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I. Introduction



AGN : the unified model 



AGN : Observational characteristics

Nuclear optical continuum emission => accretion disk, jets, power-law % λ 

Nuclear infrared emission =>  accretion disk obscured by gas and dust

Broad optical emission lines =>  cold material close to the central black hole

Narrow optical emission lines => more distant cold material

Radio continuum emission => always due to a jet, synchrotron radiation

X-ray continuum emission => both from the jet and from hot corona in a.d.

X-ray line emission => fluorescence, illumination of cold heavy elements



Important remark !!

Some astronomers use the term « QSO » (Quasi Stellar
Object)  for  radio-quiet  quasars  with well established
properties (luminosity much stronger than host galaxy, quasi 
stellar aspect, broad emission lines etc…) reserving « quasar »
for radio-loud objects.

Other astronomers use the term « quasar » with two classes
« radio-quiet » and « radio-loud »



Vocabulary AGN
• Quasars => acronym « Quasi stellar radio source », object with z > 0.1 with broad

emission lines. Energy from a tiny region although > 100 times normal galaxies
Radio structures often include jets and lobes

• QSO => object with optical properties as quasars but not necessarily strong radio 
source (in fact 10% of QSO’s)

• Seyfert galaxy => galaxy (spiral) showing too broad lines and ionization too high for 
being produced by stellar population, often brigh nucleus. Two classes, spectral 
differenciation,  Seyfert I and Seyfert II according to linewidths

• BL Lacertae => featureless spectrumand raid strong variability, radio loud, AGN 
seen along the jets ?

• Blazar => weak spectral structure, strong and rapid variability

• LINER (Low Ionization Nuclear Emission Line)

• OVV (Optically Violently Variable)



AGN : the unified model



A drastic increase of recorded
quasars, BL Lac & AGN

QSO’s

BL Lac

AGN

From Véron-Cetty & Véron catalogues



II. The construction of the Large 
Quasar Astrometric Catalogue 

LQAC (2009)



II. The construction of the Large 
Quasar Astrometric Catalogue 

LQAC (2009)

Aim => compiling all the recorded
quasars with maximum of 
information and emphasizing
astrometry



QSO’S   CATALOGUES 

AVAILABLE    / Radio

• ICRF + Ext1 + Ext2 (Ma, et al., 1998; Arias et al.,2004) 
718 radio-loud QSOs and AGNs.

• VLBA Calibrators (Beasley, et al.,  2007, AJ (in prep.)    
accurate VLBI position for 3,357 radio-stable QSOs and AGNs.

• VLA Calibrators (Benson et al.,  2006; www.vla.nrao.edu/astro/calib/)   

radio interferometry astrometry and map information for 1860 QSOs and AGNs.

• JVAS Calibrators (Patnaik et al.,1992;  Wilkinson et al., 1998 

radio interferometry astrometry for 2,118 compact QSOs and AGNs.

• MERLIN Calibrators (Patnaik et al., 1992; Wilkinson et al.,1998)          

radio interferometry astrometry for 2,121 compact QSOs and AGNs.

Etc …….



QSO’S   CATALOGUES   AVAILABLE                      

Optical   
• Véron & Véron 12th ed. (Véron-Cetty, M.-P. & Véron, P.; 2006)

85,221 QSOswith measured redshift

• SDSS DR5 (Adelman-McCarthy et al.2007)  

74,869 QSOs, with measured readshift and ugriz magnitudes.

• 2dF + 6qZ ( Croom et al. 2004 )

23,803 QSOs, with measured redshift.and ubr magnitudes

• FIRST QSO (White R.L., 2001) 

optical match and redhift information for radio selected 972 bright QSOs.

• Hewitt & Burbidge revised edition (Hewitt A. & Burbidge G.; 1993) 

reference astrometry and magnitude, and redshift information for 7,222 radio-loud QSOs.

• USNO B1.0(Monet et al.,2003) J2000 optical astrometry position and proper motions, 5 
magnitudes, morphology flag, for 1,042,618,261 objects, complete to magnitude V=21, and 
all-sky distributed



The 2df QSO Redshift Survey
(Croom et al.,MNRAS 349,2004)

• Pre-selection of QSO candidates on broadband u,bJ,r
from UK Schmidt Telescope photographic plates

• 30 UKST fields, arranged in two 75°x5° declination st rips
• Spectroscopic observations at the AAT (Anglo Australian

Telescope)
• Multifibre spectrograph

=> simultaneous spectra for 400 objects
/ 2° field of view

• 44 756 initial objects => spectra classified using automated
routines to fit each spectrum to QSO’s (stellar, galaxy)

• QSO’s selected on broad emission lines (> 1000 kms-1)
• Quality flag 



The SDSS quasar catalog
(Schneider et al, A.J. 130, 2005)

• Dedicated telescope (2.5 m) at Apache Point
• CCD camera => u,b,v,g,r,i,z images over 10 000 deg2

• Properties of each detected object in the 7 bands
• Photometric and astrometric calibration
• Pre-selection of quasars in multidimensional color space
• Quasar catalog constructed on 

- creation of a quasar candidate database
- visual examination of the candidates’spectra
- application of luminosity and emission line velocity

• Luminosity limit of Mi=-22, photometry ~0.03 mag.
• Automated line measuring-routine
• 27 entries for each quasar !



Quasars’ sky distribution – 1deg2 cells count (courtesy A.H. Andrei)

A

V&V

85,221 sources

SDSS DR5 

74,869 sources

2dF – QSO

23,803 sources

All Radio QSOs

11,781 sources

B1.0

All sky up to V=21

Radio QSOs
found in B1.0

6,941 sources



7   QUASARS CATALOGUES



The catalogues of LQAC



OV Tools (Topcat)     C.Barache



Cross-identification of 
SDSS/2dF

⇒ Comparison of common data 
(astrometry, redshifts, photometry)

⇒ Complementarity (photometry)



Astrometric differences SDSS%2dF
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Histogram of redshifts /2QZ (2dF)
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Histogram of redshifts /SDSS-DR5

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
0

1000

2000

3000

4000

5000
N

um
be

r 
of

 q
ua

sa
rs



Redshift accuracy
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Redshifts for cross-ids



LQAC => Cross-identifications 



LQAC => items completness



Magnitude differences (u band)
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Color vs. Redshift



Mean color as a function of z
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Astrometric comparisons



LQAC : astrometric comparisons



Absolute magnitudes

Cosmological parameters and hypothesis
Friedmann-Lemaître-Robertson-Walker metrics
Ωk=0, q0=-0.58, H0=72 km/s/Mpc

Use of HST and WMAP experiments for constraints

Ad hoc expression for 
the luminosity distance DL(z)

M – m = 5 – 5 log DL – A – K  

A => galactic extinction
K => K- term related to the effect of redshift at given bandwidth



The   L.Q.A.C  (Large Quasar Astrometric Catalog)

(Souchay et al., A&A, 2009)

• 113 653 quasars

• Best determinations of  α,δα,δα,δα,δ

• Flags & Cross-identifications

ex. A - C - - F – H - - J

• u,b,v,g,r,i,z photometry 

• Redshift

• 5  radio flux

• Absolute Magnitudes 

• Regular up-dates (LQAC2=>2011)



III. The construction of the Large 
Quasar Reference Frame (LQRF)



The construction of the LQRF
(Andrei et al.,A&A 505, 2009)

12 stages
(1) LQAC entries admitted

(2)     LQAC quasars searched for B1.0, GSC2.3, SDSS / DR7 
(3) Stellar neighbourhood selected

(4) Stellar neighbourhood searched for in UCAC2,UCACN,2MASS

(5) Plate solutions polynomials in zone around the quasar (at center)
(6) Families of positions are determined for the quasar

(7) In each family quasars of VLBI radio frame (ICRF, etc…)identified

(8) Subsets used to calculate global rotation and zero point % ICRF 

(9) Optical and radio positions combined with orthogonal functions in α, δ and M for 
systematic local departures from ICRF => orthogonal functions applied to 
positions of quasars in each family

(10) Optical and radio positions in subsets combined in small regions around quasar 
to derive correction

(11) Total error assigned (high density catalog, local corr., global rotation, bias etc…)

(12) Weight assignement from total error



The construction LQRF
(Andrei et al.,A&A 505, 2009)

Final release

• 100 165 sources [-83.5° - + 88.5°] with improved astr ometry
• On average, neighbour with 10 ’
• Mean offset with VLBI positions : 32,7 mas
• Global orientation towards ICRS (718 sources collected in the ICRF)

∆ α cos δ =   A1 sin δ cos α + A2 sin δ sin α – A3 cos δ
	 ∆ δ           = - A1 sin α + A2 cos α + A4

A1 = +2.1 +/- 3.4 mas  A2 = -0.9 +/- 3.5 mas 
A3 = -2.6 +/- 3.4 mas    A4 = 0 +/- 2.9 mas



IV.      Prospects  =>  LQAC-2











LQAC-2  new   targets
• Id .Number 13h24mn35,7s   +23°05’34’’      => Nb.  201.1487  2 3.0927

=> Nb.  1324257.230534

• Including new catalogues from 2009-2010 (ICRF2, SDSS DR7, etc…)

• New cross-identifications (catalogues, algorithmes)

• Two columns for α and δ coordinates (original + LQRF)

• Solving problematic cross-ids (Hewitt & Burbridge)

• Compacity index ( 0….9)

• Including AGN’s, BL LAC

• Etc…

Expected number of objects => ~  170 000 – 200 000



V. CONCLUSION


