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Uncovering AGN in the Cosmic X-ray background
Mackenzie Jones, R Hickox, S Mutch, D Croton, A Ptak, M DiPompeo

A semi-numerical model of galaxy and dark matter 
halo growth plus a universal mode of black hole 
accretion

1 Modeling the intrinsic AGN population

2 Comparison to Observations

3

Can a simple model recreate observations?

Modeling the X-ray Background
What AGN make up the X-ray background?

Chandra COSMOS - Legacy Survey
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Halos, Galaxies, & Black Holes

NASA/JPL-Caltech
Jones et al 2016, ApJ 826,12 

A Simple Model

Mutch et al. 2013 

Springel et al. 2005
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(see also e.g., Hickox+ 2014, Schawinski+ 2010)
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Eddington Ratio 
Distribution

Jones et al 2019, ApJ, 881, 110 

AGN

A Simple Model

Mutch et al. 2013 

Springel et al. 2005
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Gabor & Bournaud 2013

z=0

z=2

Evolution of the 
Eddington Ratio 

Distribution
EDDINGTON RATIO SLOPE DECREASES WITH 

INCREASING GAS FRACTION
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Evolution of the 
Eddington Ratio 

Distribution

Fgas = 10% 

Fgas = 50% 

EDDINGTON RATIO SLOPE DECREASES WITH 
INCREASING GAS FRACTION

Jones et al 2019, ApJ, 881, 110 
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N/NTObservables 
sSFR vs M

Lx > 1041.5 erg s-1➤

➤

➤

Full Simulation

Luminosity Limited

➤ Mendez+ 2016

Jones et al 2019, ApJ, 881, 110 
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Powell+
THE OBSERVED 

PLATEAU IS A DIRECT 
CONSEQUENCE OF 
THE EDDINGTON 

LIMIT

Observables 
Mhalo vs Lx

Jones et al 2019, ApJ, 881, 110 
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648 Gilli: The XRB and hidden black holes

Fig. 1. Compilation of the measurements of the cosmic X-ray background spectrum in the 0.5 - 400 keV en-
ergy range. Datapoints with di↵erent colors come from di↵erent combinations of missions and instruments
as labeled and referenced (left labels: E<10 keV; right labels: E>10 keV).

ditional large population of heavily obscured,
Compton-thick AGN (hereafter CT AGN, NH&
1024cm�2) poorly sampled by most surveys at
E<10 keV. Despite several e↵orts, the cosmo-
logical evolution and luminosity function of
CT objects remain essentially unknown and
have to be postulated by AGN population syn-
thesis models trying to explain the XRB broad
band spectrum (see next Section). Heavily hid-
den black holes are then likely the key and
still missing ingredient to get a complete un-
derstanding of the cosmic XRB, keeping it one
of the most fascinating and challenging topics
in high-energy astrophysics.

2. The synthesis of the X-ray
background: Compton-thick AGN
and the “missing” fraction

The broad band, 0.5-400 keV XRB spectrum
has a characteristic shape peaking at E⇠30 keV.
Below 10 keV it can be approximated by a
power law with �⇠1.4, i.e. it is harder than the
average spectrum of bright, unobscured QSOs.
A compilation of XRB measurements includ-

ing the most recent results by Chandra and
XMM at E<10 keV, and BeppoSAX, Swift and
INTEGRAL at E>10, keV is shown in Fig.1.
The various measurements generally agree on
the spectral shape, but possess significant scat-
ter, at the 20-30% level, in their absolute nor-
malization (in general, most of the recent XRB
measures were found to be higher than the clas-
sic value measured by HEAO-1 in the 80s).
The origin of this scatter is still debated. Part
of it, but limited to the measures performed
in pencil beam surveys, could arise from cos-
mic variance. Another source of uncertainty
could be the stray-light which is entering an
X-ray telescope field of view if not properly
modeled (Moretti et al., 2012). Finally, >10%
calibration uncertainties have been observed
among di↵erent instruments on board di↵erent,
or even the same, missions (Tsujimoto et al.,
2011), which could explain another part of the
scatter. It is then fair to conclude that the XRB
absolute flux is known with a ⇠20% systematic
uncertainty.

In 1989 Setti & Woltjer first proposed that
the hard XRB spectrum could be explained

This work

Obscured

Unobscured

Compton Thin

Compton Thick

Adapted from Gilli+ 2013

Modeling 
Cosmic X-ray 
Background

THE OBSCURED 
POPULATION IS 

THE MAIN 
CONTRIBUTOR 
TO THE CXB

Jones et al, in prep 
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CXB  
Intrinsic Properties

NGC 4151

REDSHIFT LUMINOSITY STELLAR MASS

EDDINGTON RATIO BLACK HOLE MASS HALO MASS
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z

CXB  
Redshift

Jones et al, in prep 
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λEdd

CXB  
Eddington Ratio

z

Jones et al, in prep 
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LX

CXB  
Luminosity

z

Jones et al, in prep 
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Corresponds to 
the “knee” of 

the luminosity 
function

Jones et al 2017, ApJ 843,125 

CXB  
Luminosity



M. L. Jones — X-RAY ASTRONOMY 2019: CURRENT CHALLENGES AND NEW FRONTIERS IN THE NEXT DECADE

Mhalo

CXB  
Halo Mass

z

Jones et al, in prep 
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Corresponds to 
halos with the 
most quasar 

activity
DiPompeo+ 2016

CXB  
Halo Mass
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What is the Intrinsic AGN Population Contributing to the 
Cosmic X-ray Background?

➤

fueling mechanism between different AGN host 
galaxy populations may not be specific to type or age

Forward modeling with a universal broad Eddington ratio distribution
recover optical and X-ray observables

possible to probe the host galaxy and halo properties 
of AGN that contribute to the CXB

recover the observed CXB

➤

WHAT’S NEXT : UNCOVERING WHERE CHANDRA SOURCES CONTRIBUTE TO THE CXB 
with F Civano

Jones et al 2016, ApJ 826,12 Jones et al 2017, ApJ 843,125 Jones et al 2019, ApJ 881,110 Jones et al, in prep 


