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Received 9 January 2001 / Accepted 16 February 2001 Abstract. We present results about the distribution and kinematics of the molecular environment of the AGN in NGC 1068, over a 1.500 × 3.500 region around the central engine in NGC 1068, derived from H2 line emission detected with ISAAC at VLT/ANTU on ESO/Paranal. The H2 emitting molecular gas is found to be distributed along the East-West direction and with two main peak emission (knots) located at a distance of about 70 pc from the central engine. The eastern H 2 knot is more intense than the western one. The line profiles mapped across the entire 1.500 × 3.500 region, at a spatial resolution of 0.300 × 0.4500 , appear to be quite complex with either a blue or red wing. At first order, we find a velocity difference of 140 km s−1 between the two knots; if interpreted as quasi-Keplerian velocity, this implies a central enclosed mass of 108 M . Key words. galaxies : NGC 1068 – galaxies : Seyfert – galaxies : nuclei – galaxies : molecular gas – galaxies : active – infrared : galaxies – instrumentation: mid-IR



1. Introduction Given the proximity of NGC 1068 (14.4 Mpc and corresponding scale of 70 pc per 100 ) and the predicted size of the molecular torus in an Active Galactic Nucleus (AGN) – from 1 to 100 pc –, any trace or signature of a molecular torus in NGC 1068 must be searched from data collected under sub-arcsec image quality. Several recent discoveries point towards the presence of a conspicuous and structured molecular/dusty environment around the central engine of NGC1068 (e.g. Gallimore et al. 1997; Rouan et al. 1998; Marco & Alloin 2000; Schinnerer et al. 2000; and references given in these papers). One piece of information still missing to ascertain the existence of a rotating torus – in addition to other possible molecular components –, is the kinematical status of the molecular/dusty material. Such information is available for the cold molecular gas, from recent interferometric work in the CO(2–1) line (Schinnerer et al. 2000): the authors infer the presence of a warped disc of cold molecular gas. In this study we have chosen to probe the molecular gas through the H2 1-0 S(1) line (rest λ = 2.12 µm). Being related to the hot molecuSend offprint requests to: D. Alloin, e-mail: [email protected] ? Based on observations collected at the ESO/Paranal ANTU telescope, Proposal 63.P-0167A.



lar gas and having specific excitation mechanisms, it provides complementary information to that derived from the CO transition which traces the cold molecular gas. After the pioneering discovery of the H2 2.12 µm line emission in NGC 1068 by Thompson et al. (1978), a first attempt to image the AGN of NGC 1068 in the H2 2.12 µm line has been reported by Rotaciuc et al. (1991), covering a 1000 × 1000 region at a resolution of ≈100 . It is imperative to push further the spatial resolution. Adaptive optics high resolution K, L and M band images of the AGN have unveiled the presence and structure of hot to warm dust (Rouan et al. 1998; Marco & Alloin 2000) within the 100 × 100 region around the central engine. We have selected from these observations two particular directions for our kinematical study: (a) PA = 12◦ possibly tracing the equatorial plane of the molecular/dusty torus around the central engine; (b) PA = 12◦ which features the axis of the torus and is found to be close to the axis of the ionizing cone to the North-East. The location of the central engine – only visible directly in the IR as an unresolved core carrying around 90% of the emission and in the radio as the radio source S1 in Muxlow et al. (1996) – is taken here as that derived by Marco et al. (1997) from simultaneous K and I band high resolution imaging with adaptive optics. Given the error
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bar on this position (±0.1500 ), it is coincident with the astrometric position of the 12.4 µm unresolved core (Braatz et al. 1993), the K band peak observed by Thatte et al. (1997) and the center of symmetry of the polarization pattern in the near-IR and mid-IR (Lumsden et al. 1999). We leave aside attempts at locating the central engine from UV data which are quite sensitive to dust extinction and provide so far discrepant results (Capetti et al. 1995a, b; Kishimoto 1999). We present and discuss results of long-slit spectroscopy in the near-IR, obtained with ISAAC at VLT/ANTU on ESO/Paranal. In this letter, we concentrate on the H2 2.12 µm line emission observed over a 1.500 × 3.500 region through the central engine at PA = 102◦ . The kinematics of the hot molecular gas in particular is investigated to test the presence of an eventual super massive object in NGC 1068.



2. Data collection and reduction The observations were performed using the SWS1 short wavelength arm of the instrument ISAAC attached to the Nasmyth focus of ANTU (Moorwood et al. 1999; Cuby et al. 2000). The measured seeing value was of 0.500 (FWHM) in the K band. The slit width was set to 0.300 while its length was of 20 at PA = 102◦. A spectrum was first obtained with the slit centered on the near-IR unresolved core, imaged prior to the spectroscopic observations. Then the position of the slit was offset by 0.300 and 0.600 on each side of the core, to the North and to the South, providing a complete mapping of a 1.500 ×10 area. A complete description of the data collection and reduction procedures is given in Galliano & Alloin (2001). The final spectral resolution at the observed 2.15 µm wavelength of the H2 line is 35 km s−1 . From the reduced 2D spectra, we extracted a series of 1D spectra, through a window 3 pixels-high (i.e. 0.4500 ) along the slit, and with a sliding step of 1 pixel (0.1500 ). In the very central area, the intense continuum produces a fringing pattern at the level of 4% (peak to peak) that cannot be fully corrected, leaving some residuals which prevent the measurement of eventual faint H2 line emission at a distance less than 15 pc from the central engine.



3. Results and discussion 3.1. H2 line profiles We provide in Fig. 2, a set of the H2 line profiles observed at various positions across the 1.500 × 3.500 central area extended along the equatorial plane of the suspected torus (PA = 102◦). At each position, the displayed line profile corresponds to an 0.300 × 0.4500 emitting patch. We did not deconvolve the individual successive spectra: given the seeing (0.500 in the K band), each spectrum is only moderately contaminated by its neighbours. The H2 line profiles are presented in the following manner: for each frame, offset coordinates of the patch to which the line-profile refers



are given with respect to the central engine location. The horizontal axis provides the offsets along PA = 102◦ and the vertical axis the offsets along PA = 12◦ . In each frame, the black (thin) line features the line profile observed to the West of the AGN (from −1.500 to −0.300 ), while the red (thick) line features the line profile observed to the East (from +0.300 to +1.500 ). Therefore, each frame provides the line profile of a given patch and the line profile of its symmetrical counter part with respect to the axis of the suspected torus. Because of a large difference between the H2 line fluxes to the East and West of the central engine, we have rescaled by a factor 3, in Fig. 2, the line profiles detected to the West. In most of the frames, the H2 line shows a complex profile: from double peak (North) to the presence of an extended wing (blue wing to the West and red wing to the East). The velocity difference between the main peaks in two symmetrical patches is maximum for patches [000 ;0.900 ] and [000 ;−0.900 ] and reaches a value of ∆V = 140 km s−1 .



3.2. Spatial distribution of the H2 line emission For each 0.300 × 0.4500 emitting patch we have measured the total integrated H2 line emission and, from these values, we have reconstructed the 2D map in H2 line emission shown in Fig. 3. The existence of two symmetrical emission knots (eastern and western knots) with large flux difference is conspicuous. This map can be compared to the early image in the H2 line provided by Rotaciuc et al. (1991, their Fig. 2), within the limitation of different spatial resolutions and spatial coverage. Indeed, the ISAAC reconstructed H2 map is consistent with the inner part of the image by Rotaciuc, although the more limited area covered by the ISAAC data set may miss the maximum of the western knot (which is also slightly shifted to the South). A detailed flux comparison between H2 data sets obtained previously (references in Sect. 1) and the ISAAC data set is presented in Galliano & Alloin (2001). We concentrate here on the positional/kinematical aspects measured for the first time from this ISAAC H2 data. The strong eastern H2 knot, located about 100 to the East of the central engine, is also well identified in velocity space (Fig. 1). In addition to the eastern and western knots, extended and asymmetric wings on the line profiles suggest the presence of an extended source of H2 emission, possibly in the form of an outflow (Galliano & Alloin 2001). We have also reconstructed a 2D map of the average continuum between 2.1 µm and 2.2 µm (not shown here) from which we have positioned the cross featuring the central engine in Fig. 2.



3.3. Kinematics of the H2 molecular material As a first order result, a jump in radial velocity of about 140 (±5) km s−1 is detected between the eastern and western knots at 70 pc from the central engine. The [Position– Velocity] diagram (Fig. 1) enlights this result.
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3.4. Comparison with CO high resolution map and discussion
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Fig. 1. Position–velocity diagram for the spectrum at PA = 102◦ through the central engine. The continuum was fitted and substracted. The contours are at 10%, 20%, ..., 100% of the eastern peak. Inside the central marked box, the residual fringing pattern has been removed for clarity of the diagram. Outside the box, the fringing is absent



If the material associated with these knots pertains to a structured ensemble of molecular clouds in Keplerian orbit, this implies the presence of an enclosed object with dynamical mass 108 M . A comparable value is found by Schinnerer et al. (2000) from CO line emission observed on a scale of ±70 pc. Yet, the enclosed central mass derived from H2 O maser observations on a scale of less than 1 pc, is only 1.5 107 M (Greenhill & Gwinn 1997). It should be noticed as well that the rotation axis of the molecular and maser “pseudo” discs differ by at least 30◦ . This result suggests that the mass enclosed within the 70 pc radius region around the central engine in NGC 1068 is shared among different components. At second order, across the western knot itself, an increase of the H2 line velocity is observed towards the center, as expected in the case of pseudo-Keplerian rotation of the system, but a similar behaviour does not appear in an obvious way in the eastern knot where the brightest peak seems to remain at constant blueshift when approaching the center. Considering the large flux difference between both sides, we cannot exclude a superposition of components along the line of sight to the East of the central engine, or the existence of peculiar kinematics as discussed from CO line data by Schinnerer et al. (2000). A more refined analysis of the velocity field of the H2 emitting molecular material is in progress, aiming in particular at fitting the line profiles across the entire region.



The integrated H2 line map derived from ISAAC data can be compared with the 12 CO(2 − 1) map recently obtained at IRAM with an 0.700 × 0.700 beam by Schinnerer et al. (2000). The strong H2 line emission of the eastern knot is detected as well in CO, at the same location. On the western side, the ISAAC spatial coverage does not allow to check whether the CO peak – located 1.500 to the West and 100 to the South – is also emitting in the H2 line. However, we do detect in H2 the tip of the western CO knot. The spatial coincidence of CO and H2 emission in the eastern and western knots is interesting and indicative that, in these knots, H2 is emitted in photo (or/and X-ray) dissociation regions (PDR or XDR) at the surface of molecular clouds. Given the AGN environment, rich in UV photons, X-rays and shocks, it is still unclear what would be the main source of excitation of the H2 line. For the time-being, let us simply assume that the H2 line emission originates from molecular gas at temperature around 2000 K (e.g. Hawarden et al. 1995): we find that the total observed H2 line emission in the 3.500 × 1.500 central area is of (20 ± 6) 10−14 erg s−1 cm−2 , corresponding to a total luminosity of 1.3 106 L . Following Thompson (1978), an amount of 3500 M of hot molecular gas is needed to produce this emission. Conversely, CO line emission is thought to arise from cold molecular gas with temperature at least one order of magnitude less (e.g. Barvainis et al. 1997). The total mass of molecular hydrogen derived from the CO line flux by Schinnerer et al. (2000), over the same region, is of the order of 107 M , 4 orders of magnitude larger than the hot emitting H2 molecular gas. Such a result is not surprising and is consistent with the PDRs or XDRs origin of H2 . Still to be understood is the more diffuse H2 emission which is traced in the wings in the H2 line profiles (Fig. 1) and we are developping a kinematical model for this extended component (Galliano & Alloin 2001). Another interesting point to resolve is whether the dynamical mass 108 M enclosed within a 70 pc radius region around the central engine (as derived both from cold and hot molecular gas kinematics independently) corresponds to a super massive confined object or a massdistributed component (stellar cluster and molecular/dust gas). As there is most probably a contribution from each of these components, their respective share is an issue we intend to address in the near future (Galliano & Alloin 2001).
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Fig. 2. The H2 line-profile data: each frame corresponds to an 0.300 × 0.4500 emitting area. The center of the area is offset from the central engine position [000 ×000 ] by the quantities provided along the right side of the Y -axis (offset along PA = 102◦ ) and the upper X-axis (offset along PA = 12◦ ), the Xaxis offset being positive to the East and negative to the West, while the Y -axis offset is positive to the North and negative to the South. The lowerleft frame provides as well the velocity scale applicable to all frames. The thin (black) line refers to the West of the AGN, while the thick (red) line refers to the East. As the first aim is to show the velocity shifts, the western profiles have been rescaled in flux by a factor 3. The flux scale is given on the left side of the Y -axis: the upper (red) one refers to the eastern profiles, the lower (black one) to the western ones
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Fig. 3. Restored map of the 1.500 × 3.500 central area, in the H2 1.12 µm integrated line emission. The intensity scale is linear and reaches 2 10−14 erg s−1 cm−2 . The cross locates the maximum of the continuum emission as found from this ISAAC data set and features the location of the central engine as derived from K band adaptive optics measurements by Marco et al. (1997)



Kishimoto, M. 1999, ApJ, 518, 676 Lumsden, S., Moore, T., Smith, C., et al. 1999, MNRAS, 303, 209 Marco, O., Alloin, D., & Beuzit, J. L. 1997, A&A, 320, 399 Marco, O., & Alloin, D. 2000, A&A, 353, 465 Moorwood, A., Cuby, J.-G., Ballester, P., et al. 1999, The Messenger, 95 Muxlow, T. W., Pedlar, A., Holloway, A., et al. 1996, MNRAS, 278, 854 Rotaciuc, V., Krabbe, A., Cameron, M., et al. 1991, ApJ, 370, L23-L26 Rouan, D., Rigaut, F., Alloin, D., et al. 1998, A&A, 339, 687 Schinnerer, E., Eckart, A., Tacconi, L. J., Genzel, R., & Downes, D. 2000, ApJ, 533, 850 Thatte, N., Quirrenbach, A., Genzel, R., et al. 1997, ApJ, 490, 238 Thompson, R. I., Lebofsky, M. J., & Rieke, G. H. 1978, ApJ, 222, L49



























des documents recommandant







[image: alt]





Astronomy Astrophysics - Benoit Carry 

Nov 6, 2007 - The equivalent size (in km) of the theoretical resolution element (Î˜) on Ceres and ..... near-infrared spectra of Ceres: 0.4 Âµm cutoff, 0.60 Âµm and.










 


[image: alt]





Astronomy Astrophysics 

Together with the magnetic energy, the magnetic helicity is an important quantity used to describe the nature of a magnetic field configuration. In the following ...










 


[image: alt]





Astronomy Astrophysics 

This is a new application of ICA to multichannel astrophysical data analysis. Then ... Key words. cosmology: large-scale structure of Universe â€“ cosmology: observations â€“ galaxies: clusters: general â€“ ..... We end up with one map per fre-.










 


[image: alt]





Astronomy Astrophysics 

tive region loops (height, inclination, radius, width) applying a dynamical .... The spatial resolution is 5.2 with the same. 340 Ã— 300 ... Table 1. Minimal and maximal values of the three magnetic field com- ponents ..... pot m (see Amari et al. 20










 


[image: alt]





Astronomy Astrophysics 

netic field, (ii) the shear and twist are then developed by impos- ing a flow field along .... (iii) the distribution of the vertical magnetic field on the photo- sphere (Fig. ... due to the coordinate transformation, we reduce the IVM field- of-view










 


[image: alt]





Astronomy Astrophysics 

Tonry et al. 2001), is the first target of the subsample that was observed with OASIS/PUEO. Its steep power-law central luminosity profile (Î³ = 2.03, Gebhardt et al.










 


[image: alt]





The Gaia mission - Astronomy & Astrophysics 

moving sources which show perspective acceleration (e.g. de Bruijne & Eilers 2012);. 2. coarse ..... Third, there is strong evidence of a thermo-elastic ori- gin. In particular, the 24-h ... of particles cmâˆ’2 sâˆ’1), combined with a handful of disc










 


[image: alt]





The Gaia mission - Astronomy & Astrophysics 

Several intermediate Gaia data releases are planned and the data can be retrieved from the Gaia ..... in Friedrichshafen (Germany); and an electrical service module. (E-SVM; Sect. 3.2) ..... (âˆ¼240 000 eâˆ’) output node. Total noise levels of the ..










 


[image: alt]





L - Astronomy & Astrophysics 

Jun 26, 2005 - 1. Introduction. Since the advent of adaptive optics (AO) at VLT and Keck, the infrared (IR) counterpart of Sgr A* is routinely observed from.










 


[image: alt]





Astronomy Astrophysics - David Elbaz 

Mar 22, 2007 - We study the relationship between the local environment of galaxies and their ..... case of a Kroupa IMF (Kroupa 2001), for example, we find.










 


[image: alt]





Astronomy Astrophysics - Mugnier 

the coherent energy referring to the wavefront variance Ïƒ2 in radian. ... where OTF is the optical transfer function. ... tector modulation transfer function (MTF).










 


[image: alt]





Astronomy Astrophysics - David Elbaz 

IRAS observations show the existence of a correlation between the infrared luminosity LIR ... ness (Phillips & Disney 1988) and the infrared surface brightness.










 


[image: alt]





Astronomy Astrophysics - David Elbaz 

Institute of Technology under NASA contract 1407) and on ob- servations with ISO (an ESA .... log consists of 54 galaxies, all of which turned out to possess.










 


[image: alt]





Astronomy Astrophysics - sebastien fromang 

able amount of progress have been made in our understand- ing of MHD in ..... idea of C-MUSCL is to do it by simple arithmetic averages of the magnetic field ...










 


[image: alt]





Molecular dynamics simulation of the a-recoil nucleus displacement 

intensive research on enhanced separation and condi- .... (0 0 1) sheets are interleaved by planes containing Ca and .... Still we believe that the qualitative.










 


[image: alt]





Astronomy & Astrophysics The bulk of the cosmic ... - David Elbaz 

the formula of Kennicutt (1998),. SFR(MâŠ™/yr) ... Equation (1) assumes continuous bursts lasting 10â€“ ...... to 7Âµm, the error bar on LIR is the quadratic sum of the.










 


[image: alt]





PDF (2.378 MB) - Astronomy & Astrophysics 

Correction factors can be ap- ..... Finally, from Eqs. (8), (9), (10), and (11), the posterior density ... It is then possible, for example, to deduce histograms that ap-.










 


[image: alt]





PDF (2.378 MB) - Astronomy & Astrophysics 

ing of large information streams coming from present and future space-based instruments ..... manual or were fixed ad-hoc at plausible values. 3.5. Posterior ... parameters and the instrument parameters, we choose the pos- terior mean (PM) ...










 


[image: alt]





PDF (492.6 KB) - Astronomy & Astrophysics 

J.H. and M.D. were supported by the project under the contract 11-. BS56-008 (SHOCKS) of the French Agence ...... 502 Sigune. 178. âˆ’36. 10.92666. 23. 3. 378.










 


[image: alt]





Neptune's ring arcs - Astronomy & Astrophysics 

We derive accurate mean motion values for the arcs and Galatea and confirm the mismatch ... of the mass of Galatea, a 42:43 corotation eccentricity resonance.










 


[image: alt]





PDF (742 KB) - Astronomy & Astrophysics 

Jan 30, 2006 - realistic distribution of twist and shear can be considered in comparison to other ... measures the line-of-sight magnetic field strength deduced from the ..... has tested the consistency of this technique with theoretical cases and ..










 


[image: alt]





PDF (492.6 KB) - Astronomy & Astrophysics 

adaptive optics (AO) systems, the size of the model can be con- strained .... of USNO-Flagstaff and Catalina observatories downloaded from. AstDyS ...... 1. 487. 639 Latona. 204. 10. 25. 12. 6.19127. 5. 2. 160. 42. 644 Cosima. 278. âˆ’31. 100.










 


[image: alt]





Astronomy & Astrophysics Dark-speckle coronagraphic 

expected to be less efficient regarding the dark-speckle method. Indeed, the dark ... accurately adjusted to provide speckle patterns with high contrast. 2.2.










 


[image: alt]





PDF (712.8 KB) - Astronomy & Astrophysics 

of Ï†u(Ï�) and Ï†d(Ï�) are equal to zero on the aperture, we derive a second-order .... aberrations is lower than that of the upstream aberrations, and furthermore, in ...










 














×
Report Astronomy & Astrophysics Kinematics of molecular gas in the nucleus





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



