GIANT RADIO SOURCES
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Abstract

Giantradio source§GRSs),de ned to be thosewith a projectedlinear size greaterthanapproximatelyl Mpc, arethe
largestsingle objectsin the Universe,and are useful for probinga numberof astrophysicabuestions. In this paper
we presentthe resultsof a multifrequeng study of a sampleof moderate-redshifgiantswith the Giant Metrevave
RadioTelescopdGMRT) andthe Very LargeArray (VLA). Fromspectraindex studieswe have estimatedheagesand
velocitiesof advancementor afew sourcesandidenti ed possiblesitesof reaccelerationin the GRSs,inverse-Compton
losseswith the cosmicmicrowvave backgroundadiationdominateover synchrotronradiative losseswhich could affect
theidenti cation of giantsat large redshifts. We alsoshav thatthe prominenceof the bridge emissiondecreasesvith
increasingredshift, possibly due to inverse-Comptorosses,and estimatethe expectedX-ray ux from someof the
objectsin our sample.

1 INTRODUCTION

GiantradiosourcegGRSs)arede nedto bethosewith aprojectedinearsizegreaterthanapproximatelyl Mpc (H =71

kms ! Mpc %, 1=0.27, ,ac=0.73). Theseare usefulfor studyingmary astrophysicaproblemssuchasthe late

stagef evolution of radiosourcesconstrainingheorientation-dependenini cation schemesprobingtheintergalactic
medium(IGM) andeffectsof thecosmicmicrowave backgroundadiation(CMBR) on the extendedobesof radio emis-

sion at differentredshifts. Although the locationsof giantsin the luminosity-linearsize diagramare broadly consistent
with modelsof evolution of radio sourceq1, 2], thereis a dearthof giantslargerthan 2 Mpc andat cosmologically
interestingredshifts™ 1 [3]. At high redshifts,the diffuse bridgesof emissionarelikey to be signi cantly affectedby

inverse-ComptorflC) lossesagainstthe cosmicmicrowave backgroundadiation(CMBR), which would affect the ap-

pearancandidenti cation of giantsat theseredshifts. For almostall GRSsthe equipartitionmagneticeld is lessthan

the equivalentmagneticeld of the CMBR, Bic, de ned asUcwgr = B2=8 [3], andthereis someevidenceof the

prominenceof bridgeemissiondecreasingvith redshift,asexpecteddueto increasedC lossed4].

In this paperwe presentsomeof the resultsfrom a study of a sampleof giant radio sourceswith the GMRT
andthe VLA to determinethe structureandspectraof the lobes,examineeffects of radiative lossesand estimatetheir
spectrabhges.We alsopresenestimate®f the expectedX-ray ux inthe0.5 8keV rangedueto IC scatteringor afew
high-redshiftgiantsources.

2 RADIO STRUCTURES AND SPECTRAL AGEING ANALYSIS

Theseobsenationshave helpedclarify the radio structuresof a numberof giant radio sources. We presenthe radio
imagesof a coupleof thesesourcesalongwith ananalysisof their spectralges.The spectralage,de ned to bethetime
elapsedsincethe plasmaparticleswerelastaccelerateds estimatedrom the obsenedsteepeningn theradiospectrum



[5, 6, 7], astheradiatingparticlesdiffusefrom the hotspotto form the extendedobesof emission.In this analysisit has
beenassumedhat(i) themagneticeld in eachlobeis constanandequalto the equipartitionvalue,B g, (i) theparticles
areinjectedinto thelobewith a constanpower-law enegy spectrum(iii) they areisotropisedntime-scaleshorterthan
theirradiative lifetime (JPmodel)[§, (iv) theradiative lifetime of the synchrotrorparticlesin the plasmaaresigni cantly

longerthanthe spectrabhgeso bedeterminedand(v) eachsegmentor sliceof lobemayberegardedasadiscreteelement
of plasmaandthereis no mixing betweertheslices. Theequipartitionmagneticeld strengthin thelobes,B ¢q, hasbeen
calculatedby integratingthetotal radioluminosity from 10 MHz to 100GHz, assuminga lling factorof unity andalso
protonto electronratio of unity[9]. Thepredictionsof theJPmodelare tted to theresultanspectrunof eachslice of the
lobeswith aninjectionspectraindex, iy , which hasbeenestimatedrom amodel t to theintegrated ux densitiesof

theentirelobeto which theslicebelongs.This hasbeendoneusingthe SYNAGE software[1Q.
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Figurel: Left panel:606-MHz GMRT mapof the sourceJ0912+3510Middle panel:JPmodel ts to the spectraof the
slicesfarthestrom the hotspotfor eachlobe. Right panel:A plot of spectralgevs. distancerom thecore.
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Figure2: Left panel:613-MHz GMRT mapof the sourceJ1604+3731Middle panel:JPmodel ts to the spectraof the
slicesfarthestrom the hotspotfor eachlobe. Right panel:A plot of spectralgevs. distancerom thecore.

We illustrate our analysisusing two of the sourcesin our sample. In Fig. 1, the GMRT imageof the GRS
J0912+351@t 606 MHz with anangulamresolutionof 12 arcseds showvn in theleft panel.J0912+3510s at aredshift
of 0.2489sothatits largestangularsizeof 375arcseaorrespondto aprojectedinearsizeof 1449kpc. Fitsto thespectra
wereobtainedn differentsliceswhich aremarkedin theFig. 1 usingthe JPmodel. Two of theseplots correspondingo
thesliceswhich arefarthestfrom thehotspotsareshavn in themiddlepanel.A “breakfrequeng' for eachspectrum,
determinedrom the ts, correspond$o a spectrakgegivenby

BO:5

rad = 1:61 103(82+ BI%)( S+ )00

where o9 isin Myr, Bisin G, y isin GHzandB;=3.141 + z)?> G. The resultantvaluesof ,.q for
J0912+3510as a function of projectedangulardistancefrom the radio core are shawvn in the right panelof Fig. 1.
Althoughthe spectralindiceswithin a distanceof 195kpc from the hotspotsdo not seemto vary signi cantly, either
dueto in situ acceleratioror turbulentback ow from the hotspotsthey steeperasdistanceincreasegrom the hotspots.
Theagesn thefarthestregionsvisiblein ourimagesare 30 Myr.



Tablel: Injectionspectraindicesandspectrabges

Sourcename Z LAS | S;.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 similar analysisfor the GRSJ1604+3731whichis ataredshiftof 0.814,indicatingthatits projectedinearsize
is 1346kpc, is shovn in Fig. 2. The GMRT imageat 606 MHz with an angularresolutionof 6 arcsecsuggestsan
S-shapedstructurewhich could be dueto precessiorof the centralejectionaxis. The ageestimatedn a similar way for
the farthestregionis 11 Myr. The resultsfor thesetwo sourcesaswell asfor J0927+351Gre summarisedn Table
1. Thevariationof agewith linear separatiorof the slicesgivesa meanseparatiorvelocity betweerthe hotspotandthe
radiatingplasmaeof about0.1 0.2c.Our estimatesreconsistentvith previousresults[1112, 13,14, 15].

3 INVERSE-COMPT ON SCATTERING

The dominanceof inverseComptonlosses(Beq < Bic) is likely to severely affect the appearancandidenti cation of

GRSsat high redshiftsdueto the suppressiomf bridge emissionby inverse-Comptoossesagainsthe CMBR, which

increasesharplywith redshift. This couldleadto "tail-less' hotspotdeadingto their classi cationasindependentadio

sources.In orderto develop stratgiesfor indentifying GRSsat high redshiftswe investigatethe prominenceof bridge
emission fyridge , de ned astheratio of emissionfrom the bridgeto that of the total emission,asa function of redshift.
The bridge emissionhasbeenestimatedby subtractingthe hotspot ux densitiesfrom imageswith a uniform linear

resolutionof 70 kpc. A plot of fyigge atanemittedfrequeny of 1.4 GHz againstredshift(Fig. 3) clearly shavs an

inversecorrelation,with a Spearmamank correlationcoefcient of 0.52,correspondindgo a con dencelevel of > 95 per

cent[4. For afew of the GRSsin our samplewe have calculatedhe expectedIC-scatteredux at X-ray wavelengths
(Table2) andplanto obsene thesewith the CHANDRA telescope.
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Figure3: Thefractionof bridgeemissionfurigge atanemittedfrequeny of 1.4 GHz plottedagainsthe redshift.



Table2: PredictedX-ray ux for afew GRSs

Sourcename| Z Comp FS | o FiXs insic IN Expectedcounts| Expectedcounts
(Radio) | (Radio) 0.5 8keV persecond persecond
o in ACIS-I in ACIS-S

(mJy) | (MHz) | (10 Bwm ?)

JO657+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

Ourmultifrequeng studyof GRSswith the GMRT andtheVLA have helpedclarify thestructure®f anumberof sources,
identify possiblesitesof re-acceleratioimn the lobesandhave shavn thattypical agesof thelobesrangeupto 30 Myr.
GRSsarethe more evolved counterpart®f the normaldouble-lobedsourcesput thereappeardo be a dearthof objects
> 2 Mpc andwith redshifts™ 1. To identify high-redshiftobjectswe have examinedthe effect of IC scatteringwith the
CMBR ontheobsenedstructureslt is known thatin GRSsIC losseslominatesothatBic > Beq. We have estimatedhe
obsenedX-ray ux for someof the sourcesandhave shavn thatthe prominenceof the bridgeemissiondecreasewith
redshift, possiblydueto inverse-Comptoosses.This would affect the appearancandidenti cation of GRSsat large
redshifts.
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