Transfer of temporal fluctuations in photorefractive two-beam coupling
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Transfer of temporal fluctuations between the signal and pump beams in diffusion dominated
photorefractive two-beam coupling is studied experimentally. The dependence on the gain, beam
intensity ratio, and frequency of the fluctuations is found to agree well with a linearized analysis.
The transfer of perturbations is frequency dependent at low frequencies, and becomes constant at
frequencies large compared to the inverse material time constant. We discuss the possibility of
pump noise suppression when amplifying weak signals.1997 American Institute of Physics.
[S0003-695(197)01712-9

The temporal dynamics of beam coupling in photore-where 0 = arctan€'??% \Jm) — arctan(14{/m), and

fractive media have been the subject of numerous stddfes. m=|p(®(0)/s(®(0)|2.
Since no general analytical solution is available, either nu-  Linearizing Egs(1a and(1b) with respect to the pertur-
merics or approximate analysis must be used. In the undéations and solving gives for the fluctuations
pleted pump limit, a transfer function is sufficient to describe
the temporal behavior of the sigralwhile for arbitrary
pump to signal ratios a transfer matrix describing the cou-
pling of fluctuations between the pump and signal beams is
available®!® An analytical study of the stability of several
photorefractive resonator circuits based on the transfer m
trix formalism was found to be consistent with experimental
observations? Nonetheless, a direct experimental measure
ment of the transfer matrix elements has been lacking. In the

1+me I'72eH
present letter, we demonstrate agreement between measure- T,,=cog0) (4a)
ments of the four matrix elements and the transfer matrix 1 1+me 142
formalism. The behavior of the transfer matrix coefficients
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a\/yhere the transfer matriX relates the fluctuations before
and after the beam interaction in the crystal. The matrix el-
ements are given By°

for frequencies small compared to the inverse of the dielec- 1—e T72gH
tric relaxation time of the material leads to some potentially — T1,= Sin(®)mz—, (4b)

useful aspects of frequency dependent two-beam coupling.
In particular, we show that it is possible to amplify a weak

signal with a noisy pump beam, such that the signal to noise o e [72—ef
ratio of the amplified signal is higher than that of the initial T21=—sin®) e T92-1" (40
pump beam.
Two-beam coupling in photorefractive media is de- e+ me 122
scribed by Eqs(1a) and (1b) T2=C080) 7Tz, (4d)
s ap . o _r
2=9P -=-0's, (1a  with H={In[(1+m)/(1+me ' )]-T'22}/(1+ Q7). Note that

for Q7— the factorH vanishes and th& matrix reduces to
. the steady state solution E). This means that high fre-
(T i+1)g:£ sP (1b) quency fluctuations scatter off of the grating formed by the
at 2 17 low frequency structure of the fields, as they would from a
) ] ) passive, frequency independent, beamsplitter. It is in this
wheres andp are the signal and pump amplitudesis the  high frequency regime that photorefractive crystals have
grating amplitude, and the time constanscales inversely peen used as adaptive beam combiners for homodyne and
with the total intensityl =|s|?+|p|2. To solve Eqs(1a) and heterodyne detectofé: 1>
(1b), we write the signal and pump beams as Othe SUM  Direct detection of a signal beam with weak modulation
of constantm and  fluctuating o parts:s(z,t)zs(';(tz) at frequency() leads to a photocurrent with ratio between the
+Re5(2)e™], and p(z,t)=p?(2) +Rep(2€™],  fiyctuating and dc components given tB(0)= 55(0)/
where(} is the fluctuation frequency. The solution of the dc s(©(0). Theoutput fluctuation ratios are given by
amplitudes can be written in the compact fotm

s9(z) cog®) sin(®)][s?(0) Ry(2)= Tn _ R(0)
{p“”(z) | —sin(®) cos(@))} p<°>(0)}' @ cog®) +m sin(©)
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Laser M2 ppg (Sr,BaNb,Og) crystal. The grating vector was parallel to the
0 crystalc axis and the crystal measured 5 mm along the di-
I rection of propagation. The total intensity transmission factor
was 0.6 which included Fresnel and absorptive losses. The
]I [ beams were focused into the crystal with a 100 mm lens
__ giving an external full crossing angle 6f8° and spots of

) Pump diameter 65um full width at half-maximum(FWHM). The
M :m tightly focused beams gave a relatively short interaction re-
M= N sig 5 gion, and hence a modest couplifg~2-3. The advantage

of focusing the beams is the increase of intensity in the in-
teraction volume, leading to a shorter time constant, and a
faster frequency response. Measurements were made with
total power incident on the crystal of 6.5 and 55 mW leading
to time constants of about 0.25 and 0.05 s, respectively.
The time constant was measured by frequency shifting one
of the beams with a piezomirror, and measuring the variation
+ T2_2 R,(0). (5b) of coupling strength with frequency shift. The beams were
cog®)—sin(®)/ym P then detected with silicon photodiodes and the dc and fluc-
The individual matrix element3;; can then be isolated by tuating amplitudes measured with a spectrum analyzer. In
settingRy(0) or R,(0) separately equal to zero. order to distinguish between the different matrix elements of
The matrix elements were measured with the two-beands. (48—(4d), only one of the input beams was modulated
Coup“ng setup shown in F|g 1. Two |inear|y po|arized at a time. The modulation frequency was tuned between 0
beams from a frequency doubled Nd:YAG laser at 532 nn2nd 20 inverse time constants. The coupling coefficient was
were passed through acousto-optic modulat&®M) that  determined by measuring the transmitted signal beam with
diffracted a small part of the beams at a predetermined freand without the pump present, and using E).
guency. The directly transmitted beams consisted of a dc The measured and the calculated matrix elements are
component together with a small sinusoidally varying ampli-compared in Fig. 2 for the low intensity experiment
tude modulation. The beams were then coupled in a SBNP=6.5 mW), and input beam ratios eh=0.1, 1.0, and 10.

A=532nm l

FIG. 1. Experimental setup.
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FIG. 2. Measured and calculatésblid lineg matrix elements for input beam intensity ratiosef 0.1, 1, and 10 fof'|=2.2. The total power of the incident
beams was 6.5 mW, and the time constant was 0.25 s.
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It is seen that there is reasonable agreement between theeasured and found to agree with a perturbative treatment of
theory and the measurements. The frequency dependencetlie interaction. The transfer is frequency dependent at low
most pronounced at low frequencies, and the matrix elemenfsequencies, and approaches a constant value when the fluc-
are close to their asymptotic values(d—~10. The slopes of tuation frequency exceeds several inverse time constants. In
the curves fom=0.1 andm=1 are of opposite sign than the low frequency regime amplification with pump noise,
that form=10. The sign changes whem=e'""? (=3 for our  reduction is possible.
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