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ABSTRACT This paper describes the effect of pump waves
misalignement on the performance of the semilinear photore-
fractive coherent oscillator with the reflection gratings. The
oscillation intensity and its modulation frequency are calcu-
lated numerically for different misalignement angles, coupling
strengths and pump intensity ratios. It is shown that a small
angular detuning of the pump wave, less than one milliradian,
extends the range of pump ratios and the range of coupling
strengths for which a non-degenerate oscillation occurs. The
results of experiments with the BaTiO3-based semilinear oscil-
lator are in qualitative agreement with the calculated data.

PACS 42.65.Hw; 42.70.Nq; 42.65.Sf

1 Introduction

Photorefractive materials display strong optical
non-linearity over a wide range of wavelengths, which man-
ifests itself even for the relatively weak intensities of the
interacting beams. Among the applications of photorefractive
crystals, based on two or four-wave mixing are the correc-
tion of aberrations, the coherent coupling of laser beams, the
coherent light amplification and the implementation of phase
conjugate mirrors. The interest in phase conjugation has been
extended to photorefractive oscillators and led to a deeper
understanding of their features, especially their transverse
pattern control and their dynamics. The first photorefractive
oscillator was demonstrated with a BaTiO3 crystal, many
other oscillators were later designed with different geometries
and different photorefractive materials [1, 2]. Photorefractive
crystals with high two-beam coupling gain factor are needed
to ensure the build-up of a coherent oscillation. For this rea-
son, materials with high electro-optic coefficients and high
trap densities are of special interest [3]. It has been pointed
out also that in some cases the efficiency of the four-wave
mixing and the phase conjugate reflectivity can be enhanced
by misaligning the pump waves [4, 5]. We are interested in
this paper in the dynamics of the semilinear coherent oscilla-
tor in a reflection grating configuration. Previous theoretical
studies with this oscillator claimed that within the plane wave
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approximation a non-degenerate oscillation is possible for
a coupling strength greater than 2π [6, 7], while this behavior
is observed experimentally with a lower value of the coupling
strength [8, 9]. In this work, we extend the theoretical frame-
work and show that an inexact alignment of the two pump
waves results in a decrease of the threshold value below the
value of 2π. In such a way one possible reason is revealed for
the discrepancy mentioned above.

This paper is organized as follows: in Sect. 2, we present
the semilinear oscillator with perfectly counterpropagating
pump waves, we recall the equations of the model and the con-
dition to obtain a non-degenerate oscillation. In Sect. 3, the
set of dynamic equations is generalized for the case of small
misalignment of the two pump waves of the considered co-
herent oscillator. The numerical simulations that follow reveal
the influence of the pump beam misalignment on the oscil-
lation dynamics. Finally, in Sect. 4, the comparison with the
experimental results confirms the most important conclusions
of numerical calculations.

2 The semilinear oscillator

2.1 Principle

The schematic representation of the oscillator
under consideration is shown in Fig. 1. It is based on four-
wave mixing in a photorefractive crystal pumped with two
counterpropagating waves. The photorefractive crystal with
the length l serves as a phase conjugate mirror and forms
together with the conventional mirror M a semilinear photore-
fractive oscillator.

The build-up of oscillation waves in the cavity can be qual-
itatively explained in the following way: the pump wave 2
is scattered from optical imperfections inside the crystal.
A part of this scattered radiation is reflected by the conven-
tional mirror M (see Fig. 1) back into the crystal and in-
terferes with pump 1 to generate a first grating with a low
contrast. This grating diffracts wave 2 into wave 3 that in-
terferes with pump 2 and generates another grating with the
same period and orientation as the previous one but spatially
shifted. Wave 3 reflected by the mirror M contributes to create
a grating with a higher contrast in the photorefractive crys-
tal. Step by step, waves 3 and 4 gain intensity and the grating
amplitude increases until the process saturates. The dynamics
of the system depends on parameters like the pump intensity
ratio r = I2/I1, the coupling strength γl and the reflectivity R
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FIGURE 1 Schematic representation of the semilinear oscillator with two
counterpropagating pump waves. PCM is the photorefractive phase conju-
gate mirror, M is the conventional mirror. Fringes inside the sample show the
structure of the reflection photorefractive grating

of the conventional mirror. To be within the single-grating ap-
proximation all interacting beams (1–4) must record only one
grating in the crystal. This is achieved by appropriate choice
of the beam paths to ensure the coherence between the pairs
of beams (1,4) and (2,3) only. The four-wave mixing can also
be interpreted in terms of real time holography where waves 1
and 4 write a hologram, wave 2 reads the hologram and is
diffracted into wave 3. These two last waves record their own
grating which is out of phase with respect to the grating writ-
ten by waves 1 and 4. For this reason an imbalance between
the pump wave intensities is needed for the oscillation build-
up otherwise the seed beams will not initiate the process.

2.2 Coupled wave equations

Within a plane wave approximation and for slowly
varying amplitudes, the system is described by a set of
coupled wave equations (1)–(4) for the complex amplitudes of
the interacting waves, and by (5), which describes the tempo-
ral variation of the grating amplitude [2, 6, 7]:

∂A1

∂z
= ν∗ A4 , (1)

∂A2

∂z
= ν A3 , (2)

∂A3

∂z
= ν∗ A2 , (3)

∂A4

∂z
= ν A1 , (4)

τ
∂ν

∂t
+ ν = γ ∗

I0

(
A∗

1 A4 + A2 A∗
3

)
, (5)

where z is the coordinate along the propagation axis, Ai are
the complex amplitudes of the waves i = 1, 2, 3, 4; A∗

i are
their complex conjugates, ν is the magnitude of the grating, I0
is the total intensity I0 = |A1|2 +|A2|2 +|A3|2 +|A4|2, and τ

is the response time of the photorefractive medium.
The boundary conditions for the considered semilinear os-

cillator are:

A4(z = l, t) = √
RA3(z = l, t) , (6)

A3(z = 0, t) = 0 , (7)

A2(z = l, t) = const. , (8)

A1(z = 0, t) = const. , (9)

where R is the reflectivity of the conventional mirror.

2.3 Temporal intensity modulation in the cavity

In this paragraph we recall the conditions for
the existence of non-degenerate oscillations with perfectly
aligned pump beams [6].

Considering the four wave mixing within the undepleted
pump approximation, the pump waves are constant inside the
crystal: A1(z) = A1(z = 0) and A2(z) = A2(z = l) so that the
coupled wave equations (3)–(5) admit solutions of the form:

A3(z, t) = A+
3 (z) exp(+iΩt) , (10)

A4(z, t) = A−
4 (z) exp(−iΩt) , (11)

ν(z, t) = ν−(z) exp(−iΩt) , (12)

where Ω is a possible frequency detuning of the waves.
The phase conjugate reflectivity of the crystal is defined

as:

�(Ω) = A+∗
3 (l)/A−

4 (l) . (13)

In the semilinear oscillator the oscillation waves manifest
a frequency detuning for appropriately chosen values of the
parameters like the coupling strength, the beam ratio or the
conventional mirror reflectivity. Due to the feedback intro-
duced by the conventional mirror any detuning Ω of wave 3
is present also in wave 4 since this last one is reflected by
the classical mirror. Moreover, wave 3 being the phase conju-
gate of wave 4, a detuning +Ω of the first wave will result in
the opposite detuning −Ω of the second wave: this is inher-
ent to the principle of phase conjugation. If only one detuning
(+Ω or −Ω) is considered for each wave inside the cavity the
boundary conditions (6)–(9) are not satisfied. Consequently,
to retrieve the intensity modulation inside the cavity, the am-
plitudes of waves 3 and 4 are written as:

A3,4(z, t) = A+
3,4(z) exp(+iΩt)+ A−

3,4(z) exp(−iΩt) . (14)

The amplitude of the grating ν also contains the two com-
ponents of the detuning:

ν(z, t) = ν+(z) exp(+iΩt)+ ν−(z) exp(−iΩt) . (15)

Two conditions are required for the existence of the os-
cillation: first, the gain of the phase conjugate mirror must
balance the feedback mirror reflectivity and second, the self
reproducibility (in phase) of the waves (3,4) after a round trip
in the cavity. Both conditions are expressed by the following
equation:

�(Ω)�∗(−Ω)R = 1 . (16)

Previous theoretical investigations showed that this equa-
tion admits non-degenerate solutions (Ω �= 0) if the coupling
strength γl is greater than 2π [6].

However the temporal modulation of the intensity is ob-
served experimentally with photorefractive crystals that do
not ensure such a high coupling strength. The following sec-
tion shows that the angular deviation from collinearity of the
pump waves affects strongly the dynamics of the system: in
the case of slightly tilted pump waves a non-degenerate oscil-
lation may occur even for relatively low values of the coupling
strength, smaller than 2π.
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3 Misalignement of pump waves
3.1 Effect of misalignement on the recorded gratings

We study in this section the effects of a small mis-
alignment of the pump waves on the dynamics of the oscilla-
tor. The considered situation is depicted in Fig. 2: The pump
beams are not perfectly counterpropagating, the correspond-
ing wave vector diagram for which there is no Bragg match
(k1 +k2 −k3 −k4 �= 0) is shown in Fig. 3. The Bragg diffrac-
tion process implies that waves 3 and 4 are also not collinear
(see Fig. 3); waves (1,4) and (2,3) record two gratings with
the same orientation but slightly different spatial frequen-
cies. A fundamental difference, when compared to the case of
collinear pump beams, is that the two gratings are no longer
exactly out of phase and their mutual phase shift depends on
the position within the photorefractive medium. This comes
from the fact that the angle between waves 1, 4 is different
from that between the waves 2, 3 so that the two gratings have
different spacings.

A one-dimensional model is considered where all the spa-
tial variations are along the z axis so that the relevant off-
Bragg component is along the z axis. The relative spatial
phase also called phase mismatch between the gratings is:

Φ = ∆z = ∆z , (17)

where the off-Bragg parameter ∆ is the modulus of ∆ =
K1,4 + K2,3 with K1,4 = k1 −k4 and K2,3 = k2 −k3 the grating
vectors.

3.2 Dynamic equations for nearly phase matched
mixing

For the reflection grating geometry, the coupled
wave equations at steady-state in the case of a phase mismatch
are [4]:

∂A1

∂z
= γ

I0

[
A1 A∗

4 + A∗
2 A3 exp(i∆z)

]
A4 , (18)

∂A2

∂z
= γ ∗

I0

[
A∗

1 A4 exp(i∆z)+ A2 A∗
3

]
A3 , (19)

∂A3

∂z
= γ

I0

[
A1 A∗

4 exp(−i∆z)+ A∗
2 A3

]
A2 , (20)

∂A4

∂z
= γ ∗

I0

[
A∗

1 A4 + A2 A∗
3 exp(−i∆z)

]
A1 . (21)

We supplement these known equations with one that de-
scribes the temporal evolution of grating amplitude ν and

FIGURE 2 Schematic representation of pump misalignment. The two in-
dex gratings with the emphasized difference in grating spacings are shown

FIGURE 3 Wave vector diagram showing the deviation from collinear
alignment. The dashed wave vectors represent the case of exact alignment
where the Bragg condition is fulfilled

recreate them in the following way:

∂A1

∂z
= ν∗ exp

(
i
∆z

2

)
A4 (22)

∂A2

∂z
= ν exp

(
i
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2

)
A3 (23)
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= ν∗ exp
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−i

∆z

2

)
A2 (24)

∂A4

∂z
= ν exp

(
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2

)
A1 (25)

τ
∂ν

∂t
+ ν = γ ∗

I0

[
A∗

1 A4 exp
(

i
∆z

2

)
+ A2 A∗

3 exp
(

−i
∆z

2

)]
.

(26)

The conservation laws

I1(z, t)− I4(z, t) = d1 , I2(z, t)− I3(z, t) = d2 (27)

are valid for (22)–(26).
Equations (22)–(26) are an extension of those given

in [4, 10]; they take into account the pump beams depletion
and the temporal evolution of the wave amplitudes and the in-
dex grating. They coincide with those considered in [11, 12] if
∆ is set to zero.

3.3 Numerical solution

Equations (22)–(26) are solved numerically with
the method described in [11]. Several simulations for dif-
ferent reasonable sets of parameters close to the experimen-
tal conditions have been performed and led to the following
conclusion: In the presence of a small misalignment a non-
degenerate oscillation occurs for coupling strengths γl smaller
than the minimum threshold 2π estimated for the case of per-
fectly aligned pump waves [6]. An example of such behavior
is illustrated in Fig. 4: the temporal variations of the oscilla-
tion intensity is plotted for a dimensionless detuning ∆l = 4.4,
a conventional mirror reflectivity R = 0.05, and a pump ratio
r = 2.

For the same set of parameters but with perfectly aligned
pump waves (∆l = 0) the simulation shows an identically zero
intensity I3 even for much longer exposure times, i.e., the os-
cillation does not occur.

The pump ratio being fixed, the coupling strength γl and
the off-Bragg parameter ∆ are two relevant variables that
determine the dynamics of the system. To analyze the influ-
ence of the latter, we calculate the beat frequency and the
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FIGURE 4 Numerically calculated intensity of wave 3 with the parameters
R = 0.05, r = 2, γl = 4.35, ∆l = 4.4. The time is given in units of the re-
sponse time of the material τ

intensity of the oscillation. Some representative examples are
drawn with three dimensional plots in Figs. 5–7. The mis-
alignment ∆l is dimensionless in these graphs, l being the
interaction length inside the sample. For a typical experimen-
tal geometry like that described in [12] (pump incidence angle
about 30◦, oscillation wave incidence angle about 45◦, in-
dex of refraction about 2.4) the misalignment angle is Ψ �
0.25∆l mrad.

The 3D plot in Fig. 5a displays the beat frequency 2Ω of
the oscillation intensity as a function of ∆l and the coupling
strength γl for R = 0.3, r = 2, while Fig. 5b shows the corres-
ponding intensity of the oscillation.

Figure 5a clearly shows that the range of the off-Bragg
parameter for which the intensity modulation exists is larger
for increasing γl. For the chosen values of the feedback mir-
ror reflectivity and pump ratio, there exists a range for the
off-Bragg parameter within which the oscillation intensity is
modulated for coupling strengths γl ≥ 4.5. For γl ≥ 2π we re-
trieve the known result that the oscillation intensity is tempo-
rally modulated even for perfectly counterpropagating pump
beams (∆ = 0). Figure 5a also shows that the beat frequency
varies with ∆l for any given coupling strength. Starting from
a perfect phase matching (∆l = 0), the minimum mismatch
necessary to obtain a non-degenerate oscillation increases as
the coupling strength decreases. Figure 5b shows that pump
misalignment can significantly enhance the oscillation inten-
sity whatever the regime (degenerate or non-degenerate). This
could be expected from the known enhancement of the phase
conjugate reflectivity by angular deviation from collinearity
of the pump waves [4, 5]. The transition from the degenerate
to non-degenerate modes of oscillation appears clearly with
the presence of a valley in the 3D plot.

For large pump misalignment the oscillation does not
occur, at γl ≤ 5.5 it disappears for ∆l ≤ 10, which corres-
ponds roughly to an angular detuning of Ψ ≤ 2.5 mrad of the
pump wave. At higher coupling strengths the isolated domains
of frequency degenerate oscillation appear also for ∆l ≥ 10
(not shown in Fig. 5). The increase of the pump ratio leads to
a smaller threshold for frequency degenerate oscillation. With
r = 4 and R = 0.3, for example, the frequency degenerate os-
cillation occurs for γl ≥ 4.2 at ∆l = 0 (Fig. 6). Its threshold

FIGURE 5 Beat frequency (a) and oscillation intensity (b) vs. the coupling
strength γl and ∆l for R = 0.3, r = 2

FIGURE 6 Beat frequency (a) and corresponding oscillation intensity (b)
vs. the coupling strength γl and ∆l for R = 0.3, r = 4
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FIGURE 7 Beat frequency (a) and corresponding oscillation intensity
(b) vs. the coupling strength γl and ∆l for R = 0.04, r = 4

drops down to γl = 3 at ∆l = ±5. Thus, for γl � 4 the os-
cillation is possible within the range of misalignment from
∆l = −8.6 till ∆l = +8.6 and it is frequency degenerate. Ad-
ditional isolated domains of the degenerate oscillation appear
at larger misalignment values for larger coupling strength.
In comparison with Fig. 5, a higher coupling strength is ne-
cessary to obtain a bifurcation in the oscillation spectra. For
strong imbalance of the pump intensities (r ≥ 500) the bifur-
cation can hardly be observed unless one chooses a very high
coupling strength.

To give an idea of the influence of the mirror reflectivity R,
we present similar results in Fig. 7 obtained with a smaller
mirror reflectivity of R = 0.04. The effects are clear: higher
coupling strengths are required to obtain a non-degenerate
oscillation for values of ∆l that are close to the perfect align-
ment. Furthermore, the oscillation (both degenerate and non-
degenerate) exists in a narrower range of ∆l. The minimum
coupling strength necessary to the onset of a non-degenerate
oscillation becomes, on the contrary, smaller than that for
R = 0.3, and it appears for a ∆l value close to the preceding
one.

From the dependencies obtained for different pump ra-
tios r like those shown in Figs. 5–7 the bifurcation diagrams
of the oscillation beat frequency are plotted (see, e.g., Fig. 8).
For reference, note that with no misalignment the oscillation
remains single-frequency throughout the whole range of r
values where it exists.

Figure 9 summarizes the effect of the pump misalignment
on the threshold of bifurcation in the oscillation spectrum. The

FIGURE 8 Calculated dependence of the oscillation spectrum on the pump
ratio, with the parameters R = 0.01, γl = 4.35, ∆l = 4.3

FIGURE 9 Areas of existence of a non-degenerate oscillation for various
coupling strengths and conventional mirror reflectivities in the case of perfect
phase matching (gray color) and in the case of misalignment of ∆l = 5 (gray
color plus light gray color). The pump ratio is r = 2

threshold value of the coupling strength is shown as a function
of the conventional mirror reflectivity for a pump intensity
ratio of r = 2 and for two values of the dimensionless detuning
(∆l = 0 and ∆l = 5). It should be noted that these depen-
dencies result from numerical simulations that give a well
developed non-degenerate oscillation, whose dynamics have
reached their established regime. Thus, they represent the
non-linear regime of oscillation [7] rather than the threshold
of oscillation, which is usually considered within the linear
stability analysis [6].

It is clear from the data of Fig. 9 that in the case of an im-
perfect phase matching the threshold of bifurcation becomes
considerably smaller than that for ∆l = 0. The other conse-
quence of Fig. 9 is that the bifurcation in the oscillation spec-
trum occurs more easily in a cavity with relatively high losses
(R → 0) than in a cavity with a highly reflecting end mirror
(R → 1).

Thus the simulations show that the phase mismatch of the
recorded gratings introduced by a slight angular deviation of
the pump beams from collinearity results in a lower value
of the threshold coupling strength for non-degenerate as well
as for degenerate oscillation. The dynamics of the system, in
particular the beat frequency, depends on the value of the mis-
match.
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4 Comparison with experimental results

We performed experiments with the semilinear os-
cillator in order to study the dependence of the beat frequency
on the misalignment of the pump waves. The experimental
set-up is the same as that described in [12]. The photorefrac-
tive crystal is a cobalt-doped barium titanate; the interaction
length l of the two counterpropagating waves is close to 5 mm.

The evaluation of the coupling strength of our crystal has
been conducted with a classical two beam coupling experi-
ment with a reflection configuration for which the orientation
and the grating spacing are the same as those in the semilinear
oscillator. A value of γl = 3.9 was measured, which is obvi-
ously underestimated because of a non-negligible depletion
of the pump wave due to the strong light-induced scatter-
ing. To get a more realistic estimate of the coupling strength
the linear polarization of the pump wave was rotated to 45◦
to decrease the coupling strength two times (cos2 45◦ times).
With the coupling strength which is reduced two times the
light induced scattering is strongly inhibited and the pump
depletion becomes much less important as well. By this man-
ner a value of γl/2 � 2.5 is obtained, i.e., γl ≈ 5. Thus, the
coupling strength of our sample is in a range where a non-
degenerate oscillation may occur according to the simulations
(Figs. 5–7) and where it should be impossible for ∆l = 0 [6].

The experimental adjustment of the small misalignment
angle and the calibration of the angular misalignment present
practical difficulties. The precision of the pump beam align-
ment is limited by several factors. First, the two pump waves
are loosely focused in the sample with converging lenses
of focal distance F = 1 m. Second, the illumination of the
sample with focused beams results in a non-uniform local
heating [13] and therefore in the appearance of a converging
thermal lens. This lens may be the reason for a further mis-
alignment of the pump waves, especially if they are laterally
shifted with respect to the other. The divergence of the pump
wave transmitted through the sample, which is affected by
both these factors is about 1.4 mrad. Therefore, it is reason-
able to expect that the precision of the pump waves alignment
is not better than 0.7 mrad, and that the oscillator should be in-
sensitive to an angular mismatch much smaller than the pump
divergence. In fact the oscillation dynamics show consider-
able changes with the misalignment angle even when it is one
order of magnitude smaller than the pump beam divergence.
Thus a high angular divergence does not exclude the possi-
bility to measure the dependencies of the oscillation intensity
and of the beat frequency on the misalignment angle, but with
an uncertain knowledge of the zero position (i.e., a precise
adjustment position).

Figure 10 shows the measured pump ratio dependence of
the oscillation spectrum that agrees well with those reported
previously in [8, 9, 12]. The pump waves are adjusted in this
experiment to be nearly counterpropagating. It is obvious that
the experimentally measured dependence is qualitatively very
close to the result of the simulation presented in Fig. 8.

In a second set of experiments the dependencies of the
beat frequency and the oscillation intensity on the misalign-
ment angle have been investigated, the results are shown in
Fig. 11. As one can see a deliberate misalignment as small as
0.01 mrad induces a remarkable change of the oscillation dy-

FIGURE 10 Experimentally measured dependencies of the oscillation spec-
trum on the pump ratio

FIGURE 11 Experimental dependencies of (a) beat frequency and (b) os-
cillation intensity on ∆l. The upper axis gives the deviation angle from
collinearity

namics. Such a sensitivity has already been mentioned in our
recent publication on the oscillator with a frequency shifted
feedback [14] and is the reason that led us to include the off-
Bragg parameter in the model.

The oscillation intensity at first increases with the mis-
alignment, it reaches a maximum and then drops down to
zero quite abruptly (Fig. 11b). This is in qualitative agree-
ment with the results of simulations for all the parameters that
were tested (Figs. 5b, 6b, and 7b). The similarity of the cal-
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culated and measured misalignment dependencies of the beat
frequency is less evident. The variation of the beat frequency
is nearly linear in ∆l. There is however a shoulder and even
a shallow minimum not far from the zero misalignment, which
allows to claim that the beat frequency increases with the mis-
alignment regardless of the sign of misalignment. The shape
of the curves in Fig. 11a (its shoulder) and in Fig. 11b are
experimentally reproducible. The reasons for this incomplete
correspondence of the measured and calculated data can be
due to the complex spatial structure of the oscillation waves
(deviation from the plane wave approximation of the theory),
and also the possibility for the system to choose other approx-
imate phase matching conditions that are different from that
shown in Fig. 3.

Due to the difficulty of obtaining a precise adjustment of
the zero detuning as discussed above, the values in the ab-
scissa are given with an additive uncertainty factor which in
no way can exceed one half of the pump beam divergence,
|∆l| ≤ 4. With such a factor taken into account it is also not
excluded that ∆l = 0 is located beyond the area of oscilla-
tion existence so that the dependencies presented in Fig. 11a,
b could correspond to one of the two lobes that are symmetric
with respect to a zero detuning (as shown in the simulations in
Figs. 5 and 6). No clear arguments can be given however for
the suppression of the oscillation in the symmetric lobe with
an opposite ∆l.

5 Conclusion

In conclusion, we emphasized the influence of the
phase mismatch on the dynamics of the coherent semilinear
oscillator. A relatively small misalignment of the two counter-
propagating pump waves (on the order of a fraction of milli-
radian) affects considerably the threshold, the output and the
temporal dynamics of the semilinear photorefractive coher-
ent oscillator. For small misalignment the threshold of non-
degenerate oscillation in coupling strength decreases with the
increase of ∆l, which may be expected qualitatively because
the phase conjugate reflectivity becomes larger out of exact
phase matching [5]. The decrease of the threshold results in
the increase of the output oscillation intensity.

The most striking discovered effect consists in a very
strong sensitivity of the oscillation dynamics on the pump
beam misalignement. It is shown, both by simulation and ex-
perimentally, that the misalignment allows a non-degenerate
oscillation for moderate values of the coupling strength (γl ≤
2π) where a degenerate oscillation should occur with a perfect
alignment [6].

An important issue of the presented simulation consists
of possible different interpretations of the mismatch ∆ intro-
duced in the set of equations of (22)–(26). We considered the
pump misalignment as a source of such a mismatch and im-
posed the condition that the oscillation waves also become
misaligned in a way to minimize the overall mismatch. In fact,
the orientation of the oscillation waves is not predetermined
by any condition apart from the boundary condition (reflec-
tion from the conventional mirror of the cavity) and it might
happen that the oscillation waves will self-develop with an
overall mismatch ∆ different from that considered in this pa-
per. It is also not excluded that the oscillation waves 3 and 4
will self-bend to create a certain mismatch even in the case of
perfectly aligned pump waves. Further studies are necessary
to elucidate this last point.

The described high sensitivity of the oscillation to the an-
gular mismatch may serve as a basis for the development of
a sensor to detect small variations in the propagation direc-
tion of the laser beam. Such a sensor would require however
pump beams with much smaller divergence as compared to
those used in the present experiment.
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