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AbstrRct 

Acoord illg lo a popular paradigm . lIudear activity in qUélSars jt> ~ustll incd 

vra accrcl ion of mat erial onto slIpel"lliassive black holes locatl.'(! at the 
q uasar nuclei, A usd ul tracer of the gril\'itl\tional field a!"Ouud such black 
holes is ilvailablc in the forlll of extremely dense gilS clouds within tile 
b!"Oad emi!l8ion-line region (BL/l) 0 11 the scille of ", I p.vsec. Usillg five 
hOlllogcm:<>usly obsen 'ed (and processed) sets of lobe domÎnall.-d radio­
loud quasars, laken f!"Om lilerature, we t>how that a positive correlatÎolI 
exists between lhe radio sizes of the qUasaJ"l:! and lhe widths of t l1eir braad 
If {j elll issiofl lines, and this corrclation is found to be significanlly Sl ronger 
lhan thc otller weil known corrclaLÎolls invoh'ing radio size. In quantita­
l ive tcrlll t>, this statistical corrclation is consistent with the laJ·gl."S t (aud, 
h CIICC, vcry p08Sibly the oldest) radio sourees harbouring typically all 

order-of-magnitude or (: \'ell more massive central black holes, as CO III­
pared to the physÎc::ally smaller and, hence, probably much .\"oungcr, radio 
sou rees. Thus, t hough noL unique, lhis interprctation of the corrclnLÎon i.s 
at least consistent with the simpi!'. expl.'C:; tation f!"Om the 'accret ing black­
hole model ' for the (lu,\Sar nuclei. 

1 Introduction 

In man)' swdÎes, l hc FW IIM of the brOlld emission lincs have beeu uscd as a 
tracer of the mass of t he ccnt ra l engine, possibly due to supermassive black 
holes, 5M BU (e.g., Oibai , 1984, Padovani & Il.afanelli , 1988) . Thc accrcl,ion of 
material required to s lIstain t he high quasar lu minosity is cx pected to stcadily 
increase lhe mass of t he centra! engine. The queslion arises: <10 we see a l1y 
e vi<le llcc ral" the growth or thc central Illass'! Here wc examillC i.h is by 
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employing thc publishcd H fJ measurcmcills for several sets of rad io-loud , steep­
spectrum qu asars, and I reating I.heir overall rad io s i ~e as a stahstical mcasurc 
of t.hcir agcs. 

2 The datasets of quasars 

Wc minimize thc project ion effects on thc ra.clio sizes, by confinillg our st udy LO 
lobe-domillaled quasars (LDQs). Measuremcnt of thc other parameter , name[y, 
W , thc FW HM of thc braad 11,8 emission [i ne, is rathet com pliciltcd , duc 10 
t he contami nation a rising from thc li l1 f.'8 of re 11 aud the Il ar row component of 
Hp. Thcrefore, adopt ion of a uniform obser\' ing SlraLegy and pro fi le cx tract io ll 
proced ure fot lhe entirc sample is il11]>or1a ll l. fo r a meaningful intcrprctatio ll of 
the data. H is !herefore preferabie to look fOt a ny stat.islical trends involving 
I'V wilhm individual samples (i nstead of mergin g t he sam ples to fo rm a single 
large database). Aeeordingly, we consider here fi vc sets of LDQs for whiel! we 
could find measurcments of W (HP) in the Ijleratu re, as weil as thc re<lu isite 
radio obsc.rvations to deiermilLe the eore-fraet ion , Je (tlJC ratio of I.he core to 
t he extended flux density, measured at 5 G Hz in t he rcst-.frarne of the quasar), 
anel rad io size, I. These five sets are ilJternally homogcnoous indi" idually, as 
a ll t he quasars in eaeh set have been obtscrvcd with about t he sallle spectral 
rcsolutio l1 and rcd uccd following I.he same profile ex /melion proced ure. The 
largest linear si~es, I , of t he quasars and i.he core-rra.ctions are deri ved from the 
published radio Illaps. We have adopted Ho ::;:. 50 km g-1 Mpc-l and qo = O. 
T hc flve sels of lobe-dominatcd quasars (all having M IJ < - 23) are: 
(<\) B (96) : The first set is dcrived from the sample of Bratherton (1996) , whiel! 
itself was based on t he QSO compil a l ioll by Véron-Cetty & Véron (l9 8). His 
selectiofl criteria were: (i ) core- fraction, Je should bc available in literat urc, (H) 
V ~ 18 mag, (iii) :: ~ 0.95 aJld (iv) declination > _200

• For t hc sclccted 60 
quasars, optical s pect ra were taken with a lypical spectral rcsolution of 2.5 Á. 
O ut of these, wc have selectcd a ll t hc 31 LDQs (logJe < 0). 
( b ) JB(91): Th is sel. is deri ved frolll J ackson &.: Browne (1991a,b), whosc 
sample consisis of low- resolution (20 - 25Á) spect ra of 53 ratlio- Ioud quasars 
selected usi ng the followingcriteria: (i) log( !?) ~ 1 [R is defilled as t he ra/ia 
of t he flux deusities at 6 cm and 4400 , in t he rest-frame), (ii) V ~18 mag. 
(iH ) z ~ 0.86, (iv) right a.scension betwecn 16 and 13 hr , and (v) decli natioll 
> _ 300

. The sample contains 23 LDQr; with avai lable H IJ profile measurements. 
JacksolI & Browne ( 199Ib) measu red W using two different profil e extract ion 
proced ures; we adopt here the wllues of W obtaiuoo using the fOllr Caussian 
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fitting method , as it. correct:;; fot the na n o\\' li lle com ponent. 
(c) M(96 ): Thi8 seL is derivoo from Marziani et al. (1 996) who compiled thcit 
sample for the purpose of comparing t he high anel low-iouizatioll Il ues in the 
ULHs. T hey obt,a ined optica I spectra of all Lbc AGNs (52 in tota l) for which 
I-I STj FOS specl.ta coveri ng the C I V em issioll linc region were I.hell ava ilable. 
The resolulion is in the ra nge 3 - 8 A. This sample inclucles 31 racJio- loud 
quasars (log R ;::: I). of wh ich a ll t hc 19 LDQs have been included in OUt set. 
(d ) BG (92): We derivc Lhi8 set from Boroson & G rccn ( 1992) who compiled 
spectra fot all thc BQS qUM ars havi ng;: S; 0.5 , with a resolu tion of - GÀ (the 
BQS sarnple has an avcrage limitil1g magll it udeof /3 = 16.2 anel U - 8 < - 0.44) . 
There are 8i objccts in the sample of Boroson & Green. of which 25 are radio­
loud (Iogl? ~ I) , incl uding IJ LOQs which form OUt set. 
(e) C B (96): This set has been derived frolll Corbin & Boroson (1996) who 
analyzed a sample of 48 AG Ns in the redshi ft range 0.034 to 0.774 . Thei r sample 
was cOlllplied from thc archival UST / FOS spectra (resolulioll - 5 - 1I t ) and 
it incl uclcs JO LDQs wh ich form Ollr lasl 6(' 1, . 

3 R esults aud discussion 

F'iguTe 1 shows the lineaT size, I , plotte<! agai nst the other parameters, namely, 
IV , :. RIJ (log HIJ = 10g( Lcm/Lo"d = IO.Q (Lc()Tft + M,, / 2.5) - 13.69) a Jld Je 
for a ll I.he fi vc d ata selS, anel thc rcsulls of non pararnetric Spearlilan rank 
correla tion tests are givcll in Table 2, FOT each dataset . thc upper li ne gÎvcs 
thc corrc1 atiOIl cocfficiell ts and the lowcr linc givcs t he lwo-sided significance 
level of its dev iat ion from zero (smaller value implies a stronger corrc1a t ion) . 
The remarkable t rend seen is lhat fOl' c ilch of t h e fivc sets, I cOl'relates 
1lI00'e s t l'oug ly wit h IV than with au y of t h t'! ot h er pal'a rne tc l's. a nd 
m aÎntnÎus thc sam e sellse of cOl'l'e lat ioll (in agreement with the prelimilla ry 
results repo rtec:l by Gopal-l\rishna , 1995) . TllllS, from Lltiscousi.stcnt behaviour , 
the I - W correlation emerges to bc of the prilllary stat ist ical significance. IL 
may be reca lled LhaL lIsing a more lim ited d at.aset , Miley & ~ I ill c r (1979 ) had 
ea rl ier noticed a positive correlalion betweelI I aud ~V . Howevcr, a l most -- 40% 
of I,heir sample bei ng core-dornillatcd qu asars, the linear-sizes uscd by Lhem 
are likcly 1.0 be influcnced by project ion effcct,s to a rnuch grcatcr degrec alld , 
collSe<llIelltly, rendered less suitable as a Incasure of sourte age. Frolll the genera l 
consensus that extragalactie radio sourccs grow in linear size with increasing 
age, t he ob.served lincar size, I , eau be regarded as a fairly meaningful sl ol i.dlcal 
indicator of thc age (e.g" Best et al. , 1996), It Illay be recn lled tha t I is knowu 
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Fig ure 1. The plOlS of W( H,8), =, Rv and J e verj ll~ !.he radio sizc (I) for the t'ive 
seIs of lobe-dominated quasaT$. 

to cmti· correlote w[th :: (e.g., Wardie & t\·l ilcy, 1074) and also WJth the radio 
core promi ncncc, Je, which is consistent wiLh t hc idca of beamcd core radiation 
(e.g., I\ apah i & Saikia, 1982; Browne & Perlcy, 1986; Listcr el, al. , 1994). For 
such a case , I he anti-correlation observed bctwcen Wand n.u has led Wills & 
Brot hcrton (1995) 1.0 infcr a d isk-likc gcometry for thc BLR. Howc\'cr, all t.hesc 
statistical trends arc al best only wcakly present in Out datasets, in accord wit.h 
the ex pectatioll t llat project ion effccts should be of mi nor importallce fot LDQs. 
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Table 2: Spearman rank-order corrclatioll cocfficicll ts 

S"mpe i .... - 0 J. 0 i . 0' 0 u. 

" " - .137 -0042 0 .2 ;; 0.62 1 0 .254 0 .3 9 
0456 0.829 0 .128 10- - 0.16 1 0 .024 

J B(9:!} " -0 024 -0151 -0.341 0 .8 10 -0 :102 -0.288 
0.913 0 464 0 .010 IO-e a,IS:! 0, 17:1 

1>1(96) " 0.143 -0.407 0,086 0546 _0.484 - 0 21 7 
o ~.oj 6 0075 0 .719 0 .013 0.030 0 .359 

OG(92) " 0 \56 - 0.314 -0.0 5 5 o 7G3 - 0. 168 0, 128 
0 .62 1 031 9 0 .8 62 0.003 0 .602 0.697 

C B(96) iO o S82 0.282 0 .236 0.600 -o.ar.s -0.109 
0 .06 4 0.'10 1 DAM O.O!>] 0.873 0 .749 

4 A consistency check on t he accr etion paradigm 

Pram Figure I , wc can iure r that over t.hc li fet ime of a typicaJ powcrful double 
rad io souree {108yr (Scheuer, 1995)J , a roughly 3-4 t imes increase takes place 
in lhe width of thc HP emission line which is 1 hot/gilt ta trace the gravital,ional 
field in the viciuity of the 5MB U. 

Assuming lhat the BLn. does nOL shrin k wit ll age, the simplest inference 
from the 3- 4 fold increase in W( H,8) found here, would he that the mass of the 
5 j\ll]H grows by roughly an order-of-magnitude over the radio sou rce lifetime. 
T _ 108 (v~ C( Gft .. I'JHlr) . Slich an incrcase is consistent wi th lhc expectation 
for a central black-hole accrcting at. the Eddington ra te alld radiating wi th a 
typical cfliciency, 'I = 0.1, si nce the e-fold ing time for I.he growth ofthe mass 
ofsuch blac.k-holcs is: IE dd = !A1Edd / M I-1= (4.5 X 107 yr) (1J/0. 1) . 

A potent ial caveat 10 such an in lerprctatioll of the 1 - W correlation lies 
in the possi bi lity tllat over t he sourcc lifel,imc, the effectivc physical domain of 
the BLR shrillks by rough!y all order-of- magnit ude. There is 11 0 robust argu­
ment at present eithcr for , or agai nsl this possibility, and sa au lIuam biguous 
interprctation of ollr rcsilit is 110t pos.'i ible at th is s tage. I t is 1l0nethclC!>S cu­
couraging that bOlh lhe lIl agnitude alld the scnse of the 1- W oorrclation found 
here arc çonsistclI I, with the expectatioll of growth of t he ccntra! mass in thc 
accretioll-powercd AGN paradigm for powerful double radio SQurces. 
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