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IntroductionIntroduction

Objective
– Review some AGN surveys at other wavelengths 

• optical
• X-ray

– Focus on observed redshift distributions
Motivation
– Understand the evolution of AGN at other energies, as 

basis for comparison with GLAST AGN data
– Does AGN evolution differ at different energies? Distinct 

AGN populations at different energies?
– How many high redshift AGNs will GLAST see, for EBL 

studies?
– Prospects for x-identification of GLAST sources with 

other wavelength sources
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OverviewOverview

EGRET AGNs and some predictions for GLAST
Optical QSO survey results – SDSS, 2dF
X-ray surveys of AGNs
– Chandra Multi-wavelength Project
– Hasinger et al. : ROSAT + XMM + Chandra

Conclusions
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EGRET EGRET AGNsAGNs

Dermer and Davis (2000):

60 identified gamma-ray 
blazars from 3EG catalog
– |b| > 10°
– 14 BLs
– 46 FSRQs
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Predicted Predicted redshiftredshift distributions for GLASTdistributions for GLAST

Range of model predictions for AGN population detected by 
GLAST
Predictions for GLAST depend on underlying AGN  density 
evolution with redshift
Candidate counterpart identifications and redshifts are key to 
checking predictions

(Dermer & Davis 2000) (Narumoto & Totani 2006)
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Optical: Sloan Digital Sky SurveyOptical: Sloan Digital Sky Survey

2.5m telescope at Apache Point, NM
Imaging

– 5 filter photometry
Spectroscopy

– 380 nm – 920 nm
– Resolution: 1800

SDSS-I observing completed in June 
2005

– Operated for 5 years

SDSS-II continues to June 2008
– Includes Sloan Legacy Survey 

which will fill in gaps in the 
survey regions from SDSS-I

• Imaging of 7500 sq.deg.
• Spectra of 860,000 galaxies
• Spectra of 105,000 QSOs
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SDSS Data Release 4SDSS Data Release 4
IMAGING

Area Covered: 6670 sq. deg.
Catalog: 180 million objects
Magnitude limits (95% point 
source detection repeatability)

– u 22.0
– g 22.2
– r 22.2
– i 21.3
– z 20.5

Photometric calibration
– r 2%
– u-g 3%
– g-r 2%
– r-i 2%
– i-z 3%

SPECTROSCOPY
Area Covered: 4783 sq. deg.
849,920 spectra

– 565,715 galaxies
– 67,382 QSOs, z < 2.3
– 9,101 QSOs, z > 2.3
– QSO limit i = 19.1
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June 2006: SDSS Data Release 5June 2006: SDSS Data Release 5

IMAGING

Area Covered: ~7000 sq. deg.
Catalog: ~200 million objects

SPECTROSCOPY

> 800,000 spectra

Final data release for SSDS-I
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Optical: 2dF SurveyOptical: 2dF Survey
QSO redshift survey using AAT with 2dF fibre spectrograph
– 2 sky coverage strips: equatorial and south galactic pole

Optical spectroscopy of 44576 objects
– Optically selected
– Magnitude range: 18.25 < bJ < 20.85
– 23338 QSOs (35 QSOs / sq. deg.)
– 4558 compact NELGs
– 12292 stars

(Croom et al. 2004)
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Optical QSO density evolutionOptical QSO density evolution
(Fan et al. 2004)(Fan et al. 2001)

Optically selected QSO density peaks at z ~ 2 – 3
Fan et al. 2004 uses 12 QSOs at 5.7 < z < 6.4
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Early XEarly X--ray results from ROSATray results from ROSAT
(Miyaji et al. 2000)

Combination of several ROSAT surveys, 0.5 – 2 keV
X-ray AGN did not show decline in density at z > 3 
Marginal statistics: 17 AGN at z > 2.2, log Lx > 44.5
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• Serendipitous source survey in Chandra observations
• 145 ACIS fields, 14 sq. deg.
• |b| > 20°
• X-ray exposures: 2 – 200 ksec
• Source ID via optical imaging

• SDSS g’ r’ i’ filters, on 1m - 4m telescopes
• optical spectroscopy of bright sub-sample
• 65% BLAGN
• 14% NELG
• 8% Stars
• 1% Clusters

XX--ray AGN: Chandra Multiray AGN: Chandra Multi--wavelength Projectwavelength Project
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• North and South fields, matching Hubble DFs

(Kim et al. 2004)
(Giacconi et al. 2001) CDF-S, 1MS

Chandra Deep FieldsChandra Deep Fields
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CHAMP Object ClassificationCHAMP Object Classification

(Silverman et al. 2005a)
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CHAMP: XCHAMP: X--ray AGN density evolutionray AGN density evolution

(Silverman et al. 2005)

Two passbands
– 0.3 – 8.0  keV: data from CHAMP (23 fields), CDF-N and CDF-S fields
– 0.5 – 2 keV: data from CHAMP + ROSAT

217 AGN in 0.5 – 2 keV sample with log Lx > 44.5
368 AGN in 0.3 – 8 keV sample, incl. 14 BLAGN at z > 3
Peak in X-ray volume density for luminous AGNs at z ~ 2 – 3

– Similar to behaviour of optically selected QSO surveys
0.5 - 2 keV, log Lx > 44.50.3 – 8 keV
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ROSAT + XMM + ChandraROSAT + XMM + Chandra

((HasingerHasinger et al. 2005)et al. 2005)

Unabsorbed X-ray selected AGN
Combined survey, 0.5 – 2 keV

– ROSAT surveys
– XMM observations of Lockman Hole
– Chandra Deep Fields

Shows (log Lx < 45) AGN density decrease at z > 3
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ROSAT + XMM + Chandra (cont.)ROSAT + XMM + Chandra (cont.)

Luminosity-dependent density evolution is preferred over pure density 
evolution
Low luminosity AGNs have peak density at z < 1
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ConclusionConclusion

Recent X-ray AGN surveys show general agreement with 
optical survey results on density evolution of AGNs with 
redshift
– Evidence for luminosity-dependent density evolution in X-

ray AGN: less luminous AGN density peaks at lower z
Prospects for comparison study with GLAST all-sky AGN 
survey
– Need observationally cheap methods for counterpart 

identification & classification
• Imaging is easier than spectroscopy
• Prospects for optical imaging-based candidate 

selection
– SDSS better than USNO-B

• Sloan-filter photo-redshifts?
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SDSS Photometric SDSS Photometric RedshiftsRedshifts
observationally “cheap” method of searching for high redshift QSOs

– Imaging with SDSS filters available even on small telescopes, e.g. FLWO 1.2m

(Richards et al. 2001)

Strong colour evolution for z > 3 
QSOs as Lyα break moves 
through filter passbands
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SDSS photometric SDSS photometric redshiftsredshifts (cont.)(cont.)

(Richards et al. 2001)

Photo-z estimated by simultaneous 4 
colour fit

Final photo-z catalog not yet released 
for SDSS

What is feasibility for FSRQ blazars?
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Backup SlidesBackup Slides
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USNOUSNO--B CatalogB Catalog

(Monet et al. 2003)

All sky catalog
1,042,618,261 objects
From 7435 Schmidt plates

(1949 to 2002)
~ 0.3 mag photometric accuracy
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USNOUSNO--B Catalog Source DataB Catalog Source Data
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