d
AP s
&
15|

Universiteit

*dlied) Leiden
'%‘Q,:y‘;\& The Netherlands

5
3
H oo
B
=
=)
@\
-3

o

The Mpc-scale radio source associated with the GPS galaxy B1144+352
Schoenmakers, A.P.; Bruyn, A.G. de; Rottgering, H.J.A.; Laan, H. van der

Citation

Schoenmakers, A. P., Bruyn, A. G. de, Rottgering, H. J. A., & Laan, H. van der. (1999). The
Mpc-scale radio source associated with the GPS galaxy B1144+352. Astronomy And
Astrophysics, 341, 44-57. Retrieved from https://hdl.handle.net/1887/7521

Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license

Downloaded from: https://hdl.handle.net/1887/7521

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/7521

Astron. Astrophys. 341, 44-57 (1999) ASTRONOMY
AND
ASTROPHYSICS

The Mpc-scale radio source associated
with the GPS galaxy B1144+352

A.P. Schoenmaker$?2, A.G. de Bruyn®*, H.J.A. Rottgering?, and H. van der Laan'

1 Astronomical Institute, Utrecht University, P.O. Box 80 000, 3508 TA Utrecht, The Netherlands

2 Sterrewacht Leiden, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands

3 NFRA, P.O. Box 2, 7990 AA Dwingeloo, The Netherlands

4 Kapteyn Astronomical Institute, University of Groningen, P.O. Box 800, 9700 AV Groningen, The Netherlands

Received 10 August 1998 / Accepted 2 October 1998

Abstract. We present the results of new observations of th{gos upper limit). This is below the luminosity of an X-ray lu-
enigmatic radio source B1144+352 with the WSRT at 1.4 GHminous cluster and is more comparable to that of poor groups
This source is hosted by an,, = 14.3 + 0.1 galaxy at a red- of galaxies. Also the optical data show no evidence for a rich
shift of z = 0.063 & 0.002 and is one of the lowest redshiftcluster around the host galaxy. B1144+352 is the second GPS
Gigahertz Peaked Spectrum (GPS) sources known. It has bgalaxy known to be associated with a Mpc-sized radio source,
known to show radio structure on pc-scale in the radio core atig other being B1245+676. We argue that the observed struc-
on20—60 kpc-scale intwo jet-like radio structures. The WENSS&ure in both these GPS radio sources must be the result of an
and NVSS surveys have now revealed faint extended radio strinterrupted central jet-activity, and that a such they may well
tures on an even much larger scale. We have investiga ted thesé¢he progenitors of sources belonging to the class of double-
large-scale radio components with new 1.4-GHz WSRT obseéeuble radio galaxy.

vations. Our radio data indicate that the eastern radio structure

has a leading hotspot and we conclude that this structure iKey words: galaxies: active — galaxies: individual: B1144+352
radio lobe originating in the galaxy hosting the GPS source galaxies: individual: B1144+353 — galaxies: jets — radio con-
The western radio structure contains two separate radio soutti@sum: galaxies — X-rays: galaxies

which are superposed on the sky. The first is a low-power radio

source, hosted bymr = 15.3 &+ 0.5 galaxy at a similar red-

shift (z = 0.065 £ 0.001) to the GPS host galaxy; the second )

is an extended radio lobe, which we believe is associated wih!ntroduction

the GPS' host gglaxy a.nd which contains an e!ongated tail. T@E;ahertz Peaked Spectrum (GPS, e.g. Spoelstra et al. 1985)
tqtal prOJ_ected linear size of the extended radio structure asgqio sources are characterized by their convex radio spectra
ciated with B1144+352 is-1.2 Mpc. The core of B1144+353 eaking at frequencies near 1 GHz. At frequencies above the
is a .known vanable_- radio source: its flux density at 1.4 G ak, the radio spectrum has a power-law shape which is typi-
has increased continuously between 1974 and 1994. We hayEof an optically thin synchrotron emitting radio source (e.g.
measured the flux density of the core in our WSRT observatiopgcnolczyk 1970). The turn-over of the radio spectrum at low
(epoch 1997.7) and find a valuemfl +10 mJy Thisimpliesthat grequencies can be due to Synchrotron Self Absorption (SSA)
its flux density has decreased by70 mJy between 1994 andj, high density parts of a compact radio source (e.g. Scott &
1997. Further, we have retrieved unpublished archival ROSAL5dhead 1977), free-free absorption in a sheet of clouds sur-
HRI data of B1144+352. The source has been detected and @pnding the radio source (Bicknell, Dopita & O’'Dea 1997) or
pears to be slightly extended in X-rays. We find a luminosity ¢fhized clouds within it (Begelman 1998).

(1.26 £0.15) x 10_43 erg _§1 between 0.1 and 2.4 keV, assumin - y/| | gbservations (e.g. Dallacasa et al. 1995, Stanghellini
that the X-ray emission is due to an AGNwitha 4p:§)werla\1/v_spegt al. 1997, Snellen 1997) show that GPS sources are compact
trum with photon index 1.8, 0{0.95 + 0.11) x 10 ergs " if  radio sources with linear sizes up to a few hundred pc and often
itis due to thermal bremsstrahlungat= 10" K. The detec- \yith a symmetrical double radio structure (Compact Symmet-
tion of the X-ray source suggests that the mtrmsmclgilumn ric Objects, CSO, e.g. Wilkinson et al. 1994, Readhead et al.
density cannot be much larger than a few ,“m@@ cm=.The 1996). There are two popular scenarios to explain the origin of
non-detection of an extended X-ray halo in a radius of 250 kpgog sources. The first is that GPS sources are very young ra-
around the host galaxy limits the X-ray IummosnLof an Ntragio sources, that have just started to develop their radio lobes
cluster gas componentwithin this radius3@.3 x 10 ergs™  (phjllips & Mutel 1982). They are expected eventually to grow
into large double-lobed radio sources, perhaps even into the
Send offprint requestsité.P. Schoenmakers (Schoenma@phys.uu.Mfipc-sized Giant Radio Galaxies (GRGs). Because small ra-
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dio sources are much more numerous than large radio sour: 3 18 45 L L ‘
strong negative luminosity evolution as they increase in size
required (e.g. Fanti et al. 1995, Readhead et al. 1996, O'Det 30
Baum 1997). Reynolds & Begelman (1997) propose that tt
can be achieved by intermittency of the jet-production in tt 15—
AGN on timescales of0* — 10° yr.
The second scenario explains GPS sources as radio soug 00l
which are confined by a high density ISM (‘frustrated’ radi@
sources, e.g. van Breugel et al. 1984, O'Dea et al. 1991). Intz
scenario, the jet is not able to escape the dense surrounding &
terial within its lifetime, either because it is repeatedly reflecte§
off dense clouds or because the ram-pressure of the surroun@
medium is high enough to practically stall the progress of ti

17 45 [—

head of the jet. The radio source is therefore confined to a sn 15
central region. : B

Roughly 10% of known GPS sources show extended (kf 00— ’ o -
scale) radio emission (Baum et al. 1990, Stanghellini et al. 19¢ 1 : g o 2
O’Dea 1998). Baum et al. (1990) propose that the GPS sou 16 45 =1 \ all | [ | A

in these sources may either result from a disruption of an on¢ 11 44 50

ing jet flow (‘smothered’ jets), or from recurrent nuclear radio

activity. In both these models, the central (GPS) radio sourd{ég- 1t-hg%”§%”r_ﬂ]‘: s:):t‘sursgjrgﬂf‘;‘%r?:nggiﬁi ;‘i’:irr‘iteeig;‘;;g’?’z

girnecyéoil:r:g 3?31;2%2?:53(1?:”:613:2 jeeTlﬁg\ﬁn Al\sc?okrj]\e/irni?ndgfae()j(s-@:mg at three times the_ backgroun_d_ noise level. The cross at t_he
. ' . enter of the host galaxy gives the position of the GPS source. Its size

amP'e of such a source is BOlQS+38§, where motions of t&%ot related to the positional uncertainty which is orlg.5"”.

radio components, observed with multi-epoch VLBI observa-

tions, imply that the pc-scale radio structure cannot be much

older than~ 350 yr (Owsianik et al. 1998). The observed veloc-

ity of these component8 894 £0.052¢ hgol) strongly suggests 2. The GPS source B1144+352

that their outflow is not hampered by a high density mediunthe GPS nature of the radio source B1144+352 was first rec-
However, Carilli et al. (1998) observe strong redshiftadab-  ognized by Snellen et al. (1995, hereafter S95), who find that
sorption towards B0108+388, which, contrary to the expeci@e radio spectrum peaks at 2.4 GHz, with a spectral index of
tion, suggests that the source actually is surrounded by a depses in the optical thick (low frequency) part of the radio
environment. B0108+388 also exhibits a faint kpc-scale radipectrum, and a spectral index-e6.56 in the optical thin part.
structure (Baum et al. 1990, Carilli et al. 1998). This is consitthese values should be treated with care, however, because of
ered as a strong indication that the nucleus is recurrently ragh@ variability of the central source (see also Ject. 4.1) and the
active. large time spanned by the observations used in obtaining them.
Sources such as B0108+388 strongly suggest that some ra-The radio source has been identified with the galaxy
dio sources have recurrent phases of radio activity. Outstandp@CG 186-048 (Zwicky et al. 1960-1968). The Gunband
questions are how common recurrence is, and on what typig@gnitude of the host galaxy 5.3 + 0.1 (Snellen et al.
timescales it takes place? To answer these questions, it is #996) and it has a redshift 6f0630 (Colla et al. 1975a; He-
portant to find more of these apparently rejuvenated sourcesuyfit & Burbidge 1991). This makes it one of the nearest GPS
low-frequency search for extended radio emission on kpc-scajggaxies known. The absolute magnitude in the Gunn r-band
or larger around GPS/CSS sources should be able to accomphish23 8 + (.1, using the K-correction as given in Snellen et
this goal. al. (1996). The optical spectrum shows bright narrow emission
In this paper, we present new radio data of the region cajes, typical for powerful radio sources, on top of a starlight
tered on the GPS source B1144+352, obtained with the West@minated continuum (Marcha et al. 1996). There is no hint of

bork Synthesis Radio Telescope (WSRT) at 1.4 GHz, inadditigmon-thermal continuum or of broad Balmer emission lines,
to available radio data from the WENSS, NVSS and FIRST sWi{ence the classification as a GPS galaxy. An optical R-band
veys. The WSRT radio map shows that B1144+352, apart frapt D image can be found in Snellen et al. (1996).[Eig. 1 presents
being a GPS source, also appears to be the host galaxy of agledntour plot of the host galaxy from the Digitized Sky Sur-
MpC Iarge radio source. We further present unpublished ROS%y (DSS) The host ga|axy appears to have a small Companion
HRI data of the host galaxy, which shows it to be a luminoysalaxy at a projected distance of25 kpc (14.8') to the west.
X-ray source. To calculate physical properties we adopt valupsis is close to the median distance at which apparent compan-
of Hy = 50kms™" Mpc™" andgo = 0.5 throughout this paper. jons were found in a sample of GPS galaxies by O'Dea et al.
We define a radio spectral indexas.S, ocv®. (1996a). From the DSS it is apparent that CGCG 186-048 is the
brightest galaxy within a radius of at least 1 MpeZ0’ ). There

8 46 44
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is no indication that it is a member of a rich cluster, although
there are several fainter (R-band magnl5) galaxies withina 522
radius of a few hundred kpc. More likely, it is situated in a poor

group of galaxies. "

VLA maps of the GPS source at 1.4 GHz are presented '
Parma et al. (1986) and S95. Both were obtained using the san
configuration and have a resolution ef4 arcsec. The GPS2 -
source appears as a strong unresolved point-source. Howejw
the maps also show-a20” long weak jet-like feature emanating”
from the radio core, and a shortey {0”') and somewhat weaker
counter-jet. The total linear size of this extended systewis
kpc. S95 note that the flux density from the 20-cm Green Ban} -
survey (White & Becker 1992) is higher (by80 mJy) than that O
from their VLA observations. Since the Green Bank survey has ——L L - L T
a beamsize of- 10’ (FWHM), they attribute this difference to @ RIGHT ASCENSION (81950
a radio source component extending even beyond the obserwvi
jet-like feature. The fractional polarization of the core, obtained
from high resolution 8.4-GHz VLA observations, is 3% at a**|
20-level (Marcha et al. 1996).

A VLBI map of the central source is presented by Henstock , |
et al. (1995). It shows a 40 pc large double radio structures
with one well resolved bright radio lobe-like component argl
an unresolved second component. The position angle of §1 18—
radio axis is+121°, counted counter-clockwise (CCW) from3
the North. Giovannini et al. (1995) find that the two components
are separating from each other superluminally with an apparer *
velocity of 2.4¢ hgol. This is surprising since GPS galaxies in
general do not show superluminal motion (Stanghellini et al. |
1997).

Giovannini et al. (1990) report that the flux density of the .
peak in the radio spectrum (the peak flux density) has continy 1% 0 eHTACES Ny P BT
ously increased from 300 mJy in 1974 to~ 600 mJy in 1990.

S95 and Snellen et al. (1998) claim that it has decreased aga@i2a and b. Radio maps of the source B1144+352 from the
somewhat thereafter. Snellen et al. (1998) further state that WdENSS and the NVSS surveys. Contour plot from the 325-
brightest (eastern) VLBI component, which has a radio lob&Hz WENSS survey. Contourlevels are atq, 8, 11.3, 16, 22.6,
like morphology, must be largely responsible for the observéd: 45-3, 64, 128, 256, 512)mJy beam The grey scale rep-
change in the peak flux density. Variability in the flux densit tsemjsit:; osr?licpt)riileI;ni%zviezelzgell?r?ehzn\?vsilggFz;,dC?cﬁu-
has been found in other GPS sources, but mostly in GPS qua %ﬁ%d NVSS maps. It ranges from0.4 (white) to —1.1 (black).

. VO
(e.g. Stanghellini et al. 1998). b Contour plot from the 1.4-GHz NVSS survey. Contours are at

(-1.2,1.2,1.7,2.4,3.4,4.8,6.8,9.6,19.2,38.4,76.8,307.2) mJy beam
Also plotted are the observéttfield polarization vectors, with a length
3. New observations proportional to the polarized intensity’(Z 0.05 mJy bearm!).

3.1. WENSS, NVSS and FIRST radio survey data

16—

B1144+352 hasbeen observed inthree recent major sky surveypse and the eastern lobe. It consists of three bright regions and
WENSS (WSRT 325 MHz, Rengelink etal. 1997), NVSS (VLAan extended, diffuse southern tail.

D-array 1.4 GHz, Condon etal. 1998) and FIRST (VLA B-array The 1.4-GHz NVSS survey, which uses a beamsize of
1.4 GHz, Becker et al. 1995). The WENSS radio map, with45” (FWHM), has also detected the diffuse extended structures
(FWHM) beamsize 054" (R.A.) x 94" (Dec.) atthe declination and the southern tail (see Higj.2b). The total flux density of
of B1144+352, shows the bright unresolved GPS radio core ahé extended radio structure in the NVSS mapzlis+ 8 mJy,

two diffuse extended radio structures on either side of it (sedich is much more than the 80 mJy discrepancy that S95 found
Fig.[2a). The eastern structure is connected to the GPS soulrerveen their core flux density and the flux density found in
by a faint ‘bridge’ and has a morphology which resembles tllee 20-cm Green Bank survey. We believe that there are two
lobes of edge-brightened (or FRII-type, Fanaroff & Riley 1974pasons for this difference. First, the Green Bank survey was
double-lobed radio sources. The western structure is elongatedducted in April 1983, when the flux density of the core was
in a direction perpendicular to the radio axis as defined by theich lower than during the observation of S95 (see Bett. 4.1
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Fig. 3. Radio map of the source B1144+352 from our 1.4-GHz WSRT observations. The contours-ade3ad(3, 0.42, 0.6, 0.85, 1.2, 1.7,

2.4,4.8,9.6,19.2, 76.8, 307.2) mJy bedmThe greyscale ranges froa0.3 to 2.0 mJy beam' and clearly shows the ringlike artefacts in the
radio map. The inset is a radio map of the central source from the FIRST survey. Contours-aielat Q.45, 0.64, 0.90, 1.27, 1.8, 3.6, 7.2,
14.4, 28.8, 115.2, 460.8) mJy beam

and Tabl€R). Second, the flux density given in White & Beckexill be shown in Secf_3]2 that this polarized emission mainly
(1992) is the peak flux density, which, for an extended sourodginates in the eastern jet and not in the GPS radio core.
like B1144+352, is an underestimate of the total flux density. The radio source has also been mapped in the FIRST sur-

We have used the NVSS and the WENSS maps to produes, which uses a beamsize §45(FWHM). Therefore it has a
a spectral index map, which is shown in grey scale in[Big. 2glighter lower resolution than the 1.4-GHz VLA B-array obser-
To avoid artefacts resulting from combining data with differentations of Parma etal. (1986), butithas a comparable sensitivity.
beamsizes, we have first convolved the NVSS map to the re3te FIRST radio map (see the inset in Eig. 3) confirms the pres-
lution of WENSS. The ‘bridge’ that connects the central souremce of the jet and counter-jet like features. The position of the
to the eastern structure has a somewhat steeper radio spectroia, determined by fitting a Gaussian to the central compo-
than the rest of that structure. The surface brightness of the taht, is11” 44™ 45352 in Right Ascension and-35°17/47"4 in
of the wetsern structure is rather low, so that the spectral inde&clination (B1950.0), with a positional uncertainty-06.5".
is poorly determined. We measure a value-of0.85, whichis  The radio axis of the structure visible in FIRST and the map of
not much different from the other extended source componerRsrma et al. (1986) has the same position angle(°, mea-

The NVSS has further detected linear polarization in botured CCW from the North) as that of the pc-scale structure
extended radio structures. Halfway through the eastern lobggpped by Henstock et al. (1995). There is therefore no indi-
the position angles of the vectors of tii&field of the linear cation of a change in the jet axis between pc and kpc-scales. A
polarized emission change from perpendicular to more paralleimmary of the properties of the central component, as mea-
with respect to the radio axis. Polarization has also been detecterkd in the FIRST radio map, is presented in Thble 1.
towards the core. The fractional polarizatiorig + 0.1%. It
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Fig. 4. Contourplot of the eastern radio structure from our 1.4-GHz
WSRT observations. Contours are at)(3, 0.3, 0.42, 0.6, 0.85, 1.2,

1.7, 2.4) mJy beam'. The vectors are the observérfield, and their 15
length corresponds to the polarized intensity & 0.05 mJy bearm?).

The two crosses give the position of sources detected in the FIRS
survey; their size is arbitrary and not related to any physical quantity 14@ | | | | |

or the positional accuracy of these sources. 1144 40 35 30 25 20 15
RIGHT ASCENSION (B1950)

Table 1. Properties of the central component of B1144+352 as mdzig. 5. Contourplot of the western radio structure from our 1.4-GHz

sured in the FIRST survey map. WSRT observations. Contours are at)(3, 0.3, 0.42, 0.6, 0.85, 1.2,
1.7, 2.4, 4.8) mJy beant. The vectors represent the observadield
Comp. Shazs Do PA of the linear polarization; their length corresponds to the polarized
[mdyl kpd [°] intensity ('’ = 0.05 mJy bean").
Core 609.30.3
Jet’ 14505 41.2 119.9
‘Counter-jet’ 3.2t0.4 245 595 Our best guess is that it is due to some kind of time-variable

. . aseline-based errors. The radial decrease of this effect ensures
Notes:The jetisthe eastern component, the counter-jetthe western. St the observed structure of the diffuse lobes is not influenced
flux density at 1435 Mhz$, 435, Of the core is the peak flux determine

using a Gaussian fit to this component on the map. The date of H%'Ch by-|t. .

FIRST observations is 3 July 1994. The flux densities of the jet and | he final total power map has anus noise of 0.053 mJy,

the counter-jet have been measured on the map after subtraction ofti@ough this value increases substantially towards the center
core. Doy is the projected distance between the most outer peakah the map. The FWHM beamsize of the restoring beam is
flux density of the jet/counter-jet and the core. The position angld®” 58 (R.A.) x 22797 (Dec.). The Stokes'Q andU parame-

P A, are measured counter-clockwise from the North. ter maps have the sameis noise as the total power map. Only
the Q-map has similar ringlike structures to those seen in the
total power map. Both diffuse structures have been detected and
mapped. The FRII-type radio lobe morphology of the eastern
To better understand the nature of the extended structures arastnacture (see also F{g. 4) is obvious, and we also detect aleading
the GPS source, we observed B1144+352 for 12 hr with thetspot. Surprisingly, the western structure (see alsd Fig. 5) ap-
WSRT at 1.4 GHz on August 31, 1997. We used a total bangkars to be a superposition of a separate FRII-type radio source
width of 50 MHz, divided into five channels of 10 MHz eacland a radio lobe with a tail towards the south. The position an-
and centered on 1395MHz. 11 out of 14 antennas were @pes of theF-field vectors of the linear polarized emission in the
erational during these observations. The sources 3C 286 amd extended structures (Fig. 4 and [Eig. 5) are consistent with
3C 147 were used as primary calibrators. The data have bé&erse measured in the NVSS (Hif. 2b). Near the core, we only
reduced and mapped using the NFRA data reduction packageasure significant polarization at the position of the most east-
NEWSTAR. We used the flux density scale of Baars et al. (197&}jn component of the FIRST radio map. The polarized intensity
for absolute gain calibration. During the reduction process, we1.7 + 0.4 mJy, and the fractional polarization of this com-
encountered a problem in the data, manifested as a systerpaient is therefor8s + 9%. Integrated over the whole central
ringlike structures around the bright central source (seéFig. 8ymponent, the fractional polarizationis3 + 0.1%, which is

3.2. 1.4-GHz WSRT observations
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equal to what we found in the NVSS data. Towards the radic
core no significant polarized emission is detected. The positiot
angle of theE-field vector of the linear polarized emission is 10
+123°, and so the observed projectédfield is parallel with
the radio axis.

3.3. ROSAT observations

B1144+352 has also been observed in X-rays by ROSAT on 1(
June 1993. We retrieved the X-ray data, obtained with the Higr  -10
Resolution Imager (HRI, David et al. 1993), from the ROSAT
archive. The X-ray image available from the archive, which has
been binned with 8 arcsec pixels (the FWHM of the HRI ig
~5'"), shows a rather strong point-like source, whose position,
within the ROSAT pointing errors, agrees well with that of th
central radio source in the FIRST radio mapRA = 0”8,
ADec = 0/5). In this 3000 s exposuré&() + 8 net counts have
been detected from this source. Two other sources are visi
near the edge of the field, but there are no other significey
detections within the extent of the radio source.

To investigate the structure of the X-ray source in moig
detail we rebinned the original data on a grid with 2 arcsec lar 3
cells. The result is shown in Fig. 6a, which is a contourplot (°
the raw datacounts. We have set the coordinate frame such
after convolution with an’§FWHM) Gaussian the position of
the peak corresponds to the peak of the radio emission from .
FIRST survey. For comparison, we have also plottedthe ROS 00011
HRI point response function (PEFafter scaling it to match 0 2 4 6 8 10 12 14
the peak intensity in the image. The X-ray source appears tobe Radius (arcsec)

e?(tended. In a d|regt|on clo§e to the rgdlc? aX|s.. This extensqg@ 6. aContourplot representation of the raw counts in the ROSAT
did not disappear if we shifted our binning grid by 1 arCSqGR| data in the area surrounding the X-ray source associated with

in either direction. Further, the exposure was continuous, a8¢h44+352. The counts have been binned on a grid with 2 arcsec large
therefore could not be hampered by pointing errors betwegdlis. Contourlevels are @25 x (1,2,3,4,6,7) counts arcsec.
different exposures. In Figl 6b we have plotted the radial profif®e coordinates are relative to the peak of the central radio component
of the counts. The dashed line gives the PRF of the HRI. Theisible in the FIRST survey. The inset in the lower left corner shows
is some evidence for extended structure in the inner 8 arcsie.HRI point response function, scaled to the peak flux of the image
However, a much longer exposure would be needed to firn@igd using the same contourlevéis?lot of the radial profile of the raw
establish it. ROSAT counts. The dashed line is the HRI point response function,
To convert the X-ray counts to a received flux, we usdiprmalized to the counts in the innermost bin. The dotted line is the

the piMMS mission simulation program (version 2.4b; Mukafhidég;?;if:sémeasured in an annulus from 200 to 800 arcsec from

1993). The X-ray flux can either be due to the AGN, in
which case a powerlaw spectrum is expected, or to thermal
bremSStrahlUng in a shocked ISM. In case of B1144+352, tbeiden_Dwingek)o }-ﬂ.survey (Hartmann 1994) We have no in-
reality is probably a mixture of these. Therefore we calcyormation on the amount of extinction in or near the source, and
late the X-ray luminosity using both a powerlaw and a thegp we neglect this contribution in our calculations. We find a to-
mal bremsstrahlung model and regard these as two limitigg X-ray flux density 0f8.14+1.0) x 10~ ergcnr2 s~ inthe
cases. For the powerlaw model we use a photon index of 1.1 — 2 4) keV band. This translates to a total X-ray luminosity
which has been found to be the average for high-luminosigy (1.26+0.15) x 10%3 erg s~! between 0.1 and 2.4 keV. For the
AGN (WllllamS et al. 1992) To correct fOI’ gaIaCtiC eXtinCtiontherma| bremsstrah'ung mode| we use a gas temperatufg of
a galactic atomic hydrogen column densityl6f4 x 10*° cm™>  k (kT = 0.86 keV) and a metal abundance5 solar (model
towards B1144+352 has been used, as determined from #3€)70 in prvwms). Using the same galactialdolumn density as

L As a function of radiusk given by before, we find a total flux of6.1+0.7) x 10*_13 ergcnt 2 ;*1 .
PRF(R) = A;exp(—0.5(R/S1)?) + Asexp(—0.5(R/S2)?) + inthe (0.1 —2.4) keV band. The total emitted power in this

Asexp(~R/Ss), with R in arcsec, A, = 0.9638,4, = band then yield$0.95+0.11) x 10* ergs".
0.1798, A3 = 0.0009,S; = 271858, 5, = 470419, 53 = 31769 Crawford & Fabian (1995) find similar values for the four
(David et al. 1993). narrow-line radio galaxies at< 0.1 in their sample of power-
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ful radio galaxies from the 3CR sample. Worrall & Birkinshavdetector must beS 2.25 x 10~3 ergs ! cm~2. To compare
(1994) find an order of magnitude lower values for low-powehis value with the literature we calculate the expected flux
radio galaxies. The X-ray luminosity of B1144+352 is thereforie the (0.5 — 2) keV band, which results in an upper limit
more comparable to that of powerful radio galaxies. The detexd-1.9 x 10~ '3 ergs ! cm~2. At the redshift of B1144+352,
tion of such a strong X-ray source in a GPS galaxy is surprisingis translates into acdlupper limit of the X-ray luminosity of
O’Dea et al. (1996b) observed two GPS radio sources with th® x 10*2ergs ! in the inner 15 to 250 kpc. Corrected for
ROSAT PSPC and no X-ray emission was detected. Thereftine inner 15 kpc, this implies an upper limit of the X-ray halo
the X-ray luminosity of these sources musgb8 x 10*2ergs™!  luminosity within a radius of 250 kpc df.2 x 10*2ergs!.
in the0.2 — 2 keV band (3 upper limit), which is a factor of Extrapolated to much larger radii, assuming the modified King
three below the luminosity of B1144+352. O’Dea et al. explaiprofile, this would yieldt.3 x 10*2 ergs!.
the non-detections by stating that these sources either must beThe luminosity we find is much lower than those for lumi-
intrinsically weak in X-rays and/or they must be highly obrous X-ray clustersi(** — 10*° ergs ') which is consistent
scured by cold gas. To obscure a source with an X-ray lumiith the lack of arich optical cluster onthe DSS. Mulchaey et al.
nosity of 103 — 10** ergs! in their observations, a column(1996) and Mulchaey & Zabludoff (1998) have investigated the
density of a few time30%2 cm~2 is needed. The high X-ray lu- X-ray properties of a sample of nearby poor groups of galaxies.
minosity of B1144+352 is therefore suggestive of a much lower the majority of cases, they find extended halo components
column density towards this source: for the powerlaw mode¥jth a typical luminosity range of0*2 — 10**ergs™!. They
a column density of a few02? cm~2 would imply an intrinsic attribute this to a low-mass version of the intra-cluster medium
X-ray luminosity of~ 10%* ergs!. However, a more modestfound in X-ray luminous clusters. The upper limit we deter-
column density of x 102! cm~2 yields an emitted power of mined from ROSAT HRI data for B1144+352 therefore does
1.7 x 103 ergs !, which is only 35% higher than the powemot exclude a low-mass intra-cluster medium as found in poor
that we find assuming no intrinsic absorption. groups of galaxies.

As will be shown in Secf. 412, we believe that the extended
radio components are associated with the GPS source. ThiResults and discussion
means that some medium must be present to confine the ra- .
dio lobes. Such a medium may reveal itself through the emfs1- The radio light curve of the central source

sion of X-rays. However, the HRI data show no sign of a largffe have measured the flux density of the central source at
extended X-ray emitting halo. To find an upper limit for thg 4 GHz from the WSRT data by fitting a point-source model
luminosity of such a halo we have summed all counts in a CHfirectly to the interferometer visibilities. This yields a flux den-
cular area of radius 250 kpc centered on the host galaxyspdy of 541 + 10 mJy. We have tabulated and plotted several
B1144+352. This is the typical core radius of low-luminositgther 1.4-GHz flux density measurements from the literature
clusters (Mulchaey et al. 1996; Jones et al. 1998) and theji¢-Table[2 and Fid.l7. The measurements from Parma et al.
fore most of the X-ray halo emission is expected to come frofngge), S95 and the FIRST survey have been made using the
this region. To estimate the background contribution we havg A in its B-configuration, and are therefore sensitive to the
summed all counts in a 600 arcsec wide annulus with an &ame source structures. Fanti etal. (1987) used the VLA in its A-
ner radius of 200 arcsec (330 kpc). In the inner circular areanfiguration and therefore their observations have been done
we measure 391 counts. The expected number of backgrowigh a ~ 3 times higher resolution. However, since the central
counts in this region i811 + 18, and the inner 10 or 15 kpc, source is unresolved by them, their flux density measurement
contains70 =+ 8 counts. Therefore the number of counts frorghould be comparable to the lower resolution ones. We have
a possible X-ray halo in the HRI data, integrated from 15 kRgssumed a 2% gain calibration error in all VLA observations.
outwards to 250 kpc, i80 = 26 and thus not significant. To cal-The value from Colla et al. (1975a) is strictly an upper limit
culate an upper limit for the luminosity of the halo we have agaiiince this measurement has been done using the Nancay radio
used thermMs mission simulation program (version 2.4b). Weelescope with a beamsize dfid R.A. and 24in Dec. (Colla et
further assume that the density profile(y), of the halo fol- 3|, 1975b) and therefore also includes a fraction of the extended
lows a modified King modely(r) = ng x [1 + (r/a)?]7**/2,  emission.

with core radiusa = 250 kpc and3 = 0.75 (e.g. Forman e find that, after a continuous rise between 1974 and 1994,
& Jones 1991) The radial surface brightness profile then hﬁe core flux density at 1.4 GHz has decreased-iy) mJy in
haves ad (r) = Ip x [1 + (r/a)?]%5~%7, which implies that the three years between the latest VLA observations (FIRST
10% of the X-ray luminosity emitted innerhalf of 250 kpc origsurvey) and these observations. Although several GPS sources
inates from within a radius of 15 kpc. For the cluster gafave been found to be variable, they are usually quasars and not
we have assumed a Raymond-Smith spectral model (mogglaxies (e.g. Stanghellini et al. 1998). The (at least) 20 year
RsQ70) with a temperature of0” K (0.86 keV) and a metal |ong continuous rise and subsequent fall in the flux density of
abundance of 0.25 solar. These are reasonable values forgh@44+352 is therefore quite a remarkable behaviour. Snellen
medium in groups of galaxies (Mulchaey et al. 1996). Using al. (1998) present a model for the flux density evolution of
the I flux-level as an upper limit, we find that the total reGPS sources, in which such a turn-over in flux density is ex-
ceived flux in the(0.1 — 2.4) keV band of the ROSAT HRI pected. In their model, the radio components are ejected from
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? 7OO§ E 4.2.1. The eastern radio structure
2 600 ® e . ] The eastern structure (Fid.4) resembles an extended FRII-
g 5000 ¢ E type radio lobe with a leading hotspot and with an overall
3 morphology that points back to the GPS source. The hotspot
§ 400¢ ] is also detected in the FIRST survey, with a flux density of
3 3000 N E 3.03+0.15mJy. There is also a second weak3( +0.15 mJy)
— E ‘ ‘ ‘ ‘ ‘ ] radio source in the FIRST survey at R.A."145™ 06:68, Dec.

1970 1975 1980 1985 1990 1995 2000 +35° 16 44’8, which coincides with a local maximum in the

Year of observati X Co o
e ot observation radio emission in the WSRT map. The positions of these two

Fig. 7. The 1.4-GHz radio light curve of the core of B1144+352 oveggyrces have been marked with a cross in[Big. 4.
the last 25 years. Vfilues and references for the flux densities presentedrne detection of these sources provides two alternative ex-
here can be found in Tatilé 2. planations for the origin of this radio structure. First, it could
be an unrelated head-tail radio source with the hotspot actually
being the radio core of such a structure. If this were the case
Year Flux density Ref. then we would expect to find an optical galaxy coinciding with
[mJy] the FIRST radio source. However, there is no object brighter
than an R-band magnitude of 20 at this position in the Digitized

Table 2.1.4-GHz flux densities of the core of B1144+353.

1974 34@:34 C75 Sky Survey (DSS). If the host galaxy of this radio source would
ggé'z géiﬁ Egg pe il"l the same group as the GES ho;t galaxy, its non-detection
1991 8 60612 So5 !mplles that its absolute magnitude is at least 6 mag. yveaker
10946 60912 F in R-band than that of the GPS host (i = —17.8). Itis

1997.7 54310 W unlikely that such a weak galaxy would harbor an AGN capa-
ble of producing the observed radio structure (see, e.g., Owen

{\r‘]‘)t‘?lszcg'um,? 1 trelfe4r2 E’ thg ?pOChgof ,Obsetn’a“of“- CO'“T“ tzhgi‘f’lfi%%). The other possibility is that the host galaxy is at a much

e flux density at 1. z. Column 3 gives the reference for the her redshift and that th v ition on the skv near

density measurement (C75: Colla et al. 1975a; P86: Parma et aI.ljﬁglg' er reds and that the observed position o € sky nea
.

1€ GPS source is just a coincidence. This would imply that
e head-tail source is extremely large and powerful. Also, if
this radio structure were a head-tail source, one would expect a

the nucleus at relativistic velocities and at a large angle to tﬁ|‘gnlf|cant steepening of the radio spectrum towards the end of

line of sight. As a result of relativistic beaming, the intensity og!e S'I' V_Y_ido ?Ot observe sudc_r: a r?g'? Stﬁ’]e(;t{r?l beh(;lwour (ds_ee
the radiation emitted by such a component in the direction of t B a). Therefore, we regard it unlikely that the eastern radio

observer will be very low. Only after the radio component h%ru;ture '3 atrs]epara;[e heac:j—_tall :ad'? galaxy.l db hat
decelerated sufficiently, it will start to contribute significantly econd, the eastern radio structure could be a somewna

to the observed flux density. While the component is decelér- orphous radio source with, possibly, the second weak radio

ating, it will also expand adiabatically, so that the total emittetP '€ detecteq by FIRST in the m!ddle of this strupture as the
flux will drop. The exact behaviour of the observed flux densify dio core._Agaln, the lack of_an optical counterpart_m the DSS,
depends on the relative importance of these two effects durc%&"ated within the t_)ound_arles of t_he eastern radio structure,
the evolution of the radio source. Snellen et al. (1998) sh ongly argues against this scenario.

that during the initial phases of the deceleration the flux densig/ dWetcar; the_refore ruletout tdhe polssélbélltydt_hat the ealster.n
will increase, due to the declining effect of relativistic beamin 10 structure 1S a separale and unrelated radio source, leaving

while after some time, as a result of adiabatic expansion of t gly the;t)tr;cll;sm’\rlvggt It :jnift l\JzEa’\slggmatgq with thehGPS
component, the flux density will slowly decrease. According o_urc‘e._ O, € > an € > fadio maps Snow a
their model, the eastern lobe visible in the VLBI map of He aint ‘bridge’ connecting the eastern radio structure with the

stock et al. (1995), which is largely responsible for the observ«gsciDS source. The WSRT map does not show this bridge, but that

change in flux density, must be in the expansion phase. This ost likely related_to the problt_am in_ the data di;cussed in
be tested by monitoring the peak frequency, which should n ct{3.2. The detection of this bridge is further evidence that

also be decreasing in time. the eastern radio structure is aradio lobe originating from within
the GPS host galaxy.

F87: Fanti et al. 1987; S95: Snellen et al. 1995; F: FIRST survey;
This paper).

4.2. The large scale radio structure

Although we do not detect radio jets to physically connect tﬁléz'z' The wester radio structure

central GPS source with the diffuse outer structures, there &wehe western radio structure, the two northern components (A
several indications that they are truly associated, and that thel B, see Fi@ll5) are most likely a separate radio source. The
GPS host galaxy is therefore also the host galaxy of a co-aligreddence for this is threefold. First, the radio source consisting

Mpc-sized radio source. In this section, we will look at thenly of components A and B put together has a morphology

evidence for each radio structure separately.
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Table 3. Properties of the radio source B1144+353. | ‘ ‘ |
35 22 00 [—

Host galaxy R.A.  1144™31:25
Host Galaxy Dec. +35°20'17/5

R-band magn. 15.3+0.5 arsor

Redshift 0.065 £ 0.001

Linear size 350 kpc g 00—
Flux density 70 £ 3mJy 3

Radio power 1.3 x 10** WHz™! Z

Beg 1.2uG Q 2030~
Ueq 1.4 x 1073 ergent? %
Notes:Coordinates are in B1950.0. Flux density and radio power ag 00—

monochromatic and at 1.4 GHB.., andu., are the equipartion mag-
netic fieldstrength and energy density, respectively, and are calcule

using the assumptions made in Miley (1980). 1930 ™

H ‘ ’ . 00
which resembles that of a ‘fat’ double-lobed radio source. Se F Q
ond, the observedi-field polarization vectors turn around at : : : : : : : :
. . 11 44 40 38 36 34 32 30 28 26 24
the southern edge of component B. Such a signature is norm: RIGHT ASCENSION (B1950)

seen at the outer gdge of FRII-type r"fld'o sources (e.g. Sa'*—(i'&. 8. Contour plot of our 1.4-GHz WSRT observations of radio com-
& Salter 1988). Third, on the DSS a bright. = 15.3 £ 0.5, ponents A and B, overlaid on a greyscale plot of the optical field from
estimated from the plates) galaxy is situated at a position Rge DSS. Note the presence of a bright galaxy between the two radio
tween the radio components A and B (see [Hig. 8). Its B195Q@8&mponents. Contourlevels are at (0.3, 0.6, 1.2, 2.4, 4.8, 9.6, 19.2) mJy
coordinates, obtained by fitting a Gaussian to the DSS imageant .

are 11" 44™ 31325 in R.A. and+35° 20 17/5 in Dec., with an

estimated uncertainty ef 3”. In the FIRST survey there is no 11444353

radio source at the position of the optical galaxy, which in

plies that the flux density of a possible radio core at 1.4Gt |
is < 0.5 mJy @o limit). Still, on the map showing the spec-?
tral index between the WENSS and NVSS surveys (seéFig.
there appears to be a region with a slightly flatter spectrum t
tween components A and B, as compared to the spectrunm _
those components. This can be expected if a flat spectrumre » 6
component, such as the radio core or a jet, is situated there. 2
have obtained a spectrum of the optical galaxy with the 2.5 ;)
Isaac Newton Telescope on La Palma on February 24, 19 o
We used the IDS spectrograph equipped with a1k TEK =
chip and the R158V grating which gives a dispersion of #.56 5 2
per pixel. The slitwidth was’2 equivalent to 2.7 pixels on the =
CCD, and the central wavelength was 6300The total inte- Ol L L L L L
gration time was 10 min. The resulting spectrum is present 4000 5000 6000 7000 8000 9000

in Fig.[3. We have not corrected for galactic extinction. We di Wavelength (A)

tect Ha+[N11] emission with an equivalent width af) + 1A, . . .
strongly suggesting that this galaxy indeed harbours an AG'?\'Ig' 9. Optical spectrum of the bright galaxy situated between com-
onents A and B (see FIgl. 8). The features we have used to deter-

albeit not a powerful one. Since there is no other obvious h(ﬁ%e the redshift are indicated. There is weak#Ni1] emission

galaxy candidate in the DSS, it must be the host galaxy of th@w — 10 + 1A). The strong absorption feature near 7608 at-
radio source formed by components A and B. Its redshift is n@bspheric.

significantly different from that of the host galaxy of the GPS

source £ = 0.065 + 0.001, versusz = 0.063 + 0.002 for the

GPS host galaxy; Marcha et al. 1996). The projected distance to

the GPS host galaxy is 380 kpc. Therefore it probably belongs1993), it is situated in the region occupied by low-luminosity
to the same group of galaxies as the GPS host galaxy. FromFid-type sources. Indeed, Owen & White (1991) find that most
integrated flux density of components A and B we have caleurces with a ‘fat double’ morphology lie in this region of the
culated a radio power at 1.4 GHz ©f3 x 102* WHz~!. The diagram. Following the IAU-convention, we will refer to this
absolute magnitude of the host in the R-band-is-22.8. In  radio source as B1144+353. Several of its parameters can be
a diagram of radio versus optical luminosity (see, e.g., Owésund in TabléB.

gl

— — o
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The southern part of the western source (i.e. radio coffeble 4.Properties of the radio lobes of B1144+352. The values for the
ponent C and the southern tail) is either associated with thestern lobe include the southern tail.R is the projected distance
host galaxy of the GPS source, or is part of the radio souregtween the position of the maximum flux density in the lobe and the
B1144+353, or is a separate radio source. The lack of an ass&¢iS sourceP A is the position angle of the line connecting the core
ation with an optical galaxy on the DSS rules out the last exp@2d the maximum in the lobes, counted CCW from the Ndthoo

d.Ss25 are the flux densities at 1400 and 325 MHz, respectively, and

. . ; . . . :
nation. If it were associated with B1144+353, this radio sourgg%go is the spectral index between these frequendizs, and ..

W.OUId have a hlghly unco_nvennonal morphology: 'F would bgre the equipartion magnetic fieldstrength and energy density of the
highly asymmetrical and it would have double radio lobes qgy,es respectively, and are calculated using the assumptions made in
one side of its nucleus. The bending of the polarization vectqygey (1980) and the flux densities at 1400 MHz. All values have been
at the southern edge of component B is characteristic of an as#itculated assuming that the lobes are associated to the GPS source
ward moving shock which compresses the magnetic fields, afifdl therefore have a similar redshift.

normally delimits an FRII-type radio lobe. To explain compo-

nent C as a part of this radio source would require a rather exotic Easternlobe ~ Western lobe
formation scenario. Ifitwere the result of an earlier period of ag; ked 631 521
tivity, we would expect to observe a similar structure northward " Fl
of component A. Also, if the jet of B1144+353 truly reaches ds ] 12 -8
far as component C we would not expect to see the bending’foo [mJy 100.4+23* 48.0+1.0°
the polarization vectors at the edge of component B. For the&es* mJy 295+11 161 + 359
reasons we do not believe that component C is physically patt2° —0.744+0.04 —0.83+0.15
of the radio source B1144+353. Bey [uG] 1.0 1.0

The most likely explanation for its existence is therefore that lergent®] 92x 107 8.8 x 107!

it is related to the GPS host galaxy. There are two further ar :
guments to support this scenario. First, the WSRT observatiqﬁgeasured from the NVSS map;
. L measured from the WSRT map;
show that theE-field polarization vectors turn around at the .
. . easured from the WENSS map;
western edge of radio component C, just as they do at the Somg]émewhat confused with the source B1144+353.
ern edge of radio component B. This suggests that component

C is the leading edge of a FRII-type radio lobe. As seen from

the western edge of component C, the locus of the polarizatigiige of the lobe. Therefore we believe that a displacement of
vectors is situated in the direction of the GPS source, rather thﬁ@ host ga|axy is not avery ||ke|y exp|anation for its offset from
in the direction of B1144+353. Second, the FIRST radio imagge line connecting the maxima in the outer lobes.
of the GPS source (see Hig. 3) shows two jet-like components The FIRST survey and VLBI observations (Henstock et al.
emanating from the core. The eastern ‘jet is clearly pointingpgs) show that the pc-to-kpc scale radio axis has a constant
towards the large eastern radio lobe, and so it is most likely thrisition angle of-120° (measured CCW from the North). How-
the other ‘jet’ points towards another large radio lobe, probabdyer, the WSRT observations show that the position angles of
at a similar distance from the nucleus. Since A and B are a sgfe lines connecting the core with the maxima in the lobes have
arate radio source, component C is the only candidate for siffierent position angles (see Fig. 3 and TdBle 4). On the eastern
a lobe. side there is a change of & the direction of the radio axis

We therefore conclude that component C forms the (formejsgtween kpc and Mpc-scales, on the western side the change is
endpoint of the western jet. FIRST has not detected a hotspoi g Since the kpc-scale structure is so well aligned, this indi-
component C, which results in an upper flux density li8#)( cates that the jets must be bent at a large distance (i.e. farther
of 0.5mJy at 1.4 GHz for such a component. than 50 kpc) from the core. Alternatively, the radio axis may

The line connecting the hotspot in the eastern lobe wifave changed direction in the course of time. However, even
the maximum in component C does not cross the radio cqfghe former position angle was such that the outflow on the
but passes- 35", or 57 kpc, south of it. This indicates thaleastern side was pointed directly at the hotspot, the western jet
both jets do not follow a straight path from the core to thejfust still have been bent by 1@o have its endpoint in the
endpoint. Another possibility is that the host galaxy has moveghximum of the western lobe. An interesting possibility is that
towards the north while it was forming the Mpc-scale radihe western jet has been deflected by the bowshock preceeding
structure. A typical spectral age of a Mpc-sized radio sour@ge expanding southern lobe of B1144+353 (component A). We
is 10% yr (e.g. Mack et al. 1998, Schoenmakers et al. 1998@kyve however no observational evidence for this, nor the theo-
so that a velocity of the central galaxy 6f560 kms™" would  retical understanding to judge the feasibility of such a scenario.
be required to explain the possible shift. This is high, but not The orientation of the polarization vectors in components
unconceivable. An argument against this scenario is that {ReB and C is close to what one would expect for such source
hotspot in the eastern radio lobe, which represents the mgsiponents. This strongly suggests that there is only marginal
recent endpoint of the eastern jet, is situated near the southesaday Rotation towards the western radio structure. If the
edge of the lobe. If the host galaxy had drifted northwards, tmation were more thax 20°, we would have observed a sys-
current endpoint of the jet would be expected near the northesiatic offset in the polarization angles, and so we believe the
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rotation must be less than this. This implies that the (absolute)the cosmology we assume, this implies that the afidie-
Rotation MeasuregRM| < 8 rad n2. In case ofl80° ambi- tween the radio axis and the line of sight must<$et5.2°.
guities in the polarization angle, which we cannot exclude @vonsidering the already large linear size of the outer structure,
the basis of our data alone but which are not very likely eithehe lack of broad emission lines and non-thermal continuum in
RM ~ (n - 68) £ 8 rad nT 2, with n an integer number. the optical spectrum, and the relatively low X-ray luminosity of
the central source when compared with broad-line radio galax-
ies (e.g. Crawford & Fabian 1995), we believe that a value close
to the upper limit o#45° is more appropriate.

The existence of the southern tail of the western radio lobe If the kpc-scale structure has a similar orientation to the pc-
is enigmatic. Extended radio tails have also been found in theale structure and if it originated in the core, the armlength
Mpc-sized radio sources NGC 315 and NGC 6251 (e.g. Magkymmetry of the inner structure observed in FIRST can be
etal. 1997). One, much favoured, scenario is that these tails explained as a pure orientation effect. We further assume that the
material deposited in an earlier phase of the jet-activity, with tlaglvance velocity of the outer components is equal on both sides
jet pointing in a different direction. In the case of B1144+352fthe nucleus. Since the armlength ratio of the outer components
there is indeed some evidence for such a change in the jetidithe FIRST map id.684, their advance velocity must be
rection in the history of the radio source, as has been mentiomestc, which is much higher than what is normally found in

in the previous section. On the other hand, the lack of a similadio galaxies {.01 — 0.1c, e.g. Alexander & Leahy 1987).

tail northwards of the eastern lobe argues against a changindljeis would suggest that the inner lobes are expanding in an
axis as the primary cause of the tail in the western lobe. extremely low-density environment, much lower than normally

The tail of B1144+352 resembles the diffuse radio sourcimund at such distances from the radio core.
sometimes found in rich galaxy clusters (e.@ttgering et al. Also the flux density ratio of the kpc-scale components on
1994, Feretti & Giovannini 1995, ®tgering et al. 1997). A either side of the core, if they are indeed advancing at this veloc-
model for the origin of these radio halo sources is presentigg can be predicted under the hypothesis that the two sides are
by Ensslin et al. (1998). They find that shocks in an intrédatrinsically equal and that any side-to-side difference is only
cluster medium, caused by the merging of two clusters, can dete to relativistic beaming. Using the formula given in Pearson
accelerate particles efficiently to the energies required to emit&Zensus (1987), and assuming that the components are discrete
dio synchrotron emission. The radio source would then trace #aglio sources advancing at an angjle 45° with respect to the
shock front, hence its elongated appearance. A necessary caiirté-of sight, we find an expected flux density ratio of 7.3. The
tion is that the low-energy particles that are being acceleratedimserved flux density ratio is5 4= 0.9, which, considering the
the shock should be available in the intra-cluster medium. Esimplifying assumptions, is not far off. However, velocities of
sslin et al. suggest that they can be the remnant of a radio souwiteost0.4c at distances of tens of kpc from the nucleus are not
that has already faded away. All radio halo sources known asgpected in radio sources, and so we believe that the armlength
found in clusters with high10** — 10%° ergs'!) X-ray lumi- and flux density asymmetries are caused by some other effect,
nosities (e.g. Bttgering et al. 1997). However, the X-ray datanost likely inhomogeneities in the environment.
have shown that B1144+352 is not in such an environment. At An alternative hypothesis to explain the large asymmetry
most, there is an ‘intra-group’ medium surrounding the centrial armlength of the inner kpc-scale structure is that of a jet
radio source. This is in accordance with the apparently low Rahich is ejected alternatively on one side of the nucleus and
tation Measures towards the western radio structure, since thisn on the other (e.g. Rudnick & Edgar 1984). The observation
also implies a low (column) density of thermal electrons alortpat the radio structure on the eastern side appears to consist
the line of sight. of two components, one at 21.6 kpc from the nucleus and the

Is the southern tail perhaps the poor group equivalent of theher at 41.2 kpc, while the radio structure on the western side
radio halo sources in rich clusters? The only large radio swnly consists of a single component at 24.5 kpc from the core,
vey of poor groups of galaxies to date is presented by Buragpearsto support such ascenario. This suggests that the outflow
et al. (1987), who observed 137 poor groups with the WSRilrection of the jet responsible for the formation of the inner
and the VLA. This revealed only one radio source with an estructure would have ‘flipped’ at least twice. A consequence of
tended tail much similar to the tail of B1144+352. Howevehis model is that only one side of the radio source is fuelled by
this source (B0153+053) is most likely a head-tail radio galaxjie jet. Since radio hotspots are expected to fade very rapidly
which Burns et al. found in large numbers in their survey. It isnce the inflow of jet material has stopped (within a fedt yr;
therefore uncertain if there is a type of radio source that exigtg). Clarke & Burns 1991), a large asymmetry in flux density
in groups of galaxies and which is an equivalent of the extendigch natural result. Although statistical arguments argue against
radio halo sources. this scenario (e.g. Ensman & Ulvestad 1984), we cannot rule
out the possibility that B1144+352 is a special case.

The projected distance from the hotspot in the eastern lobe
to the maximum in component C of the western structure is
Giovaninni et al. (1995) have found superluminal motion inthe 1150 kpc. If the Mpc-scale structure also has a similarly
pc-scale radio structure, with an apparent velocity of 24'.  oriented radio axis as the pc-scale structure, the true physical

4.2.3. The southern radio tail

4.3. The orientation of the radio source
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size of B1144+352 iz 1.6 Mpc, which is not an uncommon most likely close ta-. This also gives an maximum age of the
value for Giant radio sources (e.g. Saripalli et al. 1986). inner structure. Given the constraint on the age, we find that the
minimal life-time averaged advance velocity of the head of the
inner structurey, 4., is0.07¢. Depending on how long the radio
activity was switched off this value further increases.
B1144+352 is one of two currently known GPS sources which If, eventually, the central kpc-scale radio source grows out
are also associated with Mpc-sized radio sources. The other aase large ¢ 100 kpc) radio source before the outer lobes have
is the source B1245+676 which has outer lobes of 1.9 Mpc pffaded, B1144+352 can become a so-called ‘double-double radio
jected linear size (de Bruyn et al. in preparation). These twalaxy’ (DDRG, Schoenmakers et al. 1998b). DDRGs are radio
sources can be seen as the extremes of the few known GBEBrces which consist of two unequally sized but well aligned
sources with extended radio structures, such as those discusigetble-lobed radio sources with a coinciding radio core. Six of
by Baum et al. (1990) and Stanghellini et al. (1990). In the casech objects with inner sources larger than 100 kpc are known
of B1144+352, the presence of sharply bound radio structuresy (Schoenmakers et al. 1998b), and they also appear to be the
on Mpc, kpc and pc-scale suggests that the AGN must have gogsult of recurrent jet-formation activity in the nucleus. Sources
through several phases of radio activity or, alternatively, that teech as B1144+352 and B1245+676 are good candidates for the
jets of a continuously operating AGN must have been disruptprbgenitors of these DDRGs.

(or 'smothered’; Baum et al. 1990) several times close to the

nucleus. The fact that the core is currently a GPS source, and so )

either must be very young, or entrapped in a high density envi- Conclusions

ronment, adds further weight to the argument that some formgk have studied the large-scale radio structure of nearby GPS
interruption of the jet flow must have occurred. Since superlgoyrce B1144+352. We have presented new 1.4-GHz WSRT

minal motion has been detected on pc-scales, it is unlikely thijservations, and we have obtained X-ray data from the ROSAT
the GPS source is confined by a high density medium. Theggehive. Our conclusions are the following:

fore, the most likely scenario for this source is that the nucleus
is indeed recurrently radio active. O’Dea (1998) mentions that After a steady increase over at least 25 yr, the core flux den-
the large fraction of GPS/CSS galaxies that show evidence for sity at 1.4 GHz has decreasedby70 mJy to541 410 mJy
interaction and/or mergers, suggests that such processes mudiepoch 1997.7) with respect to the measurements in the
be related with the formation of the radio sources. An appar- FIRST survey (epoch 1994.6). This behaviour is remarkable
ent close companion is also detected near the host galaxy ofsince GPS galaxies in general show only small variations in
B1144+352 (see Sefl. 2 and Ki. 1). Perhaps an interaction be-their flux density, but agrees with the predictions made by a
tween the host galaxy and this apparent companion has disturbednodel of the evolutionary scenario of radio components in
the jet flow to the outer lobes, or even halted the jet formation GPS sources presented by Snellen et al. (1998).
temporarily, giving rise to the subsequent formation of the inn&. The eastern extended radio structure is a radio lobe with a
radio structure. leading hotspot and can only be associated with the central
The rise and fall in the 1.4-GHz flux density of the central GPS source.
source over the last 25 years and the presence of the lumin@®isThe southern part of the western structure is a radio lobe
X-ray source suggest that the nucleus is currently active. The with an elongated tail. This lobe is most likely associated
distance between the outermost maximum in the eastern in- with the GPS source. The origin of the southern tail is not
ner kpc-structure and the coredi$.2/ sin § kpc (see TablEl1), clear.
whered is the angle between the radio axis and the line of. The total projected linear size of the large-scale radio source
sight. This indicates that the nucleus must have been radio ac-associated with the GPS source B1144+352 is2 Mpc,
tive, although not necessarily continuously, for at least the last but the detection of superluminal motion in the GPS source
1.3 X 105¢/(vaqy sin 0) yr. Here,v,q, is the advance velocity ~ suggests that the true (deprojected) physical size may be
of the head of the jet. The presence of the GPS source implies 2 1.6 Mpc.
that jet material which is currently expelled from the core do€s. There are differences e6f10° between the pc-to-kpc-scale
not flow into the outer Mpc-sized lobes anymore, and possible radio axis and the Mpc-scale radio axis. This means that the
also not into the kpc-sized lobes either. Still, a compact radio Mpc-scale jets must have been bent. It also suggests that
hotspot has been detected in the eastern Mpc-sized radio lobethe outflow direction of the jet responsible for the pc-to-
of B1144+352. As has been mentioned in the last section, ra- kpc-scale structure has changed before the formation of the
dio hotspots are expected to fade within a fedt yr (Clarke kpc-scale structure.
& Burns 1991). Therefore, the detection of the hotspot implie8. Since we still see acompact hotspotin the eastern Mpc-scale
that there must still be jet material arriving there. This means radio lobe, we can limit the age of the kpc-scale radio source
that the disruption of the jet cannot have occurred longer ago to < 2 x 10°/sin 6 yr, with 6 the angle of the radio axis
than the travel-time of the jet material from the nucleus to this with respectto the line of sight. Therefore, the time-averaged
hotspot. The travel-time & x 10° ¢/(v; sin ) yr, wherev, is advance velocity of the eastern kpc-scale component must
the velocity of the material flowing down the jet and which is bez 0.07c.

4.4, Is the nucleus recurrently radio active?
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7. The host galaxy of B1144+352 is associated with a sonpgeved the paper considerably. The INT is operated on the island of
what extended X-ray source. The extension appears to hhaePalma by the Isaac Newton Group in the Spanish Observatorio
a similar position angle to the central radio source. Adel Roque de los Muchachos of the Instituto de Astrofisica de Ca-
suming that the emission is due to an AGN, with a powjarias. We thank G. Cotter for his assistance during the observations.

erlaw spectrum with photon index 1.8, we find a luminosityhe Westerbork Synthesis Radio Telescope (WSRT) is operated by
of (1.28 + 0.15) x 1043 ergs between 0.1 and 2.4 keV. %e Netherlands Foundation for Research in Astronomy (NFRA) with

For a thermal bremsstrahlung model with= 107 K and financial support of the Netherlands Organization for Scientific Re-

| abund f | find a lumi . isgarch (NWO). The National Radio Astronomy Observatory (NRAO)
a metal abundance of 0.25 solar, we find a umanS|ty_ operated by Associated Universities, Inc., and is a facility of the Na-

(0.95 £0.11) x 10** ergs™! in the same band. Such lumijona Science Foundation (NSF). This research has made use of the

nosities are comparable to that of powerful 3CR narrow-lingasa/IPAC Extragalactic Database (NED) which is operated by the

radio galaxies at similar redshift. It strongly suggests thaét Propulsion Laboratory, California Institute of Technology, under

the central part of the host galaxy of B1144+352 does naintract with the National Aeronautics and Space Administration. The

contain a large amount of cold gas. Digitized Sky Surveys were produced at the Space Telescope Science
8. In the environment of the GPS source some sort of medilingtitute under U.S. Government grant NAG W-2166. The images of

must be present to confine the extended radio structuré§se surveysare basedon photographig data obtained usinthe Oschin

Such a medium may reveal itself through the emission éf)hmldt Telescope on Palomar Mo.untaln and the UK Schmidt Te!e_—

X-rays. Using the lack of a significant detection in oufgr?]ﬁ’ai;htigla;er;;"s';rgnp(;?fﬁ:;:?ngﬁj:&isresem compressed digital

ROSAT data, we have determined a lpper limit of P '

3.2 x 102 ergs! for the (0.5 — 2) keV X-ray luminosity
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