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3.0 3.0

calibration(time), magnetic field(position), etc.

data d responds to signal, ideally in a linear Way

d=Rs+n, d; = [dxRi(z)s(x)+n;

reconstruction m = F(d)
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= signal field: «© degrees of freedom
_ data set:  finite
- — oddhonal mformcnhon needed
informo’rionz
ohysical laws, symmetries, continuity,
f STOT|ST|CO| homogenefry/ |soTrOpy

combining concrete (data) &
abstract (knowledge) information

— information ’rheory for f|elds
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Free [heory
Gaussian signal & noise, linear response

signal :
P(s) = G(s5,5) = — L g
s) = s,S) = \277S\1/2 exp ; S S
fis = [ duj@)s(
S — <SST>(S)
data :
d = Rs+n, Pldls)=Pn=d—Rs)
noise :
P(n) = G(n,N), N = (nn'),




Free [heory
Gaussian signal & noise, linear response

Gaull * Gaull = Gaul




Wiener filter theory
known for 60 years

H(d,s) = z(s —m)'D~'(s — m) 4 const

posterior distribution:  P(s|d) = G(s —m, D)

a posteriorl mean: m =D}
information propagator: D = (S 1L RN _1R) -
information source: j=RIN"1d
m = (ST'4+RINTIR)TIRIN"1(
d(k
m(k) = (k) for R =id

1+ P, (k)/Ps(k)
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signal field:
electron density

mock signal from known power
spectrum



data = integrated signal

. | d=Rs+n
.' =B pulsar
' o '-..(RS)—/ dz s(z)
Earth

f’" | j=R'N"'4
g D= (ST EINTR)

[ m=Dj

0.00000000 2.38417263



information source

________ ®
. """""""""""""" pulsar
earth
d=Rs+n
pulsar 2
(Rs);= / dz s(z)
Earth
j=RIN"1d
D= (S"'+RINTR)
m =D}



reconstruction

d=Rs+n
pulsar
(Rs);= / dz s(z)
Earth
j=RIN"1d

D= (S'+RINR)
m =D}
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Code & Docu @ http//www.mpa-garching.mpg.

J

eJift/nifty/

Theory

signal
20 9

data

reconstructed map
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Extended Critical FHilter

Gaussian signal & noise,

signal covariance: S, = (S 8;5>(S) = Cs(r — y)
noise covariance: N;; = (n; n;'>(n) — 02-2 0ij
|- Imax
5= Z Pk Sk N = ZU:‘N:'
k=0 =0

assume priors for parameters

kmax — o 104 —
p((ﬂﬁt]k} — H - (p—k) exp (—q—k) i i

ko IkT(ap — 1) \ gk Pk o g
&
: 108
Imax 1 N e -
n;j qi I
: i=0 gil (aj — 1) gi i 1
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Extended Critical FHilter

Gaussian signal & noise,

Dj, D= Zpk—ls,;l + anlRTN;l

=
j= ZH‘IR*
_ Qi+ 5t ((*'7"“'””'Jf + D) 5%
Pl = ap — 1+ tr (SkSk_l)
gi + tr (((d — Rm)(d — Rm)' + RDRT) N;l)
i =

aj — 1+ tr (N;Nf_l)



11} test ease

Assumptions:
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1D test case

Assumptions:

» signal field statistically homogeneous Gaussian random field
>
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1D test case

10

-10

Assumptions:

» signal field statistically homogeneous Gaussian random field

» noise uncorrelated, Gaussian
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1D test case

» Reconstruct (iteratively):
signal, power spectrum, noise variance
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1D test case

10

-10

» Reconstruct (iteratively):
signal, power spectrum, noise variance
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Faraday depth:
z

w20 Faraday Sky N
oA > Oppermann et al. (2012) 0




B
} j‘ Faraday depth:
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Faraday depth:
z

Faraday OKY  g(2) o« [ dzne B

Oppermann et al. (2012) 0
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2 w FOI’OdOy Sky &(2) oc | dzne B,

S > Oppermann et al. (2012) 0
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Crash-Course on IFI & NIFTy

Old-fashioned lecture series for serious cosmologists

Max Planck Institute for Astrophysics, Gaching
Wednesday July 10th & 11th:

Information field theory
Torsten Enflin, lecture
Numerical Information Field Theory
Marco Selig, tutorial

http://www.mpa-garching.mpg.de/~komatsu/lectureseries/
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