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ABSTRACT

Aims. We discuss observational evidence that quasars play a lkeinrthe formation of galaxies starting from the detailagdst of
the quasar HE045@958 and extending the discussion to a series of convergidgrece that radio jets may trigger galaxy formation.
Methods. We use mid infrared imaging with VISIR at the ESO-VLT, mod® imid to far infrared energy distribution of the system
and the stellar population of the companion galaxy usingapVLT-FORS spectroscopy. The results are combined watital, CO,
radio continuum imaging from ancillary data.

Results. The direct detection with VISIR of the 7 kpc distant companimlaxy of HE04562958 allows us to spatially separate the
sites of quasar and star formation activity in this commositstem made of two ultra-luminous infrared galaxies (UEHR where
the quasar makes the bulk of the mid infrared light and thepaomion galaxy powered by star formation dominates in thanfeared.
No host galaxy has yet been detected for this quasar, bubthpanion galaxy stellar mass would bring HE043058 in the local
MBH—ME“'ge relation if it were to merge with the QSO. This is bound to hexppecause of their close distance (7 kpc) and small
relative velocity ¢60-200 km s'). We conclude that we may be witnessing the building of tkmM/IE“'ge relation, or at least of
a major event in that process. The star formation ra@4Q Moyr1), age (40-200 Myr) and stellar masg[§-6]x10'° M) are
consistent with jet-induced formation of the companioraggl We suggest that HE0452958 may be fueled in fresh material by
cold gas accretion from intergalactic filaments. We map tlogepted galaxy density surrounding the QSO as a poteméieét of
intergalactic filaments and discuss a putative detectiom@rison to other systems suggests that inside-out faymatt quasar host
galaxies and jet-induced galaxy formation may be a commoogss. Two tests are proposed for this new paradigm: (1)eteeiion

of offset molecular gas or dust emission with respect to the pasiti distant QSOs, (2) the delayed formation of host gataaiea

result of QSO activity, hence the two step building of thg. x> ratio.

Key words. Galaxies: active — Galaxies: formation — Galaxies: jetsasqus: individual: HE0450-2958

1. Introduction a central SMBH (Sanders et al. 1988, Comerford et al. 20G&) th
would then eject the remaining gas fuel of the galaxy. Howeve
The correlation that exists between the mass of the central even if QSOs ultimately stop star formation in galaxiesythe
permassive black holes (SMBH) of local galaxies and theiray as well act as the prime triggering mechanism in their pas
bulge luminosity (Kormendy & Richstone 1995, Magorrianlet astar formation history, through positive feedback due thagets
1998), stellar mass (McLure & Dunlop 2001, 2002, Kormendgnd turbulent pressure (see e.qg. Silk & Norman 2009, Silk6200
& Gebhardt 2001, Marconi & Hunt 2003, Ferrarese et al. 2008ggelman & Cidfi 1989, Feain et al. 2007). As such they would
or velocity dispersion (Gebhardt et al. 2000, Ferrarese &Me provide an alternative mechanism to galaxy mergers to a@xpla
2000), suggests the existence of a physical mechanism cennthe physical triggering of starbursts, the short timeseakeoci-
ing the activity of a galaxy nucleus and the bulding of itsthogted to the formation of stars in galaxy bulges (see e.g. Hsom
galaxy stellar bulge. The search for this mechanism is otleeof et al. 2005) and provide a natural explanation for the enédnc
major goals of observational and theoretical astronomgesin  Mg/Fe ratio observed in ellipticals (Pipino, Silk & Matteucci
may bring a key element in our global understanding of galadp09). Even if active nuclei accelerated star formationaalye
formation. AGN or QSO activity is often invoked to explaireth stages, they may still later on quench it.
origin of red-dead galaxies in the local Universe and therdow  The aim of the present study is to give credit to AQ$O
sizing dfect (massive galaxies formed their stars first, see egpsitive feedback and to suggest that the formation of whole
Cowie et al. 1996 and discussion in S&dt. 6), by quenching stmlaxies may have been provoked by quasars. We report @sserv
formation in galaxies, e.g. after the merging of two gas n&s- tions in the mid infrared of the QSO HE045P958, which may
sive spiral galaxies (Di Matteo et al. 2005, Croton et al. &00represent an early phase in a scenario of "quasar inducasygal
Schawinski et al. 2006). Mergers may both trigger star ferméormation”. HE04506-2958 is a nearby luminousvy=-25.8)
tion and provoke the loss of angular momentum required @ feeadio quiet quasar located at a redshifze0.2863 (Canalizo &
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Stockton 2001) and presently the only known quasar for which In Sect.[6, we discuss the role of quasars in galaxy for-
no sign of a host galaxy has been found (Magain et al. 2008)ation in general. We list a series of seven converging evi-
Originally, a mass oMgy~8x10° M, was derived by Magain dence that quasars participate to galaxy formation andissc
et al. (2005) for its central SMBH, assuming that its acoreti some of them in detail. We extract two observational testa@f
rate was about half the Eddington limit for a radiatidficgency "quasar induced galaxy formation” scenario proposed Heae t

of n=0.1. Adopting the local MH_ME”'QE relation of McLure & Will come out from future observations of QSOs.
Dunlop (2002) to derive the stellar mass of its host galax an  In Sect[T, we summarize the results of the paper and the
then converting it into a V-band absolute magnitude (-23V6, Main elements suggesting that radio jets may representitise m
<-23.0, depending on the age of the stellar population), Magdng link connecting active nuclei and galaxy formation.

et al. (2005) found that such massive host galaxy should have Throughout we will use Vega zero-points and a cosmology
been 6 to 16 times brighter than the upper limit set by the Mebaof h = Ho/(100 kms*Mpc™) = 0.7, Qy = 0.3, andQ, = 0.7,
HST-ACS image of the quasar. This upper limit of -24 |2y, <- corresponding to linear scales of 4.3 Ktz = 0.286.

20.5 was obtained after deconvolution of the V-band HST-ACS

image of the quasar using the MCS deconvolution technique

(Magain, Courbin & Sohy 1998), with the benefit of the pres2. HE0450-2958: a composite system made of a

ence of a nearby star only’2away from the quasar. Only dif-  pair of ULIRGs

fuse photoionized gas — including a very closeby cloud they t . .

qualified as "the blob” — and a 7 kpc (I)pdistant "companion A bnght source was dete_ct(_ed by IRAS at the approximate lo-
galaxy”, were identified in the vicinity of the quasar. cation of HE04568-2958 within the position error bar of 5At

etﬁle luminosity distance of the QSQ@=0.2863), its flux densi-

This is not the first time that the existence of so-call s of 69.3 ¢ 10.4), 188.8 £ 6.9), 650 ¢ 52) and 764.64

"naked” quasars has been claimed but earlier findings (Blahc%]\'ez ;
: : .2) mJy in the IRAS 12, 25, 60 and 1t passbands respec-
Kirhakos & Schneider 1994, 1995, Bahcall et al. 1997) Weélgely (IRAS Faint Source Catalog, Moshir et al. 1990) tlates

to the total infrared luminosity of an ultra-luminous riafed
laxy (ULIRG, Lgr=L(8-100Qum)>10'? L, de Grijp et al.

disproved after smoothing the HST high resolution imag
in which low surface brightness host galaxies could not B

a(gSZ?&égﬂ')%Legv%r? uZiIr?gealtevch?j.ir‘rgr\:\éiec\)/r?;I :‘E ér;eth%ai'es 937’ LO\t’)V et al'.lg?S)'#Sin% Ct)hed7 dl 13 rat.iohgs an indilcatorh
: y : ust obscuration for the and a neighboring galaxy, tha
image of HE045062958, t_he host galaxy_ remame_d unseen (S%ey labeled as the ”Compar%on galaxy” (sege Fig. 1%)9 Magyain
Kim et al. 2007, who derived an upper limit consistent with thal. (2005) claimed that the source of the IRAS emission was no

initial one of Magain et al. 2005). HE045@958 has since been : .
the center of a debate and various scenarios have been pnpr%e QSO but mstead_ th'$ _galaxy, hence that th_e absence sta ho
galaxy could not be justified by dust obscuration.

to explain the absence of detection of a host galaxy for #8s s To test this hypothesis, we imaged HE042658 with

tem. Here we recall those scenarios and propose an alternati .
brop a\}ISIR, the Very Large Telescope Imager and Spectrometer in

one, in which the companion galaxy participates to the bugjd 4 :
of the stellar mass of tﬁe futurge hos¥ galaxypof HEMSQSE@ the Infrared (VISIR) at the ESO-VLT to identify at a sub-acs
scale the position of the mid infrared emitter and see whethe

We use recently obtained near-infrared data from the Ve ¢ associated to the QSO or companion galaxy. The com-
Large Telescope Imager and Spectrometer in the Infrar nion galaxy is located at nearly the same redsé0 (2865,
(VISIR) of the European Southern Observatory (ESO).Ve(}fanalizo & Stockton 2001) than the QSO and at a projected
Large Telescope (VLT) to demonstrate that HEO4B858 is <000 ration of 1757 kpc) in the S-E direction, hence well be-

a composite system made of a pair of ultra-luminous |nfrar?§ y
2

. . . nd the point spread function (PSF) full width half-maximu
galaxies (ULIRGs), the QSO and its companion galaxy whe WHM) gf VISIE of 0.35’(see l(:ig[ll)). A first analysis of this

most, if not all, star formation is taking place.. dataset was presented in Jahnke et al. (2009) discussingane
In Sect[2, we present the VISIR observations at kin3We  and mid infrared emission of the QSO. Here we show that both

show that both the QSO and its companion galaxy are direcfle QSO and its companion galaxy are detected with VISIR.
detected. We model the spectral energy distribution (SEEH)e

infrared of both systems, from which a star formation rateR}
is derived for the companion galaxy. 2.1. VISIR observations and data reduction

In Sect[8, we compute the stellar population age and massi@f, v/|S|R data on HE0452658 (P.I. K.Jahnke, ESO program
the companion galaxy from the model fit of its optical spettru 276.B-5011(A)) cover a field of view of (120 pixels). The

from the VLT-FORS at ESO. We suggest that this galaxy mayye| scale is 0.075and the exposure time is 1623 seconds for
be newly formed and present a scenario to explain its foonati g5ch subset. The combined image has a point source segsitivi
as a result of the radio jets of the neighboring QSO. of 3 mJy (5). To suppress the large mid infrared background,
In Sect[4, we discuss four scenarios to explain the reasga used the standard chopping-nodding observing scherhe wit
why no host galaxy have yet been found associated with the Qg@@hopper throw of Bthat maintains the source always in the
HE0450-2958. We propose that the QSO and its compani@ftector field of view. Observations were performed with the
galaxy will merge together, hence the companion galaxy neay PAH2 filter centered at 11/3n. At this wavelength, the point
considered as a candidate future host galaxy for HE62968. spread function (PSF) has a full width half-maximum (FWHM)
Even if a yet undetected host galaxy was present at the ¢ocatbf 0.35’, i.e. 860 times sharper than IRAS. The data reduc-
of the QSO, the companion galaxy would anyway participate fin was done following the technique discussed in Pantil.et
the mass building of the final host galaxy. (2007) and the flux calibration was done using two reference
In Sect[%, we propose a mechanism to explain the quasgars (HD 29085, 4.45 Jy and HD 41047, 7.21 Jy). In afirst anal-
activity of HE0450-2958, even in the absence of a host galaxysis (Jahnke et al. 2009), only a bright source was detestu a
based on the accretion of cold gas filaments as inferred faiexp ciated with the QSO. Here we present a refined analysis combin
the bulk of star formation in galaxies by Dekel et al. (2009). ing two (instead of one) VISIR datasets to obtain an improved



D. Elbaz et al.: Quasar induced galaxy formation: a new pgna® 3

'y l1 urnQec, - Pk ! . - .Uﬂ'c!:c.' - P ﬂsec
' N 5 —.‘I '_.\ ” - .' d ‘
; P A 8 -
: SR A,

sstar

QSO M bicb

Qcomponlon galaxy

L) . - J : ! " N . . - - Ll ,. 5 4 ” .. N
) - ” (© . (s 3 (@
D o g "'g‘f”d- v ‘.L‘* -

Fig. 1. (a)VISIR image of HE04562958 ¢=0.2863) in the PAH2 (11.3m) filter, combining two exposures of 1623 seconds. The
central source is consistent with a point source with the RuH VISIR at this wavelength of 0.35 (b) VISIR image after PSF
subtraction of the central source followed by a convolutidth the VISIR PSF. A second source is clearly visible on the & the
QSO (1.3 away), at the position of the companion galaxy of HE04B3858, as well as a residual emission to the N-W of the QSO,
coincident with the blob of gas seen in the HST-ACS imdgeThe PSF-subtracted VISIR image after applying a meanifiljer
with an aperture of 0/60f radius. In both the middle and right images, the brighsesirce after PSF-subtraction of the QSO is
located to the S-E of the center of the image, at the positidheocompanion galaxyd) HST-ACS image after deconvolution of
the QSO by Magain et al. (2005). The blue crosses show theatguaisition of the QSO used for the PSF-subtraction in tHelR|
image and MCS-deconvolution in the HST-ACS image and théipnf the S-E source detected at the b:1evel in the VISIR
image. The point source to the N-W of the QSO in the HST-ACSyieria a star that is not detected at 1An8by VISIR.

Table 1. Optical position and redshift of the QSO and comparvolution with the PSF (so-called optimal filtering) is noaity

ion galaxy in the HE04562958 system. affected by PSF instabilities (direct process, low-passfitgr
The brightest source in the resulting image is located in the
Source  Redshif? R Dec? S-E direction with respect to the QSO at the location of tha-co
QSO 0.2863  04h52m30.105s  23335.57' panion galaxy (see Fi@] 1d, see also Fig. 4a). Another source
Companion _ 0.2865  04h52m30.201s *2336.58 appears in the residual image, to the N-W of the central QSO

position, which coincides with the position of a gas "blokes

in the optical image. The optical spectrum of this gas blob ex
hibits no evidence for the presence of stars and its origin re
mains unknown (Magain et al. 2005). If confirmed, the VISIR
source associated with it would imply that it also containstd
image analysis allows us to detect two sources, the second bence that it may have been ejected by the QSO. We also note
being associated with the companion galaxy of HEG4558. the marginal detection of emission acting as a bridge betwee
We test the robustness of our results using both 1623 secottids QSO and the companion galaxy which can be seen in blue
images either in separated or in combined form. contours in Figl4a. If confirmed from deeper imaging, this de
tecion may be associated with material expelled by the QSO,
hence participating to the jet.

In the second image processing technique (Big. 1c), we ap-
ply a mean filtering, i.e. each image pixel is replaced by the s
The raw image shows a very bright source visible at the vary ceof the flux densities measured in an aperture of @alius. With
ter of the VISIR image (Fig.J1a), centered on the opticaltmsi the VISIR PSF, an aperture correction factor of 1.17 themlsee
of the QSO (see Tablé 1). The QSO emission is detected wittoabe applied to obtain the total flux density of point sources
flux density of 62.5 mJy, hence more than two orders of magrihe brightest source is again located at the optical positio
tudes above the rms level of 0.6 mJy for point source detectidhe companion galaxy. In order to quantify the robustnessisf
Its flux is so large that it must be masked or PSF-subtracteddatection, we plot in Fid.]2 the histogram of all aperture mea
order to see other objects detected in the VISIR image at-the Ssurements obtained in the image with a separation df iioéh
level. In Figs[la,b we present the results of two image m®cein the Ra and Dec directions (196 positions) to avoid dufdida
ing techniques applied on the co-added image (for a totat intneasurements. The distribution of the measurements fsliow
gration time of 3246 seconds on source) after PSF-sulgraofi gaussian shape as expected for a purely white noise, with an
the central bright source associated with the QSO. rms of 0.89 mJy. The only aperture measurement away from the

In Fig.[db, we apply an optimal filtering by convolving thenoise distribution corresponds to the position of the comia
residual image (after PSF-subtraction of the central beigth galaxy. The exact position of the brightest aperture memsant
source) with the VISIR PSF in order to optimize the contragtas found to be located only 0.0&way from the centroid of the
for point sources in the image. Note that the PSF removalkat #tompanion galaxy in the HST-ACS image (see Table 1). Itis de-
position of the brighest source, i.e. the QSO, helps to improtected with a flux density of 4.5 mJy at the Grllevel at 11.3:m
the contrast of the structures for the eye but is not crificéhe in the observed frame, hence @19 in the rest-frame. There is
guantitative analysis of the companion galaxy. We did not penarginal evidence that the source detected at the posititheo
form a Standard Image deconvolution to the VISIR image beempanion galaxy is extended as can be seen iriFig. 1b,c.
cause it is an inverse problem which is not currently appliea The VISIR and HST-ACS images (after MCS deconvolu-
to VISIR images due to slight PSF variations. Instead, the cation, from Magain et al. 2005) of HE045@958 are compared

@ Reference: Canalizo & Stockton (2001).
®) HST-ACS positions (J2000).

2.2. Results of the VISIR observations: detection of the
companion galaxy of HE0450—-2958
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Table 2. Optical to far infrared photometry of the HE0452958 system (QSO and companion galaxy).

Source ACS®  WFPC2¥ NICMOS® || VISIR® (mJy) IRASP (mJy)
F60BW  F702W F160W 11.3um 12um 25um 60um  100um
QSO 15.46 15.23 13.6 62.5:0.9 69.319.4 188.86.9 65Q:52 765:122
Companion|| 18.69 17.88 15.77 4.5+0.9 - - - -

@ Photometric measurements in the optical (HST-ACS 606 nriT-M&PC2 702 nm) and near infrared (HST-NICMOSin§ from Jahnke
et al. 2009) are given in Vega magnitudes. AB magnitudes earpmputed using AB - Vega values of 0.07 (ACS-F606W), 0.2FP®@2-
F702W), 1.31 (NICMOS-F160W).

®) Mid to far infrared flux densities in the VISIR and IRAS passtia are given in mJy.
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Fig. 2. Histogram of aperture measurements in the VISIR im-, .
age (Fig[1) within a 0.6radius. Measured values were mult?]:'g' 3. Full spectrum of the companion galaxy of HE04%958

plied by an aperture correction factor for point sourcesitie 10M 0.3 to 40Qum in the rest-frame. The optigakar-infrared
VISIR PSF of 1.17. Only positions distant by 06 both the Part of the figure compares the optical model fit (red line) to
Ra and Dec directions are presented (196 positions or p'ixeléhfe VLT'FO.RS spectrum (dashed blue line) using PEGASE.2
Fig.[Ic). The only position located away from the nearly gaudiscussed in Sedtl 3 and Fid. 5. Broadband measurements are
sian distribution of all values is colored in red. It coinegwith f;’:;rgigfneg frlgm-rt%kgﬂsz:r Lzeasfllj”ree?ng:\lgir??ri II:nG 323\/ OFp;g:;\I/v
e S o the Dy on galaxy of HEG4SDS8, l06ated. £) g\ passbands of ACS, WFPC2, NICMOS for the compan-
ion galaxy. The filled purple circles show the IRAS measure-
ments in the four passbands centered at 12, 25, 60 &d0énd
filled blue symbols, the VLT-VISIR detections at 118 (ob-
served; 8.9m rest-frame) associated to the QSO (filled blue cir-

- . . : cle) and companion galaxy (filled blue star). The plain grammh
in Fig.[Id at the same scale and with the same orlentat|on-sh%\%)e lines rer?resent%he rr¥e(dian and 68 pzzrcenti?e redgdm SE

ing that the two VISIR sources are coincident with the twdoptfrom the Atlas of 47 quasar SEDs of Elvis et al. (1994), nor-

fﬁéﬁ%ﬁ%e?%?eegiﬁﬁfg gﬁgé(pt%g'ggg (\:/\(/)a:?splgg? 23&'23'%@“2% to the VISIR measurement. Empty circles with cresse

The second sc?urce s distant fr(;m the QSO by more than f rk the expected emission of the companion in the IRAS pass-

times the FWHM of the PSF (0.35labeled with an horizontalQlolé[r.'ds after subtracthn of.the two templa_te quasar SEDs. The

line in Fig.[b), hence the sourée ‘s not a residual after Bie-P plain and dashed red Ilne_s in the mid to far infrared are trmy?h

subtractio.n of 'the QSO nor an artefact due to an anomalou Flbaz (2001) SEDs adjusted to the VISIR and IRAS emission

A ; . ain line) and to the VISIR emission of the companion gglax

e_longated PSF, which is not typically found in VISIR observaglone (dashed line). The green and blue dashed lines show the

tions anyway. . ) combined model SED of the QSO plus companion galaxy (fit to
We checked that the source associated with the compani@i$|R and IRAS residuals) going through the IRAS measure-

galaxy of HE0456:2958 in the combined VISIR image was als@ments which do not resolve both objects.

detected in both individual 1623 seconds images before and a

ter PSF-subtracting the QSO, hence the source cannot be due

to noise fluctuations, since the noise would have to produee t, 5 14,0 energy balance of the HE0450 system: separation

same fake object in both images. We produced a histogram of ¢ oi-+ formation and accretion

aperture measurements from both images, as ifFig. 2, both af

ter and before PSF-subtraction of the QSO (avoiding theakentThe VISIR image provides the first direct evidence that the

part of the image contaminated by the emission from the QSIRAS “"source” is in fact made of two well separated objedis, t

and found the same result as in Fig. 2 with a signal-to-naigse r QSO and its companion galaxy. The infrared SED of the "sys-

of ~3.5in the individual images. tem” (the QSO and companion galaxy are both contained in the
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Fig. 4. (@) VISIR 11.3um contours (in blue, 8.9m in the rest-frame) overlayed on the HST-ACS image obtaafest PSF de-
convolution of the QSO by Magain et al. (2005). The VISIR imagsed for the contours is the one of Hi§. 1b where the point
source QSO was PSF-subtracted and an optimal filtering waedgconvolution with PSF). Note the extended structuoenfthe
QSO to the companion galaxy which may result from dust aasedtiwith the jet and the detection at the position of the ldob
the N-W suggesting the presence of dust in it. This VISIR iem&gshown in(b) together with contours from NICMOS-F160W
at 1.6um (in yellow, 1.2um in the rest-frame, Jahnke et al. 2009) and ATCA CO 1-0 (dar& lines, from Papadopoulos et al.
2008a) contours. Ifc), the ATCA 6208 MHz radio continuum (dark blue lines, from Feet al. 2007) emission associated to the
radio jets is overlayed on the VISIR image.

single IRAS measurement) peaks arowDum (rest-frame) no evidence has yet been found for the presence of an active nu
which indicates that the bulk of the far infrared light asseom cleus in it (see Sedi] 3). The fit of the VISIR & (rest-frame)
star formation. This is a natural result from the fact that-ceand IRAS far infrared luminosities (open circles with cresin
trally concentrated infrared emission associated witivaetu- Fig.[3) is obtained using a template SED (red plain line) fthen
clei exhibit very high dust temperatures of hundreds of ikslv library of local template SEDs in the infrared by Chary & Etba
which consequently peak in the mid infrared. Indeed thez8pit (2001). We note that local galaxies with an 8t luminosity
QUEST sample of quasars shows that quasar spectra dropliée-the one of the companion galaxy exhibit a median tempera
yond~20um that Netzer et al. (2007) interpret as the signatutare of order 35-45 K, hence their far infrared SED peaksaglou
of a minimum temperature 6200 K. 70-80um instead of 50-6Qm here. A warmer dust temperature

For comparison, the median SED of a sample of 47 quas@f@about 50-60 K, like the one of Arp 220, is required to explai
(Elvis et al. 1994, see their Fig.11) normalized to the VISIthe bulk of the far infrared emission for the companion gglax
11.3um luminosity of HE04502958 exhibits a rapid fall at This is consistent with the optical and near-infrared moipgy
higher wavelengths (green line in Fig. 3), which cannot me reof the galaxy, with very opaque centrally concentratedaesi
onciled with the peak IRAS emission-a60um (rest-frame). To producing the bulk of the near-infrared emission and neiarly
illustrate the variety of quasar infrared SEDs, we also stimv Visible in the optical. In Fid.13, we combine the infrared S&D
shape of the 68 percentile reddest SED (plain blue line) flosn  the companion galaxy with the model spectrum that we use to fit
atlas of quasar SEDs which again can only marginally accoutst VLT-FORS optical spectrum normalized to its NICM®5
for alarger fraction of the far infrared emission, mostig@um. band luminosity (the optical fit is discussed in SEEt. 3). Wal
At a redshift 0fz=0.2863, both SEDs give a comparable total innfrared luminosity of the companion galaxy igk2x10" L,
frared luminosity for the QSO of k=L[8-1000um] ~ 1.7 and for the best-fit SED which corresponds to a SER0 Moyrt
2.2x10" L, for the median and 68 % reddest SED respectivelgssuming the conversion factor of 1:70'° [Meyr ] L g of

It is possible to separate the contribution of both sournes ikennicutt (1998) for a Salpeter Initial Mass Function.

the far infrared part where the SED peaks. The VISIR Lin3 made of a pair of ULIRGs, where both mechanisms, star for-
(observed) measurements for the QSO (62.5 mJy) and comp@fation and QSO activity, are spatially separated by 7 kpwn t

ion galaxy (4.5 mJy) ofLv(8.9um)= 97.2 and 9.810° Lo re- distinct sites. The question of the origin of the starbunsthie
spectively at their redshifts a=0.2863 and 0.2865 are markettompanion galaxy is addressed in the next Section.

with a filled blue circle and star in Fi§] 3. The sum of the two

sources detected by VISIR at 113 (67 mJy), agrees very well

with the IRAS measurement at Agh of 69.3= 19.4 mJy, the 2.4. Other sources of evidence that the companion of

slight excess in the IRAS passband (well within the IRAS erro  HE0450-2958 is a ULIRG: near infrared and CO

bar) may be explained by the slightly larger central wavglien imaging

of the passband in the rising part of the SED. We estimate the

contribution of star formation to the IRAS luminosities bybs ~ Until now only indirect evidence had been found that the com-

tracting the SED of Elvis et al. (1994) normalized to the \RSI panion galaxy of HE04502958 was a ULIRG. This was ini-

11.3um emission of the QSO (open circles with crosses). tially claimed by Magain et al. (2005) on the basis of its Batm
We assume that the VISIR emission located at the positidecrement, but the attenuation could only be inferred froen t

of the companion galaxy is uniquely due to star formatioeein part of the galaxy that shines in the optical suggesting ttieat
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companion galaxy gtered from dust extinction, but not neces-
sarily thatitwasa ULIRG. [T He
The optical morphology of the companion galaxy of
HEO0450-2958, classified as a ring galaxy by Canalizzo &
Stockton (2001), is very peculiar with a few bright knots and —~ (om]
what looks like a hole in the center (see Fig. 1d). However,=
Jahnke et al. (2009) showed that the NICMOS-F160Wuin6 g 107°f
image of the companion galaxy peaks at the center where no 099 -
tical emission is seen (Fifl 4b), suggesting that the bulthef
dust obscured stellar light was originating from a regiossad
by optical spectroscopy. The centrally peaked emissiomén t «
near IR implies a very high level of extinction in the visible
which suggests that a large fraction of the star formatidiviac
taking place in this galaxy is indeed heavily dust obscueeitha
|0ca| ULlRGS’ SU_Ch _as Arp220 . 3000 4000 5000 6000 7000 8000
A previous indication that the companion galaxy of A (um) [rest—frame]
HEO0450-2958 was itself a ULIRG was provided by the CO

map of the system (Papadopoulos et al. 2008a). The molegiy. 5. Fit of the ESO Very Large Telescope (VLT) spectrum
lar gas traced by the CO molecule appears to avoid the QSO Btained with FORS1 (Letawe et al. 2007), in black—bold,line
to peak at the location of the companion galaxy (dark blue cofising the model PEGASE.2 (Fioc & Rocca-Volmerange 1997,
tours in Fig[4b) close to the peak mid-infrared emission-me@g999) in green-light line for a 200 Myr stellar populatiotvima
sured with VISIR. This was interpreted by Papadopoulos.et @rmed with a star formation rate SFRxp(-¥7), wherer=100

(2008) as evidence that the companion galaxy was the logysy. | ower axis: rest-frame wavelengths (3000-7000A).
of a strong star formation event usually associated withear

molecular gas concentrations, while no evidence for susérre
voir was found associated with the QSO. The mass of molec- ) ) o )
ular gas (M(H)=~2.3x10% M, assuming a conversion factor,.the only star formatlon history abl_eto fit this optlc_al spaot. If
Xco Of ULIRGS or M(Hy)~1.25<10% M, for an optically thin instead of.cc.)ntmuo_us star formfa\tlon, we use a smglle bitnest,
emission, Papadopoulos et al. 2008a) is equivalent to thattee best fit is obtained for a single stellar population aged o
the super-antennae galaxy (@ ULIRG of L(H)1x10'2 L) ~40 Myr assuming an extinction &y ~1.7.(for a Calzetti law,
L(IR)=1.1x10" L., Sanders & Mirabel 1996). In the Milky tions would produce a too large 4000A discontinuity, thigis
Way, the color excess, B{V), which measures the degree oparticular the case for a 200 Myr single population (singiesh).
dust extinction is spatially well correlated with moleaukyy- The dominant stellar population required to fit this speotig
drogen, as traced by the CO emission (see e.g. Bohlin, Sav#lggrefore rather young, i.e. a few 10 Myr, whether it was fedm
& Drake 1978). Hence the fact that the CO emission in this fieR¥er a longer star formation history (SFBxp[-y100Myr]) or
is centered on the companion galaxy suggests both thatitherguring a single burst. The presence of an older stellar jztioul
a large amount of dust in this galaxy and that there is a laage gannot be definitely excluded, as long as its contributiothéo
reservoir to fuel an intense star formation event. stellar continuum is largely diluted by the young stellappla-
tion. However no obvious indication for the presence of ah ol
_ stellar population is found. In order to derive a stellar snfs
3. The companion galaxy of HE0450 —2958: anewly  the companion galaxy, we normalize the model optical speotr
formed galaxy ? the observed optical to near-infrared broadband photgn(ste
Table[2). The stellar mass is M6x10'° M, for the continuous
star formation history and 17 % lower, i.e.,M5x10'° M, for
the 40 Myr single stellar population. This mass is close ® th
The VLT-FORS optical spectrum of the companion galaxgne inferred by Merritt et al. (2006) and nearly as large as th
(Letawe et al. 2008a) covers the 3000-7000 A rest-frame wag@é the Milky Way. Within the uncertainties in the derivatiof
length range (see Fi] 5). It contains strong emission lofes the present-day SFR (SFR40 Moyr~*, Sect[Z.B) and stellar
[OI1], HB and Hy typical of young and massive stars as well agass of the galaxy, the present event of star formation &lgle
large equivalent width Balmer absorption lines typical oftars  the major event of star formation of this galaxy and may even b
with ages of a few 100 Myr and a moderate 4000 A discontinuit?€ first one.
The origin of the [Oll1], [NI1], [SII] and [S1II] lines is dizussed
in Sect[3.D. Th_ose Iings a_lrﬁected by the ne_arby presence o 5 Origin of the starburst: merger-
the QSO and W|II_ prOV|d_e_|mportant mformatl_on for the dlseq jet-induced star formation
sion of the physical origin of the starburst in the companion
galaxy. Here we fit the stellar continuum emission, hence uWe have seen in Sef. 2 that HE042®58 is a composite sys-
affected by the presence of the QSO, to derive the age and stakan harboring both quasar activity and star formation, btvio
mass of the stellar population. separate locations, the quasar and the companion galathe In
We fit the optical spectrum with the stellar population syrlecal Universe, star formation rates as large as that of l@dR
thesis code PEGASE.2 (Fioc & Rocca-Volmerange 1997, 19988FR>170 M, yr~1) are typically found during the merger of two
The best fit of the spectrum is obtained with a 200 Myr old atell nearly equal mass (ratie 1/4) massive spiral galaxies, i.e. ma-
population having formed with a star formation rate SEERp[- jor mergers (Ishida 2004, Sanders & Mirabel 1996, Genzek Lu
t/r], wherer=100 Myr (blue line in Fig[’b). However this is not& Tacconi 1998). In the absence of any massive host galaxy de-

\ (erg s

3.1. Age and mass of the stellar population of the companion
galaxy

induced versus
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tected, Papadopoulos et al. (2008) suggested that HEQ@EEB the radio jets of the QSO. In this scenario, a pre-existing ga
might provide first evidence for another triggering meckani cloud is hit by the radio jet and star formation is induced in
for ULIRGsS, i.e. the minor merger of a massive galaxy (the €ont leading to the formation of the companion galaxy as we see
panion galaxy) with a dwarf elliptical galaxy. The latterudd it now. An alternative scenario would be that the mass of the
be the galaxy housing the quasar both below the optical detgalaxy itself was expelled by the radio jet or that a galaxyra
tion limit and with faint or no CO emission. domly passed through the radio jet of the QSO.

Here we wish to suggest an alternative possibility for the

. . f the ULIRG bh in th . faxv- i The relative velocity between the two galaxies is within the
triggering of the phase in the companion galaxy: Jelsnqe 60200 km4 as derived from the emission lines in both

induced star formation. Evidence for such mechanism inrotl‘@p ; ; :
R . . tical spectra (Letawe et al. 2008b). Since a velocity ofrl k
systems are presented in Sectl 6.1. As discussed by Fedin el@ s oquivalent to 1 kpc Gy#, during the lifetime of the radio

(2007), the radio continuum map from the Australia Teleecop,; o g 0.1 Gyr, the QSO has moved by 6-20 kpc or 1.324.3
National Facility (ATCA) shows a double-sided radio jet Ce'j;et thegredshift):)f the System. In the Iocgl UniverFs),e, the ayer
terec_i on the QSO (dark blue contours in F{]b 4c). The rad laxy density isp*=0.02131= 0.0073 gal.Mpc® (Croton et
continuum emission cannot be due to emission by star fornlg->40s5) hence the average distance between two galaxigs i
tion from the companion galaxy itself since there is a slgffit 10" comoving or 4 Mpc—proper @0.2863. The random col-
set of the radio jet with respect to the center _Of _the_ companifision of a QSO with another galaxy is therefore highly impro
galaxy. Moreover the presence of a symmetric jet in the 0ppQyje especially if it is required that it takes place whesrémio

site direction to that of the companion galaxy, with N0 OM&0 ;oq are active, unless the QSO lies in a particularly deggien
optical counterpart, and the connection between the idrgzs ¢ 1o yniverse that would favor such encounters. We mapped
and radio emission also strongly favor the presence of 18880 5 region of~40 Mpc centered on HE045@958 to search for

in HE0450-2958 (Feain et al. 2007, Letawe et al. 2008a). 5 harticylarly large galaxy density in its close neighbarhbut
_Evidence for the influence of jetinduced shocks can be fouwg did not find any evidence for a particularly overdense re-
in the spectrum of the companion galaxy in the form of [Olllyi sy ch as a massive galaxy cluster centered on the QSO (see
[Ol11], [NH] and [SII] emission lines (Fig[h). Using a diapstic Sect[)

diagram comparing [OlIJHB to [NII] /Ha, Letawe et al. (2008Db, ' ) ) ) _ _

see their Fig.16c¢) found that while the gaseous regionssnd- The companion galaxy is dominated by, if not uniquely made
ing the QSO HE04502958 exhibits high ionization levels dueof, young stars aged of about 200 Myr, and possibly less (e.g.
to photo-ionization from the QSO light, the companion gglax@0 Myr, see Sec{._3.1), and its star formation rate (SE40
occupies a very dierent locus in the diagram. Its large [NHle  Moyr +, Sect[2.B) is large enough to explain the formation of
implies other source of ionization than stellar radiatiomyever the total mass contained in those stars within the lifetifthe

its low [OII]/HB ratio is not consistent with photo-ionizationg@laxy (M,~[5-6]x10'° Mo, Sect[3L). Compelling evidence
and suggests instead that these emission lines are shiwteid, for jet-induced star formation in the companion galaxy were
implying that the intense star formation activity in the comPresented in Sedf.3.2. Hence it is possible that the corapani
panion galaxy is triggered by the radio jet itself. Further e galaxy is a newly formed galaxy which birth was triggered by
dence for such physical connection comes from the spatiadly the radio jet of the neighboring QSO. The dominant stellar-po
solved regions producing the [Olll] emission as measuret wiulation age is of the same order as typical radio jet lifesme
integral-field optical spectroscopy using VMIMOS (Letawe @and assuming a radio jet speed of about 0.02c (see e.g. $cheue
et al. 2008a). Their Fig.13 presents a clear alignment tmtwel 995), it would only take 1 Myr for the radio jet to reach the
the radio continuum emission measured with ATCA by Feain étkpc distant companion galaxy. Hence timescales are consis
al. (2007) and the [Olll] emission. No such spatial assamiat tent although the age of the radio jet is not known. This would
with the radio continuum is found for the regions resporesibt  Make this system comparable to Minkowski's Object, a proto-
the [Oll] or Ha emissions, which trace the excitation by stardypical case for jet-induced star formation (van Breugehlet
Interestingly, we see also marginal evidence for an aligntmel 985). Minkowski's Object is a newly formed galaxy, with elst

of the mid infrared map of the system from VISIR (blue conl@r population age of only 7.5 Myr and a stellar mass okIL@
tours in Fig[4a). Lastly, a broaddfcomponent was detected inMo (Croft et al. 2006), aligned with the radio jet of NGC 541,
the region lying between the QSO and companion galaxy witi?8 FR | galaxy (Fanafb& Riley 1974) located in the cluster
speed 0900 km s moving away from the QSO and towardAbell 194. The companion galaxy of HE0452958 might be a
the companion galaxy, in a direction close to the plane oékye Scaled-up version of Minkowski's Object, i.e. a massiveaggl
(discussed in the Sect.6.6 of Letawe et al. 2008b). which formation was jet-induced.

We conclude that the starburst eventin the companion galaxy We therefore propose that we are witnessing a process that
of HE0450-2958 is most probably triggered by the radio jetge call "quasar-induced galaxy formation” through whicle th
emitted by the neighboring QSO. We consider that although p@ompanion galaxy was triggered by the radio jets of the QSO
sible, it is highly improbable that such configuration hapge® HE0450-2958. We note the presence of three structures in the
by chance during a merger process. Several examples for {#bse vicinity of the quasar which may represent three sicce
induced star formation are discussed and compared to this jlve steps in the process: (1) a blob of photoionized gas- adj
tem in Sect[6]1. In the next Section, we discuss a formatigant to the quasar, deprived of stars (Magain et al. 2005312
scenario where the whole galaxy formation was induced by tBngated gas- stars (see with HST-NICMOS imaging) struc-
radio jet of the QSO. ture extending toward the N-E from the position of the quasar
(Jahnke et al. 2009), (3) the companion galaxy itself dotetha
by a ~40-200 Myr-old stellar population with distorted mor-
phology. The presence of ionized gas moving from the quasar
in the direction of the companion galaxy (Letawe et al. 2008b
We propose here a scenario to explain the formation of the coatong the radio jet, strengthens the idea that matter ighigns-
panion galaxy of HE04562958 through a process induced byorted from the quasar to the companion galaxy.

3.3. Toward a scenario to explain the formation of the
companion galaxy of HE0450—-2958
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As noted by Feain et al. (2007), the radio jet opanion galaxy of HEO4562958 could have formed from a seed
HEO0450-2958 presents anfiset in the northern direction with EELR that was hit by the radio jet. This is the scenario that we
respect to the companion galaxy, which is seen in[Big. 4cs THavor here.
offset implies that it is not the galaxy itself which is respensi  The following question is then what formed the seed EELR
ble for the whole radio emission on this side of the QSO. kb alsn the first place. It is not possible to infer its origin fromist-
suggests that the companion galaxy was sweeped by the radgdatasets in the field of HE045@958. However by analogy
jet. Indeed the shape of the companion galaxy is extendégtin with other systems where EELRs are found, it may be consid-
South-North direction and its interstellar medium presargra- ered that the seed EELR was produced by the QSO itself in a
dient of ionization, ranging from lower ionization in the@b to  first stage as suggested by Fu & Stockton (2008, see also&raus
the highest levels of ionization in the Northern part of théagy, & Gaibler 2009). In the case of HE045Q958, this is particu-
hence closer to the peak radio emission (Letawe et al. 200&a)y problematic since no host galaxy has yet been detdoted
This gradient is better explained if the ionization of theeistel- this QSO. However, no definitive evidence for the absence of a
lar medium (ISM) in the companion is shock induced instead bbst galaxy has yet been demonstrated and other sourcesbf fr
being due to photoionization, in agreement with its emistiee  gas fuel may be considered than the interstellar mediumeof th
ratios. For those reasons, our interpretation is that thmdtion host galaxy itself as discussed in Sétt. 5.
of the companion galaxy was shock induced by the radio jet of
the QSO by sweeping a pre-existing cloud of ionized gas.

Evidence for the presence of large amounts of matter in t
surrounding of radio quasars, in the form of massive gasdslou
exhibiting strong emission lines with high excitation Isyéhas We have seen that HE045R958 was surrounded by several
been gathered since the early 60’s (Matthews & Sandage 19B&LRs, as it is often the case for radio quasars. Most will not
Sandage & Miller 1966, Wampler et al. 1975, Stockton 1976¢ hit by the radio jet, however the thermodynamic condgtion
Richstone & Oke 1977). These extended emission lines regian these gas clouds may imply that they will become the pro-
(EELRSs, Stockton & MacKenty 1983) can reach masses of sgenitors of new galaxies after the QSO stop photoioniziegth
eral 13° M, (Fu & Stockton 2008, Stockton et al. 2007). EarlyAt densities of 100 ciT# or more, gravitational instabilities will
guesses regarding the origin of EELRs were centered on tiflaim in a free fall time of about 80 million years (Hd. 1) with a
debris (Stockton & MacKenty 1987) or cooling flows (Fabian eleans mass of the order okB0° My, (Eq.[4). This is the typ-
al. 1987), but ionized gas from a tidal encounter would @& ical mass of a giant molecular cloud (GMC). If the gas was
on a timescale of less than a Myr (Crawford et al. 1988; see alsble to produce molecules, it would continue to cool down and
discussion by Fu & Stockton 2007 and the reviews by McCartlyart forming stars. As long as the quasar remains actiee, th
1993, Miley & de Breuck 2008). Spectro-imaging and narrovgas will remain photoionized and this process will be présen
band filter imaging in the fields of radio quasars demonslratelowever after the QSO will have switcheéf,ahe process may
that EELRS were made of clouds of gas, whose strong emigke place, then it is to be expected that stars will form. As a
sion lines were excited by the hard radiation of the quasa& F result, EELRs in general may be considered as seed galaxies,
Stockton (2008) found that low metallicity quasar host g&@sa hence providing a potential explanation for the observedes
happened to be surrounded by EELRs with similar abundarsfecompanion starburst galaxies surrounding quasars (sge e
ratios, which they interpreted as evidence that the EELRIS hidutchings, Crampton & Johnson 1995, Hutchings 1995).
been expelled from the host galaxy itself. The double-lohed
phologies of extragalactic radio sources shows that tlagivis- 1
tic jets not only couple strongly with the ISM of the host gala ™™ = =2
ies, but are capable of projecting their power on the scdles o

ﬁe4. Extended emission line regions as potential galaxy
progenitors

~ 80 Myr 1)

galaxy haloes and clusters of galaxies (up 1oMpc, Tadhunter p\/2 K\Y/2

2007). Csound = ()’—) = ()’T—) ~9kms? (2)
Several EELRs were found in the surrounding of H

HE0450-2958 itself following the axis of the radio jets. They Csound

have been detected up to 30 kpc away from the QSO (LetaWeans: > =76 pc (3)

et al. 2008a). The N-W blob of gas, photoionized by the radi-
ation of HE0450-2958, is itself located in the direction of the 4
radio jet opposite to the one pointing at the companion galaieans= 37 Li’eango =6x10° M, 4)
Hence we believe that the companion galaxy was formed after

one of these gas clouds was sweeped by the radio jet of the QSO. )

The thermodynamic state of EELRs is uncertain since the deh-Searching for the host galaxy of HE0450 —2958
sities one can infer from their optical spectra are of theeord
of Ne=100-300 cm® and Te=10,000-15,000 K (Fu & Stockton
2008), which imply that they should be gravitationally wide A possible explanation for the existence of a so-called dake
and have already started forming stars. Hence Fu & Stocktguasar was developed by a series of papers claiming that such
(2008) modeled these regions using two components, a low ddiscovery could be the natural consequence of a mechanem pr
sity component, where most of the mass is locked at densitieslicted by theory during the merging of SMBH. A dynamical kick
order . ~1 cnT3, and a higher density component responsibl@ay have been imparted to the quasar as it interacted with a bi
for the observed emission lines. Hydrodynamical simufetiof nary black hole system during a galaxy merger eventffidan
radiative shock-cloud interactions indicate that for nratkegas & Loeb 2006, see also Mikkola & Valtonen 1990) or the ejec-
cloud densities 1 cni3), cooling processes can be highly eftion could have been caused by gravitational radiationirdao-
ficient and result in more than 50% of the initial cloud massg the coalescence of a binary BH (Haehnelt, Davies & Rees
cooling to below 100 K (Fragile et al. 2004). Hence, the con2006, see also Favata et al. 2004). In a recent paper, Letawe

4.1. An ejected supermassive black hole ?
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et al. (2009) interpreted the NICMOS imaging of the compaiput the putative host galaxy marginally (by a factor 1.2 imiu
ion galaxy as evidence for the presence of a strongly redtemmsity) below the brightest V-band detection limit infetrior
active galactic nucleus hidden behind a thick dust cloucttvhithe HST-ACS image by Magain et al. (2005) for a 10 billion
would favor the ejection hypothesis during the merger oféawo years old stellar population (-2k2My). If instead, a young
tive nuclei. Although this study also used the same VISIRidastellar population like the one of the companion galaxy was a
as discussed in the present paper, it was done before owrdefisumed for the SMBH host galaxy, then the host galaxy lumi-
analysis showing that both the QSO and companion galaxy aesity predicted by Merritt et al. (2006) would be high enbug
detected with VISIR. As discussed in Sdct.]2.3, the companito have been detected by the HST-ACS V-band image (upper
galaxy optical to far infrared SED is compatible with a puaes limit of -20.5< My from Magain et al. 2005). We note that us-
burst and no evidence has yet been found for the presence @igaa diferent approach than Magain et al. (2005), Kim et al.
second AGN in this system. (2007) derived an upper limit for the host galaxy stellar snafs
For a radiation fficiency ofp=0.1, the accretion rate re--21< My <-20 consistent with the one derived by Magain et al.
quired to produce a bolometric luminosity ofg.~2x10*? Ly is:  (2005), which would also imply a very marginal non detection
M= Lpo/(nc®)~1.3 M, yr~L. Papadopoulos et al. (2008a) comef the host galaxy for the visual magnitude inferred by Meet
puted that a disc mass ofdé < 2x10° [Mgp/(10° My)]?2 Mo al. (2006) ofMy ~ —21.

could be carried out by a recoiling black hole. For a SMBH Hence, depending on the assumed stellar population for the
mass of Mu~(7+2)x10’ M, (see Sect412), this would cor-SMBH host galaxy, it would have to be either above the HST
respond to Misc < 1.4x10° M. For such a disc mass, the QSQyetection limit or only marginally below it, by a factor 1.8 i
activity could last up to~100 Myr. However, the relative ve- . band luminosity. In this context, the absence of detectib
locity between the quasaz<0.2863) and its companion galaxya host galaxy for HE04562958 would only marginally be ex-
(z=0.2865) is only 60 kms-in the line of sight and between 60pjained. A more direct constraint on the host galaxy masdean
to +200 km s* when considering emission lines in both opticadierived from near IR imaging with HST-NICMOS since it is less
spectra (Letawe et al. 2008b). This is much below the centgdpendant on the previous star formation history of thexyala
escape velocity of the companion galaxy of more than 500 kiffan the V-band and lessfacted by dust extinction. The QSO
s~ (Merritt et al. 2006). Such kinematical consideration @@ s detected with an apparent magnitudetbf13.6 (Table[R)
difficult to reconcile with the kick of the QSO out of the comand after PSF subtraction of its emission an upper limit ® th
panion galaxy (Merritt et al. 2006). We also note thatit vibé  host galaxy of 3% of this magnitude, henide-16.9, was ob-
statistically unexpected that the radio jet coming out ef@50 tained by Jahnke et al. (2009). In comparison, khband ab-
would point directly at the companion galaxy after it wasegel  solute magnitude inferred by Merritt et al. (2006) for thesho
out of it, as it is the case here (Feain et al. 2007), sinceetiser galaxy would correspond tMy~-23.3, henceH~17.5 at the
no obvious reason why the radio jet direction would be theesarfedshift of HE0450 (we used the SED of Arp 220 at the redshift
than the one of the ejection of the QSO. of the quasar for thél — K color correction, see Se€f. 2). This
To conclude on this first scenario, we believe that there jis again (although slightly more than for the visual maguétu

converging evidence against it but that this hypothesisctibe marginally below the NICMOS detection limit by 0.6 mag, or a
definitely ruled out until a host galaxy is detected assediatith  factor 1.7 in luminosity.

the QSO. To conclude, there is indeed converging evidence that the
SMBH mass derived by Magain et al. (2005), and consequently
4.2. A lower mass black hole ? the predicted stellar mass of its host galaxy, were bothesser

timated. It is therefore possible that HE0O45®58 lies inside a

A second possibility to explain the absence of detectiontafst host galaxy that would be marginally consistent with thealoc
galaxy for HE0456-2958 was initially proposed by Merritt et al. Magorrian relation.
(2006) and others afterwards. The reason here would betthat t
mass of the central SMBH was overestimated by Magain et al.
(2005) and consequently also that of the bulge stellar miass p4.3. A dust-enshrouded host galaxy ?
dicted by the Magorrian relation for its host galaxy. Thisukb
allow the host galaxy to remain below the HST V-band detectid e observedv-band (6060A) corresponds to the-band
limit and still agree with the Magorrian relation. (4710A) where dust extinction can be verfiigient. Hence, a

A mass 0fMgy~8x10° M, (My = —25.8) was derived by possible explanation for the non detection of a host galaxy b
Magain et al. (2005) assuming an accretion at half the Edding Magain et al. (2005) could be thé&ect of dust obscuration. The
rate and a radiatiorfiéciency ofp=0.1. The authors claimed thatVISIR image shows clearly that there is strong dust obscura-
this mass agreed with the one derived from the width of tie Hion at the position of the QSO, contrary to the initial clay
line but a reanalysis of this line using VLT-FORS data led to’dagain et al. (2005). The presence of a strong infrared emitt
lower mass determination ®lg~(9+1)x10” M, by Merritt et associated with the QSO opens the possibility for the excste
al. (2006) andMigy~4.3x10” M, by Letawe et al. (2007). Merritt Of @ more massive galaxy than the one which may be inferred
et al. (2006) added that this lower SMBH estimate was alse cdfiom the HST upper limit. Yet, the dust radiation powered by
sistent with the one derived from thexHine of Mg~63x10"  the QSO may originate from a dust torus surrounding the QSO
M. Hence globally, the mass of the SMBH that would be&nd does not necessarily imply that the putative stellauf@p
fit with the observed properties of HE045P958 is of order tion of the host galaxy as a whole is strongljeated by dust
Mgn~(7+2)x10" M,. Adopting theMgp—NIR bulge luminos- obscuration.
ity observed locally (Marconi & Hunt 2003) and a SMBH mass In the HST-NICMOS H-band data (1.6m observed,
of Mgy ~(9+1)x10’ M, Merritt et al. (2006) inferred &-band 1.25um in the rest-frame) where the impact of dust attenuation
absolute magnitude for the stars in the bulge of the hoskgalas reduced by a factor4.7 assuming the extinction law of the
of Mk ~ —234 and a more uncertain total visual magnitude dflilky Way (Fitzpatrick 1999), no evidence for a host galaxy
My =~ —21 assuming an Sa host. This visual magnitude wouleas found brighter than 5 % of the QSO luminosity, which is the
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technical detection limit due to PSF uncertainties (Jatetke. host galaxies stellar mass and the building of supermalkick
2009). The host galaxy mass expected from the local Magorrioles.

relation would only be 1.7 times fainter than the NICM®IS

band detection limit, hence again only marginally below the

HST detection limit. In order to increase the ratio betwesn t5. A possible origin for the quasar activity of

NICMOS detection limit and théi-band magnitude of the host  HE0450-2958: accretion from intergalactic cold

galaxy by a factor 5, so that it would clearly be outside ofdbe gas filaments

tection range, one would have to invoke an attenuation gg lar

as Ay ~ 4 over the whole host galaxy. We also note that thEhe question of the origin of the quasar activity is not sfietd
Ha/Hg ratio in the optical spectrum of the QSO and the pre$tE0450-2958, since even in systems with a well detected host
ence of photo-ionized gas clouds up to 30 kpc away from tigalaxy the physical mechanism that would bring large amunt
QSO indicate that the line of sight to the QSO nucleus is geadf matter at the sub-parsec scale of the central SMBH remains
dust-free (Letawe et al. 2008a). highly uncertain (King & Pringle 2007, Thompson, Quataert &

To conclude, the ULIRG status of the QSO HE042958 Murray 2005). On larger scales mergers have been advocated

does provide evidence that strong dust obscuration is gakify |S°|Ve tlhe problem O'; the necessity Lor t?f ISM of the host
place in this object but not necessarily at the scale of a esn§2'8xy 0 loose its angular momentum, but this remains aamatt
galaxy. Hence the presence of a dust-obscured host galaxy ég debate. Indeed, looking at the statistical propertieAGNs

not be rejected but no definitive evidence for its presenigsex N e SDSS, Li et al. (2008) did not find any evidence for a
at this stage. connection of AGN activity with galaxy pairs.

In Sect[4#, we considered various possible explanations for
the absence of detection of a host galaxy for HEG43I58.
4.4. Is the companion galaxy of HE0450~2958 its future host \We proposed in Secf_4.4 that the companion galaxy of
galaxy ? HE0450-2958 could be its whole future host galaxy or that it
will, at least, participate to its mass building since bolijeats

We have reviewed a series of possible explanations for the &€ bound to ultimately merge together. The gas blob adjasen
sence of detection of a host galaxy for HE048958. Revisions the QSO in the N-W direction may be considered as a potential
of the SMBH mass make the case of HE043958 potentially source of fuel for the QSO. However, it is located in the direc
"normal” with respect to the local Magorrian relation, atigh tion of the radio jet opposite to the companion galaxy and we
only marginally (by less than a factor 2). Adding some level #letect some _mld-_lnfrared emission associated W|t_h it abagel
extinction would make the host galaxy more comfortably b&n the opposite side of the QSO (see Eig. 4a), which may result
low the ACS and NICMOS detection limits but we present iffom matter expelled together with the radio jets of the Q&S.
Sect[ZB evidence against a highly obscured host galaxy. @ result we do not consider the gas blob as a strong candwlate f

Considering the quasar @~[7+2]x10’ Mo, see Seci. 412) material fueling the QSO.

. : We now discuss the issue of the physical origin of the quasar
0
and its companion galaxy (M-[5-6]x10'° Mo, Sect[3.l) as a activity of this object. It is generally assumed that therseu

single system, it would exhibit a standard#/Mey ratio of~  of material feeding a QSO comes from the interstellar matter
780 when compared to the typical one found for local galaxigs jts host galaxy but even in the presence of a host galagy, th
of about 500 (Marconi & Hunt 2003, McLure & Dunlop 20015y sical mechanism that would bring large amounts of matter
Ferrarese et al. 2006), 700 (Kormendy & Gebhardt 2001) or 85% scale of the central SMBH remains highly uncertain (sge e
(McLure & Dunlop 2002). The relative velocity of the quasafrhompson, Quataert & Murray 2005).
(=0.2863) and companion galaxg0.2865) inthe line of sight  1he yast majority of baryons (90%) are located outside
is only 60 km s”. Using the emission lines in their spectrags|axies and for a large fraction of them, in the form of inter
Letawe et al. (12008b) derived relative velocities rangimugrf 60 gqjactic filaments. It is well-known that in galaxy clusters
to +200 km s~. Hence, e.g. if the system belongs to a commQp,cjyster gas can cool and fall onto the central dominady (c
dark matter halo, it is nearly unavoidable that with suchlBmgaaxy participating to the activation of its central AGNige
relative velocity, the quasar and its companion galaxy tadis v, and providing fuel for very large outflows reaching up to
of only 7 kpc or 1.5—vylll ultimately merge together (see ,"1“501000 M, yr-! (Nesvadba et al. 2006, 2008). In the more dis-
Jahnke et al. 2009). This would provide a natural explandto  {ant Universe, this must have been even more common. It has
the missing host galaxy. been recently suggested that the bulk of the baryonic mass of
Hence if HE04562958 and its companion galaxy were taalaxies might have been gathered through the accretiom- of i
end up merging together, as it is nearly unavoidable, theesys tergalactic gas filaments instead of mergers (Dekel et 1920
would fall on the Magorrian relation and there would remain nWe note that these filaments are not necessarily composed by a
signature that the major fraction of the stars located irfitted continuous and homogeneous gas distribution but may ithstea
host galaxy formed outside the region occupied by the oaiginbe clumpy as inferred from these simulations. If this medran
QSO. In this framework, HE045@958 would be an exception-is indeed an important one that feeds star formation in gegax
ally young quasar in the process of building its host gal&éiy. with large amounts of fresh material, then it may also previd
is later on found from deeper near infrared imaging thatelaér some fuel for active galactic nuclei and quasars (see aldo Pa
ready exists an underlying host galaxy centered on the @S0O,& Lee 2009). In that case, QSOs might be maintained active
merging with the companion galaxy would remain highly probwithout needing to be located inside a gas-rich host galaxly a
able. In both cases, the star formation event that is takiagep HE04506-2958 might be a local illustration of such process at an
in the companion galaxy is highly informative of the way thearly stage.
Magorrian relation is built for this galaxy. If not unique tiois In order to search for intergalactic gas filaments in the area
system, these observations imply that jet-induced standtion of HE0450-2958, we map the projected large-scale distribu-
plays a key role in the origin of the physical connection le=w tion of individual galaxies within a region of 2.6n the side,
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Fig. 6. (Ieft) Distribution of theb; apparent magnitudes in the Vega system (3900A-5400 A padstemtered at 4604A with a zero
point of F(;, Vega)= 3.95x10°* W m~2 Hz™1) of the galaxies located in a region of 2.6n a side centered close to the position
of HE0450-2958 from the APM galaxy survey (Maddox et al. 1990). The ctéta limit of the catalog is arounk;=22.5 (stars
excluded from the catalogjright) Projected evolution with redshift of thie; apparent magnitude of the companion galaxy of
HEO0450-2958 (plain line) as well as a ten times less luminous (dashegk) or more luminous (dotted curve) galaxy. The dash-
dotted horizontal and vertical lines indicate the actualifian of the galaxy in this diagram. The horizortalrtical long-dashed
lines mark the redshift range @£0.2—0.4 in this luminosity range of 0.1 and 10 times the camgragalaxy bolometric optical

luminosity of LpP=3x10M L.

corresponding to a comoving size of 52 Mpc at the redsh
of z=0.2863. Since no complete spectroscopic redshift surv
of the field exists at present, we study the projected envirc
ment of the QSO and select slices of the Universe at varic
putative depths in the redshift direction from a magnitueles

tion. The best imaging dataset of this field of view comes frol
the APM galaxy survey (Maddox et al. 1990), a galaxy catalc
digitized from scan plates taken at the UK Schmidt Telesco
Unit (UKTSU) using the SERC Automatic Plate Measuring fa
cility in Cambridge. We also retrieved galaxies from the MAS
Extragalactic Database (NED) including sources from 2MAS.
IRAS and Abell galaxy clusters. The closest IRAS galaxy t
HEO0450-2958 is 18distant. Two galaxy clusters are present ii N

a region of 2.8? centered on the QSO and the closest gala: L,
cluster is 25distant. h

A total of about 60,000 galaxies were detected in this regic
by the APM survey down to a limiting apparent magnitude ot
b;=22.5 (see Fid.16). The optical magnitude of the companidmg. 7. Density map of the projected distribution of galaxies in
galaxy of HE04562958 in this passband would bg=18.9 us- the field of view of HE04562958 (red circle in the middle of
ing the model fit presented in Selct13.1. We use this galaxy atha image). Darker regions indicate denser regions asretder
reference to study the putative redshift distribution &f &PM  from the wavelet filtering decomposition of the projected-sp
galaxies. The plain line in Fid.] 6-right shows the apparent tial distribution of the 60,000 galaxies detected by the ASUM
magnitude that the companion galaxy would have if observedwy in a field of 2.80on the side. This size would correspond to
a redshift ranging from t@=0.01 to 0.8. The dash-dotted hori-a comoving size of 52 Mpc if all galaxies were located at the
zontal and vertical lines indicate the actual position efghalaxy redshift ofz=0.2863 of HE04562958. GC1 and GC2 are two
in this diagram. The bolometric optical luminosity of thenwo galaxy clusters located in this field. Here we used the fulge
panion galaxy (excluding the mid to far infrared part of thes  of apparent magnitudes froby=15 to 22.5.
trum) isLpP=3x10" L 5. We show the range of apparent magni-
tudes that galaxies with ten times lower (dashed line) aghéri
(dotted line) optical luminosities would exhibit in the samed-
shift range. One can see that the redshift rang@2-0.4 sur-
_roundmg the actual redshlf_t ofthe companion ga'fﬂ%‘?(2865) eaks are found, including one at the position of HEQ458858
is well covered by selecting sources in the magnitude ran g.[3). Two peaks are found associated with previously¥mo
by=1510 22.5. galaxy clusters that we labeled GC1 and GC2. GC2 is an Abell

We applied a multi-resolution wavelet decomposition of theluster, Abell 3297 (4h58m29.5s, 308 31”), for which a
galaxy distribution (as in Elbaz et al. 2007) using seveneletv redshift of z=0.106 was determined from the apparent magni-
scales (scale 1 has a 35 comoving-kpc size, while scale 73tas aude versus redshift relation of Ebeling et al. (1996) by iDav
kpex2® = 2.2 comoving-Mpc size) to produce projected galaxiforman & Jones (1999). GC1 was identified as a cluster by an

density contours. In the density map produced using allxgala
ies within the magnitude rang®=15 to 22.5 several density
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Fig. 8. Density maps of the projected distribution of galaxies ia field of view of HE04582958 (red circle in the middle of the
images) as in Fid.]7 after separating galaxies in two interwhapparent magnitud@eft) bright galaxies (205b;>15.5), hence

also statistically closer objects, i.e. in the foregrouh#iBE0450-2958 and supposedly closer to the redshift of the galaxyelus
with a determined redshift, GC2 or Abell 32920.107, David, Forman & Jones 199%9)ight) map of the more distant density
field (22.5-b;>20.5) showing the presence of a filamentary structure in &texg distribution possibly associated with the QSO.

"

automatic cluster search in the APM galaxy catalog and cla¥4lenkin & Shellard 1994). Once formed, cosmic strings \ebu
sified as APMCC539 (4h50m40s, <2%6.7). No redshift was exist at any time in a network of loops and innite strings. Séhe
determined for this cluster. One of the sources in its arsaahaloops might radiate away their content in what those autbans
redshift ofz=0.1076 from 2MASS (2MASX J045755-3009380)sidered to be an event that would look alike observed quasars
hence similar to the one of Abell 3297. with radio jets. Interestingly, a loop ofR0 kpc, the typical

In order to separate foreground galaxies from galaxiesdan thize of a galaxy, is expected to contain a mass>at®* Mo,
local environment of HE045@2958, we divided galaxies in two the typical mass of a galaxy, equivalent to the stellar magseo
bins of apparent magnitudes, above and bédgw20.5. The re- Milky Way.
sulting density maps are shown in Hig. 8, with the bright ggla
distribution ;< 20.5) on the left and fainter galaxids; & 20.5)
on the right. The most proeminent structure in the closdsixga 6. Discussion on the role of quasars in galaxy
population (Fig[B-left) is GC2, i.e. Abell 3297, at~0.1. This formation
structures becomes marginal in the fainter sample of egpggct
more distant galaxies (Figl 8-right). Instead, we note@@t is We presented observations suggesting that the companion
slightly more contrasted in the faint galaxy sample, whiciym galaxy of HE0450-2958 was recently formed from the shock
suggest that it is located further away than GC2. A speabiaisc Of radio jets on a seed EELR. In this scenario, the QSO would
follow-up of some of its galaxies would be needed to deteemiswitch on first and act as a triggering mechanism for the rapid
whether GC1 is physically close to HE0452058. If GC1 was star formation of the future bulge. We also discussed thsipos
located at the redshift of HE045Q2958, the QSO would be lo- bility that EELRs, in general, might end up forming stardeaf
cated at a projected distance of 8 comoving-Mpc from the-clu$ieir gas stopped being photoionized by the QSO, when the QSO
ter center (25. The separation of both galaxy populations reactivity ends. Indeed, their dense parts100 cnt®) are in the
sulted in putting more emphasis on a linear distributionadhg- thermodynamical conditions to form stars after the quaisgss
ies along what may be a large-scale filament going through tpleotoionizing their gas (Sedt._3.3). A theoretical disaus®n
position of the QSO. It is diicult to conclude on the basis ofhow quasar outflows may generate dwarf galaxies can also be
apparent magnitudes only that this filamentary structurhén found in Natarajan, Sigurdsson & Silk (1998). Here we wish to
density map is both real and physically linked to HE048058, list a series of observations that provide converging excedehat
but it is an interesting candidate galaxy filament which rhlgh quasars play a key role in the formation of galaxies:
tracing a large-scale structure following which gas infalght
be taking place. 1. The local Msy—M correlation suggests that there is a

The role of intergalactic gas filaments has not yet been con- physical mechanlsm connecting star formation and AGN ac-
sidered as potentially important in the history of SMBH gtw  tivity in galaxies.
but if SMBH grew faster than their host galaxies, then nev. Evidence for jet-induced star formation in radio galax-
mechanisms might need to be considered in order to explain th iegQSOs suggests that radio jets might represent such phys-
source of material feeding the central object. We searabreal f ical mechanism.
ternative scenarios in the literature and the only one tleatrere 3. At least two systems, Minkowski's object and now
able to find was published in the late 90’s, when it was sugglest HE0450-2958, might be representative of an early stage of
that quasars may be produced as a result of superconduesive c  quasar induced galaxy formation.
mic string loops (Vilenkin & Field 1987, Manka & Bednarek 4. The radio-optical alignment of some QSO host galaxies
1991). Cosmic strings are linear defects that could be fdrme might be representative of a later stage of quasar induced
at a symmetry breaking phase transition in the early Unésrers galaxy formation, a fossil memory of the process through

bulge
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which star formation was triggered inside the QSO ho#,, yr?, are associated with very luminous radio galaxies at red-
galaxy. shifts up to z~ 4 often located at the center of galaxy clusters
5. Extended emission line regions (EELRSs), often foundadou(Dey et al. 1997, Bicknell et al. 2000, Zirm et al. 2005).
radio quasars, may be considered as the candidate seeds for
future galaxy formation. )
6. Several distant QSOs present evidence for an associdled Offset molecular gas and QSO jets

large molgcular gas mass shifted in position with reSpeCtd%HEMS(}ZQSS, a large mass of molecular gas is foufiget
E:rg?]chSng a:;[isoer:fihsrlé%ggﬁsttr']ggéislglﬁ abdeict)V\J{z'?sn the QSO and With respect to the QSO, spgtially associated to the coropani
X : . X i : alaxy and with the S-E radio jet (Papadopoulos et al. 2008a)
7. Finally, if QSOs formed first and their host galaxy in a Se‘% e concentration of CO emission is coincident with the YRSI
ond stage — or at least the final bulge stellar mass to| page of the companion galaxy, hence confirming that it is in-
logﬂger o be b_u”t__ then one may expect to measure low ed the fuel of the intense starburst event. Sufsebbetween
M, /Mg ratios in distant QSOs. Several studies discussgghlecular gas and QSOs may be a common feature in distant ra-
in Sec{.6.B have recently claimed to have found evidence @f sources. Klamer et al. (2004) produced a systematiclsear
such trend. in z>3 CO emitters for an AGN féiset with respect to the CO
ncentrations and for a connection with radio jets. Outhef t
z > 3 CO emitters that they studied, six showed evidence of
jets aligned with either the CO or dust, five have radio lureino
ties above 18 W Hz ! and are clearly AGNs, and a further four
e}lpgve radio luminosities above 20V Hz* indicating either ex-
reme starbursts or possible AGNs. In the following, we a$sc

ternative explanation to mergers for the very short staméer e Iy o cI
tion timescale of bulge stars (e.g. Thomas et al. 2005, @jpil%rlrze % ?éOGto4tt);‘]p;?anj]g_asbeescccl)arﬁsg:‘ee?j Vv\\l/||tt?1 ||:(I:Er§2;g1598réﬂ$bm
Silk & Matteucci 2009). It may also participate to the origirF_ : ' y P '

of the downsizing flect (Cowie et al. 1996), which refers to At z=1.574, 3C18 is radio loud quasar with recently formed
the anticorrelation between the stellar mass and the fiomat'@diojets, asinferred fromthelrsmal(l) physical size. Ayamass
epoch of the stars of galaxies (Cowie et al. 1996, Guzman et molecular gasl,~(3.0:0.6)x10'° M), inferred from CO
1997, Brinchmann & Ellis 2000, Kodama et al. 2004, Heavers L emission, is fou_nd associated to the quasar with a poalti

et al. 2004, Bell et al. 2005, Bundy et al. 2005, Juneau et 8ffSet of~20 kpc (Willott et aI..2007). . _ .

2005, Thomas et al. 2005, Panter et al. 2007), by accelgratin At z= 2.6, TXS0828193 is a radio galaxy with a neigh-
the formation of massive galaxies which would preferehtialboring CO gas concentration 6fl.4x10' Mg located 80 kpc
host more active quasars. Hence the downsizing in star forngavay and no evidence for an underlying presence of stars or

tion would be a consequence of the downsizing of active nuc@glaxy (Nesvadba et al. 2009). An upper limit of 0.1 mJy at
(see e.g. Hasinger, Miyaji & Schmidt 2005). 24um, from the MIPS camera onboard Spitzer, was obtained

by Nesvadba et al. (2009), who concluded from this limit that
o ] major starburst with more than several hundred solar ma&ses
6.1. The role of radio jets in star and galaxy formation year could be taking place associated with this CO concentra

The role of radio jets in star formation remains a matter tde  tion- We used the library of SED templates of local galaxiest
and has been oscillating between two apparently opposite in Chary & Elbaz (2001) to convert this mid infrared measuremen
pretations, the negative and positive feedbacks eitharafieg m;agxan upperzllmlt for Fhe total IR luminosity at this positi of
or triggering star formation in galaxies. LR ~7.8x10' L, which would translate to a maximum SFR
Evidence for jet-induced star formation has been found #f ~1340 M, yr* using the Kennicutt (1998) conversion factor
various objects and environments, either far away from tis h for a Salpeter IMF. Hence there is still room for a large antoun
ga|axy' such as in the lobe of radio jets (eg van Breuge| @&star formation in this ObJeCt that may be in a similar stage
al. 1985), or inside the host galaxy, resulting in the sdedal than HE0456-2958 but at a much larger distance. We note that
radio-optical alignment (e.g. McCarthy et al. 1987, Ree89)9 metalli(_:ities up to nearly solar were found in the ionized de-
McCarthy et al. (1987) noticed that both the stellar coniimu tected in the outer halo of the galaxy suggesting that matsr
and size of the emission line region of 3CR radio galaxies @fiven out of the central host galaxy (Villar-Martin et 2002).
z >0.6 were highly elongated in parallel with their radio jets. At z=4.695, BR 12020725 is the first high-redshift quasar
This so-called radio—optical alignment was interpreteagds for which large amounts of molecular gas was detected (Omont
dence that the radio jets interact with the interstellariomacand et al. 1996; Ohta et al. 1996). The CO map presents two well
stimulate large-scale star formation in the host galaxg @dso separated emission peaks which coincide with radio coatmu
Rees 1989, Rejkuba et al. 2002, Oosterloo & Morganti 200®8mission interpreted as evidence for the presence of ratho j
Other mechanisms than jet-induced star formation have bdgnCarilli et al. (2002). The radio jets themselves would b t
suggested in the literature to explain the radio-optidghahent faint to be detected at the sensitivity level of the radiogeaut
effect such as the scattering of light from the central AGN (e.gharginal evidence for variability suggest that the radidassion
Dey & Spinrad 1996) or the nebular continuum emission frois not due to star formation. Omont et al. (1996) suggestat th
warm line-emitting regions (Dickson et al. 1995). Howevethe double CO emission might be due to gravitational lensing
many of these objects show clear evidence of star formatidout no optical counterpart of the QSO is found associateleo t
This is, in particular, the case of 4C 41.17£8.8), which rest- second source and the CO (2-1) line profiles affedint for
frame UV continuum emission is aligned with the radio axis dhe two components (Carilli et al. 2002). Klamer et al. (2004
the galaxy, unpolarized and showing P Cygni-like featuimas-s suggested that stars may have formed along the radio jets, pr
lar to those seen in star-forming galaxies (Dey et al. 19B@®. viding both the metals and dust for cooling and "conventibna
most dramatic events, with star formation rates as high 88 1Gstar formation to take place afterwards.

In the following, we discuss some of these observationsi
more detail. The first four points of the list, concerning toke
of radio jets, are discussed in Séct]6.1, point 5 was discliss
Sect[3.B, point 6 is discussed in SEct] 6.2 and point 7 in[B&kt

We note that jet-induced star formation may provide an
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In the case of HE0452958, the mid infrared emission08279+5255 = 3.911, Riechers et al. 2009), PSS J282244

is spatially associated with theffeet CO concentration sug-(z=4.12, Riechers et al. 2008) and SDSS J13EH1 ¢=6.42,
gesting that similar systems might be found not only througialter et al. 2004) respectively.

CO imaging but also infrared imaging. SDSS160¥833558, Hence, there is converging evidence that SMBH formed first
located at a redshift 0£=3.65, might be a distant analog offollowed by the stellar mass of their host galaxy. This isdd®
HE0450-2958 in that respect since it also presents a positiongith the classical interpretation that mergers first triggtar for-
offset between the maximum sub-millimeter (from the submimation then feed the central SMBH (e.g. Sanders et al. 1988).
limeter arra, SMA) and optical emission (Clements et al. 900 SMBH were already in place at the early formation stages of
We note that shocks due to radio jets can induce large high-J @/hat will become massive bulges, these SMBH may have ac-
line luminosities (Papadopoulos et al. 2008b). tively participated to the stellar mass building of theségbs.

A key test for the role of radio jets in the formation of galaxBut this evolution of M"%®/Mgy ratio with lookback time re-
ies will be the detection of either molecular gas or mid irdch  mains to be confirmed against selectidfeets, uncertain mea-
emission with a positionalftset with respect to their neighbor-surements of BH masses in case of non virialization of the sys
ing QSO. This test will be fulfilled with the advent of ALMA, tems and uncertain stellar mass measurements.
the JWST or project instruments such as METIS (mid infrared
E-ELT Imager and Spectrograph) for the ELT (extremely large

telescope). 7. Conclusions

We have placed a direct observational constraint on the spa-
tial distribution of the mid infrared emission (1Juf ob-
served, 8.9m rest-frame) in the field of view of the QSO
HEO04506-2958 (=0.2863). When compared to optical, near-
If not unique, the case of HE045Q@958 suggests that local su-nfrared, CO and radio continuum images from the HST-ACS,
permassive black hole host galaxies, or at least a largédrac NICMOS and ATCA, it is found that the second source de-
of their stars, were formed outside quasars and that th&ir Siected by VISIR is coincident with the companion galaxy of
formation history was stronglyfiected by radio jets. The factthe QSO HE04502958, which exhibits a very disturbed optical
that atz~2, the comoving space density of radio galaxies witthorphology, is located at the peak concentration of mokecul
powerful jets was 1000 times higher than at the present epagds as traced by the CO molecule, which avoids the QSO itself
(Willott et al. 2001) suggests that radio jets may indeed plgPapadopoulos et al. 2008a) and is aligned with one of the ra-
a key role in galaxy evolution, although their lower lumiitgs dio jets coming out of the QSO (Feain et al. 2007). We modeled

6.3. The building of the Mgy - ME”'ge relation: did SMBH form
first ?

counterparts have only been studied ugtel. This scenario the mid to far infrared spectral energy distributions of tive

would provide a natural explanation for thesh-M?9®

relation sources as well as the VLT-FORS optical spectrum of thesstell

and it may be tested by the relative timing of formation of I¥B emission coming from the companion galaxy and found that:

and host galaxies. There is already converging evidentétba
M®1%/ Mgy ratio was lower in the distant Universe than locally,1-
i.e. that SMBH may have formed first. However, due to thg-di
culty to estimate black hole masses in distant galaxiestiténd
would have to be confirmed and sub-millimeter galaxies appea
to exhibit an opposite trend (see e.g. Alexander et al. 2008)

if this trend was confirmed, this would give credit to the abov?2-
scenario.

The host galaxies of seyfert nuclei 2t0.37 (Treu et al.
2004) and 0.36 (Treu et al. 2007) were found to exhibit lower
velocity dispersions, hence also bulge stellar masses, ¢rRa
pected by the locaMgr—M®""% relation with a systematicfi
set implying that, assuming no significant black hole grqwth
the distant spheroids had to grow their stellar mass by ap-
proximately 60% during the last the 4 billions years. In the
redshift range @z<2, 3C RR quasars exhibit an evolution as
MBY198/ M gioc(1+2)~@070.76) reaching M“9%/Mgp~125 atz=2
(McLure et al. 2006), hence 5 to 6 times lower than in the log.
cal Universe. In a study of 31 gravitationally lensed AGNd an

20 nonlensed AGNSs, Peng et al. (2006) found tha‘ﬂ"wyMBH

was more than four times lower at1.7 than it is today. By the
redshift kxz<1.7, they found this ratio to be at most twice lower
than today. They conclude that scenarios in which modegrateb.
luminous quasar hosts at1.7 were fully formed bulges that
passively faded to the present epoch are ruled out. In the mor
distant Universe, Shields et al. (2006) found that at rdtishi3,

the CO line widths are narrower than expected for their asso-
ciated black hole mass indicating that SMBH reside in under-
sized bulges by an order of magnitude or more. Finally, sed®

low as M"'%/ Mg~ 3.4, 30 and 10-50 were estimated for APM

The QSO and its 7 kpc distant companion galaxy both
belong to the class of ULIRGs with nearly equal total
infrared luminosities of |g=L[8-1000um]~2x10" L.
Hence HE04502958 is a composite system where dust
heated by an AGN and young stars are spatially separated.
We derive an age for the stellar population of the companio
galaxy of about 40-200 Myr suggesting that the galaxy was
recently born. This timescale times the SFR derived from
its IR luminosity (SFR340 Mpyr1) is consistent with its
stellar mass (M=[5-6]x10'" Mg).

3. We propose that the starburst taking place in the companio

galaxy is jet-induced. This statement results from theiapat
association of the companion galaxy with the peak radio con-
tinuum associated with one of the two radio jets produced by
the QSO HE04502958, its large [NIIJHa emission line ra-

tio and the presence of a gradient of ionization in the ISM of
the companion galaxy following the radio jet.

We suggest that we are withessing a "quasar induced galaxy
formation” process following two steps: the production of
concentrations of ionized gas (extended emission line re-
gions, EELRS) ejected by the QSO followed by the impact
of the radio jet in one of them that will induce star formation
We present evidence suggesting that the QSO will ultiipate
merge with its companion galaxy. Even if a host galaxy is
later on detected below present detection limits, this even
appears as a major one in the building of the stellar content
of the host galaxy of HEO45€958. This dfers a physical

mechanism to explain the local EM—ME”'ge correlation in
which jet-induced star formation is responsible for a major

phase in the stellar mass building of host galaxies.
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6. Finally, we propose a mechanism to explain the origin ef thor kindly providing us with the ATCA radio continuum and C@ages of
large quantity of material required to fuel the QSO: the athe field of HE04562958 and E. Audit for fruitful discussion. KJ acknowl-

; ; ; ; dges support through the Emmy Noether Programme of the @e8uience
cretion of mtergalactlc cold gas filaments. We prOduce pr undation (DFG) with grant number JA 1J241. This research has made use

JeCted den5|ty maps of the 50 MpC (comovm.g) ENVIroNMep e NASAIPAC Extragalactic Database (NED) which is operated by #te J
of HE0450-2958 in three magnitude ranges in order to seropulsion Laboratory, California Institute of Technofpgnder contract with
arate foreground objects and find a candidate large-scaletfie National Aeronautics and Space Administration.
ament in the distribution of galaxies that may be physically
associated with the QSO.
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