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Abstract. A relativistic radio component, which moves in a did. Introduction

rection close to the sky plane, will increase in flux density when

it decelerates. This effect is the basis for the qualitative modelgahertz Peaked Spectrum (GPS) sources are a class of extra-
for GPS galaxies we present in this paper, which can expldlalactic radio source characterized by a convex radio spectrum
their low-variability convex spectrum, their compact double d¥€aking at a frequency of about 1 GHz. They are compact lu-
compact symmetric morphology, and the lack of GPS quas#tous radio sources. The turnovers in their radio spectra are
at similar redshifts. Components are expelled from the nucldglieved to be due to synchrotron-self-absorption caused by the
at relativistic speeds at a large angle to the line of sight, and &tgh density of relativistic electrons in these compact sources.
decelerated (eg. by ram-pressure or entrainment of the exterf3 overall angular size of GPS sources is a function of their
gas) before contributing to a mini-lobe. The young componerfigectral peak: the lower the peak frequency the larger the radio
are Doppler boosted in the direction of motion but appear faingQurce. GPS sources may therefore be related to the class of
for the observer. The non-relativistic mini-lobes dominate tf@mpact steep spectrum (CSS) sources, which have lower peak
structure and are responsible for the low variability in flux dedrequencies{ 100 MHz) and larger angular and linear sizes.

sity and the convex radio spectrum as well as the compact doubleQptical identification programs carried out on GPS sources
angular morphology. Had the same source been orientated ghéw the optical counterparts to be a mixture of galaxies and
small angle to the line of sight, the young components woulliasars (O’'Dea 1991, Stanghellini et al. 1993, de Vries 1995).
be boosted in the observer’s direction resulting in a flat amthe quasars tend to have very high redshifts, while the GPS-
variable radio spectrum at high frequencies. Hence the chargstaxies have redshifts which are generally well below unity
teristic convex spectrum of a GPS source would not be se¢D:Dea et al. 1991). Within the context of the simple orien-
These sources at small angles to the line of sight are probataliion unification scheme of radio galaxies and quasars, it is
identified with quasars, and are not recognized as GPS sourgeszling that the redshift distribution of GPS galaxies is so dif-
but are embedded in the large population of flat spectrum vaérent from that of GPS quasars. There is an increasing amount
able quasars and BL Lac objects. This leads to a deficiensievidence available in the literature that the GPS sources iden-
in GPS quasars at < 1, but the model does not explain theified with galaxies and quasars are not related to each other and
population of GPS quasars at high redshift. However, thereaig different classes of objects; in addition to their different red-
increasing evidence that the high redshift GPS quasars aregtft distributions, it has been found that they have different
related to the GPS galaxies. It is interesting for unification pudistributions in rest-frame peak frequency, linear size and radio
poses to investigate if deceleration is a general phenomenomigrphology (Stanghellini et al. 1996).

compact radio sources. We have therefore investigated if evi- Early VLBI data on GPS sources showed that many of them
dence for deceleration can be traced in flux density outbursts,afo cialy those identified with galaxies, had a compact double
highly variable radio sources, and have found that indeed €y) morphology with components of similar flux densities and

evolution of the spectral peak in such outbursts does SU9GESL w114 indices (Phillips and Mutel 1982). This led to the spec-
that deceleration may play an important role, at least in som étion that these are young radio sources, in which the two

these sources. components could be interpreted as being mini-lobes. More re-
cent higher quality images show that in many CDs weak cen-

Key words: galaxies: active — quasars: general —radio contifra] components with flatter spectral indices are found which

uum: galaxies are most naturally interpreted as being the central core. These
sources were renamed compact symmetric objects (CSO), and
it has been proposed that CSOs evolve into FRI and/or FRII
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Fig.1. 1144+352 at 5 GHz from the Caltech-Jodrell 1l survey (Hen- o}
stock et al. 1995). The brighter component to the east has a flux density, - o —
of 467 mJy and is mainly responsible for the observed flux variability o
over the last 20 years. The two brightest components separate from [ | | | | | NS
each other with an apparent velocity bRc/h~* (Giovannini et al. 15 10 5 0 5 10 15
1995)_ MilliARC SEC

Fig. 2. 1946+708 observed at5 GHz by Snellen et al. (in prep.). Taylor

et al. (1997) found bi-directional motion for the inner components,
sources (Readhead et al. 1994, Fanti et al. 1995). Stanghe{ljfile for the outer components no motion is detected. This indicates
et al. (1996) has recently shown that about 90% of the GR{at the components are decelerated while moving outwards.
sources identified with galaxies are CSOs.

In this paper we presenta model for GPS galaxies whichcan . . . . . .
explain their spectral shape, their compact double or compact g\)nstlc speeds at large angle to the line of sight (see point
symmetric morphology, their apparent low flux density variabil- : S . .
it;); 2nd the lack of GRS quasarFs)F;t similat redshifts In Gagt, 2. 2, The relativistic velocities of components in nearby GPS
the observational basis for the model is presented. In Sett. 2_2’g_alt':1X|es.In two nearby GPS sources, 1144+352 (Glpvan-
the model is explained and its implications for the appearance Bm' et sl' 19?]5) and 1946+708 (Taﬁlor et ?l' .1.99.7)’ I has
of GPS sources presented. In SELt. 3, the possiblity that deceler-_l_ﬁinssouc:\éven tl ﬁjfgnszc?lvn;?&niniosﬁ |rr? ?[}[glsltlccrgggicé?j
ation is a more general phenomenon is investigated, by studying ’ o

the spectral evolution of flux density outbursts in highly variable of two components (|gnor|ng faint large scale structu_re at
radio sources. long wavelengths) which separate from each other with an

apparent velocity of.2¢c/h~!. The structure of 1946+708
consists of a series of components (see [Eib. 2) found by
2. The spectral and angular morphology of GPS galaxies Taylor et al. to move away bi-directionally from a point be-
tween the two central components, probably the location of
the nucleus. It is noteworthy that the components close to
The fo"owing three Observations of properties must be ex- the centre move outwards faster than the Components further
plained by any model of GPS sources: away and that no motion is found for the two components at
the largest distances from the centre. The highest apparent
1 The symmetric structures of GPS sourcesThe compact velocity measured in this source(i)c/h~! (Taylor et al
symmetric structure seenin most GPS galaxies (Stanghellini 1997).
et al, 1996) indicates that relativistic boosting is relatively3 The flux density variations of the nearby GPS source
unimportant, otherwise only radio emission on the side di- 1144+352.Although the GPS source 1144+352 is vari-
rected towards us would be visible. This implies that these able on timescales of several years (Snellen et al. 1995), its
components are not ejected from the nucleus at small anglespeaked spectral shape does not change. The peak flux den-
to the line of sight and at highly relativistic speeds. However sity of the source increased monotonically from 300 to 600
it is not excluded that the components move at highly rela- mJy over some 20 years, and is at the moment decreasing

2.1. The starting points
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Fig. 3. The decelerated component model.
The cross indicates the central engine. Com-
ponents are expelled from the nucleus at rel-
ativistic speeds (1), then decelerate (2) and
then contribute to a mini-lobe (3). The ar-
rows indicate the velocity, and the grey el-
lipses the anisotropy of the observed radio
emission due to Doppler boosting.

slowly again. In view of the simple structure of 1144+352Zgsulting in a intrinsically lower SSA peak frequency and peak
we can attribute this flux density variation completely tflux density.

the eastern-most (brightest) component in this source (Gio- Fig[4 shows the Doppler factor as functiomdbr different
vannini et al. 1995), because it contributes 85% of the flighgles to the line of sight. For sma# and decreasing, the
density at 5 GHz. Doppler factor decreases becaysg . decreases faster than

N L . /7 increases. However at large angles to the line of sight,
The variability of 1144+352, the relativistic velocities Ofilncreases with time. Fér = 90°, the peak flux density, which is

components in nearby GPS sources, and the large angles t %‘ft)ortional t033, increases by a factor of 10 betwegn- 0.98
line of sight implied by symmetric morphologies lead us to t '

. A = 5)ands = 0.90 (y = 2.3). Eventually the component
model discussed below. is decelerated to barely relativistic speeds or slower and will
contribute to a 'mini-lobe’ (Fig. 3, component 3).

2.2. A decelerated component model We now consider the effect of the simultaneous presence
: . . of the fast and slow components on the overall angular and

We shall model a G.PS radio galaxy as a series of radio cpmgg— ctral morphology that would be observed in a population of

nents expelled at different epochs, hence observed at dlﬁ‘eanE. .

. . . adjo sources (Fig. 5).

stages of their evolution. Each of those components is assumed For obi h gi , q | |

to be expelled from the nucleus at relativistic speeds alon ar? IF” 0 {cec.:tshw r?selra '%aXEiS are OflentT atalarge angle

direction which makes a large angle to the line of sight. TheZ2Ne mﬁ_ohsflg Lt _e_sl ol\;v, areg- Er r_l((j)n-refa'ﬂwstlc <I:ompo-

components then decelerate and expand as they interact wit ﬁ'ét_s’ whic borrr:]rr]mm-(;)_ es on both si des 0 tI e nuc erl:sl’ are

surrounding medium. In SeEi.B.1 we will go briefly into the poéj_ommant in both the radio spectrum and angular morphology.

sible nature of the expelled components and their decelerat}U}F mini-lobes are still compact enough to be self absorbed,

mechanism, however this is not necessary for our qualitati(fesumng in a’gigahertz peakgd spectrum’, and the radio source
approach and not important at the moment. will have a compact symmetric morphology. The fact that 1

Consider the evolution of one such component. Initially itf§)r the highly relativistic young components, makes them ap-

velocity is highly relativistic (Fig. 3, component 1) and the inpear faint. Therefore the flux density variability will be low due

tensity of its radio emission is strongly Doppler boosted in tﬁg gh]? small ContrlbutI.O%tO .thehtotal qu_x derf13|ty of the young
direction of motion. The componentis assumed to be sufficien pd fast components,'t atis the creation o anew component
compact to be optically thick at low frequencies as a result I _(_)nly havg asmall |mpact_ on the overal_l radio spectrum.
synchrotron self absorption (SSA). Assuming that the compo- 1) FOr objects whose radio axes are oriented at a small an-
nent emits isotropically with a flux densis(») at frequency gle to the line of sight, the influence of Doppler boosting on the

v, it will be observed to have a flux density of appearance of the (slow) mini-lobes is small. They still would
be observed to have a ‘gigahertz peaked’ radio spectrum, were
S(vé) = So(V)53 (1) it not that the young components, which move towards the ob-

server, are strongly boosted in flux density and blue-shifted in
wheres is the Doppler facto = (y(1 — Bcosf))~1, Bisthe frequency and dominate the overall spectrum producing a peak
velocity in units of the velocity of lighty = 1/\/ﬁ, andg athigh frequency. The overall radio spectrum appears to be flat
the angle of the direction of the motion to the line of sight. Fd¥ inverted with a peak at high frequency (see Fig. 5), and the
small values of, and highly relativistic velocities this results inobject is not classified as a GPS source. Furthermore, the cre-
8 >> 1. However, for alarge angle to the line of sighds  will ~ ation of new components produces a large effect on the radio
be small, hencé ~ y~!, which results ird < 1. As it evolves, Spectrum, and results in the source being observed as (strongly)
the component will be decelerated to a modest relativistic spagdiable at high frequencies.
(Fig. 3, component 2), as is seen in 1946+708, eg. by drag or According to the orientation unification scheme (eg. Barthel,
entrainment of the external gas. The component also expari#89) a quasar whose radio axis is oriented at a large angle to
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100.0F ' T T T ] In radio source models which consider jets to be continuous,

' ] the radio components are in general treated as shocks. In this
case deceleration of the jets can be caused by entrainment of the
external gas. When deceleration of jets was first discussed for
FRI radio sources (eg. Begelman 1982, Scheuer 1983), it was
pointed out that if an initially relativistic jet decelerates to sub-
relativistic speeds much of its kinetic energy is thermalized, but
that the jet can be recollimated by an external pressure gradient.
More detailed analyses have been carried out by Bicknell (1994,
1995), Komissarov (1994). Bowman et al. (1996) claim that the
energy released by dissipation is re-converted continuously into
kinetic energy since the jet is propagating down a pressure gra-
dient, and that deceleration without catastrophic kinetic energy
loss is relatively easy to achieve for relativistic jets compared to
0.1 - P N non-relativistic ones. Recently, de Young (1997) concluded that

! e 1o for a constant hot-spot advance speed for CSOs as derived from
VLBI data by Readhead et al. (1996) it is necessary to have en-

Fig. 4. The Doppler factod to the third power, which is proportional .oinment along most of the jet, therefore allowing deceleration
to the peak flux density of a source, as functionydbr an angle of of the jet

15°, 30° and60° to the line of sight.

10.0

Delta®

1.0F

] ) ) ] 3.2. The qualitative flux density evolution of a decelerating
the line of sight, is observed to be a radio galaxy. However in component

our model, a GPS galaxy observed at a small angle to the line of
sight, would not result in a quasar with a GPS radio spectrufhthe deceleration model described above is valid, then deceler-
butin a quasar or blazar with a flat or inverted variable spectru@iion should have a large influence on the spectral evolution of
Therefore no population of GPS quasars at similar redshiftsftéx density outbursts observed in quasars and BL Lac objects.
the GPS galaxies will be observed. These quasars would hitiis therefore interesting to investigate these flux density out-
as a subsample in the large population of flat spectrum qua@§t$, and see if there is any signature of deceleration. First of
and BL Lac objects. all we have to discuss how flux density outbursts are explained
in current models.

The adiabatic expanding source model agreed well with the
observed spectral evolution at low frequencies, but it was less

The physical properties of radio jets are widely discussed in thiéccessful in explaining the high-frequency behaviour due to the
literature, but this has not yet converged to a single view. For@arliest stages of the outbursts. Closer agreement was obtained
nately, no detailed understanding of the underlying jet-physic$4&ing shock models, in which the radio outbursts are explained
necessary to come to a qualitative description of the flux densi§ due to propagation of shocks in relativistic jets (Marscher
evolution of a decelerating radio component. However, we wind Gear 1985, Hughes et al. 1989). The general applicability

discuss briefly the possible nature and deceleration mechani§hi1e shock models is now widely accepted, although there
of the radio components in GPS sources. are some features that these models cannot yet explain properly

(eg. the growth stage of the shock). Three phases can be dis-
tinguished in the shock model (see Hify. 6). In the first phase,
Compton losses are dominant, resulting in a dependence of the
SSA peak flux density,..i, to the peak frequencypq. of

In general it is assumed that radio jets can be treated as cortiire-shocked component given By, o z/;ei/,f. In the second
uous fluids, but the jet-physics of GPS sources may be differg@titase, synchrotron losses are assumed to be dominant, result-
from radio sources in general due to their young age; eging in Speax o v,,°. In the last phase, expansion losses are
steady continuous jet may not have been formed yet. The mdsminant, which is comparable to the adiabatic expanding radio
simple discrete radio source model is the adiabatic, sphericalyurce model, resulting i6pcq; o< u;e%,j Note that the exact
expanding source model (eg van der Laan 1966, Pauliny-To#ations betweety, ., andv,.q; in this model are both de-
and Kellermann 1966), which was the first quantitative attempéndent on the relativistic electron energy distribution and the
to explain radio outbursts. If the radio components could indeeldange in magnetic field strength along the jet (see Marscher
be treated as individual ‘plasmons’ the deceleration mechanianmd Gear 1985). The predictions of this shock model agree well
can be easily explained due to ram-pressure of the surroundivith spectral observations (eg. Lainela 1994).

medium. Such a scenario has been modeled by Christiansen eWWhat influence can deceleration have on the spectral evo-
al. (1978). However, this scheme results in alarge energy relehg®n of a radio outburst? Assuming that deceleration is the

by dissipation which should be observed in some way. dominant factor, the change in the Doppler factoresults

3. The evolution of a single component

3.1. The physical nature of the radio components and the
deceleration mechanism.
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R G O combined with the orientation unification

_——n X (R scheme. At a large angle to the line of sight,
/\ the Doppler boosting of component 1 does
LD overall radio spectrum, resulting in a GPS
spectral morphology. In this case the object

not make a significant contribution to the
/b N\ 1
! ’ is seen as a galaxy. At a small angle to the

Flux Density

GPS GALAXY Frequency line of sight, the young components moving
towards us are strongly Doppler boosted, re-
sulting in a one sided jet morphology and a
> variable flat spectrum. In this case the ob-
2 ject is seen as a quasar. Hence the lack of
2 % GPS quasars at similar redshifts to the GPS
z galaxies is due to their not being recognized
as GPS sources, since they are embedded in
. sky the large population of variable quasars and
Frequency BL Lac objects, with radio emission only at
sub-arcsecond scale.
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Fig.6. The evolution of the SSA spectral peak of a radio outbur§ig. 7. The evolution of the SSA spectral peak of a radio outburst
according to the shock model (Marscher and Gear 1985). Note thaaitording to the decelerated component model. Note that in the first
the first phase, where inverse Compton losses are dominant, the peedse, where deceleration is dominant, the peak frequency is expected
frequency is expected to decrease with time. to increase with time.

in a change of the SSA spectral peak. From Eg. 1 we fitd the expansion. This period will be similar to the last phase
that ASpear, o< (Ad)? and Av,eqr, o 8, and therefore that in the general shock model. The effect of combined decelera-
ASpeak X (Avpeak)S. Ifthe velocity of the componentis highly tion and adiabatic expansion is shown in Fig. 7, in which it is
relativistic, andy >> 1, deceleration will cause an increase ilear that the predicted spectral evolution is comparable to that
4, resulting in an increase in peak flux density and peak frexpected for the generalized shock model, except in the initial
quency, even for a small angle to the line of sight (seelBig. $hase of the outburst. The deceleration phase in fact replaces
For example, at an angle 20° to the line of sightg is maxi- the inverse Compton and synchrotron phases. How can we dis-
mized aty=2.9. Hence fory > 2.9 deceleration will cause antinguish between the two models? A detection of an increase in
increase in. Betweeny = 10 andy = 2.9, the observed peak peak frequency combined with an increase in peak flux density
flux density will increase by a factor of 40, and the peak fref a flux density outburst would underline the importance of
quency increases by a factor of 3.4. During the decelerationdafceleration. However, this is difficult to observe, because it is
a component, it will also expand. At a certain point, the change&pected to occur in the very early phase of the outburst. We
in § will be small compared to the changes in the spectrum dhave searched the literature for examples, as we now describe.



I.A.G. Snellen et al.: Deceleration and the morphologies of GPS sources 75
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Fig. 8. The evolution of the spectral peak during outbursts in 3C345 (left) and 3C454.3 (middle and right). The numbers indicate the dates of
the observations. The dates for 3C345 are 1980.5 and every half a year after. The dates for 3C454.3 are 1981.1 and every 0.3 years later for the
first outburst, and 1985.5 and every half year later for the second outburst. Note that, especially the 1982 outburst of 3C454.3, undergoes an
increase in peak frequency during the first stage of the flare which is not expected for the generalized shock model. However this is expected if
deceleration is important.

3.3. Observations of the spectral evolution of flux density  bution of emission not related to the outburst, often refered to as
outbursts. guiescent emission, was estimated from the flux densities in the

To be amenable for investigation of its spectral evolution period before the_ (_)utburst, and then sub_tracted frothetotaI ob-
radio outburst should have properties which obey the foIIowi’S rved flux densities. For 3Q345 the quiescent level is ab_out 7.0
':5%/ at all observed frequencies, and for 3C454.3 the quiescent

criteria: emission was estimated to %8 = 10.00~%2. The resulting

1) The outburst should be a Sing|e event uncontaminated Eﬁgﬁ‘ctra were fitted with a least squares flttlng rOUtine, in which
previous outbursts. Blending of spectral features due to difie optically thin spectral index was fixedat= —0.75. Note
ferent outbursts make detailed investigation impossible. thatif the optically thin spectral index were to change during the

2) The radio spectrum during the initial period of the outburs@utburst, it would become steeper in time (due to aging of the
before maximum flux density is reached, must be well saiigh energy electrons) and results in an estimation of the peak
pled. This implies that the timescale of the outburst shoufé@dquency which is too low. Therefore keepiagonstant can-
be sufficiently long for this to be accomplished. not be the reason for finding an increase in peak frequency with

3) The radio source must be monitored at three or more ftime. The resulting evolution of the spectral peak in time for the
quencies to obtain sufficient information about the evolutidhree different outbursts are shown in Fig. 7. In the outburst in
of the spectral peak. Furthermore the highest frequency34t345 and the second outburst in 3C454.3, the peak frequency
which the source is monitored should be in the optically thi#Pes not significantly change in the initial stage of the outburst.
part of the spectrum, to allow the peak to be properly fittetflowever the first outburst of 3C454.3 seems to have anincrease
This implies that the maximum flux density of the outburdp peak frequency in the initial stage of the outburst, which is

at the highest observed frequency should be lower than gigected if deceleration plays an important role. In all three
maximum flux density at lower frequencies. cases the peak frequency to peak flux density relation is steeper

than expected for the general shock modglefr ~ vy.qr

For many years large dedicated monitoring programs {@th x = —5/2), we findx = —6.7 for the 3C345 outburst
study the time variability of radio sources have been carried iidx, = +1.9 and+3.6 for the 3C454.3 outbursts. Hence these
by the University of Michigan at 4.8, 8.0 and 14.5 GHz (Allepbservations support the idea that deceleration plays a role in
et al. 1985) and the Meisiovi Observatory at 22 and 37 GHzhe spectral evolution of radio outbursts and, in some cases, may
(Salonen 1983, 1987, Tasranta 1992). We used data obtaineghve a dominant role, e.g. 3C454.3.
in the course of these two monitoring programs to search for
radio outbursts with properties obeying the criteria mentioned Another method of investigating the spectral evolution of a
above. The best cases we found are the outbursts in 3C345 o source during an outburst would be to monitor its spectral
3C454.3 peaking in 1981 and 1982 respectively. Furthermoirgjex between two frequencies far enough apart that the spectral
Margo Aller provided us with unpublished data from an oupeakis enclosed betweenthem. This has been done by Stevens et
burstin 3C454.3in 1986. All three outbursts have well sampladl (1995) for the blazar PKS 0420-014. They have monitored the
observations at the 5 frequencies mentioned above. The corgpectral index between 90 and 22 GHz and find clear relations



76 I.A.G. Snellen et al.: Deceleration and the morphologies of GPS sources

0420-014 0 = 75° (Taylor et al. 1995). The measured flux density of the

‘ innermost component is about 50 mJy at 5 GHz. If the angle to
the line of sight had bees0°, and assuming that its velocity

is 0.9c, the doppler factor had been a factor 3.5 higher and this
young component would contribute 2 Jy at 17.5 GHz. Hence the
overall spectrum of this radio source would appear flat above 1
GHz and it would not be classified as a GPS source. Further-
N more the rapid change in Doppler boosting and expansion of the
young component would make the radio source appear signifi-
cantly more variable. For objects whose radio axes are oriented
at small angle to the line of sight, the young components will be
dominant at high frequencies, but at about 1 GHz, they would
be observed in the optically thick part of their spectra where
Doppler boosting is only mildly importantS( < 6°-°). Hence
their 1 GHz flux densities would be similar to those observed if
they were oriented at a large angle to the line of sight. A GPS
galaxy observed d@ < 20° will appear as a flat spectrum vari-
able quasar or a Bl Lac object. In a flux density limited sample
at low frequency, only 1 flat spectrum quasar with no extended
emission is expected per 20 GPS galaxies assuming a parent
Peak Frequency (GHz) population with a random distribution 6f

F|g 9. The evolution of the peak frequency and peak flux denSity of Th|S Corresponds to Only 1 to 2 Ob]ects Wlth a ﬂux dens|ty

a flux density outburst of 0420-014, derived from the spectral ind@feater than 1 Jy at 1 GHz. An example of such an object could
monitoring by Stevens et al. (1995) at 90 and 22 GHz, assumingbh@ PKS 1413+135 (Perlman etal. 1994), which has no measured
homogeneous self-absorbed source. During the rise in flux density (gx?ended emission. a “flat” variable spec':trum at high frequency
evolution of the spectral peak the peak frequency increases, hence thes&: VLBI | ’ : he hich b,
observations also support the idea of deceleration. f"m at scales a component opposﬂg t_Ot ejetwhic can. e
interpreted as a non-Doppler-boosted mini-lobe on the receding

side of the source. Another candidate GPS source seen at a small

between the 90 GHz flux density and the spectral index f@pgle to the line of sight is 1504+377 (CJI Survey, Polatidis et
the rising and falling phases of its radio flux density evolutio@l- 1995).
These relations can be converted to a relation between peakAIthough the angle to the line of sight has to be large to

flu?< density and pgak frequency for both stages, assuming g?‘ca)duce a Gigahertz Peaked Spectramiill not often be ex-
quiescent level (given b_y Steven_s et aI.)_ and a homogene ldt’"ﬁly 90°. Therefore one side will have a component directed
self absorbed source with an optically thin spectral index, f?cgwards us and the other side will have a component directed
which we take the value of Stevens et al. of -0.44 and assUE.y from us. This will result in different Doppler boosting

it to be constant. During the rise in flux densni{ the evolut|0f2)r the approaching and receding jet, especially for the inner
of the spectral peak obeys the refatifa. o v,y part of the jet which is moving the fastest. Such a situation
k = +2.0%477. During the decay in flux density it follows thecould account for the morphologies observed in sources like
same relation wittk = +1.1 £ 0.1. Hence these observationa)108+388' 0404+768, 2352+495 and 0710+439 (Taylor et al.
also support the idea of deceleration. 1996): While the outer components are comparable in flux den-
sity, the inner components are only visible in the approaching
jet. An exception to this is our prime example 1946+708. The
inner two components are comparable in flux density for both
The decelerated component model which we discuss in this pae approaching and receding jet. This could be due to the fact
per can explain several properties of Gigahertz Peaked Specttbat we observe these components in the optical thick, inverted
radio galaxies. While consistent with the typical two-sided moparts of their spectra which are not very sensitive to Doppler
phology and low variability, it can also explain the lack of GP8oosting. However the outer two components, which show no
quasars at similar redshifts as the GPS galaxies, and accountifotion, differ by a factor of- 5 in flux density. This could be

the spectral evolution of flux density outbursts in highly varieaused by inhomogeneity of the medium for example, which is
able radio sources. In this scheme, 1946+708, our prototygr@posed by Taylor et al. 1995. However, there is a possibility
compact symmetric GPS source, is oriented close to the pldhat due to the fact that the approaching component is observed
of the sky and would not have had a gigahertz peaked spectrargn intrinsically later epoch than the receding component, that
if it were oriented at a small angle to the line of sight. It hastais difference in flux density is a result of observing the com-
peak frequency of about 2 GHz and a peak flux density of abqaatnents at different evolutionary stages. VLBI observations at
1 Jy, and is believed to lie at a large angle to the line of sigldifferent frequencies are needed to further investigate this.

Decay in flux density -
L during 1991

—
o

Peak Flux Density (Jy)

Rise in flux density
during 1990

4. Discussion
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—
(@)

Apparent proper motion f,,,

Fig. 10. The influence ofy and the angle to
the line of sight) on the Doppler facta¥ and
the apparent proper motigh,,,. The solid
lines represent a range of for a certain
fixed 0, while the dotted lines represent a
range offs for a certainy. The areasi and

B indicate the parameter space for which an
increase inj can be due to deceleration and

Doppler Factor ¢ acceleration respectively.

So far, we have ignored the Gigahertz Peaked Spectrumdastion with the basic shock models. Lobanov and Zensus also
dio sources identified with quasars, which are found at higlenclude that an increase in the Doppler faét@rthe probable
redshift. The model does not explain their existence. Howause; however they believe this is due to acceleration and/or a
ever, the GPS radio galaxies and quasars have a different digange in the angle to the line of sighiThere is a hint for accel-
tribution in redshift, rest frame peak frequency, linear size aedation in the measured angular velocities for these components
VLBI morphology, and are probably different classes of objecfgensus, Cohen and Unwin 1995), but the evidence for this is
(Stanghellini et al. 1996). Still it is confusing that these quasarst convincing. If a change in the Doppler factocauses the
which are believed to be observed at a small angle to the lineimérease in peak frequency (and peak flux density) in 3C345,
sight, do not undergo significant Doppler boosting. it does not have to result in a change in the observed proper

We have shown that deceleration could play an importafotion. In Fig. 10, the influence of and the angle to the line
role in 3C454.3 and 0420-014 and have hypothesized tha®fisighto on both the Doppler factar and the apparent proper
plays an important role in GPS galaxies and in other flat spdBotion3,,,, is shown:y varies for the solid lines whilé varies
trum variable quasars and BL-Lacs. We also have noted tfRitthe dotted lines. The grey aredsandB indicate the regions
there is in fact very little data available in which the spectral ev! parameter space for which deceleration and acceleration re-
lution of individual outbursts can be unambiguously followed tgPectively can cause the increase in Doppler boosting. If you
look for evidence of deceleration. However it remains true thi@llow a solid line in region4, ¢ increases whiley decreases,
these outbursts can be exceptions. Furthermore, the quieserifY@reverseis true inregids. InregionA the change in apparent
dio flux density was assumed to be constant, and the chang@r@per motion is only small, while in regia, 3, increases
radio flux density is all contributed by one component. This dogignificantly. Moreover in regior, the angle to the line of sight
not have to be the case, and the influence of other compondhisin the range 0° — 45°, while for regionB, ¢ is in the range

can change the observed relation between peak flux density 8hd- 10°. Hence, due to retardation effects, an outburst under-
peak frequency. going an increase ifidue to acceleration should be observed to

‘have a much smaller timescale than an outburst undergoing an

Ideally, one should analyse an outburst with VLBI at multi- , X , L
ple frequencies. A first attempt has been carried out by LobarlB§"€ase in due to deceleration. The sources discussed in this

and Zensus (1996) using data on 3C345 at 8 different frequ@Pe" are selected for their slow and well studied variability,

cies ranging from 1.4 to 89 GHz. Indeed a clear increase in pédld are therefore most likely not at the smallest angles to the
frequency for two components was found which is in contrine of sight compared to other highly variable radio sources. If
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this decelerated component model is correct, then no incre@gea C.P., Baum S.A., Stanghellini C., 199&trophys. J. 380, 66
in peak frequency is expected for the rapidly variable sourceacholczyk A.G., 197@adio AstrophysicgSan Fransisco:Freeman)
with § < 10°, unlessy > 20. Note that a change if), if it is Perliman E.S., Stocke J.T., Shaffer D.B., Carilli C.L., Ma, Chopo, 1994,

combined with the righty, can also causé to increase with- _ AStrophys. J. 424, L69
out changing3,,, significantly. However this is especially thePO|atIdIS A.G. Wilkinson P.N., Readhead A.C.S, Pearson T.J., Taylor

: . G.B., Vermeulen R.C., 199%strophys. J. Suppl.98, 1
Cfase. for sma_ld?, for which only a small change fhcan already Readhead A.C.S, Xu W., and Pearson T.J. 1994 In proceedings of the
significantly increasé.

NRAO workshop nr 23 on Compact Extragalactic Radio Sources,
pl7
5. Conclusions Readhead A.C.S, Taylor G.B., Pearson T.J., Wilkinson P.J., 1996, As-
trophys. J., 460, 634
A qualitative model for GPS galaxies has been presented,S#lonen E., Lehto H., Urpo, S., Teerikorpi P., &&manta H., Haarala,
which components are expelled from a nucleus at relativistic S., Valtaoja E., Tahtinen L, Sillanpaa A., Tiuri M., Valtonen M.,
speeds, decelerate and possibly contribute to a mini-lobe. At 1983, Astronomy and Astrophysics Suppl., 51, 47
large angles to the line of sight, the minilobes are dominap&lonen E., Tesranta H., Urpo S., Tiuri M., Moiseev I.G., Nesterov
because the Doppler factor of the young components is smallerN-S., Valtaoja E., Haarala S., Lehto H., Valtaoja L., Teerikorpi P,
than unity along the line of sight direction. Atsmall angles tothe Valotnen M., 1987, Astronomy and Astrophysics Suppl., 70, 409
line of sight these young components appear much brighter gii€Uer P-A-G., 1983, Highlights in Astronomy, 6, 735
. . . . . nellen ILA.G., Zhang M., Schilizzi R.T.,d&gering H.J.A., de Bruyn
become dominant. This model is consistent with the symmetric . .
.. . .~ A.G. and Miley G.K., 1995, Astronomy and Astrophysics, 300,
angular morphology of the mini-lobes of GPS galaxies and their 5
Iow_va_riability. I'_[ can explain the apparent lack of GPS quasaggangheliini C., O'Dea C.P., Baum S.A., Laurikanen E., 1998o-
at similar redshifts to the GPS galaxies. Furthermore it provides phys. J. Suppl.88,1
an alternative explanation for the evolution of the spectral pegtanghellini C., Dallacasa D., O'Dea C.P., Baum S.A., Fanti R., Fanti
of flux density outbursts in highly variable radio sources. C., 1996, in proc o2nd workshop on GPS&CSS Radio Souyces
eds. I. Snellen, R.T. Schilizzi, H.J.AdRgering and M.N. Bremer,
AcknowledgementsiVe thank Margo Aller for providing us with data ~ p. 4
prior to publication. We thank Walter Jaffe for useful comments on tt&tevens J.A., Litchfield S.J., Robson E.I, Gear W.K. Afeanta H.,
manuscript. Valtaoja E., 1995, Monthly Notices R.A.S., 275, 1146
Taylor G.B., Vermeulen R.C., Pearson T.J., 1995, In proceedings of
N.A.S. Colloquium "Quasars and AGN: High resolution Radio
Imaging”, Irvine, eds. Cohen M.H. and Kellerman K.1.,p
Aller H.D., Aller M.F., Latimer G.E., Hodge P.E., 1985, Astrophys. Jlaylor G.B., Readhead A.C.S, Pearson T.J., 1996, Astrophys. J., 463,
Suppl., 59, 513 95
Barthel P.D., 1989, Astrophys. J., 336, 606 Taylor G.B., Vermeulen R.C., Pearson T.J., 1995, In proceedings of
Begelman, M.C., 1982, In proceedings of symposium "Extragalac- N.A.S. Colloquium "Quasars and AGN: High resolution Radio
tic radio sources”, Albuquerque, eds. Heeschen D.S., Wade C.M., Imaging”, Irvine, eds. Cohen M.H. and Kellerman K.I.,p

References

Dordrecht, D. Reidel Publishing Co., 223 Taylor G.B., Vermeulen R.C., 1997, Astrophys. J., 485, L9
Bicknell G.V., 1994, Astrophys. J., 422,542 Terdsranta H., Tornikosi M., Valtaoja E., Urpo S., Nesterov N., Lainela
Bicknell G.V., 1995, Astrophys. J. Suppl., 101, 29 M., Kotilainen J., Wiren S., Laine S., Nilsson K., 1992, Astron.
Bowman, M., Leahy, J.P., Komissarov, S.S., 1996nthly Notices and Astrophys. Suppl., 94, 121
R.A.S, 279, 899
Christiansen, W.A., Scott J.S., and Vestrand, W.T., 18&&pphys. J. De Vries W.H., Barthel P.D., Hes R., 1995, Astron. and Astrophys.
223,13 Suppl., 114, 259
Fanti C., Fanti R., Dallacasa D., Schilizzi R.T., Spencer R.EJe Young, D.S., Astrophys. J., 490, L55
Stanghellini C., 1995Astr. & Astrophys. 302, 317 Zensus J.A., Cohen M.H., Unwin S.C., 19%stron. and Astrophys.

Giovannini, G., Cotton W.D., Feretti L., Lara L., Venturi T., Marcaide 443, 35
J.M., 1995, In proceedings of N.A.S. Colloquium " Quasars and
AGN: High resolution Radio Imaging”, Irvine, eds. Cohen M.H.
and Kellerman K.I.,p

Henstock D.R., Browne [.W.A., Wilkinson P.N., Taylor G.B., Ver-
meulen R.C., Pearson T.J., Readhead A.C.S, ¥29fphys. J.
Suppl, 100, 1

Hughes P.A., Aller H.D., Aller M.F., 1989, Astrophys. J., 341, 68

Komissarov S.S., Monthly Notices R.A.S., 269, 394

van der Laan, H., 196®&ature 211, 1131

Lainela M., 1994, Astr. and Astrophys., 286, 408

Lobanov A.P. and Zensus J.A., 1996, Astrophys. J., submitted

Marscher A.P., Gear W.K., 1985, Astrophys. J., 298, 114

Paulini-toth, I.1.LK, and Kellerman K.I., 196@\strophys. J. 146, 634

Phillips, R. B. and Mutel R., 1982, Astr. and Astrophys., 106, 21



	Introduction
	 The spectral and angular morphology of GPS galaxies
	 The starting points
	 A decelerated component model

	 The evolution of a single component
	 The physical nature of the radio components and thehfill penalty -@M deceleration mechanism.
	The qualitative flux density evolution of a decelerating hfill penalty -@M component
	Observations of the spectral evolution of flux density hfill penalty -@M outbursts.

	Discussion
	Conclusions

