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Ultra-wide field imaging

low-freq arrays image nearly the whole half-sky
— LWA, MWA, LOFAR, SKA...
— plus terrestrial interference on horizon!

VLA 74 MHz already 10° FWHM!

tiling the sky is tricky — use single spherical coord. system
— but need a way to grid (e.g. HEALPIX)

replace tangent plane coordinates with spherical (angular)
coordinates

— replace uv-plane with spherical harmonic multipoles I,m ?
— used in CMB (as well as atomic physics)
— need to relate to interferometer system
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The essence of W projection

« Evaluate this integral (and transpose) for regular
grid in (I,m) and irregularly spaced samples in (u,v)

V (U V, W) jj \/1 dfd 1l | (5, 77) ei27r[u§+vn+w(m_1)]

e |mage space comutatlon = multiplicative function

V(u,v,w) = “J dédn G(&,m, W)l (&,77) e 271

e Fourier space co nputatlon = convolution kernel

V(u,v,w)7G(u,v,w)®V (u,v,w=0)

j27zw( 1-12—m? -1
e

NAWG 09-Nov-2005




Standard sky geometry

sky:

— unit sphere

— tangent plane

— direction cosines
- &£=(&n.9)
Interferometer:
—u=B/A

— u = (u,v,w)
project plane-wave
onto baseline vector
— phase 2% &-u
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Wavefront correlations

e Rewrite the standard form of the relation as




Whole-sky imaging & transforms

» Celestial spherical coordinates (0,¢)
— choose pole : celestial, terrestrial, pointing direction
— coordinates: RA-Dec, Az-ZA, other
— Intensity field:

« Spherical Harmonic Transforms
aﬁm = jd ZﬁYEm (ﬁ) I (ﬁ)
Y, (0,4)=P,(cosg)e "™

— at high | these become Fourier transforms
— complete orthogonal harmonic mode basis on sphere
— there are fast versions and convolvers
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Spherical maps

 Need optimized map geometry and fast convolvers:

— see Wandelt & Gorski (astro-ph/0008227) for convolution
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WMAP: case study

« HEALpIX maps:
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Issues

Is there a simple expression for V(u,v,w) in terms of
spherical harmonics (I,m)?

Will the FSHT be fast enough?
Are fast spherical convolvers fast enough?
Tiling the sky: is HEALPIX the right way?

Are there any practical advantages to doing it this way?

to be continued ...
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