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ABSTRACT

Aims. Search for star formation regions in the hosts of potentially young radio galaxies (Gigahertz Peaked Spectrum and Compact Steep
Spectrum sources).
Methods. Near-UV imaging with the Hubble Space Telescope Advanced Camera for Surveys.
Results. We find near-UV light which could be the product of recent starformation in eight of the nine observed sources, though other
explanations are not currently ruled out. The UV luminosities of the GPS and CSS sources are similar to those of a sample ofnearby large
scale radio galaxies. Stellar population synthesis modelsare consistent with a burst of recent star formation occuring before the formation of
the radio source. However, observations at other wavelengths and colors are needed to definitively establish the natureof the observed UV
light. In the CSS sources 1443+77 and 1814–637 the near-UV light is aligned with and is co-spatial with the radio source. We suggest that in
these sources the UV light is produced by star formation triggered and/or enhanced by the radio source.

Key words. Galaxies: active – Galaxies: starburst – Galaxies: evolution – Galaxies: stellar content – Galaxies: interaction – Ultraviolet: galaxies

1. Introduction

The relationship between black hole mass and galaxy mass im-
plies that the growth and evolution of black holes (therefore
AGN) and their host galaxies must somehow be related (e.g.,
Gebhardt et al. 2000). Mergers and strong interactions can
trigger AGN activity in a galaxy (e.g., Heckman et al. 1986;
Baum et al. 1992; Israel 1998). These events can also produce
instabilities in the ISM and trigger star formation (e.g., Ho
2005). Numerical simulations and models (e.g., Mellema et al.
2002; Rees 1989) suggest that the advancement of the jets
through the host galaxy environment can also trigger star for-
mation. Imaging studies in the ultraviolet (UV) light of large
3CR sources find evidence for episodes of star formation start-
ing around the time when the radio source was triggered (i.e.
. 107 − 108 yr, Koekemoer et al. 1999; Allen et al. 2002;
Chiaberge et al. 2002; O’Dea et al. 2001, 2003; Martel et al.
2002) suggesting a possible link.

Send offprint requests to: Alvaro Labiano:
labiano at damir.iem.csic.es

Gigahertz Peaked Spectrum (GPS) and Compact Steep
Spectrum (CSS) radio sources are apparently young, smaller
(GPS. 1 kpc, CSS.15 kpc, for a review see O’Dea 1998) ver-
sions of the large powerful radio sources, so they are expected
to exhibit signs of more recent star formation. In addition,their
subgalactic size makes them excellent probes of the interac-
tions between the expanding lobes and the host. They have not
completely broken through the host ISM, so these interactions
are expected to be more important than in the larger sources.

Near UV observations are very sensitive to the presence
of hot young stars and as such will trace recent star formation
events. We have therefore obtained high resolution HST/ACS
near-UV images of these young compact sources to study the
morphology and the extent of recent star formation.

This is the first time a sample of GPS and CSS sources
has been imaged in the near-UV. It is also the first time that the
relative sizes of radio sources in well matched samples are used
to study time evolution of merger-induced and jet-induced star
formation.

http://export.arxiv.org/abs/astro-ph/0701619v1
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2. Observations and data reduction

We have obtained high resolution near-UV images with the
High Resolution Channel (HRC) of the Advanced Camera for
surveys (ACS) on board the Hubble Space Telescope, through
the F330W filter. The objects observed are GPS and CSS galax-
ies 1117+146, 1233+418, 1345+125, 1443+77, 1607+268,
1814–637, 1934–638, 1946+708, 2352+495 (Table 1). Our
sample is chosen to be representative of GPS and CSS sources
with z. 0.5, and nearby enough to eliminate strong effects due
to evolution with cosmic time. The objects are drawn primarily
from the well-defined samples of Fanti et al. (1990), Fanti etal.
(2001), Stanghellini (1992) and Stanghellini et al. (1997). The
comparison sample of large 3CR sources consists of FR I and
FR II sources with redshifts less than 0.1 observed in the near-
UV by Allen et al. (2002).

The standard ACS reduction pipeline was used to re-
move detector signatures such as bias, dark current, flat field
and to perform flux calibration. Each target was observed in
a two-point dither pattern. The frames were combined with
Multidrizzle (Koekemoer et al. 2002) to correct for geometric
distortions and cosmic rays. The resulting ACS images have a
signal to noise of∼100 for the brightest objects and∼5 for the
faintest.

The 2-D fitting code GALFIT (Peng et al. 2002) was used
to parameterize the UV emission. For each image we tested
different combinations of point source and Sersic profiles, al-
lowing the sky level, position and magnitudes of all compo-
nents, as well the index and effective radii of the Sersic com-
ponents, to vary. The final model was chosen according to the
lowestχ2 and best residuals (with the lowest number of compo-
nents). The results are summarized in Table 2. Figure 11 show
the UV image, GALFIT model and residuals for the nine ob-
jects. These will be discussed in detail in Section 4.

A Sersic profile (Sersic 1963, 1968; Graham & Driver
2005,for a review), R1/n is described by:

I(R) = Ie exp
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where Ie is the intensity at the effective radius,Re (distance
that encloses half of the total emission), andbn is a constant
coupled to the value ofn. Special cases of the Sersic profile are
those wheren = 4 (de Vaucouleurs profile),n = 1 (exponential
profile) andn = 0.5 (Gaussian profile).

The TinyTim (Space Telescope Science Institute program
to generate simulated HST point spread functions) models
for the HRC PSF are not sufficient for our purposes. Instead,
we used thecalibration plan observations of Cycles 12 and
13 (programs 10054 and 10374). These programs contain
observations of the spectrophotometric standard stars GD71,
G191B2B, GD153 and HZ 14. To model our PSF, we com-
pared the PSF created by each of these stars in each Cycle,
as well as combinations of these. In general, the differences
between each PSF are subtle and do not produce major dif-
ferences in the models of the sources. However, the average
PSF of the spectrophotometric stars of Cycle 13 produced bet-
ter point source results (lowerχ2 and residuals) so we chose

to use it in our models. This PSF has a FWHM of∼1.9 pixels,
implying a resolution of∼ 0.05′′. However, the residuals for
1814+364 suggest that an even better PSF model is required
(see Figure 11).

GALFIT yields the coordinates of the modeled components
in pixels. The conversion to RA and Dec was performed us-
ing the astrometry information stored in the header of each
HST/ACS -pipeline reduced- image (model errors are listed in
Table 2). The radio positions of the sources are from the litera-
ture.

Unless otherwise noticed, all presented fluxes, luminosi-
ties and magnitudes are for the F330W filter passband, cor-
rected for galactic extinction and k-correction. The magni-
tudes are in the STMAG system. Galactic extinction was cor-
rected using the Galactic de-reddening curve in Cardelli etal.
(1989) and the measured Galactic extinction values of
Schlegel et al. (1998). K-correction (typically∼ 0.1, 0.2 magni-
tudes) and conversion of the literature (Allen et al. 2002) filters
were done following the PEGASE (Fioc & Rocca-Volmerange
1997) templates of elliptical galaxies and using the IRAF
package SYNPHOT. SYNPHOT was also used for measur-
ing F330W magnitudes of the PEGASE and GALAXEV
(Bruzual & Charlot 2003) stellar population models.

3. Nuclear and emission line contamination

Here we discuss several possible contributions to the near-UV
light in these radio galaxies. Using ground-based, opticalspec-
troscopy, Tadhunter et al. (2002) studied the nature of the UV
excess in GPS, CSS and FR II sources at redshifts 0.15< z
< 0.7. They found that the UV continuum in these sources
has contributions from (1) nebular continuum, (2) direct AGN
light, (3) scattered AGN light, and a (4) starburst component.
The presence of possible emission line gas must be also con-
sidered.

The observed objects in our case are Narrow Line Radio
Galaxies (NLRG) so we expect no contamination from direct
light from the AGN. The main contribution from emission line
gas to our observations would come from Mg. It is usually
only found in the nuclear Broad Line Region (BLR) of AGN
hosts so we do not expect direct contamination from emission
line gas.

To make a rough estimation of the extent of the possible
contamination by direct light from the AGN, we use the STIS
spectrum of 3C 277.1 (Labiano et al. 2005), a CSS QSO that
could represent our worst case scenario: when we are looking
into the nucleus. In 3C 277.1, all signs from nuclear contri-
bution (broad lines and AGN continuum) and Mg emission
disappear at 0.8 kpc from the nucleus, roughly 1.5 times the
FWHM of the PSF in the STIS observations. On average, 0.8
kpc correspond to∼ 0.2′′ in our ACS observations and we
could expect the nuclear traces to disappear closer to the center
in our ACS galaxies. The C] line is usually fainter than Mg
(Peterson 1997) in AGN (it is also not present in 3C 277.1) so
it is unlikely that it is affecting our observations.

There are UV polarization observations of 1934–638 and
1345+125 but not for the rest of the sources so the pres-
ence of scattered nuclear light cannot be completely ruled out.
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Table 1.Redshift and wavelengths.

Source Catalogue ID Sample Redshiftλ3100 λ3300 λ3700 Emission lines
1117+146 4C 14.41 G GPS 0.326 2338 2489 2790 C] 2326, Mg 2800
1233+418 G CSS 0.25 2480 2640 2960 Mg 2800
1345+125 4C 12.50 G GPS 0.12174 2764 2942 3298 Mg 2800
1443+77 3C 303.1 G CSS 0.267 2447 2605 2920 C] 2326, Mg 2800
1607+268 CTD 093 G GPS 0.473 2108 2240 2512 C] 2326
1814–637 G CSS 0.063 2916 3104 3481 [Ne V] 3426
1934–638 G GPS 0.183 2620 2790 3128 Mg 2800
1946+708 G GPS 0.10083 2816 2998 3361 Mg 2800
2352+495 DA 611 G GPS 0.23790 2504 2666 2989 Mg 2800

B1950 IAU and catalogue names, identification, GPS/CSS classifica-
tion, redshift, rest-frame wavelengths covered by our observations and
possible emission lines affecting our measurements. The throughput
for HRC/F330W effectively covers∼3100Å to∼3700Å. Columns
5 to 7 give the corresponding wavelengths of these limits andthe
maximum throughput of the filter in the rest frame of each source.

Tadhunter et al. (2002) find AGN scattered light in∼ 37% of
their sample (including the GPS 1934–638), but in most cases
it does not seem to dominate the UV emission. As we note
below in Section 5.1, the UV light in the GPS sources tends
not to be aligned with the radio source suggesting that it is
not due to scattered nuclear light. Observations of 1345+125
by Hurt et al. (1999) are consistent with the existence of po-
larized UV light (though with large uncertainty). However,
Tadhunter et al. (2005) found evidence of recent star forma-
tion and strong jet cloud interactions in 1345+125 (see also
Holt et al. 2003; Surace et al. 1998).

In general, the contribution from nebular continuum in ra-
dio galaxies varies between 3 and 40% (Tadhunter et al. 2002).
However, 3 out of the 4 CSS they studied are dominated by
young stellar populations. Furthermore, for up to 50% of their
sources (including GPS, CSS and FR II), the UV excess is
dominated by young stellar populations. Similar results have
been found for FR I and FR II sources at different redshifts
(Aretxaga et al. 2001; Wills et al. 2002, 2004).

To sum up, the most probable sources of UV light in our
images are star formation, scattered nuclear light and nebular
continuum. However, it is likely that the contributions of the
latter two are small.

4. UV morphology

We have modeled the UV emitting regions with GALFIT and
found that all sources show at least two components, except
1117+146 (point source). The hosts of 1233+418, 1345+125,
1443+77, 1607+268, 1814–637 and 1934–638 show a combi-
nation of at least one Sersic1 component (with different indices)
and one or several point sources (see Table 2 and Figure 11).
1946+708 and 2352+495 show a combination of two and three
point sources. In the near-IR, de Vries et al. (2000) find Sersic
indices 2. n . 5 and effective radii 2 kpc. Re . 4 kpc for
GPS and CSS sources. Most of our data show point sources
and/or Sersic profiles with indices n. 2 and radii Re . 400 par-
sec. The presence of these small clumps of near-UV emission
is consistent with star forming regions in the host. Before ad-
dressing the nature of the UV emission, we describe the prop-

1 The Sersic profiles are used to parameterize the data. It doesnot
necessarily imply that these UV components are galaxies.

erties of this emission in relation to other properties, forthe
individual sample sources.

For our observations, the 3σ detection limit, for a point
source (FWHM∼3 pixels) is 25.8 (no Galactic extinction ap-
plied). For comparison purposes with this limit and published
data, the magnitudes listed in this section and Table 2 have not
been corrected for Galactic extinction.

4.1. Notes on individual sources

1117+146: Identified as a GPS by O’Dea et al. (1991). The
counterpart of the radio source corresponds to a mR=20.1
galaxy (de Vries et al. 1995) at z= 0.362 (de Vries et al.
1998b). Radio observations (e.g., Fey & Charlot 1997) show a
∼100 mas double radio source. Our image shows an unresolved
24.06 magnitude source.

1233+418: A CSS galaxy with a photometric R-band red-
shift zR = 0.25 (Fanti et al. 2004). We detect a point source
with magnitude 25.43. Our image (see Figure 11, first panel)
suggests faint extended emission towards Northeast but theer-
rors in the GALFIT model for this component are too large to
be sure of its existence.

1345+125: 4C+12.50. A long known peaked spectrum ra-
dio source (e.g., Véron 1971). The counterpart of this GPS
source is a mR=15.5 galaxy (e.g., Stanghellini et al. 1993) at
z = 0.12174 (Holt et al. 2003), in a cluster of fainter galax-
ies (Stanghellini et al. 1993). IR images of this well known
ULIRG show an extremely reddened source with two nu-
clei separated∼ 1.8′′ (∼4 kpc) embedded in a common
envelope and aligned roughly East-West (e.g., Scoville et al.
2000; Surace & Sanders 2000) suggesting an ongoing merger,
which may have triggered the AGN (e.g., Heckman et al.
1986; Xiang et al. 2002). The western nucleus is the bright-
est and shows a Seyfert 2 spectrum (Gilmore & Shaw 1986).
Veilleux et al. (1997) suggest that the source may have a hid-
den quasar, also supported by UV polarized continuum emis-
sion (p=16.4%± 2.6%, the polarization vector approximately
perpendicular to the radio axis Hurt et al. 1999). VLBI imag-
ing shows a complex, distorted∼100 mas (∼0.2 kpc) source
(e.g., Lister et al. 2003), roughly oriented North-South (PA∼
−20 deg). Older observations of 1345+125 related the radio
source to the East nucleus but improved astrometry showed
that it is related to the western one (e.g. Stanghellini et al.
1997; Axon et al. 2000; Fanti 2000). Evans et al. (1999) study
the molecular gas in 1345+125 and suggest that the molecu-
lar gas is fueling the AGN. Our UV image detects both nu-
clei separated by∼ 1.8′′. The East component was modeled
with a Sersic profile with index∼2.3 and an effective radius
∼ 0.3′′ and magnitude 21.84. The West nucleus shows a more
complex structure: two Sersic profiles with magnitudes 21.14
and 21.20 and indices 1.6 and 0.33. This more complex struc-
ture could be due to interaction with the radio source. Optical
emission line images (Axon et al. 2000; Batcheldor et al. 2006)
show an arc of emission∼ 1′′ North of the Western nucleus and
fainter emission at 2′′. We do not detect UV emission associ-
ated with these emission line features. They also detect a faint
tail of emission stretching from the West nucleus towards the
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Table 2.Galfit components.

Source Component RA (J2000) Dec (J2000) STMAG Re (mas) Re (pc) Index Ratio
1117+146 Fey et al. (2004) 11:20:27.807±0.001 +14:20:54.99±0.02

Point source 11 20 27.7653±0.0001 14 20 54.33±0.06 24.06±0.06
1233+418 Becker et al. (1995) 12:35:35.71±0.03 +41:37:07.40±0.32

Point source 12 35 35.6664±0.0004 +41:37:08.18±0.17 25.43±0.16
Sersic profile 12 35 35.677±0.001 +41 37 08.23±0.47 24.21±0.36 100±800 390±3100 0.04±0.6 0.06±0.09

1345+125 Ma et al. (1998) 13:47:33.3616 +12:17:24.240
Point source 13 47 33.3981±0.0001 +12 17 23.36±0.04 23.77±0.05
Sersic profile 13 47 33.3947±0.0002 +12 17 23.46±0.01 21.14±0.02 35±0.5 76±1 0.33±0.03 0.36±0.02
Sersic profile 13 47 33.3950±0.0001 +12 17 23.41±0.06 21.20±0.04 108±7 234±15 1.62±0.13 0.76±0.03
Sersic profile 13 47 33.5272±0.0003 +12 17 23.24±0.21 21.84±0.12 299±58 647±126 2.29±0.38 0.54±0.05

1443+77 Rengelink et al. (1997) 14:43:14.9±1.1 +77:07:28.6±3.8
Point source 14 43 14.666±0.001 +77 07 27.546±0.17 25.21±0.10
Point source 14 43 14.5832±0.0004 +77 07 27.702±0.06 24.06±0.06
Sersic profile 14 43 14.656±0.002 +77 07 27.430±0.10 20.36±0.16 1.1”±0.2” 4500±800 2.66±0.33 0.45±0.02

1607+268 Beasley et al. (2002) 16:09:13.3208 +26:41:29.036
Point source 16 09 13.2497±0.0002 +26 41 29.514±0.14 24.64±0.18
Sersic profile 16 09 13.2472±0.0002 +26 41 29.515±0.14 23.13±0.14 47±11 277±65 3.92±2.35 0.50±0.10

1814–637 Ma et al. (1998) 18:19:35.003±0.003 –63:45:48.194±0.01
Point source 18 19 35.3179±0.0001 –63 45 47.117±0.01 16.95±0.10
Sersic profile 18 19 35.3175±0.0001 –63 45 47.115±0.01 17.11±0.12 25±4 30±5 2.08±0.31 0.07±0.02

1934–638 Ma et al. (1998) 19:39:25.027±0.001 –63:42:45.626
Point source 19 39 25.0947±0.0009 –63 42 44.978±0.13 23.81±0.73
Sersic profile 19 39 25.0935±0.0001 –63 42 44.974±0.02 21.75±0.12 39±5 119±15 1.02±0.33 0.13±0.04
Sersic profile 19 39 25.1032±0.0007 -63 42 45.037±0.06 21.08±0.07 354±45 1078±137 2.51±0.26 0.47±0.02

1946+708 Beasley et al. (2002) 19:45:53.5200±0.002 +70:55:48.732
Point source 19 45 53.299±0.002 +70 55 48.395±0.38 25.81±0.25
Point source 19 45 53.3016±0.0006 +70 55 48.476±0.12 24.59±0.09

2352+495 Ma et al. (1998) 23:55:09.458±0.001 +49:50:08.340±0.01
Point source 23 55 09.4704±0.0004 +49 50.07.326±0.16 25.13±0.16
Point source 23 55 09.4634±0.0006 +49 50 07.507±0.25 25.53±0.19
Point source 23 55 09.4828±0.0003 +49 50 07.531±0.12 24.79±0.10

The first line for each source corresponds to the most recent radio position, the rest of the lines correspond to the UV components of
the GALFIT models. Errors not listed are smaller than 0.1 milliarcsec. The coordinates in the GALFIT models are from the HST coordinate
system and correspond to the brightest pixel. The magnitudes are observed, not corrected from galactic extinction. Re is the effective radius in
milliarcsec except for 1443+77. Last two columns give the sersic indices and axial ratios.

west, present in our image and not modeled by GALFIT (see
Figure 11). Surace et al. (1998) detectcompact blue knots in
1345+125 around the source which they attribute to star form-
ing regions. We detect the southern knots∼ 2′′ south of the
nuclei but not the northern one (see Figure 11).

1443+77: 3C 303.1. The optical counterpart of this CSS
corresponds to a galaxy of mv ∼20 (e.g., Sanghera et al.
1995), at z= 0.267 (Kristian et al. 1978). The VLBI map
(Sanghera et al. 1995) shows a∼ 1.8′′ long (∼7 kpc) dou-
ble radio source aligned NW-SE (PA∼ 47 deg) aligned with
the inner emission line gas (e.g. de Vries et al. 1999). XMM-
Newton observations detect the ISM of the host galaxy as well
as a second component which could be either Synchrotron Self
Compton from the Southern radio lobe or hot gas shocked
by the expansion of the radio source (O’Dea et al. 2006). The
center of 1443+77 shows a complex structure in the optical,
which could be due to an ongoing merger (e.g., de Vries et al.
1997; Axon et al. 2000) and it also shows up in our UV im-
age. Axon et al. (2000) and de Vries et al. (1999) find an arc of
emission south of the nucleus of the source and McCarthy et al.
(1995) detects circumnuclear [O] as far as 3′′ from the center.
Our image suggests the presence of an arc of emission∼ 0.9′′

(∼4 kpc) from the nucleus. The integrated magnitude of this
arc is∼23. A region of the sky with the same area has a mag-
nitude∼25. The GALFIT model of the source consists of two

point sources of magnitudes 25.21 and 24.06, and a Sersic pro-
file with index 2.66 and effective radius 1.1′′ (∼4.5 kpc). The
arc is not modeled by GALFIT so it is visible in the residuals
of Figure 11. 1443+77 is the best candidate in our sample to be
undergoing jet induced star formation (see below).

1607+268: Also known as CTD93. VLBI maps (e.g.
Dallacasa et al. 1998) show a two-component,∼60 mas, GPS
source. The counterpart is a galaxy at z= 0.473 (O’Dea et al.
1991) with mr = 20.4 (Stanghellini et al. 1993). We observe a
24.64 magnitude point source on top of a 23.13 magnitude de
Vaucouleurs component.

1814–637: VLBI imaging shows a two component CSS
galaxy (e.g., Tzioumis et al. 2002). Although the radio source
is small (∼ 0.4′′, ∼0.3 kpc) its radio spectrum does not peak at
∼1 GHz. The optical identification corresponds to a mv=18.0
galaxy at z= 0.063 (Wall & Peacock 1985). We observe a
bright, 16.95 magnitude point source on top of a 17.11 magni-
tude Sersic profile with index n≃2. The UV object is∼2 arcsec
to the Northeast of the radio source (Ma et al. 1998). At this
redshift, 2′′ ≃ 2.4 kpc so it is probably the counterpart.

1934–638: A long known GPS (Bolton et al. 1963). VLBI
maps (e.g., Tzioumis et al. 1998) show two components sepa-
rated by∼ 40′′ (0.12 kpc at z= 0.183, Tadhunter et al. 1993).
R-band and ISO observations (Jauncey et al. 1986; Fanti et al.
2000) show a system of two galaxies, separated by∼ 3′′, con-
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sistent with our observations. The GALFIT model yields two
Sersic profiles of magnitudes 21.08 and 21.75 and a fainter
point source with magnitude 23.81. 1934–638 shows signifi-
cant polarization in the UV (3.5%, e.g., Tadhunter et al. 1994;
Morganti et al. 1997), with the position angle of the electric
vector perpendicular to the radio axis. Scattered AGN light
probably makes a significant contribution to the UV excess in
this source (Tadhunter et al. 2002). The polarization observa-
tions also suggest an anomalous environment (e.g., Fanti etal.
2000).

1946+708: The counterpart is identified with a z= 0.10083,
mR=16.3 galaxy (e.g., Snellen et al. 2003). VLBI observations
of this GPS source show an elongated,∼40 mas (∼ 0.07 kpc)
NE-SW structure (Taylor & Vermeulen 1997). Optical obser-
vations (Perlman et al. 2001) also suggest a NE-SW elongated
source, consistent with the orientation of the two components
in our GALFIT model: two point sources (aligned NE-SW)
with magnitudes 24.59 and 25.81. Perlman et al. (2001) sug-
gest that 1946+708 may be part of a group of galaxies and the
closest would be∼ 1′ far from 1946+708. These objects fall
outside our field and they have unknown redshifts.

2352+495: Snellen et al. (2003) identify the counterpart of
this GPS source (e.g., O’Dea 1998) with a z= 0.23790, mR

= 18.2 galaxy. VLBI observations show a complex elongated
∼ 0.7′′ (∼ 0.25 kpc) source oriented NW-SE (Pollack et al.
2003). Our ACS observations show three point sources in a cir-
cle about 0.5′′ wide, with magnitudes 24.79, 25.13 and 25.53.

5. UV and radio properties

Here we compare the UV and radio properties of our sample
with those of a sample of 3CR FR I and FR II sources stud-
ied by Allen et al. (2002). The Allen et al. (2002) data con-
sist of STIS near-UV-MAMA snapshots (exposure time of
1440 seconds) with filters F25SRF2 and F25CN182. The ra-
dio data have been collected from the papers listed in the in-
dividual notes above: O’Dea (1998), Morganti et al. (1993),
Martel et al. (1999), Flesch & Hardcastle (2004) and the 3CRR
on-line catalog (an update of the sample of Laing et al. 1983).
The data are summarized in Table 3 and plotted in Figures 1 to
10.

We note that O’Dea & Baum (1997) found that the radio
power of the bright GPS and CSS sample is independent of
size and comparable to that of the most powerful FR II sources.
However, the Allen et al. (2002) FR sources are low z 3CR, and
therefore lower radio luminosity sources.

5.1. GPS sources

Most of the sources in our sample are very compact GPS
sources, and therefore, are probably too small to strongly affect
their environment on the scales resolved by these observations.
However, some conclusions can be drawn from their integrated
UV and radio properties.

Figure 1 suggests a trend between UV luminosity and
radio power of GPS sources (consistent with the results of
Raimann et al. 2005, for larger radio galaxies) . This relation-
ship could be produced by a larger reservoir of gas available

in the more luminous sources for fueling the radio source and
supplying the starburst.

Inspection of Figure 2 shows that alignment between the
UV and radio is found for sources& 1 kpc, i.e, the compact
GPS sources tend not to show systematic alignment. If the UV
light was scattered nuclear light, it would be expected to align
with the radio axis regardless of radio source size. The lackof
alignment in the GPS sources suggests that the UV light is not
scattered nuclear light. Instead, in the GPS sources, we maybe
detecting some clumps of star formation which are associated
with the onset of the radio activity.

5.2. CSS sources

The fact that the GPS sources show UV emission on larger
scales than the radio source and which are not aligned with
the radio source is consistent with the hypothesis that the GPS
sources are too small to strongly affect their environment on
the scales resolved by these observations. In large scale 3CR
sources, the jets extend far beyond the host galaxy. Therefore,
if there is jet induced star formation, CSS sources are the best
candidates to reveal it. We also note that the two brightest UV
sources in our sample (1443+77 and 1814–637) are CSS.

Labiano et al. (2005) demonstrated the presence of gas ion-
ized by the shocks from the expanding radio source in CSS
sources. Furthermore, they found that 1443+77 shows the
strongest contribution from shocks. We could also expect these
shocks to be affecting the star formation in the host.

5.3. Is there jet-induced star formation?

Figure 3 suggests there is no correlation between UV luminos-
ity and size of the radio source (i.e., the GPS, CSS and large
3CR sources have similar UV luminosities). Therefore, any UV
emission which is related to source size does not seem to dom-
inate the UV properties of the host. However, if the expansion
of the radio lobes were enhancing the UV luminosity, it could
have been unnoticed by our sample. The lack of a significant
number of CSS sources in our sample (i.e. radio sizes compa-
rable to the host) may cause us to be missing hosts with UV
emission∼ 109 L⊙.

If the jet is enhancing the star formation, we expect the ra-
dio source and UV emission to be aligned and have similar
sizes. Sources with high UV luminosity (1443+77 and 1814–
637) seem to show alignment between the UV and radio source
(Figure 4). Observations of additional sources with sizes& 1
kpc are needed to improve the statistics. Figure 5 shows that
UV size and radio size are not correlated for most sources.
However, two CSS and one GPS source (1443+77, 1814–637
and 2352+495) have similar UV and radio sizes. The radio
source in 1233+418 is larger than the UV emission. However,
the UV magnitudes for 1233+418 are close to the detection
limit so we may be missing extended and fainter UV emission
in this object.

Table 3 shows the position angles of the radio and UV in
the GPS and CSS sources. We see that the CSS 1443+77 and
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Table 3.UV and 5GHz radio properties.

Name Type Size5GHz UV Size Log P5GHz Log(L/Lsun) LUV 1040(erg/s) PA 5GHz PA UV ∆ PA
1233+418 CSS 11.6 1.2 25.56 7.12±0.11 5.1±1.3 27 66 39
1443+77 CSS 6.9 8.1 25.86 8.66±0.06 180±25 140 116, 136, 20a 4
1814–637 CSS 0.50 – 25.56 8.87±0.03 290±20 156 170 14
1117+146 GPS 0.40 0.2 26.41 7.45±0.02 11.0±0.5 120 – –
1345+125 GPS 0.17 0.45 25.98 7.88±0.01 29.6±0.7 120, 26 165 45
1607+268 GPS 0.30 0.2 26.86 8.24±0.04 68±7 29 88 59
1934–638 GPS 0.13 0.5 26.65 8.24±0.03 68±5 88 140 52
1946+708 GPS 0.07 0.2 25.14 6.35±0.04 0.87±0.08 28 3 25
2352+495 GPS 0.86 0.9 26.23 7.39±0.03 9.6±0.7 153 157, 27, 85b 4

3C 29 FR 1 133 24.99 7.63±0.12
3C 35 FR 2 960 24.75 7.42±0.45
3C 40 FR 2 20 24.12 7.56±0.13
3C 66b FR 1 300 24.45 7.78±0.25
3C 192 FR 2 228 25.29 8.16±0.17
3C 198 FR 2 512 24.79 8.80±0.08
3C 227 FR 2 379 24.59 9.27±0.08
3C 236 FR 2 4470 25.43 8.41±0.35
3C 270 FR 1 55 23.74 7.43±0.06
3C 285 FR 2 267 25.00 8.40±0.06
3C 293 FR 1 225 24.91 8.38±0.06
3C 296 FR 1 206 24.31 7.78±0.08
3C 305 FR 1 11 24.59 8.37±0.09
3C 310 FR 1 316 24.89 7.23±0.14
3C 317 FR 1 18 24.37 7.91±0.12
3C 321 FR 2 540 25.33 9.13±0.14
3C 326 FR 2 1990 24.83 7.33±0.18
3C 338 FR 1 68 23.96 7.56±0.04
3C 353 FR 2 94 24.57 6.67±1.55
3C 382 FR 2 204 25.19 10.35±0.22
3C 388 FR 2 84 25.48 7.52±0.27

3C 390.3 FR 2 246 25.47 9.44±0.22
3C 405 FR 2 138 27.15 8.92±1.14
3C 449 FR 1 514 23.93 7.98±0.51
3C 465 FR 1 349 24.71 7.94±0.22

UV luminosity for our GPS and CSS radio galaxies compared with large extended FR sources from Allen et al. (2002). Longestlinear
sizes are listed in kpc. Radio and UV position angles in degrees (from North to East) of each component. Difference in radio and UV PA of the
most aligned components. The radio data are from O’Dea (1998), Morganti et al. (1993), Martel et al. (1999), Flesch & Hardcastle (2004) and
the on-line 3CRR catalogue (Laing et al. 1983), measured at 5GHz.
a The PA of the largest angular UV scale of 1345+125 is 130o.
b The UV morphology of 2352+495 is a roughly equilateral triangle so no general PA for thecomplete source can be given (see Figure11).

1814–637 and the GPS 1946+708 and 2352+4952 are aligned
with the UV. In addition 1443+77 1814–637 and 2352+495
have a ratio of radio to UV size of order unity (Figure 6).
1946+708 shows some alignment between the UV and radio
components (∼ 25 deg) but the radio source seems too small
to have affected the UV in this host. The UV emission in
2352+495 has two components aligned with the radio source
(and a third which is not aligned), but the unknown offset be-
tween radio and HST reference frames prevents us from accu-
rately overlaying them. Therefore, 1443+77 and 1814–637 are
currently the best candidates for jet induced star formation.

2 For sources with several UV position angles, we use the most
aligned component.

Figure 7 suggests a possible correlation between UV lumi-
nosity and the total spatial extent of the UV emission in GPS
and CSS sources (we have checked that this trend is not domi-
nated by 1443+77):

log

(

LUV

L⊙

)

= (7.78± 0.25)+ (0.97± 0.70)× log(SizeUV)

This is consistent with the hypothesis that the UV emission
is dominated by extended regions of star formation rather than
by point-like AGN.

We also note several interesting null results. The detected
UV luminosity in the GPS, CSS, and large 3CR sources is in-
dependent of redshift (out to z=0.5) (Figure 8). In the GPS and
CSS sources, the alignment does not depend on either radio
power (Figure 9) or redshift (Figure 10); though in both cases
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Fig. 1.UV luminosity and radio power of the combined sample
of GPS/CSS and FR I, FR II from Allen et al. (2002). The solid
line shows the correlation between UV luminosity and radio
power for GPS sources.

Fig. 2. Difference between the UV and radio position angles
(alignment) of the GPS and CSS galaxies versus radio size.

Fig. 3.As Figure 1, for radio size.

the statistics are dominated by the GPS sources which seem
not be show alignment on the scales resolved by these observa-
tions.

6. Stellar synthesis models

GPS and CSS sources are usually associated with mas-
sive ellipticals of ages∼ 5 Gyr and solar metallicities

Fig. 4.As Figure 2, for UV luminosity.

Fig. 5. UV size and radio size of GPS and CSS sources. The
dashed line marks the locus of sources with equal radio and
UV sizes.

Fig. 6.Ratio of radio and UV sizes versus the alignment of the
GPS and CSS sources. The dashed line marks the locus for
sources with same UV and radio size and highest alignment
i.e. where the radio source is most likely affecting the star for-
mation in the host. The point for 1233+418 lies outside the plot
(represented by the arrow).

(e.g., de Vries et al. 2000, 1998a). With this assumptions, we
use stellar population synthesis models by Bruzual & Charlot
(2003) using the Chabrier (Chabrier 2003) initial mass func-
tion and Padova evolutionary tracks, for a 1 Myr long burst
of star formation and a delta single burst model for popula-
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Table 4.Mass from luminosity.

GALAXEV LB GALAXEV DB PEGASE
Name 10 Gyr 1 Gyr 10 Gyr 1 Gyr 10 Gyr 1 Gyr Average

1117+146 2.2×1011 2.1×1008 2.3×1011 5.5×1009 2.6×1010 8.2×1008 8.0×1010

1233+418 5.2×1010 1.0×1008 5.6×1010 1.8×1009 1.1×1010 3.9×1008 2.0×1010

1345+125 1.2×1011 6.7×1008 1.2×1011 6.0×1009 4.7×1010 2.2×1009 4.9×1010

1443+77 2.0×1012 3.3×1009 2.2×1012 6.2×1010 3.7×1011 1.3×1010 7.7×1011

1607+268 1.9×1012 1.1×1009 1.9×1012 3.2×1010 1.5×1011 4.3×1009 6.6×1011

1814–63 1.1×1013 4.6×1009 1.1×1013 2.0×1011 7.1×1011 2.0×1010 3.8×1012

1934–638 3.0×1011 1.1×1009 3.3×1011 1.3×1010 9.5×1010 3.9×1009 1.2×1011

1946+708 1.4×1009 9.6×1006 1.5×1009 7.8×1007 6.2×1008 3.1×1007 6.1×1008

2352+495 4.1×1010 9.0×1007 4.4×1010 1.5×1009 9.3×1009 3.4×1008 1.6×1010

Average 1.7×1012 1.2×1009 1.8×1012 3.6×1010 1.6×1011 4.9×1009 6.1×1011

10 Myr 1 Myr 10 Myr 1 Myr 10 Myr 1 Myr Average
1117+146 1.7×1009 1.8×1008 1.4×1006 4.4×1006 5.9×1007 2.5×1008 3.7×1008

1233+418 1.0×1009 1.0×1008 8.3×1005 2.5×1006 3.7×1007 1.8×1008 2.3×1008

1345+125 8.9×1009 8.2×1008 7.1×1006 2.0×1007 3.0×1008 1.4×1009 1.9×1009

1443+77 3.2×1010 3.1×1009 2.5×1007 7.8×1007 1.1×1009 5.4×1009 7.0×1009

1607+268 8.1×1009 8.3×1008 6.4×1006 2.2×1007 2.8×1008 1.2×1009 1.7×1009

1814–63 3.2×1010 3.5×1009 2.6×1007 9.5×1007 1.3×1009 6.1×1009 7.2×1009

1934–638 1.3×1010 1.2×1009 1.0×1007 3.0×1007 4.4×1008 2.1×1009 2.8×1009

1946+708 1.3×1008 1.2×1007 1.1×1005 3.0×1005 4.4×1006 2.1×1007 2.9×1007

2352+495 9.4×1008 9.1×1007 7.5×1005 2.3×1006 3.3×1007 1.6×1008 2.0×1008

Average 1.1×1010 1.1×1009 8.7×1006 2.8×1007 3.9×1008 1.9×1009 2.4×1009

Mass in M⊙ needed to reproduce the observed F330W luminosity, according to the mass to luminosity ratio from each model. LB is
the 1 Myr long burst, DB is the delta single burst model, PEGASE is the elliptical template model. The table is divided two halves
corresponding to models of Gyr and Myr. Last column and last line of each block give the average mass for each source and model.

Fig. 7. As Figure 1, for UV size. The trend is similar with or
without 1443+077.

tions of 104, 103, 10 and 1 Myr to compare our UV luminos-
ity measurements and to estimate the mass and age of stars
producing the UV emission in our sources (Table 4). We also
compare the measurements with the elliptical galaxy templates
from PEGASE.

Inspection of Table 4 shows that our observations are gen-
erally consistent with models of a single instantaneous burst of
106 − 107 M⊙, .10 Myr ago. However, some sources may be
dominated by intermediate-age (0.1 to 1 Gyr) populations (with
masses∼ 109M⊙, e.g., Tadhunter et al. 2005). These young
and intermediate ages in our GPS/CSS sources are also consis-
tent with stellar population ages measured in hosts of power-
ful radio galaxies (Raimann et al. 2005) and other CSS sources

Fig. 8.As Figure 1, for redshift.

(e.g., Johnston et al. 2005). The models which require old and
massive stellar populations to produce the UV light are incon-
sistent with the small measured sizes for the UV emitting re-
gions.

Our observations are consistent with a scenario in which
a single event is responsible for triggering the AGN and ini-
tiating a starburst. However, the dynamical ages of GPS and
CSS sources are much smaller (between 103 and 106 (e.g.,
Polatidis & Conway 2003; O’Dea 1998)) than the estimated
ages of the stellar populations produced in the starburst. This
implies a minimum time delay between the start of the starburst
and the start of the radio activity of 10 Myr. The delay could
be as long as 1 Gyr if the 1 Gyr stellar population models are
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Fig. 9.As Figure 2, for radio power.

Fig. 10.As Figure 2, for redshift.

correct. The apparent delay between starburst and formation of
the radio source has been found in objects with possible con-
nections between the starburst and the formation of the AGN
and radio source (Raimann et al. 2005; Tadhunter et al. 2005)
and is predicted by theoretical calculations of the time needed
for the gas to reach the center of the galaxy after a tidal inter-
action (e.g., Lin et al. 1988).

7. Summary

We have obtained HST/ACS/HRC near-UV high resolution im-
ages of compact GPS and CSS radio galaxies which are likely
to be the young progenitors of large scale powerful radio galax-
ies. We detect near-UV emission in point sources and/or small
clumps (tens to hundreds of pc scale) in eight of the sources,
consistent with the presence of recent star formation. The UV
luminosity in the GPS and CSS sources is similar to that mea-
sured in nearby large 3CR radio galaxies by Allen et al. (2002).
In the GPS sources as a whole we do not see systematic align-
ment between the radio and UV. This may be because the GPS
radio sources are smaller than the scales resolved by these HST
observations. The lack of alignment in the GPS sources implies
that the UV emission is not due to scattered nuclear light.

There is evidence for a correlation between radio and UV
luminosity in the GPS sources. This relationship could be pro-

duced by having a larger reservoir of gas available in the more
luminous sources for fueling the radio source and supplyingthe
starburst.

In two CSS sources, 1443+77 and 1814–637 the near-UV
emission is aligned with and co-spatial with the the radio emis-
sion and we suggest that star formation has been triggered or
at least enhanced by expansion of the radio source through the
host.

We suggest that the starburst and AGN are triggered by the
same event. Comparison with stellar population synthesis mod-
els suggests the data are consistent with star formation occur-
ring in a burst.10 Myr ago (though models as old as 1 Gyr are
not ruled out). The radio source ages are much smaller (e.g.,
103 to 106 yr) suggesting that there is a minimum delay of 10
Myr between the onset of the starburst and the onset of the radio
activity (see also Raimann et al. 2005; Tadhunter et al. 2005).
Observations at other wavelengths and measurement of the col-
ors are needed to further asses the nature of the observed UV
properties.
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Fig. 11.ACS HRC F330W image (left panels), GALFIT model (center panels) and residuals (right panels) of our sample.
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Fig. 11.Continued.
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