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ABSTRACT

Aims. Search for star formation regions in the hosts of potegtigtiung radio galaxies (Gigahertz Peaked Spectrum and Cdn$iaep
Spectrum sources).

Methods. Near-UV imaging with the Hubble Space Telescope Advancedeta for Surveys.

Results. We find near-UV light which could be the product of recent $tamation in eight of the nine observed sources, thoughrothe
explanations are not currently ruled out. The UV luminesitof the GPS and CSS sources are similar to those of a sampéaudfy large
scale radio galaxies. Stellar population synthesis maglelsonsistent with a burst of recent star formation ocgubefore the formation of
the radio source. However, observations at other waveisngitd colors are needed to definitively establish the natutiee observed UV
light. In the CSS sources 14437 and 1814—637 the near-UV light is aligned with and is catigpwith the radio source. We suggest that in
these sources the UV light is produced by star formatiomgéigd angr enhanced by the radio source.

Key words. Galaxies: active — Galaxies: starburst — Galaxies: evmtutiGalaxies: stellar content — Galaxies: interaction faviblet: galaxies

1. Introduction Gigahertz Peaked Spectrum (GPS) and Compact Steep
Spectrum (CSS) radio sources are apparently young, smaller
The relationship between black hole mass and galaxy mass [@ps< 1 kpc, CSSs15 kpc, for a review sée O’'Déa 1998) ver-
plies that the growth and evolution of black holes (therefogjons of the large powerful radio sources, so they are ezgect
AGN) and their host galaxies must somehow be related (e @ exhibit signs of more recent star formation. In addititeir
Gebhardt et all_2000). Mergers and_strong interactions c@ihgalactic size makes them excellent probes of the interac
trigger AGN activity in a galaxy (e.g.. Heckman et al. 198&jons between the expanding lobes and the host. They have not
Baum et all 1997; Israel 1998). These events can also prodeggpletely broken through the host ISM, so these interastio

instabilities in the ISM and trigger star formation (e.9.0 Hare expected to be more important than in the larger sources.
2005). Numerical simulations and models (e.g., Mellemd.et a

2002; | Rees 1989) suggest that the advancement of the jets ) N

through the host galaxy environment can also trigger star fo N&ar UV observations are very sensitive to the presence
mation. Imaging studies in the ultraviolet (UV) light of ¢gr of hot young stars and as such waI trace recent star formatio
3CR sources find evidence for episodes of star formatiot st&VeNts: We have therefore obtained high resolution fAS®

ing around the time when the radio source was triggered (i¢ar-UV images of these young compact sources to study the
< 107 — 1C® yr, [Koekemoer et al._1999; Allen etlzl. 2002morphology and the extent of recent star formation.

~

Chiaberge et al. 2002; O’Dea et al. 2001, 2003; Martellet al.

2002) suggesting a possible link. 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 th

Send offprint requests to: Alvaro Labiano: relative si;es of radip sourcesin ngl matched gampIeSSHé u

labiano at damir.iem.csic.es to study time evolution of merger-induced and jet-induded s
formation.
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2. Observations and data reduction to use it in our models. This PSF has a FWHM-df.9 pixels,

implying a resolution of~ 0.05”. However, the residuals for

We have obtained high resolution near-UV images with t ) - -
: . 14+364 t that better PSF model d
High Resolution Channel (HRC) of the Advanced Camera fggﬁe Figurg]%]es at an even better modetis require

surveys (ACS) on board the Hubble Space Telescope, throug GALFIT vi -

: . yields the coordinates of the modeled components
f[he F330W filter. The objects observed are GPS and CSS gakﬂxbixels. The conversion to RA and Dec was performed us-
':&Slilé;l‘lfg' 314f2%:231?.9i23§122§5;23§-7; b1|6&7F2%8’ ing the astrometry information stored in the header of each

e e o (TableL1). Our HST/ACS -pipeline reduced- image (model errors are listed in
sample is chosen to be representative of GPS and CSS SOUSE €[2). The radio positions of the sources are from theslite
with z< 0.5, and nearby enough to eliminate stroffgets due ture
to evolution with cosmic time. The objects are drawn prityari
from the well-defined samples|of Fanti et al. (1990), Fandilet .. : : _
(2001) | Stanghellini (1992) and Stangheliini et al. (199 e ties and magnitudes are for the F330W filter passband, cor

: . rected for galactic extinction and k-correction. The magni
comparison sample of large 3CR sources consists of FR | []ges are in the STMAG system. Galactic extinction was cor-

FR Il sources with redshifts less than 0.1 observed in the-neg, ;. using the Galactic de-reddening curve in Cardedllet
v b%/ Allen e;talc.j (200P). ducti vl q (1989) and the measured Galactic extinction values of
The stan ar ACS reduction PIpeline was use to 'Si:hlegel et ! (1998). K-correction (typicaly0.1, 0.2 magni-

move detector signatures SPCh as bias, dark current, fldt f'ﬁjdes) and conversion of the literature (Allen et al. 200®)r8

and to p(_erform flux calibration. Each target was ob.served_\,vr]ere done following the PEGASEE (Fioc & Rocca-Volmerange
a two-point dither pattern. The frames were combined Wifgg%) templates of elliptical galaxies and using the IRAF
Multidrizzle (Koekemoer et al. 2002) to correct for geornetr ackage SYNPHOT. SYNPHOT was also used for measur-

distortions and cosmic rays. The resulting ACS images hav a F330W magnitudes of the PEGASE and GALAXEV
signal to noise 0£100 for the brightest objects and for the (Bruzual & Charldf 2003) stellar population models.
faintest.

The 2-D fitting code GALFITI(Peng et al. 2002) was used S o
to parameterize the UV emission. For each image we testedNuclear and emission line contamination

different combinations of point source and Sersic profiles, glgre e discuss several possible contributions to the d¥ar-
lowing the sky level, position and magnitudes of all cOMPQyy ¢ jn these radio galaxies. Using ground-based, opsipat-
nents, as well the index andrective radii of the Sersic cOm-y5q06ny[ Tadhunter et/al. (2002) studied the nature of te U
ponents, to vary. The final model was chosen according to & <5 'in GPS. CSS and FR Il sources at redshifts 9.%5
lowesty® and best residuals (with the lowest number of compg- ¢ 7. They found that the UV continuum in these sources
nents). The results are summarized in Table 2. Figure 11 ShQu contributions from (1) nebular continuum, (2) directG
the UV image, GALFIT model and residuals for the nine oyt (3 scattered AGN light, and a (4) starburst compdnen
jects. These will be discussed in detail in Sectibn 4. The presence of possible emission line gas must be also con-

~e)

A Sersic profile [(Sersic 19563, 1963; Graham & Drivegjyered.

Unless otherwise noticed, all presented fluxes, luminosi-

2005, for a review), R" is described by: The observed objects in our case are Narrow Line Radio
Un Galaxies (NLRG) so we expect no contamination from direct
I(R) = leexp [—bn [(E) _ 1]} Q) light from the AGN. The main contribution from emission line
Re gas to our observations would come from Mdt is usually

only found in the nuclear Broad Line Region (BLR) of AGN

where ¢ is the intensity at the feective radiusRe (distance hosts so we do not expect direct contamination from emission
that encloses half of the total emission), dmdis a constant line gas.
coupled to the value of. Special cases of the Sersic profile are  To make a rough estimation of the extent of the possible
those where = 4 (de Vaucouleurs profilel = 1 (exponential contamination by direct light from the AGN, we use the STIS
profile) andn = 0.5 (Gaussian profile). spectrum of 3C 277.1 _(Labiano et al. 2005), a CSS QSO that

The TinyTim (Space Telescope Science Institute prograsould represent our worst case scenario: when we are looking
to generate simulated HST point spread functions) mod@iso the nucleus. In 3C 277.1, all signs from nuclear contri-
for the HRC PSF are not fiicient for our purposes. Insteadpution (broad lines and AGN continuum) and M@mission
we used thecalibration plan observations of Cycles 12 anddisappear at 0.8 kpc from the nucleus, roughly 1.5 times the
13 (programs 10054 and 10374). These programs contBWHM of the PSF in the STIS observations. On average, 0.8
observations of the spectrophotometric standard stars1GDKpc correspond te- 0.2” in our ACS observations and we
G191B2B, GD153 and HZ 14. To model our PSF, we congould expect the nuclear traces to disappear closer to titerce
pared the PSF created by each of these stars in each Cyidleur ACS galaxies. The g line is usually fainter than Mg
as well as combinations of these. In general, thftedénces (Petersan 1997) in AGN (it is also not present in 3C 277.1) so
between each PSF are subtle and do not produce major difs unlikely that it is decting our observations.
ferences in the models of the sources. However, the averageThere are UV polarization observations of 1934-638 and
PSF of the spectrophotometric stars of Cycle 13 produced bkE345+125 but not for the rest of the sources so the pres-
ter point source results (lowgr and residuals) so we choseence of scattered nuclear light cannot be completely rulgd o
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Table 1.Redshift and wavelengths. erties of this emission in relation to other properties, tfre
individual sample sources.

Source Catalogue ID Sample Redshift13100 13300 13700 Emission lines . . _ .
111%#146 4C1441 G GPS 0326 2338 2480 2790 u] €326, Mgn 2800 For our observations, thes3detection limit, for a point
1233+418 G CSs 0.25 2480 2640 2960 M@800 B H H H H
1e1o5  4C1250 G GPS  0a217a 2764 2042 3298 12§00 source (FWHM~3 pixels) is 25.8 (no Galactic extinction ap-
1443+77 3C 303.1 G CSs 0.267 2447 2605 2920 n]@326, Mgn 2800 1 1 1 1 i i i
1607+268 CTD093 G  GPS 0.473 2108 2240 2512 @326 p“ed)' For Com.panson. purppse_s with 'FhIS limit and putélsth
1814-637 G CSS 0063 2916 3104 3481 iNevizaze  data, the magnitudes listed in this section and Table 2 hate n
1934-638 G GPS 0.183 2620 2790 3128 VRSO0 . . .
1946+708 G GPS 010083 2816 2998 3361 MB800 been corrected for Galactic extinction.
2352+495 DA 611 G GPS 0.23790 2504 2666 2989 M2B00

B1950 IAU and catalogue names, identification, PSS classifica- o
tion, redshift, rest-frame wavelengths covered by our nlagiens and 4.1. Notes on individual sources

possible emission linesfacting our measurements. The throughput -
for HRG/F330W dfectively covers~3100A to~3700A. Columns 1117146 Identified as a GPS by O'Deaetal. (1991). The

5 to 7 give the corresponding wavelengths of these limits tied counterpart of the radio source corresponds to g=20.1
maximum throughput of the filter in the rest frame of eachseur  galaxy (de Vriesetall 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
Tadhunter et al. (2002) find AGN scattered light~in37% of 24.06 magnitude source g

their sample (including the GPS 1934-638), but in most cases . .
it does not seem to dominate the UV emission. As we note. 12331418 A CSS_gaIaxy with a photometric R—t_)and red-
ift zz = 0.25 (Fanti et gl. 2004). We detect a point source

below in Section 5.1, the UV light in the GPS sources tend ) : . :
not to be aligned with the radio source suggesting that itvl\gth magnitude 25.43. Our image (see Figliré 11, first panel)

not due to scattered nuclear light. Observations of +345% suggests faint extended emission towards Northeast betrthe
by [Hurt et al. (1999) are consistent with the existence of p prs in the GALFIT model for this component are too large to

larized UV light (though with large uncertainty). However, e sure of its existence.
Tadhunter et al. (2005) found evidence of recent star forma- 1345+1254C +12.50. A long known peaked spectrum ra-
tion and strong jet cloud interactions in 13425 (see also dio source (e.g.. Véron 1971). The counterpart of this GPS
Holt et alll 2008} Surace etlal. 1998). source is a R=15.5 galaxy (e.gl, Stanghellini et al. 1993) at
In general, the contribution from nebular continuum in r& = 0:12174 (Holt et &l. 2003), in a cluster of fainter galax-
dio galaxies varies between 3 and 40% (Tadhunterlet al] 20085 (Stanghellini etal. 1993). IR images of this well known
However, 3 out of the 4 CSS they studied are dominated b;_'RG show an extremely reddened source with two nu-
young stellar populations. Furthermore, for up to 50% ofrtheclei separated~ 1.8” (~4 kpc) embedded in a common
sources (including GPS, CSS and FR II), the UV excessg8velope and aligned roughly East-West (e.g.. Scovilléeta
dominated by young stellar populations. Similar resulteeha2000; Surace & Sanders 2000) suggesting an ongoing merger,
been found for FR I and FR Il sources affefent redshifts Which may have triggered the AGN (e.g.. Heckman etal.
(Aretxaga et al. 2001; Wills et Al. 2002, 2004). 1986;| Xiang et al. 2002). The western nucleus is the bright-
To sum up, the most probable sources of UV light in oifSt and shows a Seyfert 2 spectrum_(Gilmore & Shaw 1985).
images are star formation, scattered nuclear light andlaebe/eilleux etal. (1997) suggest that the source may have a hid-

continuum. However, it is likely that the contributions diet den quasar, also supported by UV polarized continuum emis-
latter two are small. sion (p=16.4%+ 2.6%, the polarization vector approximately

perpendicular to the radio axis Hurt etlal. 1999). VLBI imag-
ing shows a complex, distortedl00 mas {0.2 kpc) source
4. UV morphology (e.g., Lister et al. 2003), roughly oriented North-SouthA{P

We have modeled the UV emitting regions with GALFIT and Zorgggt)c') algeéac;?sr?:\éi:?sniuﬁfi ;ﬁgidre;i?:mtzsyriﬂfwe d
found that all h t least t ts, T —
101u1n7+1 42 (zoii?:(r)fjertszes) (.)rvr\]leahoes?ss Ofvi(;g&rgpfgzgfzsexcﬁﬁat it is related to the western one (e.g. Stanghellini.et al
144377 1607-268. 1814-637 and 1934—638 show a compk297;.Axon et al. 2000; Fariti 2000). Evans €t al. (1999) study
nation of at least one Se@icomponent (with dferentindices) the moIgcm:Iarl.gast;]n féli\ilzganfj\s;u.ggest t(l;att thte g\(ilr?cu—
and one or several point sources (see Table 2 and Higlire ég‘éigas IS fueling the - Our Image detects both nu-

1946+708 and 2352495 show a combination of two and thre separated by 1.8”. The East component was modeled

point sources. In the near-IR, de Vries et al. (2000) ﬁndiI‘§er¥VIth 3 Sersic prqﬁle with index-2.3 and an gective radius
indices 2< n < 5 and dective radii 2 kpcs Re < 4 kpc for 0.3” and magnitude 21.84. The West nucleus shows a more

GPS and CSS sources. Most of our data show point Sourgggnplex structlljre:_ two Sersic profiles With magnitudes 21.1
andor Sersic profiles with indicess 2 and radii R < 400 par- and 21.20 and indices 1.6 and 0.33. This more complex struc-

fyre could be due to interaction with the radio source. @ptic

sec. The presence of these small clumps of near-UV emissioh; ~>- "~~~
is consistent with star forming regions in the host. Befate a€Mmission line images (Axon etlal. 2000; Batcheldor &t al6200
ow an arc of emission 1 North of the Western nucleus and

dressing the nature of the UV emission, we describe the rt? - L o .
9 P inter emission at’2 We do not detect UV emission associ-

1 The Sersic profiles are used to parameterize the data. Itrdesated with these emission line features. They also detedht fa
necessarily imply that these UV components are galaxies. tail of emission stretching from the West nucleus towards th
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Table 2. Galfit components.

Source Component RA (J2000) Dec (J2000) STMAG . (Ras) R (pc) Index Ratio

1117+146 Fey et al. (2004) 11:20:27.8@0.001 +14:20:54.99:0.02

Point source 11 20 27.7659.0001 14 20 54.320.06 24.06:0.06
1233+418 Becker et al. (1995) 12:35:35.#D.03 +41:37:07.40£0.32

Point source 12 35 35.6664).0004 +41:37:08.18:0.17 25.430.16

Sersic profile 12 35 35.67#0.001 +41 37 08.23:0.47 24.2%30.36 10@:800 39@:3100 0.040.6  0.06:0.09
1345+125 Ma et al. (1998) 13:47:33.3616 +12:17:24.240

Point source 13 47 33.39840.0001 +12 17 23.36:0.04 23.7%0.05

Sersic profile 13 47 33.394#0.0002 +12 17 23.46+0.01 21.140.02 35+0.5 76:1 0.33:0.03  0.360.02

Sersic profile 13 47 33.39580.0001 +12 17 23.41+0.06 21.26:0.04 108+7 234+15 1.62+0.13 0.76:0.03

Sersic profile 13 47 33.52720.0003 +12 17 23.24:0.21 21.840.12  299+58 647126  2.220.38 0.54:0.05
1443+77 Rengelink etal. (1997) 14:43:14.9.1 +77:07:28.6:3.8

Point source 14 43 14.6660.001 +77 07 27.546:0.17  25.21+0.10

Point source 14 43 14.583:0.0004 +77 07 27.702:0.06  24.06+0.06

Sersic profile 14 43 14.6560.002 +77 07 27.430:0.10 20.36:0.16 1.1%0.2" 4500:800 2.66:0.33  0.450.02
16074268 Beasley et al. (2002) 16:09:13.3208 +26:41:29.036

Point source 16 09 13.24970.0002 +26 41 29.514:0.14 24.64:0.18

Sersic profile 16 09 13.24720.0002 +26 41 29.515:0.14 23.13:0.14 4711 27765 3.922.35 0.5@0.10
1814-637 _Maetal. (1998) 18:19:35.088.003 —63:45:48.1940.01

Point source 1819 35.3179.0001 -634547.11¥0.01 16.950.10

Sersic profile 1819 35.31760.0001 —634547.1180.01 17.11+0.12 25:4 305 2.08:0.31 0.0%0.02
1934-638 _Ma et al. (1998) 19:39:25.020.001 —63:42:45.626

Point source 19 39 25.09470.0009 63 42 44.9780.13  23.8%0.73

Sersic profile 19 39 25.09380.0001 63 42 44.9740.02 21.750.12 335 119:15 1.02:0.33  0.130.04

Sersic profile 19 39 25.10320.0007 -63 42 45.0320.06  21.080.07 35445 107&137 2.510.26 0.420.02
1946+708 Beasley et al. (2002) 19:45:53.5200.002  +70:55:48.732

Point source 19 45 53.2990.002 +705548.395:0.38  25.8%0.25

Point source 19 45 53.3018.0006 +705548.476:0.12 24.590.09
2352+495 Ma et al. (1998) 23:55:09.458).001 +49:50:08.34Q:0.01

Point source 235509.47040.0004 +4950.07.326:0.16  25.130.16

Point source 235509.46340.0006 +495007.50%0.25 25.530.19

Point source 235509.4828.0003 +495007.5310.12 24.730.10

The first line for each source corresponds to the most re@atid position, the rest of the lines correspond to the UV comepts of
the GALFIT models. Errors not listed are smaller than 0.lianidsec. The coordinates in the GALFIT models are from ti8THoordinate
system and correspond to the brightest pixel. The magrstadeobserved, not corrected from galactic extinctiqriskhe dfective radius in
milliarcsec except for 144377. Last two columns give the sersic indices and axial ratios

west, present in our image and not modeled by GALFIT (seeint sources of magnitudes 25.21 and 24.06, and a Sersic pro

Figure[11)! Surace etlal. (1998) deteompact blue knots in

file with index 2.66 and fective radius 1.1 (~4.5 kpc). The

1345+125 around the source which they attribute to star formarc is not modeled by GALFIT so it is visible in the residuals
ing regions. We detect the southern knet®” south of the of Figure1l. 144377 is the best candidate in our sample to be
undergoing jet induced star formation (see below).

nuclei but not the northern one (see Figure 11).

1443+77: 3C 303.1. The optical counterpart of this CSS 1607"'268’ AIscl) known as CTD93. VLBI maps (e.g.
corresponds to a galaxy of m~20 (e.g.,| Sanghera et g/ Dallacasa et al. 1998) show a two-componer@) mas, GPS

1995), at z= 0.267 (Kristian et dl[ 1978). The VLBI mapSource. The counterpart is a galaxy at .473 (O’Dea et al.

(Sanghera et al. 1995) shows~a 1.8” long (~7 kpc) dou-

1991) with m = 20.4 (Stanghellini et al. 1993). We observe a

ble radio source aligned NW-SE (PA 47 deg) aligned with 24.64 magnitude point source on top of a 23.13 magnitude de

the inner emission line gas (elg. de Vries é: al. 1999). XMNYaucouleurs component.

Newton observations detect the ISM of the host galaxy as well 1814-637 VLBI imaging shows a two component CSS
as a second component which could be either Synchrotron Sigaxy (e.g.. Tzioumis et £l. 2002). Although the radio seur
Compton from the Southern radio lobe or hot gas shockiagsmall ¢ 0.4”, ~0.3 kpc) its radio spectrum does not peak at
by the expansion of the radio source (O'Dea ét al. 2006). Thd GHz. The optical identification corresponds to @=18.0
center of 144377 shows a complex structure in the opticapalaxy at z= 0.063 (Wall & Peacock 1985). We observe a
which could be due to an ongoing merger (€.g.. de Vries|et Bright, 16.95 magnitude point source on top of a 17.11 magni-
1997;:| Axon et alll_2000) and it also shows up in our UV imtude Sersic profile with index+®2. The UV object is-2 arcsec
agel Axon et gl. (2000) and de Vries et al. (1999) find an arcéf the Northeast of the radio source (Ma €t al. 1998). At this
emission south of the nucleus of the sourceland McCarthy etrgdshift, 2 ~ 2.4 kpc so it is probably the counterpart.

(1995) detects circumnuclear [d as far as 3 from the center.
Our image suggests the presence of an arc of emissia@”

1934-638A long known GPS|(Bolton et al. 1963). VLBI
maps (e.g., Tzioumis et al. 1998) show two components sepa-

(~4 kpc) from the nucleus. The integrated magnitude of thiated by~ 40" (0.12 kpc at z= 0.183, Tadhunter et al. 1993).
arc is~23. A region of the sky with the same area has a maB-band and ISO observations (Jauncey &t al. 1986; Fanti et al.
nitude~25. The GALFIT model of the source consists of tw2000) show a system of two galaxies, separated 13/, con-
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sistent with our observations. The GALFIT model yields twm the more luminous sources for fueling the radio source and
Sersic profiles of magnitudes 21.08 and 21.75 and a fainseipplying the starburst.

point source with magnitude 23.81. 1934-638 shows signifi- Inspection of Figur&l2 shows that alignment between the
cant polarization in the UV (3.5%, e.g.. Tadhunter et al.4t99v/ and radio is found for sources 1 kpc, i.e, the compact
Morganti et al.| 1997), with the position angle of the electrigps sources tend not to show systematic alignment. If the UV
vector perpendicular to the radio axis. Scattered AGN ”ghbht was scattered nuclear light, it would be expected ignal
probably makes a significant contribution to the UV excess {{jth the radio axis regardless of radio source size. The ddick
this sourcel(Tadhunter etial. 2002). The polarization afgser glignment in the GPS sources suggests that the UV light is not
tions also suggest an anomalous environment (e.g., Faalli e§cattered nuclear light. Instead, in the GPS sources, webmay

2000). S detecting some clumps of star formation which are assatiate
1946+708 The counterpartis identified with az0.10083, \ith the onset of the radio activity.

mr=16.3 galaxy (e.g., Snellen et al. 2003). VLBI observations

of this GPS source show an elongated0 mas ¢ 0.07 kpc)

NE-SW structurel (Taylor & Vermeulgn 1997). Optical obsel5.2. CSS sources

vations [(Perlman et al. 2001) also suggest a NE-SW elongated o

source, consistent with the orientation of the two compemer e fact that the GPS sources show UV emission on larger
in our GALFIT model: two point sources (aligned NE-Swycales than the radio source and which are not aligned with
with magnitudes 24.59 and 25.81. Perlman ét al. (2001) siige radio source is consistent with the hypothesis that 18 G
gest that 1946708 may be part of a group of galaxies and thedurces are too small to stronglffect their environment on
closest would be- 1’ far from 1946-708. These objects fall the scales resolved by these observations. In large scate 3C
outside our field and they have unknown redshifts. sources, the jets extend far beyond the host galaxy. Therefo

2352+495 [Snellen et d1/(2003) identify the counterpart off there is jet induced star formation, CSS sources are tise be
this GPS source (e.d.. O’'Dea 1998) with a=2.23790, candidates to reveal it. We also note that the two bright&st U
= 18.2 galaxy. VLBI observations show a complex elongat&@urces in our sample (14437 and 1814-637) are CSS.
~ 0.7” (~ 0.25 kpc) source oriented NW-SE (Pollack et al. |Labiano et al..(2005) demonstrated the presence of gas ion-
2003). Our ACS observations show three point sources irr a ¢red by the shocks from the expanding radio source in CSS
cle about 0.8 wide, with magnitudes 24.79, 25.13 and 25.53sources. Furthermore, they found that 1443 shows the

strongest contribution from shocks. We could also expexgeh

5. UV and radio properties shocks to beféecting the star formation in the host.
Here we compare the UV and radio properties of our sample
with those of a sample of 3CR FR | and FR Il sources stuf-3. IS there jet-induced star formation?

ied by|Allen et al. [(2002). The Allen etlal. (2002) data con-. . _ .
sist of STIS near-UV-MAMA snapshots (exposure time g%lgureB suggests there is no correlation between UV luminos

1440 seconds) with filters F25SRF2 and F25CN182. The %and size of the radio source (i.e., the GPS, CSS and large

dio data have been collected from the papers listed in the =R s_ourcehS hhaye 5|ImtllacjrtLJVIum|no§|t|eZ). Ther?fore, a‘thU
dividual notes above: O’Dea (1998), Morganti et al. (1993 'mISSIOI’]W Ich IS refated to source size does not seem o dom-

Martel et al.|(1999), Flesch & Hardcastle (2004) and the 3C tthe thedF’Vl pt:opertles of :]he hlost.trl]-lovL\J/(\e/vler, 'f the_tex_p;ams%
on-line catalog (an update of the sample of Laing &t al. 198 € radio lobes were enhancing e uminosity, it cou

The data are summarized in Table 3 and plotted in Figures 1 ve been unnoticed by our sample. The lack .Of a significant
0. number of CSS sources in our sample (i.e. radio sizes compa-

We note that O'Dea & Baund (1997) found that the radiBable to the host) may cause us to be missing hosts with UV

power of the bright GPS and CSS sample is independenteé?'ss'om 10° Lo.

size and comparable to that of the most powerful FR Il sources If the jet is enhancing the star formation, we expect the ra-

However, the Allen et all (2002) FR sources are low z 3CR, afltp source and UV emission to be aligned and have similar
therefore lower radio |uminosity sources. sizes. Sources with hlgh uv |Umin05ity (14437 and 1814—

637) seem to show alignment between the UV and radio source
(Figure[4). Observations of additional sources with sizek
5.1. GPS sources kpc are needed to improve the statistics. Figure 5 shows that

Most of the sources in our sample are very compact GRY size and radio size are not correlated for most sources.
sources, and therefore, are probably too small to strortggta However, two CSS and one GPS source (1448 1814-637
their environment on the scales resolved by these obsengati 21d 2352-495) have similar UV and radio sizes. The radio
However, some conclusions can be drawn from their integra@Purce in 1233418 is larger than the UV emission. However,
UV and radio properties. the UV magnitudes for 1233118 are close to the detection
Figure[1 suggests a trend between UV luminosity ar_giﬁnit_so we may be missing extended and fainter UV emission
radio power of GPS sources (consistent with the results iBfthis object.
Raimann et al. 2005, for larger radio galaxies) . This retati Table[3 shows the position angles of the radio and UV in
ship could be produced by a larger reservoir of gas availalthe GPS and CSS sources. We see that the CSS+¥Z4and
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Table 3.UV and 5GHz radio properties.

Name  Type Siz&n, UV Size LogRen: Log(L/Lsun) Luy 100(ergs) PA 5GHz PAUV  APA

1233+418 CSS 11.6 1.2 25.56 740.11 5%1.3 27 66 39
1443+77  CSS 6.9 8.1 25.86 8.66.06 18@25 140 116, 136,20 4
1814637 CSS 0.50 - 25.56 8:8Y.03 29@-20 156 170 14
11174146 GPS 0.40 0.2 26.41 7.46.02 11.60.5 120 - -
1345+125 GPS 0.17 0.45 25.98 7488.01 29.60.7 120, 26 165 45
1607268 GPS 0.30 0.2 26.86 8.28.04 687 29 88 59
1934-638 GPS 0.13 0.5 26.65 803 685 88 140 52
1946+708 GPS 0.07 0.2 25.14 6.86.04 0.840.08 28 3 25
2352+495 GPS 0.86 0.9 26.23 7.80.03 9.6:0.7 153 157,27, 85 4

3C 29 FR1 133 24.99 7.69.12

3C35 FR2 960 24.75 7.4D.45

3C 40 FR2 20 2412 7.56.13

3C 66Db FR1 300 24.45 7.48.25

3C 192 FR 2 228 25.29 8.16.17

3C 198 FR2 512 24.79 8.80.08

3C 227 FR2 379 24.59 9.2D.08

3C 236 FR2 4470 25.43 8.40.35

3C 270 FR1 55 23.74 7.49.06

3C 285 FR2 267 25.00 8.40.06

3C 293 FR1 225 24.91 8.38.06

3C 296 FR1 206 24.31 7.48.08

3C 305 FR1 11 24.59 8.3D0.09

3C 310 FR1 316 24.89 7.28.14

3C 317 FR1 18 24.37 7.9D.12

3C321 FR2 540 25.33 9.18.14

3C 326 FR2 1990 24.83 7.38.18

3C 338 FR1 68 23.96 7.50.04

3C 353 FR 2 94 24.57 6.61.55

3C 382 FR 2 204 25.19 10.28.22

3C 388 FR2 84 25.48 7.5D.27
3C390.3 FR2 246 25.47 0.40.22

3C 405 FR2 138 27.15 8.91.14

3C 449 FR1 514 23.93 7.98.51

3C 465 FR1 349 24.71 7.90.22

UV luminosity for our GPS and CSS radio galaxies comparedh Watge extended FR sources from_Allen et al. (2002). Longeetr
sizes are listed in kpc. Radio and UV position angles in degy(ffom North to East) of each componentffBience in radio and UV PA of the
most aligned components. The radio data are from O’Dea (198&ganti et al.|(1993), Martel et al. (1999), Flesch & Heastle (2004) and
the on-line 3CRR catalogue (Laing etlal. 1983), measureGais

aThe PA of the largest angular UV scale of 13425 is 130.

b The UV morphology of 2352495 is a roughly equilateral triangle so no general PA forcmplete source can be given (see Figure11).

1814-637 and the GPS 194808 and 23524957 are aligned FigurelT suggests a possible correlation between UV lumi-
with the UV. In addition 144377 1814-637 and 235295 nosity and the total spatial extent of the UV emission in GPS
have a ratio of radio to UV size of order unity (Figure 6)and CSS sources (we have checked that this trend is not domi-
1946+708 shows some alignment between the UV and radiated by 144377):
components+ 25deg) but the radio source seems too small L
to have &ected the UV in this host. The UV emission in |og(ﬂ) = (7.78+ 0.25) + (0.97 + 0.70) x log(Sizeyy)
2352+495 has two components aligned with the radio source Lo
(and a third which is not aligned), but the unknowiset be- This is consistent with the hypothesis that the UV emission
tween radio and HST reference frames prevents us from acgiidominated by extended regions of star formation ratham th
rately overlaying them. Therefore, 14487 and 1814—637 are by point-like AGN.
currently the best candidates for jet induced star formatio 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 te=0.5) (Figurd8). In the GPS and

2 For sources with several UV position angles, we use the mdsBS sources, the alignment does not depend on either radio
aligned component. power (Figuré B) or redshift (Figute110); though in both case
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the statistics are dominated by the GPS sources which S&@8hresented by the arrow).
not be show alignment on the scales resolved by these observa

tions.

6. Stellar synthesis models

(e.g.,.de Vries et al. 2000, 1998a). With this assumptiores, w
use stellar population synthesis modeld by Bruzual & Charlo
(2003) using the Chabrier (Chabrler 2003) initial mass func

GPS and CSS sources are usually associated with mi@m and Padova evolutionary tracks, for a 1 Myr long burst
sive ellipticals of ages~ 5 Gyr and solar metallicities of star formation and a delta single burst model for popula-



8 A. Labiano et al.: Star formation in the hosts of GHz peaksstsum and compact steep spectrum radio galaxies

Table 4. Mass from luminosity.

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

11174146 2.2x10" 2.1x10°® 2.3x108 55x10”° 2.6x10° 8.2x10°% 8.0x10%
1233+418 5.2x10° 1.0x10°® 5.6x101° 1.8x10”° 1.1x10° 3.9x10°® 2.0x10%
1345+125 1.2x10"  6.7x10° 1.2x10" 6.0x10°° 4.7x101° 2.2x10° 4.9x10°
1443+77 2.0x10%2 3.3x10° 2.2x102? 6.2x101° 3.7x10" 1.3x10° 7.7x10%
1607268 1.9x10% 1.1x10°° 1.9x10% 3.2x10° 1.5x10" 4.3x10°° 6.6x10%
1814-63 1.1x108  4.6x10™® 1.1x10%® 2.0x10" 7.1x10" 2.0x109 3.8x10%2?
1934-638 3.x10" 1.1x10° 3.3x10% 1.3x10° 9.5x10° 3.9x10° 1.2x10%
1946+708  1.4x10°° 9.6x10°® 1.5x10° 7.8x10°7 6.2x10° 3.1x10°7 6.1x10%
2352+495 4.1x10°° 9.0x10” 4.4x10°° 15x10P 9.3x10° 3.4x10% 1.6x109
Average  1.%10% 1.2x10° 1.8x102? 3.6x10°° 1.6x10" 4.9x10° 6.1x10%

10 Myr 1 Myr 10 Myr 1 Myr 10 Myr 1 Myr Average
11174146 1.7x107° 1.8x10® 1.4x10°° 4.4x10° 5.9x10°7 25x10°® 3.7x10%
1233+418 1.0x10° 1.0x10°® 8.3x10°° 2.5x10°% 3.7x10°7 1.8x10°® 2.3x10%
1345+125 8.9x10P° 8.2x10°8 7.1x10°® 2.0x10°7 3.0x10°® 1.4x10° 1.9x10”
1443+77 3.2x101°  3.1x10™® 25x10°7 7.8x10°P7 1.1x10° 54x10° 7.0x10%°
1607+268 8.1x10° 8.3x10® 6.4x10° 2.2x10°7 2.8x10°8 1.2x10°° 1.7x10%°
1814-63  3.X%100 35x10° 2.6x107 9.5x10°” 1.3x10° 6.1x10° 7.2x10"
1934-638 1.%10° 1.2x10° 1.0x10°7 3.0x10°7 4.4x10® 2.1x10° 2.8x10%°
1946+708 1.3x10°® 1.2x10°77 1.1x10°%° 3.0x10° 4.4x10°% 2.1x10°7 2.9x10%7
23524495 9.4x10°% 9.1x10P"7 7.5x10°® 2.3x10°® 3.3x10”7 1.6x10°® 2.0x10%
Average  1.1x10° 1.1x10® 8.7x10°® 2.8x10” 3.9x10°P® 1.9x10® 2.4x10°

Mass in M, needed to reproduce the observed F330W luminosity, acwpridi the mass to luminosity ratio from each model. LB is
the 1 Myr long burst, DB is the delta single burst model, PEGAS the elliptical template model. The table is divided twalves
corresponding to models of Gyr and Myr. Last column and iastof each block give the average mass for each source anel mod
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Fig. 7. As Figure[1, for UV size. The trend is similar with OrFig. 8. As Figurdl, for redshift.
without 1443-077.

tions of 1¢#,10°, 10 and 1 Myr to compare our UV luminos-(e.g., Johnston et al. 2005). The models which require odd an
ity measurements and to estimate the mass and age of stassive stellar populations to produce the UV light arerco
producing the UV emission in our sources (Tddle 4). We alststent with the small measured sizes for the UV emitting re-
compare the measurements with the elliptical galaxy tetaplagions.
from PEGASE. Our observations are consistent with a scenario in which
Inspection of Tablg€]4 shows that our observations are gensingle event is responsible for triggering the AGN and ini-
erally consistent with models of a single instantaneousthfr tiating a starburst. However, the dynamical ages of GPS and
10° - 10’ Mo, <10 Myr ago. However, some sources may b€SS sources are much smaller (betweed a6d 16 (e.g.,
dominated by intermediate-age (0.1 to 1 Gyr) populatiorith(w|Polatidis & Conway 2003; O’'Dea 1998)) than the estimated
masses~ 10°Mo, e.g., Tadhunter et al. 2005). These younages of the stellar populations produced in the starburés T
and intermediate ages in our GESS sources are also consisimplies a minimum time delay between the start of the statbur
tent with stellar population ages measured in hosts of powand the start of the radio activity of 10 Myr. The delay could
ful radio galaxies (Raimann etlal. 2005) and other CSS ssurte as long as 1 Gyr if the 1 Gyr stellar population models are
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correct. The apparent delay between starburst and formatio
the radio source has been found in objects with possible o

0.5

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

In two CSS sources, 14437 and 1814-637 the near-UV
emission is aligned with and co-spatial with the the radigsem
sion and we suggest that star formation has been triggered or
at least enhanced by expansion of the radio source throegh th
host.

We suggest that the starburst and AGN are triggered by the
same event. Comparison with stellar population synthesis-m
els suggests the data are consistent with star formatiamr-occ
ring in a bursts10 Myr ago (though models as old as 1 Gyr are
not ruled out). The radio source ages are much smaller (e.g.,
10° to 1C° yr) suggesting that there is a minimum delay of 10
Myr between the onset of the starburst and the onset of the rad
activity (see also Raimann etial. 2005; Tadhunter et al. [R005
Observations at other wavelengths and measurement ofithe co
ors are needed to further asses the nature of the observed UV
properties.
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nections between the starburst and the formation of the AGN
and radio sourcé (Raimann etlal. 2005; Tadhunter et al. 206gferences

and is predicted by theoretical calculations of the timedeee ajlen M. G. Sparks, W. B., Koekemoer, A., et al. 2002, ApJS
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action (e.g., Lin et al. 1988).

7. Summary
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1345+125

16074268

Fig. 11.ACS HRC F330W image (left panels), GALFIT model (center panand residuals (right panels) of our sample.
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Fig.[11. Continued.
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