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ABSTRACT

We aim to summarize the current state of knowledge regarding Galactic Faraday rotation in an all-sky map of the Galactic Faraday
depth. For this we have assembled the most extensive catalog of Faraday rotation data of compact extragalactic polarized radio sources
to date. In the map making procedure we use a recently developed algorithm that reconstructs the map and the power spectrum of
a statistically isotropic and homogeneous field while taking into account uncertainties in the noise statistics. This procedure is able
to identify some rotation angles that are o�set by an integer multiple of �. The resulting map can be seen as an improved version of
earlier such maps and is made publicly available, along with a map of its uncertainty. For the angular power spectrum we find a power
law behavior C⇧ ⇤ ⇧�2.17 for a Faraday sky where an overall variance profile as a function of Galactic latitude has been removed, in
agreement with earlier work. We show that this is in accordance with a 3D Fourier power spectrum P(k) ⇤ k�2.17 of the underlying
field neBr under simplifying geometrical and statistical assumptions.

Key words. Galaxies: magnetic fields - Galaxy: structure - ISM: magnetic fields - Radio continuum: ISM - Methods: data analysis -
Techniques: polarimetric

1. Introduction

Magnetic fields are ubiquitous in the interstellar medium. They
are likely to play a major dynamical role in the evolution of
galaxies. It is by comparing theoretical predictions and simula-
tions to observations of galactic magnetic fields that their gener-
ation and dynamical role can be understood (see e.g. Beck 2011,
and references therein). It is natural to look first and foremost
at our own galaxy, the Milky Way, and try to study its mag-
netic field. However, its observation is complicated by a num-
ber of e�ects. The magnetic field is a three-dimensional vec-
tor field that varies on multiple scales throughout the Galaxy.
Thus, a large number of measurements of the field would be
needed to determine even its large-scale properties. Furthermore,
virtually any observation su�ers from a projection e�ect as lo-
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cal e�ects add up along the line of sight. And finally the mag-
netic field cannot be measured directly, so that related observ-
ables have to be used. These observables, however, are not only
sensitive to the magnetic field itself but also to other quantities
which are not necessarily better understood, introducing ambi-
guities when inferring properties of the magnetic field. The in-
tensity of synchrotron radiation is sensitive to the strength of the
magnetic field component orthogonal to the line of sight, how-
ever it is modulated by the density of cosmic ray electrons (e.g.
Ginzburg & Syrovatskii 1965). The direction of this magnetic
field component can be studied via the polarization direction of
synchrotron radiation and thermal dust emission (e.g. Gardner
& Whiteoak 1966; Lazarian 2003). A magnetic field component
along the line of sight, on the other hand, gives rise to the e�ect
of Faraday rotation (e.g. Nicholson 1983; Gardner & Whiteoak
1966; Burn 1966). The strength of this e�ect is influenced not
only by the magnetic field but also by the density of thermal elec-
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Table 1. Details of the data sets used for the map reconstruction.

identifyer telescope survey # observed wavelengths frequency range /MHz method # data points catalog reference survey reference
Bonafede VLA 3-5 various(a) �2-fit 7 (1)
Broten various(b) various(b) various(b) �2-fit 121+3/2(c) (2)
Brown CGPS DRAO ST CGPS 4 1 403-1 438 �2-fit 380 (3) (4)
Brown SGPS ATCA SGPS 12 1 332-1 436 �2-fit 148 (5) (6),(7)
Clarke VLA 4,6 1 365-4 885 �2-fit 125 (8),(9)
Clegg VLA 6 1 379-1 671 �2-fit 56 (10)
Feain ATCA Cent. A 24 1 280-1 496 RM synthesis 281 (11) (12)
Gaensler ATCA SGPS test 9 1 334-1 430 �2-fit 18 (13)
Hammond ATCA 23 1 332-1 524 RM synthesis 88 (14)
Heald WSRT WSRT-SINGS 1024 1 300-1 763 RM synthesis 57 (15) (16)
Hennessy VLA 4 1 362-1 708 �2-fit 17 (17)
Johnston-Hollitt A ATCA 23 1 292-1 484 RM synthesis 68 (18)
Johnston-Hollitt B ATCA 4 1 384-6 176 �2-fit 12 (19),(20)
Kato Nobeyama 4(d) 8 800-10 800(d) �2-fit 1 (21)
Kim various(e) various(e) various(e) �2-fit 20+1/2(c) (22)
Klein VLA & E�elsberg B3/VLA 4 1 400-10 600 �2-fit 143 (23) (24),(25)
Lawler various( f ) various( f ) various( f ) �2-fit 3 (26) (27)
Mao SouthCap ATCA 32 1 320-2 432 RM synthesis 329 (28)
Mao NorthCap WSRT 16 1 301-1 793 RM synthesis 400 (28)
Mao LMC ATCA 14 1 324-1 436 RM synthesis 188 (29),(30)
Mao SMC ATCA 14 1 324-1 436 �2-fit 62 (31)
Minter VLA 4 1 348-1 651 �2-fit 98 (32)
Oren VLA 4,6 various(g) �2-fit 51+4/2(c) (33)
O’Sullivan ATCA 100 1 100-2 000 RM synthesis 46 (34)
Roy ATCA & VLA 4 and more various(h) �2-fit 67 (35)
Rudnick VLA 2 1 440-1 690 �2-fit 17+2/2(c) (36)
Schnitzeler ATCA 12 1 320-1 1 448(i) RM synthesis 178 (37)
Simard-Normandin various( j) various( j) various( j) �2-fit 535+6/2(c) (38)
Tabara various(k) various(k) various(k) �2-fit 62+3/2(c) (39)
Taylor VLA NVSS 2 1 344-1 456 �2-fit 37 543 (40) (41)
Van Eck VLA 14 1 353-1 498 RM synthesis(l) 194 (42)
Wrobel VLA 6 1 373-1 677 �2-fit 5+1/2(c) (43)

Notes. (a) Three di�erent frequency ranges, 4 510-8 490 MHz, 4 510-8 300 MHz, 1 340-4 960 MHz, were used. (b) Compilation of several previously published data sets. (c) Data points that seem
to be duplications of the same observations, appearing in two di�erent catalogs, are used only once and denoted as half data points for both catalogs, so that the sum of the data points is the total
number of data points used. (d) Additional data from (31) used in the fit. (e) Compilation of several earlier data sets, including an unpublished one for which no details are provided. ( f ) Compilation of
several earlier data sets and the one described in (22). (g) Three di�erent frequency ranges, 1 360-1 690 MHz, 1 373-4 898 MHz, 1 373-4 990 MHz, were used. (h) The frequency range is 4 736-8 564
MHz for the ATCA observations and 4 605-8 655 MHz for the VLA observations. (i) The frequency range is shifted to lower frequencies by up to 40 MHz for some sources. ( j) RMs calculated from
previously published and unpublished data, as well as new measurements with various instruments. (k) RMs calculated from previously published polarization data. (l) �2-fits were also produced and
found to agree with the synthesis results.

References. (1) Bonafede et al. (2010); (2) Broten et al. (1988); (3) Brown et al. (2003a); (4) Taylor et al. (2003); (5) Brown et al. (2007); (6) Haverkorn et al. (2006b); (7) McClure-Gri⇥ths et al.
(2005); (8) Clarke et al. (2001); (9) Clarke (2004); (10) Clegg et al. (1992); (11) Feain et al. (2009); (12) Feain et al. (2011); (13) Gaensler et al. (2001); (14) Hammond (private communication);
(15) Heald et al. (2009); (16) Braun et al. (2007); (17) Hennessy et al. (1989); (18) Johnston-Hollitt (in prep.); (19) Johnston-Hollitt (2003); (20) Johnston-Hollitt & Ekers (2004); (21) Kato et al.
(1987); (22) Kim et al. (1991); (23) Klein et al. (2003); (24) Gregorini et al. (1998); (25) Vigotti et al. (1999); (26) Lawler & Dennison (1982); (27) Dennison (1979); (28) Mao et al. (2010);
(29) Mao (in prep.); (30) Gaensler et al. (2005); (31) Mao et al. (2008); (32) Minter & Spangler (1996); (33) Oren & Wolfe (1995); (34) O’Sullivan (private communication); (35) Roy et al. (2005);
(36) Rudnick & Jones (1983); (37) Schnitzeler (in prep.); (38) Simard-Normandin et al. (1981); (39) Tabara & Inoue (1980); (40) Taylor et al. (2009); (41) Condon et al. (1998); (42) Van Eck et al.
(2011); (43) Wrobel (1993).
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N. Oppermann et al.: The Galactic Faraday sky

Fig. 2. Distribution of the data points on the sky. Shown is a
HEALPix map at a resolution of Nside = 128, using Galactic co-
ordinates. The map is centered on the Galactic center, latitudes
increase upward, and longitudes increase to the left. Each black
pixel contains at least one data point.

from the reconstructed map and the second contribution com-
pensates partly for the attraction the data exhibit onto the map in
the reconstruction step which lets some fraction of the noise im-
print itself onto the map. Both contributions are rescaled by the
inverse noise variance to turn this estimate of the noise variance
into a correction factor. There is a third term in Eq. (11) that is
solely due to the prior we chose for �. It prevents the error bars
from vanishing in case a data point is by chance in perfect agree-
ment with the map. For a detailed derivation of these formulas,
the reader is referred to Oppermann et al. (2011b).

We include a smoothing step for the angular power spec-
trum in each step of the iteration, where we smooth with a ker-
nel with �⌃ = 8 FWHM, lowering �⌃ for the lowest ⌃-modes.
This is done to avoid a possible perception threshold on scales
with little power in the data (see Enßlin & Frommert 2011). The
smoothing step is also justified by the fact that none of the un-
derlying physical fields, i.e. the thermal electron density and the
line of sight component of the magnetic field, are expected to
have vastly di⇥erent power on neighboring scales.

3. Data sets

Table 1 summarizes the data catalogs that we use for the recon-
struction. Altogether, the catalogs contain 41 330 measurements
of the Faraday rotation of extragalactic point sources. Fig. 2
shows their distribution on the sky. The coverage is clearly far
from complete, especially at declinations below �40⇥ where the
Taylor-catalog does not provide any data. However, 24% of the
data points from the other catalogs lie within this region, so some
toeholds are present even there. The densely sampled region that
stands out at the top of the empty patch in Fig. 2 is Centaurus A,
studied in the Feain-catalog. The relative scarcity of data points
near the Galactic plane is due to numerous depolarization ef-
fects caused by nearby structures in the magneto-ionic medium,
as explained by Stil & Taylor (2007). We use only extragalactic
sources, and not pulsar rotation measures, since this ensures that
each measurement contains the full Galactic Faraday depth.

Since the regions of coverage of the di⇥erent catalogs over-
lap some of the data points have the same underlying radio
source. While this does not constitute a problem for the recon-
struction algorithm, it does in principle lead to noise correlations
since the intrinsic Faraday rotation of this source, which is part

of the noise in our formalism, enters each of these data points
in the same way. We ignore this e⇥ect in favor of a greatly sim-
plified analysis. The combination of the response matrix and the
inverse noise covariance matrix in Eq. (9) corresponds to an in-
verse noise weighted averaging of all data points that fall within
one sky pixel. If the error bars were only due to the intrinsic
Faraday rotation of the sources, this would amount to an under-
estimation of the error bar by a factor 1/

⌅
k for a source that

appears in k di⇥erent catalogs. In reality, the intrinsic Faraday
rotation constitutes only a fraction of the total error budget. The
e⇥ect is therefore smaller.

Some of the catalogs listed in Table 1 are themselves com-
pilations of earlier measurements. As a consequence, some indi-
vidual observations are contained in several of the catalogs. We
have removed data points where we suspect such duplications so
that each observation is used only once. Note that this does not
apply to di⇥erent observations of the same source, as discussed
above. The number of data points given in Table 1 is the e⇥ec-
tive number of data points that we use in our analysis from the
respective catalog.

Any variation of the Galactic Faraday depth within one pixel
of our map can naturally not be reconstructed. Such variations
on very small scales have been detected by Braun et al. (2010)
for a region around (l, b) ⇤ (94⇥,�21⇥). Should several sources
fall within a pixel in such a region, our algorithm will yield an
appropriate average value for the pixel and increase the error
bars of the data points until they are consistent with this average
value.

The sources studied in the Bonafede-catalog and some of
the sources in the Clarke-catalog lie within or behind galaxy
clusters. They are therefore expected to have an increased extra-
galactic contribution to their measured Faraday rotation. In order
to take the cluster contribution into account, we have corrected
the error bars of these points accoring to

⇥2
(corrected) = ⇥

2 + ⇥2
(cluster). (12)

To estimate the cluster contribution ⇥(cluster), Bonafede et al.
(2010) studied resolved background sources for which several
independent RM measurements are possible. ⇥(cluster) was then
identified with the empirical value of the standard deviation of
these measurements. Clarke et al. (2001) estimated the cluster
contribution by comparing the RM values of sources within the
cluster to those of sources behind the cluster. The Johnston-
Hollit-B-catalog also contains sources associated with galaxy
clusters. However, due to the low density of sources, an esti-
mation of the cluster contribution is not possible in this case. We
expect a fraction of the other sources to be a⇥ected by clusters as
well. However, since information on which sources exactly are
a⇥ected is missing in general, we leave it to our algorithm to in-
crease the error bars of the appropriate data points. The same
problem exists in principle for satellite galaxies of the Milky
Way, such as the Large and Small Magellanic Clouds. We do
not attempt to separate their contribution to the Faraday depth
from the one of the Milky Way, so that the map we reconstruct is
strictly speaking not a pure map of the Galactic Faraday depth,
but rather a map of the Faraday depth of the Milky Way and its
surroundings. Due to our use of spatial correlations in the recon-
struction algorithm, the Faraday depth contribution intrinsic to
the sources will, however, be largely removed.

Furthermore, some of the sources will have a non-trivial
Faraday spectrum, i.e. they exhibit polarized emission at more
than one Faraday depth. While the technique of RM synthesis
(Burn 1966; Brentjens & de Bruyn 2005) is able to make out
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Fig. 2. Distribution of the data points on the sky. Shown is a
HEALPix map at a resolution of Nside = 128, using Galactic co-
ordinates. The map is centered on the Galactic center, latitudes
increase upward, and longitudes increase to the left. Each black
pixel contains at least one data point.

from the reconstructed map and the second contribution com-
pensates partly for the attraction the data exhibit onto the map in
the reconstruction step which lets some fraction of the noise im-
print itself onto the map. Both contributions are rescaled by the
inverse noise variance to turn this estimate of the noise variance
into a correction factor. There is a third term in Eq. (11) that is
solely due to the prior we chose for �. It prevents the error bars
from vanishing in case a data point is by chance in perfect agree-
ment with the map. For a detailed derivation of these formulas,
the reader is referred to Oppermann et al. (2011b).

We include a smoothing step for the angular power spec-
trum in each step of the iteration, where we smooth with a ker-
nel with �⌃ = 8 FWHM, lowering �⌃ for the lowest ⌃-modes.
This is done to avoid a possible perception threshold on scales
with little power in the data (see Enßlin & Frommert 2011). The
smoothing step is also justified by the fact that none of the un-
derlying physical fields, i.e. the thermal electron density and the
line of sight component of the magnetic field, are expected to
have vastly di⇥erent power on neighboring scales.

3. Data sets

Table 1 summarizes the data catalogs that we use for the recon-
struction. Altogether, the catalogs contain 41 330 measurements
of the Faraday rotation of extragalactic point sources. Fig. 2
shows their distribution on the sky. The coverage is clearly far
from complete, especially at declinations below �40⇥ where the
Taylor-catalog does not provide any data. However, 24% of the
data points from the other catalogs lie within this region, so some
toeholds are present even there. The densely sampled region that
stands out at the top of the empty patch in Fig. 2 is Centaurus A,
studied in the Feain-catalog. The relative scarcity of data points
near the Galactic plane is due to numerous depolarization ef-
fects caused by nearby structures in the magneto-ionic medium,
as explained by Stil & Taylor (2007). We use only extragalactic
sources, and not pulsar rotation measures, since this ensures that
each measurement contains the full Galactic Faraday depth.

Since the regions of coverage of the di⇥erent catalogs over-
lap some of the data points have the same underlying radio
source. While this does not constitute a problem for the recon-
struction algorithm, it does in principle lead to noise correlations
since the intrinsic Faraday rotation of this source, which is part

of the noise in our formalism, enters each of these data points
in the same way. We ignore this e⇥ect in favor of a greatly sim-
plified analysis. The combination of the response matrix and the
inverse noise covariance matrix in Eq. (9) corresponds to an in-
verse noise weighted averaging of all data points that fall within
one sky pixel. If the error bars were only due to the intrinsic
Faraday rotation of the sources, this would amount to an under-
estimation of the error bar by a factor 1/

⌅
k for a source that

appears in k di⇥erent catalogs. In reality, the intrinsic Faraday
rotation constitutes only a fraction of the total error budget. The
e⇥ect is therefore smaller.

Some of the catalogs listed in Table 1 are themselves com-
pilations of earlier measurements. As a consequence, some indi-
vidual observations are contained in several of the catalogs. We
have removed data points where we suspect such duplications so
that each observation is used only once. Note that this does not
apply to di⇥erent observations of the same source, as discussed
above. The number of data points given in Table 1 is the e⇥ec-
tive number of data points that we use in our analysis from the
respective catalog.

Any variation of the Galactic Faraday depth within one pixel
of our map can naturally not be reconstructed. Such variations
on very small scales have been detected by Braun et al. (2010)
for a region around (l, b) ⇤ (94⇥,�21⇥). Should several sources
fall within a pixel in such a region, our algorithm will yield an
appropriate average value for the pixel and increase the error
bars of the data points until they are consistent with this average
value.

The sources studied in the Bonafede-catalog and some of
the sources in the Clarke-catalog lie within or behind galaxy
clusters. They are therefore expected to have an increased extra-
galactic contribution to their measured Faraday rotation. In order
to take the cluster contribution into account, we have corrected
the error bars of these points accoring to

⇥2
(corrected) = ⇥

2 + ⇥2
(cluster). (12)

To estimate the cluster contribution ⇥(cluster), Bonafede et al.
(2010) studied resolved background sources for which several
independent RM measurements are possible. ⇥(cluster) was then
identified with the empirical value of the standard deviation of
these measurements. Clarke et al. (2001) estimated the cluster
contribution by comparing the RM values of sources within the
cluster to those of sources behind the cluster. The Johnston-
Hollit-B-catalog also contains sources associated with galaxy
clusters. However, due to the low density of sources, an esti-
mation of the cluster contribution is not possible in this case. We
expect a fraction of the other sources to be a⇥ected by clusters as
well. However, since information on which sources exactly are
a⇥ected is missing in general, we leave it to our algorithm to in-
crease the error bars of the appropriate data points. The same
problem exists in principle for satellite galaxies of the Milky
Way, such as the Large and Small Magellanic Clouds. We do
not attempt to separate their contribution to the Faraday depth
from the one of the Milky Way, so that the map we reconstruct is
strictly speaking not a pure map of the Galactic Faraday depth,
but rather a map of the Faraday depth of the Milky Way and its
surroundings. Due to our use of spatial correlations in the recon-
struction algorithm, the Faraday depth contribution intrinsic to
the sources will, however, be largely removed.

Furthermore, some of the sources will have a non-trivial
Faraday spectrum, i.e. they exhibit polarized emission at more
than one Faraday depth. While the technique of RM synthesis
(Burn 1966; Brentjens & de Bruyn 2005) is able to make out
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ABSTRACT

We aim to summarize the current state of knowledge regarding Galactic Faraday rotation in an all-sky map of the Galactic Faraday
depth. For this we have assembled the most extensive catalog of Faraday rotation data of compact extragalactic polarized radio sources
to date. In the map making procedure we use a recently developed algorithm that reconstructs the map and the power spectrum of
a statistically isotropic and homogeneous field while taking into account uncertainties in the noise statistics. This procedure is able
to identify some rotation angles that are o�set by an integer multiple of �. The resulting map can be seen as an improved version of
earlier such maps and is made publicly available, along with a map of its uncertainty. For the angular power spectrum we find a power
law behavior C⇧ ⇤ ⇧�2.17 for a Faraday sky where an overall variance profile as a function of Galactic latitude has been removed, in
agreement with earlier work. We show that this is in accordance with a 3D Fourier power spectrum P(k) ⇤ k�2.17 of the underlying
field neBr under simplifying geometrical and statistical assumptions.
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1. Introduction

Magnetic fields are ubiquitous in the interstellar medium. They
are likely to play a major dynamical role in the evolution of
galaxies. It is by comparing theoretical predictions and simula-
tions to observations of galactic magnetic fields that their gener-
ation and dynamical role can be understood (see e.g. Beck 2011,
and references therein). It is natural to look first and foremost
at our own galaxy, the Milky Way, and try to study its mag-
netic field. However, its observation is complicated by a num-
ber of e�ects. The magnetic field is a three-dimensional vec-
tor field that varies on multiple scales throughout the Galaxy.
Thus, a large number of measurements of the field would be
needed to determine even its large-scale properties. Furthermore,
virtually any observation su�ers from a projection e�ect as lo-
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cal e�ects add up along the line of sight. And finally the mag-
netic field cannot be measured directly, so that related observ-
ables have to be used. These observables, however, are not only
sensitive to the magnetic field itself but also to other quantities
which are not necessarily better understood, introducing ambi-
guities when inferring properties of the magnetic field. The in-
tensity of synchrotron radiation is sensitive to the strength of the
magnetic field component orthogonal to the line of sight, how-
ever it is modulated by the density of cosmic ray electrons (e.g.
Ginzburg & Syrovatskii 1965). The direction of this magnetic
field component can be studied via the polarization direction of
synchrotron radiation and thermal dust emission (e.g. Gardner
& Whiteoak 1966; Lazarian 2003). A magnetic field component
along the line of sight, on the other hand, gives rise to the e�ect
of Faraday rotation (e.g. Nicholson 1983; Gardner & Whiteoak
1966; Burn 1966). The strength of this e�ect is influenced not
only by the magnetic field but also by the density of thermal elec-
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We develop
information

field theory
(IFT) as a means of Bayesian

inference on spatially
dis-

tributed signals, the information fields. A didactical
approach is attempted. Starting from general

consideration
s on the nature of measurements, signals, noise, and their relatio

n to a physical re-

ality, we derive the information Hamiltonian, the source field, propagator
, and interacti

on terms.

Free IFT reproduces the well known Wiener-filter theory. Interacti
ng IFT can be diagram

matically

expanded, for which we provide the Feynman rules in position
-, Fourier-, and spherical

harmon-

ics space, and the Boltzmann-Shannon information measure. The theory should be applicable in

many fields. However, here, two cosmologica
l signal recover

y problems are discussed in their IFT-

formulation. 1) Reconstruction of the cosmic large-s
cale structure matter distribution from discrete

galaxy counts in incomplete galaxy surveys within a simple model of galaxy formation. We show that

a Gaussian signal, which should resemble the initial density perturbations of the Universe,
observed

with a strongly non-linear, incomplete and Poissonian-noise affected response, as the processes
of

structure and galaxy formation and observati
ons provide, can be reconstructed thanks to the virtue

of a response-renormalizatio
n flow equation. 2) We design a filter to detect local non-linearities

in

the cosmic microwave background, which are predicted from some Early-Universe
inflationary sce-

narios, and expected due to measurement imperfectio
ns. This filter is the optimal Bayes’ estimator

up to linear order in the non-linearity
parameter and can be used even to construct sky maps of

non-linearities
in the data.

I. INTRODUCTION

A. Motivat
ion

The optimal extractio
n and restora

tion of information

from data on spatially
distributed quantities like the cos-

mic large-s
cale structu

re (LSS) or the cosmic microwave

backgr
ound (CMB) temperature fluctuations in cosmol-

ogy, but also on many other signals in physics and re-

lated fields, is essential for any quantitative
, data-driven

scientific inference. The problem of how to design such

methods possesse
s many technical and even conceptual

difficulties, which have led to a large number of recipes

and methodologies
.

Here, we address such problems from a strictly
infor-

mation theoretic
al point of view. We show, as others

have done before, that information theory for distributed

quantities leads to a statisti
cal field theory, which we

name information
field theory

(IFT). In contrast to the

previous works, which mostly treat such problems on a

classica
l field level, as will be detailed

later,
here, we

take full advantage of the existing field theoretic
al appa-

ratus to treat interacti
ng and non-classic

al fields. Thus,

we show how to use diagram
matic perturbation theory

and renormalizatio
n flows in order to construct optimal

signal recover
ing algorit

hms and to calculate moments

of their uncertain
ties. Non-classic

ality manifests itself as

quantum and statisti
cal fluctuations in quantum and sta-

tistical
field theory (QFT & SFT), and very similarly as

uncertain
ty in IFT.

The information theoretic
al perspective on signal infer-

ence problems has technical advantages,
since it permits

to design information-yield optimized algorit
hms and ex-

perimental setups. However, it also provides deeper in-

sight into the mechanisms of knowledge accumulation,

its underlying information flows, and its dependence on

data models, prior knowledge and assumptions than pure

empirical evaluations of ad-hoc algorit
hms alone could

provide.

We therefore
hope that our work is of interest

for two

types of readers. The first are applied scientists, who

are mainly intereste
d in the practica

l aspect of IFT since

they are facing a concrete inverse problem for a spatially

distributed quantity, especially
but not exclusively in cos-

mology.
The second are more philosophical or theoret-

ically inclined scientists, for whom IFT may serve as a

framework to understand and classify
many of the exist-

ing methods of signal extractio
n and reception. Since we

expect that many intereste
d readers are not very famil-

iar with field theoretic
al formalisms, we introduce some

of its basic mathematical
concepts. Due to this antici-

pated non-uniform readership, not everything in this arti-

cle might be of everyo
nes interest,

and therefore
we pro-

vide in the following a short overview on the structure

and content of the article.

B. Overview of the work

The remainder of this introduction section
contains a

detailed
discussion of the previous work on signal infer-

ence theory as well as a very brief introduction into the

here relevan
t works on the cosmic LSS and the CMB.

The main part of this article
falls into two catego

ries:

統計の詳しい内容はこちら
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data sets(extragalactic radio source)

データ点の分布図。
point source ===> 場の量に変換(extended critical filter)

N. Oppermann et al.: The Galactic Faraday sky

Fig. 2. Distribution of the data points on the sky. Shown is a
HEALPix map at a resolution of Nside = 128, using Galactic co-
ordinates. The map is centered on the Galactic center, latitudes
increase upward, and longitudes increase to the left. Each black
pixel contains at least one data point.

from the reconstructed map and the second contribution com-
pensates partly for the attraction the data exhibit onto the map in
the reconstruction step which lets some fraction of the noise im-
print itself onto the map. Both contributions are rescaled by the
inverse noise variance to turn this estimate of the noise variance
into a correction factor. There is a third term in Eq. (11) that is
solely due to the prior we chose for �. It prevents the error bars
from vanishing in case a data point is by chance in perfect agree-
ment with the map. For a detailed derivation of these formulas,
the reader is referred to Oppermann et al. (2011b).

We include a smoothing step for the angular power spec-
trum in each step of the iteration, where we smooth with a ker-
nel with �⌃ = 8 FWHM, lowering �⌃ for the lowest ⌃-modes.
This is done to avoid a possible perception threshold on scales
with little power in the data (see Enßlin & Frommert 2011). The
smoothing step is also justified by the fact that none of the un-
derlying physical fields, i.e. the thermal electron density and the
line of sight component of the magnetic field, are expected to
have vastly di⇥erent power on neighboring scales.

3. Data sets

Table 1 summarizes the data catalogs that we use for the recon-
struction. Altogether, the catalogs contain 41 330 measurements
of the Faraday rotation of extragalactic point sources. Fig. 2
shows their distribution on the sky. The coverage is clearly far
from complete, especially at declinations below �40⇥ where the
Taylor-catalog does not provide any data. However, 24% of the
data points from the other catalogs lie within this region, so some
toeholds are present even there. The densely sampled region that
stands out at the top of the empty patch in Fig. 2 is Centaurus A,
studied in the Feain-catalog. The relative scarcity of data points
near the Galactic plane is due to numerous depolarization ef-
fects caused by nearby structures in the magneto-ionic medium,
as explained by Stil & Taylor (2007). We use only extragalactic
sources, and not pulsar rotation measures, since this ensures that
each measurement contains the full Galactic Faraday depth.

Since the regions of coverage of the di⇥erent catalogs over-
lap some of the data points have the same underlying radio
source. While this does not constitute a problem for the recon-
struction algorithm, it does in principle lead to noise correlations
since the intrinsic Faraday rotation of this source, which is part

of the noise in our formalism, enters each of these data points
in the same way. We ignore this e⇥ect in favor of a greatly sim-
plified analysis. The combination of the response matrix and the
inverse noise covariance matrix in Eq. (9) corresponds to an in-
verse noise weighted averaging of all data points that fall within
one sky pixel. If the error bars were only due to the intrinsic
Faraday rotation of the sources, this would amount to an under-
estimation of the error bar by a factor 1/

⌅
k for a source that

appears in k di⇥erent catalogs. In reality, the intrinsic Faraday
rotation constitutes only a fraction of the total error budget. The
e⇥ect is therefore smaller.

Some of the catalogs listed in Table 1 are themselves com-
pilations of earlier measurements. As a consequence, some indi-
vidual observations are contained in several of the catalogs. We
have removed data points where we suspect such duplications so
that each observation is used only once. Note that this does not
apply to di⇥erent observations of the same source, as discussed
above. The number of data points given in Table 1 is the e⇥ec-
tive number of data points that we use in our analysis from the
respective catalog.

Any variation of the Galactic Faraday depth within one pixel
of our map can naturally not be reconstructed. Such variations
on very small scales have been detected by Braun et al. (2010)
for a region around (l, b) ⇤ (94⇥,�21⇥). Should several sources
fall within a pixel in such a region, our algorithm will yield an
appropriate average value for the pixel and increase the error
bars of the data points until they are consistent with this average
value.

The sources studied in the Bonafede-catalog and some of
the sources in the Clarke-catalog lie within or behind galaxy
clusters. They are therefore expected to have an increased extra-
galactic contribution to their measured Faraday rotation. In order
to take the cluster contribution into account, we have corrected
the error bars of these points accoring to

⇥2
(corrected) = ⇥

2 + ⇥2
(cluster). (12)

To estimate the cluster contribution ⇥(cluster), Bonafede et al.
(2010) studied resolved background sources for which several
independent RM measurements are possible. ⇥(cluster) was then
identified with the empirical value of the standard deviation of
these measurements. Clarke et al. (2001) estimated the cluster
contribution by comparing the RM values of sources within the
cluster to those of sources behind the cluster. The Johnston-
Hollit-B-catalog also contains sources associated with galaxy
clusters. However, due to the low density of sources, an esti-
mation of the cluster contribution is not possible in this case. We
expect a fraction of the other sources to be a⇥ected by clusters as
well. However, since information on which sources exactly are
a⇥ected is missing in general, we leave it to our algorithm to in-
crease the error bars of the appropriate data points. The same
problem exists in principle for satellite galaxies of the Milky
Way, such as the Large and Small Magellanic Clouds. We do
not attempt to separate their contribution to the Faraday depth
from the one of the Milky Way, so that the map we reconstruct is
strictly speaking not a pure map of the Galactic Faraday depth,
but rather a map of the Faraday depth of the Milky Way and its
surroundings. Due to our use of spatial correlations in the recon-
struction algorithm, the Faraday depth contribution intrinsic to
the sources will, however, be largely removed.

Furthermore, some of the sources will have a non-trivial
Faraday spectrum, i.e. they exhibit polarized emission at more
than one Faraday depth. While the technique of RM synthesis
(Burn 1966; Brentjens & de Bruyn 2005) is able to make out

5
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結果図
N. Oppermann et al.: The Galactic Faraday sky

Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.

these sources, such features are not described by a �2-fit, which
may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
the fit is low. In the limit of two frequencies, multi-component
Faraday spectra necessarily go unnoticed. We use the data points
obtained by �2-fits of only a few frequencies nevertheless, and
leave it to the reconstruction algorithm to increase the error bars

of those with an underlying multi-component spectrum accord-
ingly.

6

dimensionless RM signal field map
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Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.
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obtained by �2-fits of only a few frequencies nevertheless, and
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Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.

these sources, such features are not described by a �2-fit, which
may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
the fit is low. In the limit of two frequencies, multi-component
Faraday spectra necessarily go unnoticed. We use the data points
obtained by �2-fits of only a few frequencies nevertheless, and
leave it to the reconstruction algorithm to increase the error bars

of those with an underlying multi-component spectrum accord-
ingly.
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may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
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Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.

these sources, such features are not described by a �2-fit, which
may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
the fit is low. In the limit of two frequencies, multi-component
Faraday spectra necessarily go unnoticed. We use the data points
obtained by �2-fits of only a few frequencies nevertheless, and
leave it to the reconstruction algorithm to increase the error bars

of those with an underlying multi-component spectrum accord-
ingly.
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Fig. 10. Angular power spectrum of the dimensionless signal
field (thick solid line), along with a power law fit, C⌥ ⌅ ⌥�2.17

(thick dashed line). The thin lines depict the angular power spec-
tra corresponding to the maps reconstructed by Dineen & Coles
(2005), corrected for the Galactic variance profile. The three RM
catalogs used in their work are from Simard-Normandin et al.
(1981) (S81), Broten et al. (1988) (B88), and Frick et al. (2001)
(F01).
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Fig. 11. Second order structure function corresponding to the an-
gular power spectrum plotted in Fig. 10 (thick solid line) and its
power law fit (thick dashed line), along with power law approx-
imations (thin lines).

Evidently, both the slope and the normalization of the spectra
are in agreement with our result. Haverkorn et al. (2003) study
the angular power spectrum of rotation measures of di�use po-
larized radio emission from the local interstellar medium in two
regions of the sky on scales 400 < ⌥ < 1500. They fit power
laws with exponents close to �1, i.e. C⌥ ⌅ ⌥�1, significantly
larger than our result. This is not necessarily a contradiction,
however, since a flattening of the angular power spectrum on
scales that are too small for our analysis could explain both re-
sults. Furthermore, we take into account the full line of sight
through the galaxy by using only extragalactic sources, so the

volume that we probe is significantly larger than the one probed
by Haverkorn et al. (2003).

In order to compare our result to other earlier papers, we
consider the second order structure function for the dimension-
less signal field,

Ds(�) =
⇤�

s(n̂) � s(n̂⇧)
⇥2⌅
P(s)

= 2 (S n̂n̂ � S n̂n̂⇧ ) , (14)

where � = arccos(n̂ · n̂⇧) and n̂ and n̂⇧ are two directions in the
sky. Here, S denotes the signal covariance matrix and the angle
brackets denote a prior ensemble average. Since we assume sta-
tistical homogeneity and isotropy for the signal field, S n̂n̂ does
not depend on n̂, S n̂n̂⇧ depends only on �, and both terms are
completely determined by the angular power spectrum. This also
allows us to exchange the usual spatial average with an ensem-
ble average in Eq. (14). The resulting structure function is plot-
ted in Fig. 11. Using the final angular power spectrum of our
reconstruction (the solid line in Fig. 10), we find a broken power
law with exponents 0.65 for small angles and 0.26 for large an-
gles with the transition occuring around � = 5⇤ (the solid line
in Fig. 11). The power law fit to the angular power spectrum
(the dashed line in Fig. 10) leads to a structure function that can
be approximated by a single power law with exponent 0.39 (the
dashed line in Fig. 11).

Minter & Spangler (1996) found that the structure function
derived from their observations is well described by a power
law with exponent 0.64 for angular scales of � > 1⇤. Sun &
Han (2004) study the structure function in three di�erent re-
gions within the Galactic plane and in the vicinity of the North
Galactic pole. An inverse noise weighted average of their power
law indices yields a value of 0.11. Haverkorn et al. (2006a)
and Haverkorn et al. (2008) study observations through inter-
arm regions in the Galactic plane separately from observations
along Galactic arms. They find flat structure functions for the
observations along Galactic arms. Haverkorn et al. (2006a) find
a weighted mean power law index of 0.55 for the structure
functions derived from observations through interarm regions,
while Haverkorn et al. (2008) find an inverse-noise weighted
mean power law index of 0.40. Haverkorn et al. (2003) find
flat structure functions for the two regions that they study. Roy
et al. (2008) find a structure function for the region around the
Galactic center that is constant on scales above � = 0.7⇤ and ex-
hibits a power law behavior with an exponent of 0.7 on smaller
scales. Stil et al. (2011) fit broken power laws with the breaking
point at � = 1⇤ to the structure functions they extract from the
NVSS rotation measure catalog (Taylor et al. 2009). They find
power law indices that vary spatially. Taking an inverse-noise
weighted average of their power law indices for the regions that
they study in detail yields 0.37 for � > 1⇤ and 0.59 for � < 1⇤.

These observational results indicate that the slope of the
structure function varies from region to region. Our result is in-
sensitive to these variations since our structure function is just a
description of the prior for the dimensionless signal, for which
we have assumed statistical isotropy. It can therefore be inter-
preted as a mean structure function across the whole sky. The
observations that yield non-flat structure functions are in rough
agreement with the slopes that we fit in Fig. 11. The depen-
dence of the structure function slope on Galactic latitude (e.g.
Simonetti et al. 1984; Sun & Han 2004) is partly removed in our
analysis by the division through the Galactic variance profile.
Note that Simonetti et al. (1984); Simonetti & Cordes (1986) al-
ready suspected a break in the structure function at roughly five
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better represented by a prior with � = 2. Our choice for � is thus
justified.

The data points with ⇥ ⇤ 1 do not appear to be spatially
clumped, making it improbable that any extended physical fea-
tures that are present in the data are lost due to the increase in
the assumed noise covariance. Any real features that might mis-
takenly be filtered out in this procedure can be expected to be
smaller or comparable in size to the distance to the next data
point, i.e. one or two pixels or about one degree in most parts
of the sky. The data points with strongly corrected error bars
are predominantly located near the Galactic plane. This can be
clearly seen in Fig. 7, where we plot the distribution of the cor-
rection factors for three latitude bins separately. While the dif-
ference in the distributions for the polar regions and the inter-
mediate latitude bin is not very big, the data points around the
Galactic disk clearly are more likely to have correction factors at
the high end. At least in some cases these high ⇥-values can be
interpreted as correcting an o�set in the rotation angle of ⌅ that
has escaped the observational analysis. Others might be due to
a high level of polarized emissivity within the Galactic disk that
can lead to misleading RM fits. Another reason for high ⇥-values
is a higher extragalactic contribution to the measured Faraday ro-
tation, caused e.g. by magnetic fields in galaxy clusters. This last
reason, however, would not be expected to show any statistical
latitude dependence.

As mentioned earlier, a non-trivial emission spectrum in
Faraday space is hard to identify when using linear ⇤2-fits to
obtain RM values. We therefore compare the distributions of the
correction factors for data points from ⇤2-fits and the ones for
data points that stem from RM synthesis studies in Fig. 8. From
the histograms it can indeed be seen that the data from ⇤2-fits are
more likely to have a high ⇥-value, as expected.

Figure 9 shows a comparison of our reconstructed signal map
with the reconstruction of Oppermann et al. (2011a), where the
critical filter formalism was used without accounting for uncer-
tainties in the noise covariance and only data from the Taylor-
catalog were used. The di�erences that can be seen are twofold.
On the one hand, our map shows structure due to the additional
data points that we use, most prominently at declinations be-
low �40⇥. On the other hand, some of the features present in
the older map have vanished since they were supported only by
a single data point which has been interpreted as being noise-
dominated by our algorithm. These features appear prominently
both in the old map and in the di�erence map, where our newly
reconstructed map has been subtracted from the old one. They
have the same sign in both these maps. Also, our new recon-
struction is less grainy. This is a combined e�ect of the higher
resolution that we use and the adaptation of error bars during our
reconstruction.

4.3. Power spectrum

The reconstructed angular power spectrum of the dimension-
less signal field is shown in Fig. 10. It is well described by a
power law. A logarithmic least square fit, which is also shown in
Fig. 10, yields a spectral index of 2.17, i.e.

C⌥ ⌅ ⌥�2.17, (13)

where we have taken scales down to ⌥ = 300 into account. Note
that due to the typical distance of neighboring data points of
roughly one degree, structures smaller than this angular size,
corresponding to ⌥ � 180, will in general not be reconstructed
and we might therefore be missing some power on the smallest

Fig. 9. Comparison of the reconstruction of the dimensionless
signal to earlier results. The top panel shows the reconstructed
signal field of Oppermann et al. (2011a), the middle panel shows
the same as the top panel of Fig. 3, only coarsened to a resolution
of Nside = 64 to match the resolution of the old reconstruction.
The bottom panel shows the di�erence between the upper panel
and the middle panel.

scales. However, some data points have smaller angular sepa-
rations and we therefore have some information on the angular
power spectrum up to ⌥max = 383.

Also shown in Fig. 10 is a comparison with the angular
power spectra of the maps that Dineen & Coles (2005) recon-
structed. They created three separate maps from three di�erent
RM catalogs. We used the spherical harmonics components of
their maps5, transformed them to position space, and then di-
vided them by our Galactic variance profile. We plot the an-
gular power spectra of the three resulting dimensionless maps.

5 Dineen & Coles (2005) provide their results at http://astro.
ic.ac.uk/˜pdineen/rm_maps/.
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・先行研究と一致しているが、物理的根拠は不明（おそら
　く銀河の大局的磁場構造を反映しているのであろう）。
・ただしMW Galaxyのglobal MHD simulationをしたとき、そ
　のsimulationがどれくらい現実味のあるものかを示す指標
　として使えるのではないか？ ===> future workに期待
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better represented by a prior with � = 2. Our choice for � is thus
justified.

The data points with ⇥ ⇤ 1 do not appear to be spatially
clumped, making it improbable that any extended physical fea-
tures that are present in the data are lost due to the increase in
the assumed noise covariance. Any real features that might mis-
takenly be filtered out in this procedure can be expected to be
smaller or comparable in size to the distance to the next data
point, i.e. one or two pixels or about one degree in most parts
of the sky. The data points with strongly corrected error bars
are predominantly located near the Galactic plane. This can be
clearly seen in Fig. 7, where we plot the distribution of the cor-
rection factors for three latitude bins separately. While the dif-
ference in the distributions for the polar regions and the inter-
mediate latitude bin is not very big, the data points around the
Galactic disk clearly are more likely to have correction factors at
the high end. At least in some cases these high ⇥-values can be
interpreted as correcting an o�set in the rotation angle of ⌅ that
has escaped the observational analysis. Others might be due to
a high level of polarized emissivity within the Galactic disk that
can lead to misleading RM fits. Another reason for high ⇥-values
is a higher extragalactic contribution to the measured Faraday ro-
tation, caused e.g. by magnetic fields in galaxy clusters. This last
reason, however, would not be expected to show any statistical
latitude dependence.

As mentioned earlier, a non-trivial emission spectrum in
Faraday space is hard to identify when using linear ⇤2-fits to
obtain RM values. We therefore compare the distributions of the
correction factors for data points from ⇤2-fits and the ones for
data points that stem from RM synthesis studies in Fig. 8. From
the histograms it can indeed be seen that the data from ⇤2-fits are
more likely to have a high ⇥-value, as expected.

Figure 9 shows a comparison of our reconstructed signal map
with the reconstruction of Oppermann et al. (2011a), where the
critical filter formalism was used without accounting for uncer-
tainties in the noise covariance and only data from the Taylor-
catalog were used. The di�erences that can be seen are twofold.
On the one hand, our map shows structure due to the additional
data points that we use, most prominently at declinations be-
low �40⇥. On the other hand, some of the features present in
the older map have vanished since they were supported only by
a single data point which has been interpreted as being noise-
dominated by our algorithm. These features appear prominently
both in the old map and in the di�erence map, where our newly
reconstructed map has been subtracted from the old one. They
have the same sign in both these maps. Also, our new recon-
struction is less grainy. This is a combined e�ect of the higher
resolution that we use and the adaptation of error bars during our
reconstruction.

4.3. Power spectrum

The reconstructed angular power spectrum of the dimension-
less signal field is shown in Fig. 10. It is well described by a
power law. A logarithmic least square fit, which is also shown in
Fig. 10, yields a spectral index of 2.17, i.e.

C⌥ ⌅ ⌥�2.17, (13)

where we have taken scales down to ⌥ = 300 into account. Note
that due to the typical distance of neighboring data points of
roughly one degree, structures smaller than this angular size,
corresponding to ⌥ � 180, will in general not be reconstructed
and we might therefore be missing some power on the smallest

Fig. 9. Comparison of the reconstruction of the dimensionless
signal to earlier results. The top panel shows the reconstructed
signal field of Oppermann et al. (2011a), the middle panel shows
the same as the top panel of Fig. 3, only coarsened to a resolution
of Nside = 64 to match the resolution of the old reconstruction.
The bottom panel shows the di�erence between the upper panel
and the middle panel.

scales. However, some data points have smaller angular sepa-
rations and we therefore have some information on the angular
power spectrum up to ⌥max = 383.

Also shown in Fig. 10 is a comparison with the angular
power spectra of the maps that Dineen & Coles (2005) recon-
structed. They created three separate maps from three di�erent
RM catalogs. We used the spherical harmonics components of
their maps5, transformed them to position space, and then di-
vided them by our Galactic variance profile. We plot the an-
gular power spectra of the three resulting dimensionless maps.

5 Dineen & Coles (2005) provide their results at http://astro.
ic.ac.uk/˜pdineen/rm_maps/.
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まとめ
・これまで系外電波銀河の偏光観測により求められてきた
　RM dataを一つにまとめあげた。
・extended critical filterを用いることで、今までより精度よく
　RMのsignal field mapを作成することに成功。
・パワースペクトルも先行研究とよく一致。
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N. Oppermann et al.: The Galactic Faraday sky

Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.

these sources, such features are not described by a �2-fit, which
may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
the fit is low. In the limit of two frequencies, multi-component
Faraday spectra necessarily go unnoticed. We use the data points
obtained by �2-fits of only a few frequencies nevertheless, and
leave it to the reconstruction algorithm to increase the error bars

of those with an underlying multi-component spectrum accord-
ingly.
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Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.
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Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.
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may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
the fit is low. In the limit of two frequencies, multi-component
Faraday spectra necessarily go unnoticed. We use the data points
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Fig. 3. Reconstructed dimensionless signal map m (top) and its uncertainty D̂1/2 (bottom). Note the di�erent color codes.

these sources, such features are not described by a �2-fit, which
may thus lead to an erroneous rotation measure value. This prob-
lem becomes more severe if the number of frequencies used in
the fit is low. In the limit of two frequencies, multi-component
Faraday spectra necessarily go unnoticed. We use the data points
obtained by �2-fits of only a few frequencies nevertheless, and
leave it to the reconstruction algorithm to increase the error bars
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better represented by a prior with � = 2. Our choice for � is thus
justified.

The data points with ⇥ ⇤ 1 do not appear to be spatially
clumped, making it improbable that any extended physical fea-
tures that are present in the data are lost due to the increase in
the assumed noise covariance. Any real features that might mis-
takenly be filtered out in this procedure can be expected to be
smaller or comparable in size to the distance to the next data
point, i.e. one or two pixels or about one degree in most parts
of the sky. The data points with strongly corrected error bars
are predominantly located near the Galactic plane. This can be
clearly seen in Fig. 7, where we plot the distribution of the cor-
rection factors for three latitude bins separately. While the dif-
ference in the distributions for the polar regions and the inter-
mediate latitude bin is not very big, the data points around the
Galactic disk clearly are more likely to have correction factors at
the high end. At least in some cases these high ⇥-values can be
interpreted as correcting an o�set in the rotation angle of ⌅ that
has escaped the observational analysis. Others might be due to
a high level of polarized emissivity within the Galactic disk that
can lead to misleading RM fits. Another reason for high ⇥-values
is a higher extragalactic contribution to the measured Faraday ro-
tation, caused e.g. by magnetic fields in galaxy clusters. This last
reason, however, would not be expected to show any statistical
latitude dependence.

As mentioned earlier, a non-trivial emission spectrum in
Faraday space is hard to identify when using linear ⇤2-fits to
obtain RM values. We therefore compare the distributions of the
correction factors for data points from ⇤2-fits and the ones for
data points that stem from RM synthesis studies in Fig. 8. From
the histograms it can indeed be seen that the data from ⇤2-fits are
more likely to have a high ⇥-value, as expected.

Figure 9 shows a comparison of our reconstructed signal map
with the reconstruction of Oppermann et al. (2011a), where the
critical filter formalism was used without accounting for uncer-
tainties in the noise covariance and only data from the Taylor-
catalog were used. The di�erences that can be seen are twofold.
On the one hand, our map shows structure due to the additional
data points that we use, most prominently at declinations be-
low �40⇥. On the other hand, some of the features present in
the older map have vanished since they were supported only by
a single data point which has been interpreted as being noise-
dominated by our algorithm. These features appear prominently
both in the old map and in the di�erence map, where our newly
reconstructed map has been subtracted from the old one. They
have the same sign in both these maps. Also, our new recon-
struction is less grainy. This is a combined e�ect of the higher
resolution that we use and the adaptation of error bars during our
reconstruction.

4.3. Power spectrum

The reconstructed angular power spectrum of the dimension-
less signal field is shown in Fig. 10. It is well described by a
power law. A logarithmic least square fit, which is also shown in
Fig. 10, yields a spectral index of 2.17, i.e.

C⌥ ⌅ ⌥�2.17, (13)

where we have taken scales down to ⌥ = 300 into account. Note
that due to the typical distance of neighboring data points of
roughly one degree, structures smaller than this angular size,
corresponding to ⌥ � 180, will in general not be reconstructed
and we might therefore be missing some power on the smallest

Fig. 9. Comparison of the reconstruction of the dimensionless
signal to earlier results. The top panel shows the reconstructed
signal field of Oppermann et al. (2011a), the middle panel shows
the same as the top panel of Fig. 3, only coarsened to a resolution
of Nside = 64 to match the resolution of the old reconstruction.
The bottom panel shows the di�erence between the upper panel
and the middle panel.

scales. However, some data points have smaller angular sepa-
rations and we therefore have some information on the angular
power spectrum up to ⌥max = 383.

Also shown in Fig. 10 is a comparison with the angular
power spectra of the maps that Dineen & Coles (2005) recon-
structed. They created three separate maps from three di�erent
RM catalogs. We used the spherical harmonics components of
their maps5, transformed them to position space, and then di-
vided them by our Galactic variance profile. We plot the an-
gular power spectra of the three resulting dimensionless maps.

5 Dineen & Coles (2005) provide their results at http://astro.
ic.ac.uk/˜pdineen/rm_maps/.
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The reconstructed angular power spectrum of the dimension-
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Fig. 10, yields a spectral index of 2.17, i.e.
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