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Explanation of the problem

Reconstruct an accurate estimate of the true sky

from the convolved observations

Solving the normal equatiom’ As=A" d

- assuming white noise



Deconvolution Method — data model

“Simulation”

- input: skya,,, , beamb,_ , and scan pdth,(t), (t), ,(t))

Total convolutionall possible orientations of the beam)

- T( )= d  [D( , J)bJC )*s( )
. — I I * Wandelt-Gorski formalism
Tmm'm"_ I Slmdmm'< E)dm'm"( )blm" described in “Fast
convolutions on the
“Binning” sphere”

— create TODd



Deconvolution Method

Transpose convolution



SolvingA' As=A" d

Direct solution method vs. iterative method
Direct method

- number of operations scales as npix*3
— space to store coefficient matrix scales as npix"2

lterative method + fast convolution and transpose
convolution

— never have to store coefficient matrix



Preconditioned Conjugate Gradient
lterative Method

Preconditioning

— Multiply both sides of
normal equation by
approx. inverse of
coefficient matrix

- Reduces no. of
iterations

— Done In pixel space

Inverse of the number
of hits/pixel

Conjugate Gradient

- Solves linear systems
with symmetric
positive definite
coefficient matrices

Compute convergence
by ratio ofL, norms

L,[B"'Bx B'd]
L,[B'd]




Regularization Technique

I 1)
> )

Factor A=BG G,= exp(

AT As=A" d - G B'BGs=G' B' d

B'" Bx=B' d wherex=Gs

— target resolution



Test Cases

Beams Scanning strategies
- Asymmetry parameter - Basic scan path

M ax - Coarse version of
- Sidelobe(m, ., = 8) WMAP scan path

— Elllptlcal (mmax: 38)
- Two-beam(m, ., = 128



Standard map-making method

For comparison purposes

Assumes azimuthally symmetric beam and white
noise

Bin TOD into sky pixels, sum over repeated hits,
divide through by number of hits/pixel



Results — Residual Power Spectra




Results — Convergence Rates

Sidelobe
------ Elliptical

------- Two-beam



Results — Galactic emission

True sky with Galaxy Standard map

First-year WMAP Ka-band Deconvolution method
temperature map



Computational Costs

Total convolution
- m_,=0 Order(l

3 : .
ax) (same as spherical harmonic transform)

Order (1% )
Two-beam casg = 128,m__ = 128)

B mmax: I maxX

- Peak task memory ~ 2.2 GB

- Cpu time ~ 29 hours for 100 iterations on an IBM
Power4 processor



Future directions

Correlated noiseA’ N *As=A" N 'd
- eg. MADMAP

High resolution — parallelization
Polarization

- large-angle B-mode detection?
Planck



