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Magnetic structure

pulsar

Sun
star

Pulsars:
Dispersion Measure → electron density
Rotation Measure → magnetic field x el. dens.
Scintillation Measure → el. dens. x turbulence 

Extragalactic  sources:
Rotation Measure → magnetic field x el. dens.
Ultra High Energy Cosmic Rays → mag. fields 
Stars:
Dust reddening → dust density & properties
Positions → stellar density & radiation field
Kinematics → gravitational potential 
Emission Processes:
Dust emission → dust density & radiation field
Synchrotron → relativistic el. x mag. Fields
Bremsstrahlung → thermal, rel. el. x gas density
Inverse Compton → rel. el. x radiation field
Hadronic interactions → rel. nuclei x gas density
Lines (21 cm, CO, ...) → gas density & kinematics

Other information sources:
Correlation structures (auto- & cross-correlations)
Approximate symmetries
Physical laws
Empirical laws, ...

Galactic Tomography



 Data Fusion



signal

data

data

signal

Bayes’ theorem



Information theory

Information

is additive
metric regularization
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Probability & Information



Correlations





Correlations



Correlations



Correlations

diffuse emission

correlation
structure



telescope

sky signal

diffuse emission point sources

correlation
structure

luminosity
function

data



telescope

sky signal

diffuse emission point sources

correlation
structure

luminosity
function

data



Wiener Filter

https://en.wikipedia.org/wiki/Generalized_Wiener_filter
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Wiener Filter

← solve with Conjugate Gradient



Wiener Filter Samples

← solve with Conjugate Gradient



Probabilistic programming

with auto-differentiation



Probabilistic programming

with auto-differentiationimport nifty6 as ift
s_space = ift.RGSpace([N])
import nifty6 as ift
s_space = ift.RGSpace([N])
import nifty6 as ift
s_space = ift.RGSpace([N,N])
import nifty6 as ift
s_space = ift.RGSpace([N,N])



NIFTy tutorial part 1
linear reconstructions
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Data model

known

unknown
known response

unknown
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Bayesian Sampling

Sampling the unknown signal according to its posterior probability     
                                    .

Goal is to calculate posterior expectation values:



Sampling



Uniform Sampling



Rejection Sampling



Rejection Sampling



Metropolis Hasting Sampling



Gibbs Sampling



Hamiltonian Sampling



Nested Sampling



Nested Sampling
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Artificial Intelligence
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 IFT as a neural network
isotropic power spectrum

Gaussian white excitation field

signal field in 
Fourier space

signal field in 
position space
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power distribution

point-wise multiplication

Fourier transformation

instrument response
Gaussian white noise

data in data space

2D amplitude spectrum



Metric Gaussian
Variational Inference

Knollmüller & Enßlin (arXiv:1901.11033)



Variational Bayes



Metric Gaussian Variational BayesVariational Bayes
Knollmüller & Enßlin (2019)



Information 1 dim



Magnetar flare SGR 1900+14
Pumpe et al. (2018)

1 dim



Magnetar flare SGR 1900+14
Pumpe et al. (2018)

1 dim



0.2Hz
0.4Hz

Magnetar flare SGR 1900+14
Pumpe et al. (2018)

1 dim



Information 2 dim



Selig et al. (2015) 



Selig et al. (2015) 



Selig et al. (2015) 



Selig et al. (2015) 



Selig et al. (2015) 



Selig et al. (2015) 



Selig et al. (2015) 





dust emission by IRAS + Planck
Leike & Enßlin (2019)



dust absorption by Gaia
Leike & Enßlin (2019)



dust absorption
Leike & Enßlin (2020)
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spectral index: -2.68 +- 0.19 on scales from 2.8 to 20pc

power spectrum Leike & Enßlin. (2019)



Hierarchical Bayesian Model



Galactic Faraday Sky             Hutschenreuter & Enßlin (2019)



Faraday Effect

Faraday depth:



Faraday Data Oppermann et al. (2012)



Hutschenreuter & Enßlin (2019)Faraday Amplitude Field



Hutschenreuter & Enßlin (2019)Planck Free-Free Emission

Faraday depth:



Hutschenreuter & Enßlin (2019)Faraday Amplitude Field



Hutschenreuter & Enßlin (2019)Faraday Amplitude Field



Hutschenreuter & Enßlin (2019)Faraday Amplitude Field

Faraday depth:



 Data Fusion



Hierarchical Bayesian Model

Planck free-free emission Faraday data

Noise
level
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Planck free free map             Hutschenreuter & Enßlin (2019)



Inferred free free map             Hutschenreuter & Enßlin (2019)



Hierarchical Bayesian Model



NIFTy tutorial part 2
nonlinear reconstructions



IFT is AIIFT is imaging
NIFTy software package:
ift.pages.mpcdf.de
/nifty 

IFT resource page:
wwwmpa.mpa-
garching.mpg.de/
ift

IFT is for you

Information Field Theory
+ Numerical Information Field Theory 
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