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(Abstract continued)
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) ~™ Since the stability of .the laser was such that even after signal averaging a noise level of the
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I The intent of this research program was to investigate the feasi-
bility of producing degenerate two wave mixing gain in a noninverted
bﬂ resonant medium with local response. According to theory, two wave
n mixing gain should be possible if the resulting index grating is shifted

in space with respect to the intensity grating produced by the two

a. crossed beams., In the case where the pump and probe beams are degenerate
i} o f - in frequency, the shift between the two gratings results automatically
e for photorefractive materials which possess nonlocal response. In media
'; with local response, the shift can be brought about by translational
;f motion perpendicular to the planes of the intensity grating. Alterna-
¢ tively, one may observe two wave mixing gain in a stationary medium with
;E local response if the two beams are nondegenerate in frequency.
*; We chose to study the possibility of generating degenerate two
e wave mixing gain in a supersonically flowing medium. This approach was
L: selected because the supersonic beam offers a well defined average
? velocity for the moving medium with an intensity flux nut obtainable
& under thermal conditions. For the resonant medium we chose IZ’ because
% I2 is a relatively volatile gas with strong transitions in the visible
:; where the required highly stable laser source is available. As a result
A of cooling in the supersonic expansion process, nearly all 12 molecules
& in the jet are in the lowest few rotational levels of the ground vibra-
‘f tional state. This gave us hope that adequate absorption might be
b' realized for the intended demonstration of degenerate two wave mixing
g‘ gain.
g} A pulsed molecular beam valve operated at 100°C was used to produce
3: the supersonically cooled 12 Jet., To achieve the moving grating effect,
g the pump and probe beams were to be crossed in a plane containing the
§
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0 flow axis, with each beam nearly perpendicular to that axis. The pulsed
beam valve produced a broad forward peaked distribution of molecules.
The velocity distribution at any given point, however, was mainly along

the direction of the 1line joining that point to the nozzle orifice.

- - e

This was evidenced by the fluorescence pattern along the laser beam
; path, which consisted of sharp filaments across the laser beam corres-
ponding to the various hyperfine components of a single rotational
transition Doppler tuned into resonance with the laser beam at various
angles of inclination. Gain in the planned experiment would be observ-

able only within a narrow range of detuning (obtained by crossing the

- A ey ey

pump and probe beams), and therefore only a small solid angle of the

; I2 jet is useful. A variety of nozzles were tried with the pulsed valve

-

; device. Under the best circumstances, an integrated absorption of only
’ about 10% was measured. With the required angular selection, the
¢ expected gain would be on the order of 10'2%. Since the stability of
E the laser was such that even after signal averaging a noise level of the
' order of 0.1% remained, this precluded our attempt to demonstrate gain

in the intended manner.

We did, however, make some very interesting observations relating
to two wave mixing of non-Doppler shifted pump and probe beams. We
verified for the first time the theory for saturated degenerate two wave
\ mixing absorption in a resonant medium developed by Sargent some years
ago. More interestingly, we observed a marked deviation from theory
N under certain conditions. We have been able to show that the deviation
A is caused by density inhomogeneities in the 12 jet.

The details of the two wave mixing absorption measurements are

given in the Optics Letters article included in the Appendix. In these
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! experiments the pump and probe beams were crossed in a plane perpen-

dicular to the flow axis. For the small crossing angle used the relative

3 Doppler shift between the two beams was much smaller than the homogeneous
;. linewidths of the individual hyperfine components. The two beams then
" interacted with the molecular transitions with essentially the same
g; detunings. For a fixed pump beam intensity, the absorption of the probe
ﬁ beam was measured as its intensity was varied. A representative set of
f. results is shown in Fig. 3 in the attached article. We see that for
g: probe intensities of the order of the saturation intensity or greater the
Eﬁ agreement with theory is very good. For weaker probe beam intensities,
? however, the measured two wave mixing absorption deviates markedly from
.; theory. In the limit of very weak probe intensities, its absorption
o becomes the same as that for the pump beam alone. We attribute the
’ observed deviation to the wash-out of the density grating in the weak
E’ probe limit. That is, when the inherent density inhomogeneities of the
;n medium becomes greater than the amplitude of the density grating created
" by the pump and probe beams, one should not expect to see any grating
.§ effect.

: Since the submission of the Optics Letters paper we have conducted
‘ additional two wave mixing absorption experiments using a variety of
:2 different nozzles. The onset of wash-out of the induced grating was
; observed to occur over a wide range of probe beam intensities for the
i: different arrangements. In particular, for a highly disturbed jet
? practically no grating effect was evident for any probe intenisty
:2 level. This is illustrated by the data shown in Fig. 1, which were
3‘ obtained 4 mm from a circular nozzle (0.8 mm diameter) partially blocked
b by a 0.2 mm thick wire.
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We believe the grating washeout effects observed by us can be used
to advantage in determining the optical homogeneity of materials in
4 general, and in studying density variations in gas dynamic systems in
' particular. We also believe that similar effects should come into play

in four wave mixing for sufficiently low probe intensities. That is,
N for fixed pump intensities in four wave mixing the phase conjugate
reflectivity should approach zero for very weak probes. Experiments to

verify this prediction are currently underway in our laboratory.

- -
- o W e

4a

)
e - . . . - .
.1 PR Y I ) AR p® \.‘ o gt pt g . .« _ n_ -'.-1 \.’- LIS i~‘ > e

Yav g
S W N A% ACAAG ARG N

WY

N
NG

R TR A YO NN
-'-'J‘ » .P




!
;
w
P
w

T }N9I4
omn\mno.aH
ol l -0l 2.0l
I - | ]

uoridaosqe bulxiw
9ABM OM] |BJ133403Y]

N -

R R
R s T S -

auo|e weaq
dund jo uorjduosqe pajeunies

L°0

2°0




- .

APPENDIX

™

- PR R A

-

[} \ A A S AU T NP USRI Sy 3% Wiy W0 (P e Vi 0 L P A AT AT APPSR A AT I8 o P
LAY N ufufn‘o‘t.\ .ll.o".oo AR R NA IR YA T M A A o s .u‘.-.l‘u‘- o ol ' I’\f ’{*JW}AM



-

s

222D

-

by -nilnl.

i " -

-~

Reprinted from Optics Lett ss, Vol. 12, page 582, August 1987, .
Copyright © 1987 by the Optical Society of America and reprinted by permission of the copyright owner.

Intensity dependence of two-wave mixing absorption in a
resonant medium

G. S. He, ]. W. Mirick, R. S. F. Chang, and N. Djeu

Depurtment of Physics, University of South Floridu, Tampa, Florida 33620

Received February 13, 1987; accepted May 18, 1987

Two-wave mixing absorption in a supersonic beam containing I, has been studied. The results are in agreement
with theory for probe intensities comparable with the pump intensity. However, at very low probe-beam intensi-
ties, the absorption deviates substantially from the predicted value and becomes the same as that for the pump
beam alone. We believe that this behavior is caused by density variations in the molecular beam and suggest that
this effect can be developed into a tool for probing optical inhomogeneities on a microscopic scale.

Spatial-grating effects resuiting from the interference
of crossed laser beams have been observed under a
variety of conditions.! One particular manifestation
of these effects is the modification of the attenuation
or amplification of the beams themselves. Several
mechanisms for this self-diffraction phenomenon
were discussed by Vinetskii et al.2 Exchange of power
between the two beams because of one of these mecha-
nisms (which was thermal in origin) has been ob-
served.? Starting from a different formalism, Sar-
gent! has analyzed the effect of spatial gratings on
saturation in a resonant medium. We have obtained
confirmation of Sargent’s results by using a supersonic
jet of I, as the resonant medium. The agreement,
however, did not hold for small probe-to-pump inten-
sity ratios. A possible explanation for the discrepancy
is proposed.

A pulsed-beam device maintained at 100°C was
used to produce the supersonic I, beam. I, vapor was
generated in an external reservoir kept at 90°C and
was carried into the beam-valve chamber by He at a
pressure of 800 Torr. The gas mixture was expanded
through a circular nozzle with a diameter of 0.5 mm
and a length of 1 mm. The duration of the pulses was
approximately 1 msec, and a typical pulse repetition
rate of 1 sec™! was used. When a single-frequency
dye-laser output was used to excite a single rotational
transition in the B(*I1}) «— X('Z;) system, fluores-
cence in the form of a line as observed in a direction

. normal to both the laser-beam and the molecular-
" beamn axes moved along the laser beam as the frequen-

cy of the dye laser was tuned. On close exainination,
tRe ffuorescing line, which subtended an angle of ap-
proximately 60° at the nozzle opening, consisted of
numerous unevenly spaced filaments running across
the laser beam in a fanlike arrangement. The exten-
sions of these filaments all appeared to converge at the
nozzle orifice. 3ince it is well known that each transi-
tion in I; is composed of a large number of hyperfine
components,®® these filaments can be explained if the
local gas velocity at each point along the laser beum
has’a reasonably well-defined direction, namely, along
the line joining the point to the nozzle opening. Thus

0146-9592/87/080582-0:182.00/0
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each filament represents a given hyperfine component
or a group of nearby hyperfine components excited by
the laser. When the laser beam was made sufficiently
thin («1 mm), the filaments extended beyond the
width of the laser beam in the downstream direction.
The length of the filaments was in accord with that
calculated from the velocity of the gas flow and the
radiative lifetime of the vibrational level of the
B(311},) state excited.’

With the frequency-stabilized dye laser tuned to the
P(7) transition in the (22 « 0) band,5 saturation mea-
surements were made with a 0.25-mm-diameter beam
5 mm away from the nozzle opening. For the P(7)
transition there are 21 hyperfine components. Con-
sider first the interaction of one of these components
with the laser field. Under our experimental condi-
tions, the homogeneous linewidth of the component is
of the order of 1 MHz. Therefore, for a given hyper-
fine component, only molecules with axial (with refer-
ence to the laser beam) velocities within a small range
will resonantly interact with the field. Since the total
angular spread of the molecular-beam cloud is quite
large, it is reasonable to assume that the same density
of molecules participates in the interaction, regardless
of the amount of detuning on a given hyperfine compo-
nent. Thus one should be able to write the small-
signal path-integrated absorption that is due to the /th
hyperfine component as
- co N R, da rco Ny ,R;

A
04 v, ] 1+ A2 vw;

1)

Here N, is the density, o, the absorption cross section,
w, the line-center frequency, and v, the half-width in
angular units, all referring to the ith hyperfine compo-
nent. In addition, v is the average magnitude of mo-
lecular velocity, and R, is the distance of the filament
identified with the ith hyperfine component from the
nozzle opening. The integration is over all possible
values of A, which is the frequency detuning in angular
units normalized to the half-width of the transition.
Similarly, the saturated path-integrated absorption
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that is due to the ith hyperfine component can be
written as
coNviR, J dA Ay

1+ 62+ (U/L) NEEXH/ '

where / is the intensity of the laser beam and I, the
saturation intensity at line center for the ith hyperfine
component. For the P(7) transition, all the hyperfine
components have absorption cross sections within
about 15% of the mean.? Therefore it should be a good
approximation to use an average line-center satura-
tion intensity I,, and write for the total saturated
absorption

A=

@)

vw,

A= _Ai__ , (3)
J1+ 71,

where A = T A; and Ay = ¥ Aq;. The measured
saturated absorptions are plotted in Fig. 1 for I,p = 4.4
W c¢cm~? along with the calculated curve using Eq. (3).
Each point is the average over 30 pulses, and the error
bars give a measure of the noise level on the averaged
signals. It is seen that a good fit is obtained for this
particular choice of I, justifying the approximation
made in Eq. (3).

Satureted absorption in two-wave mixing was inves-
tigated Ly using the arrangement shown in Fig. 2.
The pump and probe beams crossed in a plane parallel
to the nozzle plate and 5 mm from it, with their polar-
ization vectors perpendicular to the plane. The cross-
ing region was positioned directly in front of the noz-
2le. In this way any Doppler shift between the two
beams was negligible. That is, any given molecule
interacted with the two beams with essentially the
same detuning. The pump and probe beams had di-
ameters of 0.25 and 0.17 mm, respectively, and crossed
at an angle of 20 mrad. Under these conditions, good
overlap between the pump and probe beams was ob-
tained for the entire interaction region between the
probe beam and the molecular-beam cloud. Outside
the region of overlap, any absorption of the probe
beam was negligible.

The theory of saturated absorption for two-wave

ARSORPTION I\

Vi

Fig. 1. Measured singie-heam saturated-absorption data
plotted against the curve given by Eq. (3) when [,, = 4.4
W em™? is used.
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Fig. 2. Experimental arrangement for saturated two-wave

mixing absorption studies. The side view is along the bi€tc-~

tor of the two laser beams, and the end view is facing into the
molecular-beam axis. The tapered arrows in the side view
are meant to show that the two beams are going into the
paper.

mixing in a resonant medium has been developed by
Sargent.* It was shown that, in the absence of any
relative Doppler shift between the probe and pump
beams, the saturated absorption coefficient for the
probe as a function of detuning A (same for both probe
and pump) is given by

) a(d) = sNS(4), 4)
with
I 1+ =1/
Sa)=:211- U= 1) | 6
21, 1+2U,/+ 1)+ ) -1}
and
1 I
I'= - L, (6)
S .

where the subscripts 1 and & refer to probe and pump,
respectively. If we again assume that the same satu-
ration intensity applies to all the hyperfine compo-
nents, the net two-wave mixing absorption experi-
enced by the probe is given by

AT“'M = AU f S(A)dA. (7)

We note that, although Sargent’s results were ob-
tained for counterpropagating beams, they are equally,
valid for beams crossing at arbitrary angles, so long as
a sufficiently large number of grating periods are in-
volved.

The measured probe-beam absorptions at a fixed
pump-beam intensity of I. = 251, for probe-beam
intensity variations over nearly 4 orders of magnitude
are shown in Fig. 3. The laser frequency was tuned so
that molecules in the central portion of the jet were
excited. The solid curve is that obtained when Eq. (7)
is numerically evaluated. The value for the satura-
tion intensity [, used in both plotting the experimen-
tal puints and evaluating the integral is the one deter-
mined from the data shown in Fig. 1. No adjustable
parameter has been used anywhere in the presentation
of the figure. We note that the agreement between
the experimental results and theory is quite good for
probe intensities of the order of the saturation intensi-
ty or greater. From Eq. (5) we see that, for a fixed,
detuning and for [’ > 1, probe-beam absorption
should increase from 1/(/>')* times the small-signal
absorption for /,’ «< 1 to 1/(2].’) times the small-signal
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Fig.3. Measured probe-beam absorption versus its intensi-
W for a small-signal absorption of 5.5% and Toump = 251
The solid curve is given by Eq. (7), and the dashed line
indicates the single-beam saturated absorption of the pump.

absorption for I’ = I.'; that is, the population-density
grating effect is the most pronounced for very small
probe-to-pump intensity ratios. As can be seen from
the calculated curve in Fig. 3, even after averaging over
detuning has been performed, this behavior is still
expected. This predicted increase in absorption when
the probe-beam intensity approaches the pump-beam
intensity appears to be supported by our experimental
results.

For probe intensities much smaller than the satura-
tion intensity, the experimental data deviated sub-
stantially from the predicted behavior. In fact, for
very low probe-beam intensities the measured absorp-
tion became the same as that for the pump beam
alone. In other words, the grating effect appeared to
be absent for very small probe-to-pump intensity ra-
tios. We believe that this behavior is caused by the
presence of density inhomogeneities in the molecular
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beam. In fact, if there are density variations compa-
rable with or smaller than the grating period in scale
and comparable with or larger than the amplitude of
the induced grating in magnitude, one would expect a
washout of the grating effect. In our experiment the
data would imply the presence of spatial-density vari-
ations of the order of 1% of the average density.

The washout of the grating effect in two-wave mix-
ing because of inhomogeneities in the entity responsi-
ble for the formation of the induced grating can poten-
tially be used as a microprobe for the uniformity of
that entity. Knowledge about the onset of washout
would provide a measure of the magnitude of the non-
uniformity. Information on the scale of the inhomo-
geneity may be obtained by varying the crossing angle
of the probe and pump beams and hence the grating
period. By rotating both beams, one can, in principle,
detect any anisotropy of the spatial variation.

This research was supported by the U.S. Air Force
Office of Scientific Research under contract AFOSR-
84-0226.
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