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STATISTICAL MODEL: PUPIL PLANE

e W AVE AMPLITUDE AT THE PUPIL PLANE:

Ui(z,y) = [A+a(z,y)] Plz,y)

uncorrected part of the wavefront




STATISTICAL MODEL: PUPIL PLANE

e W AVE AMPLITUDE AT THE PUPIL PLANE:

Ui(z,y) = |A+alz,y)| P(z,y)
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FOCAL PLANE COMPLEX AMPLITUDE
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DECENTERED GAUSSIAN DISTRIBUTION

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO (GQooDMAN 1975)




FOCAL PLANE COMPLEX AMPLITUDE

0 —(€ = Re[C(r)])? + (n — Im[C(r)])?
Pl = e SO > 7 < < ST > )

POF of the complex amplitude, focal plane
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DECENTERED GAUSSIAN DISTRIBUTION

SAME SOLUTION AS FOR HOLOGRAPHIC SPECKLE (GOODMAN 197 5)




STATISTICAL MODEL: FOCAL PLANE

73(5»77) < 7)[(])

e RiciaN DisTRIBUTION
Pr(l) = . exp (—I_I_IC) Iy (2\/7\/170)

I I I

=] 1 I O-?:ISQ—I_QISIC




SPECKLE PINNING
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l_Ick AO DATA

intensity distributions
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FIRST VERIRCATION ON SKY OF
SPECKLES RICIAN STATISTICS.
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PALOMAR AO DATA
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RESULTS IN SIMULATIONS
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RESULTS IN SIMULATIONS

X2 (Monte Carlo)

Kolmogorov Smirnoff
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TEST SYSTEMATICALLY
= FAILS AT THE CENTER
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COMPLEX AMPLITUDE IS NOT CIRCULAR UAUSSIAN AT THE CENTER




STATISTICS AT THE CENTER

B N THE cENTER OF THE PSE THE sTATISTICS €F
THE INTENSITY IS THE STATISTICS OF THE SR

Strehl Ratio Histogram

PaLomar AO (Soummer & LrLoyp) Lick AO (GrLapysz & CHrisTou)

e NEW MODEL NEEDED TO DESCRIBE THE SR STATISTICS




STATISTICAL MODEL FOR THE SR




MODEL OF THE COMPLEX AMPLITUDE

THE OPPOSITE OF THE COMPLEX AMPLITUDE AT THE CENTRAL POINT FOLLOWS
A THREE PARAMETER NON CENTRAL GQAMMA DIsTRIBUTION
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Soummier & Ferrari 2007



SR DISTRIBUTION AND ESTIMATOR

Soummer & Ferrarl 2007



ALEOS DATA ROM WFs

Strehl Ratio (%)
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SR vs. RMS PHASE ERROR
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MobeLs BY GLADYSZ ETAL.
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MODELS FOR THE SR STATISTICS

GAMMA DISTRIBUTION FOR THE

> DISTRIBUTION FOR THE INTENSITY
NEGATIVE COMPLEX AMPLITUDE o e

GAMMA DISTRIBUTION FOR

-  DISTRIBUTION FOR THE INTENSITY
THE PHASE VARIANCE GLADYSZ ETAL.

THE LINK BETWEEN THE DISTRIBUTION FOR THE COMPLEX AMPLITUDE AND
PHASE VARIANCE IS OBVIOUS UNDER THE MARECHAL APPDOXIMATION




CORONAGRAPHIC IMAGES

QUASI~STATIC SPECKLES




EFECT OF A CORONAGRAPH

® ['HE DIRECT FOCAL PLANE AMPLITUDE IS:

Wa(r) = Cy(r) + 5(r)

SNATIC
DIRECT
RESPONSE

SPECKLE
TERM




EFECT OF A CORONAGRAPH

® ['HE DIRECT FOCAL PLANE AMPLITUDE IS:

Wa(r) = Cy(r) + 5(r)

SNATIC
DIRECT
RESPONSE

SPECKLE
TERM

® [ HE CORONAGRAPHIC FOCAL PLANE AMPLITUDE IS:

Wy(r) = Ce(r) + 5(r) — (S(r) M(r))
Wy(r) = C.(r) + S(r)

STATIC SPECKLE
CORONAGRAPH  TERM
RESPONSE

A CORONAGRAPH HAS A NO EFECT ON THE SPECKLE COMPLEX
AMPLITUDE TERM OUTSIDE THE MASK AREA




EFECT OF A CORONAGRAPH

SPECKLE TERM: (NOT ARECTED
BY A CORONAGRAPH)
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MODEL VS. NUMERICAL SIMULATION
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TEMPORAL PROPERTIES OF SPECKLES
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STATIC + QUASI~STATIC

® QUASI~STATIC SPECKLES CAN ALSO BE INCLUDED

e DECOMPOSITION INTO: PEREECT, STATIC, QUASI STATIC
AND ATMOSPHERIC TERMS.

U, =A+ As(x) +a1(x) + az(x)

Uy =C + S1(x) + Sa(x)

FAST SLow
SPECKLES SPECKLES

Soummer ETaL 2007



DynaMic RANGE
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QUASI~S TATIC SPECKLES
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SUMMARY

CORONAGRAPH REDUCES

BOTH SPECKLE AND PHOTON
PINNING BY CONSTANT NOISE BY REMOVING THE

PSF (NcLUDING SPECKLE PINNING
STATIC ABERRATIONS)

EXPONENTIAL DISTRIBUTION FOR
PERFECT CORONAGRAPH

CORONAGRAPHIC

RiICIAN DISTRIBUTION,
VERIFED ON LICK AND
PALOMAR DATA

PINNING BY STATIC
ABERRATIONS NOT
NEGATIVELY SKEWED DISTRIBUTION AT HIGH SR ALTERED BY THE
VERIRED ON Lick AND AEOS paTA CORONAGRAPH
(RICIAN STATISTICS AT VERY LOW CORRECTION)

ANALYTICAL VARIANCE
EXPRESSION WITH FAST
AND QUASI=STATIC

ABERRATIONS




CONCLUSIONS

AQO SYSTEM

A\RECTED BY
CAL system

(SPECKLE NULLING)

REMAINING PARTS REMOVED BY POST PROCESSING

(ADI, CHROMATIC/POLARIMETRIC SPECKLE SUPPRESSION ETC.)




