
G
a

la
xy

 E
vo

lu
tio

n:
 T

he
o

ry
 a

nd
 O

b
se

rv
a

tio
ns

 (
C

o
zu

m
e

l, 
Q

ui
nt

a
na

 R
o

o
, M

é
xi

c
o

, 8
-1

2 
A

p
ril

 2
00

2)
Ed

ito
rs

: V
la

d
im

ir 
A

vi
la

-R
e

e
se

, C
la

ud
io

 F
irm

a
ni

, C
a

rlo
s 

S.
 F

re
nk

 &
 C

hr
is

tin
e

 A
lle

n

RevMexAA (Serie de Conferencias), 17, 226–229 (2003)

THE X-RAY BACKGROUND

A. J. Barger1,2,3

RESUMEN

Hemos obtenido magnitudes B, V , R, I, y z
′ para las 370 fuentes puntuales de radio en la observación de

aproximadamente 1 Ms del campo norte profundo del Chandra (CDF-N), magnitudes HK
′ para 276 fuentes,

y corrimientos al rojo espectroscópicos para 182 fuentes. La distribución de z muestra indicios de estructuras
en z = 0.843 y z = 1.0175 (también detectadas en sondeos ópticos) que podŕıan explicar en parte la variación
observada entre campos contiguos en los recuentos de fuentes de rayos X. Las contribuciones al flujo separadas
en celdas unitarias de z muestran que las fuentes con z < 1 espectroscópicamente identificadas contribuyen ya
con cerca de un tercio del flujo total tanto en la banda dura como en la suave. Ello implica que se ha dado
acreción en grande hacia agujeros negros supermasivos desde que el Universo teńıa la mitad de su edad actual.
A partir de los cocientes de los recuentos en rayos X encontramos que los espectros en rayos X quedan bien
descritos por absorción con una ley de potencias con Γ = 1.8 (intŕınseca) y con valores de NH entre 1021 cm−2

y 5 × 1023 cm−2. Estimamos que las fuentes Chandra que producen el 87% del fondo de rayos X HEAO-A
(XRB) a 3 keV producen el 57% a 20 keV, siempre y cuando la forma del espectro de estas fuentes a altas
enerǵıas continúe siendo una ley de potencias con Γ = 1.8. Sin embargo, si se normalizan las contribuciones del
Chandra al XRB del BeppoSAX a 3 keV, la forma concuerda bien con el XRB observado en ambas enerǵıas.
Aśı, el que sea necesario postular una población considerable de fuentes gruesas en Compton para resolver
completamente el XRB por arriba de 10 keV depende cŕıticamente de la manera como se liguen las mediciones
-actualmente discrepantes- del XRB para enerǵıas entre 1 − 10 keV con el XRB a enerǵıas mayores.

ABSTRACT

We obtained B, V , R, I, and z
′ magnitudes for the 370 X-ray point sources in the ≈ 1 Ms observation of

the Chandra Deep Field North (CDF-N), HK
′ magnitudes for 276, and spectroscopic redshifts for 182. The

redshift distribution shows indications of structures at z = 0.843 and z = 1.0175 (also detected in optical
surveys) which could account for a part of the field-to-field variation seen in the X-ray number counts. The
flux contributions separated into unit bins of redshift show that the z < 1 spectroscopically identified sources
already contribute about one-third of the total flux in both the hard and soft bands. Thus, major accretion
onto supermassive black holes has occurred since the Universe was half its present age. We find from ratios
of the X-ray counts that the X-ray spectra are well-described by absorption of an intrinsic Γ = 1.8 power-law,
with NH values ranging from about 1021 cm−2 to 5× 1023 cm−2. We estimate that the Chandra sources which
produce 87% of the HEAO-A X-ray background (XRB) at 3 keV produce 57% at 20 keV, provided that at high
energies the spectral shape of the sources continues to be well-described by a Γ = 1.8 power-law. However,
when the Chandra contributions are normalized to the BeppoSAX XRB at 3 keV, the shape matches fairly well
the observed XRB at both energies. Thus, whether a substantial population of as-yet undetected Compton-
thick sources is required to completely resolve the XRB above 10 keV depends critically on how the currently
discrepant XRB measurements in the 1 − 10 keV energy range tie together with the higher energy XRB.

Key Words: COSMOLOGY: OBSERVATIONS — GALAXIES: ACTIVE — GALAXIES: DISTANCES

AND REDSHIFTS — GALAXIES: EVOLUTION

1. INTRODUCTION

The extragalactic background light (EBL) rep-
resents the accumulated energy production over the
lifetime of the Universe, modulated only by the ex-
pansion losses. With the exception of the cosmic mi-
crowave background radiation, the EBL is believed
to be produced by star formation and by accretion
onto the supermassive black holes that power active

1Department of Astronomy, U. Wisconsin, USA.
2Department of Physics and Astronomy, U. Hawaii, USA.
3Institute for Astronomy, U. Hawaii, USA.

galactic nuclei. The key to mapping the universal
history of the formation of stars and supermassive
black holes is to trace the origin of the light. Once
all the EBL has been accounted for, we will have a
complete census of galaxies and supermassive black
holes in the Universe.

Active galactic nuclei (AGN) dominate the
X-ray background (XRB), star forming galaxies
dominate the optical EBL, and obscured star
forming galaxies and AGN dominate the far-
infrared (FIR)/submillimeter EBL. COBE found
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that the total reradiated emission appearing in the
FIR/submillimeter is comparable to the entire opti-
cal Universe.

X-ray surveys most directly trace accretion onto
supermassive black holes and hence provide our best
window on black hole evolution. Much of the ac-
cretion power of the Universe may be absorbed by
substantial neutral hydrogen column densities (e.g.,
Fabian & Iwasawa 1999); thus, to construct a com-
plete census of supermassive black holes to the earli-
est epoch, we need to be able to detect sources which
are heavily obscured from soft X-ray energies to the
near-infrared (NIR).

A fundamental goal of the Chandra X-ray Obser-
vatory was to resolve the hard (2− 8 keV) XRB into
discrete sources. At these energies the photons can
penetrate all but the highest column densities of gas
and dust, so many obscured AGN can now be de-
tected. The two ≈ 1 Ms exposures of the Chandra
Deep Field North (CDF-N; Brandt et al. 2001; the
CDF-N exposure has recently been extended to a sec-
ond megasecond) and the Chandra Deep Field South
(CDF-S; Giacconi et al. 2002) resolved > 80−90% of
the 2−8 keV XRB into discrete sources (Campana et
al. 2001; Cowie et al. 2002; Rosati et al. 2002), where
the largest uncertainty is the XRB measurement it-
self. The field-to-field difference in the contribution
to the XRB from the X-ray sources in the CDF-N
and CDF-S is 40%; this is substantially above the
Poisson noise expected from the number of sources,
suggesting clustering.

2. OPTICAL PROPERTIES

We obtained multiwavelength data of the X-ray
sources in the CDF-N to understand the nature
and evolution of the sources creating the XRB. We
have Suprime-Cam (Miyazaki et al. 1998) on Sub-
aru imaging data of the 370 X-ray point sources in
the CDF-N catalog of Brandt et al. (2001), as well
as LRIS (Oke et al. 1995) on Keck and HYDRA
(Barden et al. 1994) on WIYN spectroscopy of 182.
(We obtained 175 of the spectra, while the remaining
seven redshifts are from the compilation of Cohen et
al. 2000.) We restricted our analysis to a 10′ radius
(294 arcmin2) region, since beyond that the X-ray
point spread function degrades rapidly. This sample
contains 330 X-ray sources (10 are stars).

Most sources with R ≤ 24 can be spectroscopi-
cally identified, while only a few can be identified at
fainter optical magnitudes. The latter sources may
either lie at z = 1.5 − 3 (based on the colors; Craw-
ford et al. 2001; Barger et al. 2001a; Cowie et al.
2001) or at z > 5, if they are low luminosity quasars.
(Cold dark matter models can allow a large number

Fig. 1. Redshift versus R for the X-ray sources, excluding
stars, within a 10′ radius of the approximate X-ray image
center. Saturated objects are plotted at R = 18.2. Solid
(open) squares denote our (Cohen et al. 2000) redshifts.
A second larger symbol denotes broad-line objects. Ob-
jects without redshifts are plotted at z = −0.3 (within a
6.5′ radius) or at z = −0.7 (between 6.5′ and 10′).

of such high redshift AGN; Haiman & Loeb 1999.)
In Fig. 1 we show the redshift-magnitude relation

for the galaxy population as squares (unidentified
objects are plotted below z = 0 with different sym-
bols). Broad-line sources (distinguished by a second
larger symbol) are systematically the most optically
luminous of the X-ray sources because of the AGN
contribution to the light. Of the spectroscopic iden-
tifications, > 80% do not have broad optical or UV
lines and > 50% show no obvious high ionization
signatures of AGN activity.

All of the sources with z > 1.6 are either broad-
line AGN or have narrow Lyα and/or CIII] 1909 Å
emission. Intriguingly, while there are a substantial
number of optically identified absorption-line sources
with z > 1.6 known in the HDF-N and flanking
fields, none are present in the X-ray sample.

In Fig. 2a we show histograms of the redshift dis-
tribution for ∆z = 0.1 and ∆z = 0.01 bins, and in
Fig. 2b we show an R versus redshift blow-up of the
two structures centered on z = 0.843 and z = 1.0175
(also detected in optical surveys; e.g., Cohen et al.
2000; Dawson et al. 2001) that are seen in the higher
resolution histogram. These are the only two struc-
tures that contain at least 10 X-ray sources within
1000 km s−1 of the center positions. Fig. 2 sug-
gests that there may be large scale structure in the
field (spatially the sources also look clustered), but
the structures do not dominate the number of X-ray
sources in the sample so our overall redshift distribu-
tion should not be strongly affected by this cluster-
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Fig. 2. (a) Redshift distribution for two bin sizes (∆z =
0.1 and ∆z = 0.01). (b) R versus redshift blow-up shows
the two structures centered at z = 0.843 and z = 1.0175.
Sources within 1000 km s−1 of the center positions are
denoted by solid squares, other X-ray sources by open
squares, and field galaxies by plus signs.

ing. However, the number of sources in these struc-
tures (a total of 24 identified sources in the z = 0.843
and z = 1.0175 structures) is sufficiently large that
it could account for a part of the field-to-field varia-
tion seen in the X-ray number counts (e.g., Cowie et
al. 2002). Similar redshift structures have also been
detected in the CDF-S exposure (Hasinger 2002).

3. SUPERMASSIVE BLACK HOLES

We can construct redshift slices of supermas-
sive black hole growth from our Chandra data to
learn about the evolutionary history of black holes.
In Fig. 3 we show the redshift distribution versus
2−8 keV flux for two restricted uniform flux-limited
subsamples: a ‘deep’ subsample (squares) from the
6.5′ radius region, and a ‘bright’ subsample (in-
verted triangles) from the 10′ radius region. In the
deep (bright) subsample only sources detected in
the 2 − 8 keV band above 5 × 10−16 erg cm−2 s−1

Fig. 3. Redshift versus 2 − 8 keV flux for the hard deep
(squares) and bright (inverted triangles) subsamples.
Broad-line sources are enclosed in a second larger sym-
bol. Spectroscopically unidentified sources with (with-
out) photometric redshifts are open symbols plotted at
those redshifts (below the z=0 line). We also plot the
Akiyama et al. (2000) data (circles) and the Barger et
al. (2001a, b) SSA13 (diamonds) and A370 data (trian-
gles). At the left is the percentage of the total light in the
hard deep subsample that comes from spectroscopically
identified point sources in each redshift interval.

(5 × 10−15 erg cm−2 s−1) were considered. The
ASCA Large Sky Survey data (circles) from Akiyama
et al. (2000) and the SSA3 (diamonds) and A370 (tri-
angles) data from Barger et al. (2001a, b) are also
shown.

The percentage of the total light in the deep sub-
sample that comes from spectroscopically identified
point sources in each redshift interval is indicated.
At least 35% arises below z = 1 and at least 55%
arises below z = 2. These percentages increase to
40% and 73% if we include the sources with photo-
metric redshifts. Although not shown, similar results
are obtained for the soft deep subsample. Thus, the
bulk of the total 2 − 8 keV and 0.5 − 2 keV flux
in the deep subsamples arises at recent times, and
black hole growth is not only associated with the
galaxy formation era.

4. HIGH ENERGY XRB CONTRIBUTIONS

A simple model which assumes a fixed intrinsic
photon index modified at low energies by photoelec-
tric absorption from a varying intrinsic column den-
sity describes the (0.5 − 2 keV)/(4 − 8 keV) versus
(2−4 keV)/(4−8 keV) counts ratios reasonably well
with an intrinsic Γ between 1.5 and 2.5. From the
(0.5−2 keV)/(2−8 keV) counts ratio we find that the
broad-line sources have an extremely narrow hard-
ness range which would correspond to a spectral in-
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dex of Γ = 1.7 in the absence of optical depth effects.
Nearly all the sources have Γ < 1.8. For a Γ = 1.8
input spectrum and absorption by the photoelectric
cross-section, we infer intrinsic NH values that range
from about 1021 cm−2 to 5×1023 cm−2; only a small
number of spectroscopically unidentified sources po-
tentially could have higher column densities. Our
description is simple, so we caution that there could
still be some Compton-thick sources in our sample,
even if we do not recognize them as such. It is there-
fore interesting to consider whether the XRB requires
contributions from a population of Compton-thick
sources.

In Fig. 4 we plot the total XRB contributions
from the 2− 8 keV deep subsample (thick solid line)
computed assuming an intrinsic Γ = 1.8 power-law
for each source, together with an optical depth for
each source determined from the (0.5− 2 keV)/(2−
8 keV) counts ratio. The deep subsample produces
about 87% of the HEAO-A background at 3 keV
and 57% at 20 keV. However, when the Chandra
data are normalized at 3 keV to the higher ASCA or
BeppoSAX measurements, then the shape from the
Chandra sources matches fairly well that of the ob-
served XRB (thin solid line) at both energies. Thus,
whether the match to the high energy XRB requires
either a substantial population of as-yet undetected
Compton-thick sources or some change in the intrin-
sic spectral shape of the current sources from the
simple power-law dependence clearly depends criti-
cally on how the low energy and high energy XRB
measurements tie together.
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