
CHANDRA/HERSCHEL SURVEY: THE
BLACK HOLE ACCRETION/STARBURST

CONNECTION

Abstract: We propose to analyse all the archival
Chandra data in the Herschel Multi-tiered Extra-
galactic Survey (HerMES) to compile the largest
sample (N ∼ 1600) of powerful AGN at the main
epoch of black hole growth, z=1-3, and to resolve
current discrepancies on the star-formation rate of
these systems. The combination of X-ray data with
far-IR/submm observations provides the most robust
constraints on the star-formation of AGN to test com-
peting models for the interplay between galaxy for-
mation and black hole growth. HerMES is ide-
ally suited to studying star formation over the z=1-3
epoch and by adding Chandra data is the only region
with the required X-ray/UV/optical/IR/submm cov-
erage to do such a study.
1. AGN-Galaxy Co-evolution: There is now strong
evidence that powerful active galactic nuclei (AGN)
played a key role in the evolution of galaxies. The
correlation of central black hole and stellar bulge
mass (e.g. Magorrian et al 1998), and the similarity
between the cosmic star formation history (e.g. Hop-
kins & Beacom 2006) and cosmic black hole mass
assembly history (e.g. Aird et al 2010) both suggest
that the growth of supermassive black holes (SMBH)
is related to the growth of host galaxies. Understand-
ing what drives the formation and evolution of galax-
ies and their central SMBHs remains one of the most
significant challenges in extragalactic astrophysics.

Most recent models (e.g. Di Matteo et al. 2005;
Hopkins et al. 2005, Bower et al. 2006, Croton et
al. 2006) propose AGN feedback as the underlying
physical process that links the build-up of the stel-
lar population of galaxies, the formation of super-
massive black holes (SMBHs) and the growth of the
large scale structure of the Universe. Recent obser-
vational constraints provide first-order confirmation
of this theoretical picture (e.g. Lehmer et al. 2009).

However, the sequence in which galaxies build up
their stellar and black hole mass and the relation-
ship between the two components are, as yet, poorly
understood. In some models (e.g. Di Matteo et al.
2005, Hopkins et al. 2006) the stellar population and
the SMBHs form almost simultaneously and there-
fore predict a correlation between star-formation and

AGN activity. Alternatively the stellar population of
galaxies may be accumulated first, followed by the
main epoch of SMBH growth (e.g. Archibald et al.
2002, Cen 2011), so that star-formation and AGN ac-
tivity to be unrelated, or even negatively correlated.
2. The X-ray & Far-IR Synergy: A major draw-
back in assessing the level of star-formation in AGN,
particularly at z > 1, the main epoch of galaxy
and SMBH formation, is the difficulty in decompos-
ing the stellar from the AGN emission. When they
are accreting rapidly, AGN can dominate the radia-
tion from stars over almost the entire electromagnetic
spectrum. Two key energy ranges allow us to sep-
arate the accretion from star formation almost with
little ambiguity: The X-ray band provides a clean
window in which the radiation from luminous AGN
(LX(2 − 10keV) > 1044 erg s−1), can be observed
with minimal contamination from star formation,
while star-formation galaxies (SFG) emit a large
fraction of their energy in the far-infrared/submm
band where the AGN contribution is minimal.

Combining X-ray data with longer far-IR/submm
wavelengths can provide a handle on the issue of
the star-formation properties of AGN hosts. Al-
though some progress has been made by exploiting
the submm from the ground (e.g. Page et al 2001),
and the long wavelength channels of Spitzer/MIPS
(e.g. Trichas et al 2009; 2010, Symeonidis et al.
2010), it is the launch of ESA’s Herschel Space Ob-
servatory and its capability to make large sensitive
surveys of star formation in the far-IR/submm, which
offers the best prospects for significant advance in
this area.
3. Recent HerMES Results: Recent observa-
tional results on the far-IR/sub-mm properties of
QSO hosts are conflicting. Lutz et al. (2010) and
Shao et al. (2010) argue that the star-formation rate
is positively correlated with AGN activity for lumi-
nous QSOs only, LX(2− 10 keV) > 1044 erg s−1.

The HerMES team finds a rapid decrease of the
250 µm detection rate at QSO luminosities, LX(2 −
10 keV) > 1044 erg s−1, indicating suppression
(rather than enhancement) of the star formation at
high accretion luminosities (see Fig. 1; Page &
Trichas 2011, Trichas & Page 2011). There is no
doubt that this confusing picture is due to the small
number of luminous AGN in the present isolated sur-
vey areas. Figure 1 clearly suffers from poor statis-
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Figure 1: Left : The X-ray luminosity/redshift plane for sources from the Chandra 2 Ms observation of the HDFN. The red, filled triangles
indicate the location of the X-ray sources with Herschel/250 µm detections (Page & Trichas, 2011). Note the complete absence of 250 µm
detections above log(L2−10keV /erg s−1) > 44 suggesting a lack of high SFRs among the most luminous X-ray sources. Right : The X-ray
luminosity/redshift plane for sources from the Chandra 70ks observation of the Lockmnan Hole (Wilkes et al. 2009). The black, filled circles
indicate the location of the X-ray sources with Herschel/250 µm detections (Trichas & Page, 2011). Similarly to the HDFN sources, there is
complete absence of 250 µm detections above log(L2−10keV /erg s−1) > 44.

tics, while Shao et al. (2010) find only 6 AGN in
the CDF-N at redshifts z ≈ 1 − 3 with L2−10keV >
1044 erg s−1, too few for any meaningful constraints
on the LSFR−LAGN relation at bright luminosities.

However, the small number statistics problem is
not because of lack of X-ray data, as there is sub-
stantial overlap between Chandra and Herschel fields
(Table 1). The existing Chandra-HerMES area is ∼3
times larger than the existing XMM-HerMES area,
making the Chandra archive a unique tool to perform
our study.

Therefore, instead of new observations, we re-
quest the resources for a concerted effort to bring
together all the Chandra observations that overlap
with HerMES fields to compile the largest sample of
QSOs at the main epoch of SMBH growth, z = 1−3,
and to provide the most stringent constraints on their
star-formation rate afforded by current data.
4. Chandra/HerMES Observational setup: The
primary goal of HerMES is to trace the build up
of galaxy mass using far-infrared/sub-mm observa-
tions to measure SFRs in ∼ 4 × 105 galaxies across
0 ≤ z ≤ 4. The widest tier of HerMES cov-
ers the best studied extragalactic survey fields reach-
ing S250µm ≤ 10 mJy rms, close to the confusion
limit. With the 100-500 µm coverage provided by
Herschel, these data permit the separation of AGN

and star formation contributions to the infrared (e.g.
Hatziminaoglou et al 2010, Elbaz et al 2010).

The fields of choice are listed in Table 1 and con-
sist of all the HerMES fields with existing Chan-
dra coverage. The total area sums up to ∼15deg2.
The selected fields benefit from a large suite of
multiwavelength data: Spitzer 3.6-160 µm from
SWIRE (Lonsdale et al. 2003) and SERVS (PI
Lacy), Herschel 100-500 µm from HerMES (Oliver
et al. 2010), UV from GALEX and VISTA-VIDEO,
near-infrared from UKIRT-DXS and radio from
VLA/ATCA/LOFAR which in combination with the
extensive spectroscopy available in most fields (Ta-
ble 1) we will be able to create broad-band spec-
tral energy distributions (SEDs) necessary to de-
convolve the AGN and star-formation contribution
for all the X-ray bright QSOs detected by Chandra.
These complimentary data represent many thousands
of hours of space-based and ground-based observ-
ing time which simply does not exist in other wide
area X-ray programmes (e.g. the XMM Serendipi-
tous Survey) or shallower Herschel projects (e.g. H-
ATLAS).
5. Chandra/HerMES Luminous AGN: Our pro-
posal focuses on Chandra sources with LX(2 −
10 keV) > 1044 erg s−1 and redshifts in the range
z = 1 − 3, which correspond to the main epoch
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of SMBH growth. Integrating the X-ray luminos-
ity function of Ueda et al. (2003) and taking to ac-
count the (variable) depth and the area of the Her-
MES Chandra fields we estimate about 1600 sources
in the soft band (0.5-2 keV band) and 700 in the hard
band (2-10 keV band) in the luminosity and redshift
intervals above. The far-IR/sub-mm detection rate of
QSOs will be compared with that of less luminous
AGN, LX(2 − 10 keV) = 1043 − 1044 erg s−1 at
z = 1 − 3 (total of 1500 expected in the 0.5-2 keV
band and 500 in the 2-10 keV based in the Ueda
et al. 2003 luminosity function). The combination
of deep/pencil-beam and shallow/wide-area Chan-
dra surveys ensures large numbers of sources above
and below the luminosity cut of LX(2 − 10 keV) =
1044 erg s−1. We choose to select sources in the 0.5-
2 keV because of the higher sensitivity of Chandra in
this band. At z = 2 this energy interval corresponds
to rest-frame energies 1.5-6 keV and is therefore rel-
atively unaffected by obscuration effects. Neverthe-
less our analysis will take this into account (see Im-
mediate Objective section).

A large fraction of the Chandra sources in the
fields of choice will have spectroscopic redshifts.
These will be complemented by photometric red-
shift estimates either from the SWIRE optical pho-
tometry and photometric redshift catalog (Rowan-
Robinson et al. 2008) or public photometric redshift
estimates in selected fields (e.g. COSMOS, Salvato
et al. 2009).
6. Immediate Objective: The primary goal of this
proposal is to determine the processes and the se-
quence in which galaxies form their black holes and
stars. In particular, we intend to study star formation
in luminous AGN, LX(2 − 10keV) > 1044 erg s−1

in comparison with less luminous AGN, 1043 <
LX(2 − 10keV) < 1044 erg s−1 at z = 1 − 3. We
will populate Figure 1 of the proposal with hundreds
of sources to explore changes of the far-IR/sub-mm
detection rate as a function of X-ray luminosity.

The fraction of Chandra sources with far-IR/sub-
mm counterparts will be estimated by weighting
each source with the maximum volume, Vmax,
within which it can detected. The Vmax calcula-
tion takes into account all the selection effects, e.g.
the flux limits at X-rays, infrared and optical wave-
lengths, the shape of the X-ray spectrum (e.g. ob-
scuration of the AGN), the optical and infrared SED.

This is to ensure that variations of the detection rate
are not the result of observational biases. Photomet-
ric redshifts will also be used in the calculation by
taking into account the probability density function
of the photometric redshift, not just the best fit solu-
tion.

Stacking of Chandra sources at infrared/sub-mm
wavelegths will also be carried out to estimate their
mean infrared luminosity, place them on the LSFR−
LAGN and explore, with the largest sample possible,
claims that star-formation rate and AGN activity are
correlated at bright accretion luminosities.
7. Research Plan: In order to achieve the above
goals in six months time, immediate availability
of a large set of multi-wavelength data, most im-
portantly X-ray and Herschel, is required as well
as the expertise to handle them. Among the Co-
Is there is extensive experience in reducing, ana-
lyzing and publishing Chandra survey data. The
list of Co-Is includes the PIs of Chandra-COSMOS
(Elvis), Chandra-SWIRE (Wilkes), Chandra Multi-
Wavelength Project (Green), Chandra-EGS (Nan-
dra), Chandra-EN1 (Nandra), and a large number of
X-ray astronomers with a large publication record
with Chandra data (Page, Georgakakis, Civano,
Laird, Hickox). In addition, this proposal brings to-
gether the foremost experts on Herschel SPIRE data,
the PI of SPIRE (Griffin), PIs of HerMES (Oliver
& Bock), members of the SPIRE Instrument Control
Center (Schultz, Trichas, Seymour, Vaccari) as well
as experts on the multi-wavelength analysis of AGN
including the PI of ELAIS and SWIRE (Rowan-
Robinson) and the PI of SERVS (Lacy). As a result,
the team has all the expertise required to reduce and
analyze Chandra data but also immediate and propri-
etary access to HerMES data. The main steps toward
our key science goal include:
7.1) Chandra Analysis: The data will be reanalysed
using the Chandra pipeline described by Laird et al.
(2009) which incorporates the Bayesian senstivity
map construction of Georgakakis et al. (2008). The
latter is coupled to the simple but efficient source de-
tection methodology of Laird et al. (2009) and is
designed to take into account all the observational
biases that affect the detection of sources, includ-
ing the Eddigton bias, the variable PSF of Chandra
and vignetting. Such an accurate description of the
X-ray sensitivity is essential for the proposed study,
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Field Chandra area Chandra/HerMES Area Total Time Optical Spectroscopy
(deg2) (deg2) (ks)

CDFS 0.11 0.11 4000 Silverman et al. 2010
ECDFS 0.30 0.30 250 Silverman et al. 2010
CDFN 0.12 0.12 2000 Trouille et al. 2008
EGS 0.67 0.67 1800 Coil et al. 2008
Lockman Hole 1.10 1.10 70 Huang et al. 2011
ELAIS-N1 1.50 1.50 150 Trichas et al 2010
C-COSMOS 0.92 0.92 1800 Civano et al. 2011
BOOTES 9.30 9.30 630 Kochanek et al. 2011
ELAIS-S1 0.60 0.60 160 Feruglio et al. 2008
FLS 0.35 0.35 150 Lacy et al. 2007
total 14.97 14.97 ∼11 Ms

Table 1: List of all HerMES fields with Chandra coverage totaling an area of 14.85 deg2.

which combines fields with very different character-
istics in terms of depth and areal coverage. Our pro-
posed strategy, in which fractions are estimated by
weighting each X-ray source by the 1/Vmax, ensures
that the complex X-ray selection function of the sam-
ple will not affect the results, i.e. any variations in
the far- IR/submm detection rate of AGN with X-ray
lumi- nosity. Some of the proposed fields have al-
ready been analyzeed with this method (Georgakakis
et al. 2008).
7.2) X-ray Spectral Extraction: The extraction of
the X-ray spectra of selected sources to estimate via
spectral fits their obscuration properties, i.e. hydro-
gen column density. This information will be taken
into account in the Vmax caclulation. The automated
spectral extraction pipeline developed for the AEGIS
spectral analysis (Georgakakis et al. 2010) is based
on the ACIS extract (Broos et al. 2002) IDL package.
7.3) Chandra/HerMES Cross Correlation: Cross-
correlation of the HerMES/Chandra data using the
techniques that the Padova Data Fusion Group has
developed for HerMES. The leader of the group
(Vaccari) is a Co-I in this proposal. The HerMES
data are immediately available to the PI as a Co-I of
HerMES.
7.4) X-ray luminosity/redshift plane: Analysis of
the 1 < z < 3 population of luminous AGN on the
X-ray luminosity/redshift plane utilizing the exten-
sive spectroscopic coverage of the selected Chandra
surveys. For the faintest sources we will use the pho-
tometric redshift techniques developed by the Her-
MES team (Rowan-Robinson et al. 2011).
7.5) Accretion & Star-formation Connection: De-

tailed comparison between the accretion and star-
formation properties of the 1 < z < 3 population
of the log L2−10keV > 44 and 43 >log L2−10keV >
44 AGN using the detailed SEDs created to study the
HerMES sources (Rowan-Robinson et al. 2010).
Funding: In consideration of the above goals and
the steps needed to achieve them, we request funds
of ∼51K for the 6-month support of the PI (postdoc)
to work on the proposed project and limited funds
for collaborative and conference trips and publica-
tion costs.
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