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● To give a compilationcompilation of the overall known quasars populationquasars population

● To gather the most extended informationinformation  availableavailable per quasar byby 
cross-identificationcross-identification between catalogues

● To Improve the astrometryTo Improve the astrometry by suitable algorithms based on LQRF 
(Andrei et al. 2009 )

● To serve as a reference cataloguereference catalogue for Gaia

● To serve as a basis forbasis for several complementary studiesstudies
  

➔ Statistics, density, completness
➔ Multiple quasars
➔ Quasars clustering 
➔ Radio-optical link
➔ Etc...

( Gattano et al. 2014 )
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AGNs : compact region at galaxies center strongly luminous at different wavelength
➔ Radio-quiet : weak contribution of a jet and/or lobes

 LINERS
 Seyfert 1
 Seyfert 2 
 Radio Quiet quasar or QSO
 Quasar 2

 Radio-loud : significant contribution of the jet and/or lobes
 Blazars

➔ BL Lac
➔ OVV quasars

 Radiogalaxie
➔ Narrow-Line Radio-Galaxie
➔ Broad-Line Radio-Galaxie
➔ Low Excitation Radio-Galaxie

 Radio-Loud quasar or quasar

A faire apparaître :
Seyfert 1 (-) et Radio Quiet Quasar/QSO (+) differe de part leur luminosité
Seyfert 2 (-) et Quasar2 (+) differe de part leur luminosité

Seyfert 1 et BLRG differe de la presence ou non d'un jet 
Seyfert 2 et NLRG differe de la presence ou non d'un jet

BLRG (-) et Radio-loud quasars(+) differe de part leur luminosité
  

AGNs :AGNs : compact regions at centers of galaxies
strongly luminous at different wavelengths

Unified theory :Unified theory :  ( Antonucci 1993, Urry & Padovani 1995 )
➔ Different nomenclatures for the same object seen under 

different conditions ( line of sight, age, … )

But,But, to identify an object with its good status, you need :
● OpticalOptical and/or IR fluxes information information
● Radio Radio fluxes information information
● Luminosity cutoffcutoff
● spectroscopicspectroscopic information    

➔ Surveys don't have all of this information !

Astrophysicists should be aware that « quasars » in catalogs do not 
really respect the theoretical definition, because of lack of information!
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AGNs : compact region at galaxies center strongly luminous at different wavelength
➔ Radio-quiet : weak contribution of a jet and/or lobes

 LINERS
 Seyfert 1
 Seyfert 2 
 Radio Quiet quasar or QSO
 Quasar 2

 Radio-loud : significant contribution of the jet and/or lobes
 Blazars

➔ BL Lac
➔ OVV quasars

 Radiogalaxie
➔ Narrow-Line Radio-Galaxie
➔ Broad-Line Radio-Galaxie
➔ Low Excitation Radio-Galaxie

 Radio-Loud quasar or quasar

A faire apparaître :
Seyfert 1 (-) et Radio Quiet Quasar/QSO (+) differe de part leur luminosité
Seyfert 2 (-) et Quasar2 (+) differe de part leur luminosité

Seyfert 1 et BLRG differe de la presence ou non d'un jet 
Seyfert 2 et NLRG differe de la presence ou non d'un jet

BLRG (-) et Radio-loud quasars(+) differe de part leur luminosité
  

Examples of definition of quasar/QSO in the bibliography :

Véron-Cetty and Véron Véron-Cetty and Véron (A&A, 2010)

« We have arbitrarily defined a quasar as a starlike object or as an object with a 
starlike nucleus with broad emission lines that is brighter than MB = -22.25 »

« Clearly, some objects would move from Table_QSO to Table_AGN and vice versa if 
other values for  and the spectral index were used …. »H 0 , q0

SDSS-DR10Q SDSS-DR10Q (Pâris et al. ,A&A,2014)

« We call a quasar an object with a luminosity Mi  [z=2] < -20.5 that either displays at 
least one emission line with FWHM > 500 km s-1 or, if not, has specific absorption 
features that can be securely identified as quasars due to the Lyman-a forest or BAL 
troughs »

Definition of a quasar depends on cosmological parameters which are updated over time

Definition of a quasar depends on authors
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● Compilation of allCompilation of all the recorded quasarsquasars
  

● Strategy insisting on astrometric qualityastrometric quality

● Recalculation of equatorial coordinates

● Catalogue flag (A → M)flag (A → M) for cross-identifications

● ExtendedExtended photometry & redshift

● Calculation of absolute magnitudesabsolute magnitudes MI & MB

● Morphological indexesMorphological indexes

● Basis for regular up-dates (→ Gaia)

● Final ASCII file with V.O. tools in parallel

● Comparisons / statistics / coherence

OBJECTIVES :OBJECTIVES :
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VLBA VLBA (B)(B)  –– ICRF  ICRF (A)(A) VLA VLA (C)(C)  - AB- AB JVAS JVAS (D) -  ABC(D) -  ABC SDSS SDSS (E) - ABCD(E) - ABCD

2QZ 2QZ (F) - ABCDE(F) - ABCDE FIRST FIRST (H) - ABCDEF(H) - ABCDEF HB HB (I) - ABCDEFGH(I) - ABCDEFGH VV VV (M) - ABCDEFGHI(M) - ABCDEFGHI

0,002 arcsec 0,02 arcsec 0,05 arcsec 0,1 arcsec

0,5 arcsec 0,5 arcsec 2 arcsec >2 arcsec
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 321 957 187 504 113 666

ICRFICRF A radio 3 414 3 414 717

RFCRFC/VVLBA CCalibrator SSurvey B radio ???

7 213
rfc2010d

5 198
VCS cat.

3 357

VLAVLA quasar catalogue C radio 1 858 1 858 1 701

JVASJVAS Astrometric Survey D radio 2 118 2 118 2 118

SSloan DDigital SSky SSurvey E optical DR10Q+DR7Q

262 535
DR8Q

126 577
DR5Q

74 868

2dF Quasar Redshift Survey 2QZ2QZ F optical 23 660 23 660 22 971

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 9 058 9 058 -

FIRSTFIRST catalogue H radio 969 969 969

HHewitt and BBurbidge catalogue I Opt. & radio 6 720 6 721 7 145

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10

14 742(*)
VV10

22 440(*)
VV06

8 722(*)

2MASS2MASS J infrared 21 883 25 252 13 647

GSC2.3GSC2.3 K optical 144 507 154 900 91 061

USUS NNaval OObservatory B1.0 B1.0 L optical 139 190 148 894 81 662
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 321 957 187 504 113 666

ICRFICRF AA radio 3 414 3 414 717

RFCRFC/VVLBA CCalibrator SSurvey BB radio ???

7 213
rfc2010d

5 198
VCS cat.

3 357

VLAVLA quasar catalogue CC radio 1 858 1 858 1 701

JVASJVAS Astrometric Survey DD radio 2 118 2 118 2 118

SSloan DDigital SSky SSurvey EE optical DR10Q+DR7Q

262 535
DR8Q

126 577
DR5Q

74 868

2dF Quasar Redshift Survey 2QZ2QZ FF optical 23 660 23 660 22 971

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey GG optical 9 058 9 058 -

FIRSTFIRST catalogue HH radio 969 969 969

HHewitt and BBurbidge catalogue II Opt. & radio 6 720 6 721 7 145

VVéron-Cetty and VVéron catalogue MM Opt. & radio VV10

14 742(*)
VV10

22 440(*)
VV06

8 722(*)

2MASS2MASS JJ infrared 21 883 25 252 13 647

GSC2.3GSC2.3 KK optical 144 507 154 900 91 061

USUS NNaval OObservatory B1.0 B1.0 LL optical 139 190 148 894 81 662
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 321 957321 957 187 504187 504 113 666113 666

ICRFICRF A radio 3 414 3 414 717

RFCRFC/VVLBA CCalibrator SSurvey B radio ???

7 213
rfc2010d

5 198
VCS cat.

3 357

VLAVLA quasar catalogue C radio 1 858 1 858 1 701

JVASJVAS Astrometric Survey D radio 2 118 2 118 2 118

SSloan DDigital SSky SSurvey E optical DR10Q+DR7Q

262 535
DR8Q

126 577
DR5Q

74 868

2dF Quasar Redshift Survey 2QZ2QZ F optical 23 660 23 660 22 971

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 9 058 9 058 -

FIRSTFIRST catalogue H radio 969 969 969

HHewitt and BBurbidge catalogue I Opt. & radio 6 720 6 721 7 145

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10

14 742(*)
VV10

22 440(*)
VV06

8 722(*)

2MASS2MASS J infrared 21 883 25 252 13 647

GSC2.3GSC2.3 K optical 144 507 154 900 91 061

USUS NNaval OObservatory B1.0 B1.0 L optical 139 190 148 894 81 662
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 321 957 187 504 113 666

ICRFICRF A radio 3 414 3 414 717

RFCRFC/VVLBA CCalibrator SSurvey B radio ???

7 213
rfc2010d

5 198
VCS cat.

3 357

VLAVLA quasar catalogue C radio 1 858 1 858 1 701

JVASJVAS Astrometric Survey D radio 2 118 2 118 2 118

SSloan DDigital SSky SSurvey E optical DR10Q+DR7QDR10Q+DR7Q

262 535262 535
DR8QDR8Q

126 577126 577
DR5QDR5Q

74 86874 868

2dF Quasar Redshift Survey 2QZ2QZ F optical 23 660 23 660 22 971

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 9 058 9 058 -

FIRSTFIRST catalogue H radio 969 969 969

HHewitt and BBurbidge catalogue I Opt. & radio 6 720 6 721 7 145

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10

14 742(*)
VV10

22 440(*)
VV06

8 722(*)

2MASS2MASS J infrared 21 883 25 252 13 647

GSC2.3GSC2.3 K optical 144 507 154 900 91 061

USUS NNaval OObservatory B1.0 B1.0 L optical 139 190 148 894 81 662
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 100 % 100 % 100 %

ICRFICRF A radio 1 % 2 % 1 %

RFCRFC/VVLBA CCalibrator SSurvey B radio ???

2 %
rfc2010d

3 %
VCS cat.

3 %

VLAVLA quasar catalogue C radio 1 % 1 % 1 %

JVASJVAS Astrometric Survey D radio 1 % 1 % 2 %

SSloan DDigital SSky SSurvey E optical DR10Q+DR7Q

82 %
DR8Q

68 %
DR5Q

66 %

2dF Quasar Redshift Survey 2QZ2QZ F optical 7 % 13 % 20 %

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 3 % 5 % -

FIRSTFIRST catalogue H radio 0 % 1 % 1 %

HHewitt and BBurbidge catalogue I Opt. & radio 2 % 4 % 6 %

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10

5 %(*)
VV10

12 %(*)
VV06

8 %(*)

2MASS2MASS J infrared 7 % 13 % 12 %

GSC2.3GSC2.3 K optical 45 % 83 % 80 %

USUS NNaval OObservatory B1.0 B1.0 L optical 43 % 79 % 72 %
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 100 % 100 % 100 %

ICRFICRF A radioradio 1 %1 % 2 %2 % 1 %1 %

RFCRFC/VVLBA CCalibrator SSurvey B radioradio ??????

2 %2 %
rfc2010drfc2010d

3 %3 %
VCS cat.VCS cat.

3 %3 %

VLAVLA quasar catalogue C radioradio 1 %1 % 1 %1 % 1 %1 %

JVASJVAS Astrometric Survey D radioradio 1 %1 % 1 %1 % 2 %2 %

SSloan DDigital SSky SSurvey E optical DR10Q+DR7Q

82 %
DR8Q

68 %
DR5Q

66 %

2dF Quasar Redshift Survey 2QZ2QZ F optical 7 % 13 % 20 %

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 3 % 5 % -

FIRSTFIRST catalogue H radio 0 % 1 % 1 %

HHewitt and BBurbidge catalogue I Opt. & radio 2 % 4 % 6 %

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10

5 %(*)
VV10

12 %(*)
VV06

8 %(*)

2MASS2MASS J infrared 7 % 13 % 12 %

GSC2.3GSC2.3 K optical 45 % 83 % 80 %

USUS NNaval OObservatory B1.0 B1.0 L optical 43 % 79 % 72 %
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 100 % 100 % 100 %

ICRFICRF A radio 1 % 2 % 1 %

RFCRFC/VVLBA CCalibrator SSurvey B radio ???

2 %
rfc2010d

3 %
VCS cat.

3 %

VLAVLA quasar catalogue C radio 1 % 1 % 1 %

JVASJVAS Astrometric Survey D radio 1 % 1 % 2 %

SSloan DDigital SSky SSurvey E optical DR10Q+DR7QDR10Q+DR7Q

82 %82 %
DR8QDR8Q

68 %68 %
DR5QDR5Q

66 %66 %

2dF Quasar Redshift Survey 2QZ2QZ F optical 7 % 13 % 20 %

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 3 % 5 % -

FIRSTFIRST catalogue H radio 0 % 1 % 1 %

HHewitt and BBurbidge catalogue I Opt. & radio 2 % 4 % 6 %

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10

5 %(*)
VV10

12 %(*)
VV06

8 %(*)

2MASS2MASS J infrared 7 % 13 % 12 %

GSC2.3GSC2.3 K optical 45 % 83 % 80 %

USUS NNaval OObservatory B1.0 B1.0 L optical 43 % 79 % 72 %
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LQAC-3LQAC-3 LQAC-2LQAC-2 LQACLQAC

Catalogue NameCatalogue Name FlagFlag NatureNature N(AGN)N(AGN) N(AGN)N(AGN) N(AGN)N(AGN)

LLarge QQuasar AAstrometric CCatalogue 100 % 100 % 100 %

ICRFICRF A radio 1 % 2 % 1 %

RFCRFC/VVLBA CCalibrator SSurvey B radio ???

2 %
rfc2010d

3 %
VCS cat.

3 %

VLAVLA quasar catalogue C radio 1 % 1 % 1 %

JVASJVAS Astrometric Survey D radio 1 % 1 % 2 %

SSloan DDigital SSky SSurvey E optical DR10Q+DR7Q

82 %
DR8Q

68 %
DR5Q

66 %

2dF Quasar Redshift Survey 2QZ2QZ F optical 7 % 13 % 20 %

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey G optical 3 % 5 % -

FIRSTFIRST catalogue H radio 0 % 1 % 1 %

HHewitt and BBurbidge catalogue I Opt. & radio 2 % 4 % 6 %

VVéron-Cetty and VVéron catalogue M Opt. & radio VV10VV10

5 %(*)5 %(*)
VV10VV10

12 %(*)12 %(*)
VV06VV06

8 %(*)8 %(*)

2MASS2MASS J infrared 7 % 13 % 12 %

GSC2.3GSC2.3 K optical 45 % 83 % 80 %

USUS NNaval OObservatory B1.0 B1.0 L optical 43 % 79 % 72 %
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Catalogue NameCatalogue Name RéférencesRéférences

LLarge QQuasar AAstrometric CCatalogue LQAC3(Souchay et al. To be published) ; LQAC2(Souchay et al 2012) ; 
LQAC(Souchay et al. 2009)

ICRFICRF ICRF2 (Ma et. al. 2009)

RFCRFC/VVLBA CCalibrator SSurvey RFC (Astrogeo.org/rfc) ; VLBA (Beasley et al. 2007)

VLAVLA quasar catalogue https://science.nrao.edu/facilities/vla/docs/manuals/cal)

JVASJVAS Astrometric Survey Patnaik et al. 1992, Browne et al. 1998, Wilkinson et al. 1998

SSloan DDigital SSky SSurvey DR7Q (Schneider et al. 2010) ; DR10Q (Pâris et al. 2014)

2dF Quasar Redshift Survey 2QZ2QZ Croom et al. 2001, Croom et al. 2004

2dF-SDSS2dF-SDSS LRG and QSO (2SLAQ) Survey Croom et al. 2009

FIRSTFIRST catalogue Gregg et al. 1996 ; White et al. 2000 ; Becker et al. 2001

HHewitt and BBurbidge catalogue Hewitt and Burbidge, 1993

VVéron-Cetty and VVéron catalogue Véron-Cetty & Véron, 2010

2MASS2MASS Cutri et al. 2003

GSC2.3GSC2.3 Lasker et al. 2008

USUS NNaval OObservatory B1.0 B1.0 Monet et al. 2003

https://science.nrao.edu/facilities/vla/docs/manuals/cal
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quasars not in SDSS quasars not in SDSS ::
59 42259 422

that is 18 % 18 % of the LQAC

But do not forget :

● Accuracy on positions

● Radio fluxes

● Magnitudes in 9 different 
bandwidths
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Data available in the LQAC-3 :

● An internal designationinternal designation LQAC_###[+-]###_### from the objects coordinates
● The orignal nameorignal name given by the survey which discovered the object
● Status of the object : QSO → quasars ; AGN → AGNs ; BLA → BLACs ; RAD → objects in 

radio catalogs
● Right Ascension and Declinaison from the most accurate catalog
● Right Ascension and Declinaison recalcuted by the LQRF algoryhtm ( Andrei et al. 2009)
● Flag refering to original catalogs containing the object
● Redshift
● Magnitudes : u,b,v,g,r,i,z,J,K ( the bandwidth can be different with respect to the orignal table 

the magnitude come from )
● Radio fluxes : 1.4 GHz, 2.3 GHz,  5.0 GHz,  8.4 GHz,  24 GHz
● Skewness, roundness, normalness indexes at B, R and I band
● ????
● ????

 

...
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+ Morphological indexesMorphological indexes
➔ Skewness
➔ Roundness
➔ Normalness
In B, R and I band

 
+ Absolute magnitudesAbsolute magnitudes

In B and I Band
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LQAC/RFC quasars distributionLarge Quasar Astrometric Catalogue 3rd version

Units = Units =  number of quasars number of quasars 
per square degreeper square degree

ICRF2 quasars distribution

LQAC :LQAC : 7,8 qso/deg² ↔ 1 quasar per 432 '²

LQAC/RFC :LQAC/RFC :0,18 qso/deg² ↔ 1 quasar per 5 deg²
  
ICRF2 : ICRF2 :  0,08 qso/deg² ↔ 1 quasar per 12 deg²
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Fig.  Redshift distribution 
from all LQAC sources

( Pâris et al. 2014 )

Fig.  Redshift distribution 
from several SDSS Data Release

( Souchay et al. 2014 )
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Fig.  Redshift distribution for VLBI radiosources
from LQAC-RFC cross identification

Fig.  Redshift distribution 
from all LQAC sources
( Souchay et al. 2014 )

VLBI Radiosources

ICRF2 Radiosources

Defining Radiosources



  

Link Radio-optical : coordinates offsetsLink Radio-optical : coordinates offsets
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What is the contribution to offsets ? What is the contribution to offsets ? 
 Bad astrometry ?
 Source structure ?
 Physical process ?
 Combinaison of those 3 effects ?

Fig. Coordinates offset between ICRF and 
LQRF ( unit : arcsec )

Fig. Coordinates offset between RFC and 
LQRF ( unit arcsec )



  

Statistical difference between radio and oprical catalogsStatistical difference between radio and oprical catalogs
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A1=+4,8±0,6 [mas ]
A2=−4,7±0,6 [mas ]
A3=+2,6±0,7 [mas ]

σ('') Distance('')

α.cos(δ) δ α.cos(δ) δ

All VLBI sources 0,174 0,172 0,178 0,123

ICRF-2 0,169 0,164 0,174 0,124

Defining sources 0,126 0,119 0,134 0,110

QSO 0,224 0,239 0,241 0,174

BL Lac 0,126 0,125 0,132 0,100

AGN 0,219 0,216 0,237 0,175

Radio Reference FrameRadio Reference Frame      &     & Optical Reference FrameOptical Reference Frame
( from LQAC → A, B, C, D) ( from LQRF coordinates )

 
 are slightly rotated with rotation angles of the order of 5 mas 

(ten sigmas).
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LQAC and LQAC2 are available on Vizier :

http://vizier.u-strasbg.fr/viz-bin/VizieR

LQAC3 LQAC3 (Souchay et al., 2015, in press)

coming very sooncoming very soon

THANK YOU
FOR YOUR ATTENTION

LQAC4 scheduled for 2016
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