 4(t) representing the random amplitude and ran-
contain no or almost no oscillations. Three typical plots redom phase of the signal, respectively. Hence, the acoustic
Iatlng to the beam diameters 1.5, 2, and 2.5 mm are ShOWﬂ/ave propagating a|0ng is also characterized by the ran-

in Fig. 2 (separate poinjs The oscillations become more dom amplitudeQ(z) and random phase(z),
frequent with the increase of the aperture BD. For

the beam diameter 1.5 mm, the oscillations become less fre- ) ) ]
quent. Q(2)=Qo(2)exd i ¢(z) Jexplikaz—i€2t). D)
In order to describe the oscillating behavior of the corre-

'?"0” fgnctlpn, we calculat'e the total .f|eld scattered at. 4ts coherence lengtiA is determined bysf and equals 1.5
given direction. The scattering volume is formed by the in-

tersection of the pump beam with the area where the ACOUSUC 1o seattered light is then described by the analytic signal
wave is propagating. Due to the geometry of the experlment,(s]
the scattering volume has cylindrical shape, its axis coincid= "’
ing with the pump direction, and the diameter is determined
by the size ofD0 (see Fig. 1 The longitudinal size of the 172 ) )

cylinder is much larger, so the angular spectrum of scattering Es(A)e f_”ZQo(Z)eXP{[' $(2)+iAz]dz}. 2

can be described in terms of transverse wave-vector mis-

match A=kZ+k,, wherek? is the wave-vector transverse

component for the scattered way@he axisz is transverse The integration is done over the aperture of the diaphragm
for the pump propagation; it coincides with the direction of DO. For simplicity we consider here the case of a one-
the acoustic wave The wave vector of the acoustic wave is dimensional diaphragm, although in the experiment the dia-
denoted by, . The acoustic signal is determined by the volt- phragm is round.

age applied to the piezoelectric element. The voltage de- The intensity measured by each PMT can be written as
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_ 12 The experimental dependences presented in Figs-&)
|i:<|ES)|2>°‘J Jﬂ/Z(Qo(Z)Qo(Z')EXD[i[¢(Z)—¢(Z')] correspond td/A equal to 1, 1.3, and 1.7, respectively. For
comparison, corresponding theoretical dependences calcu-
+iA(z—2')})dz dZ, 3 lated according to Eq5) are plotted in the same figure as
_ _ ) ) ) solid curves. We had to take into account the ngprasite
the indexi =1,2 relating to the PMT. The intensity correlator pgissonian light The signal-to-noise ratio, according to our

9@=(1115)/(11)(I2) can be calculated quite similarly. ~ neasurements, was of order 100 in the maximum, and there-
We use a Gaussian correlation function for the distribu<gre the noise did not influence the intensity distribution.

tion of the quasithermal acoustic wave, However, this noise turned out to be important for the cor-

B(z—2')=(Qq(2)Qu(z" ) expli[ $(2) — $(z)T}) relation_function distribution. It Ieads_to the fast decay of
correlation at large values of phase mismatch. The asymmet-
1 \F —(z—27')?
A ;eXF{T : (4) plained by a small phase mismatch in channdThe corre-
sponding fiber displacement is measured from the position of

ric shape of the correlation function distribution can be ex-
After simple calculations, we obtain the following expres- the correlation function central maximum,; for all three spec-

sions for the intensity and the correlation function: tra it was between 0.5 and 1 mmAlso, the theoretical

| 13,52 curves take into account the finite size of the measurement
li=2 f YB(y)(I-y)cogAiy)dy, ¢P=1+-"= (5 apertured0.4 mm. | _

0 12 Thus, the oscillating character of the correlation function

manifests itself under conditions when the intensity distribu-
tion shows no interference effects. It follows that measure-
2 [l ment of the intensity correlation function together with the
JlZ:KJ B(y)[sin(Ay+Al/2)—sin(A,y—Al/2)]dy, intensity distribution provides information about both the co-
0 herent length of the scattering excitations and the size of the
scattering volume. To illustrate this, we measured the coor-
dinates of the minima at the left-hand side of all thg®
Distributions ofl; andg® have been calculated numerically distributions from Fig. 2(The right-hand-side minima are
as functions of the dimensionless phase mismatemlAA.  too few to make any conclusiongiccording to the calcula-
Note that the phase mismatd)j is related to the displace- tions, the distances between the minima should be inversely
ment of the corresponding PMTx;, as A;=2mxX;/\;L,  proportional to the beam diameterx,,— X, .= 7/l. Calcu-
wherel is the scattered light waveleng(633 nnj. lating the values of from the average distances between the
The calculated intensity and correlation function distribu-minima in Figs. 2a)—(c) we obtain 1.430.08, 2.1-0.1, and
tions depend on the ratit/A. When the beamwidth is 2.4+0.2, respectively. Thus, the angular distribution of the
smaller than the coherence length of the acoustic wave, thegbrrelation function indeed provides information about the
light scattered at different points of the scattering volumescattering volume.
interferes and forms an os_cillating intensity distribution plose In our experiment, we used externally induced acoustic
to sinc(Al). At the same time, the acoustic wave amplitude\yayes with quasithermal statistics. The same consideration
fluctuate_s in this case synchronously in the scattering volzg, pe given to any phase-matched scattering by equilibrium
ume, which is smaller than the coherence volume. Then thg, ciiations. Certainly, in this case measurements of the in-
nqrmahzed correlation function S.hOI.JId be equal to “2” in a tensity correlation function would require fagicosecony
\év)'(d? gngulﬁr rfange, al? ;qr ahpomtllke thermal source. Th'selectronics. However, we hope that future experimental stud-
plains why for small diaphragm aperturéQSS mm) we . _ies would allow this technique to be applied to the investi-
observed a broad distribution of the normalized correlation .. L o . A L :
function, its maximal value being equal to 2. As the bea gation of eqwhbnum gxcnatlons in spat.lally limited mgdla.
diameter becomes larger than the coherence length of th he obse'rved oscillations havg muqh in common W'th.the
acoustic wave, the intensity line shape loses its interferencaP€ckles in the mean-square intensity distribution for light
character and acquires the form of a single peak. HowevefMitted by an incoherent source, calculated in KRef. Fi-
according to our calculations, the corresponding normalized@ally, it should be s_tressed that the fourth-order mterferen(_:e
correlation function should have noticeable oscillations evertructure observed in the present paper has a purely classical
at values of /A about 3=5. The normalized correlation func- hature. Fourth-order interference of fields with nonclassical
tion equals 2 in its principal maximum; additional peaks arecorrelation would provide a larger visibility,9].
lower. As the ratiol/A grows larger, the additional peaks ) .
become weaker, and #tA>1 both the intensity and the We are indebted to D. N. Klysh_ko for valuable dlscu_s-
correlation function distributions have a one-peak shape wit/$ions: This work was supported in part by the Russian
half width equal toA in the case of intensity arldin the case ~ Foundation for Fundamental Investigations, Grant No.
of the correlation function. 96-02-16334a.

where

AEAl_Az.
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