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Outline 

•• Hierarchical Structure FormationHierarchical Structure Formation
– growth of first BH
– feedback to the environment

•• Observational SignatureObservational Signature
– xrays (of course)
– ionisation of IGM

•• MultiMulti--mission surveysmission surveys
– detect and observe in different bands

•• ConclusionsConclusions



Motivation

Structure formationStructure formation
•• ReionisationReionisation epochepoch

–– WMAP & Gunn WMAP & Gunn –– Peterson troughPeterson trough
–– Primary source of ionising photonsPrimary source of ionising photons

•• Growth of SMBHGrowth of SMBH
–– Accretion mode, rate ?Accretion mode, rate ?
–– ttEE = = σσTTc/4c/4ππGmGmpp ~ 50 ~ 50 MyrsMyrs

•• Star formation rateStar formation rate
–– Peak at lower Peak at lower redshiftredshift than QSO activity?than QSO activity?



High z QSOs (Cristiani et al 2004)

•• SDSS probes high end SDSS probes high end 
of QSO LF.of QSO LF.

•• 6 6 QSOsQSOs with z >5.7with z >5.7

•• Faint QSO at z > 4 are Faint QSO at z > 4 are 
too fainttoo faint



High z QSOs (Cristiani et al 2004)

•• GOODS field GOODS field 
–– HST HST B,V,I,zB,V,I,z band databand data
–– Chandra 0.5 Chandra 0.5 –– 8 8 keVkeV (S/N = 5)(S/N = 5)
–– flux limits 10 flux limits 10 --16 16 & 10 & 10 --15 15 erg/s/cmerg/s/cm2 2 (0.5(0.5--2.0 & 22.0 & 2--8 8 keVkeV))

•• detection in z using detection in z using SExtractorSExtractor
–– 22.45 < z22.45 < z850850 < 25.25< 25.25
–– optical candidates matched with Chandra (3optical candidates matched with Chandra (3σσ))
–– z > 4z > 4

•• 11 in CDFS & 6 in HDFN11 in CDFS & 6 in HDFN

NOTE: z > 3.5  NOTE: z > 3.5  xrayxray sources in GOODS must be AGNsources in GOODS must be AGN



High z QSOs (Cristiani et al 2004)

•• 3 3 QSOsQSOs with z>4with z>4
•• QSO QSO ρρNN reduces by reduces by 

3.5/z (from 2QZ)3.5/z (from 2QZ)
•• reduction factor 2.1 reduction factor 2.1 ––

4.3 (SDSS, Fan et al 4.3 (SDSS, Fan et al 
2001) 2001) 

•• PLE fails at > 3PLE fails at > 3σσ levellevel
•• PDE predicts 2.9 PDE predicts 2.9 QSOsQSOs
•• MIN modelMIN model

–– QSOsQSOs in new halosin new halos
–– const const εε = = MMbhbh/M/MDMDM

–– EddingtonEddington accretion rateaccretion rate



High z QSOs (Cristiani et al 2004)

•• MIN model MIN model overpredictsoverpredicts NNQSOQSO z>4z>4 (151 (151 QSOsQSOs))

•• delay in QSO activity after DM formation resolvesdelay in QSO activity after DM formation resolves

•• Expected Expected QSOsQSOs ~ 3.2 for z>4~ 3.2 for z>4

•• z > 4 z > 4 QSOsQSOs with Mwith M14501450 ~ ~ --23 lower than theoretical 23 lower than theoretical 
predictionspredictions

•• feeding/formation of SMBH hindered at high zfeeding/formation of SMBH hindered at high z



Stacking Analysis
•• Sources from other surveysSources from other surveys
•• Cell of variable size surrounding sourceCell of variable size surrounding source

•• Variable aperture size Variable aperture size 
–– positioned randomly around source cellpositioned randomly around source cell
–– repeated Monterepeated Monte--Carlo simulationsCarlo simulations

•• simulate with different aperture, cell size ( one)simulate with different aperture, cell size ( one)

•• Iterate till S/N maximisesIterate till S/N maximises
•• Estimate background for each individual sourceEstimate background for each individual source



Stacking Analysis

•• Stack numerous similar Stack numerous similar 
sourcessources

•• Extract mean information Extract mean information 
statisticallystatistically

•• S/N~ (S/N~ (SS--B)/BB)/B0.50.5

•• Effective exposure times Effective exposure times 
of ~ of ~ Gs !!Gs !!



Xray properties of LBGs in GOODS
•• phase lag in star phase lag in star 

formationformation
–– peak between z peak between z 

1.51.5--3 ?3 ?
–– evolution of Levolution of LXX/L/LBBwith zwith z

•• Why Why LBGsLBGs ??
–– for z > 2.5, for z > 2.5, LBGsLBGs

are Uare U--dropoutsdropouts
–– photometric zphotometric z
–– higher z leads to higher z leads to 

BB--dropoutsdropouts



Xray properties of LBGs in GOODS

•• GOODS surveyGOODS survey
–– SPITZER, Hubble, SPITZER, Hubble, 

Chandra Chandra 

–– 320 sq 320 sq arcminarcmin in in 
HDFN  & CDFSHDFN  & CDFS

–– HST data in BHST data in B435435, , 
VV606606, i, i775775 & z& z850850

–– U band data from U band data from 
KPNOKPNO



Xray properties of LBGs in GOODS

•• colorcolor magnitude selectionmagnitude selection
–– galaxies with z ~ 3, galaxies with z ~ 3, 

3.8, 4.9 & 5.74 3.8, 4.9 & 5.74 
–– error bars in z grow error bars in z grow 

with zwith z
–– ttLL = 11.5 = 11.5 GyrsGyrs for        for        
U dropoutsU dropouts

•• LLXX = 4= 4ππddLL
22ffXX(1+z)(1+z)ΓΓ--2 2 erg/s  erg/s  

ΓΓ = 2= 2



Xray properties of LBGs in GOODS

393 bright B-dropouts  with an effective

exposure 0.5 Gs
449 U-dropouts  with an effective 
exposure 0.7 Gs. Circle represents 
1.5’’ aperture



Xray properties of LBGs in GOODS

•• LLXX/L/LBB evolves with zevolves with z LLXX/L/LB B increases with Lincreases with Lxx
–– maxima at z ~ 2maxima at z ~ 2
–– LLxx from HMXBfrom HMXB



Xray properties of LBGs in GOODS

•• 449, 1734, 629, 247 449, 1734, 629, 247 LBGsLBGs in U, B, V, I in U, B, V, I 
dropoutsdropouts

•• average Laverage Lx x ~ 10~ 104141 erg/serg/s

•• Modelling SFR asModelling SFR as

–– SFR: 85 SFR: 85 –– 240 240 MMsunsun/yr/yr



Xrays from the First Massive Black 
Holes

•• ““Do early Do early BHsBHs feed and grow feed and grow 
the same way as local ones ?the same way as local ones ?””
–– QSO number density QSO number density 

changes by 100changes by 100
–– gas fraction for gas fraction for 

accretionaccretion

•• ObservablesObservables
–– number densitynumber density
–– luminosityluminosity
–– photon indexphoton index

2-3 photons at a known location of a source is a significant Chandra detection



Xrays from the First Massive Black 
Holes

•• xrayxray & optical flux & optical flux 
correlatedcorrelated

•• scatter in scatter in xrayxray fluxflux

•• LLXX (2(2--10 10 keVkeV) ~ ) ~ 
10104343 –– 10104747 erg/serg/s

•• ααoxox = 0.384 log(f= 0.384 log(f2 2 
keVkeV/f/f2500 2500 ÅÅ ))

•• --1.74 for RQQ 1.74 for RQQ 
(z>4)(z>4)

•• --1.56 for low z1.56 for low z
•• luminosity or luminosity or 

redshiftredshift effect ?effect ?



Xrays from the First Massive Black 
Holes

NO significant dependence on z.              ααoxox anti-correlated with luminosity

Gravitational Lensing is an issue – changes the luminosity effect



Xrays from the First Massive Black 
Holes

•• joint spectral fitting of Chandra & DPOSSjoint spectral fitting of Chandra & DPOSS
–– ΓΓ ~ 1.98 ( z = 4.09 ~ 1.98 ( z = 4.09 –– 4.51)4.51)
–– consistent with 0<z<3 samples of consistent with 0<z<3 samples of RQQsRQQs
–– NNHH < 8.8 x 10< 8.8 x 102121 cm cm --22

•• joint spectral fitting of Chandra & SDSSjoint spectral fitting of Chandra & SDSS
–– ΓΓ ~ 1.84 ( z = 4.81 ~ 1.84 ( z = 4.81 –– 6.28)  with galactic absorption6.28)  with galactic absorption

•• individual sources do not change much with zindividual sources do not change much with z

•• variability not studied variability not studied 
–– deepest exposures are ~ 20 deepest exposures are ~ 20 minsmins in QSO restin QSO rest--frameframe



Xrays from the First Massive Black 
Holes

•• AGN at z = 4AGN at z = 4--6  & 06  & 0--3 are similar3 are similar
–– photon index ~ 2.0photon index ~ 2.0
–– ααOXOX ~ ~ --1.51.5

•• Similar Similar XrayXray emission => similar accretion emission => similar accretion 
mechanismmechanism

•• Local SED of AGN can be used for high z Local SED of AGN can be used for high z AGNsAGNs

•• No intrinsic absorption in nascent No intrinsic absorption in nascent AGNsAGNs



Discussion

•• z >4 z >4 LLQSOsLLQSOs not numerous enoughnot numerous enough
–– QSO LF flattens at low LQSO LF flattens at low L
–– confirmed by low counts of confirmed by low counts of lensinglensing events in SDSSevents in SDSS
–– radiativeradiative feedback in small DM halosfeedback in small DM halos’’ ? or ? or photoionizationphotoionization by UV by UV 

background ?background ?

• High z AGNs show similar Xray properties as local AGN
– use to estimate mass of SMBH in AGN
– reionisation ?

•• LBGsLBGs are modest are modest AGNsAGNs
–– L < 7 x 10 L < 7 x 10 4141 erg/s for z=6erg/s for z=6
–– SFR: SFR: 85 85 –– 240 240 MMSUNSUN/yr /yr 
–– LLXX/L/LBB ratio of LBG similar to local starbursts (stacked)ratio of LBG similar to local starbursts (stacked)


