
High Resolution Spectroscopy of `Red' Flat-Spectrum Radio-QuasarsFrank Masci, Carol Lonsdale, Gene Smith, Glenn Morrison (Caltech/JPL/IPAC)Rachel Webster, Alicia Oshlack (University of Melbourne, Australia)Motivation:While it has long been known that dust is important in the physics of AGN, only recently are surveys starting toreveal populations where dust plays an increasingly important role. One particular (and ongoing) study is that ofWebster et al: (1995) who found a large fraction of quasars with anomalously red optical/UV continua from opticalfollow-up of a sample of bright (>�0:5Jy) at-spectrum radio sources (Drinkwater et al: 1997). Spectroscopic follow-upat � 15�A resolution has shown that a majority have optical/UV (rest frame) continuum slopes �>�2 (f� / ���), muchredder than those of normal (optically-selected) quasars, where typically � ' 0:3. Equivalently, if extrapolated intothe UV, their ratio of ionising photon ux to B-band ux is smaller by factors > 100 than those of normal quasars.Webster et al: (1995) proposed that the red continuum slopes were due to extinction by dust. In fact, detailedstudies at near-IR to X-ray wavelengths by Masci et al: (1999) strongly support extinction by optically-thin di�usedust with hAV i ' 2 mag somewhere in the quasar environment. This amount of extinction is considerably smallerthan that invoked for obscuring molecular tori in AGN. It is however fully consistent with uni�ed models for radio-loudAGN since our line-of-sight to the central AGN in at-spectrum radio quasars is not expected to intercept a torus.The exact location of the dust remains uncertain. There are two obvious possibilities: The quasar host galaxy, or oneof the classical line-emitting regions composed of clouds of gas.The broad line region (BLR) at <�1pc from the central engine is unlikely to contain dust, as grains there are expectedto rapidly sublime (Laor & Draine 1993). The more extended narrow line-emitting region (NLR) at 10�1000 pc withcloud velocities �50-500kms�1 is physically plausible for dust and indeed, evidence for dust is strongly suggestedby numerous observational studies of AGN (Netzer & Laor 1993 and references therein). One interpretation is thatthe ionised gas is simply an extension of the smaller scale NLR. Dust in the quasar host galaxy is a possibility, andcan be justi�ed indirectly if the data from this project argues against a signi�cant amount of NLR internal dust. Mostevidence for dust in the NLR comes from studies of locally bright AGN where typically AV<�0:2 mag, and most casesshow little or no evidence for a reddenend optical/UV continuum (eg. Wills et al: 1993). This project however willfocus on the narrow-line spectra of quasars known apriori to have excessively red continua.Our main goal is is to constrain the distribution of NLR internal dust using line diagnostics similar to thoseapplied in previous studies. Since narrow-line emmission is thought to be produced in clouds of gas embedded in ahot intercloud medium (Netzer 1990), we would like to distinguish between two possibilities: Is the dust largelycon�ned within individual clouds, or is it dispersed between clouds in the intercloud medium? At highresolution, the narrow-lines of AGN often show asymmetric pro�les, the majority being blueward asymmetric withexcess ux on the blue side. This is observed in both low luminosity, nearby AGN and high luminosity, high redshiftquasars (Boroson & Green 1992), and is interpreted by invoking the e�ects of extinction and the radial motion of gasclouds (eg. De Robertis & Shaw 1990). The asymmetries can be equally explained by either of the following: withextinction between radially outowing clouds or extinction con�ned within individual infalling clouds. From an analysisof high resolution narrow-line spectra for a number of nearby Seyfert galaxies, De Robertis & Shaw (1990) attempted todistinguish between these possibilities by comparing the degree of line asymmetry as a function of ionization potentialand critical gas density. In other words, as a function of distance from the central photoionizing source. Their resultswere consistent with a scenario in which extinction arises from dust embedded within radially infalling clouds.The geometry and kinematics of gas clouds in at-spectrum radio-loud quasars (FSRQs) is expected to be verydi�erent from that of radio-quiet quasars and seyferts discussed above. According to simple uni�ed models for radio-loud AGN, FSRQs are believed to be those sources whose radio jets are directed more-or-less along the line-of-sight(or `pole-on'), as compared to the more extended (or misaligned) steep-spectrum radio quasars (see Urry & Padovani1995 for the strong supporting evidence). One would then expect to �rst order, an outow geometry for the narrowline-emitting gas, primarily due to interaction and acceleration by outowing plasma from the radio jet. This indeedis suggested by strong narrow lines with larger than normal velocity widths observed to coincide with linear radiostructures in nearby AGN (eg. Pedler et al: 1985). Another ingredient of the uni�ed model is the presence of anobscuring medium in the midplane such as a dusty torus extending to a few kpcs. For FSRQs, this axisymetric mediumwill be viewed face-on and immediately leads to one simple prediction: narrow-line emission from gas outowing awayfrom the observer on the far-side may su�er more extinction than that on the near-side leading to a net bluewardassymetry in the emission lines. The strongest narrow forbidden line [OIII]�5007, which is visible in our low-resolutionspectra (Figure 1), will provide the de�nitive test.If FSRQs do indeed have pole-on radio jets, then accelerated outowing gas would imply a relative velocity shiftbetween the peaks of emission lines corresponding to di�erent levels of ionisation, ie. between lines formed at di�erentdistances from the photoionizing continuum source. This was reported in a large number of radio-quiet quasars by1
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HαFigure 1: Observed frame spectra of the two quasars we propose to observe. Spectra were taken with the RGO on theAnglo-Australian Telescope (Drinkwater et al: 1997) and have resolution � 15�A with signal-to-noise ratio � 10.Continua are well described by `red' power-laws with � ' 2:5 (PKS1106+023) and � ' 2 (PKS0912+029), whereF� / ��� or equivalently F� / ���2.Tytler & Fan (1992). These velocity shifts should be maximal in FSRQs if the uni�ed model is correct.The questions we wish to address are therefore the following:1. What is the distribution of dust in the narrow line region of FSRQs? Is it located in clouds, di�usely distributedin between, or both?2. Will the observed optical/UV continuum reddening be consistent with the degree of line-pro�le asymmetries and/orextinction derived from line-ratios?3. What is the kinematic geometry of NLR clouds in FSRQs? Will it be an outow as suggested by the simpleorientation dependent uni�ed model? Do the hypothesised radio-jets signi�cantly modify the line emission as comparedto radio-quiet AGN?Additional Science:A measurement of the complete narrow-line spectrum over a wide wavelength range in the same object will shed lighton several important issues. Comparisons with the predicted spectrum emitted by photoionized gas will help constrainthe line generation mechanism. Is the gas primarily photoionized by the central continuum source, or does collisionalionization in radio-jet induced shocks play a more important role? A study of the emission-line equivalent widths willin particular determine the importance of beamed continuum radiation from a possible relativistic jet. A number ofother physical properties of the NLR could also be constrained: densities, temperatures, covering and �lling factors,and spatial extents. Are these the same as measured in the extensively studied radio-quiet AGN class? What arethe implications for uni�ed schemes? These latter questions may require su�ciently large source statistics and will beconsidered in more detail in a future project. Before any of these are explored however, we must �rst understand thee�ects of dust on line-emission.This Project:We are requesting time to obtain spectra of moderately high resolution (<�2�A) for two relatively low redshift `opticallyreddened' quasars: PKS1106+023 (z ' 0:157) and PKS0912+029 (z ' 0:430). Both sources have accurately knownpositions measured from long-baseline radio interferometry.The sources were carefully selected in redshift to enable good coverage of rest wavelengths 3400-6800�A, knownapriori to contain forbidden lines spanning a broad range in ionization parameter and critical density. Most of theseare undetected in our rather noisy, low-resolution spectra of Figure 1, except however for [OII]�3727 and [OIII]�5007.We expect to detect the high ionisation (but relatively weak) species [Ne V]�3426, He II�4686 and low ionisation species[O I]�6300, [S II]�6731. These lines will provide good sampling of gas at a range of distances from the photoionizingcontinuum source. The region at rest wavelengths �<�3500�A is avoided since the presence of numerous broad-permittedlines will introduce large uncertainties in the deblending of narrow lines.This is a new project that uses the Palomar 200 inch. Depending on the results of this proposal, we envisageproposing for time during the next 3-4 observing semesters to obtain more reliable source statistics.2



Instrumental Set-up and Plan:We propose to use the Double Spectrograph to achieve a moderately high spectral resolution <�2�A (or <�90km s�1) inthe rest frame to measure line pro�les accurately and minimise instrumental e�ects.An outline of the strategy and requirements are as follows:(1). We plan to use a single slit of width 100 (provided the seeing will be good) and length 12800. This choice of slitwill allow for instrumentally limited wavelength resolution. It should also provide enough spatial coverage for goodsky subtraction and enable any extended line-emission to be spatially resolved.(2). The 1200 line mm�1 grating in �rst order (with 4700�A blaze) using the blue camera (to cover <�7000�A), and,the 600 line mm�1 grating in �rst order (with 9500�A blaze) using the red camera (to cover >�7000�A) will best suitour requirements.(3). Wewill be interested in the observed ranges � ' 3930�7850�A (PKS1106+023), � ' 4700�9700�A (PKS0912+029).The blue set-up (with CCD#14) will result in a dispersion ' 0:87�A/pixel and give a total coverage ' 890�A on thechip. The red set-up (with CCD#21) will give ' 1:31�A/pixel and a coverage ' 1335�A. We will combine both the redand blue sides to obtain spectra at each of �ve di�erent, slightly overlapping regions to cover our ranges.(4). Motivated by previous studies (eg. De Robertis & Shaw 1990), we will require a signal-to-noise ratio of � 30/pixelin continuum for accurate pro�le analysis of the weakest lines. The quasars PKS1106+023 and PKS0912+029 haveB-band magnitudes ' 18 and ' 18:7 respectively. We have estimated integration times using the spectrum of aB = 9:92 mag star provided by Eric Bloamhof (private communication) which achieves S=N � 290/pixel in 30 secfor a resolution 3.36�A/pixel. Read-noise is negligible and measurements will primarily be sky-noise limited for thequasars. We envisage needing ' 40min and ' 1hr, per spectrum for the above sources respectively. Since we require�ve separate spectra for the two quasars, and also adding a 40% margin for overheads, we anticipate a total of ' 4:5and 7 hr for each respectively. We therefore request time for 2 nights.(5). Our sources are well positioned in right ascension to complete the project in a minimum number of two nightsduring a March to April observing period.(6). We will observe in 1800 sec blocks in order to avoid signi�cant contamination by cosmic rays. Each integrationwill also have the source slightly dithered along the slit.(7). In the case of poor observing conditions, we will still aim at acquiring a signal-to-noise ratio of � 30, but only ona few spectral regions instead of the full wavelength ranges planned above.Although I have not personally used the Double Spectrograph myself, I will be assisted by GlennMorrison, who has substantial experience with the instrument. It must be emphasised that due to thefaintness of our sources, the 200 inch telescope is the most appropriate (and only) instrument we have access to carryout this project.Relevant Past Publications1999. A New Complete Sample of Sub-millijansky Radio Sources: Detection of an Optically Faint Population, F.J.Masci, J.J. Condon, C.J. Lonsdale, T.A. Barlow, G.E. Morrison, C. Xu, D.L. Shupe, O. Pevunova, F. Fang., ApJ., InPress. This project made use of the COSMIC imager during Janurary 1999.1999. Spectroscopy of Microjansky Radio Sources. This project made use of the COSMIC spectrograph during 7nights in July 1999 and data is currently being analysed.1999. Red Parkes Quasars: Evidence for Soft X{ray absorption, F.J. Masci, M.J. Drinkwater, R.L. Webster, ApJ.,510, 703. This project has used the RGO/FORS spectrograph on the 4-m Anglo Australian Telescope.REFERENCESBoroson, T.A. & Green, R.F., 1992, ApJS, 80, 109 Pedlar, A. et al: 1985, MNRA S, 214, 463De Robertis, M.M. & Shaw, R.A., 1990, ApJ, 348, 421 Tytler, D. & Fan, X., 19 92, ApJS, 79, 1Drinkwater, M.J. et al: 1997, MNRAS, 284, 85 Urry, C.M. & Padovani, P., 1995, PASP, 107, 803Laor, A. & Draine, B.T., 1993, ApJ, 402, 441 Villar-Mart�in, M. & Binette , L., 1997, AA, 317, 350Masci, F.J. et al: 1999, ApJ, 510, 703 Webster, R.L. et al: 1995, Nature, 375, 4 69Netzer, H., 1990, in Active Galactic Nuclei, Wills, B.J. et al: 1993, ApJ , 410, 534eds: T. Courvoisier & M.Mayor, 57Netzer, H. & Laor, A., 1993, ApJ, 404, L51 3


