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Abstract:

Even with dense sampling of the uv plane intensity correlations only contain half the information required to reconstruct an
image. Intensity correlations do contain the full information of the image power spectrum and therefore of the image 2-point
correlation function. With some practice one can gain intuitive understanding in interpreting 2-point correlation function
"images". This is illustrated with both toy examples and modeling of real astronomical images. In some assumptions one can
even interpret these 2-point correlation function "images" with only a few baselines.
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Why Image Reconstruction?

For illustrative purposes
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Intensity Interferometry
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suggestion 1
Linear Image Reconstruction

In many types of measurement what is measured is, to some approximation, linear
in the quantity whose image one wants to reconstruct

Usually for the dominate source of noise is additive.
suggest constructing image estimators which are linear in the measured quantities.
» a good feature: for linear reconstructions the noise is additive

example: astronomical intensity interferometry of incoherent light
O[7,v]=g?—1=|¢[7, 1]
® is linear in |¢[?, V] |2
suggest constructing linear image estimator

L0 x @ | [ £,0])
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suggestion 2
Coherence Correlation Function

« For intensity interferometry there is a linear relation between ® « I [fi,] [ [f,] so the observable is not linear in £, nor localized in i .
« Rather
_ (JdPiy e B[y, v LI ([ @iy e ¢ By [y, 1] [,])

O[7,v] = |l £, 1] = —— ; —— -
( Idznl B,[n,,v] L, [n]) (_[dznz By[ny, v] 1, [1])
« One could take the image space to be the normalized intensity spatial power spectra: | @[ ¢, v] |2.

. power spectrum misses half the information: | qb[?, v]| but not arg[qb[?, v]|]

« However it is suggested to instead use the coherence correlation function, which is the Fourier transform of the power spectrum,,
as the image space

[&27 ¢T3 ®[F,1]  [d* B,[A,v] B,lA + Ah, ] L[A]1,[ + Af]

welAR, V] = —— < - .
[a2¢ ®[¢,0] [d%h B\[fi, v] B[, v] L[]

with properties
« wglAR, V] contains all the information from intensity interferometry
0w <1
. Wel0,v] =1
« Wg[AR, V] invariant under Al - — Afland{, —» — 1,
. if the support, |fi; — i, |, of [, is compact then so is the support of wg[Af, 1]

« No attempt to reconstruct 1 [1i]
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suggestion 3
Restrict to “Space of Beams”

For linear measurements there is (usually) an infinite image (Hilbert) space
but only a finite set of measurements.

« there are many image patterns to which the data is completely insensitive
- suggestion do not include these in the reconstruction

« caveat: there are a variety of ways to this which corresponds to different
weighting schemes
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® vs BASELINE or frequency

+ b for moveable telescopes may be varied almost arbitrarily
« for fixed telescopes b only varies with Earth rotation

* many telescopes give many simultaneous baselines

* interferometric lingo: "“fill the uv plane”

* ¥V single photon optical detectors vary by small factor =4

» depends on detector technology
« dense spectral sampling expensive

» degeneracy of spectral and spatial information

*b+V

* expensivel
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COHERENCE FUNCTION

(UNIFORM BRIGHTNESS DISK E.G. STAR)
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Complete uv Coverage
(27 T B[ 7, ]

wolAG,v] = S
[&2¢ ®[¢,1]

UNIFORM BRIGHTNESS DISK
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NON-UNIFORM DISK

* rotating “dynamic” star [Sun from Solar Dynamics Observatory]
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AXIS OF ROTATION

* temporal time average




COHERENCE VARIATIONS

SUBTRACT TEMPORAL MEAN
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coherence Function for only 2 Baselines

ROTATING DYNAMIC STAR [SUN FROM SOLAR DYNAMICS OBSERVATORY]

ONLY TWO BASELINES FROM 3 TO 4 TELESCOPES
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in foreseeable future most Il observations will only have a few baselines
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Perimeter

Institute

intensity pattern power spectrum  correlation function
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amplitude interferometry - finite uv coverage

Fernmeter

IRstituie

x4 bandwidth x2 bandwidth 10% bandwidth

Intensity interferometry
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Summary

visualization of the intensity 2-point correlation function from
intensity interferometry measurements can be useful

even with limited uv coverage
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