PROBING MA GNETIC FIELDS ON
THE LAR GEST SCALES

1 Scientic Justi cation

Syndirotron radiation holds enormous promise
for mapping the lamentary structure of the uni-
verse [11,17,14,10]. Although the densestre-
gions are illuminated by galaxies and clusters,

30% of all baryons currently exist in the low-
density shock heated 10° ‘K WHIM [7] where
they are extremely di cult to detect [3]. These
are the sites of critical ewlutionary processes
such aspre-heating, metal enrichment, ram pres-
sure stripping, and relativistic particle accel-
eration. A key physical componert in all of
theseprocessess the presenceof magnetic elds,
though determining the properties of magnetic
elds in lamentary large-scalestructure (LSS)
is extremely dicult. Only a handful of radio-
detected laments up to 4 Mpc in length have
beenfound ([12] is a recert example), and none
in polarization. The resolution of this problem
has implications for key questions sudh as the
origin of cosmicmagnetic elds [16], and the ori-
gin and propagation environment of ultra-high-
energy cosmicrays (UHECRs; e.g. [19]). Unfor-
tunately, confusionfrom the di use syncirotron
emissionof the Milky Way can seerely limit de-
tection of structures greaterthan 30, depend-
ing on the details of the local Galactic foreground
(seeFig. 4). The issueof Galactic foreground
contamination is the major obstacle now facing
the detection and study of low surfacebrightness
extragalactic signals (e.g. WHIM, CMB polar-
ization, & epoch of reionization).

In March of 2007, we conducted a pilot study
on the GBT (coordinated with Westerbork rota-
tion measuresynthesis [4] obsenations) explor-
ing the possibility of using polarization obsena-
tions to push below the confusion limit in total
intensity and detect synchrotron radiation asso-
ciated with LSS. This study succeededin con-
rming detections of a new class of large-scale
polarized emissionfound through a reprocessing
of the NVSS survey. Our obsenations yielded
exciting new discoveriesoutlined in x2, with ap-
parent LSS of sizesup to 5 Mpc, while also high-

lighting a needto better understand the detailed
nature of the polarized Galactic cortribution on
the scalesof interest.

We proposenow to follow up the pilot study
with additional obsenations of our most impor-
tant new sources,and a survey of new targets
selectedbasedon the results of our previous nd-
ings. Our goalsin this program are to:  Map
the total extent of the new polarized regions, es-
pecially their relation to the galactic foreground
and extragalactic optical/x-ray LSS; Assesghe
energydensitiesand degreeof magnetic eld or-
dering in theseextendedregions; Characterize
the various scale-sizef the Galactic polarized
emissiondown to 9' resolution, critical to all fu-
ture seartesfor extragalactic low surfacebright-
nesssources; Seard for a larger population of
these sources,and in the processprobe the sur-
face brightness, angular scale parameter space
that is optimal for a more complete survey.

2 Mpc Scale Polarized Struc-
tures

We report the 1.4 GHz detection of degreescale
polarized emission likely assaiated with three
superclustersof galaxies. The obsenations were
conducted with the Green Bank Telesco, as
part of our pilot project AGBTO7A _048.

2.1 Coma Cluster

The Coma cluster is part of a well known su-
percluster of galaxies[1,6], and its radio relic is
evidence of shock activity due to infall from a
smaller cluster (e.g. [10]). We performed raster
scansacrossthe cluster and its relic at 1.4 GHz
with the GBT Spectrometer. Fig.1 shows 1-
d pseudo-cotinuum scansin Stokes Q and U
which clearly show the relic sourceas expected,
but it also shovs a  2° plateau of polarized
continuum emission. This is an important con-
rmation of the 0.4 GHz total intensity emission
seenby [12] (Fig. 1 top). [20] detected excess
polarized power on the samescalein this region,
but dismissedit as galactic based on its large
angular size. Initial analysis of the polarization
angle (not shown) acrossthe scansuggeststhat



the plateau was pre-existing, and the accretion
shock amplied the transversecomponert of the
magnetic eld. A full map is neededin order to
substartiate this. Our goalswith this sourceare
to con rm the coincidenceof our polarized struc-
ture with that found in [12], and to explore/rule-
out the possibility of a Galactic origin by exam-
ining the character of the polarized emissionin
the surrounding region at the appropriate reso-
lution.
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Figure 1: Top: 0.4 GHz map of the Coma cluster
from Kronkerg et al. (2007). Bottom: Sans
acrossthe Comarelic Red: GBT StokesQ); Blue:
GBT StokesU; Green: DRAO StokesQ; Gold:
DRAO StokesU. The relic and 2° plateau are
visible in our GBT sans, but not in the lower
resolution DRAO survey.

2.2 Abell 907

Abell 907 is a rich cluster at z  0:153 and is
in closeproximity and likely related to the Abell
901/902 supercluster [8,18]. We found evidence
of large scalepolarized emissionnear the periph-
ery of A907 in the NVSS survey, and performed
follow up scanswith the GBT in March 2007.
Figure 2 shows a clear con rmation of the NVSS

detection, though its connection with A907 is
still unclear. A full mapping of the cluster and
the surrounding region is neededin order to sort
out its true nature.

2.3 Abell 576

Abell 576 is a well studied cluster at the cen-
ter of a rich concertration of 2MASS galaxies
(z 0:039, seeFig. 3). We have detected > 1°
scalepolarized emissionsurrounding the concen-
tration, which appearsto be the intersection of
sewral laments. [2] shows that A576 is a hon-
relaxedcluster, indicating active infall dynamics.

2.4 Galactic Foreground

Galactic syndhrotron emissioncan be highly po-
larized, and has structure on many scales. The
problem of di erentiating between Galactic and
extragalactic di use emissionbecomeanore crit-

ical as we push our detections out toward the
large-scale,low density WHIM. To this end, we
will be particularly interested in the character
of the Galactic emissionnear our sources. [21]
preseris absolutely calibrated polarization maps
at 1.4 GHz (from DRAOQ) that illustrate the
complexity of Galactic emission (Fig. 4; note
that the sourcesdescribed above are in rela-
tively smooth Galactic regions). The resolution
of this surveyis 36'. Fig 1 shows a plot of our
GBT scansacrossthe Coma relic compared to
the samecuts acrossthe DRAO maps, and illus-
trates why going to GBT resolution is so criti-

cal. The Comarelic is clearly visible in our GBT

scans, as is the 2° plateau coincidert with fea-
tures seenin [12]; neither of thesethings is visible
in DRAO polarization maps. This is the power
of higher resolution. Due to the signednature of
Q and U, you \lose" a lot more quickly in terms
of nding real structures as you lose resolution,
comparedto Stokesl, whereyou slowly dilute the
structure. Howewer, low resolution total inten-
sity studies lack the polarization angle discrim-
inant against Galactic structures, and also re-
quire extensive obsenations to remove the extra-
galactic confusion. The large areamap proposed
in x4.1will not only allow usto distinguish extra-



galactic emissionfrom the larger-scale Galactic
ernvironment, but alsoto characterizethe angular
power spectrum of the Galactic, polarized emis-
sion at higher resolution than any previous work
at this galactic latitude [5,13].

Figure 2: Abell 907 (4°x 4° image): Red-NVSS
polarized emission; Green-ROSAT X-ray; Col-
ored plots-GBT Stokes U along 4° green lines
indicated on the map. Polarized emission is
detected coincident with the NVSS emission,
though Galactic structure is also present.

3 Supercluster Survey

Our next critical steptowards understanding the
information gained from polarized supercluster
emissionis to obsene a well-de ned sampleof su-
perclusters. Our initial samplefor GBT obsena-
tions was basedon our NVSS polarization work;
howewer, we found that NVSS polarization was
neither su cient to guarartee a polarized syn-
chrotron source(we found with the WSRT that
someregionswere Galactic Faraday screens)nor
was NVSS necessary(the 2° structure in Coma,
which did not showv up NVSS). With the likely
detection of three supercluster regions, it is now
important to begin a more systematic study of
superclusters, to assesshow common sud ex-
tended supercluster scale synchrotron emission
regions are, as well as how their presence,lu-
minosity, and size are related to the depth of

the local well (e.g., through comparisonwith X-
ray derived masses). As an initial step toward
a systematic study of superclusters, we propose
an e cien t 1-d survey of 28 supercluster regions.
This sample was taken from the catalog of su-
perclustersfound in the 2dF survey [9], selected
accordingto the following criteria: 1: > 10°.
2: 0:1< z< 0:13; 3: ROSAT detected X-rays in
at least one member cluster. The redshift range
was selectedto ensurethat we canresohe 1 Mpc
with the 9' GBT L-band beam, and that 3 Mpc
polarizedstructures similar to what we have seen
so far will subtend lessthan 0:5°, and thus
stand out from typical Galactic emission. The
guestionswe needto answer are: Is large scale
polarized emission typical of superclusters and
related to other supercluster properties, or are
our detections special cases?Is there a \sweet
spot" in redshift at this resolution where we can
clearly distinguish between Galactic and extra-
galactic emissionbasedon its scalesize,thus in-
forming the next generation of surveys.

Figure 3: Akbell 576: The colored sans are
GBT observationsin StokesU along the 3 ver-
tical green lines indicated on the map of 2MASS
galaxy concentration (smoothed).

Figure 4. Galactic StokesQ at 1.4 GHz of the
whole sky alove 27° declination from [21], il-
lustrating the variety of structure confusing the
detection of low surface brightness extragalactic
emission. The green circles showthe location of
the three superclusters proposal here.



4 Technical Justi cation
4.1 Observing Plan

We proposeto conduct full 6°x6° mappings(bas-
ket weaving) of the three clusters using the
L-band receiver and the Spectrometer badk-
end. From our previous experiencewith pseudo-
continuum obsenations with the Spectrometer,
we plan to scan quickly acrossead region 5
times and usethe repeatability of structures to
edit out times when gain uctuations/RFI dom-
inates. We should note that gain uctuations

a ect telescope Q more than StokesU; we arein
continuing conversation with sciertic and en-
gineering sta about handling this issueappro-
priately. Due to RFI, our previous GBT results
utilized only 25 MHz of the 100 MHz available
with a 2x50 MHz Spectrometer con guration.

To avoid this problem, we intend to usea 4x12.5
MHz con guration, certering the 4 windows on
RFI free regions. The large map sizesare es-
sertial to characterizing the Galactic emissionin
ead region. From scantimes in our detection
program at the GBT, we calculate that ead full

map will take 19.3 hours. The calibrators will

take another 0.7 hours per map. This meanswe
need 60 hours to map the three clusters. The
thermal noisewill be 3.6 mK; howewver, our pilot

study hasshown that the limiting factor for these
obsenations are the gain uctuations, and with

the proposedintegration times we can achieve an
rms of 11 mK, sucient to detect structure at
the Galactic confusion limit.

For our survey of supercluster regions, we pro-
poseto map only two long bands certered on
ead source(seegreenlines in Figs. 2,3). Each
band will consistof three strips o set perpendic-
ular to the scanby a full beamwidth. Though
we will not be fully sampled, this will give us
a rough characterization of the position and ex-
tent of any detected emission. The scanlengths
will be 6° to allow for adequate baseline sub-
traction and characterization of mottling due to
local Galactic foregrounds. For the total times
requested, we follow the observing manual and
assumean overhead time of 15 min for slew-
ing and focusing, 40 sec for ead scan, and 5
min to switch between constart RA and con-

stant Dec. observing. An additional 3 hours
are neededfor unpolarized and polarized source
calibrations, which we will obsene at a range of
paralactic angles. Although the Mueller matrix
for L-band appearswell understood [15], we will
conduct obsenations of 3C286 to tie it to our
observing frequenciesand analysis procedures.

4.2 Data Reduction and Analysis

We will edit/calibrate the data and produce
mapsusing IDL. The spectral data will be edited
for RFI, bandpasscalibrated and averagedin fre-
quency to create pseudo-cotinuum maps. We
will apply the Mueller matrix of Robishav &
Heiles [12], modi ed as necessary and produce
1,Q,U maps for the three elds. We have hired
an undergraduate student this summer to de-
velop a visual RFI- agging GUI in IDL, along
with other data-manipulation routines tailored
speci cally for this project (GBT Spectrometer,
full Stokes, pseudo-cotinuum mapping). We in-
tend to consultwith GBT sta asto how this ef-
fort can best be integrated with, and cortribute
to, current GBTIDL software.
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