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i Outline

= Brief review of closure phases and principles
of aperture synthesis imaging

= The visibilities and closure phases

= How do we get them with aperture masking
= How good are they?

= Imaging with Keck aperture masking
« Stuffing the data into a VLBI package
= Deconvolution and aperture synthesis
= Examples of Maximum Entropy Method
= Some Keck results illustrating data quality

= Problems with the status quo
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i Stellar Interferometry

Basics

1 DFainf = A/t

\ Pein = ASZ
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Lipman Thesis 1998
Fringe Visihility: Vi =
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The amplitude of fringe
corresponds to Fourier amplitude
of a single Fourier component of
brightness distribution

The phase corresponds to the
Fourier phase

«Collecting enough of these
amplitudes and phases, at
different slit separations and
position angles, allows the image
to be reconstructed
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The Atmosphere...

Phasescreen

A Keck-sized patch
of atmosphere
during typical good
seeing

Meters

Each contour is one
radian of phase
delay of 2-micron
light
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W Atmosphere Corrupts the Phase

Point source
at infinity

Incoming plane waves
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i Telescope-based Errors
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i Telescope Phase Shift
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W Big trouble...

__Placid Atmosphere (A¢ < # radians)
A0 |

&}

HsogTam
5

=00 il 100
Weasred Fringe Phase [degroes|

0
Maarrad Frivgs Phase [Gegreas)

Michelson Summer School 2001 (Monnier)

Fourier Phase (Degrees)
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Fourier Phases on 3 Baselines
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The “Closure Phase” Is Not

— Corrupted

Observed Intrinsic Atmosphere

O(1-2) = ® (1-2) + [p(2)-p(1)]

_— e

[ / ' D(2-3) = D (2-3) + [p(3)-¢(2
/§ éj/ D(3-1) =D (3-1) + [¢(1)-¢(3
Closure _
2 = o (1-2)+P (2-3)
3 (53 +0 (31

Related to the Bispectrum Bijk’ used in Speckle Interferometry
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W  Closure Phase is a Good Observable

Fourier Phases on 3 Baselines
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i Closure Phase Averaging

Complex Plane Averaging in the Complex Plane
=
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W How Much Phase Information?

Closure Phases are not all independent from each other.

Number of Closure Phases Number of Fourier Phases
(N)  (N)(N —1)}(N —2) (‘v) _(M(N 1)
3) (3)(2) 2 2

Number of Independent Closure Phases

N-1) (N-1)(N-2)
() -5

Number of Number of Number of Number of Independent Percentage of
Telescopes  Fourier Phases  Closing Triangles Closure Phases Phase Information

3 3 1 1 33%
7 21 35 15 1%
21 210 1330 190 930%
27 351 2925 325 93%
50 1225 19600 1176 9%6%
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i Closure Amplitudes too

Closure amplitudes have not
been used effectively in
W"" vred optical interferometry
because fringe amplitude
[er asured fluctuations are mostly
caused by variable
||f:,t. ||(;',_r||V‘““ | atmospheric coherence (and
,,m = homel  OECaAuse there are few 4-
Iﬁr || GGl [V

il ' telescope arrays).
1’?1'1'_'”| V”'” However, closure ampli
, plitudes
1 || nu | §hou|d be useful for
Interferometers using spatial
filters such as single-mode
fibers.
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ik Speckles and Power Spectra

FFT

o
= 40
o
. ::2 20
E QL
S [=
3 g !
& 2 -20
< =
E 40
S -
-2 -1 0 1 2 A0 20 00 20 40
Arcseconds U component (10° rad™)

Michelson Summer School 2001 (Monnier)



W Software Pipeline |

Software Pipeline |

100 Raw Specklegrams . CriscoiPd:
NIRC Macros

105kves | [e.g. specksky]

Flal Fields
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Mean Fourier amplitudes and
uncertainties for all baselines

Mean closure phases and
uncertainties for all triangles
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i Averaging the Visibility”™2

Simple Mask Fourier Plane
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W Analyzing The Amplitudes...

Visibility in U-V Plane

CIT 6 at 2.2 pm (Jan 1997)
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W Closure Phase Averaging

Simple Mask Fourier Plane
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W  Closure Phase is a Good Observable

Fourier Phases on 3 Baselines
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W  Closure Phase is a Good Observable

The Bispectrum
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