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ABSTRACT

Most successful galaxy formation scenarios now postulate that the intense star formation in massive, high-redshift galaxies during
their major growth period was truncated when powerful AGNs launched galaxy-wide out ows of gas that removed large parts of
the interstellar medium. SINFONI imaging spectroscopy of the most powerful radio galaies 2show clear signatures of such

winds, but are too rare to be good representatives of a generic phase in the evolution of all massive galaxies at high redshift. Here we
present SINFONI imaging spectroscopy of the rest-franteapemission-line gas in 12 radio galaxies at redshifzs Our sample

spans a range in radio power that is intermediate between the most powerful radio galaxies with known wind signatures at these
redshifts and vigorous starburst galaxies, and are about two orders of magnitude more common than the most powerful radio galaxies.
Thus, if AGN feedback is a generic phase of massive galaxy evolution for reasonable values of the AGN duty cycle, these are just
the sources where AGN feedback should be most important. Our sources show a diverse set of gas kinematics ranging from regular
velocity gradients with amplitudes ofv = 2005400 km $* consistent with rotating disks to very irregular kinematics with multiple
velocity jumps of a few 100 knv8. Line widths are generally high, typically arouRVHM = 800 km §*, more similar to the more

powerful highz radio galaxies than mass-selected samples of massiveziggltaxies without bright AGNs, and consistent with the
velocity range expected from recent hydrodynamic models. A broatind in one target implies a black hole mass of a few iD .

Velocity 0 sets of putative satellite galaxies neaew targets suggest dynamical masses of a féW 0 for our sources, akin to the

most powerful highz radio galaxies. lonized gas masses &2 trders of magnitude lower than in the most powerful radio galaxies,

and the extinction in the gas is relatively low, upA@ 2 mag. The ratio of line widths,, to bulk velocity,v, is so large that even

the gas in galaxies with regular velocity elds is unlikely to be gravitationally bound. It is unclear, however, whether the large line
widths are due to turbulence or unresolved, local out ows as are sometimes observed at low redshifts. We compare our sources with
sets of radio galaxies at low and high redshift, nding that they may have more in common with gas-rich nearby radio galaxies with
similar jet power than with the most powerful highradio galaxies. Comparison of the kinetic energy with the energy supply from

the AGNSs through jet and radiation pressure suggests that the sadice still plays a dominant role for feedback, consistent with
low-redshift radio-loud quasars.

Key words. galaxies: active — galaxies: high-redshift — galaxies: star formation — galaxies: jets — galaxies: kinematics and dynamics —
radio continuum: galaxies

1. Introduction mass function, which is dominated by early-type galaxies (e.g.,

Benson et al. 2003whose mass and structural properties appear

It is now widely accepted that the supermassive black holes fg5qey related to the mass of their central supermassive black
siding in the vast majority of early-typ_e galaxuas and bulggs)e (e.g.Tremaine et al. 2002
(e.g.,Yu & Tremaine 2002 can have a sizeable impact on the ) ) ] .
evolution of their host galaxies. Semi-analytic models require Powerful active galactic nuclei (AGNs) release approxi-
a strong source of energy to balance the overcooling of gagtely the equivalent of the binding energy of a massive galaxy
onto dark matter halos and to avoid a strong excess in baryoflifing their short activity period, either in the form of radiation,
mass and star formation in galaxies compared to observatigsthrough jets of relativistic particles, or both. They are thus
The discrepancy is strongest at the high-mass end of the galdkprinciple able to oset the excess cooling out to the highest
galaxy massesSjlk & Rees 1998 If su ciently large parts of
Based on observations carried out with the Very Large TelescopetBiS energy are deposited in the interstellar medium (ISM) of the
ESO under Program IDs 08458324 and 085.80897, and at ATCA host galaxy, they may drive wind®{ Matteo et al. 200p or
under Program ID C2604. turbulence Nesvadba et al. 201).al'he mechanisms that cause
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this, however, are still not very well understood. Even very baassive high-redshift galaxies overall, seen in a short but impor-

sic questions, e.g., whether feedback is dominated by radio jetat phase of their evolution, and we summarize our results in

or the bolometric energy output of radiatively eient accretion Sect.10.

disks,_are still heavily debqted in the literature. There is clear ob- Throughout our analysis we adopt a at cosmology with

servational evidence that jets can perturb the ISM strongly eval = 70 km $1 MpcS! =07,and y =03

at kpc distance from the nucleus, while the observational evi- ' o e

dence for winds driven by quasar radiation over kpc scales is still

mixed (e.g.Husemann et al. 201.iu et al. 2013 Cano-Diaz

et al. 2012 Harrison et al. 2012 Hydrodynamic models of ra-

dio jets are now nding deposition rates of kinetic energy fror@. Sample

the jet into the gas that are broadly consistent with observations 5 3

(Wagner et al. 2012 Our sources have a radio power of a few?®® W Hz>! at
Following the most popular galaxy evolution models500 MHz in the rest frame, about 2 to 3 orders of magni-

AGN feedback should have been particularly important in tHade fainter than the most powerful high-redshift radio galax-

early evolution of massive galaxies at high redshift, wheies known, which reach up to nearlyx110°* W Hz>! (Miley

AGN-driven winds may have blown out the remaining gaseod& De Breuck 2008 and references therein), but powerful

reservoirs that fueled the main phase of galaxy growth, inhibitirgnough to safely neglect contamination from intense star forma-

extended periods of subsequent star formation from the rediidn. For comparison, an intensely star-forming HyLIRG (hyper-

ual gas. Whereas the jets of powerful radio galaxies in the lloiminous infrared galaxy) with far-infrared luminosityr =

cal Universe are known to @ct the gas locally within extended1 x 103 L would produce a rest-frame 1.4 GHz radio power of

gas disks (“jet-cloud interactions”, e.@adhunter et al. 1998 107%° W Hz>!, assuming a far-infrared-to-radio luminosity ratio

van Breugel et al. 1985it was found only recently that out ows of 2.0, as found for high-redshisubmillimeter galaxies (e.g.,

driven by the most powerful radio jets in the early universe &ahakis et al. 2007Seymour et al. 200homson et al. 2004

z 2 canencompass very high gas masses, up to ab8uMLO and aradio spectral index typical of star formation 6 éQ.? to

in the most powerful radio galaxies at high redsheévadba S0.8. This is very similar to the steep spectral indicesS 1.0

et al. 200620083. This is similar to the typical total gas massehat are characteristic of high-redshift radio galaxies, making it

in massive, intensely star-forming, high-redshift galaxies of @ven more di cult to disentangle the contribution of AGNs and

few 101° M (e.g.,Greve et al. 2005Tacconi et al. 2008 This  star formation to lower-power radio sources than those studied

gas is strongly kinematically perturbed with full width at halhere. In spite of their faintness relative to other high-redshift ra-

maximum (FWHM) up to 2000 km $* and high, abrupt veloc- dio galaxies, the radio power odihter sources in this present

ity gradients of similar amplitude, consistent with the expectexudy is nonetheless comparable to that of the most powerful ra-

signatures of vigorous jet-driven winds. dio galaxies known at low redshift (e.gadhunter et al. 1993

Galaéies Witgle?(tremeradio powerat 1.4 GHz of upia = Our targets come from two derent surveys. One is the
few x10°% W Hz®" like those studied bjesvadba et al2006  soythern sample of 234 distant radio galaxieBrfderick et al.
2008&) are, however, very rare, Whlch raises the question of "@003, Bryant et al.(2009ab), and Johnston et al. (in prep.),
impact that AGNs may have on their host galaxies when thjhich we Tefer to hereafter as the MRCR-SUMSS sample. The
radio power is signi cantly lower. The present paper gives a rShther is the sample of radio galaxies within the elds of the
answer to this question. It is part of a systematic study of thgso imaging survey (EIS) bBest et al.(2003 and Brookes
warm ionized gas in 49 high-redshift radio galaxiezat 2 gt g|. (2006 2009, which we call the “CENSORS” sample
with SINFONI, which span three decades in radio power a'"(@bombined EIS-NVSS Survey Of Radio Sources”).
two decades in radio size. Our sources cover the lower half of i ,
the radio power of this sampl@;4 = few x 1075527 W Hz5! _ The MRCR-SUMSS sources have steep radio spectral in-
at 1.4 GHz in the rest frame. Toward lower radio power, coflic€S 4osssa3 S 1.0 between 408 MHz and 843 MHz, and
tamination from the non-thermal radio continuum of vigorou$x€s at 408 MHzS40s 200 mJy. From this catalogue, we se-
starbursts becomes increasingly important. The high-redshift g¢ted 12 moderately low-power sources at2 with Py.4 = few
dio luminosity function oWillott et al. (2001 andGendre et al. x10°" W Hz>'. They have radio sizes betwee@ and 24 at
(2010 suggests that such galaxies are factors of 100 more coht GHz frequency, a typical range of radio sizes of powerful

mon than the very powerful radio sources, with co-moving nunhZ

ber densities on the order of a fewlIMpc™3, su cient to rep- The six galaxies with the lowest radio powelP(
resenta short, generic phase in the evolution of massive galaxig®® W Hz>') come from the CENSORS survey. This cata-
as we will argue below in Sec®. logue of 150 radio galaxies results from cross-matching the ESO

The organization of the paper is as follows. In S&ctve Imaging Survey (EIS) patch D with the NVSS radio survey
present our sample and in Se8tour SINFONI near-infrared (Best et al. 2008 Radio sources detected in the NVSS were
(NIR) imaging spectroscopy and ATCA centimeter continuume-observed at 1.4 GHz with the VLA in the BnA con gura-
observations, and the methods with which we reduced these d&tm at a spatial resolution of 4 , compared to the initial spa-

In Sect.4 we present our methods of analysis and the resuttal resolution of the NVSS of 45 which is complete down to

for each individual target, before presenting the overall result2 mJy. This made it possible to study the structure of the radio
drawn from our sample in Se&. In Sect6 we discuss the AGN sources and to identify the most likely rest-frame optical coun-
properties, and in Sect.we use additional line emitters near outerparts of 102 sources. Optical spectroscopy provided redshifts
radio galaxies to estimate dynamical masses of our high-redsbifi81 sourcesBrookes et al. 2008 Among these, we selected
radio galaxies (HzRGs). In Se®.we compare our data with six sources with a radio power of a fest 0?° W Hz>! and appro-
other classes of HzZRGs before discussing the implications of quirate redshifts for ground-based NIR follow-up spectroscopy.
results for AGN feedback. We argue in Sexthat sources sim- Three have extended radio morphologies and three have com-
ilar to those studied here may well be a representative subsepatt, unresolved radio cores.
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3. Observations and data reduction 3.2. Radio continuum observations

3.1. Near-infrared imaging spectroscopy We observed our MRCR-SUMSS and CENSORS sources in two
) ) ~runs on 2012 January 28 and February 02 with the Australia
We observed all MRCR-SUMSS galaxies with the NIR imagfelescope Compact Array (ATCA, project C2604). Observations
ing spectrograph SINFONEjsenhauer et al. 20pBetween late were carried out simultaneously at 5.5 and 9.0 GHz using the
2009 and early 2010 under program ID 084.A-0324 at the ES§ympact Array Broadband Backend, with bandwidths of 2 GHz
Very Large Telescope. SINFONI observations of the CENSORSpad channel widths of 1 MHz. The array con guration was 6A,
sources were carried out between late 2010 and early 2011 unggh baselines between 337 and 5939 m. For ux density and
program ID 086.B-0571. All data were taken in Service MOdgandpaSS calibration we observed PKS B]m at the be-
under variable conditions. ginning and end of each session. Poor phase stability was due to
SINFONI is an image slicer that operates betweenptl heavy rain and high humidity, and this signi cantly ected the
and 2.4um. We used the seeing-limited mode with the largesfgnal-to-noise ratio.
available eld of viewof 8 x 8 and a pixel scale of 250 mas.  |ndividual sources were observed in 13-15 ve-minute snap-
All data were taken with thél + K grating which covers wave- shots Spread over 8.5 h to ensure gw(toverage; an excep-
lengths between 1.4fm and 2.4um at a spectral resolving tion was NVSS J14493885657, which set early with only
powerR 1500 ( 200 km §'). We observed each MRCR- ye snapshots spanning 3 h. We did not obtain any new data
SUMSS galaxy for 188230 min of on-source observing timefor CENSORS 072 because we used incorrect coordinates from
(3005440 min for the CENSORS sources), split into individgrooks et al. (2008). The ATCA observing log is given in
ual observations of 5 min. Most of our galaxies are smaller thggple B.2 and lists for each source the date of observation, total

the eld of view. We therefore adopted a dither pattern wheign-source integration time, the secondary phase calibrator used,
the object is shifted between two opposite corners of the elghd the synthesized beam at each frequency.

of view, which allows us to use two subsequent frames for the The data reduction was donewith M (Sault et al. 1995

sky subtraction and makes taking dedicated sky frames unneGgshe standard way. We nd typical beam sizes of41.5

sary. The spatial resolution of our data is limited by the size gf 5.5 GHz and 2.5%x 0.9 with position angles betweef6

the seeing dls_k, which is typ_lcally around 1.t_ibr both sample_s. and 13 (except for NVSS J1449%885657, where PA S40 ).

The FWHM sizes of the point spread functions (PSFs) of indbetails are given in TablB.2.

vidual targets are given in TabR 1. They are measured from &  The radio morphologies are shown in Fig They generally

standard star observed at the end of each hour of data takingeon rm those previously measured at 1.4 GHz and 2.4 GHz with
Data reduction relies on a combination of IRAFoy 1993  |grger beams. In NVSS J00248303330 we detect a fainter

and our own custom IDL routines (e.flesvadba et al. 2011b  second component to the southwest of the main radio emis-

All frames are dark-subtracted and at- elded. We then removgion pelow the detection threshold of previous observations. In

the curvature from the spectra in each slit and put them ontqyss 3234235384526 we tentatively detect a radio core that

common wavelength scale by using the bright night-sky lines S4-coincident with the galaxy. Radio sizes are given in Tdble

perimposed on each frame, using only arc lamp spectra to setfi |argest angular scale (LAS) gives the separation between the

absolute wavelength scale. We then sky subtract our data ancigs |obes, if the source is resolved, or the deconvolved size, if it
arrange them into three-dimensional data cubes, which are theRqot.

combined. To account for the vahility of the night sky we scale

the total ux in each sky frame to the total ux in each object

frame, after masking the target. We use the standard star ob8et-1. Relative astrometric alignment of the radio
vations to correct for telluric and instrumentalezts and to set and SINFONI data

the absolute ux scale. : o . .
In this analysis, we discuss the optical emission_"rt]étudymg the eects of the radio jet on the ISM of high-redshift

. ' alaxies requires an accurate relative alignment between the ra-
properties of 8 of the 12 MRCR-SUMSS galaxies we obg: ;
served. Two of the other four, NVSS J004 5385046 and dio and NIR data sets to better than an arcsecond, i.e., better than

NVSS J103618321659, have continuum emission but no Iin he absolute astrometry of the VLT. Unfortunately, we did not

emission at the redshifts previously measured in the rest—frapa%teCt the radio core of most of our galaxies with extended radio
UV. Their redshifts are relatively higtz, = 2.6, placing [OlII] es. Moreover, owing to the small eld of view of SINFONI,

) - ligning our data cubes accurately within the World Coordinate
\?vr%ders t:é V;?r\gzlgnﬁé?isc Ot?;ﬂ?r?ﬂ;@?or'l\”ig %teTO?ILISp;‘g&C t;?]ré Ié(stem (WCS) is not trivial. We therefore register our cubes rel-
: phenic r ; ’ ative to theK-band imaging oBryant et al(20093, which is ac-
strongly variable both in time and in wavelength. At the ex:

. . curately aligned with the WCS, and assume that the radio frame
F:;éidaﬁz\é?é?nc%thlgf;ggiie#]u;:]c ;?62”2;' %iﬁ%&ogggr'geal'of ATCA aligns well with the WCS, to better than 1Broderick

NVSS J233038330009, was found to coincide with a fore—et al. 2007. For compact radio sources (LAS2.0 in Table1),

we assume that thi€-band continuum is aligned with the radio
ground star after our data had already been takeyant et al. source, corresponding to the assumption that the radio emission

20098. The fourth source, NVSS J21064814003 shows a éghompact sources originaté®m the nucleus of the galaxy.

strong misalignment between the radio source and the exten@? re1 shows the radio contours of the MRCR-SUMSS and

gas, and no gas along the radio jet axis, which is vergtint - ~£\sors sources, and the red box gives the adopted position
from the other galaxies presented here. This source has alre e SINFONI maps based on this method

been discussed hyollet et al.(2015, so we do not describe its
characteristics in detail again, but we do include it in the overall
discussion of the properties of our sources. For the CENSORSR g its

sources we focus our discussion on the three sources where we

detected line emission at the redshifts previously measuredror each galaxy we show integrated spectra and emission-line
the rest-frame UV. maps of [Olll] 5007 surface brightness, relative velocities, and
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Fig. 1. Radio morphologies at 5.5 GHz ofdlMRCR-SUMSS sample. The size and orientatiorhefrestored beam is given in the bottom left of
each panel. The red box indicates the size and location of the SINFONI maps presente®@irFBig\VSS J14493%385657, given the short
observation time of this source and hence the deformed beam, we also present its 4.8 GHz observatBnysufitoeh al.(20093, who observed

a part of their sample at 4.8 GHz and 8.64 GHz.
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Fig. 2. Integrated spectra of our sources. Gaussian ts to detected lines are plotted as solid red lines. Below each spectrum we show a typi
night-sky spectrum to illustrate the position of bright night-sky lines (dashed lines). This spectrum is not to scale; the night-sky lines shown al
brighter than the emission lines from our targets. bhttom panekhows the t residuals.
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Table 1. ATCA results.

Source ID Ss52 Sg_ob ¢ |Og L5opd |Og Ll_ge LAS' PAY
[mJy] [mJdy] [WHZY  [WHzS [arcsec] [deg]
NVSS J00243%303330 21.1  11.1 $0.99+ 0.05 27.9 275 16 18
NVSS J004008303333 10.0 3.4 S1.34+0.06 28.6 27.9 15 91
NVSS J012933385433 29.2  14.3 $51.06+ 0.02 28.1 27.6 <1.4
NVSS J03043%$315308 13.4 59 S$1.25+0.03 28.1 27.5 <3.6 .
NVSS J144933385657 . ... $0.99+ 0.05 27.9 27.4 13.4 59
NVSS J201943364542 11.7 10.2 $1.13+0.07 28.0 27.5 31.4 65
NVSS J20460%335656 9.8 9.1 S$1.14+0.04 28.0 27.6 3.6 .
NVSS J210626314003 19.8 22.4 S1.05+0.05 28.1 27.6 50.0 98
NVSS J234235384526 6.0 2.2 $1.38+0.03 28.5 27.9 19.6 54
NVSS J094608211508 (CEN 020) 14.5 8.0 S$1.02+0.04 27.3 26.8 <29 0
NVSS J094728210505 (CEN 105) 2.2 0.8 $1.18+0.09 275 26.8 28.4 95
NVSS J094748204835 (CEN 118) 1.9 0.6 S$1.29+0.15 27.6 26.9 10. 0
NVSS J095226200105 (CEN 129) 2.7 1.7 5082+ 001 26.9 26.5 5.0 95
NVSS J094948213432 (CEN 134) 2.4 1.0 S1.08+ 0.09 27.0 26.6 45 131

Notes.® Flux measured at 5.5 GH#) Flux measured at 9.0 GH#) Radio spectral index. (Sed.1). ¥ Radio power at 500 MHZ® Radio

power at 1.4 GHz in the rest fram@) Largest angular size, corresponding to the separation between the two lobes (when detected) or to the
deconvolved size for compact sources. For unresolved sotireegeconvolved sizes at 5.5 GHz and 9.0 GHz are both gi¥eRosition angle
measured from north to east.

FWHM line widths (Figs2 to A.2 and Table® and3). Unless the spectra before tting the emission lines. To perform this sub-
stated otherwise, we give intrinsic FWHMBWHMinwinsic, that — traction, we mask strong emission lines and strong night-sky line
are corrected for insimental resolutionFWHM.s, setting residuals and ta fth-order polynomial over their whole spec-

FWHMgnsic = FWHMZ, 8 FWHMZ, The instrumental UM Which we subtract afterward.

resolution,FWHM;.s, is wavelength dependent and was mea-

sured from the width of night-sky lines. Maps are only given fo#.1. Description of individual sources
spatial pixels where the signal-to-noise ratio of the line core ex- .

ceeds 5. We used a Monte Carlo method to con rm that this w4sl-1. NVSS J002431S303330

a good value with which to robustly measure the line properti = . . .

: . e : SS J00243%$303330is a double radio source, dominated by
in spite of strong non-Gaussianities in the noise related to tﬁ% ; ; . C

mperfect nigh-sy ine subuacton bad ixes, and potentaly 19" Compenent assacited uih he opical curterpa, anc
intrinsic line pro les. this source at a redshift af= 2.415+ 0.001, which is in good

Integrated spectra include all pixels where [OIBDPO7 is de- . . X
- ) . agreement with the estimate of Johnston et al. (in prep.) from the
tected at a signi cant level. We adopt the redshift estimated fro st-frame UV lines, witte = 2.416+ 0.001. In theH band,

the brightest pixels near the center of the galaxy as system\AFé detect the [OI1] 4959 5007 doublet and H In theK band,

Before adding the spectrum of a pixel, we shift it to the system| .
redshift in order to avoid arti cial broadening of the line in tk:g'&e nd H and [NII] 6548,6583, which are strongly blended

inteqrated spectrum by the larae-scale velocity aradient owing to their large intrinsic widths. The Hline has a broad
9 P y 9 Y9 ' component withFWHM = 3250 km s*. Figure2 shows the
For each galaxy we also mappéetsurface brightness, rela-

tive velocity to the systemic redshift and the FWHM line widthgt%lr)?é%d spectrum of this source. Al line properties are listed

of [Olll] 5007 (Figs.3to 4) by tting Gaussian pro les to the . . %
lines extracted from small apertures across the cube. ApertU{eAS ShOW.” in Fig. 3, . NVSS .‘]00243?"303330 .hé!s a
sizes are 3 pixels 3 pixels, corresponding to 0.4< 0.4 , or strong continuum associated with a bright emission-line

5 pixelsx 5 pixels (0.6 x 0.6 ) for the faintest regions of the '€gion with [Olll] 5007 "surface brightness of $85) x

16 1 2 2 H H H H H
source. This helps to improve the signal-to-noise ratio of tﬂ@s bergf chr\rlli'ﬁrcseiz.olamke v§y|1dths d'nthth's Ir eglton ?(;e
data, but still oversamples the seeing disk and avoids loss'&fY Proad, Wi ms~, and the velocity €
perturbed with two small, unresolved regions that show

spatial information. Since the sizes of the extended emission- L ; . ; .
abrupt velocity jumps relative to their surroundings with rela-

line regions,Smajobs: are typically only a few times larger than . ; X )
the size of the seeing disk, we list sizes of semi-major and serﬁ‘W—e redshifts of about 250 kntsin each region. This area ex-

minor axes that are corrected for the broadening of the RSE [eor:lc:]s %\66(;71”'& Z r%igsi?):?l::r;?rtehsepgr?gii:]gftct)hsekcpoggtmzjlﬂsand

Smajintrinsic, DY S€ttiNGSmajintrinsic = Sh400s S Shsr@lONG the The H  surface brightness in this region is (559) x

same position angle. The same method was applied to the si&'® erg $* cm™?arcsee?.

along the semi-minor axis, where resolved. Toward the southwest, the line emission becomes fainter, but
Contours in Fig.3 show the line-free continuum emissioncan be traced out over another, &ith a typical [Olll] 5007 sur-

for the galaxies where the continuum was detected. In mdate brightness of oy = (1S5) x 1056 erg $* cm™? arcse€?.

galaxies the continuum is only detected after collapsing the linEhe gas is more quiescent, with line widths BYVHM =

free cube along the wavelength axis. However, we detect r8B0S400 km$'. We show integrated spectra of both regions

atively bright continuum emission in NVSS JO0243D3330 in Fig. 5. The box in the right panel of Fig3 shows the re-

and NVSS J201943364542, which we need to subtract frongion from which we extracted the narrow-line emission. This
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Table 2. Emission-line properties of the MRCR-SUMSS sources.

Source Line 0@ obs FWHME Fluxd
[A] [A] [kmsSl  [105% erg $! cm™Y]
NVSS J00243%303330 H 4861.3 16603.453 675+ 70 4.1+ 1.0
[on 49589 16936.8: 5.4  903% 40 10.6x 2.1
[onm 5006.9 17100.7 5.4 903+ 40 32.2+ 6.4
[NIN] 6548.1 22364.6:7.1 220+ 25 1.6+ 0.3
H 6562.8 22414.87.1 675+ 70 12.9+ 2.6
H 6562.8 22414.8 7.1 3250% 300 20.8+ 4.2
[NI1] 6583.4 22485.1+ 7.1  220% 25 4.8+ 1.0
NVSS J004008303333 [ol 37275 16397.34.0 900 90 16.5% 3.3
H e 4861.3 21385.& 3.7 744+ 70 5.8+ 1.2
[oun 49589 21814.9-3.8  744x 70 223+ 45
[o 5006.9 22026.1+ 3.8 744+ 70 67.5¢ 13.5
NVSS J004008303333 B [Olll] soun  4958.9 21794.@ 3.8 760 80 1.3+ 0.7
[O] soun 5006.9 22005.@ 3.8  760x 80 3.9+ 1.9
NVSS J012933385433 H 4861.3 15484.% 35 750« 80 2.0£ 0.4
[om 4958.9 15795.4¢ 3.6 909+ 80 8.0+ 1.6
[o 5006.9 15948.3 3.6 909 80 243+ 4.9
[NI1] 6548.1 20857.4 4.7 1100+ 110 2.5+ 0.5
H 6562.8 20904.& 4.7 750 80 7.0+ 1.4
Hop 6562.8 20904.6¢ 4.7 3500+ 350 20.1+ 4.0
[NIN] 6583.4 20970.2+ 4.7 1100+ 110 7.4+ 15
[SIN] 6716.4 21393.% 4.8 800 80 2.9+ 0.5
[SI] 6730.8 21439.8 4.8 800 80 3.1+ 0.5
NVSS J03043%315308 H 4861.3 15773.22.8 470+ 50 2.5+ 0.5
[on 49589 16089.9-2.9  683% 50 9.7+ 1.9
[o 5006.9 16245.6:2.9 683+ 50 29.5+ 5.9
[NIN] 6548.1 21246.3:+3.8 910+ 90 2.3+ 0.5
H 6562.8 21294.6 3.8 470+ 50 5.7+ 1.1
[NIN] 6583.4 21360.8:3.8 910+ 90 6.9+ 1.4
NVSS J144933385657 H 4861.3 15310.4 3.4 350+ 35 1.1+ 0.2
[oun 49589 15617.8 3.5  420% 40 6.4+ 1.3
[o 5006.9 15769.0+ 3.5 420+ 40 19.5+ 3.9
[NIN] 6548.1 20622.9+ 4.6 200 0.5+ 0.1
H 6562.8 20669.2 4.6 350+ 35 6.6+ 1.3
[NIN] 6583.4 20734.1+ 4.6 200 1.4+ 0.3
NVSS J201943364542 H 4861.3 15165.3 4.4 440+ 50 0.5
[om 4958.9 15469.8 4.5 540+ 30 1.5+ 0.3
[o 5006.9 15619.5+ 4.5 540« 30 4.5+ 0.9
[NI1] 6548.1 20431.6:59  150% 20 0.4+ 0.1
H 6562.8 20477.%5.9  440% 50 2.5+ 0.5
Hop 6562.8 20477.%59 8250+ 800 35.9+ 7.0
[NIN] 6583.4 20541.8:5.9 150+ 20 1.1+ 0.2
NVSS J20194336454 B [Olll] soun  4958.9 15450.2 4.0 320+ 30 0.5+ 0.2
[O] soun 5006.9 15600.4 4.0 320+ 30 1.6+ 0.3
NVSS J20460%335656 H 4861.3 17010.& 55 840 80 1.1+ 0.2
[om 4958.9 17352.1+ 5.7 820+ 80 3.4+ 0.7
[oumn 5006.9 17520.0+ 5.7 820 80 10.2+ 2.0
[NI1] 6548.1 22913.a+ 7.5  650% 70 0.8+ 0.2
H 6562.8 22964.47.5 840t 80 5.8+ 1.2
[NI1] 6583.4 23036.5 7.5 650 70 2.4+ 05
NVSS J234235384526 [Ol] 37275 16829.65.0 1100+ 110 7.7+ 15
H 4861.3 21947.650 820+ 60 2.5+ 0.5
[ouny 49589 22387.6:5.2  820% 60 12.5+ 2.5
[om 5006.9 22604.3:52 820+ 60 37.8+ 7.6
[O] yue 4958.9 22333.% 5.2 1330+ 130 5.6+ 1.1
[Olpwe 5006.9 22549.%#5.2 1330+ 130 16.9+ 3.4

Notes.® Rest-frame wavelengtf) Observed wavelengtk Full width at half maximum® Integrated line ux.®® Common t with [OlII] with
a single redshift and line width? Companion source. See text for detalsCompanion source. See text for details.
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Table 3. Emission-line properties of the Censors sources.

Source Line o? obs FWHM® Fluxd
[A] [A] [kms®  [10°% erg st cm?)
CENO72 H 4861.3 16662.% 4.0 518+ 70 7.3+ 1.6
[Olll] 4958.9 16989.8t4.0 612+ 40 7.7+ 15
[Olll] 5006.9 17161.1+4.0 612+ 40 23.3+ 4.5
[NH] 6548.1 22444.4+5.2 518+ 70 1.9+ 0.4
H 6562.8 22494.8 5.2 518+ 70 21.1+ 4.2
[NH] 6583.4 22565.4+ 5.2 518+ 70 58+ 1.2
CEN129 HE®© 4861.3 16637.@24.0 1107+ 30 4.4+ 1.0
[Olll] 4958.9 16964.1+ 4.0 635+ 30 11.0+ 2.2
[Olll] 5006.9 17135.2+4.0 635+ 30 33.4+ 6.6
[NH] 6548.1 22408.6t 5.2 1107+ 50 2.8+ 0.6
H 6562.8 22458.¢ 5.2 1107+50 12.7£ 2.5
[NH] 6583.4 22529.4+5.2 1107+ 50 8.4+ 1.6
CEN134 Hf 4861.3 16307.21.9 230+ 60 2.3+ 0.4
[Olll] 4958.9 16635.4 1.9 330+ 60 11.0£ 2.2
[Olll] 5006.9 16796.41.9 330+ 60 33.2+ 6.6
[NH] 6548.1 21964.4+ 2.5 230+ 50 1.2+ 0.2
H 6562.8 22013.22.5 230+50 9.8+ 2.0
[NH] 6583.4 22082.8t 2.5 230+ 50 3.7£ 0.7

Notes.® Rest-frame wavelengttf) Observed wavelengtf? Full width at half maximum, corrected for instrumental resolutiéhintegrated
line ux. ® Common twith H with a single redshift and line width? Common twith H with a single redshift and line width.

extended emission-line region to the southwest extends alang 2.185+ 0.001. The radio source is compact with a

the axis between the two radio lobes. deconvolved size of 0.7 and is associated with the optical
counterpart.
- [Olll]  4959,5007 is bright in thél band. H is detected
4.1.2. NVSS J004000S303333 at5.6 . IntheK band, H and [NIl] 6548,6583 are detected

NVSS J004008303333 is a double radio source with a size @"d Strongly blended. Halso shows a broad component with
17 (Fig. 1). With SINFONI we nd the [Olll] 4959,5007 FWHM = 3500 km st. The [SII] doublet is clearly detected.

doublet and H in the K band at wavelengths that correspond € W0 components are also strongly blended owing to their

toz = 3.399+ 0.001. The H and [NIl] 6548 6583 lines fall intrinsic width (Fig.2). All line properties are listed in Tab2

outside the atmospheric windows. In tHeband, we detect the ~ The€ emission-line region is extended over 1.& 1.2.

[Oll] 3727 doublet. The two lines of the doublet are too clogk JS. brlghltermgp the center with (1.051.7) x

to each other to be spectrally resolved with our data (BigAll 10°° erg $* cm*? arcse€? and fades toward the periphery. We

line properties are listed in Tab detect continuum emission caident with the_emlttmg gas. The
Line emission extends over 2.5 1.5 with surface bright- [Olll] 4959,5007 lines show a clear, relatively regular veloc-

nesses betwee 5 x 1056 erg $L o2 arcseé? and 'Y gradient of v 350 km $! along a northeast-southwest

x5 -ln[o ) £ 1 gs— . . axis. The lines are more_narrow toward the southeast, with
3x 107 erg $* cm* arcse€? (Fig. 3). Faint continuum emis- cyyiv 7005800 km S, In the northwest FWHMs are
sion is found associated with a knot to the very east of tmﬁgher 90081000 km $.

emission-line region, and about 1.5outhwest from the center,
outside the bright line emission. Thé-band image oBryant 5
et al.(20093 shows a very similar continuum morphology, like4.1.4. NVSS J0304315315308

wise at low signal-to-noise ratio. = . . .
. . NVSS J03043%$315308 s a single, relatively compact source at
The local velocities of [Oll1] 5007 fall monotonically from ; ; ; .y
the southwest to the northeast with a total gradient of abo%PHZ and 5.5 GHz, with a deconvolved size of Lidour high

300 km $*. The knot in the far east shows an abrupt velocity in(?St resolution data at 9 GHz (Fig). The [Olll] _ 4959,5007

: : oublet is clearly detected in the H band with SINFONI and is
crease of fg?ekg‘jvé Jelatve tg’otr?;gjjmi t’z'gggzgtgﬁrgagi;hgven tted with single Gaussians (Fi@). The same holds for the

than in the southRWHM = 70051000 km $1). H and[NIl] 6583lines. The [Sll] doublet is not detected. All

: N . line properties are listed in Tabk
At fainter ux levels than shown in Fig3, butstill above 3, The line emission is marginally spatially resolved with a size

we detect another source of_Iine emission at a distance of ab8p1_5 x 1.5 ,andaPSFwitFWHM = 1.2 x 1.0 , the largest

2 to the south from the radio galaxy (about 15 kpzat 3). j, this program (TabléB.1). Faint continuum emission is also

The redshift of this second Sougl:ez!*%““? = 3.3952 0.001,1.e., yetacted, at a slightly derent position (0.5 to the west) from

Itr|13' blueshifted Ey 35@ 90 km s relative to the radio galaxy. he peak in [OIII] 5007 surface brightness, but at the same po-

This source is shown in Figand is discussed in Seat. sition as the peak of Hsurface brightness. The velocity maps
show two small redshifted (by B100 km $?) regions north and

4.1.3. NVSS J0129325385433 south of the continuum, and unifo velocities in the rest of the
source. Line widths are between 500 and 1200 khaad higher

The SINFONI maps of NVSS J01293285433 are shown in the western parts of the emission-line region associated with

in Fig. 3. We nd the optical emission lines at redshiftthe continuum.
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Fig. 3. Maps of [Olll] surface brightnesddft), velocity (cente), and FWHM line width ight) of our nine sourcesffom topto botton). All
maps are 4x 4 wide, except for NVSS J14498385657 and NVSS J21068814003, where they are % 5 wide. The circle in the bottom left
represents the FWHM size of the seeing disk. Contours mark the continuum where detected. Continuum levels begid #ieh increase in
steps of 1. The solid black line in the velocity maps indicates the axis of the radio emission from our ATCA data, @roderick et al(2007)

if the source is compact. Numbers give half the largest angular size in arcsec.

4.1.5. NVSS J1449325385657 In the K band, H and [NIl] 6583 are narrow enough not to

= . be blendedFWHM = 350 km §* for H , and the width of
NVSS J144933385657 has one of the Iarg_est radio sources [RIII] 6583 is dominated by the spectral resolution.
our sample; the lobes are set by 7.5 relative to each other. 5
We nd the [OIlll] line at z = 2.149 £ 0.001. In theH band, NVSS J144933385657 has a very extended emission-
we detect the [Olll] 4959,5007 doublet and H(Fig. A.1). line region of nearly 4 ( 30 kpc atz 2) along a
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Fig. 4. Maps of [OlIl] surface brightnessd(ft), velocity (middle), and FWHM line width fight) of the three sources from the CENSORS sample.
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emission, detected in the same datacube, beginning at thev8| and increasing by steps of 3

1.4e

17

‘ spectum —

[oli] 5007 3e 17 [oli) 5007 g
12 17 ¢ niqhtskylinesﬁt ! (a) ‘ (b)
25 17 B
le 17 |
En 2 17 | B
oL 8 18
~
£ 6e 18 [ 1% 17t 01l 4959 ]
I
- 4e 18 | le 17 | 1
12
5 21t ”‘ ' e 18 |- M M{ﬂ‘ ]
E 0 il fh, o ”meﬂmw h mM“an rlﬂxw o th oy il M. i B M
U I {M“]” v W w‘ﬁ“[ vy
2e 18 | 5e 18
de 18 le 17 [ ]
16400 16600 16800 17000 17200 17400 16400 16600 16800 17000 17200 17400
Wavelength (A) Wavelength (A)

Fig. 5. Spectra extracted from the subregions of NVSS J002302330 shown in Fig2. a) Spectrum from the continuum region, with broad
[Olll] lines (FWHM 1150 km §%). b) Spectrum of the quiescent gas, with much more narrow lifég{M 450 km $1).

northeast-southwest axis (Fi@). We identify two parts: a The velocity o set between the two regions is about
large, elongated region, which coincides with the continuu00 km $. While the compact northeastern part has a uniform
and extends over another 2oward the southwest, and avelocity eld with a redshift of about 400 km $?, the kine-
fainter, smaller region in the northwest. Surface brightnessesmétics in the very extended southwestern region are more com-
[OIl]] 5007 are between ¥ 1051 erg$lcmS2arcse€? and  plex with a maximum blueshift of abo@400 km $, before
10 x 10°® erg$*cm? arcse€?. The northwestern region isthe velocities approach the systemic redshift again at the largest
near the edge of the SINFONI data cube, and it is therefore poadii. Line widths areFWHM = 2005500 km $1in the south-
sible that it extends farther beyond the eld of view of our datawvest, and up to 800 km&in the northeast. In the southwestern
Both emission-line regions are aligned with the axis of the radiegion we nd elevated widths in particular near the continuum
jet. and at about 1.5 a distance associated with the sudden velocity
shift from $400 km $? to the systemic velocity.
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