deParis Y, Edith Falgarone (LERMA / ENS Paris)
Laboratoire dEtude du Reyommement et de (s Hatiére en Astrophysiqus Francois Viallefond (LERMA / Observatoire de Paris)

N

I’@ e /,{/;/;’Mﬁ Francois Levrier (LERMA / ENS Paris)
vatoire - »

ABSTRACT Phase increments, phase entropy, phase structure quantity and von Mises distributions W
Fourier phases contain a vast amount of information about structure in direct
space, that most statistical tools never tap into. We address ALMA'’s ability to
detect and recover this information, using the probability distribution function
of phase increments and the related concepts of phase entropy and phase
structure quantity. We show that ALMA will be able to achieve significant

e Phase increments are defined by |A¢ = ¢p(k + §) — ¢(k)|  for a given lag vector &.
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e The probability distribution function of phase increments p(A¢) is in general not uniform. Its shape
is that of a von Mises distribution:

p(Ag) =
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detection of phase structure, and that it will do so even in the presence of a fair om ]y
amount of atmospheric phase fluctuations. We also show thqt ALMA .Should o e The non-uniformity of the PDF of phase increments may be quantified by
be able to recover the actual "amount” of phase structure in the noise-free

case, it multiple configurations are used.

Phase entropy S(6) = — / W p(Ag)In|p(Ag)|dA¢
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Why study the statistics of Fourier phases? § Phase structure quantity Q) =In(27) —S5() > 0

250

Single point source Intermediate case Fractional Brownian motion
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Take an image such as the portrait of Joseph Fourier on the left. Fourier-transform it, keep =3 -2 -1 0 ! 2 3 =3 =2 -1 0 1 2 3 =3 -2 -1 0 ! 2 3
the map of amplitudes, and reshuffle the map of phases randomly. Fourier-transform back Ag A A

to direct space and you get an image such as the one on the right. The original structure is
completely lost in the process. Yet both images share the same power spectrum. They
also share the same - essentially uniform - probability distribution function (PDF) of the
phases. It is in the Fourier-spatial distibution of the phases, in their correlations,
that information about structures in direct space should be sought.

Q ~ 1072 for column densities of compressible turbulence simulations (Porter et al., 1994)
Q ~ 107! for gravitational clustering simulations (Chiang & Coles, 2000)
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Phase structure quantity and statistical noise [

The frouble with not having infinitely many antennae Regular and extraordinary histograms Adapfive upper limit estimation procedure

Choose values for Py and P, with P; < Py < 1

Finite number of measured phases 0.20F i
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‘ Finite number of phase increments n

Deduce € from Py, given n and p
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‘ Statistical noise on p-binned histograms p(Ag) ‘ Use quantiles of y? to compute z
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Mathematical formulation regular histogram — P2 =
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extraordinary histogram —j
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assuming a uniform underlying PDF of phase increments : j
I 0.00 P(Q>g:) < n[l—EI‘f (e\/—
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Estimate an upper limit to the probability P (Q > :1:) for z > 0, E

Estimate the minimum value of Q assuring that O # 0 ||»

Phase structure quantity in simulated observations P!

Simulations of observations Single configuration and noise-free observations
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