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NOISE AMPLIFICATION: Decay of an unstable state
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LASER FLUCTUATIONS

0. E=aE-E’E+ /e &(t) :_SEF* +/e&t), E=le?
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FLUCTUATIONS IN TRANSVERSE LASER PATTERNS

3
d fi=-1+2C M; 1, _ZAjkl fiffy [ +& )
i=1

Marginal phase associated with pattern orientation diffuses.
Broken rotational symmetry restored by noise
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PHASE DIFFUSION IN d=1 PATTERN FORMATION

Re w(q)
= Ae™* +cc.

/ - \ ) A: Reiweiqx

PHASE MODE: X - X +X = Y- Yy+y
PHASE EQUATION: 0. = D(Q)d + &(x,t)
ECKHAUS STABLE: D(q) >0

PHASE FLUCTUATIONS: <l// k2> = k°

d=2 = [dkig; =InL

Symmetry restoring by noise:
NO LONG RANGE ORDER FOR d < d_.=2
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STOCHASTIC d=1 SWIFT-HOHENBERG EQUATION

0, (x,t)= Lu—(qM +6§)2] F-ré+/e &(xt)

G(r)

LOCAL POWER SPECTRUM: P = Qr 2)
q
Xo

 LOCAL WAVE NUMBER

« BROAD SPECTRUM

CORRELATION FUNCTION:

Ny G(r) = G(0) e{:‘)] cos(q, )
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v ' Correlation length r,~ L/50
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FLUCTUATIONS AND STRIPE PATTERNS
ABOVE THRESHOLD

O(I’ ,t) = A+eiqMX + A_e_iqMX; A+ = Rei((”"'lﬂ)’ A_ — Rel((o—[//)

O(r,t) = Re'? cos(q,, x + )

SWIFT-HOHENBERG EQ. | 9,7 (rt)=|u~(ay + 02| r -r2+ /e &(r.1)

Ofr,t)red: A =A, ¢=0,  abitrary

|, =1_ for any noiseevent (Ii =A12)

Noise effects: _
¢ diffuses

0 A = o[- (L+iB,) A, + By +iag 0% A, + 2K A+ e, &1 1)

Degenerate OPO:

0. A =y~ (L+in,)A +ia DA +iKA A+ e &(r 1)

o(r,t)= A complex, q,(8,), Aa,) fixed, ¢ arbitrary

(kz'kD) O
Q
2 ﬁ <b k[l :qM
O

(kz’_km)

IR
NOiseeffeCtS:{ 1 small (Ii_Ai) } COMPLEMENTARITY

¢ largefluctuations
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NOISY PRECURSORS and QUANTUM IMAGES

SWIFT-HOHENBERG EQ. | 9,7 (r.t)= |~ (ay, + 02| r -r2+ /e &(r.1)

Linear analysis below threshold:
0N =k I +e&, T =y, (k) =(-(a,-k?) <0

Power Spectrum ( “Far field” ):

. =1 =r|, (1) =- £ , /Ring of maximum power: |k/|° =q,
(k) <
AL AL @) =(5,, +3, ) £ _k correlated with +k (I real)

e
(k%)

Degenerate OPO: atpb = VO[— (1+IiA0)Ab + E, + ia0|:.| A TZiKO'Al]"-\/?O Cto(r’t)
0.A = - (+id,)A +ia 0% A +iK A A+ g, &(r 1)

Linear analysis below threshold:
0.A, V(K" )AL HKA A+ 5 &, v(K®)=pl-[+in,)-ia k|

Power Spectrum ( “Far field” ):

I, =A,, 1, #1, but kand -k linearly coupled

OEIIT FapndERy ey 2o (O 1]
C OoruRpFEreYengape | o2

Beware: Pattern salection isa nonlinear mechanism !!
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CONVECTIVE INSTABILITY
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Absolute I nstability Threshold: V = V¢

Convectively Unstable Regime:
Noise Sustained Structure
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Noise Sustained Structure in a Kerr Resonator
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CONCEPTS IN NOISE SUSTAINED STRUCTURES

PHENOMENON OF NOISE AMPLIFICATION, while quantum
Images are weakly damped critical fluctuations

NOISE NEEDED AT ALL TIMES: A laser requires amplification
of spontaneous emission, but when the laser islasing noiseisno
longer required to maintain the oscillation

PRECURSOR OF AN ABSOLUTELY UNSTABLE REGIME:
An optical amplifier isin a convective regime, but thereis no
regime of absolute instability

http://www.imedea.uib.es
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Fabry-Perot Cavitiesfilled with
acubic (Kerr) nonlinear medium
Transverse drift dueto tilted pump

%
STRUCT

One-dimensional
(roll pattern)

Santagiustina et a., Phys
Rev. Lett. 79, 3633 (97)

Ring optical parametric oscillators
(quadratic nonlinearity)
Transverse walk-off due to birefringence

Two-dimensional
(hexagonal pattern)

Santagiustina et a., Quant.
Sem. Opt., to appear (99)

Typel Typell
(one polarization)

Santagiustina et a., Phys m
Rev. E 58, 3843 (97)

http://www.imedea.uib.es
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atA) — yO[_ (1+ IAO)A) + EO + IaODZA) + 2IKOA1 AZ] +\/?O fO(r’t)
0.A = y|- (L+in)A +ia0%A +iK A A+ 6,61 1)

0.A, = yz[_ (1+iA2)A2 +ia2D2A2 +iKoA;Ao +

P

'

0,A )+ £,6,(r1)

Walk-off

AO Pump field, Ordinary Polarized

A |

A Signal field, Ordinary Polarized

Az |dler field, Extraordinary Polarized

A
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Typell OPO: CONVECTIVE REGIME

0 >mzZ |_;(>
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Noise Amplification
In Optical Cavity

1) Nonlinear Q. Correlations k ,—k

[]

2) Polarization Entanglement in a
macroscopic Noise Sustained Structure

http://www.imedea.uib.es



