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Abstract. We present adaptive optics assisted spectroscopy of thuasacs obtained with NACO at VLT. The high angular
resolution achieved with the adaptive opties .08"), joined to the diagnostic power of near-IR spectroscopgwaus to
investigate the properties of the innermost 100 pc of thessays. In the quasar with the best adaptive optics cavrgcti
PG1126-041, we spatially resolve the Ra@mission within the nuclear 100 pc. The comparison with @igixcitation lines
suggests that the narrow dP@mission is due to nuclear star formation. The inferrednisity of the nuclear star formation
(13 M, yr~1) may account for most of the far-IR luminosity observed iis fuasar.
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1. Introduction During recent years the performances of adaptive optics

. .. systems have improved significantly, achieving very higian
The study of the stellar populations and star formation & thy, resojutions £ 0.17) even on relatively faint sources. Such

host galaxies of Active Galactic Nuclei (AGNSs) is fundamerhigh angular resolution, coupled with spectroscopic ciipab
tal to understand the connection between black-hole growifls of some of these systems, allows us fiicently disen-
and galaxy formation. Several evidences for such a connggigle components associated with stellar activity evetén
tion have been obtained in local low-luminosity AGNS, i.&;rcymnuclear region of luminous quasars. In this letter we
Seyfert galaxies (e.g. Cid Fernandes ef.al. 2001, Heckmanyglsent NACO observations of three quasarsl.06 selected
al.[1997, Maiolino et al_1995, Oliva et al..1999). At highet, 1j5ye an excess of far-Infrared emission. In one of thearsas

quasar-like luminosities the investigation of star foria@nd e fing evidence for star formation within the central 100 pc
stellar population is much morefficult because the tracers of i, 4 rate of~ 13 Mo yr-L, which may account for most of

star formation are heavily dilyted by the strong active BUS| i< t4r-IR emission. We assume a "standard” cosmology, with
Nevertheless a few observational programs have been SHCCES — 70 km s Mpc, Qm = 0.3 andQ, = 0.7.

ful in disentangling the host galaxy and star formation from

the quasar light. The separation of the two components has

been achieved either through a spectroscopic decompositlo Sample selection, observations and data

or through high angular resolution imaging observationg.(¢  reduction

Canalizo & Stockton 2001, Courbin et A._2002, Dunlop et al.

2003, Jahnke et d. 2003, Schade efal._2000). By using sUdlf targets were selected from the sample of Andreani et al.
observating strategies, evidence both for active stardtion (1999) who provide mid-IR and far-IR data for a large num-
and relatively quiescent hosts was found. However, allehdaer of optically selected quasars. We selected quasarsimatc
studies probed the stellar population on scales of a few kjJ the following constraints: 1)0.06, so that the CONICA
while the stellar activity within the central 100 pc, whereya Projected resolution on the source is better than 100 pd@n t
interplay with the quasar activity is expected to occur,agra K band) and, at the same time, bothaPand [SiVI]1.97:m

poorly explored. emission lines are shifted into the K band; 2) far-IR luminos
ity Leir > 10* erg s?, i.e. objects more IR luminous than
Send offprint requests to: G. Cresci the average of quasars at the same redshift and, therefisre, s

* Based on data obtained at the VLT through the ESO progrg#&cted to harbor starburst activity; 3) radio quiet, to e\&yin-
71.B-0453(A). chrotron contamination to the far-IR radiation; 4) visibhag-
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Name RA(J2000) DEC(J2000) z v LeRr Date seeing FWHM SR
IRAS09149-6206 091609.4 -621929 0.057 141 7.9 Apr20,2003 1.0 0.09' (100pc) 5%
PG1126-041 112916.6 -042408 0.060 145 3.2 Junl7,2003 '0.4 0.07 (81pc) 26%
PG2214-139 2217123 +141421 0.066 145 15 Jun18,2003 ’0.8 0.09' (114pc) 11%

Table 1. List of the bserved quasars, along with their propertiedagaf the observations.dg is in units of 13%rg s*; seeing
is the median DIMM seeing during the observatiByHM is the Full Width Half Maximum of the PSF on the Adaptive Optic
corrected images, in arcsec and in par§&is the Strehl Ratio measured on the images.

nitude V<14.5 mag, so that the Adaptive Optics correction can
achieve good performances with Strehl ratios-0f2 by using
the quasar itself as a reference to close the loop. Four tpiasas; 5 |- PG1126-04 |
were selected and three of them, whose properties are list |
in Tab. 1, were observed in service mode with NACO. Both ° Bry+
images and spectra were obtained in the K band. Images werg* Brs  [SVI]
obtained in the 1B2.18 filter (to avoid saturation) with the S27 o
camera, yielding a pixel scale of027’/pix. Spectra were ob-
tained with a Q086" slit at PA=0°, with the Grism2 coupled
with the SK order sorting filter, yielding a spectral resant ) ) ’1 22 23 24

R = 1/A2 = 1400, and with the S54 camera yielding a pixel Observed Wavelenght (um)

scale along the slit of .054’/pix. During each observing run )

we obtained a diraction limited nuclear spike of 0.08” (cor- Fig. 1. Continuum subtracted spectra of PG1108. The By*
responding to-100 pc projected on these quasars)_ In the spéetrOdUCEd by the division of the reference B star is marked.
troscopic mode the pixel size undersamples the PSF. Thiel Stre

Ratio ranges from 5% to 26% (see Tab. 1).

The spectra were reduced following the standard steps f§tt change spatially along the slit, and should simply stale
NIR spectroscopy. The spectra obtained #ftedént positions intensity following the profile of the PSF. We have investegh
along the slit were subtracted from each other to remove #f¢ variation of the Raprofile along the slit by subtracting the
background, then flat fielded, aligned, co-added and catitra continuum of all spectra atfierent locations along the slit and
Atmospheric features were corrected by dividing for thecspethen rescaled the spectra to match the Pax on the central
trum of a reference star. B3Il and B5V stars were used féPectrum. In Figld2 we show this comparison for the spectrum
PG1126 and IRAS09149 respectively, and in these cases 04’ north of the central spectrum for PG1126: the solid line
spectra were then multiplied by a blackbody at 20000 K to réhows the (continuum subtracted) central spectrum, whée t
establish the correct slope of the continuum. For PG2214 @iashed line shows the rescaléttouclear spectrum. The lower
used a GOV star, and the spectra were then multiplied by the Bgnel shows the tierence between the two spectra which, al-
lar spectrum to remove the stellar features and continuapes| though noisy, shows the presence of a excess narrow compo-
(see Maiolino et al_1996 for details). Images were instead hent (FWHM ~ 200 knys) in the df-nuclear spectrum. This

duced using theclipse software and the CONICA pipeline. demonstrates the presence of a narrow componentmfaa
sociated either with a NLR or with star forming regions.

Once proved the existence of a narrow component, sepa-
3. Analysis and results rated from the BLR, we can follow its spatial behavior along
with other spectral features. We have fitted the BEPG1126
Sprofile with two broad gaussians, which reproduce the broad
(BLR) component, and a narrow component. The resulting fit
for the central spectrum is shown in Fig. 3. In Tab. 2 we list

which was observed with a Strehl Ratio of 26%. The integratt%g best fit parameters for the components. For what concerns

: - . . blend of [SiVI]1.9am and B#, each of the two lines was
spectrum is shown in Fi@l 1. In the following we will concen; . . s
. . fitted by using two gaussian components only (additional-com
trate on the analysis of this spectrum.

. . . nents are not required given the lowgk Sor these fainter
Pax is clearly broad and certainly dominated by the Bro I : . ) :
Line Region (BLRY). It is more diicult to indentify the pres-qpﬂ?es)l' [SiVI] in particular is well fitted by a broad and a nar

) . . row component. The presence of both narrow and broad com-
ence of a narrow component associated either with a Narr

. . . . . Bonents of coronal lines (such as [SiVI]) is well known in
IT|ne Region (NLR) or with star formation. A methgd 0 InVesi s A component with a width intermediate between BLR
tigate the presence of a narrow component, while exploiti

1y ; -
the high angular resolution delivered by the AQ, is to study t%%d NLR (- 1000-2000km s7) is commonly observed and as

spatial variation of the Raprofile along the slit. The BLR is 1 Note that the profile of the Racannot be used to fit the Bbe-
certainly unresolved at our resolution<{Rpc) and therefore cause dierent hydrogen lines originating from the BLR have often
the profile of the Pa, if totally attributed to the BLR, should different profiles, like in this case.

Flux (e

In this letter we focus on the analysis of the spectra, sineg t
provide the most interesting information. Of the three gqua
spectra we obtain spatially resolved features only for tmec
with the best Adaptive Optics correction, i.e. PG11281
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Line Flux V—Vgys FWHM .

Paa - Broad 1 953.3: 43.3 14+ 37 3003+ 134 L

Pao-Broad2  457.1417  37+32  1312+142 oo ]

Paa - Narrow 27.6+7.0 71+ 32 Unresolved T sl b

Br¢ - Broad 129.0:10.4 -75+191 2277+ 258 B r

Br¢ - Narrow 13.8+6.3 -124+123 697+ 413 W el ]

[SiVI] - Broad 89.7+ 6.8 —-203+ 333 2797+ 240 g [

[SiVI] - Narrow 8.0+ 1.7 42+ 89 360+ 185 e 4| .
Table 2. Best fit parameters for the components of the centralf oL I\ b
spectrum of PG11268041, for Pa, Brs and [SiVI]. Flux is in £ [ / N
units of 10%° erg s* cm?; the shift the various component o |- < fff—f LSS

1.98 2 2.02
Wavelenght (um)

from the systemic velocity-vgs) and theirfFWHM are in km 2.04

st

Fig. 3. Fit of the Pa profile for the central spectrum of PG112.
— The fit is overplotted on the original spectrum, togethehwit
the single gaussian components (see text).

— __. central

offnuclear

shown). The most interesting result, expected from theyaisal
discussed above, is that the intensity of the narrow compone
of Pax does not follow the PSF profile and shows an excess of
emission to the North, tracing an emission line region exten
ing for 0.08’'-0.1", or 60—120 pc, from the nucleus.

We investigate the nature of the narrowyRamitting region
by comparing its flux with the observed [SiVI] emission. The
narrow component of the latter traces the NLR as it is not pro-
duced by star forming regions, while the narrovefPaay either
come from star formation or from the NLR. Thef#irent trends
of the narrow Pa and [SiVI] in Fig.[d suggest that the two
lines have dterent origins. We have further investigated this
issue by comparing the ratio between narroww Rad [SiVI]
in the narrow line region of Sy2 galaxies observed by other au
thors (Sy1 cannot be used because the hydrogen lines include
Fig. 2. Comparison between the central spectrum and the spge broad component and generally a decomposition of narrow
trum 0054 to the north, around the Raegion. In theupper and broad components is not given)afa not observable in
panel the solid gray line shows the (continuum subtracted) celaw redshift Sy2s, but it can be easily derived fromyBiy us-
tral spectrum, while the black dashed line shows the redcalag the case B recombination ratio (which holds for the NLR):
off-nuclear spectrum. Thieer panel shows the dierence be- Bry/Pax=0.082. The additional problem is however that in Sy2
tween the two spectra. galaxies By may well be contributed by star formation, since

there are several evidences for nuclear and circumnudigar s
formation, as discussed in Sect. 1. For this reason we d#cide

cribed to an “Intermediate Emission Line Region” (Gianmuzzo focus on two specific templates: NGC 1068 and Circinus.
et al[1995). The narrow component of the coronal lines comElsese are very nearby Sy2's, extremely well studied, foctvhi
instead from the “classical” NLR and extends for a few 100 ghbere is no evidence in the central region for significant-con
(Maiolino et al[2Z00D, Thompson et A 2Z001). The broad cortribution to Bry by active star formation (star formation occurs
ponent requires also the profile to be asymmetric, and spedif rings at a radius of 10” — 30”). The Pa/[SiVI] ratio in-
ically with a blue wing. Such a blue asymmetry is also conferred for the NLR is 2.2 in Circinus (Maiolino et al._1998)n
monly observed on high excitation lines from the nuclear ré-1 in NGC 1068 (Reunanen et Al._2003). In PG1126 the ra-
gion of several Seyferts (e.g. Marconi et[al. 11996, Olivalet dio between narrow R&[SiVI] is 3.4 on the nucleus and 6.4 in
1994). the northern region at 60 pc from the nucleus. This compariso

The line profiles on the fi-nuclear spectra were fitted byindicates that there is a strong excess of narrow €aission
keeping frozen the parameters of the broad components (#ih respect to that expected from a NLR. Such & Bacess
cept for a scaling factor) while the narrow components weiite | is probably due to active star formation in the nuclear and ci
free to vary. In Figlt we show the intensity of the variougdin cumnuclear region, within the central 00 pc.
as a function of the fiiset from the nucleus. The broad com- Assuming that all the narrow Bas associated with star
ponent of the Pa gives the profiles of the PSF along the sliformation we can estimate the star formation rate in theraént
(and it is also consistent with the profile of the continuuwt, nregion of this quasar. Unfortunately, our data do not prexdd

[s)]

o

L Difference ]
poor atm.

e
o

Flux (10-1¢ erg s~! cm=2 A-1)

Narrow =
Paa
| . . . | . . . | . . . |
1.98 2 2.02 2.04

Wavelenght (um)

—-0.5
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south arcsec north loose upper limit of 0.18 M yr~* kpc2 on the star formation
L4 *("2 ‘ *[‘H ‘ ? 0‘-1 Of rate per unit surface area. Deeper observations are reqoire

Broad Pa — further constrain the star formation in the host galaxy.
In the other two quasars the analysis of the line profile is
| s | more complex due to imperfect subtraction of some deep at-
i E——— gt | mospheric absorption features and to a much lower Streahbl rat

\ than in PG1126. There are some hints of a resolved narrow

component of Pa, but need to be confirmed with higher qual-
ity spectra and higher Strehl Ratios.

1.2 I Narrow Pa - — - ]

0.8 -

0.6 [~ ]
4. Conclusions

Normalized Flux

0.4 - We have obtained K-band spectroscopic observations edsist

] by adaptive optics of three quasars abz206 which are lumi-
N nous in the far-IR. The adaptive optics correction allowshas
] reach a diraction limited angular resolution-( 0.08”, cor-
n responding to~ 100 pc), with Strehl ratios ranging from 5%
s *;210101 *7*110101 : 1(1)1 — *1(;0* — *Z(go* o to 26%. In the quasar observed with the highest Strehl ratio
_ (PG1126-041) we spatially resolve a narrow component of
Radius (pe) Paxr on scales 0~50-100 pc. By comparing the spatial dis-
tribution of the narrow RPawith the distribution of the coronal
line [SiVI]1.96um, we infer that most of the narrow R#s due
to star formation in the nuclear and circumnuclear regiaief
guasar. We also derive that most of the far-IR emission af thi
guasar is due to the nuclear star formation detected by us.
These observations clearly demonstrate that adaptivesopti
assisted spectroscopy is a powerful tool to investigatenthe
bi-dimensional information of the Radistribution in the cen- clear region even in bright quasars.
tral region. However, we can roughly estimate the circumnu-
clear integrated Raemission by assuming that the emission {cknowiedgements. This work was partially supported by the Italian
well represented by the average of the northern and south¥#pistry of Research (MIUR). We are grateful to the ESOfistn
sides in our spectrum. The inferred total narrovsax esti- Paranal for having performed these observations in semaxe.
mated in this way is &(Parnarow) = 2.15 1014 erg stem™.
From case B recombination (&Ha = 0.107), we infer References
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