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Abstract. We present the results of multi-epoch globatificant variations (Aller et al. 7992). 0108+388 has a spect
VLBI observations of the Compact Symmetric Object (CSQrnover around 5 GHz, with spectral indiee&Gil? = —1.27
0108+388 at5 GHz. Analysis of data spread over 12 years shamslag Gz, = 2.1 (S o« v @, Baum et al_1990).

strong evidence for an increase in the separation of the outer

components at a rate 6f197 4 0.026h~tc. Given an overall : : :

size 0f 2.2, pe this implies a kinematic age of o748 2+ Observations and imaging

yrs. This result strongly supports the idea that radio emissionfiRere have been three epochs of global VLBI observations
Compact Symmetric Objects arises from recently activated @08+388 at 5 GHz evenly spread over a period of 12 yea
dio sources. The presence of weak radio emission on kpc-scatgs first two epochs were made on 8th Dec 1982 with a glob
in 0108+388 suggests recurrent activity in this source, and thafay of 5 telescopes and on 23rd Nov 1986 using multiple sna
we are observing it just as a new period of activity is beginninghots with 9 telescopes (Conway efal, 1994). Here we reanal
these epochs and add new data from a multi-snapshot 10 sta
Key words: radio continuum: galaxies — galaxies: active — congiobal VLBI observation made on 18th Sep 1994. The tele
pact — evolution — jets — individual: 0108+388 scopes used included those from the European VLBI Netwo
(EVN), the Very Long Baseline Array (VLBA), the Very Large
Array (VLA) and Haystack Observatory.
The amplitude calibration, fringe-fitting, imaging and mod
elfitting were performed following the procedures described
There exists a class of powerful radio sources consisting of hi@iwsianik & Conway[(1998). Fifll1 shows the highest dynam
luminosity radio emission regions separated by less than 1 kpage image obtained from the third epoch data using DIFMA
and situated symmetrically about the centre of activity. OiShepherd et al. 1995), which was used as a starting point
jects of this type were first described as ‘Compact Double®mapping the other two epochs. Modelfitting of gaussian co
by Phillips & Mutel (1982), but the more generic name of Conponents to the visibility data was also carried out at each epa
pact Symmetric Objects (CSOs) was given by Wilkinson et alsing the 3rd epoch model as a starting model (see Table 1)
(1994). our modelfitting we allowed only the flux densities and positio
Three possible evolutionary scenarios of CSOs have besfrtomponents to vary. The estimated models showed a good
proposed: 1) they are old ‘frustrated’ sources, in which a dertsethe visibility data with total reduceg? agreement factors of
environment doesn'’t allow them to grow (van Breugel et aQ;or=1.158, Q-or=1.255 and @or=1.082 for epochs 1 to
[1984); 2) they are young sources which will ‘fizzle out’ afteB respectively.
a short lifetime (Readhead et al._1994) or 3) they represent a
very young stage in the evolution of large-sized classical radio
sources (e.g. Fanti et[al.1095, Readhead &t al. 1996b, BegelraResults
(1996, Owsianik & Conway 1998). 3.1. Multi-Epoch Intercomparison
One archetypical CSOistheradio source 0108+388. Thisra- )
dio object s identified with a galaxy of =22.0 mag at redshift "€ image of the third epoch data of 0108+388 (Eig. 1) sho
z=0.669 (Lawrence et L. 1996). The radio flux density isweakipe pc-scale structure of the source at 5 GHz, which consi

polarised (.30% =+ 0.08% at 4.8 GHz) and does not show sig9f two bright regions with embedded compact components
the leading edges, which we interpret as hotspots. The imag

Send offprint requests tb Owsianik and modelfits are consistent with those of Taylor ef al. (1996)
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Clean map. Array: MWOGNOMBSH

01084388 al 4.992 GHz 1994 Sep 18 Table 1. Gaussian model for the 3rd epoch of 0108+388

~ L ] Comp. S r S} a b/a o

Qy) (mas) ()  (mas) 0
' | Cc7.. 0490 019 7898 0.78 0.61 -87.75
T or . Cé6... 0.253 0.78 -120.62 0.82 048 —62.53
£ Cs5.. 0.063 1.64 -106.95 059 0.78 -16.34
7 7 c2... 0.045 472 -126.36 0.38 0.51 —90.00
“r ‘ ‘ ‘ A Cl.. 0.422 551 -120.76 0.85 0.78 —45.52
D1... 0.030 6.52 -107.21 110 038 12.84

c7 Ceé C5

Parameters of the Gaussian components: S—flux den&typalar co-
‘ -1 ordinates, with polar angle measured from the North through East;

Relative Declination

| D1 a,b—major and minor axes of the FWHM contoiixposition angle of
c2 ‘ | the major axis.
C1
Tr . |
e 3.2. Source orientation and true velocity of the components
Right Ascension (mas) .

Mop center: RA: 01 OB 47.254, Dec: +38 50 32.800 (1950.0) Since at5 GHz we were unable to detect the core component, we
Map peolc 0205 Jy/beam cannot measure the individual motions of C1 and C7 relative to
‘Beﬂm FWHM: 0.7 x 0.7 (mas) at 0° the core. However, we can constrain the hotspot advance speeds

005 o o5 o2 . and the overall orientation of the source using the observed to-

0.2¢
Jy/beam

tal separation rate between C1 and C7 and the ‘arm-length ra-
Fig. 1. Third epoch image of 0108+388 with the positions of compdio’ of 1.3 measured at 15 GHz (Taylor et al. 1896). Assuming
nents identified in gaussian modeffitting indicated. Rms noise=0.88th hotspots have the same advance sptgdthrough the
mJy beam'". surrounding medium and assuming this velocity has remained
constant over the lifetime of the source then the apparent source
asymmetry must be due to light travel time effects. Given this,
15 GHz, whose nomenclature we use in this paper. In additite measured ‘arm-length ratio’ provides the constraint that
at 15 GHz Taylor et al[(1996) found evidence for a Synchrotrgh,.: cos = 0.13, whered is the angle between the jet axis
Self-Absorbed (SSA) core region connected to the outer regiargl the line of sight. The apparent separation velogjty of
by jet-like structures. Due to its inverted spectrum we do not s€& and C7 is connected f,,, andé by the relation:
this core component in our 5 GHz image. 5 00
Examining the visibility data we see clear evidence on the,, = % ,
long baselines for structural changes in 0108+388 between L = fjop cO8% 0

epochs 2 and 3 (Fil 2) which are explained by changes in C(\W/}ierevsep depends orf, andg, as well as the measured an-

phonznt p?smons. C(r)]nsllsterét glﬁgrences are four;cézn cl:_qmpar%gar rate of separation. From our two constraints, for a given
the data from epochs 1 and 2 (Conway efal. 1994). Linear 10ice ofh andgg we can solve uniquely for bothand 3y,,.

gression fits to the observed changes in the gaussian compo pt o = 05andh = 0.5 we findf = 56° + 11° and
separation between the three epochs of data give us estimates™

. . . ot = 0.23+£0.02, for go=0.5 andh = 1.0thend = 36.6° £6°
of relative component motions and associated errors. From H’blﬂ =016+ 0.01
ot = 0. .01.

. . . h
analysis we estimate an angullar separathn rate of COn,“z)onem%:orthejet component C5, given its apparent motion relative
ClandC700.27+1.21uasyr corresponding to a velocity of to C7 and the ‘arm-length ratio’, we can estimate its apparent

—1 — — —1 —1
0.196 £ 0.026. "¢ (for ¢o=0.5 andH,=100/ kms™ Mpc™"). motion relative to the core. If we assume that C5 has the $ame

This result is consistent with earlier estimates based on WO e hotspots then for a givepandh we can derive the true

epoch data set_s and shorter time baselines. Cpnwa (1%? city 3;.. of C5. Alternatively we can assume tht, < 1

found a velocity of 0.18 !¢ based on the first two SGHZand constrain the allowed cosmological parameters gior

"1')?'5, we find solutions withg;.; < 1 only for values of Hubble
constant greater thafl, = 54 + 6 kms~! Mpc~! while for

= 0 a larger lower limit to the Hubble constantl{ =

+ 8kms ! Mpc~!) is required. In most jets it appears that

> 2sothatd;.: > 0.9 (Taylor & Vermeuleri 1997). Therefore

r a givengg the best estimate df, is close to the lower limits

given above (e.gH, = 54kms~! Mpc~! for ¢y = 0.5).

(1)

Taylor et al.[(1996) also estimatéd2 + 0.20h ! ¢ by compar-
ing 10 GHz and 15 GHz observations from 1984 and 1994.

We also found from our three epoch data that the C6- %
separation increased @088 + 0.018h~!c. Finally we see ev-
idence for motion in component C5, which is moving towardf’%
component C7 at a velocity @942 4+ 0.151h~'c. A motion
of C5 relative to C7 with velocity of.92 + 0.20h~ !¢ was also
detected by Taylor et al. (1996).
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via jets to a core (Taylor et al. 1996). Given their identificatio
T T LI v as hotspots the measured separation rate of components C1
: 1 C7implies that the pc-scale source in 0108+388 is very you
] i.e.367 +48yrs.
. Recent results from other CSOs suggest that they are a
= very young radio sources (e.g. Fanti et al. 1995, Readhead e
[1996h, Owsianik & Conway 1998). The evidence therefore su
gests that CSOs are not in general ‘frustrated’ slowly growi
sources within a dense environment but are instead fairly rapid
10 (~ 0.2¢) growing sources. There are then several possibiliti¢
for the subsequent evolution of CSOs. The simplest possib
Fig. 2. Temporal changes in visibility data from 0108+388 at 5GHaty s that they evolve via a Compact Steep Spectrum pha
Top: Third epoch model plotted against the second epoch Bat&m  nto classical double radio sources (FRIs or FRIIs). Given the
the same second epoc_h data with the bes_t _flttlng model from gaussfaﬂy rapid expansion rate the sources would only be expect
modelfitting after allowing component positions to change. to spend a short time in their CSO phase. In order to expl
the large fraction of CSOs in flux limited samples there must
a strong negative luminosity evolution with increasing sourg
size (e.g. Readhead et[al. 1996b). If such luminosity evolutig
Dividing the distance between C1 and C7 by their observed segcurs the ‘population problem’ for CSOs is explained becau
aration rate we estimate that the pc-scale source would have 8&Ds then evolve into much weaker, more numerous sourg
zero sizeB67 + 48 yrs ago (measured in the source frame). ThBuch negative luminosity evolution is expected in theory (e.
implies that the pc-scale structure of 0108+388 is very yourigegelman 1996), and evolution of just the amount required
Furthermore, from the measured angular expansion rate andfaand if we compare the efficiency of radio production in CSO
ing the arguments given in Sect. 3.2 we estimate a minimwand classical radio double sources (e.g. Readhead et al.| 19¢
physical advance speed of the hotspots in 0108+38B16t. Owsianik & Conway 1998).
Combining this with our estimation of the internal pressures of Another way to explain the large population of CSOs is vi
the hotspotsi(.14 x 10~*dyne cnr2) from equipartition argu- recurrent activity in these sources (e.g. O'Dea & Bdum 199
ments and given ram pressure confinement of the hotspotsReynolds & Begelman1997). In this model the sources are qu
derive an upper limit on the external density of 2.1¢mn old but the activity occurs in short bursts. Every time the activit
Given our estimates of the age and the jet thrust (found bgstarts the jet must propagate again from the nucleus to the
dividing the internal pressure in each hotspot by its area) wrking surface. Hence the sources appear as Compact S
can compare the mechanical luminosity required to drive theetric Objects (size: 1 kpc) for a significant fraction of their
hotspots forward with the radio luminosity and jet power. Fdifetime. The source 0108+388 appears to be a good candid
an age of 367 yrs the combined mechanical luminosity of the tar such recurrent activity, since in this source Baum et al. (199
hotspots id.17 x 10*h~17/7 ergs !, while the observed radio have detected weak extended emissioR0” (~ 78h~! kpc)
luminosity of the two hotspots is aboli76 x 10*h~2 ergs!.  to the East of the nucleus.
Following the arguments used in Readhead ef al. (1996a) the The fact that we see kpc-scale structure only on one si
upper limit on the total power supplied by the jetsli87 x of 0108+388 might be understood as a natural conseque
10%h-10/7 ergs . A lower limit on the total jet power can of intermittent activity in the nucleus (although Baum et a
be obtained by adding together the radio power and mechant@®0 discuss other possibilities). If the on-off cycle is sho
work. The total jet luminosity is (fok = 0.54) then in the range then separate regions of activity (light grey areas in[Big. 3) w
7.89 x 10* ergs™! 10 3.29 x 10*® ergs™! and the efficiency of propagate out towards the kpc-scale hotspots. Due to light tra;
conversion of the jet energy to radio emission is between 8¥ne effects we are viewing the far side of the source at 4
and 34%. In contrast, for classical FRII radio galaxies uppearlier time than the near side. It may be that we are viewi
limits on the hotspot radiative efficiencies are only of the ordére Eastern, near side kpc-scale hotspot at a time when it
of a few percent (Owsianik & Conway 1998). being supplied by jet material and the Western, far side kpc-sc
hotspot while unsupplied. Such an unsupplied hotspot fad
very fast as electrons diffuse to regions of lower density a
magnetic field and radiate inefficiently. Given the size of th
From three epoch observations we find strong evidence for@stern hotspot at the lowest 5 GHz contour (Baum Etal.|199
increase in separation of the two outer pc-scale component$hst fact that the Western hotspot is not detected at this contg
0108+388 (C1 and C7) at a velocity 06fl97 + 0.026h~'c. andassumingan electron backflow velocitydt, we calculate
These outer components have all the properties expectedhgtt the Eastern hotspot must have been left unsupplied fo
hotspots in a CSO (in contrast for instance to being knots Ig@st of2 x 10°h~" yrs, providing a lower limit on the on-off
atwo sided jet): the two components lie at the extremities of tRgcle time.
pc-scale structure, have simple SSA spectra and are connected
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3.3. Physical parameters of the source

4. Discussion
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difference then we would most likely observe either both kpc-
S v<<0.Ic  scale hotspots supplied or unsupplied. To have a high probability
of seeing only one hotspot supplied we require that the lengths
‘ v-1c of the periods of activity must be comparable or shorter to the
S light travel time (see Fig. 3); hence we can estimate an upper
" limit on the cycle time of about08h~yrs.
' We conclude that the pc-scale structure in 0108+388 is very
v~0.1c young, but that activity in this source may be intermittent. In this
4 v-1c case we are probably viewing 0108+388 just as a new phase of
high radio-efficiency activity in the central engine has begun.
Our results imply that at least some CSOs are recurrent sources.
In contrast other CSOs (e.g. 0710+439 and 2352+495) appar-
ently show no extended emission or signs of recurrent activity,
so the CSO population may contain a mixture of intermittent
and non-intermittent sources.

Current activity
period

Previous _— /
activity periods

\ - l to the
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Fig. 3. Diagram illustrating a possible explanation of the extend
emission in 0108+388Light grey areas represent material emitte
from the central engine in previous periods of activity which propaller M.F., Aller H.D., Hughes P.A., 1992, ApJ 399, 16
gates through a low density cocodrark greyareas represent working Baum S.A., O’'Dea C.P., de Bruyn A.G., Murphy D.W., 1990, A&A
surfaces against high density circumnuclear and IGM gas from which 232, 19
we get significant radio emission on pc- and kpc-scales respectivelgegelman M.C., 1996.In: Carilli C.L, Harris D.E. (eds.) Cygnus A-
study of Radio Galaxy. CUP, Cambridge, p.209
Conway J.E., Myers S.T., Pearson T.J., et al., 1994, ApJ 425, 568
An approximate upper limit to the cyc|e time can bganti C., Fanti R., Dallacasa D., et al., 1995, A&A 302, 317
set by considering the effects of light travel time and jéiawrence C.R., Zucker J.R., Readhead A.C.S., et al., 1996, ApJS 107,
propagation. We first note that in the proposed model (see 541
Fig.[3) the kpc-scale hotspots advance with low average sp Bea C.P., Baum S.A, 1997, AJ 113, 148

. . wsianik I., Conway J.E., 1998, in press
(v<< 0.1¢) through the relatively dense IGM or mtercluste[g,hi”iIOS RE Mutel)ll? L 1982 A&/E 106 21

gas; hence the observed projected distances to the two kpc-sgal&ihead A.C.S., Xu W., Pearson T.J., Wilkinson P.N., Polatidis A.G.,

hotspots are expected to be approximately the same. Fromigg4. in: zensus J.A., Kellermann K.I. (eds.) Compact Extragalac-
the measured distance of the Eastern kpc-scale hotspot fromtic Radio Sources. NRAO, p.17

the core and the estimated angle to the line of sight (see Seehdhead A.C.S., Taylor G.B., Xu W., et al., 1996a, ApJ 460, 612
3.2), we can calculate that this hotspot is vievied 10°,~! Readhead A.C.S., Taylor G.B., Pearson T.J., Wilkinson P.N., 1996b,
yrs earlier than the Western kpc-scale hotspot. The regions ApJ 460, 634

of jet activity (light grey areas in Fif]3) are assumed tBeynolds C.S., Begelman M.C., 1997, ApJ 487, L135

propagate out at high speed through the low density racigepherd M.C., Pearson T.J., Taylor G.B., 1995, BAAS 27, 903
cocoon. Relativistic velocities for this material are consistefy/°" G-B., Readhead A.C.S., Pearson T.J., 1996, ApJ 463, 95

with the detection of a possible weak kpc-scale jet featu-}—'élylcE);G'B"I \\ﬁraﬁu'eg RHC"klgw’? pi;;ff ' AI\_JgSg 5
on the Eastern side of the source (Baum ef al. 1990). If t q SrEUget s ey ., Reckman ; '

. - . Ikinson P.N., Polatidis A.G., Readhead A.C.S., XuW., Pearson T.J.,
on-off cycle time was long compared to the light travel time 1994 ApJ 432, L87
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