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The emission of visible light in the wavelength range A = 5200 to 7000 A by a lithium niobate crystal 
excited by an argon laser was observed, the value of A being dependent on the angle between the 
direction of observation and the laser ray. The spectral power of the emission amounts to 
~4 X 10-12 W/ A. The effect is attributed to the decay of each pump photon into two photons, the mo
menta of which satisfy the condition of spatial synchronism. Formulas for the main characteristics 
of the effect are obtained by using a simple model. Comparison of the experimental and theoretical 
results yields for the quadratic susceptibility of the crystal a value on the order of 4 x 10- 8 abs. un. 
This value is in agreement with the value known from frequency-doubling experiments. 

1. This paper is devoted to an investigation of a new 
type of scattering of light in a medium having nonlinear 
polarizability P ( t) = xE 2 ( t). This effect, called 
"parametric luminescence"[l, 2J (PL), is due to spon
taneous decay of photons of the exciting light nw3 - nw 
+ liw 2, with k3 - k1 - k2 = ~ !'::J 0. 

PL was first observed, in essence, by Akhmanov 
et alYJ, who used a pulsed laser with intensity 
~w MW cm2 , and regarded the PL as noise radiated by 
a parametric light amplifier. According to the estimate 
given in [zJ, the intensity of the PL should reach an ap
preciable value at much lower excitation levels, when 
the gain is certainly smaller than unity. A particular 
case of PL (at scattering angles J ~ 0) was observed 
also in [ 4 J; the treatment of the PL in these papers is 
based on a premise which in our opinion is incorrect, 
namely on the notion of "one-dimensional" (k1 
II k2 II k3) interaction of the waves. 

We present in this communication preliminary re
sults of observation of "two-dimensional" PL in a 
lithium niobate crystal excited with an argon laser 
(A3 = 4880 .A) with a power P3 up to 0.15 W, and also 
a simplified calculation of the main characteristics of 
the PL. 

2. The experimental setup is shown in Fig. 1. The 
optical axis of the crystal (with length l = 1.0 em) is 
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FIG. I. Diagram of experiment. 
P- polaroid with axis perpendicular 
to the plane of the figure, F - filter 
transmitting the yellow-red part of 
the spectrum; F:~\- interference 
filter. 

parallel to the laser field e3. The PL can be easily 
observed with the unaided eye in the form of colored 
rings (Fig, 2). 

Owing to the dispersion of the refractive index n, 
the condition ~ !'::j 0 leads to practically total polariza
tion of the PL ( e 1, 2 l e3) and to a rigorous connection 
between the frequency v = w/21Tc and the angle J 
(Fig. 3). The tuning curve J ( v) (solid line) is deter
mined from the equation ~ = 0. The experimental points 
were obtained with the aid of interchangeable interfer
ence filters. The measured angular width of the tuning 
curve at A ~ 6000 A is of the order of several minutes 
(inside the crystal). We note that PL with lower in
tensity and directivity was observed also at frequencies 
v1 ~ 1.85-1.92 x 104 cm-1 (5400-5200 A); these waves 
correspond to the "additional" frequencies v2 = 1'3 
- 111 < 2 x 103 em -l ( A2 > 5 JJ.), lying in the region of 
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FIG. 2. a) Photograph of parametric luminescence, illustrating the 
distribution of radiation over the directions. The internal boundary of 
the ring is determined by the decrease of the sensitivity of the film 
when A< 7000 A (the central bright spot is connected with parasitic 
pump radiation); b) the same in the presence of a narrow-band filter 
(A = 6700 A, 6A ~ 50 A). 

the infrared absorption of the crystal 1>. 
The PL intensity was linearly dependent on P3 (in 

the interval 0.03-0.13 W at a laser beam cross sec
tion 0.02 cm2). An estimate of the absolute magnitude 

2) -12 /Ao of the spectral power PA gav;,e a value 4 x 10 W 
(at P 3 = 0.1 Wand A = 6328 A). 

3. The PL intensity can be determined with the aid 
of the following illustrative considerations. Assume 
that a wave of frequency w2 propagates in a transpar
ent crystal excited by a plane monochromatic wave W3. 

Owing to the effect of frequency subtraction, radiation 
of intensity S1 is produced, the power conversion co
efficient being equal to 

K 21 == S, cos tt1 = 8n3w,2x'S,l'F 
S2 cos tt2 c3n1n2n3 cos tt1 cos tt, 

(1) 

where x = I e1 x e3e1 I, n is the refractive index, and 

F == (sin!:J.xl/2) 2 / (!:J.xl/2) 2 • 

In PL, the role of the radiation Sz is played by 
quantum fluctuations having an intensity per mode and 
per unit of volume nw2v2, where v is the group 
velocity. For each mode of frequency w1 there are 
v1 cos J.1/v2 cos J- 2 modes of frequency W3 - w1, satis
fying the condition 6y = 6z = 0; therefore 

82 = liw 2v, cos tt1 / cos tt2• 

Multiplying (1) by the density of the modes having 
the same polarization, we get the spectral brightness 
of the PL: 

S.,a = n21iw 3K /8n3c', 

where K = K21 w2/wl. It follows from (2) that the ef
fective temperature of the PL is nw/k ln ( 1 + K-1 ). 

(2) 

The brightness Sn is equal to f Swndw = S~n6w, 
where S~n is the maximum value of Swn (at F = 1 ), 
and if dJ./ dw I 0, then 

!:J.w, = 2nl cos tt2 1/l v,-< cos (tt, + l'l,)- vz-'ll. (3a) 

Similarly, if we neglect the weak dependence of X on 

I lAs v2 approaches to the frequencies of the polar lattice vibrations, 
the PL obviously goes over into Raman scattering by polaritons [8 • 9 ]. 

We note that when using the concept of excitons in its broad meaning 
[1°], the PL effects are generally indistinguishable from Raman-scatter
ing effects. 

2lHere and throughout the intensities and the scattering angles re
ferred to the interior of the crystal. 
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FIG. 3. Dependence of the 
scattering angles {} (inside the 
crystal) on the frequency v for 
the visible (upper plot) and in
frared (lower plot) regions of the 
spectrum. The dashed lines show 
the lines on which the spectral 
brightness of the luminescence 
decreases, in accordance with 
calculation, by a factor of about 
2 at l = I em (the width of the 
tuning curve has been magnified 
40 times). 

t.d 
·~~--L-+-~~~~T-

cp (at sman values of J.), then Sw = S~Q21T sin J.6J., 
where we have when dw/ dJ. I 0 

(3b) 

Formulas (3) determine the width of the tuning curve 
(see Fig. 3) in the ideal case of a plane transparent 
scattering layer with small angular and spectral pump 
widths. 

It is convenient to characterize the scattering ef
ficiency by the following angular ( at dJ./ dw I 0) and 
spectral ( dw/ dJ. f 0) scattering coefficients: 

We note that formulas (4a) and (4b) are valid for an 
arbitrary form of the scattering volume v and width of 
the tuning curve, and also in the presence of absorp
tion at the additional frequency3>. 

4. Subsituting in (4b) the experimenotal value of RA, 
which equals PA/P3l ~ 4 X 10-11 ( em ·A)\ we obtain 
Xyxy ~ 2df5W ~ 4 x 10- 8 absolute units. This coincides 
in order of magnitude with the result of measurement 
of x by means of the frequency-doubling effect at 
A= 1.15 fJ.[sJ. 

According to ( 4), the experimental value of RA 
corresponds to a value of RQ equal to 
4 X 10- 6 (em· sr r 1. For comparison we indicate the 
following values of RQ for scattering by optical and 
acoustic lattice vibrations: 10- 6 -10-7 (estimate by 
LoudonC6 J) and 10- 7 (measurements in quartz and in 
rock salt .: 7 J). 

5. The observed relatively large magnitude of the 
PL effect should make it a useful source of radiation 
with definite temporal and spatial coherence. It is ob
vious that by optimizing the conditions of the experi
ment it is possible to increase greatly the intensity of 
the PL. The observation of the PL should facilitate the 
problem of producing parametric light generators. 

The authors are grateful to S. A. Akhmanov and 
R. V. Khokhlov for valuable discussions and advice 
during the course of performance of this work. 
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