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• Motivation

✦ Why are we interested in the interstellar gas 
distribution? 

• The problem : inferring the gas distribution 

✦ How do we observe the gas? How can we 
use such observation to understand how gas 
is distributed?  

• Our method : information field theory 

✦ What is information field theory? How do we 
intend to use it to infer the gas distribution?
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Cosmic rays produce gamma-rays

Plot by Luigi Tibaldo

Observations of diffuse gamma-ray emission provide a direct probe 
of spatial densities and spectra of CRs in distant locations, far 

beyond the reach of direct measurements

By interacting with the interstellar gas, cosmic rays produce gamma-rays



Gamma-ray data

Fermi-LAT five-year skymap



pion decay Bremsstrahlung Inverse Compton

Galactic diffuse emission

Fermi-LAT five-year skymap

Gamma-ray data



Galactic CR proton density

If we know the gas 
density, we can map 
CR protons across 
the Galactic plane

Hadronic emission (pion decay)

 Acero et al. (Fermi-LAT Coll.), 2016

gamma-ray emissivity

proton density

proton spectral index

star formation rate



prediction from standard CR transport models

Results do not agree with the prediction from standard CR transport models. 

CR proton density - the role of CR transport

 Acero et al. (Fermi-LAT Coll.), 2016
proton spectral index



prediction from standard CR transport models

Alternative transport models have been proposed: 

CR transport in self-induced turbulence
Recchia, Morlino, Blasi, 2017

Anisotropic diffusion
Cerri, Gaggero, Vittino, Evoli, Grasso, 2017

CR proton density - the role of CR transport

 Acero et al. (Fermi-LAT Coll.), 2016

Results do not agree with the prediction from standard CR transport models. 



prediction from standard CR transport models

CR proton density - the role of CR transport

These alternative transport models could 
play a major role in assessing the properties 
of CR sources in the inner Galaxy (e.g., the 
Pevatron discovered by HESS in 2016)

 Acero et al. (Fermi-LAT Coll.), 2016

Results do not agree with the prediction from standard CR transport models. 

Abramowski et al. (HESS Collaboration), 2016 Gaggero, Grasso, Marinelli, Taoso, Urbano, 2017

standard transport model

modified transport model



Fermi-LAT five-year skymap

Gamma-ray data



Galactic Center

•Highest gamma-ray flux from dark matter annihilation 
•But, it is a very complicated environment 
•Claims of an excess (with respect to standard astrophysical 

emissions) since 2009

Fermi-LAT five-year skymap

Gamma-ray data



The Galactic Center excess
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• Removal of astrophysical 
emission: spatial and spectral 
template subtraction 

• Morphology : approximately 
spherical 

An important topic in 
astroparticle research: 

Vitale, Morselli 2009, Hooper, Linden 2011, Hooper, 
Goodenough 2011, Boyarsky, Malyshev, Ruchayskiy 2011, 

Abazajian, Kaplinghat 2012, Macias, Gordon, 2014, 
Abazajian et al. 2014, Daylan et al. 2014, Casandjian 2014, 
Calore, Cholis, Weniger 2015, Huang, Esslin, Selig 2015, 
Carlson et al. 2015, Ajello et al. 2015, De Boer et al. 2016, 
Macias et al. 2016, Ackermann et al. 2017, Leane, Slatyer 

2019, Cholis et al. 2020

Ackermann et al. (Fermi-LAT Coll.), 2017

Dylan et al. 2014



Dark matter vs. point sources
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Thermal Relic Cross Section
(Steigman+ 2012)

Dark matter
• cross sections close to the thermal 

value seem to provide the best fit to 
the excess.  

• The Fermi-LAT coll. finds similar 
excesses across the Galactic plane 
(-> upper limits)

(Unresolved) point sources

• spectrum and morphology of the excess are 
also compatible with millisecond pulsars.  

• Unresolved sources can be constrained 
‣ with point-count statistics (Lee et al. 

2015, but see also Leane, Slatyer 2019) 
‣ with wavelet analysis (Bartels et al. 2015)

Ackermann et al. (Fermi-LAT Coll.), 2017
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Interstellar gas

transition between the hyperfine 
levels of the ground state determine 
the 21 cm line emission

H2 does not emit any radiation, so 
one must use a tracer (typically CO). 
CO emits lines in the transition 
between rotational states 

Both the atomic and the molecular hydrogen are traced through line emissions 

atomic hydrogen molecular hydrogen



Velocity spectroscopy

Galactic Centre Sun

V�

R�

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
0

0.5

1

vLSR[a.u.]

T
b
[a
.u
.]

‣The line emission is 
Doppler-shifted because 
the gas cloud is rotating 

‣Different line-of-sight 
velocities are associated 
to different distances 

‣This allows for a 
deprojection of the 
observations (from 
velocity to distance)  



CO line data

longitude-velocity map of the CO line emission in the Galactic disk 

How do we deproject these data to get a map of the gas 
responsible for the emission?

Dame et al. 2001



Velocity spectroscopy

Assuming that the motion is purely circular:



Velocity spectroscopy

Assuming that the motion is purely circular:



Velocity spectroscopy

Assuming that the motion is purely circular:



Velocity spectroscopy

Given a model of the Galactic rotational curve V(R), one can associate a 
velocity to each distance measured along a line of sight 

Issues 
• The rotation curve of the 

Galaxy is uncertain : in the 
inner Galaxy, deviations from a 
purely circular motion might be 
present. 

• Near - far ambiguity : within 
the Solar circle, objects at 
different distances can have the 
same velocity. 

• Lack of resolution for 
longitudes of 0º and 180º, if 
motion is assumed to be purely 
circular



Previous attempts at mapping the gas

• Rotational curve derived from 
a hydrodynamic gas flow 
model (non-circular motion in 
the inner Galaxy) 

• This non-circular motion fixes 
the lack of resolution at the 
Galactic Center 

• Fit to the longitude-velocity 
diagram with a sum of 
Gaussians, along individual 
line-of-sights.  

• The gaussians in velocity 
space are then deprojected in 
coordinate space    

Pohl, Englmeier, Bissantz, 2008



Previous attempts at mapping the gas

This method introduces artefacts, related to the issues associated to the 
deprojection technique.

simulated gas map reconstructed map

Pohl, Englmeier, Bissantz, 2008



Previous attempts at mapping the gas

forward modelling
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• Adopt a parametric model for the gas density and predict the 
longitude-velocity diagram, which is then compared to the actual data 

• PRO : Address near-far ambiguity and lack of resolution 
• CON : Not flexible enough

Johannesson, Porter, Moskalenko 2018
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Previous attempts at mapping the gas

forward modelling
• Adopt a parametric model for the gas density and predict the 

longitude-velocity diagram, which is then compared to the actual data 
• PRO : Address near-far ambiguity and lack of resolution 
• CON : Not flexible enough

Johannesson, Porter, Moskalenko 2018
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Our approach

Galactic
center

A B

Legend:

 observer

 line of sight

 gas parcel

 gas velocity

 gas velocity along 
 line of sight

 region with little 
 distance information

• Forward methods are not flexible enough to be really accurate 

• Methods based on the deprojection of the longitude - velocity diagrams 
suffer from several artefacts. Moreover, in such methods, line of sights 
are treated separately 

• However, correlations are expected to be present, as due to: 
‣large scale structure (disk, bulge, spiral arms, etc …)
‣gravitational collapse
‣turbulence in the interstellar medium

  

we need to keep 
track of 

correlations and 
exploit them!



Information field theory

We use Information field theory, a Bayesian method to infer a signal 
from data

d = f(s) + n
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<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

: data (measured spectra)
: signal (gas density)
: noise (uncertainty in brightness 
temperature)

P(s|d) = e�H(d,s)

Zd
<latexit sha1_base64="709mJKzYrOHMid8Xa3H6k0nZ5L8="></latexit><latexit sha1_base64="709mJKzYrOHMid8Xa3H6k0nZ5L8="></latexit><latexit sha1_base64="709mJKzYrOHMid8Xa3H6k0nZ5L8="></latexit><latexit sha1_base64="709mJKzYrOHMid8Xa3H6k0nZ5L8="></latexit>

H(d, s) = �logP(d, s)
<latexit sha1_base64="29H5npLbFEQ84K3LjzLCytH/4Gs=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEtSBN0IRTddVrAPaEKZTCbt0MmDmYlQQv7Djb/ixoUirgQX/o2TNIi2Hhg4nHMuc+9xIkaFNIwvrbSyura+Ud6sbG3v7O7p+wc9EcYcky4OWcgHDhKE0YB0JZWMDCJOkO8w0nemN5nfvydc0DC4k7OI2D4aB9SjGEkljfSm5SM5wYgl7bTm1sUpvIJnucb9hIXj1Kr/JDrzxEivGg0jB1wmZkGqoEBnpH9YbohjnwQSMyTE0DQiaSeIS4oZSStWLEiE8BSNyVDRAPlE2El+WwpPlOJCL+TqBRLm6u+JBPlCzHxHJbM9xaKXif95w1h6l3ZCgyiWJMDzj7yYQRnCrCjoUk6wZDNFEOZU7QrxBHGEpaqzokowF09eJr1mwzQa5u15tXVd1FEGR+AY1IAJLkALtEEHdAEGD+AJvIBX7VF71t6093m0pBUzh+APtM9vqpKgjA==</latexit><latexit sha1_base64="29H5npLbFEQ84K3LjzLCytH/4Gs=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEtSBN0IRTddVrAPaEKZTCbt0MmDmYlQQv7Djb/ixoUirgQX/o2TNIi2Hhg4nHMuc+9xIkaFNIwvrbSyura+Ud6sbG3v7O7p+wc9EcYcky4OWcgHDhKE0YB0JZWMDCJOkO8w0nemN5nfvydc0DC4k7OI2D4aB9SjGEkljfSm5SM5wYgl7bTm1sUpvIJnucb9hIXj1Kr/JDrzxEivGg0jB1wmZkGqoEBnpH9YbohjnwQSMyTE0DQiaSeIS4oZSStWLEiE8BSNyVDRAPlE2El+WwpPlOJCL+TqBRLm6u+JBPlCzHxHJbM9xaKXif95w1h6l3ZCgyiWJMDzj7yYQRnCrCjoUk6wZDNFEOZU7QrxBHGEpaqzokowF09eJr1mwzQa5u15tXVd1FEGR+AY1IAJLkALtEEHdAEGD+AJvIBX7VF71t6093m0pBUzh+APtM9vqpKgjA==</latexit><latexit sha1_base64="29H5npLbFEQ84K3LjzLCytH/4Gs=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEtSBN0IRTddVrAPaEKZTCbt0MmDmYlQQv7Djb/ixoUirgQX/o2TNIi2Hhg4nHMuc+9xIkaFNIwvrbSyura+Ud6sbG3v7O7p+wc9EcYcky4OWcgHDhKE0YB0JZWMDCJOkO8w0nemN5nfvydc0DC4k7OI2D4aB9SjGEkljfSm5SM5wYgl7bTm1sUpvIJnucb9hIXj1Kr/JDrzxEivGg0jB1wmZkGqoEBnpH9YbohjnwQSMyTE0DQiaSeIS4oZSStWLEiE8BSNyVDRAPlE2El+WwpPlOJCL+TqBRLm6u+JBPlCzHxHJbM9xaKXif95w1h6l3ZCgyiWJMDzj7yYQRnCrCjoUk6wZDNFEOZU7QrxBHGEpaqzokowF09eJr1mwzQa5u15tXVd1FEGR+AY1IAJLkALtEEHdAEGD+AJvIBX7VF71t6093m0pBUzh+APtM9vqpKgjA==</latexit><latexit sha1_base64="29H5npLbFEQ84K3LjzLCytH/4Gs=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEtSBN0IRTddVrAPaEKZTCbt0MmDmYlQQv7Djb/ixoUirgQX/o2TNIi2Hhg4nHMuc+9xIkaFNIwvrbSyura+Ud6sbG3v7O7p+wc9EcYcky4OWcgHDhKE0YB0JZWMDCJOkO8w0nemN5nfvydc0DC4k7OI2D4aB9SjGEkljfSm5SM5wYgl7bTm1sUpvIJnucb9hIXj1Kr/JDrzxEivGg0jB1wmZkGqoEBnpH9YbohjnwQSMyTE0DQiaSeIS4oZSStWLEiE8BSNyVDRAPlE2El+WwpPlOJCL+TqBRLm6u+JBPlCzHxHJbM9xaKXif95w1h6l3ZCgyiWJMDzj7yYQRnCrCjoUk6wZDNFEOZU7QrxBHGEpaqzokowF09eJr1mwzQa5u15tXVd1FEGR+AY1IAJLkALtEEHdAEGD+AJvIBX7VF71t6093m0pBUzh+APtM9vqpKgjA==</latexit>

Zd =

Z
DsP(d|s)P(s)

<latexit sha1_base64="NpIuRJ97wdfVDFq+MxU/Q6nuUV0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0VoQUoigm6EoiIuK9gHNiFMJtN26OTBzEQoMX/kxl/pRkQRt/6FkzYUbT0wcObce7nnHjdiVEjDeNMKS8srq2vF9dLG5tb2jr671xJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3iV1duPhAsaBvdyFBHbR/2A9ihGUkmOfmP5SA4wYslD6njwAlo0kHAmXqdQQOt49m+kFe9JVOckUXX0slEzJoCLxMxJGeRoOPrY8kIc+ySQmCEhuqYRSTtBXFLMSFqyYkEihIeoT7qKBsgnwk4m96bwSCke7IVcPeV2ov6eSJAvxMh3VWfmUszXMvG/WjeWvXM7oUEUSxLg6aJezKAMYRYe9CgnWLKRIghzqrxCPEAcYakiLqkQzPmTF0nrpGYaNfPutFy/zOMoggNwCCrABGegDm5BAzQBBs9gDN7Bh/aivWqf2te0taDlM/vgD7TvH3nkqK8=</latexit><latexit sha1_base64="NpIuRJ97wdfVDFq+MxU/Q6nuUV0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0VoQUoigm6EoiIuK9gHNiFMJtN26OTBzEQoMX/kxl/pRkQRt/6FkzYUbT0wcObce7nnHjdiVEjDeNMKS8srq2vF9dLG5tb2jr671xJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3iV1duPhAsaBvdyFBHbR/2A9ihGUkmOfmP5SA4wYslD6njwAlo0kHAmXqdQQOt49m+kFe9JVOckUXX0slEzJoCLxMxJGeRoOPrY8kIc+ySQmCEhuqYRSTtBXFLMSFqyYkEihIeoT7qKBsgnwk4m96bwSCke7IVcPeV2ov6eSJAvxMh3VWfmUszXMvG/WjeWvXM7oUEUSxLg6aJezKAMYRYe9CgnWLKRIghzqrxCPEAcYakiLqkQzPmTF0nrpGYaNfPutFy/zOMoggNwCCrABGegDm5BAzQBBs9gDN7Bh/aivWqf2te0taDlM/vgD7TvH3nkqK8=</latexit><latexit sha1_base64="NpIuRJ97wdfVDFq+MxU/Q6nuUV0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0VoQUoigm6EoiIuK9gHNiFMJtN26OTBzEQoMX/kxl/pRkQRt/6FkzYUbT0wcObce7nnHjdiVEjDeNMKS8srq2vF9dLG5tb2jr671xJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3iV1duPhAsaBvdyFBHbR/2A9ihGUkmOfmP5SA4wYslD6njwAlo0kHAmXqdQQOt49m+kFe9JVOckUXX0slEzJoCLxMxJGeRoOPrY8kIc+ySQmCEhuqYRSTtBXFLMSFqyYkEihIeoT7qKBsgnwk4m96bwSCke7IVcPeV2ov6eSJAvxMh3VWfmUszXMvG/WjeWvXM7oUEUSxLg6aJezKAMYRYe9CgnWLKRIghzqrxCPEAcYakiLqkQzPmTF0nrpGYaNfPutFy/zOMoggNwCCrABGegDm5BAzQBBs9gDN7Bh/aivWqf2te0taDlM/vgD7TvH3nkqK8=</latexit><latexit sha1_base64="NpIuRJ97wdfVDFq+MxU/Q6nuUV0=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0VoQUoigm6EoiIuK9gHNiFMJtN26OTBzEQoMX/kxl/pRkQRt/6FkzYUbT0wcObce7nnHjdiVEjDeNMKS8srq2vF9dLG5tb2jr671xJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3iV1duPhAsaBvdyFBHbR/2A9ihGUkmOfmP5SA4wYslD6njwAlo0kHAmXqdQQOt49m+kFe9JVOckUXX0slEzJoCLxMxJGeRoOPrY8kIc+ySQmCEhuqYRSTtBXFLMSFqyYkEihIeoT7qKBsgnwk4m96bwSCke7IVcPeV2ov6eSJAvxMh3VWfmUszXMvG/WjeWvXM7oUEUSxLg6aJezKAMYRYe9CgnWLKRIghzqrxCPEAcYakiLqkQzPmTF0nrpGYaNfPutFy/zOMoggNwCCrABGegDm5BAzQBBs9gDN7Bh/aivWqf2te0taDlM/vgD7TvH3nkqK8=</latexit>

Hamiltonian

Partition 
function

Plot by Torsten Enßlin

T.A. Enßlin et al. 2009



The response function

d = Rs+ n
<latexit sha1_base64="Hex4sIg3qiUrflo8l04RLKCvvJ0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIISklE0ItQ9OKxiv2AJpTNZtMu3d2E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6387S8srq2nppo7y5tb2zW9nbb+kkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm8nfvuJKs0S+WhGKQ0E7ksWM4KNlfwIXaMH/0yjUyR7lapbc6dAi8QrSBUKNHqVLz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZVYUB3k05vH6NgqEYoTZUsaNFV/T+RYaD0Soe0U2Az0vDcR//O6mYmvgpzJNDNUktmiOOPIJGgSAIqYosTwkSWYKGZvRWSAFSbGxlS2IXjzLy+S1nnNc2ve/UW1flPEUYJDOIIT8OAS6nAHDWgCgRSe4RXenMx5cd6dj1nrklPMHMAfOJ8/bh6P+Q==</latexit><latexit sha1_base64="Hex4sIg3qiUrflo8l04RLKCvvJ0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIISklE0ItQ9OKxiv2AJpTNZtMu3d2E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6387S8srq2nppo7y5tb2zW9nbb+kkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm8nfvuJKs0S+WhGKQ0E7ksWM4KNlfwIXaMH/0yjUyR7lapbc6dAi8QrSBUKNHqVLz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZVYUB3k05vH6NgqEYoTZUsaNFV/T+RYaD0Soe0U2Az0vDcR//O6mYmvgpzJNDNUktmiOOPIJGgSAIqYosTwkSWYKGZvRWSAFSbGxlS2IXjzLy+S1nnNc2ve/UW1flPEUYJDOIIT8OAS6nAHDWgCgRSe4RXenMx5cd6dj1nrklPMHMAfOJ8/bh6P+Q==</latexit><latexit sha1_base64="Hex4sIg3qiUrflo8l04RLKCvvJ0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIISklE0ItQ9OKxiv2AJpTNZtMu3d2E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6387S8srq2nppo7y5tb2zW9nbb+kkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm8nfvuJKs0S+WhGKQ0E7ksWM4KNlfwIXaMH/0yjUyR7lapbc6dAi8QrSBUKNHqVLz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZVYUB3k05vH6NgqEYoTZUsaNFV/T+RYaD0Soe0U2Az0vDcR//O6mYmvgpzJNDNUktmiOOPIJGgSAIqYosTwkSWYKGZvRWSAFSbGxlS2IXjzLy+S1nnNc2ve/UW1flPEUYJDOIIT8OAS6nAHDWgCgRSe4RXenMx5cd6dj1nrklPMHMAfOJ8/bh6P+Q==</latexit><latexit sha1_base64="Hex4sIg3qiUrflo8l04RLKCvvJ0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSIISklE0ItQ9OKxiv2AJpTNZtMu3d2E3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6acaeO6387S8srq2nppo7y5tb2zW9nbb+kkU4Q2ScIT1QmxppxJ2jTMcNpJFcUi5LQdDm8nfvuJKs0S+WhGKQ0E7ksWM4KNlfwIXaMH/0yjUyR7lapbc6dAi8QrSBUKNHqVLz9KSCaoNIRjrbuem5ogx8owwum47GeappgMcZ92LZVYUB3k05vH6NgqEYoTZUsaNFV/T+RYaD0Soe0U2Az0vDcR//O6mYmvgpzJNDNUktmiOOPIJGgSAIqYosTwkSWYKGZvRWSAFSbGxlS2IXjzLy+S1nnNc2ve/UW1flPEUYJDOIIT8OAS6nAHDWgCgRSe4RXenMx5cd6dj1nrklPMHMAfOJ8/bh6P+Q==</latexit>

We assume the measurement to be linear in both the signal and the noise

The response function maps the signal space into the data space

R↵��
ijk =

✏

�`�b�v

Z
d`

Z
db

Z
dv

Z
dt ✓(if ~r in {ijk}) �(v � vLSR(~r))|~r

<latexit sha1_base64="F43PSYZnE+NDr/5k6FIW204liaI="></latexit><latexit sha1_base64="F43PSYZnE+NDr/5k6FIW204liaI="></latexit><latexit sha1_base64="F43PSYZnE+NDr/5k6FIW204liaI="></latexit><latexit sha1_base64="F43PSYZnE+NDr/5k6FIW204liaI="></latexit>

s(x↵, y� , z�)
<latexit sha1_base64="ZKDQbIuSHfG5VpSPJ72lWZ3BBKM=">AAACB3icbZDLSgMxFIYzXmu9VV0KEixCBSkzIuiy6MZlBXuBThnOpJk2NMkMSUasQ3dufBU3LhRx6yu4821MLwtt/SHw8Z9zODl/mHCmjet+OwuLS8srq7m1/PrG5tZ2YWe3ruNUEVojMY9VMwRNOZO0ZpjhtJkoCiLktBH2r0b1xh1VmsXy1gwS2hbQlSxiBIy1gsKBLt0HPvCkByd4EPghNRYeAr8LQsBxUCi6ZXcsPA/eFI poqmpQ+PI7MUkFlYZw0LrluYlpZ6AMI5wO836qaQKkD13asihBUN3OxncM8ZF1OjiKlX3S4LH7eyIDofVAhLZTgOnp2drI/K/WSk100c6YTFJDJZksilKOTYxHoeAOU5QYPrAARDH7V0x6oIAYG13ehuDNnjwP9dOy55a9m7Ni5XIaRw7to0NUQh46RxV0jaqohgh6RM/oFb05T86L8+58TFoXnOnMHvoj5/MHjbKYdA==</latexit><latexit sha1_base64="ZKDQbIuSHfG5VpSPJ72lWZ3BBKM=">AAACB3icbZDLSgMxFIYzXmu9VV0KEixCBSkzIuiy6MZlBXuBThnOpJk2NMkMSUasQ3dufBU3LhRx6yu4821MLwtt/SHw8Z9zODl/mHCmjet+OwuLS8srq7m1/PrG5tZ2YWe3ruNUEVojMY9VMwRNOZO0ZpjhtJkoCiLktBH2r0b1xh1VmsXy1gwS2hbQlSxiBIy1gsKBLt0HPvCkByd4EPghNRYeAr8LQsBxUCi6ZXcsPA/eFI poqmpQ+PI7MUkFlYZw0LrluYlpZ6AMI5wO836qaQKkD13asihBUN3OxncM8ZF1OjiKlX3S4LH7eyIDofVAhLZTgOnp2drI/K/WSk100c6YTFJDJZksilKOTYxHoeAOU5QYPrAARDH7V0x6oIAYG13ehuDNnjwP9dOy55a9m7Ni5XIaRw7to0NUQh46RxV0jaqohgh6RM/oFb05T86L8+58TFoXnOnMHvoj5/MHjbKYdA==</latexit><latexit sha1_base64="ZKDQbIuSHfG5VpSPJ72lWZ3BBKM=">AAACB3icbZDLSgMxFIYzXmu9VV0KEixCBSkzIuiy6MZlBXuBThnOpJk2NMkMSUasQ3dufBU3LhRx6yu4821MLwtt/SHw8Z9zODl/mHCmjet+OwuLS8srq7m1/PrG5tZ2YWe3ruNUEVojMY9VMwRNOZO0ZpjhtJkoCiLktBH2r0b1xh1VmsXy1gwS2hbQlSxiBIy1gsKBLt0HPvCkByd4EPghNRYeAr8LQsBxUCi6ZXcsPA/eFI poqmpQ+PI7MUkFlYZw0LrluYlpZ6AMI5wO836qaQKkD13asihBUN3OxncM8ZF1OjiKlX3S4LH7eyIDofVAhLZTgOnp2drI/K/WSk100c6YTFJDJZksilKOTYxHoeAOU5QYPrAARDH7V0x6oIAYG13ehuDNnjwP9dOy55a9m7Ni5XIaRw7to0NUQh46RxV0jaqohgh6RM/oFb05T86L8+58TFoXnOnMHvoj5/MHjbKYdA==</latexit><latexit sha1_base64="ZKDQbIuSHfG5VpSPJ72lWZ3BBKM=">AAACB3icbZDLSgMxFIYzXmu9VV0KEixCBSkzIuiy6MZlBXuBThnOpJk2NMkMSUasQ3dufBU3LhRx6yu4821MLwtt/SHw8Z9zODl/mHCmjet+OwuLS8srq7m1/PrG5tZ2YWe3ruNUEVojMY9VMwRNOZO0ZpjhtJkoCiLktBH2r0b1xh1VmsXy1gwS2hbQlSxiBIy1gsKBLt0HPvCkByd4EPghNRYeAr8LQsBxUCi6ZXcsPA/eFI poqmpQ+PI7MUkFlYZw0LrluYlpZ6AMI5wO836qaQKkD13asihBUN3OxncM8ZF1OjiKlX3S4LH7eyIDofVAhLZTgOnp2drI/K/WSk100c6YTFJDJZksilKOTYxHoeAOU5QYPrAARDH7V0x6oIAYG13ehuDNnjwP9dOy55a9m7Ni5XIaRw7to0NUQh46RxV0jaqohgh6RM/oFb05T86L8+58TFoXnOnMHvoj5/MHjbKYdA==</latexit>

d(`i, bj , vk)
<latexit sha1_base64="UEcQoQm+KBWC7amLKg6FXlDABNI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqlJKIoMuiG5cV7APaECaTm3bs5MHMpBBC/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr21hb39jc2i7tlHf39g8OzaPjjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoeuNb2d+dwJCsjh6UFkCTkiGEQsYJUpLrlnxawPg3GV17LmPdTxxx+euWbUa1hx4ldgFqaICLdf8GvgxTUOIFOVEyr5tJcrJiVCMcpiWB6mEhNAxGUJf04iEIJ18fvwUn2nFx0EsdEUKz9XfEzkJpcxCT3eGRI3ksjcT//P6qQqunZxFSaogootFQcqxivEsCewzAVTxTBNCBdO3YjoiglCl8yrrEOzll1dJ56JhWw37/rLavCniKKETdIpqyEZXqInuUAu1EUUZekav6M14Ml6Md+Nj0bpmFDMV9AfG5w+49pOC</latexit><latexit sha1_base64="UEcQoQm+KBWC7amLKg6FXlDABNI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqlJKIoMuiG5cV7APaECaTm3bs5MHMpBBC/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr21hb39jc2i7tlHf39g8OzaPjjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoeuNb2d+dwJCsjh6UFkCTkiGEQsYJUpLrlnxawPg3GV17LmPdTxxx+euWbUa1hx4ldgFqaICLdf8GvgxTUOIFOVEyr5tJcrJiVCMcpiWB6mEhNAxGUJf04iEIJ18fvwUn2nFx0EsdEUKz9XfEzkJpcxCT3eGRI3ksjcT//P6qQqunZxFSaogootFQcqxivEsCewzAVTxTBNCBdO3YjoiglCl8yrrEOzll1dJ56JhWw37/rLavCniKKETdIpqyEZXqInuUAu1EUUZekav6M14Ml6Md+Nj0bpmFDMV9AfG5w+49pOC</latexit><latexit sha1_base64="UEcQoQm+KBWC7amLKg6FXlDABNI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqlJKIoMuiG5cV7APaECaTm3bs5MHMpBBC/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr21hb39jc2i7tlHf39g8OzaPjjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoeuNb2d+dwJCsjh6UFkCTkiGEQsYJUpLrlnxawPg3GV17LmPdTxxx+euWbUa1hx4ldgFqaICLdf8GvgxTUOIFOVEyr5tJcrJiVCMcpiWB6mEhNAxGUJf04iEIJ18fvwUn2nFx0EsdEUKz9XfEzkJpcxCT3eGRI3ksjcT//P6qQqunZxFSaogootFQcqxivEsCewzAVTxTBNCBdO3YjoiglCl8yrrEOzll1dJ56JhWw37/rLavCniKKETdIpqyEZXqInuUAu1EUUZekav6M14Ml6Md+Nj0bpmFDMV9AfG5w+49pOC</latexit><latexit sha1_base64="UEcQoQm+KBWC7amLKg6FXlDABNI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqlJKIoMuiG5cV7APaECaTm3bs5MHMpBBC/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr21hb39jc2i7tlHf39g8OzaPjjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoeuNb2d+dwJCsjh6UFkCTkiGEQsYJUpLrlnxawPg3GV17LmPdTxxx+euWbUa1hx4ldgFqaICLdf8GvgxTUOIFOVEyr5tJcrJiVCMcpiWB6mEhNAxGUJf04iEIJ18fvwUn2nFx0EsdEUKz9XfEzkJpcxCT3eGRI3ksjcT//P6qQqunZxFSaogootFQcqxivEsCewzAVTxTBNCBdO3YjoiglCl8yrrEOzll1dJ56JhWw37/rLavCniKKETdIpqyEZXqInuUAu1EUUZekav6M14Ml6Md+Nj0bpmFDMV9AfG5w+49pOC</latexit>

The response function is 
built by mapping each bin 
of the discretised signal 
space into the data space 

strong dependence on the 
assumed rotation curve 
(we assume a purely 
circular motion)More formally:

d = f(s) + n
<latexit sha1_base64="BqssdgXUbzLZhlzhsmMWspQ9tF0=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBEqQtkVQS9C0YvHCvYD2qVks9k2NJtdk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2Fmnp8Iro3jfKOV1bX1jc3CVnF7Z3dvv3Rw2NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+q0RU5rH8tGME+ZFpC95yCkxVvICfIPDij7D51jiXqnsVJ0Z8DJxc1KGHPVe6asbxDSNmDRUEK07rpMYLyPKcCrYpNhNNUsIHZI+61gqScS0l82OnuBTqwQ4jJUtafBM/T2RkUjrceTbzoiYgV70puJ/Xic14bWXcZmkhkk6XxSmApsYTxPAAVeMGjG2hFDF7a2YDogi1NicijYEd/HlZdK8qLpO1X24LNdu8zgKcAwnUAEXrqAG91CHBlB4gmd4hTc0Qi/oHX3MW1dQPnMEf4A+fwCQ/5AA</latexit><latexit sha1_base64="BqssdgXUbzLZhlzhsmMWspQ9tF0=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBEqQtkVQS9C0YvHCvYD2qVks9k2NJtdk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2Fmnp8Iro3jfKOV1bX1jc3CVnF7Z3dvv3Rw2NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+q0RU5rH8tGME+ZFpC95yCkxVvICfIPDij7D51jiXqnsVJ0Z8DJxc1KGHPVe6asbxDSNmDRUEK07rpMYLyPKcCrYpNhNNUsIHZI+61gqScS0l82OnuBTqwQ4jJUtafBM/T2RkUjrceTbzoiYgV70puJ/Xic14bWXcZmkhkk6XxSmApsYTxPAAVeMGjG2hFDF7a2YDogi1NicijYEd/HlZdK8qLpO1X24LNdu8zgKcAwnUAEXrqAG91CHBlB4gmd4hTc0Qi/oHX3MW1dQPnMEf4A+fwCQ/5AA</latexit><latexit sha1_base64="BqssdgXUbzLZhlzhsmMWspQ9tF0=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBEqQtkVQS9C0YvHCvYD2qVks9k2NJtdk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2Fmnp8Iro3jfKOV1bX1jc3CVnF7Z3dvv3Rw2NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+q0RU5rH8tGME+ZFpC95yCkxVvICfIPDij7D51jiXqnsVJ0Z8DJxc1KGHPVe6asbxDSNmDRUEK07rpMYLyPKcCrYpNhNNUsIHZI+61gqScS0l82OnuBTqwQ4jJUtafBM/T2RkUjrceTbzoiYgV70puJ/Xic14bWXcZmkhkk6XxSmApsYTxPAAVeMGjG2hFDF7a2YDogi1NicijYEd/HlZdK8qLpO1X24LNdu8zgKcAwnUAEXrqAG91CHBlB4gmd4hTc0Qi/oHX3MW1dQPnMEf4A+fwCQ/5AA</latexit><latexit sha1_base64="BqssdgXUbzLZhlzhsmMWspQ9tF0=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBEqQtkVQS9C0YvHCvYD2qVks9k2NJtdk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2Fmnp8Iro3jfKOV1bX1jc3CVnF7Z3dvv3Rw2NRxqihr0FjEqu0TzQSXrGG4EaydKEYiX7CWP7yb+q0RU5rH8tGME+ZFpC95yCkxVvICfIPDij7D51jiXqnsVJ0Z8DJxc1KGHPVe6asbxDSNmDRUEK07rpMYLyPKcCrYpNhNNUsIHZI+61gqScS0l82OnuBTqwQ4jJUtafBM/T2RkUjrceTbzoiYgV70puJ/Xic14bWXcZmkhkk6XxSmApsYTxPAAVeMGjG2hFDF7a2YDogi1NicijYEd/HlZdK8qLpO1X24LNdu8zgKcAwnUAEXrqAG91CHBlB4gmd4hTc0Qi/oHX3MW1dQPnMEf4A+fwCQ/5AA</latexit>

coordinate along the line-of-sight



Example 1 : Wiener filter

If we assume both the signal and the noise to be Gaussian with known 
covariances   

p(s) = G(s, S)
<latexit sha1_base64="AawoXvPUNlNZJPxWtW/mG3tMLv0=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoQUpiQi6EYoudFnRPqANZTKdtEMnD2YmQgnZ+CtuXCji1s9w5984abPQ1gMXDufcy733uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lgxjQWiThDwUHRdLyllAm4opTjuRoNh3OW274+vMbz9SIVkYPKhJRB0fDwPmMYKVlvrmQVSRVXSJej5WI4J5cpNW5Ml9tW+WrZo1BVokdk7KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmpZ6saQRJmM8pF1NA+xT6STTB1J0rJUB8kKhK1Boqv6eSLAv5cR3dWd2p5z3MvE/rxsr78JJWBDFigZktsiLOVIhytJAAyYoUXyiCSaC6VsRGWGBidKZlXQI9vzLi6R1WrOtmn13Vq5f5XEU4RCOoAI2nEMdbqEBTSCQwjO8wpvxZLwY78bHrLVg5DP78AfG5w9in5T6</latexit><latexit sha1_base64="AawoXvPUNlNZJPxWtW/mG3tMLv0=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoQUpiQi6EYoudFnRPqANZTKdtEMnD2YmQgnZ+CtuXCji1s9w5984abPQ1gMXDufcy733uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lgxjQWiThDwUHRdLyllAm4opTjuRoNh3OW274+vMbz9SIVkYPKhJRB0fDwPmMYKVlvrmQVSRVXSJej5WI4J5cpNW5Ml9tW+WrZo1BVokdk7KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmpZ6saQRJmM8pF1NA+xT6STTB1J0rJUB8kKhK1Boqv6eSLAv5cR3dWd2p5z3MvE/rxsr78JJWBDFigZktsiLOVIhytJAAyYoUXyiCSaC6VsRGWGBidKZlXQI9vzLi6R1WrOtmn13Vq5f5XEU4RCOoAI2nEMdbqEBTSCQwjO8wpvxZLwY78bHrLVg5DP78AfG5w9in5T6</latexit><latexit sha1_base64="AawoXvPUNlNZJPxWtW/mG3tMLv0=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoQUpiQi6EYoudFnRPqANZTKdtEMnD2YmQgnZ+CtuXCji1s9w5984abPQ1gMXDufcy733uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lgxjQWiThDwUHRdLyllAm4opTjuRoNh3OW274+vMbz9SIVkYPKhJRB0fDwPmMYKVlvrmQVSRVXSJej5WI4J5cpNW5Ml9tW+WrZo1BVokdk7KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmpZ6saQRJmM8pF1NA+xT6STTB1J0rJUB8kKhK1Boqv6eSLAv5cR3dWd2p5z3MvE/rxsr78JJWBDFigZktsiLOVIhytJAAyYoUXyiCSaC6VsRGWGBidKZlXQI9vzLi6R1WrOtmn13Vq5f5XEU4RCOoAI2nEMdbqEBTSCQwjO8wpvxZLwY78bHrLVg5DP78AfG5w9in5T6</latexit><latexit sha1_base64="AawoXvPUNlNZJPxWtW/mG3tMLv0=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoQUpiQi6EYoudFnRPqANZTKdtEMnD2YmQgnZ+CtuXCji1s9w5984abPQ1gMXDufcy733uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lgxjQWiThDwUHRdLyllAm4opTjuRoNh3OW274+vMbz9SIVkYPKhJRB0fDwPmMYKVlvrmQVSRVXSJej5WI4J5cpNW5Ml9tW+WrZo1BVokdk7KkKPRN796g5DEPg0U4VjKrm1FykmwUIxwmpZ6saQRJmM8pF1NA+xT6STTB1J0rJUB8kKhK1Boqv6eSLAv5cR3dWd2p5z3MvE/rxsr78JJWBDFigZktsiLOVIhytJAAyYoUXyiCSaC6VsRGWGBidKZlXQI9vzLi6R1WrOtmn13Vq5f5XEU4RCOoAI2nEMdbqEBTSCQwjO8wpvxZLwY78bHrLVg5DP78AfG5w9in5T6</latexit>

p(n) = G(n,N)
<latexit sha1_base64="Kr+Jeg62ql/N+NlR+/DBuQihp28=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksQgtSEhH0IhQ96Ekq2A9oQ9lsN+3SzSbsboQSevGvePGgiFd/hjf/jZs2B219MPB4b4aZeV7EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3ug69VuPVCoWigc9jqgb4IFgPiNYG6lXPIjKooIuUTfAekgwT24mZXFyV+kVS3bVngItEicjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOJ0UurGiESYjPKAdQwUOqHKT6QMTdGyUPvJDaUpoNFV/TyQ4UGoceKYzvVPNe6n4n9eJtX/hJkxEsaaCzBb5MUc6RGkaqM8kJZqPDcFEMnMrIkMsMdEms4IJwZl/eZE0T6uOXXXuz0q1qyyOPBzCEZTBgXOowS3UoQEEJvAMr/BmPVkv1rv1MWvNWdnMPvyB9fkDS2uU6w==</latexit><latexit sha1_base64="Kr+Jeg62ql/N+NlR+/DBuQihp28=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksQgtSEhH0IhQ96Ekq2A9oQ9lsN+3SzSbsboQSevGvePGgiFd/hjf/jZs2B219MPB4b4aZeV7EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3ug69VuPVCoWigc9jqgb4IFgPiNYG6lXPIjKooIuUTfAekgwT24mZXFyV+kVS3bVngItEicjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOJ0UurGiESYjPKAdQwUOqHKT6QMTdGyUPvJDaUpoNFV/TyQ4UGoceKYzvVPNe6n4n9eJtX/hJkxEsaaCzBb5MUc6RGkaqM8kJZqPDcFEMnMrIkMsMdEms4IJwZl/eZE0T6uOXXXuz0q1qyyOPBzCEZTBgXOowS3UoQEEJvAMr/BmPVkv1rv1MWvNWdnMPvyB9fkDS2uU6w==</latexit><latexit sha1_base64="Kr+Jeg62ql/N+NlR+/DBuQihp28=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksQgtSEhH0IhQ96Ekq2A9oQ9lsN+3SzSbsboQSevGvePGgiFd/hjf/jZs2B219MPB4b4aZeV7EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3ug69VuPVCoWigc9jqgb4IFgPiNYG6lXPIjKooIuUTfAekgwT24mZXFyV+kVS3bVngItEicjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOJ0UurGiESYjPKAdQwUOqHKT6QMTdGyUPvJDaUpoNFV/TyQ4UGoceKYzvVPNe6n4n9eJtX/hJkxEsaaCzBb5MUc6RGkaqM8kJZqPDcFEMnMrIkMsMdEms4IJwZl/eZE0T6uOXXXuz0q1qyyOPBzCEZTBgXOowS3UoQEEJvAMr/BmPVkv1rv1MWvNWdnMPvyB9fkDS2uU6w==</latexit><latexit sha1_base64="Kr+Jeg62ql/N+NlR+/DBuQihp28=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksQgtSEhH0IhQ96Ekq2A9oQ9lsN+3SzSbsboQSevGvePGgiFd/hjf/jZs2B219MPB4b4aZeV7EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3ug69VuPVCoWigc9jqgb4IFgPiNYG6lXPIjKooIuUTfAekgwT24mZXFyV+kVS3bVngItEicjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOJ0UurGiESYjPKAdQwUOqHKT6QMTdGyUPvJDaUpoNFV/TyQ4UGoceKYzvVPNe6n4n9eJtX/hJkxEsaaCzBb5MUc6RGkaqM8kJZqPDcFEMnMrIkMsMdEms4IJwZl/eZE0T6uOXXXuz0q1qyyOPBzCEZTBgXOowS3UoQEEJvAMr/BmPVkv1rv1MWvNWdnMPvyB9fkDS2uU6w==</latexit>

Then the posterior distribution can be found easily:

p(s|d) = G(s�m,D)

m = D j

D =
�
S�1 +R†N�1R

��1

j = R†N�1d
<latexit sha1_base64="kYCHTjlWrcMWGT68CH2pF9mJ9sY="></latexit><latexit sha1_base64="kYCHTjlWrcMWGT68CH2pF9mJ9sY="></latexit><latexit sha1_base64="kYCHTjlWrcMWGT68CH2pF9mJ9sY="></latexit><latexit sha1_base64="kYCHTjlWrcMWGT68CH2pF9mJ9sY="></latexit>

posterior mean (Wiener filter)

information propagator

information source



Example 1 : Wiener filter

mock signal : gaussian random field 
signal model : gaussian random field

results obtained with the NIFTy package 



Example 2 : Critical Wiener filter

•The problem with the Wiener filter approach is that it is only usable if 
we know the power spectrum of the signal.  

•The solution is to treat the power spectrum as a random variable, 
within the framework of a generative model  

P(
k)

k



Example 2 : Critical Wiener filter

•The problem with the Wiener filter approach is that it is only usable if 
we know the power spectrum of the signal.  

•The solution is to treat the power spectrum as a random variable, 
within the framework of a generative model  

s = A⇠
<latexit sha1_base64="3kzsSWfxQakSc0Tnx/bHl4Sfrws=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvXiMYB6SLGF2MpsMmccyMyuGJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2ttvGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPhzcRvPlJtmJL3dpTQUOC+ZDEj2DrpwaBLdIU6T6xbKvsVfwq0SIKclCFHrVv66vQUSQWVlnBsTDvwExtmWFtGOB0XO6mhCSZD3KdtRyUW1ITZ9OAxOnZKD8VKu5IWTdXfExkWxoxE5DoFtgMz703E/7x2auOLMGMySS2VZLYoTjmyCk2+Rz2mKbF85AgmmrlbERlgjYl1GRVdCMH8y4ukcVoJ/Epwd1auXudxFOAQjuAEAjiHKtxCDepAQMAzvMKbp70X7937mLUuefnMAfyB9/kDQE6PYg==</latexit><latexit sha1_base64="3kzsSWfxQakSc0Tnx/bHl4Sfrws=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvXiMYB6SLGF2MpsMmccyMyuGJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2ttvGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPhzcRvPlJtmJL3dpTQUOC+ZDEj2DrpwaBLdIU6T6xbKvsVfwq0SIKclCFHrVv66vQUSQWVlnBsTDvwExtmWFtGOB0XO6mhCSZD3KdtRyUW1ITZ9OAxOnZKD8VKu5IWTdXfExkWxoxE5DoFtgMz703E/7x2auOLMGMySS2VZLYoTjmyCk2+Rz2mKbF85AgmmrlbERlgjYl1GRVdCMH8y4ukcVoJ/Epwd1auXudxFOAQjuAEAjiHKtxCDepAQMAzvMKbp70X7937mLUuefnMAfyB9/kDQE6PYg==</latexit><latexit sha1_base64="3kzsSWfxQakSc0Tnx/bHl4Sfrws=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvXiMYB6SLGF2MpsMmccyMyuGJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2ttvGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPhzcRvPlJtmJL3dpTQUOC+ZDEj2DrpwaBLdIU6T6xbKvsVfwq0SIKclCFHrVv66vQUSQWVlnBsTDvwExtmWFtGOB0XO6mhCSZD3KdtRyUW1ITZ9OAxOnZKD8VKu5IWTdXfExkWxoxE5DoFtgMz703E/7x2auOLMGMySS2VZLYoTjmyCk2+Rz2mKbF85AgmmrlbERlgjYl1GRVdCMH8y4ukcVoJ/Epwd1auXudxFOAQjuAEAjiHKtxCDepAQMAzvMKbp70X7937mLUuefnMAfyB9/kDQE6PYg==</latexit><latexit sha1_base64="3kzsSWfxQakSc0Tnx/bHl4Sfrws=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvXiMYB6SLGF2MpsMmccyMyuGJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2ttvGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPhzcRvPlJtmJL3dpTQUOC+ZDEj2DrpwaBLdIU6T6xbKvsVfwq0SIKclCFHrVv66vQUSQWVlnBsTDvwExtmWFtGOB0XO6mhCSZD3KdtRyUW1ITZ9OAxOnZKD8VKu5IWTdXfExkWxoxE5DoFtgMz703E/7x2auOLMGMySS2VZLYoTjmyCk2+Rz2mKbF85AgmmrlbERlgjYl1GRVdCMH8y4ukcVoJ/Epwd1auXudxFOAQjuAEAjiHKtxCDepAQMAzvMKbp70X7937mLUuefnMAfyB9/kDQE6PYg==</latexit>

cov(s) = AA†
<latexit sha1_base64="8+d8ykwCHX4puAerQbORHCYm4/I=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUlE0I3Q6sZlBfuAJpbJZJIOnUnCzKRQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIRRqSzr21haXlldWy9tlDe3tnd2zb39toxTgUkLxywWXQ9JwmhEWooqRrqJIIh7jHS84U3ud0ZESBpH92qcEJejMKIBxUhpqW8eORypgeAZjkeTqjyFV7DReHB8FIZE9M2KVbOmgIvELkgFFGj2zS/Hj3HKSaQwQ1L2bCtRboaEopiRSdlJJUkQHqKQ9DSNECfSzaZfTOCJVnwYxEJXpOBU/T2RIS7lmHu6M79Zznu5+J/XS1Vw6WY0SlJFIjxbFKQMqhjmkUCfCoIVG2uCsKD6VogHSCCsdHBlHYI9//IiaZ/VbKtm351X6tdFHCVwCI5BFdjgAtTBLWiCFsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPWGWXzw==</latexit><latexit sha1_base64="8+d8ykwCHX4puAerQbORHCYm4/I=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUlE0I3Q6sZlBfuAJpbJZJIOnUnCzKRQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIRRqSzr21haXlldWy9tlDe3tnd2zb39toxTgUkLxywWXQ9JwmhEWooqRrqJIIh7jHS84U3ud0ZESBpH92qcEJejMKIBxUhpqW8eORypgeAZjkeTqjyFV7DReHB8FIZE9M2KVbOmgIvELkgFFGj2zS/Hj3HKSaQwQ1L2bCtRboaEopiRSdlJJUkQHqKQ9DSNECfSzaZfTOCJVnwYxEJXpOBU/T2RIS7lmHu6M79Zznu5+J/XS1Vw6WY0SlJFIjxbFKQMqhjmkUCfCoIVG2uCsKD6VogHSCCsdHBlHYI9//IiaZ/VbKtm351X6tdFHCVwCI5BFdjgAtTBLWiCFsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPWGWXzw==</latexit><latexit sha1_base64="8+d8ykwCHX4puAerQbORHCYm4/I=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUlE0I3Q6sZlBfuAJpbJZJIOnUnCzKRQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIRRqSzr21haXlldWy9tlDe3tnd2zb39toxTgUkLxywWXQ9JwmhEWooqRrqJIIh7jHS84U3ud0ZESBpH92qcEJejMKIBxUhpqW8eORypgeAZjkeTqjyFV7DReHB8FIZE9M2KVbOmgIvELkgFFGj2zS/Hj3HKSaQwQ1L2bCtRboaEopiRSdlJJUkQHqKQ9DSNECfSzaZfTOCJVnwYxEJXpOBU/T2RIS7lmHu6M79Zznu5+J/XS1Vw6WY0SlJFIjxbFKQMqhjmkUCfCoIVG2uCsKD6VogHSCCsdHBlHYI9//IiaZ/VbKtm351X6tdFHCVwCI5BFdjgAtTBLWiCFsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPWGWXzw==</latexit><latexit sha1_base64="8+d8ykwCHX4puAerQbORHCYm4/I=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUlE0I3Q6sZlBfuAJpbJZJIOnUnCzKRQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIRRqSzr21haXlldWy9tlDe3tnd2zb39toxTgUkLxywWXQ9JwmhEWooqRrqJIIh7jHS84U3ud0ZESBpH92qcEJejMKIBxUhpqW8eORypgeAZjkeTqjyFV7DReHB8FIZE9M2KVbOmgIvELkgFFGj2zS/Hj3HKSaQwQ1L2bCtRboaEopiRSdlJJUkQHqKQ9DSNECfSzaZfTOCJVnwYxEJXpOBU/T2RIS7lmHu6M79Zznu5+J/XS1Vw6WY0SlJFIjxbFKQMqhjmkUCfCoIVG2uCsKD6VogHSCCsdHBlHYI9//IiaZ/VbKtm351X6tdFHCVwCI5BFdjgAtTBLWiCFsDgETyDV/BmPBkvxrvxMWtdMoqZA/AHxucPWGWXzw==</latexit>

⇠
<latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit><latexit sha1_base64="1wGnoUZRraZ2SlTvRPCWqUe0y5M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+96T6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1vljdU=</latexit>

gaussian white noise

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

amplitude operator
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Example 2 : Critical Wiener filter

•within the generative model, the posterior distribution is estimated 
through a variational inference approach 

•We start by approximating the unknown posterior with a 
parametrised distribution (e.g., Gaussian)

P(s|d) ⇠ Q(s|d) = G(m,D)
<latexit sha1_base64="ZNsetfyHR3U53Tht5kRIbvfgIYs=">AAACInicbZDLSsNAFIYnXmu9RV26GSxCC1ISEdSFUFTQZQv2Ak0ok8m0HTqThJmJUGKfxY2v4saFoq4EH8ZJG7y0/jDw851zmHN+L2JUKsv6MObmFxaXlnMr+dW19Y1Nc2u7IcNYYFLHIQtFy0OSMBqQuqKKkVYkCOIeI01vcJHWm7dESBoGN2oYEZejXkC7FCOlUcc8dThSfYxYUh0V5Z1fgo6kHH7TWkbPftDVqMgPLksds2CVrbHgrLEzUwCZqh3zzfFDHHMSKMyQlG3bipSbIKEoZmSUd2JJIoQHqEfa2gaIE+km4xNHcF8TH3ZDoV+g4Jj+nkgQl3LIPd2Z7imnayn8r9aOVffETWgQxYoEePJRN2ZQhTDNC/pUEKzYUBuEBdW7QtxHAmGlU83rEOzpk2dN47BsW2W7dlSonGdx5MAu2ANFYINjUAHXoArqAIN78AiewYvxYDwZr8b7pHXOyGZ2wB8Zn1/bc6Mv</latexit><latexit sha1_base64="ZNsetfyHR3U53Tht5kRIbvfgIYs=">AAACInicbZDLSsNAFIYnXmu9RV26GSxCC1ISEdSFUFTQZQv2Ak0ok8m0HTqThJmJUGKfxY2v4saFoq4EH8ZJG7y0/jDw851zmHN+L2JUKsv6MObmFxaXlnMr+dW19Y1Nc2u7IcNYYFLHIQtFy0OSMBqQuqKKkVYkCOIeI01vcJHWm7dESBoGN2oYEZejXkC7FCOlUcc8dThSfYxYUh0V5Z1fgo6kHH7TWkbPftDVqMgPLksds2CVrbHgrLEzUwCZqh3zzfFDHHMSKMyQlG3bipSbIKEoZmSUd2JJIoQHqEfa2gaIE+km4xNHcF8TH3ZDoV+g4Jj+nkgQl3LIPd2Z7imnayn8r9aOVffETWgQxYoEePJRN2ZQhTDNC/pUEKzYUBuEBdW7QtxHAmGlU83rEOzpk2dN47BsW2W7dlSonGdx5MAu2ANFYINjUAHXoArqAIN78AiewYvxYDwZr8b7pHXOyGZ2wB8Zn1/bc6Mv</latexit><latexit sha1_base64="ZNsetfyHR3U53Tht5kRIbvfgIYs=">AAACInicbZDLSsNAFIYnXmu9RV26GSxCC1ISEdSFUFTQZQv2Ak0ok8m0HTqThJmJUGKfxY2v4saFoq4EH8ZJG7y0/jDw851zmHN+L2JUKsv6MObmFxaXlnMr+dW19Y1Nc2u7IcNYYFLHIQtFy0OSMBqQuqKKkVYkCOIeI01vcJHWm7dESBoGN2oYEZejXkC7FCOlUcc8dThSfYxYUh0V5Z1fgo6kHH7TWkbPftDVqMgPLksds2CVrbHgrLEzUwCZqh3zzfFDHHMSKMyQlG3bipSbIKEoZmSUd2JJIoQHqEfa2gaIE+km4xNHcF8TH3ZDoV+g4Jj+nkgQl3LIPd2Z7imnayn8r9aOVffETWgQxYoEePJRN2ZQhTDNC/pUEKzYUBuEBdW7QtxHAmGlU83rEOzpk2dN47BsW2W7dlSonGdx5MAu2ANFYINjUAHXoArqAIN78AiewYvxYDwZr8b7pHXOyGZ2wB8Zn1/bc6Mv</latexit><latexit sha1_base64="ZNsetfyHR3U53Tht5kRIbvfgIYs=">AAACInicbZDLSsNAFIYnXmu9RV26GSxCC1ISEdSFUFTQZQv2Ak0ok8m0HTqThJmJUGKfxY2v4saFoq4EH8ZJG7y0/jDw851zmHN+L2JUKsv6MObmFxaXlnMr+dW19Y1Nc2u7IcNYYFLHIQtFy0OSMBqQuqKKkVYkCOIeI01vcJHWm7dESBoGN2oYEZejXkC7FCOlUcc8dThSfYxYUh0V5Z1fgo6kHH7TWkbPftDVqMgPLksds2CVrbHgrLEzUwCZqh3zzfFDHHMSKMyQlG3bipSbIKEoZmSUd2JJIoQHqEfa2gaIE+km4xNHcF8TH3ZDoV+g4Jj+nkgQl3LIPd2Z7imnayn8r9aOVffETWgQxYoEePJRN2ZQhTDNC/pUEKzYUBuEBdW7QtxHAmGlU83rEOzpk2dN47BsW2W7dlSonGdx5MAu2ANFYINjUAHXoArqAIN78AiewYvxYDwZr8b7pHXOyGZ2wB8Zn1/bc6Mv</latexit>

•The parameters of the distribution       are determined by 
minimising the Kullback-Leibler divergence between     and      :P

<latexit sha1_base64="74mg33jYF/WPnqMSc/8gi8//P8o=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeXs2qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weHGZFm</latexit><latexit sha1_base64="74mg33jYF/WPnqMSc/8gi8//P8o=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeXs2qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weHGZFm</latexit><latexit sha1_base64="74mg33jYF/WPnqMSc/8gi8//P8o=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeXs2qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weHGZFm</latexit><latexit sha1_base64="74mg33jYF/WPnqMSc/8gi8//P8o=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeXs2qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weHGZFm</latexit>

Q
<latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit>

Q
<latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit>

KL(Q,P) =

Z
DsQ(s|d) logQ(s|d)

P(s|d)
<latexit sha1_base64="vcjuJuec/Mrl1XZC+CPhRCRGbow="></latexit><latexit sha1_base64="vcjuJuec/Mrl1XZC+CPhRCRGbow="></latexit><latexit sha1_base64="vcjuJuec/Mrl1XZC+CPhRCRGbow="></latexit><latexit sha1_base64="vcjuJuec/Mrl1XZC+CPhRCRGbow="></latexit>

•Numerically, this minimisation is done in several steps, which 
subsequently updates the parameters of Q

<latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit><latexit sha1_base64="fSK+rfzWRLn3H3gDS2LIee9hdpQ=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2m97nffeLaiFg94izhfkTHSoSCUbRSfxBRnDAqs9Z8WK25dXcBsk68gtSgQHNY/RqMYpZGXCGT1Ji+5yboZ1SjYJLPK4PU8ISyKR3zvqWKRtz42SLynFxYZUTCWNunkCzU3xsZjYyZRYGdzCOaVS8X//P6KYa3fiZUkiJXbPlRmEqCMcnvJyOhOUM5s4QyLWxWwiZUU4a2pYotwVs9eZ10ruqeW/da17XGXVFHGc7gHC7BgxtowAM0oQ0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx+InpFn</latexit>



Example 2 : Critical Wiener filter

x [kpc]

y 
[k

pc
]

mock signal : four-armed spiral 
signal model : log-normal field (                 )d = Res + n

<latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit>



Example 2 : Critical Wiener filter
mock signal : four-armed spiral 
signal model : log-normal field (                 )

step 1

d = Res + n
<latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit>

data

reconstructed 
data

reconstructed signal

results obtained with the NIFTy package 



Example 2 : Critical Wiener filter
mock signal : four-armed spiral 
signal model : log-normal field (                 )

step 2

d = Res + n
<latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit><latexit sha1_base64="nWGwEUW4cCJCpOf964YTKBF+dKc=">AAACAHicbVBNS8NAEN34WetX1YMHL4tFEISSiKAXoejFYxX7AW0sm82kXbqbhN2NUEIu/hUvHhTx6s/w5r9x0+agrQ8GHu/NMDPPizlT2ra/rYXFpeWV1dJaeX1jc2u7srPbUlEiKTRpxCPZ8YgCzkJoaqY5dGIJRHgc2t7oOvfbjyAVi8J7PY7BFWQQsoBRoo3Ur+z7+BLf9QTRQylSyB5SleETbJyqXbMnwPPEKUgVFWj0K189P6KJgFBTTpTqOnas3ZRIzSiHrNxLFMSEjsgAuoaGRIBy08kDGT4yio+DSJoKNZ6ovydSIpQaC8905peqWS8X//O6iQ4u3JSFcaIhpNNFQcKxjnCeBvaZBKr52BBCJTO3YjokklBtMiubEJzZl+dJ67Tm2DXn9qxavyriKKEDdIiOkYPOUR3doAZqIooy9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz9xWpWo</latexit>
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Example 2 : Critical Wiener filter
mock signal : four-armed spiral 
signal model : log-normal field (                 )
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d = Res + n
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Conclusions

‣We have illustrated how determining the density of interstellar 
hydrogen will help us in shedding light on several issues related to 
both cosmic-ray physics and dark matter searches  

‣We have seen how the methods that have been devised so far to 
determine the gas density from observations suffer from several 
drawbacks.  

‣We have seen how information field theory works promisingly in 
reconstructing mock signals.



Outlook

We are now using our approach with the actual CO-line emission data. 
We plan to do several things; as an example: 

• we will study how the reconstructed signal depends on the rotation 
curve we assume (in particular if we consider non-circular motion in 
the inner Galaxy) 

• we will study how the priors that we impose on the power spectrum 
of the signal affect the reconstruction 
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Information field theory
which signal configuration is the right answer to the inference problem? 

•Maximum a Posteriori (MAP) solution: 

(easy to calculate, but  takes into account only local information at the 
maximum). 

•Posterior mean

(it is usually a better choice, as it is influenced by the whole posterior 
distribution, but calculating it is typically much more difficult)

�H(d, s)

�s

����
s=m(MAP)

= 0
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m := hsiP(s|d) =

Z
D s sP(s|d)

<latexit sha1_base64="c1T0aHCf1nDX60acy6G12FQps8s="></latexit><latexit sha1_base64="c1T0aHCf1nDX60acy6G12FQps8s="></latexit><latexit sha1_base64="c1T0aHCf1nDX60acy6G12FQps8s="></latexit><latexit sha1_base64="c1T0aHCf1nDX60acy6G12FQps8s="></latexit>


