Correction of space weather-related effects on
eROSITA data
Simon Matteo Dannhauer

Bachelorarbeit in Physik
angefertigt im Argelander-Institut für Astronomie
vorgelegt der
Mathematisch-Naturwissenschaftlichen Fakultät
der
Rheinischen Friedrich-Wilhelms-Universität
Bonn
Juli 2019

Ich versichere, dass ich diese Arbeit selbstständig verfasst und keine anderen als die angegebenen
Quellen und Hilfsmittel benutzt sowie die Zitate kenntlich gemacht habe.
Bonn,

.................
Datum

1. Gutachter:
2. Gutachter:

Prof. Dr. Thomas Reiprich
Prof. Dr. Peter Schneider

...................................
Unterschrift

Abstract
Context: The X-ray space telescope eROSITA is going to observe the sky with an unprecedented
sensitivity. However the observations will be affected by solar flares. These flares need to be removed
to prepare the observations for scientific analysis.
Methods: I used the science analysis tool flaregti of the eSASS pipeline to remove flares in simulated
eROSITA observations and tested several parameters to improve the final result.
Results: With the current release no major flaws are to be expected. The flare removal works and
flares are detected and removed. By adjusting the parameters of flaregti, we could improve the results.
For the simulated fields that were supplied a fixed threshold worked best.
Conclusion: It is necessary to test the performance of the flare removal in fields with bright and
extended sources to make a final decision if a fixed threshold should be preferred over a dynamic
threshold. In this case, implementing the possibility to set a lower rate bound for the fixed threshold
should be discussed. As an alternative it is possible to use a dynamic threshold with an upper bound.
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1

Introduction
The following bachelor thesis will explain how space weather, especially solar flares, affects the
observation by X-ray telescopes and how those effects can and will be corrected in the upcoming
eROSITA (extended ROentgen Survey with an Imaging Telescope Array) X-ray telescope.
X-ray astronomy has seen, due to technological improvement, a rise in recent years and allows an
investigation of phenomena in high-energy astronomy that has not been possible with classic optical
observation techniques. Especially the observation of galaxy clusters with the Spektr-RG satellite (a
Russian-German cooperation) and its main telescope eROSITA has the potential to give us a better
understanding of what we call dark energy and with that a better understanding of the past and future of
our universe. This scientific progress will be made possible by eROSITA unprecedented (A. Pillepich
et al., 2018) all-sky survey that will be approximately 20 times (A. Merloni et al., 2012) more sensitive
than a previous all sky survey in the low energy band (0.5-2.0 keV), which will lead to eROSITA
detecting 100.000 new galaxy clusters. While eROSITA will be placed in an orbit around the Lagrange
point 2 (normally referred to as L2), previous X-ray satellites have in common that they were placed in
orbits around the earth. This creates a new uncertainty to what extent flares will affect the observation
and how well existing flare-correction tools will work with eROSITA. In the following chapters I will
give the reader a theoretical introduction to the problems and benefits of X-ray astronomy with a heavy
focus on the parts most important for this thesis. Afterwards we will get to know the science analysis
software used for eROSITA, explain the workflow and introduce the flare reduction tool flaregti. After
explaining how it works, I will present my results in using it.
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2

Theoretical background
2.1 X-ray astronomy
There are several possible sources of X-radiation in the universe that can be observed by telescopes
(Reiprich, 2018).X-rays are emitted as blackbody radiation based on the temperature of the object and
described by Planck’s law. This is the case for extremely hot objects (e.g neutron-stars), but also other
effects, such as bremsstrahlung, lead to the creation of X-rays. Bremsstrahlung describes the emission
of X-rays due to the acceleration of a particle at a close encounter with other charged particles. This
usually happens in an optically thin medium, for example the gas in galaxy clusters, and exactly where
we can observe a thermal bremsstrahlungs-spectrum. Other effects that lead to the creation of X-rays
include the inverse Compton-effect, where a photon gains energy by scattering of relativistic electrons
( Reiprich, 2018). Most galactic and extragalactic objects emit or absorb X-ray wavelength and can be
studied using X-ray telescopes. A problem in X-ray astronomy is the impenetrability of the earth’s
atmosphere, which requires the construction of space telescopes. These telescopes generally orbit
around earth and also detect unwanted particles and photons, the so called X-ray background, which
needs to be excluded in the final observation. This reduces the exposure time of the observed sky field
and can, depending of the strength of the flares, render the observation useless.

2.2 X-ray background
We can distinguish between several different components (see table 2.1) of the X-ray background
(Read and Ponman, 2003). X-ray telescopes detect photons from extragalactic point sources (e.g
AGNs) that the telescope itself can‘t resolve, which is called Hard X-ray background due to its energy
above 1keV. Another component is the so called Soft X-ray background with energies below 1keV.
This background component consists of thermal emission within our galaxy and the Local Bubble.
While these photons create a uniform background, there is also a particle background. The particle
background consists of the flares, which are expected to be solar protons (see chapter 2.3 for further
information) and cosmic rays. While cosmic rays vary just slightly from observation to observation in
their strength, flares dont’t seem to follow any regularity, which makes filtering them harder.
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Particles

Photons

Soft protons

Internal/
Cosmic-ray induced

Hard X-ray

Source:

Solar protons/ flares

Interaction of high energy
particles with detector

Unresolved
AGNs

Variable?
Spectral:

Unpredictable
Variable

± 10%
Flat+line

Constant
1.4 Power law

Soft X-ray
Local Bubble/
Galactic Disk/
Galactic Halo
Constant
Thermal emission

Table 2.1: Overview of different components in the X-ray background (adapted from Read and Ponman, 2003).

2.3 Flares
Flares are expected to be soft protons with an energy of a couple hundred keV (S. Snowden et al.,
2007). We know, that we are dealing with particles and not random noise, because flares have a
vignetted component, which is created by the interaction with the telescope mirror (Kuntz, 2014).
Electrons can be excluded as a candidate, because they would behave differently in magnetic fields due
to their lower mass. Based on the flared time intervals in XMM and Chandra observations, we also
know that they correlate in a complex way with the earth’s magnetosphere and the satellites position
in its orbit. Flares can be detected in the data by creating a histogram of the count rate and excluding
time intervals with a count rate higher than a given threshold. This threshold can either be a fixed
value or dynamic over the field of view (FOV).

Figure 2.1: Detection and exclusion of flared time intervals in XMM-data (credit: S. Snowden et al., 2007). The
threshold of the count rate is set by fitting a Gaussian profile on the histogram of count rates (upper image).
After this fitting, the value for the peak is used as the expected count rate for the given time frame, times with
N-times sigma above the mean are excluded.

4

2.4 eROSITA

2.4 eROSITA
The main instrument of the Russian-German Spektr-RG satellite is called eROSITA. Over the course of
four years it will produce an all sky survey, the first ever in the hard energy band (2-10 keV, A. Merloni
et al., 2012) and 20-times more sensitive than the ROSAT all sky survey in the soft energy band (0.5-2
keV). The FOV of eROSITA is 1.03 deg in diameter and the telescope consists of seven identical Wolter-I
mirrors. A Wolter-I mirror is a common telescope design for X-ray satellites and based on
the total internal reflection of X-rays for shallow
angles (H. Wolter, 1952). It would be possible to
build a telescope for X-rays using just a paraboloid mirror, due to the shallow angle an incoming
beam would interact with the mirror this would
result in a high focal length and subsequently
in a narrow field of view. A Wolter-I telescope
uses the grazing incidence of a combination of
a paraboloid and a hyperboloid mirror to focus
light. The combination of mirrors allows to focus
light which is not exactly in the center of the FOV.
Figure 2.2: Beam path in a Wolter-I telescope.4
Each telescope has its own pn-CCD, which is
optimized for a high quantum efficiency at high
energies. The satellite will orbit around L2 and will be the first X-ray telescope to do so. The Lagrange
points are places, where the gravitational pull between earth and sun and the orbital motion compensate
(ESA, 2013). L2 is a point on the connecting line between earth and sun, placed on the not sun
facing site of the earth. This allows uninterrupted observations without a change in temperature. A
disadvantage of this orbit will be the expected higher flux of particles (A. Merloni et al., 2012), which
needs to be corrected.
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This drawing was done using draw.io.
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eROSITA Scientific Analysis Software System
(eSASS)
3.1 Software
The science analysis software for eROSITA is called eSASS. For my bachelor thesis I used the user
release eSASSusers190520. I spent most of the time using the tasks evtool and flaregti but also tested
the other tasks listed in the internal Wiki5 to test the programs functionality. The workflow in eSASS
is straight forward. After sourcing the program itself and HEAsoft, the tasks can be applied over the
terminal. In the following I will show some examples of a few tasks in eSASS.

Figure 3.1: Running the expmap task with default values on a file called agnlistbkgall.fits, which is also used as
the template image. This task will create an exposure map called expmap_eb1.fits in the energy band from
1.0-10.0 keV. An exemplary exposure map can be found in the appendix H.1.

If something else than the default values is required, one can change this by calling the task and
specifying the output.

Figure 3.2: In this example we combine the observation of seven CCDs into one file called agnlistcombined.fits
with evtool. Because by default no image in the extension is generated, we specify this when calling the task by
typing image=yes.
5

https://wiki.mpe.mpg.de/eRosita/TaskDescriptions
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3.2 flaregti
3.2.1 Flare detection
The supplied tool for flare filtering is called flaregti. It detects flares similar to the process documented
in S. Snowden et al., 2007. Before creating the light curve of a sky tile, it detects and masks out point
sources (Sanders, 2018). In the next step it computes a threshold rate for a set of grid points in the sky
region to reduce the flux of a detected source. Then it uses the threshold rate of the nearest point to the
centre of the FOV in the timebin. This information is then written into a FLAREGTI extension in the
event file. Flaregti works just like the other tasks in eSASS over the terminal. Important parameters
are:
• mask_iter: To get better results in every step flaregti repeats the process three times, with this
parameter the repetitions can be set to another value.
• timebin: This parameter expects a timebin size for creating the light curve . The default is set
to 20s.
• pimin/pimax: The pimin/pimax-parameters allow to select an energy band in which the light
curve is extracted. They are set to pimin=0.2keV and pimax=10keV by default.
• threshold: This parameter is set to a negative value by default, which makes it dynamic for the
selected tile. If the threshold is dynamic it will be determined for each grid in the sky region
separately. By using a positive value for the count rate the threshold is fixed.
• write_thresholdimg: Because the threshold is generally dynamic, it can be interesting to see
how the threshold is distributed over the sky tile. By setting this parameter to yes an image with
the values for each grid is created. An exemplary threshold image can be found in the appendix
H.2.
• gtifile: If the inclusion of the good time intervals (GTI) to the input event file is not wanted, it
is also possible to write the extensions to an extra file specified with the task gtifile.
In the standard configuration three files are created by using the task. A light curve and the mask
of the point source are saved and the input file is modified by adding a FLAREGTI extension (for
each telescope) where the GTI’s are included (if not specified differently by using gtifile). In these
extensions the time intervals are not applied to the input file. To apply the GTI’s one needs to run evtool
on the file again and specify the time intervals which need to be selected by typing gti=FLAREGTI.

3.2.2 Simulations
For my thesis I used the July 2014 release of simulations made by Nicolas Clerc. These simulations are
created by using the SIXTE-simulator and follow a cosmology of ⌦m =0.3, ⌦L =0.7, h=0.72 and ⌦k =0
(Clerc, 2013). Each telescope is simulated separately and one simulation has a length of four years,
the time it takes eROSITA to complete eight all sky surveys. There is a total of four 3.6x3.6deg fields

8

3.2 flaregti
simulated (with and without solar flares), Location
Field ID Gal. NH/cm2 Exp. time
varying in exposure time and galactic hy- Equatorial
2090
3.0·1020
1.6ks
drogen column density (see table 3.1). This
20
Intermediate 110135
8.8·10
4ks
background is created by using real XMM
Deep
87147
6.3·1020
20ks
background flares (Clerc, 2014a). The back20
93156
4.4·10
20-200ks
ground light curves were normalized to their Polar
base level and distributed randomly based Table 3.1: Four different field with varying exposure time and
on their strength (strong flares are less com- galactic hydrogen column density (Clerc, 2014a).
mon than weak flares). Before using the
simulations, I needed to merge the CCD files for each telescope and each field (with and without
background) using evtool. The position of the fields in the sky can be seen in the appendix A.1-A.4.
Because they also simulated background outside the field, I filtered these events by applying a filter on
the x- and y-range as shown in Clerc, 2014a.

9
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Results
In a first step to compare the fields with and without flares, I displayed images of the field using
SAOImage DS9. This allows for an easy overview if the merging worked correctly, and we can see
how the flares affect the area.

Figure 4.1: Intermediate field without (left) and with flares (right). Settings in DS9: color=sls, scale=log,
smooth (with a gaussian of 3 pixels). The size of the field is 3.6x3.6deg the energy band is from 0.5-10keV.

In figure 4.1 we can clearly see a diagonal stripe in the right image, showing us that we have indeed
a flared component in our file. We find clearly recognizable flares in every field, which can be seen
in the appendix B.1,B.2 and B.3. In the next step we are going to take a look at the masks flaregti
produces. These masks are the first step in the flaregti algorithm and are meant to mask out the point
sources in the field before creating the light curve. In figure 4.2 we can see the mask of the polar field
without and with flares. We see immediately that we find more sources in the field without flares, this
is what we find for every field (see appendix C.1-C.3) . If this would not be the case, it would mean
flares do not interfere with the observation, so this only makes sense.

11
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Figure 4.2: Mask of the polar field with (right) and without flares (left). The point sources are extracted in an
energy band from 0.2keV-10keV.

We expect to find flares by taking a look at the number of counts in the fields. The counts we find
can be counted manually by summing the events in a given timebin or by using the flaregti output. For
our first test we used a timebin size of 20s.

Figure 4.3: Counts for the equatorial field without (left) and with (right) flares.

As we can see for the equatorial field in figure 4.3 and for the other field in the appendix D.1-4.4
we find eight peaks over the course of the simulated four years. This is because eROSITA finishes
an all sky survey every six month. In the time between the peaks the telescope is looking at another
part in the sky and no counts are detected in our field. The times axis uses the unix timestamp of the
simulation. As expected we find in every field with flares more counts compared to the field without
flares. We also see that we get for every observation of a field without flares the same number of
counts. For every rotation around its axis the telescope is going to pass through the poles, because of
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this we are expecting a higher exposure time in our polar field and to find counts in between the peaks
(see figure 4.4).

Figure 4.4: Counts for the polar field without (left) and with (right) flares.

To get a better understanding how well the flare reduction works, we are going to take a look at the
count rate (which takes the observed area into account). We are going to apply the flaregti task on
fields with and without flares. We expect the task to reproduce the light curve of the field without
flares and filter flared time intervals in the flared fields. The filtered light curve is colored pink and the
original light curve is colored green. The filtered light curve is based on the FILTRATE extension in
the output light curve of flaregti, where the count rate of filtered time intervals is set to -1. This can
only be seen if we take a closer look at a peak in the fields and not if we look at the whole four years.
The same plots for the complete four years can be found in the appendix E.1-E.4.

Figure 4.5: Count rate for the zoomed polar field without (left) and with (right) flares.

We can see that in all fields without flares we find a more or less constant rate (see also appendix
E.5,E.6). Furthermore, we see that in the fields without flares the original rate is mostly reproduced.
Statistical fluctuations above a threshold rate are expected and removed to an acceptable degree. In
the flared fields we can see that all peaks are removed (the count rate is set to -1, these time intervals
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will be removed once the gti parameter is applied). In all fields the flare reduction seems to work good
and detected all flares rightfully with the exception of a peak in the equatorial field.

Figure 4.6: Count rate for the zoomed equatorial field without (left) and with (right) flares.

As we can see in figure 4.6 we have two peaks in the flared field of which the second one is rightfully
removed, but for the first peak the FILTRATE is set to a higher value instead to -1. In a next step we
try to improve this result by changing several parameters. We also want to see if changing parameters
improves the amount of unfiltered data in a field without flares (we are choosing the polar field). First
we are going to increase the timebin size, which is set to 20s by default. This has the advantage that
more data is in one bin but could lead to ignoring very short flared time intervals. We are changing
the timebin size to 50s and 100s by applying the timebin parameter while running flaregti.

Figure 4.7: Count rate for the zoomed polar field without flares. On the left the timebin is set (by default) to 20s.

In figure 4.7 we can see that a binning parameter of 50s managed to improve the result slightly,
because a few peaks are now preserved but a binning parameter of 100s set several times to -1 and
will wrongfully remove them (please note the scale of the x-axis, the change of the timebin size can
not be seen here). This is why we will only test a binning parameter of 50s on the equatorial field.
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Figure 4.8: Count rate for the zoomed equatorial field with flares. The plot on the left uses a timebin of 20s and
was already shown in figure 4.6.

As we can see in figure 4.8, the binning parameter does not improve the performance on the first
peak. The second peak is straightened but still correctly removed. For the next step the timebin is set
back to 20s for better comparison with previous results. Another possibility is to extract the light curve
in a higher energy band, because this would filter most undetected sources still present in the data.
Before we are going to do that I tested if there are other problems created by the source extraction by
only masking out sources with a high energy of 6-10keV instead of the broad default energy band of
0.2-10keV. The energy range is selected by using the mask_pimin/ mask_pimax parameters.

Figure 4.9: Count rate for the zoomed equatorial field with flares and zoomed polar field without flares with
sources found and excluded in a high energy band.

As we can see in figure 4.9 we do not find a significant change in distribution of peaks in the
exemplary fields we selected. This tells us that the source extractions performance is not heavily
dependent on the energy range. With this out the way we can change the energy band in which the light
curve is extracted. By default this energy range is set also from 0.2-10keV, which is very uncommon.
For my test I choose again a higher energy band from 6-10keV.
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Figure 4.10: Count rate for the zoomed equatorial field with flares and zoomed polar field without flares with
the light curve extracted in a higher energy band.

As expected we find a lower count rate, because we are not any longer displaying events with an
energy below 6keV. Because, besides this, no change in the course of the rate is noticeable, it seems
like most sources in the observed time interval are already correctly removed. If this would not be the
case, we would see a further leveling out of the count rate. In all these tests the threshold that is set by
flaregti was dynamic, which means that it is determined based on the position in the field. Because we
do not have any clusters in our simulations (which would require a threshold dependent on the position
in the field) it is unnecessary to use a dynamic threshold and maybe could get better results by using
a fixed threshold (in real life situations maybe also with a high energy light curve extraction). To
determine the correct threshold rate for each field, we create histograms and fit a Gaussian distribution
to them. The code I used for fitting can be found for reference in the appendix F.

Figure 4.11: Histogram for the polar field without (left) and with (right) flares with a fitted Gaussian distribution.

Times where the count rate was zero, because the telescope was pointing at another part in the sky,
were excluded. The histograms of the other fields can be found in the appendix G.1-G.3. In all fields
without flares we find a small tail towards low energies in the data. We also find that in the flared
fields the mean and the standard deviation is slightly higher.
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The fixed threshold is calculated as noted in S. Snowden et al., 2007 by µ+1.5 . They also note a
second threshold set on the lower end to not get a bias towards low count rates, this is not possible
with flaregti at the moment and maybe should be implemented in a future release.

Figure 4.12: Count rate with a fixed threshold in the zoomed equatorial field with (left) and the zoomed polar
field without flares (right)

If we apply a fixed threshold on our fields with and without flares and take a look at our two
exemplary cases, we can see that we finally managed to filter the second peak in the equatorial correctly
and reproduce the performance of the dynamic threshold in the polar field without flares. This proofs
that the observed data that is lost in the fields without flares is just statical fluctuations with a high
count rate and not a significant flaw in the flare removal. It should also be noted that the fixed threshold
is set on the lower end and can be set higher (e.g µ+3 ). This will lead to a higher percentage of
preserved data.

Figure 4.13: Count rate with (right) and without (left) a fixed threshold in the flared polar field. The left picture
was already shown in 4.5.

The fixed threshold also reproduced the results in the polar field with flares, if one looks closely
we can see that it performed even a bit better, as we can see in figure 4.13. We found that a fixed
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threshold works very well in the simulated cases and can be an alternative in similar real life situations.
In a final step we are going to create images after the flares are removed. By doing so we will be
able to compare them to our images that were shown in the beginning of chapter and see how well
the flare removal worked. The flared time intervals are removed by running evtool and selecting the
FLAREGTI with the gti parameter. To correct for the reduction in exposure time, we divide the file by
the exposure map, which is also smoothed in the same manner the images were smoothed. For these
steps I used FTOOLS.

(a) Equatorial field

(c) Deep field

(b) Intermediate field

(d) Polar field

Figure 4.14: Our fields after running flaregti with a fixed threshold. The images are corrected for the exposure
(a reference for the polar field can be found in the appendix H.3). DS9 settings I used are: color=sls, scale=log,
smooth with a gaussian of 3 pixels.

In the images shown in figure 4.14 no flares seem to be recognizable and the flare removal seems to
work fine. We know this by comparing these images with the images without flares in the appendix B.
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We find brighter areas in the borders of the deep field which might be an artifact of the flare removal.
These border effects are not recognizable in the other fields.
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Conclusion/ Outlook
In the latest eSASS release the flare reduction and source extraction works well and flares are removed.
We found that the dynamic threshold sometimes does not recognize flares and improved our results
slightly by using a timebin size of 50s. For the fields that were simulated, we managed to get the best
results by using a fixed threshold. This will only be possible to a certain degree, once bright and
extended sources are in the observed field, because in this case the expected rate depends heavily on
the position in the field. The performance of a fixed threshold (maybe in combination with a high
energy band for the light curve extraction), could not be tested with the supplied simulations in this
case. To preserve more good data it is also advantageous to set the upper limit for the fixed threshold a
bit higher by using for example three times sigma. With the current release it is not possible to set a
lower limit for the fixed threshold (as discussed in S. Snowden et al., 2007), to prevent a bias towards
low count rates. As an alternative it is possible to use a dynamic threshold with the max_threshold
option. Here a threshold is determined dynamic but can never exceed a given value. The simulated
flares are based on XMM observations and eROSITA is expected to have even stronger flaring. Before
informations about the flares for eROSITA are available, using XMM as a model is a good assumption.
With the flare reduction set to go, X-ray astronomers can now await the observations eROSITA will
deliver. The dataset that will be created over the course of four years will take decades to analyze and
will lead to huge scientific progress in many fields. As an example one could give the 100.000 new
galaxy clusters eROSITA is expected to discover. Their creation is strongly affected by dark energy
and a better understanding of this will lead to a better understanding of nothing less than the fate of
our universe. Even the distribution of the flares can be used to better understand the processes that
lead to their creation and their correlation with the earth’s magnetosphere. These are exiting times for
astronomy and X-ray astronomy in general!

21

Bibliography
A. Merloni et al. (2012), eROSITA Science Book: Mapping the Structure of the Energetic Universe,
arxiv: {1209.3114},
: %7Bhttps://arxiv.org/pdf/1209.3114.pdf%7D (cit. on pp. 1, 5).
A. Pillepich et al. (2018), The X-ray cluster survey with eROSITA: forecasts for cosmology, cluster
physics and primordial non-Gaussianity, arxiv: {1111.6587},
: https://arxiv.org/abs/
1111.6587 (cit. on p. 1).
Clerc, N. (2013), Description of Release January 2013,
: https://wiki.mpe.mpg.de/eRosita/
SyntheticSimulations / ReleaseJan2013Description # Description _ of _ sources (cit.
on p. 8).
– (2014a), Description of Release July 2014,
: https : / / wiki . mpe . mpg . de / eRosita /
SyntheticSimulations/ReleaseJuly2014Description#What_does_the_event_list_
contain.3F (cit. on p. 9).
– (2014b), eROSITA synthetic simulations: Release July 2014,
: http://www2011.mpe.mpg.
de/erosita/simul/synthetic/Release_July2014/ (cit. on pp. 25, 26).
ESA (2013), What are Lagrange points?,
: http://www.esa.int/Our_Activities/Space_
Science/What_are_Lagrange_points (cit. on p. 5).
H. Wolter (1952), Spiegelsysteme streifenden Einfalls als abbildende Optiken fiir Röntgenstrahlen,
:
https://onlinelibrary.wiley.com/doi/epdf/10.1002/andp.19524450108 (cit. on
p. 5).
Kuntz, K. (2014), Why are the soft proton flares such a problem for XMM, Not a (significant) problem
for Chandra, and is there anything to be done about them?,
: http://web.mit.edu/iachec/
meetings/2014/Presentations/Kuntz.pdf (cit. on p. 4).
Read and Ponman (2003), The XMM-Newton EPIC background: Production of background maps and
event files,
: https://www.aanda.org/articles/aa/pdf/2003/37/aa3838.pdf (cit. on
pp. 3, 4).
Reiprich, T. H. (2018), X-ray astronomy (cit. on p. 3).
S. Snowden et al. (2007), A catalog of galaxy clusters observed by XMM-Newton,
: https:
//www.aanda.org/articles/aa/pdf/2008/05/aa7930-07.pdf (cit. on pp. 4, 8, 17, 21).
Sanders, J. (2018), FLAREGTI flare screening: algorithm and tests,
: https://wiki.mpe.mpg.
de/eRosita/eSASS_splinter_Apr2018?action=AttachFile%5C&do=view%5C&target=
18-04-sanders-flaregti.pdf (cit. on p. 8).

23

AP P E NDI X

A

Position of the simulated fields in the sky

Figure A.1: Equatorial field (Clerc, 2014b)

Figure A.2: Intermediate field (Clerc, 2014b)
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Appendix A Position of the simulated fields in the sky

Figure A.3: Deep field (Clerc, 2014b)

Figure A.4: Polar field (Clerc, 2014b)
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B

Fields with and without flares in DS9

Figure B.1: Equatorial field without (left) and with flares (right). Settings in DS9: color=sls, scale=log, smooth
(with a gaussian of 3 pixels). The size of the field is 3.6x3.6deg and the simulations are created for an energy
band from 0.5-10keV.
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Appendix B Fields with and without flares in DS9

Figure B.2: Deep field without (left) and with flares (right). Settings in DS9: color=sls, scale=log, smooth (with
a gaussian of 3 pixels). The size of the field is 3.6x3.6deg and the simulations are created for an energy band
from 0.5-10keV.

Figure B.3: Polar field without (left) and with flares (right). Settings in DS9: color=sls, scale=log, smooth (with
a gaussian of 3 pixels). The size of the field is 3.6x3.6deg and the simulations are created for an energy band
from 0.5-10keV. Please note that we can clearly see a difference in exposure time in this field. The exposure
time is the highest in the bright blue circles, which is why we see the most sources in this area. For a further
analysis we are going to correct for the exposure time by dividing the events by the exposure map. This effect is
existing but not notable in the other fields.
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C

Masks of the fields with and without flares

Figure C.1: Mask of the equatorial field, on the left side without flares and on the right side with simulated
flares. The point sources are detected in an energy band from 0.2keV-10keV.
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Appendix C Masks of the fields with and without flares

Figure C.2: Mask of the intermediate field with (right) and without flares (left). The point sources are extracted
in an energy band from 0.2keV-10keV.

Figure C.3: Mask of the deep field with (right) and without flares (left). The point sources are extracted in an
energy band from 0.2keV-10keV.
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Flare removal: counts

Figure D.1: Counts for the intermediate field without (left) and with (right) flares.

Figure D.2: Counts for the deep field without (left) and with (right) flares.
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E

Flare removal: count rate

Figure E.1: Count rate for the equatorial field without (left) and with (right) flares. In pink the count rate after
flaregti is shown.

Figure E.2: Count rate for the intermediate field without (left) and with (right) flares. In pink the count rate after
flaregti is shown.
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Appendix E Flare removal: count rate

Figure E.3: Count rate for the deep field without (left) and with (right) flares. In pink the count rate after flaregti
is shown.

Figure E.4: Count rate for the polar field without (left) and with (right) flares. In pink the count rate after flaregti
is shown.
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Zoomed in on a peak

Figure E.5: Count rate for the zoomed intermediate field without (left) and with (right) flares.

Figure E.6: Count rate for the zoomed deep field without (left) and with (right) flares.
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F

Code
The python code I used for fitting a Gaussian distribution to a count rate histogram. In this example
the histogram for the flared deep field is created.
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Appendix F Code
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G

Flare removal: histograms

Figure G.1: Histogram for the equatorial field without (left) and with (right) flares with a fitted Gaussian
distribution.

Figure G.2: Histogram for the intermediate field without (left) and with (right) flares with a fitted Gaussian
distribution.
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Appendix G Flare removal: histograms

Figure G.3: Histogram for the deep field without (left) and with (right) flares with a fitted Gaussian distribution.
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Miscellaneous

Exposure map

Figure H.1: Exemplary exposure map of the polar field with flares.
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Appendix H Miscellaneous

Threshold image

Figure H.2: The output of the write_thresholdimg parameter for the un-flared deep field. The unit of the legend
is cts/s/deg2 . Because the threshold parameter is set to dynamic, flaregti chooses the correct rate for each bin
separately.

Polar field without flares exposure corrected

Figure H.3: The polar field without flares after dividing by a smoothed exposure map. This image can be used
as a reference for the results after flare filtering in 4.14.
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