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Introdu

Massive BH at high redshift are very massive!
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Examples of high-z HXLF predicted from models of and heavy seeds (Hirschmann+12)

Need to sample the faint end of the LF at high-z!
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L Introduction

BHAD: observations vs. simulations
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= Stacking X-ray data

Goals of the work

Stacking X-ray emission from z > 4 CANDELS galaxies (undetected in
X-rays) to look for signatures of accretion onto SMBH.
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= Stacking X-ray data

Exploiting the best X-ray and optical /NIR data: 7 Ms CDFS + CANDELS

~ 7 Ms CDFS (~ 480 arcmin?)

Pl: W.N. Brandt, Luo et al. in prep.

Deepest X-ray survey ever!
(and great spatial resolution!)

Deep HST catalogs in GOODS-S
(CANDELS + ERS + HUDF; cuot1s, SantinH»lS)
Limit mag F160w < 30

+

Multiwavelength data,

high quality spec. and phot. z,

dedicated SED-fitting campaigns

(M., SFR, etc.)
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L*Stacking X-ray data

Stacking techique

Stacking: A Romantic Example

3 /100 second
exposure

1/1000
second
exposure

)

Courtesy of Bret Lehmer

Stacked image of 30 candles with 1 / 1000 sec exposure.

Effective stacked exposure of (30x 1/ 1000 sec) = 3/ 100 sec.
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M.

Normalized to (min,max)=(0,1); smoothed (Gaussian function with o = 3pix), power-law scale



Black points: all
galaxies

Red Points: massive
galaxies

Observational results from:
Delvecchio+14, Ueda+14, Vito+14,
Aird+15, Georgakakis+15, Miyaji+15
Predictions from simulations from:
Lodato&Natarajan 2006,

Volonteri+10, +16, Sijacki+15.
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= Stacking X-ray data

esult I

X-ray detected AGN dominate the BHAD at high redshift. Continuous
low-rate accretion in “normal” (i.e. undetected in the 7 Ms CDF-S)
provides a negligible contribution to the total BH mass growth.

(see also Volonteri+16).
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Similar to what found at low redshift via the Soltan argument and direct

measurements (see Brandt&Alexander 2015).
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Star Formation Rate Density (SFR

psfrd(z) = w

(SFR) = SFR(L5k, M,)

1042 -

Qo
2

10" F

100

-
_ Model 245

Ly uxes/ M. (erg s 10'°M,7")
Ly nuxes/ SFR (erg s™ Mo yr)

Model 245
Model 53 ~ 7 Model 53
10%° Model 246 _ Model 246
Model 241 - Model 241
Model 253 — — - Model 253
Model 261 —-—- w|l— - -~ Model 261
% J— L
Model 269 10 Model 269
10% . .
1 10 1 10
Redshift (1+2) Redshift (1+2)

Fragos+13



The deepest X-ray view of high-redshift galaxies: constraints on low-rate black-hole accretion

= Stacking X-ray data

Star Formation Rate Density (SFRD)
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y data

sult Il

Stacked X-ray emission in high-z galaxies plausibly entirely due to XRB
(|e star fOI’matlon) (see also Cowie+12)

or, in other words, we need the stacked X-ray emission in high-z galaxies to be due
entirely to XRB in order to match the SFRD found in previous works and the SFRD
derived by CANDELS SFRs for the same galaxies.
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This strengthens result |. Caveat: SFR-Lx relations not constrained observationally at high-z.
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Stacking
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= Stacking X-ray data

Result Ill:

The faint end of the AGN XLF at high-z is fairly flat. First constraints on
the XLF at such low luminosities at z > 3.5.

This qualitatively (and naively) supports massive seeds.
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= Stacking X-ray data

aint end of N XLF

Testing the AGN contribution to the Cosmic Reionization ( Giallongo+15 found a high
number of faint X-ray AGN (i.e. steep XLF faint end), Madau&Dickinson2016 used
that result to predict a high AGN contribution to the Reionization).
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Need to directly probe the AGN XLF faint end!
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= Stacking X-ray data

Conclusions

Stacking X-ray data from 7 Ms CDF-S ==~ 10%s effective exposure.

X-ray detected AGN dominate the BHAD at high redshift. Continuous
low-rate accretion in “normal” (i.e. undetected in the 7 Ms CDF-S)
provides a negligible contribution to the total BH mass growth.

(see also Volonteri+16).

Stacked X-ray emission in high-z galaxies plausibly entirely due to XRB
(i.e. star formation) (see aiso Cowie+12)

The faint end of the AGN XLF at high-z is fairly flat. First constraints on
the XLF at such low luminosities at z > 3.5.

Athena, WFXT and X-Ray Surveyor will directly sample the faint end of the AGN
XLF at z > 4.
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ray data
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ray data
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Stacking X data

X-ray/optical offset
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= Stacking X-ray data

Effect of pho tric redshift uncertainties
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