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Abstract

Giant radiosources(GRSs),de�ned to be thosewith a projectedlinearsizegreaterthanapproximately1 Mpc, arethe
largestsingle objectsin the Universe,andare useful for probing a numberof astrophysicalquestions. In this paper
we presentthe resultsof a multifrequency study of a sampleof moderate-redshiftgiantswith the Giant Metrewave
RadioTelescope(GMRT) andtheVeryLargeArray (VLA). Fromspectralindex studies,wehaveestimatedtheagesand
velocitiesof advancementfor afew sources,andidenti�ed possiblesitesof reacceleration.In theGRSs,inverse-Compton
losseswith thecosmicmicrowave backgroundradiationdominateover synchrotronradiative losseswhich couldaffect
the identi�cation of giantsat large redshifts. We alsoshow that the prominenceof the bridgeemissiondecreaseswith
increasingredshift, possiblydue to inverse-Comptonlosses,and estimatethe expectedX-ray �ux from someof the
objectsin oursample.

1 INTRODUCTION

Giantradiosources(GRSs)arede�ned to bethosewith aprojectedlinearsizegreaterthanapproximately1 Mpc (H � =71
km s� 1 Mpc� 1, 
 m =0.27, 
 vac=0.73). Theseare useful for studyingmany astrophysicalproblemssuchas the late
stagesof evolutionof radiosources,constrainingtheorientation-dependentuni�cation schemes,probingtheintergalactic
medium(IGM) andeffectsof thecosmicmicrowavebackgroundradiation(CMBR) on theextendedlobesof radioemis-
sion at differentredshifts.Although the locationsof giantsin the luminosity-linearsizediagramarebroadlyconsistent
with modelsof evolution of radio sources[1, 2], thereis a dearthof giantslarger than� 2 Mpc andat cosmologically
interestingredshifts>� 1 [3]. At high redshifts,the diffusebridgesof emissionarelikey to be signi�cantly affectedby
inverse-Compton(IC) lossesagainstthe cosmicmicrowave backgroundradiation(CMBR), which would affect theap-
pearanceandidenti�cation of giantsat theseredshifts.For almostall GRSstheequipartitionmagnetic�eld is lessthan
the equivalentmagnetic�eld of the CMBR, Bic , de�ned asUC M B R = B 2

ic =8� [3], andthereis someevidenceof the
prominenceof bridgeemissiondecreasingwith redshift,asexpected,dueto increasedIC losses[4].

In this paperwe presentsomeof the resultsfrom a studyof a sampleof giant radio sourceswith the GMRT
andthe VLA to determinethe structureandspectraof the lobes,examineeffectsof radiative lossesandestimatetheir
spectralages.We alsopresentestimatesof theexpectedX-ray �ux in the0.5� 8 keV rangedueto IC scatteringfor a few
high-redshiftgiantsources.

2 RADIO STRUCTURES AND SPECTRAL AGEING ANALYSIS

Theseobservationshave helpedclarify the radio structuresof a numberof giant radio sources.We presentthe radio
imagesof a coupleof thesesourcesalongwith ananalysisof their spectralages.Thespectralage,de�ned to bethetime
elapsedsincetheplasmaparticleswerelastaccelerated,is estimatedfrom theobservedsteepeningin theradiospectrum



[5, 6, 7], astheradiatingparticlesdiffusefrom thehotspotto form theextendedlobesof emission.In this analysisit has
beenassumedthat(i) themagnetic�eld in eachlobeis constantandequalto theequipartitionvalue,B eq, (ii) theparticles
areinjectedinto thelobewith aconstantpower-law energy spectrum,(iii) they areisotropisedon time-scalesshorterthan
their radiativelifetime (JPmodel)[8], (iv) theradiative lifetime of thesynchrotronparticlesin theplasmaaresigni�cantly
longerthanthespectralagesto bedeterminedand(v) eachsegmentor sliceof lobemayberegardedasadiscreteelement
of plasmaandthereis nomixing betweentheslices.Theequipartitionmagnetic�eld strengthin thelobes,B eq, hasbeen
calculatedby integratingthetotal radioluminosityfrom 10 MHz to 100GHz,assuminga �lling factorof unity andalso
protonto electronratioof unity[9]. Thepredictionsof theJPmodelare�tted to theresultantspectrumof eachsliceof the
lobeswith aninjectionspectralindex, � inj , which hasbeenestimatedfrom a model�t to theintegrated�ux densitiesof
theentirelobeto which theslicebelongs.ThishasbeendoneusingtheSYNAGEsoftware[10].
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Cont peak flux =  9.7010E-02 JY/BEAM 
Levs = 5.600E-04 * (-1, 1, 2, 4, 8, 16, 32)
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Figure1: Left panel:606-MHzGMRT mapof thesourceJ0912+3510.Middle panel:JPmodel�ts to thespectraof the
slicesfarthestfrom thehotspotfor eachlobe.Rightpanel:A plot of spectralagevs. distancefrom thecore.

J1604+375        GMRT       613 MHz

Peak flux = 9.9488E-02 Jy/b;   First contour = 0.4 mJy/b
Levs = 4.000E-04 * (-1, 1, 2, 4, 8, 16, 32, 64,
128, 256, 512, 1024, 2048, 4096)
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Figure2: Left panel:613-MHzGMRT mapof thesourceJ1604+3731.Middle panel:JPmodel�ts to thespectraof the
slicesfarthestfrom thehotspotfor eachlobe.Rightpanel:A plot of spectralagevs. distancefrom thecore.

We illustrate our analysisusing two of the sourcesin our sample. In Fig. 1, the GMRT imageof the GRS
J0912+3510at 606MHz with anangularresolutionof � 12arcsecis shown in theleft panel.J0912+3510is at a redshift
of 0.2489sothatits largestangularsizeof 375arcseccorrespondsto aprojectedlinearsizeof 1449kpc. Fitsto thespectra
wereobtainedin differentsliceswhich aremarkedin theFig. 1 usingtheJPmodel.Two of theseplotscorrespondingto
thesliceswhicharefarthestfrom thehotspotsareshown in themiddlepanel.A `breakfrequency' for eachspectrum,� br ,
determinedfrom the�ts, correspondsto a spectralagegivenby

� r ad = 1:61� 103 B 0:5

(B 2 + B 2
ic )( � br (1 + z))0:5

where� r ad is in Myr, B is in � G, � br is in GHz and B ic =3.18(1 + z)2 � G. The resultantvaluesof � r ad for
J0912+3510as a function of projectedangulardistancefrom the radio core are shown in the right panelof Fig. 1.
Although thespectralindiceswithin a distanceof � 195kpc from thehotspotsdo not seemto vary signi�cantly, either
dueto in situ accelerationor turbulentback�ow from thehotspots,they steepenasdistanceincreasesfrom thehotspots.
Theagesin thefarthestregionsvisible in our imagesare� 30Myr.



Table1: Injectionspectralindicesandspectralages
Sourcename Z LAS S1:4 Comp � inj Maximumage

(kpc) mJy of thecomponemt
(Myr)

J0912+3510 0.2489 1449 156 N 0.560 29
S 0.628 24

J0927+3510 0.55 2206 88 NW 0.750 12
SE 0.700 13

J1604+3731 0.814 1346 120 NW 0.765 6
SE 0.775 11

A similaranalysisfor theGRSJ1604+3731which is ata redshiftof 0.814,indicatingthatits projectedlinearsize
is 1346kpc, is shown in Fig. 2. The GMRT imageat 606 MHz with an angularresolutionof � 6 arcsecsuggestsan
S-shapedstructurewhich couldbedueto precessionof thecentralejectionaxis. Theageestimatedin a similar way for
the farthestregion is � 11 Myr. The resultsfor thesetwo sourcesaswell asfor J0927+3510aresummarisedin Table
1. Thevariationof agewith linearseparationof theslicesgivesa meanseparationvelocity betweenthehotspotandthe
radiatingplasmaof about0.1� 0.2c.Ourestimatesareconsistentwith previousresults[11, 12, 13,14, 15].

3 INVERSE-COMPT ON SCATTERING

The dominanceof inverseComptonlosses(Beq < B ic ) is likely to severelyaffect the appearanceandidenti�cation of
GRSsat high redshiftsdueto thesuppressionof bridgeemissionby inverse-ComptonlossesagainsttheCMBR, which
increasessharplywith redshift. This couldleadto `tail-less' hotspotsleadingto their classi�cationasindependentradio
sources.In orderto developstrategiesfor indentifyingGRSsat high redshiftswe investigatetheprominenceof bridge
emission,fbridge , de�ned astheratio of emissionfrom thebridgeto thatof the total emission,asa functionof redshift.
The bridge emissionhasbeenestimatedby subtractingthe hotspot�ux densitiesfrom imageswith a uniform linear
resolutionof � 70 kpc. A plot of fbridge at an emittedfrequency of 1.4 GHz againstredshift(Fig. 3) clearly shows an
inversecorrelation,with a Spearmanrankcorrelationcoef�cient of 0.52,correspondingto a con�dencelevel of > 95 per
cent[4]. For a few of theGRSsin our sample,we have calculatedtheexpectedIC-scattered�ux at X-ray wavelengths
(Table2) andplanto observethesewith theCHANDRA telescope.
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Figure3: Thefractionof bridgeemission,fbridge at anemittedfrequency of 1.4GHzplottedagainsttheredshift.



Table2: PredictedX-ray �ux for a few GRSs
Sourcename Z Comp F s

� o
� o F X

intr insic in Expectedcounts Expectedcounts
(Radio) (Radio) 0.5� 8 keV persecond persecond

� o in ACIS-I in ACIS-S
(mJy) (MHz) (10� 18 W m� 2)

J0657+4808 0.776 W 40 1425 10.8 9.93E-04 1.42E-03
E 29 1425 7.8 7.20E-04 1.03E-03

J0908+3932 1.883 NW 182 1400 8.2 8.17E-04 1.22E-03
SE 48 1400 2.6 2.59E-04 3.85E-04

J1432+1548 1.005 NW 167 617 0.56 5.63E-05 8.41E-05
SE 146 617 0.55 5.56E-05 8.31E-05

J1604+3731 0.814 N 111 613 4.0 4.03E-04 6.03E-04
S 142 613 11.3 1.14E-03 1.70E-03

J1637+4146 0.867 N 14 1425 19.9 2.02E-03 3.02E-03
S 34 1425 32.9 3.34E-03 5.01E-03

4 CONCLUDING REMARKS

Ourmultifrequency studyof GRSswith theGMRT andtheVLA havehelpedclarify thestructuresof anumberof sources,
identify possiblesitesof re-accelerationin thelobesandhave shown thattypical agesof thelobesrangeup to � 30 Myr.
GRSsarethemoreevolvedcounterpartsof thenormaldouble-lobedsources,but thereappearsto bea dearthof objects
>� 2 Mpc andwith redshifts>� 1. To identify high-redshiftobjectswe have examinedtheeffect of IC scatteringwith the
CMBR ontheobservedstructures.It is known thatin GRSsIC lossesdominatesothatB ic > Beq. Wehaveestimatedthe
observedX-ray �ux for someof thesources,andhave shown that theprominenceof thebridgeemissiondecreaseswith
redshift,possiblydueto inverse-Comptonlosses.This would affect the appearanceandidenti�cation of GRSsat large
redshifts.
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