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Abstract. A deep radio observation of the A2255 cluster of galaxiedie®s carried out at 1.4 GHz with the Very Large Array
synthesis telescope. Thanks to the excellent) (coverage and sensitivity achieved by our observation|dhebrightness
— diffuse extended sources in the cluster (radio halo and reli© baen imaged with unprecedented resolution and dynamic
> range. We find that the radio halo has filamentary structurasdre strongly polarized. The fractional linear polaraa
(@) reaches levels of 20-40% and the magnetic fields appear ordered on scaled@d kpc. This is the first successful attempt
to detect polarized emission from a radio halo and provithesig evidence that in this cluster the magnetic field is mrden
N
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< 1. Introduction ences therein). The knowledge of the magnetic field stractur
o o ‘
I An ever increasing number of aalaxy clusters exhibit lar may be the key issue to understand the origin of this discrep-
o Ver | ing nu galaxy ciu Xnibl 9% y. Recently, Enf3lin & Vogt (2003), Vogt & EnRlin (2003),

. scale, dffuse, steep-spectrum synchrotron sources associgt

with the intracluster medium. These radio sources have beoeéwused to infer not only the cluster magnetic field strertgh,

(Q generally classified as radio halos or relics depending ein thalso the power spectrum of the cluster magnetic field fluctu-

«_" morphology and location. Radio halos are located at thelsemusati ns. Murgia et al. (2004) derived the magnetic field power

«= center and are characterized by a regular shape and exyrergs ctrum of a sample of clusters for which good RM data of

low surface brightness. Relics are similar, but are fouritiat cluster radio galaxies were available. They found that A225
E cluster periphery and in general have an elongated shape%{r '

lust both iral hal q “heral reli aé@ears as one of the clusters with a very steep intracluster
Some clusters, both a centra: halo and a peripheral refic gnetic field power spectra. Moreover they pointed out that
present. While relics are usually strongly polarized, ym#i-

- ) . morphology and polarization information of radio halos ma
cant polarization has been detected so far in radio haldkeln P 9y P y

o . " rovide important constraints on the power spectrum of the
Coma cluster, the upper limit to the halo fractional polatian P P b b

) ! : . tic field fluctuati I les. | ticutamirt
is ~ 10% at 1400 MHz (Feretti & Giovannini 1998). Good up[nagne Ic Tield Tuciuations on farge scales. ’n particutzir

per limits (< 5%) have been placed for the powerful radio hal(}sﬁimulations showed that if the intracluster magnetic fiald-fl
of the galaxy clusters A2219, A2163 anB657— 57 (Bacchi ates up to scales of some hundred kpc, then steep magnetic

; ; field t ive rise to detectable polarized fil
et al. 2003, Feretti et al. 2001, Liang et al. 2000). e1C POWeT Spectra may give rise fo detectable polarizee fa

In addition to the analysis of the wide filise synchrotron ments.
sources, cluster magnetic fields can be constrained thriegh_ /222> IS @ hearby (20.0806, Struble & Rood 1999), rich

: o ; . cluster which shows signs of undergoing a merger event. It is
detection of non-thermal emission of inverse Compton origLy - racterized by the presence of &uie radio halo source at
in the hard X-ray wavelengths or by studying Faraday rotg}I

. . : . . e cluster center, a relic source at the cluster periplzeny,
tion measure (RM) of polarized radio galaxies. It is known perp

that these dierent methods of analysis give somewhat di%_everal embedded head-tail radio galaxiesf¢Ja Rudnick

o . 979, Harris et al. 1980, Burns et al. 1995, Feretti et al.7199
crepant results for the magnetic field strength (see e.gewsv We observed A2255 with the purnoses of detecting polar-
by Carilli & Taylor 2002, Govoni & Feretti 2004, and refer-. purp gp

ized emission from the radio halo and obtaining information
Send offprint requests to: F. Govoni, e-mailfgovoni@ira.cnr.it  the degree of ordering of the cluster magnetic field. In this |

gia et al. (2004), showed that the RM of radio galaxies can

XIv
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Fig. 1. Radio contours of the cluster A2255 overlaid on the Rosaayimage (colors). The radio image is at 1.4 GHz and has a
FWHM of 15”x 15”’(uniform weighting). The sensitivity (&) is 16 uJy/beam and the dynamic range~i6300. Contour levels
are:0.050.10.20.40.81.6 3.26.4 12.8 25.6 51.2/beBm. No primary beam correction has been applied to thedmag

ter we report the results of this high resolution and sevisiti polarized intensity (corrected for the positive bias), tree-
observation. tional polarization and the position angle of polarizatioere

Throughout this paper we assumeA& DM cosmology derived from the I, Q and U images. The final images, shown
with Ho = 71 km s*™Mpct, O, = 0.3, andQ, = 0.7. At the here, were convolved with a circular Gaussian with a FWHM
distance of A2255,”1 corresponds to 1.5 kpc. of 15”7 and 2% respectively.

2. Radio Data

We observed A2255 with the Very Large Array (VLA) in C

configuration on 2004 April 19, for a total integration tim full resolution (FWHM=15") image of A2255, including

|°f ~11 hours on sourcg. T;isfdfli]ll-s?/nthesis produced gxfcg'veral radio galaxies, the central halo and the periphelia)
enth(u,;/) hcoveraIgFe. r’?‘ anl width o d25 TEESZSV;\//?S used 13[3 shown in Fig. 1 (contours). The radio emission is overlaid
each of the two IF channels centered at z and 1445 10 Rosat X-ray image (Feretti et al. 1997) to show the gas

MH.Zd' ThefobserV|ng fre?juenmeslwere sglected mhorder &%tribution of the cluster. The filuse extended radio sources
avoid interferences. Faraday rotatiofieets between the two are resolved and at this high resolution only their brigihger

5 .
channels shogld be small for RML00 rad m*. The_ch0|ce ions are visible. The relic (label R) appears as a longigttra
of the bandwidth was selected to reduce bandwidth smegiz o+ ¢ about 12 in length located 10 to the North-East
ng eﬁ?CtS‘ Callbrf_;\tlon and imaging were performed with t om the cluster center and elongated in the South-EastiNort
NRAO- Astronomical Image Processing System (AIPS), fo

lowing th dard Jure: ! ; erach est direction. The halo shows a complex morphology. The
owing the standard procedure: Fourier-Transform, C 4most prominent features detected at this resolution aagbtr

Re§to_re. SeIf-caIibrgtion was applied to remove residnabkp filaments (labels F1, F2, F3), each abott B length and

var|at|ons_. Images in the Stokes pa_ram_eters L Q and U weye in width, nearly perpendicular to each other. A bridge of

made, using uniform and natural weighting. The images of t brightness emission (label B), seems to connect the halo
! The National Radio Astronomy Observatory (NRAO) is a faciland the relic on the northeast side. The filaments F1 and F3 are

ity of the National Science Foundation, operated under eajve almost parallel to the relic, while the bridge B is nearlyadlai
agreement by Associated Universities, Inc. to the filament F2.

3. Results
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Fig. 2. Total intensity radio contours of A2255 at 1.4 GHz with a FWHI25”x25” (natural weighting). The sensitivity ¢
is ~ 24 uJy/beam and the dynamic range~s6000. Contour levels are: 0.07 0.14 0.28 0.56 4.48/belym. No primary beam
correction has been applied. Left: the contours of the fatehsity are overlaid on the linearly polarized intengtyey-scale).
The sensitivity (Ir) of the U and Q images is 11 uJy/beam. The grey-scale shows the polarized flux from 50:1Bfbeam.
Right: the contours of the total intensity are overlaid om plolarization vectors. The vector orientation represtrgprojected
E-field (not corrected for the contribution of the galacttation) while their length is proportional to the fractadipolarization
(’=50%). All pixels with a fractional polarization less thasor,2r with an error in the polarization angle greater thah have
been blanked.

In Fig. 2 (contours) a lower resolution (FWHA25") im- of A2255 is expected to be aboub rad nT?, based on the
age of the cluster radio emission is shown. Owing to the higheverage of the RM galactic contribution published by Simard
signal to noise ratio, the low brightness regions of thtude Normandin et al. (1981) for sources near the cluster. Thegef
sources are easily visible. On the left, the contours ofdted t even if no Faraday rotation occurs within the cluster, the po
intensity are overlaid on the linear polarized intensityegg sition angle of the E-field observed at 1.4 GHz is rotated by
scale). On the right, the contours of the total intensitycer- ~15° counter-clockwise with respect to the intrinsic £at0)
laid on the polarization vectors. The vector orientatioaveh orientation. The electric polarization vectors of theaaénd
the projected E-field and their length is proportional tofthe- to be roughly perpendicular to the relic elongation indiugt
tional polarization (1=50%). In the figure, all pixels with a aligned magnetic field structures within it, while the et&ct
fractional polarization less tharr2or with an error in the po- polarization vectors of the halo seems roughly parallehto t
larization angle greater than °LQvere blanked. The polarizedfilaments.
emission at 15 resolution (not shown here) displays similar

. . . . Fig. 3 shows the total intensity image at”25esolution,
results. The most important resul_t is that the bright fllatxslenWith the discrete sources subtracted. The discrete so
of the halo appear strongly polarized at levels~020-40%

. . L identified by making an image using long spacings, then their
(=40-80 detections). Regions of ordered magnetic field ? . .
~400 kpc in size can be observed. In the rest of the clus omponents were subtracted directly in tiveplane (AIPS task

X S ) o X SUB). To estimate the flux density of the clusteffdse
we don't detect significant polarized emission except in the .” . . . . .
brighter regions of the relic where the fractional polatizzais emission the primary beam correction was applied to the émag
in the range~15-30% (=30—7o" detections). The upper limit in Fig. 3 (AIPS task PBCOR). The halo has a total flux density

. R / ; of ~ 56+3 mJy, the relicx 23+1 mJy, and their connecting
(20) t(.) the fractional polarization n the fgmter regions Oethridge: 6+0.5 mJy. The three filaments F1, F2, F3 have flux
halo (i.e. where the average total intensity emission isuab

Yensities of @0.5, 3:0.5, and %0 5mJy respectively, indicat-
[ 0 . . . - Iy Ny . L]
0.15 mJybeam), is= 15%. The galactic RM in the dlrectloning a total flux~30% of the flux of the entire halo.
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4. Discussion 100 200 300 400

| I m
The absence of a significant polarization in halos has bee¢ ] -]

interpreted as the result of two concurretieets: internal b
Faraday rotation and beam depolarization. The thermad-intr
cluster gas is mixed with the relativistic plasma, thus due t
internal Faraday rotation, significant depolarization rmagur %
within the radio halos. Moreover as a consequence of their e
tremely low surface brightness, radio halos have beenexudi
so far at low spatial resolution. This could result in a digaint
decrease of the observed fractional polarization, if thustelr
magnetic field is tangled on scales smaller than the beam.
Murgia et al. (2004) showed that if the outer scale of the
magnetic field fluctuations extends up to some hundred kp
and if the power spectrurh of the cluster magnetic field is
relatively steep (83) there could be a chance of detecting fil-
amentary polarized emission in the halo. The deep and hic
resolution radio observation of A2255 presented here aquosfir
their prediction. The radio halo of A2255 shows, for the firsi
time, filaments of strong polarized emission. Moreoverdise
tribution of the polarization angles indicates that the netip
fi_eld of this cluster fluctuates up to scales of about 400 kpci . | . &
size. il | l | [ = [ w
The detection of polarized emission in a synchrotron hali 17143 00 18I0 T Acensien ooy T
in A2255 opens up new questions regarding its nature, ori-
gin, and connection with the history of merging. The halo fildig. 3. The 1.4 GHz image of the cluster radio emission af-
ments could result from a compression wave, which enhané@k subtraction of the discrete sources. The FWHM i§325
and aligns disordered magnetic fields. Most turbulence-the?®’ (natural weighting). Contour levels are: 0.07 0.14 0.280.5
ries involve the processes by which the energy is injecte inl-12 2.24 4.48 8.96 19.92 35.84 71.68 yhéam. The grey
a medium at large spatial scales and than converted into riiéale flux is 30- 450 uJy/beam. No primary beam correction
tions at smaller and smaller spatial scales until reachiates has been applied to this image.
at which it is dissipated. What we have detected in A2255
Imay be the injection in the intracluster medium of_energy O(fata) and large scales (visible thorough radio halos). Bist 0
arge scales, produced for example by a shock during a cluie .

. ; or those clusters for which the power spectrum of the mag-
merger. However both the radio morphology of the filaments
nearly perpendicular to each other, and the electric patan
vectors running roughly parallel to the elongation of théioa

netic field fluctuations is steep enough will these polarided
mentary structures be detectable. Future observationthen o
halo filaments (indicating magnetic field structures pedbean
lar within them) are quite unusual andfittult to explain in this

clusters containing radio halos, and selected on the bdsis o
their magnetic field power spectrum, are necessary to teséth

framework. Spatial spectral index information, in conjtioic

with high resolution cluster X-ray and temperature imagais,

ideas.
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