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Photon count imaging
D3PO (Selig et al)

[Fermi - NASA/Kim Shiflett]
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Information theory

Peld) =
H(d,s) = —logP(d,s)
Z(d) =

P(d)
= /DsP(d, s)
P P(d|s) P(s)
H(d,s) = H(d|s)+ H(s)

Information

is additive



Probability & Information
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signal reconstruction with 2" pixels given 42 noisy data points
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signal reconstruction with 2" pixels given 42 noisy data points

data
h=2
n=3
n=4
n=
n=
n=
n=
n=29

-~

Yy

/4

mf2
coordinate

3mfd







Correlations

P(dls)
d=s1+n
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Wiener filter

d = Rs+n data
P(d,s|R,S,N) = G(s,5)G(d—Rs,N) orior & likelihood
P(sld,R,S,N) = G(s—m,D) posterior

m = Dj QOSterior mean
j = R'N'd information source

D = (S'+R'NT'R) information propagator
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Wiener filter
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NIFTY - Numerical Information Field Theory
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NIFTY - Numerical Information Field Theory
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Variational Bayes

H(sld)2 (s — m) D (s —m)

KL(P. P) :/Dsﬁ(su) H(s|d) — A (sld)



Denoising, Deconvolving, and Decomposing

Photon Observations selig et al. (2014)
www.mpa-garching.mpg.de/ift/d3po




Data model

d= Re” +n
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Information
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D3PO in 1D & QPOs

Magnemr flare SCR 1900+14
Pumpe et al. arXiv:17/08.05702
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flux [counts per bin]

D3PO in 1D & QPOs

MagneTQr flare SCR 1900+14
Pumpe et al. arXiv:17/08.057072
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D3PO in 1D & QPOs

MagneTQr flare SCR 1900+14

Pumpe et al. arXiv:17/08.057072
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log-data



log-data ... denoised



log-data ... denoised ... deconvolved



log-data ... denoised ... deconvolved ... decomposed



Selig, Vacco, Oppermann, EnRlin (2015)

log-data ... denoised ... deconvolved ... decomposed



Selig, Vacca, Oppermann, EnRlin (2015)

relative uncertainty of diffuse emission



Sharpening up Galactic all-sky maps with complementary data
Ancla Muller et al (2018)




Sharpening up Galactic all-sky maps with complementary data
Ancla Muller et al (2018)




Planck Dust

Leike & EnRlin (2019)




G(:“O DUS-I- Leike & EnRlin (2019)




GC:“Q DUS-I- Leike & EnRlin (2019)




Aust densiTy Leike & EnBlin (2019)




dust density

Leike & EnRlin (2019)
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log dust density

Reimar Leike et al. (2019)
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‘Og dUS-I- deﬂSlTy Creen et al. (2018))
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‘OQ Aust densiTy allement (2018)
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log dust density

Reimar Leike et al. (2019)
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assumed Z-point correlation

4

1.0 1
0.8 1
0.6 1
0.4 -
Leike & EnRlin. (2019
0.2 4
_______ Lallement (2018)
ood T Tm e
(I] 2I0 4I0 6I0 8I0 1[I)0 150 lﬁllO




assumed power spectro
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observed power spectra
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neural networks vs. information field theory
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Fermi
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Imaging goes inference

IFT - information field theory

NIFTy - numerical IFT in Python
autodiff/variational inference

UBIK - Universal Bayesian Imaging
toolKit
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