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ABSTRACT

Context. Planning of the Square Kilometre Array (SKA) requires siatigins of the expected sky emission at arcsec angular res-
olution to evaluate its scienti ¢ potential, to constrats technical realization in the best possible way and toegtiie observing
strategy.

Aims. We simulate high-resolution total intensity, polarizatend rotation measure (RM) maps of selected elds based preoant
global 3D-model of Galactic emission.

Methods. Simulations of di use Galactic emission are conducted usinghi@murabcode modi ed for arcsec angular resolution
patches towards various Galactic directions. The randognet& eld components are set to follow a Kolmogorov-likewer law
spectrum.

Results. We present maps for various Galactic longitudes and la&uwat 1.4 GHz, which is the frequency where deep SKA sur-
veys are proposed. The maps are abo#tid size and have an angular resolution of abdf. We analyse the maps in terms of
their probability density functions (PDFs) and structuradtions. Total intensity emission is more smooth in the@lthan at high
latitudes due to the derent contributions from the regular and random magnetid. €he high latitude elds show more extended
polarized emission and RM structures than those in the pilahere patchy emission structures on very small scalesrdaimiThe
RM PDFs in the plane are close to Gaussians, but clearly @efviam that at high latitudes. The RM structure functionsvgsmaller
amplitudes and steeper slopes towards high latitudes eTiessilts emerge from the fact that much more turbulent eefigpassed
through by the line-of-sights in the plane. Although the dimted random magnetic eld components distribute in 3, tiegnetic
eld spectrum extracted from the structure functions of Rédsiforms to 2D in the plane and approaches 3D at high lastubleis

is partly related to the outer scale of the turbulent magnetd, but mainly to the di erent lengths of the line-of-sights.

Conclusions. The signi cant scatter of the simulated RM distributionsess with the large scatter of observed RMs of pulsars and
extragalactic sources in the Galactic plane and also at@ggjhctic latitudes. A very dense grid of RMs from extragatasources

is required to trace and separate Galactic RM foregrountuations. Even at high latitudes total intensity and pakdiemission is
highly structured, which will contaminate sensitive higdsolution extragalactic observations with the SKA ancehtavbe separated

in an appropriate way.
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1. Introduction used to nd their distances based on a thermal gas distabuti
. . . - . model. Recent pulsar results indicate a number of magnetit

Intensive radio emission from the Galaxy originates from-io reversals within the Galaxy (elg. Han ellal. 2006; Noutsas et
ized thermal gas, cosmic rays and magnetic elds. All-skiy Su508) "\hich is di cult to understand in terms of a simple axi-
veys yield an overview of the Galactic structures. Howeter, symmetric or bi-symmetric magnetic eld con guration. A m®
1 . ired b ¢ on inside the Gal dense RM grid is needed to derive a clear large-scale pattern
eling IS required because of our position Inside e Lalaxyaq, se complications arise from local magnetic eld distu
Galacgc EMISSION IS a Severe foregrqund_contamlnatlonlﬁer bances or excessive thermal gas contributions to the cdderv
servations of uctuations of the cosmic microwave backgrdu pulsar DMs and RM_(Mitra et 41. 2003). Sucheets must be
fad.'a“or_‘ and_ of aII_ kinds of distant, faint _extragalacth]erts, separated to derive a reliable large-scale magnetic ellgo
W.h'Ch will be investigated by 'ghe Square K"‘?”?e”e Array OK yration. Moreover, to decompose the observed RM informatio
with unprecedented sensitivity. Therefore it is cruciaptop- i, 5 magnetic eld contribution, a detailed knowledge bét
erly account for Galactic emission in all directions o_f tH8.S thermal gas distribution is required. The currently widaky
Unfortunately, most of the properties of the aforementdmm- cepted distribution of Galactic duse thermal gas, the NE2001
stituents of the Galaxy from large scales to small scalesnare ,qqe| as well as its lling factor modelled from pulsar and
su cr|]en'|tly constrfiuned IUP tonow. ld is of cular | H observations was presented|by Cordes & Liazio (2002) and

The ar:ge-zcae Galactic Imagng_tua E Is of particular INnge i iisen et 41.[(2006), respectively. Galactic magneid
terest. It has ; eein intensively stu '|e2 y_using rOt""t'o’;é‘,'m%odels based on pulsar RM observations have to agree with the
sures (RMs) of pulsars (elg. Han el al. 2006; Noutsos/et BER0 ohserved RMs of extragalactic sources shining throughritiese

and extragalactic sources (EGSs) in the Galactic plane (€hjaxy. To establish a rm picture of the large-scale magnet
Brown et all 2003, 2007). Pulsar dispersion measures (DMs) a4 ngéds to account for allrihe @cts above. g o
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frequency range and also the all-sky RM distribution of EGSs from|Han et al.|(1999), including preliminary RMs from the
The simulated maps have an angular resolution of abo¥)t 15 new E elsberg L-band survey (Han et al., in prep.), and
which is suitable to compare them with all-sky maps having RMs from the CGPS high latitude extension (Brown et al.,
lower angular resolution. Based on these global resultshier in prep.).
Galaxy, simulated arcsec angular resolution maps are tkie ne
step in order to get an idea what might be observed with the SKA The Galactic 3D-model is based on the 3D-distribution of
and other future high-resolution radio telescopes. It igdnant thermal electrons in the Galaxy (NE2001 model) derived from
to understand the origin of the observed structures at highia pulsar DMs by Cordes & Lazio (2002). To successfully model
lar resolution to estimate the contamination of extragalazb- the observed thermal emission for the optically thin casg an
servations by Galactic small-scale structures as thefouegl. absorption eects from the optically thick gas, the lling fac-
One of the key science projects for the SKA is “Cosmitor of thermal gas needs to be taken into account, whoseaépati
Magnetism”, where RMs of about 2 10’ polarized EGSs variation was derived by Berkhuijsen et al. (2006). The fagu
are proposed to be observed in a region of* Ile¢ Galactic disk magnetic eld model was constrained by extra-
(Beck & Gaensler 2004). The survey is proposed for 1.4 GHmlactic RM data of Brown et al. (2003, 2007). Axi-symmetric
with a resolution of about® Simulations of the expected num-(ASS) and bi-symmetric (BSS) elds with one eld reversatin
ber density of faint sources and their polarization prdpsert side the solar circle agree with extragalactic RM data in the
from SKA observations were made by e.g. Wilman et al. (2008)lane, while the BSS eld con guration fails to represength
A feasibility study on the decomposition of the source RMRM gradient with Galactic latitude as measured from the high
from the Galactic foreground RMs and its removal need highatitude extension of the CGPS by Brown et al. (in prep.). The
resolution Galactic RM maps. This is the basic motivation f@gl08 MHz surveyl/(Haslam et al. 1982) and the WMAP 22.8 GHz
extending our simulations to selected Galactic patchdsavit- linear polarization survey (Page etal. 2007) were used B co
sec angular resolution. strain the random magnetic eld component, the cosmic-ray
Fluctuations of the components of the interstellar mediusdectron distribution, and the known local synchrotronessc
(ISM) dominate the emission structures at high angularluesoFinally, the depolarization eects of the 1420 MHz polariza-
tion. The thermal electron density distribution has beamtb tion surveyl(Wolleben et &l. 2006; Testori el al. 2008) weoelm
to follow a Kolmogorov-like power law from about §0n to elled, which requires to modify the thermal lling factor by
about 108 m (Armstrong et al._1995). The uctuations of theadding an extra coupling term of the electron density and the
Galactic magnetic eld are mainly studied based on the anakndom magnetic eld.
ysis of the structure function of RMs, where an additional ef  The quantitative model parameters of the three constituent
fort is needed to decouple the magnetic eld and the electrafithe Galaxy are those of the NE2001 thermal electron densit
density uctuations|(Minter & Spangler 1996). The outerlsca model, an ASS magnetic eld con guration with a local stréhg
of turbulence was reported to be in the range of about 100 g2 G, asymmetric toroidal halo elds with respect to the plane
(Armstrong et al. 199%; Haverkorn etial. 2008) down to a few pwith a maximum strength of 10G, isotropic and homogeneous
(Minter & Spangler 1996; Haverkorn et/al. 2008). random magnetic elds with a strength of &, and a cosmic-
We summarize our global Galactic 3D-modelling in Sect. 2ay electron distribution truncated at 1 kpc above and befhav
The high angular resolution simulation method and thertmeat plane. The details are given by Sun €t lal. (2008).
of small-scale magnetic elds are described in Sect. 3. Resu  Although this Galactic 3D-model is in agreement with the
and analysis of the simulated RM maps are presented in SecoHserved all-sky maps, some of its parameters seem unrealis
including a discussion of the consequences of the simuRk&d tic. To t the observed high-latitude RMs, a strong regulafc
uctuations. In Sect. 5 we discuss the results of the sinaglat magnetic eld is required, because the scale height of tiee-th
total intensity and polarization maps. Some general canmhs mal electrons of the NE2001 model is just about 1 kpc. The
are given in Sect. 6. strong halo eld in turn requires a cosmic-ray electron st
bution limit of about 1 kpc to avoid excessive high-latitisje-
chrotron emission. These parameters are unrealistic tbrthe

2. A new Galactic 3D-emission model halo eld strength(Moss & Sokolo2008) and the distribution
Sun et al.[(2008) presented a new Galactic 3D-emission moddl cosmic-ray electrons. Sun et al. (2008) note that by msre
which is in agreement with a wide range of observations: ~ ing the scale height of the thermal electron density to about

2 kpc the halo magnetic eld strength reduces to about®
— Galactic synchrotron radiation being best representetiéy @nd the truncation of the cosmic-ray distribution turnsaéte.
408 MHz all-sky surveyl (Haslam etlal. 1982) in total intenRecently, Gaensler etlal. (2008) critically reanalyzediieemal
sity and by the WMAP 22.8 GHz all-sky survey in polarizeglectron scale height and quote a revised value of 1.8 kpg, ve
intensity (Page et dl. 2007). close to the proposed 2 kpc by Sun etlal. (2008). This makes the
— Optically thin thermal emission by the WMAP 22.8 GHzZGalactic properties similar to those observed for nearbigoga
free-free emission template (Hinshaw €l al. 2007), and opi¢s. It should be noted that the simulated maps are nettad
cally thick thermal emission causing absorption, which réy these modi cations of parameters.
ects in a spectral attening at low frequencies along the
Galactic plane. ) ] ) )
— The all-sky 1420 MHz polarization survey combined fron$. High-resolution simulations
northern |(Wolleben et all_2006) and southern sky data;
(Testori et al. 2008) constraining depolarization propsmf
the interstellar medium. The simulations presented in this paper make use oht#me
— RM data from EGSs along the Galactic plane taken from tmeurabicode (Waelkens 2005; Waelkens et al. 2009), where the
Canadian (CGPS) and the Southern Galactic Plane Suraby is pixelized according to the HEALPix scherne (Gorslalet
(SGPS)\(Brown et al. 2003, 2007), and EGSs out of the plag@05%). Each pixel contains information from a cone shapéd vo

. The general simulation concept
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ume centered at the observer. Each surface element is quagl®. Realization of the random magnetic eld component
lateral and covers the same area. The number of piNglsof

a sphere are calculated bpx = 12N§|DE, whereNgpg is an
integer power of 2. Therefore d the linear size or the angular
resolution, can be calculated as

It is generally accepted that the power spectrum of the ran-
dom magnetic eld component should follow a power law as
P(k) / k . Herek = 2 =1is the wave vector anlis the spatial
scale. For a Kolmogorov-like turbulence spectrum the spéct
— index is = 11=3, which is used in all present simulations.
33600 (1) Note thatindependent uctuations of the electron densigyrmt
Nsipe included in the simulations. Howver, uctuations of theaten
density are also expected to follow a Kolmogorov-like spatt
For each pixel of the map, the Stokes parametersl @nd (Armstrong et all 1995). The coupling of electron densitd an
Q) and the RM are integrated in the radial direction from theindom magnetic elds we introduced in our all-sky simuat
observer up to a maximal distancgax (Sun et all 2008). The to model the observed depolarization (Sun &t al. 2008) tesul
modelled emission distributions in the Galaxy are represen Kolmogorov-like uctuations for both components.
in cylindrical coordinates with the origin at the Galactiene Random magnetic eld components realized in the simula-
ter. The distance to the Sun is taken as 8.5 kpc. Details of téns presented by Sun et al. (2008) are generiatsidu for ev-
regular magnetic eld component, the cosmic-ray densityl arery volume unit by Gaussian random numfef obtain the
the thermal gas distributions in the disk and halo of the Balarandom magnetic eld components following a given powenla
are described by Sun et al. (2008). The integration pro@ss s spectrum, an inverse Fourier transformation must be peeidr
ples these distributions and inherently accounts for defzal- All available fast Fourier transformation (FFT) algoritarare
tion. To accurately calculate the integral, each pixel jgsated based on a Cartesian coordinate system. We therefore set-up
into many volume units with equal radial intervat. Thus the cubic box with a size of.3 and divide it intoN3 small cubes
size of a unitcan be approximatedr@ls rd  rwithr being with a common volume of 3. Within the box we construct a
the distance of the volume unit to the observer. This proisesCartesian coordinate system and perform the FFT to derave th
repeated for all pixels, which are nally combined to ansily random eld strength and direction in each small cube. Here
map. corresponds to the outer scale of the turbulence armmbrre-
sponds to the inner scale.

An important constraint for is that rd . This ensures
that several neighbouring line-of-sights do not pass theesa
According to Eq.[(lL) the possible resolutions dependNgpe. small cubes. Otherwise spurious stripes are seen in the.maps
To achieve arcsec resolution and to optimize the amountraf coFor r of about 1 kpc and d of 196 the size of a small cube
putation time, we usdlspe of 131072, which corresponds to ashould not be larger than about 0.01 pc. If our Galaxy is éat
resolution of about%b. The pixel number for an all-sky mapas one box, meaning = 40 kpc, the total number of cubes is
then amounts to about 210, which is far beyond any com- about 84 10'°. Again there is no way in processing this huge
puter memory capacity today. Therefore high-resolutionuéa- amount of cubes by current computing facilities.
tions are just possible for a small patch of sky. Thus we aathpt  In our simulation, we devise a scheme to generate the ran-
thehammurabtode to be able to simulate parts of the sky.  dom magnetic eld components in an adequate way. We rst

In the hammurabicode the NEST ordering_(Gorski et al.conduct a FFT to create a magnetic eld distribution in a box.
2005) is used, which facilitates the zoom-in of speci edghats We then rotate this box to acquire new boxes, which are glued
as it is explained below. Fd¥s;pe = 1 the entire sky is split into together to |l the entire Galaxy. The box rotation angles an-

12 patches as shown in Fid. 1. They are numbered from 0 to igger multiples of=2, which avoids cutting of boxes. Through
For Nsipe = 2, each pixel is further split into four child pixels, this scheme the turbulence status of the Galaxy is realided.
also shown in Fid.]1 for patch “5”. This patch is centered at lo process is detailed in Appendix A.
gitude of 90 in the plane with a diagonal size of about 9®0 . Actually the size of the box cannot be too small, otherwise
Subsequently foNs pe increasing by 2 each pixel is further splitthere are too many boxes to handle. On the other hacehnot
into four pixels. In this scheme one can determine a targehpabe too large in order to get a reasonable number of cubes af abo
and make proper splits depending on the resolution. To raacA.01 pc in size. As a compromise, we take a size of 10 pc for the
smaller patch size and higher angular resolution a muctetardpox and of 0.0125 pc for the cubes. Although 0.0125 pc is much
value forNgpg is required. larger than the inner scale of the electron density uctuadij
which are of the order of fcm (e.g.. Armstrong et &l. 1995), it
is su cient for our study in regard to the current angular resolu-
tion. In total there are about 510 cubes, requiring a memory
of about 12 giga-byte for the random magnetic eld compogent
when stored as double precision numbers. It is thus obviats t
the number of cubes is a compromise between high resolution,
which requires small cube sizes, and hence a very large numbe
of cubes and the available computer memory, which is thues abl
to handle a limited number of cubes.
o 00° 180° 270° 360° In Fig.[2, we show the 2D-distribution of random magnetic

I eld components for a slice parallel to one surface of a 10 pc

) o S box. For comparison, we show the random magnetic elds gen-
Fig.1. The HEALPix pixel schemel| (Gorski etlal. 2005) for

Galactic coordinates used in this paper. ! Throughout all the simulations we use the random numberrgene
tor from the GNU Scienti ¢ Library. The algorithm is MT1993Which
has a Mersenne prime period dfZ7 1.

d=

3.2. Zoom-in for speci ed patches

sinb
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Fig. 2.2D random magnetic eld distribution in a slice parallel toeosurface of a 10 pc box. The upper left panel shows magnetic
eld components following a power law index 0f11=3, while the upper right panel shows random eld componeaédized by
random Gaussian numbers corresponding to a spectral iffdest@. Their corresponding power spectra are shown in tivero
panels.

eratedn situin each grid of the same plane as random Gaussiaich is the same as that lin_ Sun et al. (2008). All simulations
number, which is similar to that used by Sun etlal. (2008). Ttege made for 1.4 GHz observations, as this is the proposed SKA
power spectra of the magnetic elds are also shown in[Higt 2.RM survey frequency. As mentioned above, the simulatechpatc
is apparent that the distribution of random magnetic eldk f size is limited by available computer memory, so that jul-re
lowing a power-law spectrum shows coherent structures ief véively small patches of abouti.in size are simulated at a reso-
ious extent, whereas the Gaussian random magnetic eld-distution of 6. This is compatible with the expected SKA angular
bution is featureless. The spectral index ¢ = 2:83 +1 resolution.

for Kolomogorov magnetic eld distributions andzp = 0 Simulations are presented for a handful of patches only,
for Gaussian eld distributions agree with the expectati@md pecause each run takes very long computation time. We se-
prove that Fhe random magnetic eld components are propefet the rst patch aroundl{ b) = (135; +40), which is in
distributed in the box. the direction of the DRAOPlanck Deep Fields|(Taylor et al.
2007), where soon high-resolution continuum and polariza-
tion data will be available. This patch is named MN stand-
ing for Medium-latitude-North. More patches with roughhet
Except for the random magnetic elds the simulations présgn same longitude, but with derent latitudes, are further se-
below use the same Galactic 3D-emission models as deriveddsted. These are labeled HN (High-latitude-North), PNAC1
Sun et al. [(2008), where the "ASRING” model for the disk (Plane-North-Anti-Centre 1), PSAC (Plane-South-Antr@e),
magnetic eld is selected here. The random magnetic elds aMS (Medium-latitude-South) and HS (High-latitude-Souffg)
introduced as described above and follow a Kolmogorov-likampare with PNAC1, three additional patches in the plane,
spectrum. The strength of the random elds is scaled tadG3 PNAC2 (Plane-North-Anti-Centre 2), PNC1 and PNC2 (Plane-

4. Modelling results on rotation measures
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North-Centre 1 and 2) are included. The centre coordindtes?2. Statistical description of the simulations
these patches are listed in Table 1. Note that we cannoteet th ) )
patch coordinates to exactly the same longitudes or laitit- | D€ rotation measure, RM, is de ned as
cause of HEALPIx constraints (Gorski et al. 2005). In Table z, .
also the maximal integral lengths or the length of linedghss RM = K Ne(Bx + bdr; 2)
(rmax) and the integral steps () are listed. The integral length 0
is determined by taking into account the cosmic-ray scalghte ) , )
of about 1 kpc and the disk cutoradius of 17.5 kpc for the whereK is a constantn, is the thermal eI_ectron density, and
electron density in the NE2001 model (Cordes & Lazio 2002« are the regular and random magnetic eld components pro-
Integrating further out results in negligible contributo For the jected along the line-of-sight, respectively, angl is the maxi-
patches with large integral length, the step size is largant Mal distance along the line-of-sight from the observer. Oae
for those with small length to limit the computation time.€rhJor guestion is to what extent the propertiesiandb can be
selected patches allow to study variations of emission aid Recovered from the RM maps.
structures related to turbulent magnetic eld componemts v
sus Galactic longitudes and latitudes. Variations of thecttire
functions for RMs from EGSs as a function of Galactic direti
have already been noted by Sun & Han (2004) for angular scal#fe use the probability distribution function (PDF) to déiser
of several degrees. the structure properties of a map as discussed by Mizeva et al
(2007). For the RM distribution PDF (RM) RM quanti es the
relative number of pixels falling between RM and RM RM.
A Gaussian shape of the PDF indicates that no extended ésatur

4.2.1. The probability distribution function

Table 1. Simulated patches. are presentin the map. To measure the deviation from a Gewssi
distribution, two more parameters, skewness and kurtasés,

name () b() rma(kpc) 1 (pc) used (e.g. Kowal et al. 2007),
HN 138.33 70.16 3 1.0
MN 13648  44.20 3.5 1.0 10 e WE

PNAC1 130.07 1.19 10 2.5 skewness= — i

PSAC  130.07 1.19 10 25 N i=1 RM
MS 136.48 44.20 3.5 1.0 3)
HS 13833 70.16 3 1.0 . 1 % BRM; WE

PNC1 59.77 1.19 30 3.8 kurtosis = N 3;

PNC2  300.23 1.19 30 3.8 i=1 RM

PNAC2 229.92 1.19 10 2.5

whereRM and gy are the average and standard variance of
the RM maps. They are third and fourth order statistical mo-
ments, respectively. Large absolute values of skewnessirer k
All simulations were made by using the computer clustéssis indicate that either the tail or the centre of the Gianss
of the Max-Planck-Institut fiir Radioastronomie operdtgdhe s deformed. Physically these parameters are closelyedktat
VLBI group. turbulence properties (Kowal et al. 2007).
The RM PDFs for all simulated patched are shown in Figs. 4,
6, 7, and 8 (upper panels). Their average values, togethbr wi
4.1. Overview of the results variance, skewness and kurtosis are listed in Table 2.

As described by Sun et al. (2008) themmurabsimulations re- - i

sult in Stokesl, U, andQ maps at the speci ed frequency aslable 2. Statistical parameters for the simulated RM patches.
well as the RM maps. Subsequently, the polarization arig#g ( 1€ patch designations are listed in Table 1. Note that fer th

and polarized intensit;ﬂD(I) maps are calculated according tgP@tches HN, MN and MS more realizations were made with de-

PA= %atar% andPl = UZ+ Q2. tails given in the text.
In this paper, we will not discuss the separation process ofhfame average variaznce skewness  kurtosis
total and polarized intensities of EGSs from the foregrqund (radm?) (radm?)
which requires adding polarized EGSs and noise to the simuHN _ 2.50 12,73~ 0.0857  0.2555
HN (Gaussian) 2.14 8.11 0.0007 0.0008

lated maps. The simulated RMs represent the contributidimeof

whole Galaxy to the RM from an EGS in case the source size,vIN (Gaussian) 1'1921 1?6133 006(()):(3)? 062025079
does not exceed the pixel size of the simulated map. Thus, theyact 8582 63.40 0.0654  0.2124

RM maps are directly related to observations. Below we focuspgac 103.13 60.86 0.0482 0.0274

on the analysis of RM maps, which are directly connecteddo th ms (seed1) 27.58 18.81 0.1464 0.6365

planned SKA RM survey. All simulated RM maps are shown in MS (seed?2) 19.78 16.74 0.1338 0.2968

Fig. 3. The other maps are shown in Figs. B.1, B.2, B.3, B.d, an MS (seed3) 24.86 16.35 0.1847  0.3896

B.5 in Appendix B. HS 1.66 17.15 0.1241  0.6353

PNC1 89.03 93.65 0.0018 0.0646

The RM maps clearly show structures ranging from small PNC2 286.53 155.71 0.0045  0.0528

to large scales. The variation of the structures versusitis PNAC?2 159.80 50.80 0.0217 0.0429

is also evident. Below some statistical methods are appiied
analyse these structures.
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Fig. 3. RM maps for all simulated patches ordered from high to lotudes (top to bottom) in gnonomic projection. Their des-
ignation and Galactic coordinates are quoted on top of eatikidual panel (also listed in Table 1). Dérent simulations for the
same patch and for patches at the same latitude, betelit longitudes, are shown in one row (see text for det&ilsdh eld has
about 3000 3000 nixel and a size of about8l 1:5. The minimum and maximum of each mabp is shown toaether Waéwedae
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Table 3. Fitting results for structure functions and autocorreldransform of the RM power spectra and show them in Fig. 5. The

tion functions of RMs. RM tresults for each patch are listed in Table 3. As can bensee
the spectral indices of the autocorrelation functions dodewi-
structure functions autocorrelation function  ate very much from that of the structure functions. We actoun
name A A m m B B S S the di erences mainly to computational &cts when obtaining
HN 348 0.4 0.916 0.006 8.6 0.1 0.957 0.008

the autocorrelation functions. Unwanted components might
MN 62.7 0.2 0.862 0.002 15.7 0.2 0.853 0.010

PSAC | 2830.4 11.6 0.751 0.002596.8 5.9 0.831 0.017 :

MS 649 05 0.871 0005 245 04 0915 0.010 ©nthetwo methods are basically consistent with each other.
HS 42.0 0.4 0.909 0.00b 11.5 0.1 0.913 0.006

PNC1 |13695.7 293.8 0.658 0.01@255.7 16.4 0.614 0.018 . . . - . . .

PNC2 [31230.9 402.2 0.676 0.0085792.6 40.0 0.661 0.013 \ N

PNAC2| 2836.0 57.4 0.660 0.013738.3 5.5 0.743 0.014

0.04
T

4.2.2. The structure function "g’ L

PDF

For turbulence studies, it is customary to investigate theqy -
spectrum of the magnetic eld, which can be retrieved fromth S|
power spectrum, autocorrelation function, or structumecfion

of RMs (e.g. Simonetti et al. 1984; Minter & Spangler 1996; &
EnRlin & Vogt 2003). Observationally always uneven sampled
RMs of EGSs are obtained. In this case the structure function o )
is suited best (Sun & Han 2004). Since RM maps are available
as simulation results, the autocorrelation function ie atsesti- T

gated here as a crosscheck for the structure function seJie 1000 ¢ E
structure function@Dryv( )) is de ned as 00000009° ]
OO§++++++ + o4
[RM() RM( + )]2 ><><><><><><><xxxxxxxxxxxxxxgg@i* ><><><><><><><><><><:<:
DRM( )= N - , (4) 10()»*******************éQi*I*************t
pairs g Oooi++ E
where s the angular separation of two pixels aNglisis the & OOOO LT
number of RM pairs with the same angular separation. 00° L7
It would take a huge amount of computing time to obtainthe | 50° L+ |
structure functions from all pixels of our simulated mapse W o0 T x MM (Gaussian) 3
simpli ed this by randomly selectingNs pixels to conduct the > 0 47 " HN (Gaussian) ]
calculation for structure functions. These pixels are camly ++* + HN ]
distributed across the maps. To accurately assess theéusguc 01 N 10
functions for small angular separations, the numkeshould 66 (arcmin)

be as large as possible. As a compromise we selétied 2 . .

10° pixels from the maps. The structure functions are shown ffi9: 4 PDFs and structure functions of the patches HN and MN
Figs. 4, 6, 7 and 8 (lower panels). at high and medium latitudes. See Tables 1 and 2 for details of

The theoretical deduction how structure functions areeela the patch parameters.

to the power spectrum of magnetic elds has been given by

Minter & Spangler (1996), where the structure function of RM . :

is found to?ollogw a(powez law aBrm( ) = A ™ with A being The spectral index of/£_3 is expected from the power law t

a constant and the spectral indexbeing related to the powerOf the RM structure functions for a Kolmogorov-hke turbutg
low index of P(K) asm = 5 This relation holds for the Mmagnetic eld. Th|$, however, is not seen in Table 3. Possibl
inertial range, i.e., for the scale< | < |,, wherel; andl, are explanations are discussed in Sect. 4.7.1.

inner and outer scales, respectively. The angular inestale

canthusbe denedas; < < o where = liZTmaxand 43 Gaussian versus Kolmogorov-like random magnetic

o = lo™max In principle the inertial range can be estimated  g/gqs

by checking where the linear t of the structure functions &

logarithmic scale fails. For the structure functions froom sim-  In the simulations presented by Sun et al. (2008), the random
ulated results, we are able to infer the outer scale but therin magnetic eld components were realiziedsitu for each volume
scale is smaller than the pixel size. Below we nhame the outer ainit by Gaussian random numbers. The random elds created
gular scale . asthe transition angle. The tresults for structur¢hat way are called 'Gaussian elds' below. In that schenhe, t
functions are listed in Table 3. simulated RMs are totally uncorrelated between the magdqixe

EnRlin & Vogt (2003) have noted that the very inner pamvhich implies that no small-scale structures are expetiéten

of the autocorrelation function of RMsgy) can be written as random magnetic elds with a Kolmogorov-like spectrum are
rv(0)  rm( ) =B S, whereBis a constant, and= 2 generated, as described in Sect. 3.3, a large number ofd¢utbu
is the spectral index of the magnetic energy spectrum. s iboxes are placed along the line-of-sight. For arcsec angega-
plies that the power law index of the structure functiorand lutions several neighbouring line-of-sights pass the shaxes,
the power law index of the autocorrelation functiershould which results in extended coherent features in the simiilaM
be equal. We obtain the autocorrelation functions by a Eourimaps.
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with di erent “seed” numbers. The RM maps are displayed in

) S— PR the fth row of Fig. 3 and show dierent distributions of RM
T s features as expected. Also the PDFs for the RM maps (Fig. 6)
A N (oo PP vary considerably, as well as the parameters listed in Table
2 Tt The structure functions of RMs, however, are almost idehtic
g 'f e Tl E as shown in the bottom panel of Fig. 6, except for regions with
2 PO large angular separations exceeding abodtwBere the struc-

ture function becomes less accurate due to the decreasing nu
ber of selected pixels.

The mean RM for the three realizations of patch MS is be-
tween 20rad m?and 28 rad m? (Table 2) and the majority
of RMs has negative values. However, due to the variance of up
; to 19 rad m? (Table 2) all three simulations show a number of
L e E small extended features in the maps with positive sign. &lgiv

- this could be interpreted as reversals of the large-scaigeta

eld in case the available number of observed RMs from EGSs
is small. However, in contrast with large-scale reversalthe
Galactic plane as discussed for instance by Han et al. (20G6)
reversals seen here are entirely caused by the distriboficmn-
dom magnetic elds. For this medium-latitude area, we rdygh
estimate the probability for picking up a “reversal” to beoab
7%. This should be re ected in the distribution of observéd<R

0.1 |

100 |

Epu(0)—4u(08)

o ] 0 of EGSs and will prove the relevance of the simulations aed th
80 (orcmin) parameters used.
Fig. 5. Autocorrelation functions for RMs.
i i .f""~‘ i MS (seed1) !
! \ (seed2) . _ _
[ " MS (seed3).._ . _

For the northern patches HN and MN, we also performed |
simulations with Gaussian random magnetic eld componentf <
comparison. Both RM maps are shown in the rst two rows in
Fig. 3 and prove the above expectations. As seen from Fig. 45
the PDFs of the RM simulations with Gaussian random mag- 4
netic elds nicely conform to Gaussian distributions, vehthe s
PDFs from the simulations with Kolmogorov-like random mag-
netic elds do not. Quantitatively this can be veri ed by the
skewness and kurtosis in Table 2, where the values of these tw
parameters are much larger for Kolmogorov-like magnetid e ° 100
spectra than Gaussian ones. The structure functions shown i

the bottom panel of Fig. 4 as well as the autocorrelationfunc 00 L . <]
tions in Fig. 5 reinforce the argument. The structure flomi ;;655%1 ]
for Gaussian random magnetic elds are at, while the stuuet 5o0° of
functions for a Kolmogorov-like magnetic eld spectrum leav @5 2l
slopes, which will be discussed below. @ﬁ
?g 100 @®® E
Q§ 0

4.4. RM patches from different realizations

The RM structures in the present simulations are no predfisti ot
for sky emission structures towards the quoted directiomsare 10 0® o MS (seed3) |
just one possible realization of the random magnetic elols f ®$$ * MS (seed?) |
lowing a Kolmogorov-like power law spectrum in context with fe® s MSGeed)
other model parameters as described before. 0.1 1 10

We generate the random magnetic eld components in the 96 (aremin)

following way. Their amplitudes are determined accordiog =

he sl £th | ith Lind gg. 6. PDFs and structure functions of the patch MS for the
the slope of the power-law spectrum with a spectral index @b me amplitudes but dérent realizations of the phases of the

113, and the phase angles are realized by random numbers,
The rotation angle of the numerous 10 pc boxes placed al@ng {g,
line-of-sight are also determined from random numberss&he
random numbers are actually pseudo random and are initiated
by an integer called “seed”. When the random “seed” number
1S Chﬁ!”g_ed’ a dl_erent r_eahzatlon of the same random magnetlz?'5' Galactic plane RM patches at different longitudes
eld distribution is obtained.

To check structure variations and structure functions fiar d In this section we investigate RM variations in the planesusr
ferent realizations, we ran two more simulations for patcB MGalactic longitudes. The four simulated patches haveuldgis

dom magnetic eld components created in a 10 pc box (see
t for details).
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of about+1:2. Two of them (PNC1 and PNC2) are in the inner _,-'3._ PNACL——

Galaxy direction and the other two (PNAC1 and PNAC?2) are in . - JPNce . .-

the anti-centre direction (see Table 1). St paac. 111
The visible structures in the maps (the third row in Fig. 3) °

are less extended compared to those at higher latitudese Ehe 7.

more ne structure for the inner Galaxy regions than for thos £ 3| ]

the anti-centre direction. The PDFs of all four simulatettpas

closely resemble Gaussian shapes (Fig. 7). The inner Galaxy %,
patches PNC1 and PNC2 have smaller skewness values than thex [
anti-centre patches (Table 2), indicating that their PDEswore
close to Gaussian shapes. Note that the skewness and kurtosi _|__,

for all patches is very small, which indicates that it is irapo ~600 500 1000
sible to infer whether the turbulence spectrum is Gaussian o T Rl (rad =) Y .
Kolmogorov-like based on their PDF. The structure fundion Ooooooooooooooooooo ]
as discussed before, however, clearly reveal the propesfie N
the underlying turbulence spectrum. The average RM valiges a aarrrr s ar st * 1
consistent with the RM results obtained by Sun et al. (2008). 0t L ) i

As displayed in Fig. 7, all Galactic plane structure funesio gouBBoidnatate,,]
are well tted by power laws. Compared to the medium- and £ . 7]
high-latitude elds a attening of the structure functionscurs 4
at smaller angular distances. The t results for the powersla . PSAC
are listed in Table 3. From the parameters listed in Table 1 we 1000 |- « PNAC2 E
obtain a transition angle of abou? for PNC1 and PNC2 and o PNC2
about 3for PNAC1 and PNAC2. Fig. 7 shows instead of a sharp + PNC1

. . . . + PNAC1

change in the structure function a smooth transition fromesalir X oo

slope to a at curve in the logarithmic scale. The turn over of 10

the structure functions ranges from abofittd 2° for patches 66 (aremin)

PNC1 and PNC2, from“3o 5’ for patch PNAC1, and from?2 4 7 pprs and structure functions of the ve simulated
to 5° for p"?‘tCh PNAC2, V\.’h'Ch are roughly consistent _W'th th%Ealactic plane patches (see Table 1 for eld parameters).
aforementioned expectations. The spectral indices arsstent
with theoretical predictions by Minter & Spangler (1996) &b
turbulence, which results in a spectral index of about OcZHe ) ) ) )
structure functions. However, our input turbulent magnetids of the structure functions increase for the high-latitudeches.
are for 3D. The amplitudes of the structure functions inseea Nese spectral changes will be discussed below.

towards the inner Galaxy regions, which is expected as tige li

of-sights pass more turbulent cells or magnetic eld boxesit 4, - p; : f RM simulati

towards the anti-centre or high-latitude direction. Theobiude seussion o simdiations

of the structure function for PNCL1 is larger than that for PNC 4.7.1. Theoretical structure functions revisited

which is mainly due to a larger electron density in this diieat , )
according to the NE2001 model. From the structure functions of simulated RM maps, we found

evidence for latitude-dependent variations of their spa¢stope,

which gets steeper towards high latitudes. The regular etagn
4.6. RM patches at different latitudes eld and the electron density have spatial irregularitiesich

are of larger scale than the sizes of the patches. Therdfere t
We nally compare the dierent results towards dérent lat- large-scale magnetic eld cannot cause variations of teespl
itudes. The patches HNS, MN/MS,and PNACIPSAC have slopes, but in uences the amplitude of the structure fuoi
longitudes between 13@nd 140. The latitudes are70, 44  The coupling between the electron density and random mag-
and 1. For patch MS the “seedl” case is used. The six simetic elds introduced by Sun et al. (2008) augments the-scat
ulated RM maps are all shown in the rst column of Fig. 3. Aering of RMs and hence the amplitude of the structure foncti
clear trend for more extended structures for high-latitedgons rather than changes its spectral index. For the presentasimu
is clearly seen. The PDFs for the high-latitude regions 8l tions, the random magnetic eld is comparable to the regular
and MN'MS) all deviate signi cantly from Gaussian (Fig. 8 andmagnetic eld strength and dominates the regular eld tosgar
Table 2). high-latitude regions. We conclude that all RM structurer®ss

The structure functions derived for the four high-latitudéhe simulated patches are caused by the random magnetic eld

patches are shown in Fig. 8 and for the ve plane patches [moperties.
Fig. 7. All of them have similar properties. The transitiom a The variations versus latitude must be ascribed to geomet-
gle is calculated to be about Afbr HN/HS and MNMS re- ric e ects, which re ects in the integral lengthnjax) as listed
gions, which is consistent with the results displayed in. Big in Table 1. The size of the magnetic eld bok)(is xed in
The amplitudes of the structure functions are smaller fer tlthe simulations presented, therefore, the integral ledgtier-
high-latitude patches compared to those in the plane. Tdns anines the number of turbulent cells or boxes passed by the lin
be understood, because the length along the line-of-sigimall of-sight. For a su cient large number of cells, the uctuations
compared to that in the Galactic plane. The number of turtiulealong the line-of-sight are averaged out. This results jpezal
cells passed by the line-of-sights is smaller and hencesiati slope ofm = 3 = 2=3 for the structure function. Note that
plitude of the structure functions. We also note that th@eto this spectral index was observed and interpreted as a 2D-turb
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the present simulations are based on a 3D distribution dithe
bulent magnetic eld components, which have not the shape of
sheets or laments. When the number of cells is small enough
so that the integral length is comparable to the outer stiade,
structure function tends to have the indexwof 2=533
as derived by (Minter & Spangler 1996) for 3D Kolmogorov-
like turbulence. Therefore we conclude that in the ineraalge
( i< < o) thederived structure functions shall behave like
Drm( )/ ™with 2=3 < m < 5=3 depending on the number
of cells. When the angular separation is larger than theitian
angle, the structure function spectrum attens angradually
turns to zero.

To prove these arguments we made several simulations for
a patch of about 6 6 in the plane withNgpg = 2048 corre-
sponding to a resolution of about7l Although the resolution is
much lower than the high-resolution simulations for thechas
in Table 1, the dependence of the structure functions shmeild
the same. These simulations can be realized in much smaller
computing time than the arcsec resolution simulations. We
the structure functions by using I@xm( ) = C + mlog
and list the results including errors of C and m in Table 4. We
rst x the outer scale () and the integral length and vary the
size of the small cubes §. The results in Table 4 show that
the size of the small cubes has little in uence on the strectu
function parameter. We then change the outer scale, buttkeep
size of the small cubes and also the integral length consiant
expected the spectral index of the structure functionsse¢ad
be about 0.7 for very small outer scales, which means the num-

Fig. 8. PDFs and structure functions of four patches (see r¢fer of turbulent cells is large. Finally, we increase thegnél

column of Fig. 3) at roughly the same Galactic longitudeteda |ength from 10 pc to 10 kpc by using the same values of cube
at medium and high latitudes (see Table 1).

Table 4. Fit parameters for structure functions from drent

simulation settings.

L = 20 pc,rmax = 10 kpc

(pc) C [} m m
0.80 3.304 0.028 0.727 0.044
0.40 3430 0.021 0.644 0.033
0.20 3.387 0.030 0.760 0.047
0.10 3.414 0.009 0.612 0.014
0.05 3.447 0.018 0.622 0.028

= 0:5pc,rmax= 10 kpc

L (pc) C [} m m
200 2.830 0.006 1.262 0.006
100 3.045 0.011 1.081 0.015
50 3.201 0.008 0.982 0.010
25 3.401 0.007 0.709 0.012

= 0:25pc,L = 100 pc

I'max (KPC) C C m m
0.01 6.270 0.0181 1.660 0.014
0.05 4.243 0.0106 1.413 0.008
0.10 2.689 0.0128 1.668 0.009
0.20 1.742 0.0172 1.355 0.013
0.40 1.206 0.0202 1.689 0.013
0.80 0.368 0.0133 1.282 0.012
1.60 1.630 0.0088 1.330 0.009
3.20 2,711 0.0060 1.154 0.006
6.40 2,970 0.0083 1.151 0.010
10.00 3.083 0.0078 1.081 0.010

size and outer scale. The spectral index of the structure-fun
tions varies between 1.3 and 1.7 until the integral lengteers
about 1600 pc, becoming smaller for larger lengths. Theste te
simulations support our conclusion that the spectral irafdke
structure function primarily depends on the number of tiebu
cells, which is mainly determined by the length of the lirfe-o
sight. Thus, when assessing the turbulent magnetic elgpro
erties from the structure functions of RMs, the line-ofktide-
pendence must be taken into account. In the Galactic plane th
integral length is always large, which assures sient turbulent
cells being passed through by the line-of-sight. Theretfoeee-
lation = m 3 holds in general. Towards higher Galactic
latitudes, however, the length of the line-of-sight desesaand
hence also the number of turbulent cells decreases. Th&apec
index of the random elds approachess m 2.

4.7.2. Diagnosis of the Galactic foreground

It has been proposed to conduct a very dense RM survey of
EGS with the SKA to study magnetic eld structures in the
Milky Way, in galaxies, in cluster of galaxies and beyond
(Beck & Gaensler 2004). The key issue to achieve relevaot-inf
mation for extragalactic objects is to properly extract apda-
rate the foreground RM contributions from the observatibves
have tested the minimum number of pixel needed to calculate
the correct structure function for the simulated maps anhdo
that about 10000 pixel are required. For our map size thiseeor
sponds to a mean angular separation of abbint dase the EGS
are not larger than the pixel size df8Land their intrinsic RMs
average out.

In the plane the PDFs are close to Gaussian. Therefore the
average of RMs is a good estimate of the foreground contribu-

lence in the interstellar medium by Minter & Spangler (1996}ion caused by the large-scale magnetic eld and the thermal
2D turbulence is con ned to thin sheets or laments. Howegveelectron distribution as modelled by Sun et al. (2008). Hewe
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large variances (Table 2) and amplitudes of the structune-fu so that Faraday depolarization is small as well (Sokabal.

tions (Table 3) imply that after having subtracted the agei@M 1998). The low degree of polarization is thus due to the ran-

in a certain direction the RM scattering of the foregroundsem dom magnetic elds, which dominate the eld components. The

sion is still preserved. Thus patches in the plane are odytadt percentage becomes about 7% for patch PNAC1, 5% for patch

well suited for the study of extragalactic magnetic elds. PNAC2, and 2% for the inner Galaxy patches, which is caused
At high latitudes the PDFs deviate signi cantly from aby strong Faraday depolarization, as both the RM and the RM

Gaussian distribution and also more extended structur@s stscattering are large. There is no indication for a correfati

up (Fig. 3). To take the foreground RMs appropriately inte aamong the variances of RM, polarized intendity and polar-

count a dense sample of EGS is required. In case an extendation anglePA

extragalactic object is seen towards an excessive RM patch The structure functions for total intensity(Fig. 9) have a

of the same size, additional information is required to sohinear slope in the logarithmic scale, but these are gelyeraire

the RM foreground problem. On the other hand, the variatiahallow than those for the corresponding RMs. The totahinte

of the RMs are much smaller than in the plane. Thus highity | and polarized intensiti?| maps at high latitudes have quite

latitude regions seem better suited to study extragalatsig- similar structure functions, while they are rather distifrom

netic elds. However, according to Kronberg et al. (2008s<0 each other in the plane. The structure function®bére nearly

mological magnetic elds ofafew 13 G ataredshiftof 2 have at. This indicates that due to strong depolarization in ghane

an expected RM excess of up to 20 racPnThis is of the same the PI structure functions do not contain the uctuation infor-

order of magnitude as the RM variance of the Galaxy at highation of the turbulent magnetic eld any more.

latitudes obtained from the present simulations, whichmeea

detection of cosmological magnetic elds is quite challemng .

Note that reducing the coupling factor between electron de%‘ Conclusions

sity and random elds introduced by Sun et al. (2008) to explaGalactic 3D-models of the distribution of thermal elecspn
the observed depolarization of Galactic synchrotron eomsat  cosmic-ray electrons, and magnetic elds were used to taeu
low angular resolution will in turn also reduce the foregndu total intensity, polarization and RM maps for selected pasoof
RM variance. Therefore future high-resolution observaiof the Galaxy via thehammurabtode. The angular resolution of
the small-scale structures of the magnetized ISM are needeghe maps is about®®, close to that of the planned SKA. The
investigate the coupling factor in detail. Such observatiare simulated patches are distributed atefient longitudes and lat-
planned to be carried out with LOFAR, which will operate audes, which enables us to study spatial variations of the r
m-wavelengths and will thus be able to detect very small RMuyits. The simulated RM maps are of particular interestha t
variations from small-scale Galactic emission features. are directly related to the planned deep RM EGS survey with
the SKA. Complete SKA simulations need in addition simulate
sky patches with distributed polarized sources. Such sitiauls
were made by Wilman et al. (2008).
We brie y describe the properties of the simulated totabmt In the present simulations the random magnetic eld com-
sity and linear polarization maps emerging from the same siponent is assumed to follow a Kolmogorov-like power speautru
ulation runs where the already discussed RM distributioeew Compared to purely random Gaussian magnetic elds, strastu
calculated. These simulated Stoked), Q maps are all for the on di erent scales show up in the RM as well as in the total in-
frequency of 1.4 GHz, whereas the RM distribution is frequyen tensity | and the polarized intensiti?l maps. The simulations
independent. predict more extended structures for high-latitude regiion
The simulated total intensitl; U, Q, polarized intensityPl We study the PDFs and structure functions for the RM maps.
and polarization anglBAmaps are shown in Figs. B.1, B.2, B.3;The PDFs of the patches in the plane are close to Gaussian,
B.4, and B.5 for the same patches and simulation variatiensvahereas at high latitudes clear deviations from Gaussiapesh
displayed in Fig. 3 for RMs. The statistical parameters Far t are noted. The structure functions have a power law slope for
I, Pl, and PA maps are calculated and listed in Table 5. Thengular separations smaller than the transition angle atd
structure functions for andPI are shown in Fig. 9. ten for larger angular separations. The transition angtkeisr-
Similar as for RM maps, the patches in the plane are domined by the outer scale of the turbulence and by the length of
inated by structures on very small scales, while the pataheghe line-of-sight. The amplitudes of the structure funcsidoe-
high latitudes exhibit more extended features. Thesetstires come smaller and the slopes of the structure functions steep
are all related to the properties of the turbulent magnegids. towards higher-latitude regions. All this is entirely cad®y ge-
The variation of the sizes of the features is primarily duéh® ometric e ects. In the plane, the integral length is much larger
much larger integral length along the line-of-sights in fit@ne than at high latitudes, therefore more turbulent cells asspd
than at high latitudes. by the line-of-sights. This signi cantly smears out uctimns
The large-scale cosmic-ray and magnetic eld also have imlong the line-of-sights, which makes the 3D turbulencesobs
prints on the simulations. For example, the clear gradiétite® vationally a 2D turbulence. Thus the structure functiores at-
total intensity particularly in the plane maps towards thieeir ter in the plane than at high latitudes. We notice that the °DF
Galaxy traces the large-scale magnetic eld and the cosmc- of RMs have a wide distribution in all directions, which pote
distribution. The asymmetric halo eld adds up to the diskde tially leads to depolarization of Galactic radio emissiamen
and enhances the eld strength below the Galactic planeghvhiobserved with larger beams. It also strongly in uences the i
produces larger intensities there. This can be seen frorawhe terpretation of discrete features sampled by RMs of EGS It i
erages of andPI intensities listed in Table 5 for the PSAC andbvious that only a very dense grid of extragalactic RMs will
the PNACL1 patch. help to separate Galactic foreground in uence from extlaga
The average polarization percentage is about 10% for the Hill contributions. This is planned for the SKA.
and MN patches and about 16% for the HS and MS patches. The simulations at 1.4 GHz presented in this paper can be
Towards these directions both RM and its variance are smedisily run at any other frequency. While the RM maps are fre-

5. Simulated total intensity and polarization maps
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Table 5. Statistical parameters for the simulatedPl, andPA patches. The patch designations are listed in Table 1.

I PI PA
average variance skewness kurtdssserage variance skewness kurtdsiserage variance skewness kurtosis
name (mK) (mK) (mK) (mK) () ()
HN 451.53 17.81 0.31 0.049| 48.59 13.63 0.04 0.347| 32.85 8.81 0.36 0.191
HN (Gaussian)| 446.73 13.98 0.06 0.003 57.91 10.49 0.03 0.008 25.04 6.15 0.02 0.122
MN 489.76 14.19 0.39 0.007| 48.60 13.33 0.13 0.052] 29.31 9.45 0.07 1.599
MN (Gaussian) 495.20 14.67 0.06 0.004 63.96 11.86 0.09 0.094 16.09 8.07 0.05 0.174
PNAC1 1557.63 36.62 0.26 0.052| 106.32 39.35 0.13 0.226 9.15 14.80 0.03  2.527
PSAC 1630.36 39.12 0.28  0.233 111.65 50.87 0.19 0.554| 18.93 23.68 0.54 2.327
MS (seedl) 519.56 18.59 0.46 0.079| 85.53 25.60 0.78 0.101| 35.46 18.62 0.82 4.854
MS (seed2) 540.35 16.87 0.18 0.873122.55 25.25 0.65 0.170 29.04 14.70 0.02 0.686
MS (seed3) 556.77 19.11 0.09 0.563| 87.20 19.04 0.12 0.296| 37.31 11.56 0.39 0.202
HS 512.79 24.02 0.25 0.492| 78.68 22.62 0.15 0.290| 24.73 21.44 0.04 0.336
PNC1 2996.47 121.62 0.10 0.710f 61.85 32.01 0.59 0.14D 14.66 50.31 0.54 0.850
PNC2 2780.71 93.90 0.13 0.040| 54.90 27.98 0.56 0.07b 15.26 37.16 0.66 0.348
PNAC2 1449.76 40.76 0.31 0.429 71.01 29.17 0.19 0.235| 45.83 31.16 251 7.768
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Fig. 9. Structure functions for the total intensitytop panels) and the polarized intendtyymaps (bottom panels).

quency independent, total intensity and polarization &thans
are of particular interest for low-frequency simulationgere
LOFAR is expected to do sensitive high-resolution obséonat
in the near future. At low frequencies, thermal absorptidasato
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Appendix A: Details for the realization of random 3 (A.5)

: “1=0;N=2,m=0; N=2, n=0; N=2 mod\;2) = 0:
magnetic eld components
The general concept is to generate random magnetic elds in | e FFT package provided by the FFTW librérig applied

a box by a Fast Fourier Transformation (FFT), randomly etaf© 0btain the random magnetic eld distribution.
the box around its centre to obtain a dfent view on the box, __ 10 calculate the random magnetic eld in any positich ¥,
and nally Il the volume of the Galaxy with these randomly 2) in the Galaxyb(X; ; Z), the following procedure is executed

rotated boxes. The size of a boxid and the size of the Galaxy (Fig. A.1),
is Dx Dy Dz . . (O
We rst de ne several Cartesian coordinate systems: L. transformK; Y, Z) to (4 ¥, 2) as,
— (X, Y: 2): with XY-plane parallel to the Galactic plane and x° X ixL E; Y= Y iyL E; ==
the Galactic centre located &%=2; Dy=2; Dz=2). L 2 L 2 L
— (X y; 2): based on the box with the origin at its vertex. When  whereiy = int(X=L), iy = int(Y=L) andi, = int(Z=L) are the
the Galaxy is lled with boxes the origin of the rstboxisthe integer part.
same as for the systerX;(Y; Z) and thexy-plane is parallel 2. rotate ¢ y* 20) by Euler angles ( ; ) around the centre

z L
L >(A6)

to theXY-plane. of the box to getx®° y*¢ 229 as,
— (%% y% ) or (X0 y° 29: the same asx{ y; 2), but with the
origin at the centre of the box. x%0 X0
Based on these coordinate systems the whole process is il- y%=BCDRy’ (A7)
lustrated in Fig. A.1. 20 2

We rst consider the random magnetic eld distribution in a

box. The random magnetic eld is assumed to be isotropic and and
homogeneous, and its three components do not correlate with
each other. The three components thus follow the same power )
law spectrunP(k) = C2k . HereC? is the amplitudek = 2 =1 is B=§g sin cos 0 (A.8)
the wave vector witthbeing the spatial scale ands the spectral 0 0 1

index. For the simulations presented in this paper a Kolmmgo
like turbulence is assumed, which means 11=3. 2 www. tw.org

cos sin O
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| y=p.g=0,=0 y=3p/2,q=0,{=0 Appendix B: Simulated total intensity and
polarization maps
- . . We display the total intensitymaps in Fig. B.1, Stokdd maps
in Fig. B.2, StokeQ maps in Fig. B.3, polarized intensi§l
H maps in Fig. B.4 and polarization angt\ maps in Fig. B.5.

Ad

.| N ﬁu

e o e ) |

(XY) (x.y) ‘

N y=p/2|q=0.f=07

Dx

Fig.A.1. 2D-scheme for the realization of random magnetic
elds. The sizes of the box and the cube dreand , respec-
tively. These boxes cover aregiond§ Dy. The Euler angles,
by which the boxes are rotated from the lower left box, aréind
cated. The shaded box marks the same cube after rotation.

1 0 0
C=H§0 cos sin (A.9)
0 sin cos

cos sin O

D=f sin cos O (A.10)
0 0 1
Here the Euler angles are obtained as,
g 0 0 R 1<0:25
_ § 5 0:25 R 1<0:5 _ (A1D)
% 0:5 R <075’ '
~3 075R <1
%o 0 R <0:33
=37 0:33 R <0:67 ; (A.12)
: 0:67 R <1
and8
0 0 R 3<0:25
_ § 3 0:25 R 3<0:5 _ (A13)
% 0:5 R 5<075 ° '

3 075Rs<1

Here we use three random numbBiS R, andRj3 to deter-
mine the Euler angles. For simplicity the Euler angles are se
to be integer multiple of=2 to avoid complex projections.

. transform £ y© 29 to (x; y; 2) then to (% m% n9),

L L L
o, - 00, N _ o0, L.

x= x50y y0+2, z z°+2, (A.14)

and

0= intX); mP=intX); n= int(%): (A.15)

Finally b(X; Y; Z) = bjoypre.
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Fig. B.1. Total intensityl maps for all the simulated patches in gnomonic projectidre ¢entre coordinates are given on top of
each panel together with its label (see Table 1 for detadil$@nsities are in mK brightness temperature at 1.4 GHz.rmiménmum
and maximiim of each man ic chown toaether with the wedae baedody nanel
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Fig. B.2.As Fig. B.1, but for the simulated Stokessmaps.
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Fig. B.3.As Fig. B.1, but for the simulated Stok€smaps.
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Fig. B.4.As Fig. B.1, but forPl maps calculated from the simulatedandQ maps.
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Fig. B.5.As Fig. B.1, but for the polarization angl®&A calculated from the simulatdd andQ maps.
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