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Interferometry in a nutshell

Emission processes
Radiative transfer

Physical fields PPV projection

Channel map |

Bl ¥
»

[] Projection on a PPV hybrid space
[l Antenna pairs measure correlations
[] Primary beam attenuation : B

[] Incomplete sampling : C

J =T, '[C.Tp[B.I)] = T, '[V]

How does all this alter structure ?

Deconvolution algorithms )
Analysis
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Usual structure characterization tools

Statistical measures on an n-dimensional field F
(1 Second order structure function S(7) = <[F(53’ + 7) — F(a‘c’)]2>

—

€T

0 Autocorrelation function A(7) = (F(Z)F (X + 7))

0 Power spectrum  P(k) = |F(k)|?

Direct numerical approach

Model field Interferometer simulator »@erved@

P S, A, P S A

What statistical tools are the most reliable ?
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Fractional Brownian motions

Simple statistical behavior
0 S(7) o< 7?2 with H € [0, 1]
0 P(k)  |k|=° with 3 =2H +n
[J Fully random phases

Numerical implementation

[] Ease of generation in Fourier space
[1] Models of the diffuse interstellar medium
(Stutzki et al.,, 1998; Bensch et al., 2001; Brunt & Heyer, 2002; Miville-Deschénes et al., 2003; Levrier, 2004)

B=2 B=2,5 B=3 B=3,5 B=4
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Interferometer simulator

Primary beam

[

Antenna diameter
Frequency

(u,v) cover Gridding

1/ .//
=

Array coordinates
Source position
Antenna positions
Time range

Nyquist parameter
Antenna diameter
Image size

[] Interferometer simulator written in IDL (my own private MeqTrees)

[] Visibility based / Homogeneous arrays / Flexible configurations
[ ALMA / VLA / PdBI / ...
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Robustness of statistical tools

Power Spectrum
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Adaptation of statistical tools to the measurement space

[] Structure function < Direct space <

Single dish (Bensch et al., 2001)
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[] Power spectrum <« Fourier space < Aperture synthesis (Levrier, Ph.D.T., 2004)

[] But power spectra only make use of Fourier amplitudes, not phases...
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On the importance of Fourier phases

Original Reshuffled
J. Fourier phase phase

' Reshuffling of the Fourier phases
' \4

Loss of structural information

Original
amplitude

Carefully designed phased planar arrays
v
Multibeaming
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Phase increments

(] Defined as A¢(k,d) = ¢(k + 6) — ¢(k) for a given lag vector &
[] Statistics of phase increments should trace the structure lost in the reshuffling
[J Probability distribution functions p(A¢) approximated by histograms p(A¢@)

Limiting cases

Fractional Brownian motion Single point source
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Histograms of phase increments

Compressible hydrodynamical turbulence simulation (Porter et al., 1994)

5122 Column densit 0 = é;n
y
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Histograms of phase increments

Gravitational clustering simulation (Horizon project)

D2EM T T T T T T T T T[T T T T T T T T T [ TT T T T T T T T[T T TT T TTT7T [TTTTTT 11T [T T T T TTITT TT

Requires quantification of non-uniformity
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von Mises distribution

1
Ad) = e rcos(Ad—p) (Watts et al,, 2003)
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Phase entropy and structure quantity

Characterizations of non-uniformity

Uy

[] Phase entropy : S(g) = —/ p(Aqb) ln[p(Agb)]qub (Polygiannakis & Moussas, 1995)

— 7T

[J "Phase structure quantity" : Q(8) =Iln(2r) —S(6) >0

Relation to the von Mises parameter &

.00
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The trouble with estimators

Statistical noise on finite-sized images

[] May lead to false detection of phase structure

[] Requires an estimate of x so that no phase structure implies Q < =

[] Depends on number of phase increments p and number of bins n

[] Theoretical upper limit  computed from 2 statistics (Levricr, Falgarone & Viallefond, 2006)

n=50 ]
n=500
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Fourier phases and interferometry

Primary beam attenuation

[J Convolution in Fourier space

[] Mosaic observations effectively reduce kernel size
Not considered < Pointlike antennae

Pillbox gridding
[] Measured phases associated with "wrong" wavenumber
[] Model brightness distributions already gridded

Not considered < Phase constant over each pixel

Atmospheric phase noise

[] Atmospheric turbulence makes phase space- and time-dependent
Considered ... See later
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Phase structure quantity in observations

The input brightness distribution

Column density of a compressible hydrodynamical simulation for which Q ~ 0.01

The parameters

[] 3 possible arrays
[] Single or multiple configurations (possibly trimmed)
[] Atmospheric phase noise

The questions asked

[J How long does it take to achieve a significant detection of phase structure ?
[1 How long does it take to recover the actual phase structure quantity ?

[] What level of atmospheric turbulence still allows detection of phase structure ?
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Noise-free observations with Plateau de Bure
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Noise-free observations with the VLA
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Noise-free observations with ALMA
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Atmospheric phase noise

) |
Viu,v,t) = m (4,3 t)z:‘:(u v) Vo(u, v)exp[igg(t. 3. 1)]

Kplmogorov frozen turbulence 85 km by 200 m

Wind
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Noisy observations with ALMA
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rms phase delay oy

[1 100m baseline
[] 1.3 mm wavelength
[1 Zenith observation

Chajnantor: 15° to 60°

Detection possible with
single configuration




Conclusions

Detection of phase structure

[] Requires extended ALMA configuration
[] Atmospheric phase noise not critical

Measurement of phase structure
[] Requires multiple ALMA configurations

Open questions

[ Allow for variations of §
[] Interpretation of phase structure quantities <= Physical processes

Journée Plasmas 15/02/2007




	Utilisation des phases pour l'analyse de la cohérence en radio-interférométrie
	Interferometry in a nutshell
	Usual structure characterization tools
	Fractional Brownian motions
	Interferometer simulator
	Robustness of statistical tools
	On the importance of Fourier phases
	Phase increments
	Histograms of phase increments
	Histograms of phase increments
	von Mises distribution
	Phase entropy and structure quantity
	The trouble with estimators
	Fourier phases and interferometry
	Phase structure quantity in observations
	Noise-free observations with Plateau de Bure
	Noise-free observations with the VLA
	Noise-free observations with ALMA
	Atmospheric phase noise
	Noisy observations with ALMA
	Conclusions

