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Abstract We report the discovery of a very unusual, highly asymmetric radio galaxy whose radio
jet, the largest yet detected, emits strongly polarized synchrotron radiation and can be traced all
the way from the galactic nucleus to the hot spot located ~ 440 kpc away. This jet emanates
from an extremely massive black-hole (> 10°M) and forms a strikingly compact radio lobe. To a
surface brightness contrast of at least 15 no radio lobe is detected on the side of the counter-jet,
which is similar to the main jet in brightness upto the scale of tens of kpc. Thus, contrary to
the nearly universal trend, the brightness asymmetry in this radio galaxy increases with distance
from the nucleus. With several unusual properties, including a predominantly toroidal magnetic
field, this Fanaroff-Riley type II mega-jet is an exceptionally useful laboratory for testing the role
of magnetic field in jet stabilization and radio lobe formation.

1 Discovery of the largest radio jet and imaging with GMRT and
Effelsberg dish

Relativistic jets, which contain highly collimated streams of plasma traveling close to the speed
of light, are commonly found in diverse astrophysical environments. They are associated with
some extreme relativistic phenomena such as radio galaxies and quasars, microquasars, pulsars,
supernovae and gamma ray bursts. Bipolar jets in a radio galaxy or quasar are launched from
the central region of an active galaxy, probably from a rotating magnetized accretion disk around
a massive spinning black-hole, the “central-engine” [1]. While astrophysical jets have begun to
reveal their mysteries, many of their basic properties, such as their ejection, collimation, stability
and composition, remain to be understood. Fundamental questions raised by astrophysical jets
include the roles of magnetic fields in their survival against internal instabilities out to distances
approaching hundreds of kiloparsec from the galactic nucleus and in the formation of the radio
hotspot and lobe due to the jet’s termination.

Recently we reported the discovery of a radio source associated with the bright elliptical galaxy
CGCG 049-033 (at z = 0.0446) and displaying a unique combination of properties, including the
largest detected radio jet [2]. This extraordinary object was originally spotted by us serendipitously
in the NVSS database [3]. Thereafter, we imaged it with the GMRT (Fig. 1, 1.3 GHz frequency,
resolution 3”- 11”) and with the Effelsberg radio telescope (Fig. 2, 8.4 GHz frequency, resolution
84"). We also took its optical spectrum with the 2-meter telescope recently set up by IUCAA near
Pune (India). The massive elliptical galaxy hosting this radio source is projected 22’ (= 1.1 Mpc)
away from the (radio-quiet) central elliptical galaxy of the rich cluster Abell 2040 at z = 0.0456.
The ~8.6" (= 440 kpc) long radio jet terminates in an edge-brightened lobe,clearly consistent with
a Fanaroff-Riley II (FR II) morphology (Fig. 1).



2 Why the radio source associated with galaxy CGCG 049-033 is
extraordinary?

The source is extraordinary for the following reasons:

e Its radio jet is not only the largest detected jet, it is also very strongly polarized (~20 to 50%
at 8 GHz, inspite of the large averaging by the 84” beam). Furthermore, the inferred magnetic
field orientation is predominantly orthogonal to the jet (Fig. 2), contrary to the norm for FR II jets
[4]. A very similar magnetic field pattern was found by us from the analysis of the NVSS map of
this jet at 1.4 GHz (Fig. 2). Thus, the jet appears to be a truly rare example where an extremely
well ordered toroidal/helical magnetic field configuration is able to persist out to several hundred
kiloparsecs from the nucleus.

e The radio lobe blown by this jet is strikingly compact (Fig. 1). This could be due to “blocking”
of the back-flow of its synchrotron plasma by a toroidal magnetic field [5], as hinted to by the
polarization vectors mapped by us.

e The two radio jets appear quite similar upto the initial ~100 kpc, but thereafter the northern
jet undergoes an abrupt fading. Any lobe formed by it has remained undetected even in the Effels-
berg single-dish map, as well as GMRT and NVSS maps (Fig. 1,2). This implies an extreme factor
(> 20) for the lobe flux asymmetry. Thus, contrary to the nearly universal trend, the brightness
contrast between the two opposite sides of this double radio source increases with distance from
the nucleus.

e The parent galaxy hosts a supermassive black hole of mass ~ 2 x 10? M, powering the FR II
radio morphology. A strong radio core (AGN) of ~100 mJy, containing about 50% of the total flux
density was found with GMRT (Fig. 1). Yet only stellar absorption lines were seen in the optical
spectra of this radio galaxy taken with the 2.4-mt Kitt-Peak telescope and with the 2-mt telescope
of IUCAA [2].

3 Outlook for future

We have initiated a more detailed observartion plan with VLA at A 6cm and 3.6cm wavelengths
for mapping the polarization structure of the jet, counter-jet and the radio lobe. Since this giant
radio jet appears to be remarkably well collimated and stable upto an unprecedented scale of ~400
kpc, these detailed observations will reveal what role a toroidal/helical magnetic field might play
in stabilizing this remarkable radio jet. We will also search for the ‘missing’ northern radiolobe
(Fig. 2). How abrupt is the end of the counter-jet after sustaining a surface brightness very similar
to the main jet over the initial ~100 kpc (Fig. 1)? Possible clue to this sudden onset of asymmetry
(relative to the main jet) may come from determination of the magnetic field orientation in the
counter-jet, which is essentially unknown as yet. We are also planning an x-ray imaging study
with Chandra of the inner ~100 kpc scale jet and counter-jet region close to the radio core and the
associated AGN.
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Figure 1: GMRT maps of CGCG 049-033at 1.28 GHz [2] (left) total intensity contours: -0.18,
0.18, 0.36, 0.72, 1.44, 3 and 6 mJy/beam; rms noise: ~ 60 pJy/beam, and the pseudo-color image
(center), both with a 11" beam (FWHM). The inner ~ 2 region (inset) is shown with the 3’
resolution GMRT image (red) overlayed on the optical r-band SDSS image (blue). The ‘+’ marks
the radio core position.
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Figure 2: Effelsberg 8.35 GHz total power contour maps: -0.75, 0.75, 1.5, 3, 6, 12, 24 and 48
mJy/beam, superposed with (left) rotation-measure corrected magnetic field vectors, having lengths
proportional to the local intensity of polarized flux (scale: 1" = 7.6 pJy/beam), and (center)
along with pseudo-color map of percentage linear polarization (84" HPBW). (right) The 1.4 GHz
NVSS radio map of total power (contours: +1.25, 2.5, 5, 10, 20, 40 and 80 mJy/beam, 45"
HPBW), along with the scaled vectors of linear polarization (scale: 1" = 0.13 mJy/beam). The
‘+” marks the radio core position.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


