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Abstract

Deepest Serendipitous Survey of the Intermediate Galactic Latitude from
XMM-Newton

By Larkin Michelle Duelge

The XMM-Newton Observatory has conducted many observations of the type I active
galactic nucleus 1H0707-495. The 0.7 deg? field of view around the AGN was observed
over the course of ~10 years with a total exposure time of 3.75 Ms, allowing for the
deepest ever serendipitous survey of intermediate galactic latitude. Combined data
from the Furopean Photon Imaging Camera (EPIC) gives the first X-ray “real-colour”
image of this field with a limiting flux of 6.72 x 1076, 2.94 x 1075, and 1.14 x 10~
ergs/cm?/sec in the 0.5-2, 2-4.5, and 4.5-12 keV, respectively. A total of 128 sources
were detected with a photon count > 50 not including one arcmin surrounding 1H0707-
495. The log(N)-log(S) relation in two bands show consistent slopes with previous
surveys and models. Spectra are created and analyzed for the 30 brightest sources and
an additional source of interest. Colour-colour diagrams were made using hardness
ratios to examine the nature of sources that were too dim to study spectroscopically.

23 August 2011
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Chapter 1

Introduction

1.1 X-rays, the Cosmic X-ray Background, and
AGN

X-rays cover the 0.1 to 500 keV range of the electromagnetic spectrum. X-ray
radiation is emitted from astronomical objects containing extremely hot gas and/or
very high-energy particles moving at relativistic speeds. Several astronomical objects
emit X-rays such as galaxy clusters, supernova remnants, active galactic nuclei (AGN),
and compact binary systems containing a white dwarf, neutron star, or black hole.
The terms “soft X-ray” and “hard X-ray” are used to describe the penetrating ability
and are relative terms that change depending on the context being used. For this
work, “soft” will be from 0.5-2 keV and “hard” will be from 2-12 keV.

The cosmic X-ray background (CXRB) was discovered by Giacconi et al. (1962)
during a rocket flight to observe X-rays from the moon. Giacconi found diffuse and
constant X-ray emissions coming from all directions that were not attributed to the
observing instrument. Two options for the origin of this CXRB were proposed. It was
either a superposition of many discrete sources (Setti & Woltjer, 1973) or it was an
optically thin, hot intergalactic medium (Marshall et al., 1980). Since then, surveys
performed on the CXRB have found it to be the former, a superposition of many
point sources. Optical spectroscopy identified the majority of these sources to be

AGN (McHardy et al., 1998; Schmidt et al., 1998; Zamorani et al., 1999).
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Figure 1.1: Left: The Unification Model showing the viewing angles of the type I and
type II Seyfert galaxies (Torres & Anchordoqui, 2004). Right: Spectra of a type II

AGN (top) and a type I AGN (bottom) (Netzer, 1990). The horizontal axis for both
spectra are the same.

AGN have been broken down into groups: Seyfert galaxies, quasars, radio galax-
ies, blazars, and low-ionization nuclear-emission-line regions (LINERS) (Melia, 2009).
Each of those groups can again be subdivided but the majority of this work will be
concentrated on Seyfert type I and type Il galaxies. The AGN Unification Model
(Antonucci & Miller, 1985; Antonucci, 1993) is the theory suggesting both type I and
type 1I Seyfert galaxies are the same object viewed from different orientations. Fig
1.1 on the right shows how the viewing angle is proposed to change from a type I
to a type I AGN. The narrow line region (NLR) and broad line region (BLR) are
named for the shape of the emission lines each region contributes to the optical spec-
tra. In a type II AGN, a dusty torus hides the BLR from view leaving only the NLR
represented in the spectrum (Fig 1.1 top). In a type I AGN, the NLR and BLR are
visible and therefore both contribute to the spectrum (Fig 1.1 bottom). The X-ray
continuum of an AGN spectrum follows a power law of the form F, = v~! where ' is

referred to as the photon index.
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1.2 Deep vs Wide Surveys

Extragalactic surveys have been useful tools for finding information about the
formation and evolution of galaxies, clusters/groups of galaxies, large-scale structures,
and supermassive black holes (Brandt & Hasinger, 2005). The deeper the survey,
the fainter and more distant the objects detected. These objects represent earlier
epochs and can be used to probe galaxy structure and formation. Deep surveys are
important to study the populations of X-ray sources at the faintest levels possible and
help constrain the faint-end population distribution of the CXRB. Such studies have
resulted in the measurements of AGN evolution, growth of super massive black holes,
constrained the physics of high-redshift AGN, performed populations counts of AGN,
and improved understanding of the AGN content of galaxies (Brandt & Hasinger,
2005). On the other hand, wide surveys (Caccianiga et al., 2008; Hasinger et al.,
2007) cover a much larger area and have much higher counting statistics in order
to perform detailed analysis on a larger number of X-ray sources. However, wide
surveys are typically shallow and are unable to represent the faintest X-ray sources
that represent the majority of the CXRB.

Using the observations from surveys, models of the CXRB can be synthesized.
These models have many possible parameters and therefore many models have been
proposed. Some models are based on the unification theory of AGN, luminosity
functions, and cosmological evolution (Comastri et al., 1995) while others use source
counts, redshift distributions, absorptions distributions, and the geometry of the Uni-
verse (Gilli et al., 2001). These are only a few of the parameters that can be taken

into account when modeling the CXRB.
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1.3 Remaining Questions

There are questions that can still be answered with further X-ray surveys, partic-
ularly from deep surveys.

The CXRB is resolved at ~80-95% below 6 keV, but drops to ~60% at higher
energies (Brandt, 2007) suggesting many high energy X-ray sources are still being
missed. Selection incompleteness has limited our understanding of AGN and increas-
ing the number of faint sources studied will allow a better population sample. An
example of the limitations caused by incompleteness demonstrated by Hasinger et al.
(2005) who showed that moderate-luminosity AGN peak later in cosmic evolution
than high-luminosity AGN, contrary to initial intuition. Additional deep surveys can
confirm or deny this unexpected result in the number density of AGN.

How much each source contributes to the CXRB needs to be further constrained.
This can help to form models to find the origin of the CXRB (Comastri et al., 1995).
Within these models there are parameters that can help describe many important
properties of the Universe; the make-up of the CXRB, AGN formation/evolution
rate, galaxy evolution through time, and the cosmological evolution of the universe.

The evolution of the spectral energy distribution of AGN requires further investi-
gation. The evolution of AGN with high redshift and luminosity can only be studied
with deep observations. These are just a few examples of the questions that can be

answered with additional deep observations and multi-wavelength data.
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1.4 Focus of This Work

1HO0707-495

The type I AGN 1H0707-495 has been given substantial time by high-energy as-
tronomers in the past because of its spectral complexity. 1H0707-495 is a popular
target for X-ray observations because of the high variability and broad iron K and L
emission lines (Fabian et al., 2009a). Although different models have been made to
explain the properties of 1TH0707-495, most fail to explain all features (Zoghbi et al.,
2010). In total, over 3.75 Ms (1.25 Ms,, + 1.25 Msyos: + 1.25 Msyose) of exposure
time has been taken with XMM-Newton in order to study this complex AGN. As a
result, the field around 1H0707-495 is one of the deepest fields available from XMM-
Newton. Substantial information can be taken from this existing data to analyze faint

X-ray sources surrounding this AGN.

Our Work

Some of the deepest surveys performed, such as Chandra Deep Field South (Gi-
acconi et al., 2001; Rosati et al., 2002; Giacconi et al., 2002), Chandra Deep Field
North (Giacconi et al., 2002; Brandt et al., 2001), and The XMM Lockman Hole sur-
vey (Hasinger et al., 2001), encompass only high galactic latitude regions (|b] > 27°).
Other surveys, such as those performed by ROSAT (Motch et al., 1998; Morley et al.,
2001), include only the galactic plane. That makes this serendipitous survey impor-
tant in order to collect data from a mixture of source types with low flux limits at
intermediate galactic latitude (|b] ~ 17°) in a wide range of energy bands. These
energy bands allow both hard energy and soft energy sources to be sampled.

The focus of this thesis will be to locate and identify the X-ray sources of the
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deep field circumambient 1H0707-495. This thesis will present a X-ray survey of 128
sources over 0.7 deg? field of view, excluding one arcmin containing the AGN 1H0707-
495. Chapter 2 will discuss the XMM-Newton Observatory and the specifications of
the instruments. Chapter 3 will give details in extracting and reducing the data as
well as the formulas used in the processing. Chapter 4 will give the source count
distribution and the log(N)-log(S) relation. Spectra will be analyzed in chapter 5
using four models in identification of the brightest 30 sources and one additional
source of interest. Chapter 6 will give the hardness ratios of each source displayed
with a model webbing of absorbed power laws. In chapter 7 we will summarize our

results and discuss avenues for future work.
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Chapter 2

The XMM-Newton Observatory

2.1 Overview

The X-ray Spectroscopy Multi-Mirror Mission (XMM) is three 58 shell, Wolter-I
telescopes built by the European Space Agency (ESA). It was launched in December
of 1999 to perform high throughput spectroscopy of cosmic X-ray sources over a broad
band of energies from 0.1-15 keV (Jansen et al., 2001). At the focal plane of the three
nested X-ray Mirror Modules are the two Reflection Grating Spectrometer (RGS)
readout cameras and an European Photon Imaging Camera (EPIC) with one pn semi-
conductor detector and two metal-oxide semi-conductors (MOS) imaging detectors.
Also included on the observatory are the Optical Monitor (OM) instrument and star

trackers (Jansen et al., 2001). Fig 2.1! shows the configuration for XMM-Newton.

2.2 European Photon Imaging Camera (EPIC)

For this survey, the primary detectors used were the EPIC image detectors equipped
with one pn and two MOS cameras. These cameras perform sensitive imaging obser-
vations over a 30 arcmin field of view (FOV) for energy ranges from 0.15 to 15 keV
with a moderate spectral resolution (E/AE ~ 20 — 50) and an angular resolution
full width half maximum (FWHM) of six arcsec. The performance of the telescopes

is based on how effective the mirrors are in collecting photons of different energies.

Lhttp: //heasarc.nasa.gov/docs/xmm/about_overview.html
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MOS Cameras

pn Camera

Outgassing Baffle
X i Telescope Tube
Optical Monitor

Telescope

Mirror Module

Figure 2.1: XMM-Newton observatory system

This is the effective area of the cameras and can be seen in Fig 2.2. As of 2008,
XMM-Newton has not shown any important long-term change in the behaviour of the

background from the EPIC cameras (Rodriguez-Pascual & Gonzalez-Riestra, 2008).

2.2.1 pn Camera

The pn-CCD is named for the pn junction of the semiconductors used in the
configuration of the camera. The angular resolution of the telescope in front of the pn
camera is 15 arcsec (0.004 deg) half energy width (HEW) between 1.5 and 8 keV. The
pixel size is 4.1 arcsec (.001 deg) with a position resolution of 120 um giving angular
resolving capability of 3.3 arcsec (9.17 x 10~* deg)(Striider et al., 2001).

There are four operating modes of the pn camera seen in Fig 2.4: full frame/extended

full frame mode, large window mode, small window mode, and timing mode. The
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Figure 2.2: XMM-Newton EPIC and RGS net effective area (ESA: XMM-Newton
30C, 2010)

choice of observing mode is determined by finding the best way to maximize the FOV
and camera “live-time” while minimizing the out-of-time event (OoT) and pile-up.
An event is characterized by a photon hitting the detector and being read out. This
gives the photons position on the detector, the energy, arrival time, shape (used to
separate X-rays from particles such as cosmic rays), and the CCD number. An event
list is the accumulation of many of these events. If an event is recorded during the
time the CCD is readout, an OoT is created and will need to be taken into account.
When more than one X-ray photon arrives in one camera pixel or in an adjacent pixel
before a read out, there is pile-up. Full frame mode is best for the use of dim extended
sources with a readout cycle taking 73.3 ms, 4.6 ms for reading out and 68.7 ms for
the integration of the image. For brighter sources, the FOV is reduced to decrease
the number of OoT events, to improve the time resolution, and to increase the pile-up
limit. In the large window mode, only the inner half of the CCD is used for imaging,

seen in Fig 2.4. The read out in large window mode is 720 ns per CCD line and the

10
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Figure 2.3: a) Quantum Efficiency of the pn-CCD with fully depleted thickness of
300um (Striider et al., 2001). b) Quantum Efficiency of the two MOS CCDs. MOS1
is the solid line while MOS2 is the dotted line. (ESA: XMM-Newton SOC, 2010)

time resolution is 47.7 ms, dropping the of OoT events to below 0.2%.

The quantum efficiency (QE) is the efficiency of the telescope’s ability to collect
light, is shown in Fig 2.3 (ESA: XMM-Newton SOC, 2010). Although efficient between
0.1-15 keV, the cameras are only reliably calibrated between 0.3-12 keV. In this work,

data will only be considered between 0.3-12 keV unless otherwise specified.

2.2.2 Metal Oxide Semi-conductor Cameras (MOS)

2 so that a mosaic of seven

The imaging area for the MOS camera is ~2.5 cm
CCDs cover the focal plane 62 mm or 28.4 arcmin in diameter. The imaging section
has 600 x 600 pixel grid, each pixel covering 1.1 x 1.1 arcsec of the FOV (Turner et al.,
2001).

The four modes available for the MOS cameras seen in Fig 2.4 are: large window
mode, small window mode, timing mode, and full frame mode. Large window mode

is 300 X 300 pixels with 0.9 s integration and small window mode is 100 x 100 pixels

with 0.3 s integration time. Full frame mode requires a 0.2 s readout time. The overall
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cycle time of the MOS cameras is 2.6 s (Turner et al., 2001). The readout is split into
two sections that can be used separately or together to half the readout time. The
QE of the MOS cameras can be seen in Fig 2.3. The QE of the MOS chips limit the
energy bandpass at the high end as opposed to the pn that has an efficiency up to 15
keV.
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(a) (b)

(8) (b)

Figure 2.4: Operating mode of the pn camera in a) Full frame/extended full frame
mode, b) Large window mode, ¢) Small window mode d) Timing mode(ESA: XMM-
Newton SOC, 2010). Operating mode of the MOS camera: e) Full frame mode, f)
Large window mode, g) Small window mode h) Timing mode.



Chapter 3. X-ray Observations & Data Reduction 14

Chapter 3

X-ray Observatiyons & Data Reduc-

tion

3.1 Observations

The Narrow Line Seyfert Galaxy 1H0707-495 is centered at RA 7 h:8 m:41.0 s and
Dec —49 h:33 m:6.0 s with galactic coordinates £ = 260.°169 and b = —17.°672. XMM-
Newton has made thirteen pointed observations during thirteen different revolutions
(159, 521, 1360, 1361, 1387, 1491, 1492, 1493, 1494, 1971, 1972, 1973, 1974) from
21 October 2000 through 20 September 2010 for a net exposure of ~3.75 Ms (1.25
Ms,, + 1.25 Mspos1 + 1.25 Mspos2). A summary of the observations can be seen
in Table 3.1. All but four of the observations were obtained from the XMM-Newton
Science Archive (XSA)! through ESA. Observations from revolutions 1971 through
1974 were proprietary to N. Schartel who offered them with conditions. The medium
filter was used for all EPIC cameras during all observations. The first two observations
(revolution 159 and 521) were done with the pn camera in full window mode and the
MOS cameras in large window mode. The remaining observations were done with the

pn and MOS cameras in large window mode and small window mode, respectively.

Thttp://xmm.esac.esa.int /xsa/index.shtml


http://xmm.esac.esa.int/xsa/index.shtml

Revolution Observation Date Time Duration Exposure: GTI

ID Start Stop Start[UTC] Stop[UTC] [s] pn [s] MOS1[s] MOS2s]
159 110890201  2000-10-21 2000-10-21  01:27:57 12:46:20 46018 40703 43149 43148
521 148010301  2002-10-12 2002-10-12  11:33:30 09:14:18 79953 78048 79671 79673
1360 506200201  2007-05-16 2007-05-16  06:37:32 17:22:04 40910 38700 40611 40615
1361 506200301  2007-05-14 2007-05-14  02:48:37 13:33:07 40953 38670 40610 40613
1387 506200401  2007-07-06 2007-07-06  11:09:06 22:26:13 42866 40627 42564 42570
1491 511580101  2008-01-29 2008-01-31 18:57:12 04:43:44 123815 121592 123513 123516
1492 511580201  2008-01-31 2008-02-01 18:49:30 23:11:31 176235 102121 102038 102041
1493 511580301  2008-02-02 2008-02-04  20:19:16 01:15:58 122504 104202 94159 94153
1494 511580401  2008-02-04 2008-02-06  22:15:57 02:33:16 121922 101839 102939 102946
1971 653510301  2010-09-13 2010-09-14  01:01:21 08:39:47 116575 113906 114823 114832
1972 653510401  2010-09-15 2010-09-16  01:03:22 12:00:57 128200 125855 123689 123695
1973 653510501  2010-09-17 2010-09-18  01:05:51 09:36:36 127601 117045 118474 118485
1974 653510601  2010-09-19 2010-09-20  01:04:46 10:18:29 129001 119623 121067 121069

Table 3.1: Observing Log.

The XMM-Newton revolution is given in column 1. Column 2 gives the observations ID.
Column 3, 4, and 5 gives start and stop dates, times, and duration of each observation, receptively. Columns 6, 7, and 8

give the GTI exposure time of the pn, MOS1, and MOS2 cameras, respectively.

U0LINPIY DID(T §3 SU0NDALISQ() Ava-Y & 433dvY)

q1
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3.2 Data Reduction

XMM-Newton data was downloaded from the XMM-Newton Science Archive (XSA)?
and processed with version 9.0 of XMM-Newton Scientific Analysis System (SAS)>.
SAS is a collection of tasks, scripts, and libraries specifically designed to reduce and
analyze data collected by the XMM-Newton observatory. HEASARC’s FTOOLS*
(Blackburn, 1995) routines were used to process Flexible Image Transport System
(FITS) files. FTOOLS is a collection of utility programs to create, examine, or mod-
ify data files in this format. The SAS task cifbuild was used to build calibration
index files (CIF) by scanning a list of directories of current calibration files (CCF)
from ESA. To create new files containing additional information regarding instru-
mental housekeeping and calibration, the task odfingest was performed to create
observation data files (ODF). Reprocessing was done to take full advantage of the
latest developments of software and calibration. To do this, epchain was performed
for each CCD on the pn camera and emchain was performed for each CCD on each
of the two MOS cameras. A flow chart for the MOS processing is given in Fig 3.1.
Epchain performed similar tasks as emchain for the pn CCD and is performed twice:
once in standard mode and once for creating OoT event lists. The OoT events were
then subtracted from the source event list. The results of OoT subtraction to a figure

can be seen in Fig. 3.2.

2http://xmm.esac.esa.int /xsa/index.shtml
3http:/ /xmm.esac.esa.int /sas
“http:/ /heasarc.gsfc.nasa.gov/ ftools/


http://xmm.esac.esa.int/xsa/index.shtml
http://xmm.esac.esa.int/sas
http://heasarc.gsfc.nasa.gov/ftools/
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Event list 1
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merged GTI file

Event list 3
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emenergy
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Figure 3.1: Organization of the EPIC MOS event list being combined. The files in
boldly dashed boxes are used (or produced) if they exist. The files in simply dashed
boxes are options of the individual tasks not used in the current chain. A similar
routine occurs for the pn processing. (I. de la Calle, 2011)
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(a) (b) (c)

Figure 3.2: a) Image with Out-of-Time event. b) Out-of-Time event. c) Cleaned
image with Out-of-Time event removed.

Data were processed in the four energy bands 0.5-1, 1-2, 2-4.5, and 4.5-12 keV,
through a pipeline processing described in chapter 3.3. Histograms of counts were
made and energies greater than 12 keV were eliminated as background became dom-
inant and reliable calibration is lost. A good time interval (GTI) is a time interval
where an event list is collected and it is important in the calculation of exposure times
or removing high particle background time periods. GTI are were made by filtering
the high energy background to a threshold of 2 counts/armin?/ks for the MOS and 10
counts/armin? /ks for the pn cameras using tabgtigen. Event lists were made from
the GTI using evselect that were then used to create images for all energy bands
and cameras. Fig 3.3a and b show X-ray images of the pn camera and the combined
MOSI1 and MOS2 cameras, respectively, summed over all observations and energies.
Bin size for the pn and MOS cameras was set to 4.1 arcsec and 1.1 arcsec, respectively
for source detection. Finally all images were combined taking into account different
energy bands. Fig 3.4 shows the X-ray “real-colour” image of the FOV. The standard
convention of energy/colour was used: red from 0.5-2 keV, green from 2-4.5 keV, and

blue from 4.5-12 keV.
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(a) (b)

Figure 3.3: a) Combined X-ray image from all observations for the pn cameras. b)
Combined X-ray image from all observations for the MOS camera.

3.3 Source Detection

Source detection was used with the “edetect_chain Work-Around” in the en-
ergy bands 0.5-1, 1-2, 2-4.5, and 4.5-12 keV. This work around split up the meta
task edetect_chain into its constituent parts so that additional parameters could be
included. A common practice of creating a 2-10 keV band was not included because
of the large energy range that may lead to inaccuracies in the estimates of QE, mirror
vignetting, and FOV. Instead, the 2-4.5 and 4.5-12 keV final products were combined.

The corresponding exposure maps for each image were created using the task
eexmap accounting for the latest calibration information on the mirror vignetting,
QE, and filter transmission. Because of the serendipitous nature of the survey, not
all areas of the field of view were equally sampled. The combined exposure map from
all observations can be seen in Fig 3.5 and the difference in exposure in each area can
be seen. The maps were then corrected for bad pixels, bad columns, and CCD gaps.
Detection masks were created for the pn, MOS1, and MOS2 cameras with emask to

define the area of each detector with exposure area at least 50% of the maximum
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Figure 3.4: X-ray “real-colour” image of combined observations. The colour refers
to different energy bands: red, green, and blue correspond to 0.5-2, 2-4.5, and 4.5-12
keV respectively. Smoothing is done using a 2 arcsec Gaussian kernel.

exposure.

The SAS command eboxdetect was performed on each camera/energy in local
mode to construct a sliding box detection (5 x 5 pixels) creating a preliminary source
list. Any detection with likelihood above eight was included in the preliminary list, as
suggested by the XMM-Newton Handbook (2010). Likelihood is the likelihood that
a source being detected is a spurious detection, £ = —In p, where p is the probability
of the detection occurring by chance. For a £ = 8, a p = 3.35 x 107 Deteption

likelihoods were then transformed into equivalent likelihoods (£s):

Lo=—In(l—- P(g, L), where L' = Zﬁi

i=1
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Figure 3.5: Colour coded vignetting corrected exposure map. The maximum effective
depth is shown in white at 3.75 Ms. RA and Dec are in units of degrees.

where P is the incomplete Gamma function, n is the energy band, v =2+n, £; = %
with C defined by the C statistic used for binned data at low count rates. The C
statistic was developed for a parameterization estimation where the probability need
not be a Gaussian (Cash, 1979).

From the original image, the command esplinemap removed all preliminary sources
found by eboxdetect to create a background map. Fig 3.6 is the 1-2 keV background

map of observation 110890201 for the pn camera, thus any detected source from 1-2
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Figure 3.6: Cheesed background map made from esplinemap of observation
110890201 for the pn camera. All sources detected in this observation within the
energy range of 1-2 keV have been eliminated.

keV has been removed from the image. This spline image has been termed a cheesed
spline background map because of the Swiss cheese appearance from the removed
sources. This cheesed background map is divided by the exposure map to remove
spatial variations. Again eboxdetect was performed, this time in map mode, for
each camera and energy taking into account the background map and made a final
source detection list. The task emldetect used these sources and simultaneously
applied a point spread functions (PSF) and Gaussian model of each source for all
cameras/energies. This constrained the same best-fit value in all energy bands of
each camera for each source. Emldetect used the exposure maps to correct the count
rates for vignetting and losses because of inter-chip gaps, bad pixels, and OoT events.

Source counts (S) and uncertainties (og) are defined as:

COUNtSimg — COUNESprg

1+ \/countsimg + 0.75
B PSF ’ B

PSF

gs
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where counts;y, are the image and background counts and countsy,, are just the

background counts. The count rate (CR) is then

S
"~ Tpn + Triosi + Trrose

CR

where Ty, , Tavos1, Tumos2 are the exposure times of the three instruments computed
from the exposure maps. The count rate-to-flux energy conversion factors (ECF)
are calculated using the latest response matrices assuming a power-law with an X-
ray Galactic absorption Ny = 3 x 10®¥cm~2 ' and photon index ' = 1.7. The
Galactic absorption is because it is an observed flux from within our Galaxy and
there is intergalactic extinction of X-rays due to absorption of the photons between
the source and the observation. The reason for I' = 1.7 will be explained in chapter
4.3. This model has been shown to provide a reasonable representation of the bulk of
X-ray sources (Watson et al., 2009). The total conversion factor was computed using
the overall exposure times of the pn, MOS1, and MOS2 cameras, ECFy,, EC Fy0s1,
ECFuyos2-

Tiot _ Ton Trost + Tros2
ECF,,; ECF,, ECFuyos1 ECFyos2’

where Tiot = (Tpn + Taos1 + Tmosz2). The ECF for each instrument and energy band

can be seen in Table 3.2. The source flux (Fl) is then calculated as

Fx = ECF x CR.

Each source, the probability (p) that counts originate from a background fluctuation

was calculated from the Poisson function:

fxmm.vilspa.esa.es/docs/documents/CAL-TN-0023-2-1.ps.gz



