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|_YOT PROJECT DYNAMIC RANGE
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A EW QUESTIONS...

WHAT IS THE STATISTICS OF THE SPECKLE NOISE IN DIRECT HIGH S TREHL IMAGES?
WHAT IS THE EFECT OF A CORONAGRAPH ON THE STATISTICS OF THE NOISE?

WHAT IS THE INTERACTION BETWEEN CORONAGRAPH, STATIC, QUASI~=STATIC
AND RESIDUAL ATMOSPHERIC SPECKLES?

NEED FOR A STATISTICAL MODEL
e START WITH DIRECT IMAGES
e STUDY THE EFECT OF A CORONAGRAPH

® STUDY THE EFECT OF STATIC OR QUASI=STATIC ABERRATIONS






IMAGING IN THE PRESENCE
OF WAVERONT ERRORS

® ORIGIN. WAVERONT ERRORS

® ATMOSPHERIC RESIDUALS AND/OR QUASI STATIC ABERRATIONS (SPACE & GROUND)
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SPECKLES

e '|'WO COMPLEMENTARY APPROACHES:

W AVERRONT PROPAGATION USING | AYOR
EXPANSION (SIVARAMAKRISHNAN ETAL.

2002, PerriN ETAL. 2003).

STATISTICAL OPTICS APPROACH (AME &
Soummer 2004, Soummer & AIME
2004)




STATISTICAL MODEL: PUPIL PLANE

e W AVE AMPLITUDE AT THE PUPIL PLANE:

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

Plane wave uncorrected part of the wavefront

PHASE
SIMULATION

AMPLITUDE
(SCINTILLATION)




STATISTICAL MODEL: PUPIL PLANE

e W AVE AMPLITUDE AT THE PUPIL PLANE:

Ui(z,y) = |A+alz,y)| Pz,y)

/ -

Plane wave uncorrected part of the wavefront
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STATISTICAL MODEL: FOCAL PLANE

i) — (A + a(z,y)] Rla iy

! exp<—<f _Re[C(I‘)])2+(U—Im[C(r)])2>

e |S(r) |2 >

DECENTERED GAUSSIAN STATISTICS
(COMPLEX AMPLITUDE IN THE FOCAL PLANE)



STATISTICAL MODEL: FOCAL PLANE
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DECENTERED GAUSSIAN STATISTICS
(COMPLEX AMPLITUDE IN THE FOCAL PLANE)

SAME SOLUTION AS FOR HOLOGRAPHIC SPECKLE (GOODMAN 197 5)



STATISTICAL MODEL: FOCAL PLANE

7)(5777) ’PI(I)

e STATISTICS OF THE INTENSITY IN THE FOCAL PLANE:
MODIRED RICE DISTRIBUTION

Py = 1o (-5 0 (202E )
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STATISTICAL MODEL: FOCAL PLANE

e Mobirep RICE DISTRIBUTION
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PHOTON COUNTING STATISTICS

e Poisson MANDEL TRANSFORMATION

-l /OOO Pr(DI" exp(—I)dI

)

® PHOTON COUNTING STATISTICS:
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MEAN AND VARIANCE

o MEAN INTENSITY: DIFRACTION PATTERN + HALO

ey o= Oz, y)|*+ < |S(z,y)|f o= 1.t E
e VARIANCE SPECKLE:
o2 = Iz EONIE



MEAN AND VARIANCE

o MEAN INTENSITY: DIFRACTION PATTERN + HALO

ey o= Oz, y)|*+ < |S(z,y)|f o= 1.t E
e VARIANCE SPECKLE:
o = I EONEE

® \V/ARIANCE SPECKLE + PHOTON NOISE:
ot = e B

SAME VARIANCE EXPRESSION USED IN THE | PF ErRrROR BUDGET BY SHAKLAN 2004



EXPLANATION OF SPECKLE PINNING
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intensity distributions
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PALOMAR AO DATA

SINGLE POINT STATISTICS
THROUGH THE DATA CUBE

Exrosure TIME 1 20Ms IN K BAND, NEED FOR A MODEL OF INTEGRATED SPECKLES
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NON CENTRAL CHI SQUARE DISTRIBUTION OF ORDER M
SOUMMER ETAL IN PREP



PALOMAR AO DATA

MAaxMuM LIKELIHOOD:
NON CENTRAL CHI SQUARE VS. DATA
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Substrat de ZnSe

\

binary masks
graded masks
phase masks

beam splitters
specialized mirrors

Light Dump

The Coronagraphic Tree of Life
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EFECT OF A CORONAGRAPH

® |'HE DIRECT FOCAL PLANE AMPLITUDE IS:

ar) = Cu(r) + 5(r)

STATIC SPECKLE
RESPONSE




EFECT OF A CORONAGRAPH

® ['HE DIRECT FOCAL PLANE AMPLITUDE IS:
Ws(r) = Ca(r) +

SPECKLE .

STATIC
RESPONSE

® |'HE CORONAGRAPHIC FOCAL PLANE AMPLITUDE IS:

\114(1‘) — Cc( )
STATIC SPECKLE
CORONAGRAPH TERM
RESPONSE

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




SUPPRESSION OF SPECKLE AMPLIACATION

SPECKLE TERM: (NOT ARECTED
BY A CORONAGRAPH)
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SUPPRESSION OF SPECKLE AMPLIACATION

® A CORONAGRAPH CAN SUPPRESS THE SPECKLE NOISE
COHERENT AMPLIACATION (SPECKLE PINNING)

¢ DIRECT CORONAGRAPHIC GAIN WHERE lc>ls
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UNARECTED BY A
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SEMI~ANALYTICAL METHOD

e |c AND Is ROM SIMULATIONS

® \V/ARIANCE ROM ANALYTICAL EXPRESSIONS
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STATIC ABERRATIONS

THE STATIC CORONAGRAPH RESPONSE INCLUDES THE
STATIC ABERRATIONS

b)) = Co(r) + S(r)

RESIDUAL PINNING AMPLIACATION BY STATIC
ABERRATIONS THROUGH THE CORONAGRAPH!

SPACE OBSERVATIONS LIKE T PF



STATIC + QUASI~STATIC

¢ QUASI~STATIC SPECKLES CAN ALSO BE INCLUDED

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

U, =A+ As(x) +a1(x) + az(x)
Uy =C + S1(x) + Sa(x)

gl = ]\717'12 (]31 -+ k1822 4 2]~C (Is1 + klso) + 2[91[32)



Concrusions (D

® |'HE SPECKLE STATISTICS OF DIRECT AND
CORONAGRAPHIC IMAGES IS GIVEN BY A MODIFED
RICE DISTRIBUTION

e (GROUND BASED: (STATIC + AO)
8 SPACE: (STATIC + QUASI STATIC)

o (UENERALIZATION POSSIBLE FOR THE GROUND
e £ A0 + QUASI STATIC)

o MODEL CONSISTENT WITH REAL DATA



Concrusions (b

® SEMI~ANALYTICAL METHOD TO STUDY/PREDICT
DYNAMIC RANGE

® SPECKLE CALIBRATION/ CANCELLATION (SLOW)
NECESSARY TO REACH THE ATMOSPHERIC VARIANCE
LEVEL

® PERFORMANCE OF THE SPECKLE REDUCTION CAN BE
DERIVED FROM THE ANALYSIS OF THE LIMITING NOISE
CONTRIBUTION






