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Faraday rotation of polarized radio sources is one of thetraffsctive observational tools to
study cosmic magnetic fields. A densely-sampled grid of dayaotation measures that covers
the complete sky (the Rotation Measure Grid) will allow usptobe the magnetic field in the
Milky Way Galaxy as well as in other nearby galaxies. Firsules from a new database of 37543
rotation measures that covers over 80% of the sky show thenpat of an all-sky polarization
survey with SKA path finders and the SKA. Structures in RM ogudar scales of tens of degrees
and systematic variation in the amplitude and slope of imtaheasure structure functions across
the sky are presented. A future all-sky RM grid-of5000 per square degree will allow detailed
mapping of the magneto-ionic medium, and also preb#000 nearby galaxies with at least 20
rotation measures per galaxy. Observations of magnetit ielicture in more distant galaxies
will rely on the detection of polarized synchrotron emissior which a deep field would have
the necessary sensitivity. At high redshift, imaging thé&ageed structure of normal galaxies at
a resolution of~0.1" or better requires sensitivity beyond the design speciinatof the SKA.
However, the polarization of unresolved disk galaxies agation of redshift provides a way to
probe the evolution of magnetic fields in disk galaxies oiraet
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1. TheRM Grid

Magnetic fields are an essential part of many astrophysical phenomérfandamental ques-
tions remain about their evolution, structure, and origin. Polarization @b ahchrotron emission
and Faraday rotation have been successful tools to probe largensagtestic fields in the Milky
Way (e.g. [L[R[]3] and references therein), and other galaxies[fk &)

Magnetic fields on small angular scales can be revealed by rotation meé&Rie) of polar-
ized background sources if the density of these sources is high enopgbbe a single structure
with multiple lines of sight. The sensitivity to foreground RM and the angulariuti®n both de-
pend on the density of polarized background sources that is determjnibe Isensitivity of the
RM survey and the polarized radio source counts. Future deep polanizarveys with the SKA
prompted the extrapolation of polarized radio source counts to predicetinsty of a “RM grid”
made with a survey of given sensitivit}] [8]. Later extrapolations weretams a power law ex-
trapolation [] of faint polarized radio source counts py| [10], and tiing polarized radio source
counts with models of radio source populations that include polarizdtigrfl[l]1, These extrap-
olations are are made over as much as 4 orders of magnitude in polarizetéfisity (from~ 1
mJy to~ 0.1 uJy), with a high level of uncertainty. The predicted density of RMs on tlyeisk
therefore a significant source of uncertainty in the design of polarizatioveys with SKA path
finders and the SKA.

2. RM structuresof the (local) 1 SM

Figure[1 shows 37543 RMs derived from the NV$Y [13] overlayedlieskg images of the
intensity of Hr emission [I}] (top) and diffuse soft X-ray emissidn][18] (bottom). The &t
contain as imprint of the large-scale Galactic magnetic field that reversesvdlgrespect to the
Galactic equatof[[13], but we will limit the discussion to structures on smallgulanscales. Some
HIl regions are associated with high |RM| valye$ [15], and this candeiserigure[JL towards the
Gum nebulal(~ —108, |b| < 20°), the { Oph HIl region at(l,b) = (+6°,4+23"), and theA Ori
HIll region at(l,b) = (—165",—12°).

Two large regions of enhanced RM amplitude without bright Emission are region ‘A
bounded by 80< | < 1500 —40° < b < —20° (approximately region A in[f7]), and region’C
bounded approximately by 3% | < 68, 10° < b < 35° (part of region C in [[/]. Rotation mea-
sures in region A and region C have opposite signs, and the sharpdagwetween these regions
is the Galactic plane. We do not see a null in RM amplitude at this boundafffroonmg the earlier
conclusion of [[r]. Away from the Galactic plane, we identify several fioces where RM changes
sign along narrow boundaries where the RM amplitude vanishes. Onebsudidary forms the
high-longitude boundary of region’AThe region of positive RM was noticed in some previous
RM images of the sky{J{, 19]. The boundary between these regionsvitidramplitude vanishes
is marked by filamentary structure incdHand coincides with the edge of Radio Loop II.

Figure[] (bottom) shows that Regiori &incides with a dark area in the diffuse X-ray sky
believed to be the silhouette of a cloud that absorbs X-ray emission from treedistant Galactic
halo [I3]. The cloud itself is identified in HI emission\4isg ~ —2 km s and it appears asso-
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Figure 1: Top: Rotation measures frorh [13] on an all-skgtiimage from [14]. Red indicates positive RM,
blue indicates negative RM. The symbol sizes indicate thgnitade of RM.Bottom: The same RM data

set as in the top panel shown on the diffuse 0.25 keV X-ray sions[L] measured by the ROSAT all-sky
survey.

ciated with the outer HI shell of loop I. This association that local ISM stnedhas a measurable
effect on RMs at intermediate Galactic latitude.

2.1 RM structurefunctions

RM structure on angular scales of several degrees are not samplednaitigh background
sources to be visible in Figuf¢ 1. Yet there appears some clustering ofWisimilar sign on
angular scales of several degrees, most clearly visible at high Galadticlés. Better sampling
by future RM surveys may reveal structure on small angular scales witl ireater statistical
significance and allow them to be associated with specific astronomical objittsthe present
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data we can study RM structure on small angular scales statistically by mestnsovdire functions

[BG,21.[22ID(56) defined as

D(56) = %Z[RM(G)—RM(6+66)]?, 2.1)
|

where 0 is the angular separation of a pair of sources for which we have RMisthensum is
over allN pairs of sources in a specified area with angular separation in a naanme around6.
The units ofD are rad m~*. Our current data set is not sensitive]RM| > 450 rad n12, but this
should not be a problem outside the Galactic plane where incidental higheRMmsost likely due
to sources with high internal Faraday rotation.

Figure[? shows examples of structure functions for a few represemtatdas of- 200 square
degrees. These graphs show the total variance of RM as a functiowgolaa scale, not yet cor-
rected for power added by measurement errors (noise) or variaidd intrinsic to the extragalac-
tic sources. These corrections will be discussed elsewhdre [23kisZent with earlier results, e.g.
(G, 21,[22.[24[ 5[ 29, 2T, 28], we find structure function shapaswiry from flat to a rising
power law, to a broken power law.

Figure[3 shows results of fitting separate power laws to structure funaiomsgular scales
06 < 1° (blue symbols) and6 > 1° (red symbols). The fits for larger angular scales are much
better constrained, so we adopt the normalization of the power lav¥ at 1° derived from the
fit to 60 > 1° (Ay) as the amplitude of the SF for an angular scale Of Ve see s systematic
increase of both the amplitude and the slope of the SF towards the Galacticwitreonsiderable
symmetry between North and South. Many structure functions show a sailficsteeper slope
on small angular scales, although we find slopes consistent with zed@®fer 1° at all latitudes.
All Galactic latitudes including the Galactic polar areas show significant dpre&F amplitude.
The SF in the North Galactic Pole (NGP) area also rises significantly on sngallarscales.
Lines of sight toward the Galactic centre show higher SF amplitudes than fisggotowards the
Galactic anticentre. This is not surprising as lines of sight at low longitudesgtemuch more of
the Galaxy than lines of sight towards the anticentre. The most conspigadason in the slope
of the SF is that the steepest slopesdér> 1° occur in the direction of the Gum nebula and the
Oph HIl region.

3. External galaxies

Extragalactic work on magnetic fields also benefits greatly from a high samgidingity of
RM. Besides the Milky Way, the only galaxies so far that have been praiibch sample of RMs
that can reveal the large-scale structure of the magnetic field are[MB1h29MC [BQ], and the
SMC [B]], thanks to their large angular size. Rotation measures are gersitihe direction of
the line of sight component of the large-scale magnetic field, allowing thetaetesf magnetic
field reversals in galaxies, and patterns predicted by certain dynamo nfideSigure[# shows
the number of galaxies as a function of solid angle derived from the JQT Tae solid angle2
is defined here as the area within twice the optical radius listed in the UGC.aghed curve in
Figure[4 indicates spiral galaxies only, while the solid curve includes alkgajses, including
irregular and elliptical galaxies. The vertical lines in Figfire 4 indicate solgleanof galaxies
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Figure2: Sample structure functions showing a broken power law (@@ rsingle power law (middle row)
and essentially flat (bottom row) structure function.

probed by 20 RMs with 5000 RMs per square degree (approximately anai€ky RM survey)
and 15000 RMs per square degree (approximately an SKA deep ptitarizarvey). An all-sky
survey with the SKA will be able to probe magnetic fieldsit000 galaxies, while a deep field of
40 square degrees will probe only a few galaxies with more than 20 bawkdRMs per galaxy.
Sample size is optimized by a shallow wide survey in this case, but magnetic figdtlisér from
background RMs can be derived only for local galaxies (distanceghass- 30 Mpc).

Information on magnetic fields in galaxies at high redshift comes from ehalignments of
galaxies in the line of sight to a distant quasar. The association of exddseward quasars
with strong Mg Il absorption lines at a redshift smaller than the redshiftefjirasar indicates the
existence of large-scale magnetic fields in intervening galakiéd [83, &4de he galaxy itself is
not observed directly, it is not known where the line of sight intersectfofeground galaxy. With
only a single RM per galaxy, there is no information on the structure of the etizgield, besides
the fact that it has a large-scale component.

Tracing theevolutionof magnetic field structure in galaxies over most of the age of the uni-
verse requires observations of synchrotron emission of galaxies ilagzation deep field. Today,
information on magnetic field structure of galaxies outside the Local Groogsdrom imaging
of polarized synchrotron emission. A review of the state of observatiotigsrarea was given by
[]. Future telescopes will similarly extend observations of magnetic field tstrei¢o more distant
galaxies that cannot be probed with a sufficient number of backgrvisl However, imaging
polarimetry of normal disk galaxies at redshift 1 - 2 with angular resolutidh1” necessary to
resolve the disk is well beyond the sensitivity limit of even the SKA.
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Figure 3: Slope versus amplitude RM for structure functions in indefent areas of the sky, each approx-
imately 15 degrees on a side. Each panel shows fields withaime $alactic latitude, ranging from the
North Galactic Pole (upper left panel) to the South Galaette (lower right panel) in reading order. Blue
symbols represent power law fits to the SF & < 1°, and red symbols represent fits 6 > 1°.
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Figure4: Number of galaxies in a 40 square degree field with with satigle larger thaf2, where galaxy
solid angle is the area within 2 optical radii as listed in $48C [@]. The dashed curve represents spiral
galaxies, the solid curve all UGC galaxies. The two vertiiteds mark the solid angles where galaxies are
probed by at least 20 background RMs assuming 5000 RMs paresdaegree (right; SKA wide area survey)
and 15000 RMs per square degree (left; SKA deep field).

However, polarization of unresolved normal disk galaxies can also ée [&,[3p]. The
degree of polarization of a spiral galaxy contains information on the umifgrof its magnetic
field, in particular at higher frequencies (e.g. 4.8 GHz) where modelsdhtegrated polarization
indicate that uniformity of the magnetic field and inclination are the most importaatpeters for
galaxies with inclination< 50° [Bg]. This allows statistics of the uniformity of magnetic fields in
spiral galaxies to be derived in a resolution-independent way. It Slflsato observe significant
samples of galaxies in the local universe with a large single dish radio tpkesthese observations
can serve as a local comparison sample for observations of more digtahgalaxies at the same
rest frame wavelength to trace the evolution of magnetic fields in spiral galaxie
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