Cosmic X-ray surveys of Active
Galactic Nuclei
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Broad scientific motivation

(1) Cosmic census of AGN activity: how, when, and where do SMBHs grow,
and how is this growth related to obscuration?

SMBH growth

(2) Impact of AGN on galaxies: where are AGN found in the galaxy
population and what impact do they have on the growth of the galaxy?

Impact of AGN on SF



Effectiveness of X-rays for AGN selection

(1) Host galaxy is typically weak in X-rays, efficiently isolating the AGN

Xue (2017) review
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AGN dominance ——

X-ray observations are (currently) the most efficient and effective way to identify the
majority of the AGN population



X-ray surveys flux-area: softer X-rays (<10 keV)
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>500,000 X-ray sources from
Chandra+XMM-Newton surveys

Some of the main Chandra/XMM surveys:

- CDFs: Alexander et al. (2003); Ranalli et al. (2013); Xue et al. (2011, 2016); Luo et al. (2017)

- COSMOS: Cappelluti et al. (2009); Elvis et al. (2009); Civano et al. (2016)

- Bootes: Kenter et al. (2005); Murray et al. (2005)

- Serendipitous surveys: Watson et al. (2001, 2009); Rosen et al. (2016); Traulsen et al. (2019)




X-ray surveys flux area: harder X-rays (>10 keV)
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~1,000 sources from NuUSTAR surveys
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The main NuSTAR surveys:

- ECDF: Mullaney et al. (2015)

- COSMOS: Civano et al. (2015)
- UDS: Masini et al. (2018)

DEC [deg]

NuSTAR: 3-78 keV

Serend‘p: Lansbury et al. (2017; Klindt et al. (in prep)

-S| w]e]-|-[-[®]-]-[of[*[w[a|w[=]-
BaRERCARACEGOUOREaNG
BEREERENCANGEMCOEER
Al | el w(fyf=]-]- |®le|e[P¥
ar
*le]
&

¢lolula|®olul-|| | |lolal
=llllllllllll

-
46F 46F
UDS99 UDS97-UDS99
47k . ’ ] 47F
Lo “
48F 8 v ] gk
3 3 »
PAA 4 < E £
a9F DA T ° 4.9 ¥
¥ Pt ooy
s0F & S .5.0F
y % =
5.1 e Q 51 :
% & [a) % ¥ 3
-5.2F N 4 52F o
° 3 L; "o e
£ ™ ° E £
53 = % 53 ;
e
54F ° ] 54F
5! 5'
55F — ] s5F —

34.9 34.8 34.7 34.6 34.5 34.4 343 34.2 341 340 34.9 34.8 34.7 34.6 34.5 34.4 343 34.2 341 340

RA [deg] RA [deg]

UDS: Masini et al. (2018)

- Serendipitous survey: Alexander et al. (2013); Lansbury et al. (2017); Klindt et al. (in prep)



Properties of the
X-ray detected AGN, their
evolution and obscuration



Cosmic X-ray surveys of distant AGNs: softer X-rays

log L, (2—10 keV) [erg s7!]

47 . L B -
| Compilation from Ueda et al. (2014)
- Swift BAT
- ASCA
46 I Chandraxmm
45 - °
L O QD
® o
High luminasity fquasars” ©
o0 A ® =0
S @0 O O O b&%@' i
43 _..g:) O 87)('(@ °
- . O ol
| o ')
o ®
Moderaterjq,minosit)D“SSVerrlsU
42 — —_— _— L} —_— L} L] _— —_— —_— —_—
Low luminosity ©
lu Yy © %50
I O
41 N = S . . : —
0.01 0.05 0.10 0.50 1.00 5.00




Cosmic X-ray surveys of distant AGNSs: harder X-rays
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Evolution of AGN: X-ray luminosity functions

Redshift-dependent X-ray luminosity functions for Compton-thin AGN (N,<10%* cm?)
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d®/dlog Lx

Evolution of AGN: X-ray luminosity functions

Redshift-dependent X-ray luminosity functions for Compton-thin AGN (N,<10%* cm?)
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Absorption: luminosity and redshift dependencies
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Zappacosta et al. (2018); also see C Ricci talk
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Absorption: luminosity and redshift dependencies
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Limited constraints on Compton-thick AGN

However, C-thick AGN are challenging to robustly identify so we are limited by small samples

High-quality X-ray data: a clear C-thick AGN but rare
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Limited constraints on Compton-thick AGN

However, C-thick AGN are challenging to robustly identify so we are limited by small samples

High-quality X-ray data: a clear C-thick AGN but rare
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Fainter systems can be indirectly identified using absorption-independent measurements
(e.g., rest-frame 6um) compared to the observed X-ray luminosity but are less robust



X-ray AGN within the galaxy
population
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Multi-wavelength SEDs: measuring host properties
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emission

Most X-ray AGNs are obscured: the optical-near-IR
emission is dominated by the host galaxy - great for
determining the host-galaxy properties

But care is required to isolate the host galaxy when the
AGN is luminous and unobscured



log vF [erg/s/cm?]

Multi-wavelength SEDs: star-formation rates
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AGN host galaxies: masses
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Incidence of AGN in the galaxy population

Fraction of galaxies hosting AGN depends on the X-ray luminosity limit and, more physically,
the Eddington ratio limit — AGN fraction below is for an estimated Eddington ratio>0.01
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An increase in duty cycle of AGN seen with redshift. High-mass galaxies have higher AGN fraction
than lower mass, for the majority of hosts; but no clear mass dependence in quiescent galaxies



Connection between AGN and star formation?

Globally AGN emission tracks the star-formation emission, as we may expect given the local

SMBH-galaxy scaling relationships
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Impact of AGN on galaxy wide star formation?

Average SFRs are limited in identifying impact of AGN on SF: we need AGN outflows are
SFR distributions — this requires ALMA for high-z AGN common,
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Impact of AGN on galaxy wide star formation?

Average SFRs are limited in identifying impact of AGN on SF: we need
SFR distributions — this requires ALMA for high-z AGN

AGN outflows are
common
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Impact of AGN on galaxy wide star formation?

Average SFRs are limited in identifying impact of AGN on SF: we need

SFR distributions — this requires ALMA for high-z AGN
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Summary and future directions

With cosmic X-ray surveys we have made good progress on the evolution of AGN (at
least out to z~3), their obscuration properties (at least for C-thin), ubiquity of AGN in
the galaxy population, their star-formation properties, and their global impact on SF

Some areas where there is the potential for great future progress:

- Space density and properties of C-thick AGN:
requires high sensitivity and count rates to robustly identify

- Space density of highest-redshift (and most luminous) AGN:
requires very large areal coverage (or large area and deep)

/
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- More detailed understanding of the impact of AGN on star formation:

requires more detailed multi-wavelength observations
(KASHz: Harrison et al. 2016; SUPER; Circosta et al. 2018)
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- Impact of large-scale structure on AGN: 3
requires deep large-area surveys 1
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IFU instrument: spatially resolved spectroscopy




