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A bs trac t 

We have discovered four radio $ou n:e5 whose radio morphology rescrnbles 
t.hal. of two UIlC(lually s i"l:ed FB-U type radio sou rees a1 igned a10ng lhc 
same axis anel wit.!. a coinciding radio core. lVc present, low and high rcso­
lution radio images of these four 'double-double radio ga.laxics ' (DOnGs) 
from t. bc NVSS, WEN SS and FlRST radio sun 'eys, and from our OW I\ 

VLA obscrvations. toge thcr with rt.,'{lshifts from optica! speeU"osc::opy. We 
!lote that , ll.sing our definil ioll , t he knowIl radio sources 3C 445, 4C 26.35 
and 15-15-321 al80 are DO RGs. 
T ile two-sideclne.ss a nd symmetry of 1he inner sourees st rongly s llggests 
that DORGs are formed as the rCSlllt of recu'Tent radio-acli\'ity in tlle 
nucleus. We d i:;cuss this in some dec. ai l and show lhat this lea& 10 811 
evolutionary scenario in whidl very large mdio SOUl"ces can he Sctmingly 
replaced by smaller radio SO l1 n:;(.'t"! . We call this t he 'mci a nlOrpho.;Îs model' 
of double-Iobed radio sources. 

1 Introduction 

Olie o f thc outsta nd i ng issues concerning extraga lactic radio sou rces is t hc ta ta] 
durat. ion o f thcir acti ve ph asc. Th is physical age is not la be confused wit h thc 
radi ali vc 105S age dctcrmi ned from radio speetral ageing arguments: most ex­
tended cxtragalactic rad io sourees probably have a physical age well s urpassing 
the rad iati vc loss age (e.g. van der Laan & Perola 1969, Eilek 1996) . Tbe issue 
of the activity lifetimc is complicated by thc possible presence of d uty cydes in 
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the nl/d ear acti vity. Ir nud ear activit.y is not CO n t.l UII O US, how of ten do in ter­
ruptions occur and how long do thcy last? 
A smalt nl/ ln ber o f rad io SOUtCCS show charactcrist ics t hat ean not be ruil)' ex­
plaincd by a contill11ous j et model. Due example is the FaJlaroff & Riley (1974) 
d ass 11 ( FR-II ) sollrce 3e 219 (Cla rke & Borns 199 1, C l arke c t. a l. 1992 , Pe rle)' 
el,. al. 1994) in wbjch tlle radiojels abrupt,ly become undetectablc at some poi nt 
betwcen t lle core <llld the hotspol.s. Clarkc cL al. (J 992) propose that the jeu; 
in t ll is sol/ ree could be rcstartillg, a lt.hough nu merical sim ulations (e.g. Clar kc 
&. UllrJlS 1991) of t h is effect. fai l to reprod uce t he observc<l sHucLuT<''S. 
Out ing a scarch for Mpc-size<1 radio sourees in thc Westerbork Northern Sky 
Survey (WENSS, Ilengelink ei al. 1997) we have found four large rad io gaJaxics 
whieh appear to he good exa mples of radio galax.ics with recurrent radio-activit.y. 
In the following seclions we present radio maps of these sou rees aocl discllss thc 
origi u of thc observed morphology. The detai ls of all obscrvatiOIlS and of thc 
data- red uelion processcs, will be prescmed ('Jsew here (Schoeumakers el. al. in 
preparation). We will adopt Ho = 50 km s- 1 Mpc- I alld qo = 0.5 thronghout 
th is paper. 

2 The WENSS-sources 

W NB 1834+ 620 stands out as a peculiar sourcc in thc un published 49-clll 
radio maps of l be \V ENSS becau!>e of its ' fa llr beacls on a st ring' raclio rnorphol­
ogy (sec Figurc la). Obscrvat.ions of this source wete made with the WS BT at 
1 A C I'lz on February 4, 1995. From these it cou ld not be determi ned whcther 
\V ND 1834+620 is a single SOl/ rce or 1.1 closely aligncd pai r. We thercforc ob­
scrved il wit.h t.hc VLA at 8A GHz in its D-array configuratioll on August 3, 
1996, and at 1.4 G ll z in thc A-array config ll ral iotl on J anu ary 3, 1997. T he radio 
maps from t.he VLA ohservations are prcsenled in Figu rc 1b and c. T he SA-G Hz 
map un ambiguously shows the F R- I! type morphology of this source. Of t hc 
two bright in ller knots, on ly the southern anc is slightly resolvcd. The lA-G Hz 
map shows th is inner Sl ructure in more detail auel shows th a I. t hc I.wo bright 
inner SQlI rces a re clcarly not knots in a jet or un rc la~ed backgrou nd sou rces, but 
form a disti ncL rad io sourec. T he soll thern inner sou rce has an Ullmistakablc 
fR- 1! ty pe radio lobe structurc, whose lllorphoJogy rescmbles closcly thaI. of 
the southcrn outer lobc in the SA-G Hz map. The northern in ner sourec is more 
compact but st ill resolved. Ilecause the morpllology of the SOl1rce as a whoJe 
is that of a smal! doublc- Iobed radio ga laxy with in a la rge double- Iobed rad io 
galaxy, w(' have adopted the name 'doublc-double radio galaxies' (DDIlGs) for 
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F ig ure 1. Rad io contour plots of t hc source WNO 1S34+620. T ile images have 
bet!/1 rotatoo CCW by 30°, a Contour plot fro m the 49-cm WENSS survey. Contour 
le\'els arc at (- 10, 10,20, 40,80, IGO, 320) mJ y bra m- 1 1'\.nd the FWI-IM bC1'\.m-size 
is 29"x33", b Contour plOI, f!'Om our 8A-GHz VLA obser\'at iolls. COnLour levels are 
1'\.t (-0. 1, 0. 1, 0.2. OA, 0,8,1.6,3.2, 6.4,12,8) mJy beam- 1

, Thc FW IU.'I bcam-silc 
is 8':' 4 x6~'2. c Contour plot of thc inner region from the L'I-GHz VLA obser'\·alions. 
Contour levd!> are at (-0. 16, 0.16, 0.32, 0.64, 1,28, 2.56,5. 12, 10.24) mJy bcam - I, 
and the FW HM beam-size is 1~'9x 1~'4. 

this type of $Ource. 
T he flaL-spect rt/1ll radio core (0 = -0.22± 0.08) ooincides with a weak opcical 
galaxy (n, .... 19,0) , which is t.he brightest member of a COlllpact group of c hrce 
ga laxiCli vis ible on the POSS-II plate:;. A spectrum taken with the 2.5--m INT 
telescope 0 11 La Palrna revealcd a. rich emission li ne speclrum, frorn which we 
detetllli ne a rcdshi ft of O.5 19± 0.001 . Thc projccled li nea r size is 1660 kpc for 
the OUlcr sourcc and 428 kpc fot I,hc inller $Ot/ ree. 

W N D 1450 + 333 is a mClllber of our vi rtually cOlllpletc sample of Mpc-sized 
rad io $OtJrces wi th a fl ux dcnsity above I Jy at 325 MHz (Schoenmakers et al. 
in prcparal. ion). IlS double-double rad io rnorphology is mosi. striking in a radio 
!nap from the VLA FIIlST survey (5'.'4 FW II Mj Becker ct al. 1995). A con-
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Figurc 2. Radio maps af thc J;Ources W NH 1450+333 (upper Icfl , rolalcd by 9O°CW), 
W NB 0925+ 420 (lowcr Icft, rotale<! by 11 6°CW) and \VNO 12'10+389 ( right, rOlaled 
by 25° CCW). Comours are from thc ]·135- Mlh F InST sur\'c.\' (benm-si;"c of 5~'4 
FW I IM ) and ilrc al (0.'15, 0.64, 0.00, 1.28, 1.8. 3.G, 7.2, 14.4) mJ y beall1 - l . Tlle grcy­
.sealc in the plo ts of W NB 0925+ ']20 and \VNO 1240+ 389 represcnls thc nux dcnsity 
at, 1400 MHz from lhe NVSS survey (" cam-si1-c of 45" FWIIM). 

tour plot of t his map is SilOWIl in Pigurc 2 . Thc outcr strudu re <,:o lls i5 1,;,; of a fat 
lIorLhern radio lobe without a d isccrnible hotspot , and a narrower sout hcrn lobc 
with a weak , possibly double, hotspot.. T he radio core has been idcnt ili N.! Wil.1! a 
f"in t optical galaxy 0 11 the Digitized Sky Survey (OSS ). lts R.~band magnitude, 
accordillg lO t.he APM catalogue, is .... 18. ;3 . Spcct roscopy wi th the 4.2-m WHT 
telcscope on La Pa lma re\'ealed no strol1g emissioll fine> in thc range bel ween 
5200 and 8100Á. Using the stella r Mg-b , Na- D and G-band absorpt.ien baneIs , 
we detcrlll ine a re<1shifl z = 0.249 ± 0.002 . As is the case in WNB 1834+620 , 
the morphology of t he outer lobes seems 1.0 be refl cctcd in t.he in ner Jobcs. T hc 
lil1e connect.il1g t he radio core with t hc maximum in the southerll in ller lobe 
cuts through tbc cmissioll peak in tilc sout hern outer lobc as weil , suggestilIg 
that t bc misatignmcut of t hc inner and t he outer Jobes is causcd by a drift of 
thc nerthern outer lobc away frml"! the radio axis. T he projectecl lillCar sizc of 
thc inller source is 186 kpc, that of t he outer souree ....... I i OO kpc. 

WND 1240+389 has bccu d iscovercd d uring a scarch for high (z > 004 ) red-
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shift Mpc-sizcd rad io sources from thc WENSS and FlitST surveys (Schocn­
makers et a l. in prepiHilLion) . It is reçogn ized as a DORG by a n overlay of the 
FIRST and NVSS radio maps (Figure 2) . The radio core is identificd with a 
11 -20 mag galaxy. An optical speçtru m taken wiLh the INT shows 11 0 emiS!:l ion 
lines, but usillg thc 4000 -break wc find a rcdshifl. of 0.30 . The projcctcd li ncar 
size of the inner struclurc is 320 kpc, t ltat of the ouler structurc, 860 kpc. 

WND 0925+420 is recogllized as a DOIlG by comparing t!Je radio mRI)S of thc 
NVSS (Colldon et a l. 1998) and the FlIlST survey (Figurc 1 ). Tllc large-scale 
outer struct.ure is easi ly visible in t lte NVSS rad io map (15" FWHM ), but is 
almost completely rcsolvcd in the map from the FlIl ST survey. The southerIl 
inner lobc is ma rc compact Lhall thc nortl lern one, and is closer la t.he radio 
care. We identified tbc rad io corc wi th a n ~ 18.a mag galaxy 011 I.he DSS. 
AI\ opt ical spectrum taken with l lJe 2.5-m INT lelescopc on La Pa lma shows 
a strong 4000 -break a nd thc [011 ]3727 emission lille, for which we mcasu re a 
redshift of 0.37 ±O.O I. T he proj e<:led linear size of the inner source is ...... 800 kpc, 
tbat. of thc outer sou ree, ..... 2450 kpc. 

3 Discussion 

We define a DDRG as a radio source consiS1.ÎlIg of two ullC<lually s ized two-sided 
doubJc--Jobcd radio sou rees, roughJy aJigned alol1g the same ax is aml with a co­
incidi ng radio care. Adopting this defi nition. we have found three more DDRGs 
in the Jil.erature. T hey are 3C 415 (B2221 -023; Kronberg. Wielebinski & Gra­
ham 1986 , Leahy et a l. 199 7) , 4C 26.35 (BI 155+ 266; Owen & Led low 1997) and 
1545- 32 1 (Subrah manyan et al. HI96). Some basic parameters of the DDRGs 
can be found in 1'able I. 
Thc \'wo-sided ness of the inner sources, and thc rclatively high syrnmctry therein , 
strongly suggests that thc DDH.G phenomenon is relatoo to t bc acti vity of the 
nucleus, and almost climimllcs a lly model which pulS thc primary cause weU 

oUI.side t he nucleus. Be<:ause of the good al ignmem betwccn the inner and tlte 
outcr $OlJfCes in six of our DDIlGs, it seems ulilikely that, e.g., a sudden change 
in the olltflow dire<: tion of t ile jet is thc primary callse of the exislence of the 
inller sources. On ly WNB 1450+ 333 shows a clcar misalignmcnl bel.\w'en Ihe 
inner a lld t he outer structure, but , as mentioned abovc, th is can be caused by 
a drift of the northcrn outer lobe. Purther, changes in the jet dire<:t ion can bc 
seen in mally rad io $Ources without any seriolls cOllseq uence5 ror thc j ct fl ow. 
In thc case of the DDRGs, we favour a model in which the nuclear jet product.ion 
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Table 1. Badio properties of the DORGs. Col ulJl ll 2 gil'cs the redshift , columns 3 and 
4 lhc sizes of the inner alld outer litruc~urc in kpc. colulll ll 5 la 8 gil'C the J A-GI-Iz fl ux 
dens ities anti radio powers (af ter sublnt.l;t ion of the radio core). For J C <l 45 Lhc nl l l( 

dens ity of thc inner (:o mpollcnl is a lower li mit, measured in tilt: PIRS'f sur..,ey. Fa r 
1545- 321 wc have, a part from the NVSS, na radio data 31'ailablc to mcaSll re m ;CllrillC 

flux dcns it ics. Vve thcrcfore quo te only \'alucs integrate<! o ller lh~ " 'hole solIrec. 

( 1 ) (2) (3) (4) (ti) (6) (i) (8 ) 
Sotlrec , Doul " .. D, .... "r Soul"r 

, 
S mnoer P OUt"T P,nner 

[kpc[ [kp,] [rnJy[ [mJ)'] po2a WI-lz- 1J 
0925+420 0.365 2450 803 99 63.;6 5.8 :tï 
1240+389 0.30 860 :320 24 . 1 i .811 1.0 O. :J2 
1450+:3:J3 0.249 1680 180 426 :iJ .S" 13 0.98 
1834+620 0.519 1660 428 604 200e 84 26 
3C 445 O.056d 846 186 5260 --, 

"" 7.3 0.08 
4C 26.35 0 . 1 1 2 ~ 730 197 962 66.5" 5.4 0.37 
1545- 321 0.109' 1320 420 1ï75{J 10 ' 

Notes: (J • Fl ux density measurcd frorn NVSS radio Illal) minus S,nneri b . Flux 
density measurcd fro m PIRST r;ul io m<1l' ; c . Plux densi ty measured fro Ul our VLA 

obscrvat iol1 l1; d - Hewit t &. Durbidge ( 1091); e - Owen, Ledlow &: 1<t.'Cl l t995); f -
Subrahmanyan et al. ( 1996); Y - Ill tegrated ovc,' the whole sauree 

ra te is t cmporari ly st rongly rcduced , or even ha lted (sec also Subrahmanyalt el 
a l. 1996). Short t.erm varialions ill Ihc cncrgy outpul, a rc knowIt to OCCUf in 
ahnost a ll AG N alld il is plausi blc that they occur 0 11 a va t iety of tilllcscalcs, 
from ycars to millions of ycars. Sl1lall changes in thc jet power will most likel y 
not d isrupt thc jet fl o ..... , but. lead to shocks wh ich a re visible a.s d iscrete ' blobs' 
in !,he jet or become manifest only ollce they rcaçh the hOLspot. A large cha nge 
in t he j e! power, a nd especially a la rge decrease, Illight have fa ta l eOllsequellces 
for the stabi lity of lhe jet : !,lte challl1el to thc outcr lobes - thc jet - may not 
he ab]e to maintain it;;elf and wi ll. evenw ally, eollapse d ue La the prcssure of 
thc surroundillg COCOOII medi ulll . As a eonscq ucncc, a restartcd particIe out fl ow 
from t lle nucleus wil l have to clear a new channel and in doing SQ. may wei l fa rm 
ncw inner ho!spots and a He Il' radio sou ree. In time, thc outer radio lobes will 
have comptc tcly fadcd anel a ncw double- lobed rad io sou ree will 11a vc emerged ; 
we have named th is scenario thc ·mct.amorphosis model ' o f dOll blc-lobcd radio 
sou rees. 



Doub!c--DoubJe Hadie C<t!<tx;es 

loo r . ........ ,----

j . ,,. .. ,, 
Q.I . ...... 
- 10 1""" '" 
j I 
~i 

1 

i ,-~ ° .o_,m __ _ 

L _"''''''' ' 
100 I~ 

Linear size inner source (kpc) 

503 

Figure 3. Tile rat io ofl.he radio powers al. IA CH"/. 
of rhe outer la Ihe inller st ructure of the ODHCs, 
plo t red aga.însi t 11e linenT size of LIJe inner· stnlcture. 
Thc flu l( dens ity of Lhe inner Si ructllre of JC 44 5 alld 
15<15-321 is no t weil cleterm ine<! frolll rlle radio data 
avai la ble 1.0 us. ror 3e '1,15 we have use<1 I he F I HST 
fllI l( den~ i l y as a lower limit, for 15'15- 32 1 we used 
I he cont.o ur plot present.ed by Subrahrnanyall Cl. al. 
( 19!Xi) for a ll estirnate. As upper lilllit.s we luwe 
measun-d tlle NVSS Rux density of t he same reSÎOH 
of t he souree. The re~ulti llg ranges are indiclued by 
a dashccl linc. 

Figure :l shows Ihe ratio of Ihe rnonochromal ic radio power aL JA GHz of thc 
oul er lobcs lO t haI of the inner lobes aga inst Lhc proje<:tcd linea r sizc of 1I1e 
inner slruclu re. The source 3C445 is a brood- line radio galaxy. possibly indi­
ci:l ling Ihal its radio ax is is orieutcd weil away from Ihe plane of lhe sky a nd 
thercfore its truc linear size ll1<ly be mtlch larger than indical{'d in tht' 11 gure. 
The radio-po\\"cr rar io depends on t he lum inosil y evollll ion of t.he in ner and the 
OUTer lobcs. Accord ing lO a recent model for radio source CVOhl1 ion. continu­
ously acti ve radio sou rees are expe<:tNI to slowly decrease in radio lurninosity 
as Ihey increase in size (I\:a iser. DeneU-Thorpe & Alexander 1997). Small-sizoo 
sourccs should therefore be more luminous than large sourccs. I-I owever. in a ll 
scven DDRGs t i Ie inner sourcc is less lutninous at 1.4 G Uz than Lhe ouler source 
(sec Table I <lnd F igur~ 3). A lower rad io luminosity ean he rhe result of a lower 
density of ~he amhicnt med ium illlo which lhe 101>eS cxpa nd . In the case of r.he 
DDBGs, I.his im plics Ihal the surroundi ng medium of the inner lobes is more 
rarilled now tha n 11 was when the our er source first ex panded inlo il. Analyt ical 
moclels (f'.g. Ciom.k OIonclin 1992) and nUlllerica l si mulatioHs (e.g. Clarke &. 
Burtls 1991. Loken el al. 1992) indeed predict that Ihe clensi l.y inside a cocoon 
is at. least a factor of .., IO-:! 10ll"er t ha n tlr at of thc origi nal uHshockcd IGM . It 
rcmai ns la he clati fi cd . Ilowever. ifThe dCJ lsity is not 100 low fot the formation of 
hOl,spots. as has been suggesled hy Cla rke & Burns (199 1). A ful l discllssion of 
1 his problcm is bcyond the scope of this conttibution. A model for the successful 
fonn ation of hOI,spots inside a ll illl <lC! cocoon wiJl be prcsented by !\:aiser et al. 
(i n prcpa rat.ion) . 
A conseqHcllce of our model is thaI .. onCe the jel is inr.errllptcd anel the remain­
der of I.he jf'l rna1.erial has reachcd thc hOlspots, the outer lobes wiU start lO 
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fade due thc lack of Inflo\\' of encrgy. Tile observatioll t hat in a ll sourees the 
inner lobcs arc stili less powerfull.h an thc outer lobes, despil e the infercncc t hat 
the outer \obes must be fading , irnplies that the time sinee the ccasÎ ng of thc 
jet fl ow canna t be much longer thall the t.ime it takes for the outer lobes to fade 
significanttyat IA G Hz. UIIder standard assumptions, th is is a rew ti mes 10' 
yrs. 
An important q ucs t. ion is why a ll seven DDRGs presente<! here a rC' (ncarly) 
Mpc-sizcd. We believe th is eau be aUributed to a corubi nation of two ef­
fecls. Fitst , as said , onee lhe jet fl ow lo the outer labc:; has ceased , thcy 
shou ld start to facie. Th is wi lJ be most promi nent o llee the break fre<j llcncy 
in t he spect ru m of the outer Jobcs is [awer thall the observing fre<luency. Ne­
glecti ng expansion, Ihe: rate of change of the break frequency per unit time 
dI/bidt oe - 8 (U2 + BlflvB)-~ ' wilh B the source's internal magnf'i. ie fi eld 
strength and fJ"'lI'/J = 3.24 ( 1 + :: )2!IGauss the eq uivalent field s trength or Ihe 
Mierowave Background rad iation at redshift :: . In Mpc-sized radio SOlltCCS, 
8 ::; BM lV lJ (e.g. l'\'1ack et al. 1998, Schoenmakers et a l. 1998) which implics 
large (few times 10 7 yrs) radi ati ve lifetiUl I..'S of the lobes. In smal ler rad io SOllrccs, 
B » BMIV1J (e.g. Alexander & Leahy 1987; Leahy, Mu xlow & Stephens 1989) , 
alld so Ihei r radi ative lifetimes are lI1ueh smaller, more Jike a rew times 106 yrs . 
Thus, the outer lobes of smal! DDRGs are expected 1.0 fade much more rapidly 
than those of Mpc-sized DDRGs, and sc it is more likely to del.e<:t large DD RGs. 
Sccond , smaller rad io sources wi lt probably lose their dou ble-double morphology 
fas t.er. Af ter the jet stops Oowing into thc outer lol>cs, they lose their sou ree of 
momemum and slow down their forward molion. T his a ltows the in uer scurce 
t O ovcrtake thc outer sou ree. If the inller SOllree continll cs to grow we will prob-­
ably inlcrpret the old lobcs as l he manifestation of a backflow withi n the new 
lobcs and we will not calt such a SOllTce a DDRG anymore. Most likely, it takes 
lcss time for t he inner lobes 10 ovcrtakc thc outer lobes in a smal] SQurce, and sc 
thc chance of find ing a DDRG increases wit h incrcasi ng size of the outf'r SOllTce. 
W hich of these two cfrcct.~ wi ll domi na!.e depcllds on the amount or t ime si nce 
thc j et productioll has st.oppcd a lld on the expansion velocity of the n~w inner 
source. 
An oUlstanding problem in the evolu t ion of radio sourees is IIOw some sources 
can grol'.' to a size of a few Mpc. 11 has often been suggested I.hat these Gian t 
Radio Galaxies (G RGs) must he in cx i. rcmcly lol'.' densil.y environments, but 
most indica tions for th is have been obl.ai ned by measuring spectral ages (e.g. 
Mack et al. 1998) , which .uight be inaccu rate (e.g. Ei lek 1996) , a lld by de­
polarization stud ies which are diffi cll lt to interpret (e.g. Schoenmakers ct al. 
1998). As has alrcady been suggested by SuhrahmanY3n ct a l. (1996) , some 
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G RGs might result from multiple periods of radio activity. The DDIl.Gs pre­
sentcd bere indieat.e thai. s lIel! a format ion scenario for GIl.Gs rnight indced be 
truc. \Ve flote til at. the l<lfgest radio sou ree know n in thc Univcrse, 3C 236 wi1.h 
a linear size of 5.7 ro.·l pc, has an ex tremely brighL radio ca re with a complex 
multiple st.rueture (e.g. Barthel cl. al. 1085), and may lherefore also bI' in a 
pb ase of recurrent acti vity. 

4 ConclnsÎons 

We have discovercd four Mpc-sized radio sources consisting of two unequally 
sizoo FIl.· lI type radio sou rees al igued along tbe same axi:; and wil.h a coillcidiog 
radio care. We believe th at. these th rce DDRGs, together with I.he threr: olher 
sources from the litcrat.Lltc thai. conform la ou r definition, provide vl' ry good 
evidente for recurrcllt radio-activit.y in AG N. DDRGs show a fa rm of evol ul.ion of 
radio galaxies in which a large radio souree is fading away, whi le at the same time 
a smaller radio SQurce cmerges. DDRGs are important sourccs la in vestigate 
the suggestioll of Subrahmanyan ct al. (1996) t.hat giant radio sources may have 
grow lI la .. heir enormous size as the result of mu ltiple phases of radio aciivity. 
Clearly, a more detailed study of DDIl.Gs is of kc)' importance to leam more 
about. d uty cyeles of activity in AG N and how t his affects the evolution of a 
radio SOlIrec. 
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