






Figure 62: Examples of disturbed galaxies in the AGN host (on the left) and non-AGN galaxies
(on the right-hand side). Each object panel has 4 thumbnails: top left is the cutout from the ACS
tile, top right is the GALFIT model, bottom left is the residual of the image, and bottom right is the
PSF-subtracted image, which essentially is the host galaxy. For the quiescent galaxies on the right,
the bottom right plot is the original image, since we applied a one-component fit.
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12 Conclusions and future perspectives

In this thesis we described the results of a survey aimed at resolving and studying
properties of the host galaxies of high-redshift X-ray selected luminous QSOs from
the COSMOS Survey. Most of the objects in our sample are unobscured AGNs,
with either a spectroscopic or high-quality photometric redshift available. Our
survey covers the redshift range 1.5 < z < 3.7 covered by our survey, which corre-
sponds to the epoch of the peak of AGN and star-forming activity. Almost all the
studies of high-redshift AGN hosts conducted until now, were done within surveys
that covered relatively small areas on the sky with multi-band photometry, and only
a small number of sources available for the analysis. However, multi-wavelength
observations allow to access the rest-frame optical range for high-redshift objects,
which provides higher flux ratio between the host and nucleus in the rest-frame
UV. The COSMOS Survey on the one has a large area and large number of sources
available for the analysis, but on the other hand a single HST filter coverage, that
corresponds to the rest-frame UV at redshifts z > 1.5, which make it somewhat
challenging to study the hosts of luminous AGNs.

We attempted to resolve host galaxies of a large sample of X-ray selected QSOs
with 43.5 < logLX < 45.5 from the XMM COSMOS Survey. At the redshifts of
our sample, galaxies no longer obey the Hubble sequence and instead often have
a very irregular structure with bright knots of star-formation. Despite all these
complications, we have shown that we could recover host galaxy’s properties of
∼ 76% of these X-ray selected QSOs using 2-D surface brightness profile fitting
with GALFIT. We assumed a Sérsic+PSF model for every resolved AGN, allowing
the Sérsic index to take values of n=1 for late-type disc morphologies and n=4 for
early-type spheroidals. The final sample of hosts consists of 265 objects, all of
which have measurements of apparent magnitudes and radii available, which we
converted to absolute units using the Standard ΛCDM Cosmology. We did not
apply k-corrections for these galaxies, because its value is negligible for actively
star-forming galaxies. Additionally, we performed a visual classification of the
degree of disturbance of these host galaxies, to test the recent finding that medium
luminosity AGN are, probably, not triggered by Major Mergers, but rather secular
processes.

To compare AGN hosts to non-AGN galaxies we have also created a sample
of quiescent galaxies, matched to the hosts in absolute magnitude-redshift space.
We performed a morphological analysis of the quiescent galaxies’ properties the
same way as for the AGN hosts, except for using a single Sérsic component fit. At
the considered redshifts, UV-bright galaxies are frequently found in an interacting
state, therefore fitting these objects often involved the manual inclusion of addi-
tional components to fit neighboring galaxies, which are often impossible to mask
out. However, the accurate knowledge of initial guesses for the fitting parameters,
that should be provided to GALFIT, is not as crucial as for AGN host galaxies, due
to the absence of a PSF component in the fits.

After the fitting of galaxies in both samples, we compared their properties and
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environments. These are the main achievements of this study:

1. We performed a data reduction of the HST/ACS COSMOS data, offering a
better better sampling and stability than publicly available data in the MAST
archive1.

2. The resulting absolute size-magnitude relations of AGN hosts and non-AGN
galaxies appear to be very similar over the entire redshift range, indepen-
dently of morphological type, except for a number of very compact bright
galaxies among AGN hosts, which, however, may be false detections. If we
compare our results to apparent size-magnitude relations from other stud-
ies of galaxies of brighter apparent magnitudes they are fully consistent.
Taking into account, that the observations are done at different rest-frame
wavelengths, it suggests that the evolution of sizes of galaxies may not be
changing significantly when observed at different bands.

3. We showed that galaxy sizes evolve as ∼ (1 + z)−1.3. This scaling corre-
sponds to predictions of the hierarchical model for scaling with the size of
the dark matter halo, in which a galaxy resides: under the assumption, that
the radius of the baryonic disc is a fixed fraction of the size of its dark matter
halo, the baryonic disc radius is expected to scale at a fixed circular velocity
as ∼ H(z)−1 or at a fixed virial mass as ∼ H(z)−

2
3 , where H(z) is the Hub-

ble parameter H(z) = H0(Ωm(1 + z)3 + Ωk(1 + z)2 + ΩΛ)
1
2 . The comparison

of absolute radii to other studies is more complicated because of their dif-
ferent luminosity selection. Still, the absolute values we find are within the
error bars of measurements from other studies. If we apply correction to the
host galaxies radii implied by mock QSOs simulations, the scaling relation
is measured to be in an even better agreement with theoretical prediction,
scaling at a fixed circular velocity as ∼ (1 + z)−1.5.

4. Allowing the Sérsic index to take values of n=1 for a late-type morphology
and n=4 for an early-type/spheroidal we were able to determine the preva-
lent morphological type of the AGN host galaxies. According to numerical
simulations, Major Mergers are responsible for the growth of a fraction of
present day galaxies, delivering gas for star formation and AGN fueling from
the outskirts of a galaxy to its center. But simulations also show, that after
galaxies experience a Major Merger, they form an early-type galaxy or at
least a significant bulge component. Our results are showing a significant
prevalence of disc-dominated morphologies over early-type galaxies, which
is suggesting that these galaxies probably did not recently go through a Ma-
jor Merger stage. The prevalence of disc-dominated morphologies was also
previously reported both for low-redshift and high-redshift host galaxies of
medium-luminosity AGNs, therefore our results, which provide much better

1at the moment when this project was initiated
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statistics due to the large number of objects, confirm and strengthen these
findings at redshifts 1.5 < z < 3.7.

5. To investigate further the possibility that AGN host galaxies from our sam-
ple have recently gone through a Major Merger phase, we categorized them
according to the disturbance signatures they show and compared them to the
quiescent galaxies. We found a significant number of objects in the AGN
hosts sample, which are showing signatures of major interactions, as well as
a large number of objects that have post-merger signatures, like tidal tails or
highly off-centered components. However, quiescent galaxies show an even
higher fraction of strongly interacting, irregular objects, than AGN hosts.
There are two possible explanations for this result. Simulations show that at
the first stage of an interaction, no AGN activity should occur. Furthermore,
in gas-rich mergers the infall of gas to the center of a galaxy can occur in
amounts large enough to hide even the hardest X-ray emission of AGN. In
the second scenario simulations predict a delay between the interaction and
the start of star formation, and the triggering of AGN activity. If this delay is
larger than the relaxation time of a galaxy that went through a merger/inter-
action, most of the morphological signatures may have already disappeared.
It is, however, very unlikely that Major Mergers are the preferred gas trans-
portation mechanism, since we find the majority of AGN hosts to show a
disc-dominated morphology.

The existence of the scaling relationships between the mass of the Super-massive
Black Holes in the centers of galaxies and various properties of stellar bulges these
BH reside in (such as MBH-Lbulge, MBH-Mbulge, MBH-σ) is usually considered
strong evidence for a co-evolution between BH and its mother galaxy. Simula-
tions show that when a pair of galaxies are going through a gas-rich Major Merger,
the gas, which is transferred to the center of a galaxy, feeds a nuclear starburst and
AGN accretion. When the AGN reaches its peak accretion rate, the quasar might
expel the remaining gas by mechanical (or even radiative feedback), shutting down
both star-formation and AGN activity. Such a scenario of self-regulated BH growth
explains the correlation between the black hole growth and stellar bulge proper-
ties. However, the mechanism of feedback is not clear: so far, radiation, outflows,
winds, jets have been proposed, which separately or combined may provide the
desired effect in simulations. But observationally, feedback is hard to detect. One
of the few observational proofs was recently reported by Cano-Dı́az et al. (2012),
where they report on the detection of a strong, redshift z=2.4 AGN outflow, with
the star-formation in the host galaxy being shut down in the region to which the
outflow extends. For a general review of radiative and kinematic quasar feedback
see Fabian (2012). In this context, our sample of star-forming high-redshift AGN
hosts, which covers a large redshift and luminosity ranges, provides a very good
base to conduct studies of radiative feedback using AO-assisted IFU observations.
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A Appendix

XMM
ID

RA
(J2000)

Dec
(J2000)

z mhost ,
AB

Re,
arc-
sec

n b/a mPS F Flag1 HR L0.5−2keV L2−10keV

00103 150.11695 1.92988 1.52 23.67 0.1530 4 0.76 23.90 12 -0.50 6.12e+43 9.98e+43
00110 150.09154 2.39908 2.47 25.39 0.2625 1 0.19 21.99 3 -0.61 3.53e+44 4.18e+44
00110 150.09154 2.39908 2.47 24.53 0.3207 1 0.68 22.01 2 -0.61 3.53e+44 4.18e+44
02232 150.48437 2.16204 1.64 24.11 0.1764 1 0.95 22.24 3 -0.34 7.69e+43 1.91e+44
05149 150.26490 1.98700 1.56 24.68 0.1947 1 0.87 25.38 0 -1.00 2.20e+43 -9.65e+43
00337 149.79177 2.08594 1.72 24.04 0.5928 1 0.53 25.79 12 -0.29 6.09e+43 1.69e+44
00436 150.30259 2.16113 1.82 21.61 0.0864 1 0.83 20.48 3 -0.54 1.37e+44 2.05e+44
00356 150.06991 2.10162 2.25 24.42 0.3135 1 0.56 23.26 2 -0.16 4.64e+43 -2.19e+44
05532 149.80403 2.28813 2.11 25.43 0.0786 4 0.13 23.92 2 -1.00 3.81e+43 -1.36e+44
05532 149.80403 2.28813 2.11 26.03 0.1548 4 0.19 23.81 3 -1.00 3.81e+43 -1.36e+44
00447 150.32879 2.38052 3.52 24.83 0.1788 1 0.80 24.78 3 0.01 1.47e+44 7.37e+44
00271 150.30890 1.91228 1.52 24.60 0.2517 1 0.82 23.66 2 -0.33 6.51e+43 1.62e+44
53584 150.32424 2.08907 1.80 24.64 0.1887 1 0.79 22.90 3 -1.00 5.81e+43 -2.28e+44
05166 149.79178 1.87289 1.57 23.84 0.2364 1 0.66 22.68 2 -0.54 7.70e+43 1.18e+44
01559 150.13272 2.16742 2.05 24.11 0.0960 1 0.84 25.45 2 -1.00 3.64e+43 -1.84e+44
05378 149.80799 2.64572 2.08 24.39 0.2358 1 0.79 21.94 2 -0.48 1.84e+44 3.18e+44
00199 149.74449 2.02756 2.45 19.84 0.0594 1 0.76 19.53 0 -0.51 9.90e+44 1.58e+45
00123 150.38279 2.55982 2.07 23.90 0.0867 4 0.78 22.64 2 -0.39 1.10e+44 2.44e+44
00391 150.32826 2.12496 1.78 23.40 0.1263 4 0.48 22.68 3 -0.34 1.08e+44 2.66e+44
00301 149.75634 2.11733 2.55 25.68 0.1917 1 0.46 24.45 2 -0.41 1.23e+44 2.59e+44
00038 150.24517 1.90009 1.56 21.54 0.0348 4 0.72 20.42 2 -0.52 2.61e+44 4.16e+44
00153 150.28482 2.39505 1.93 23.80 0.4638 1 0.77 21.66 12 -0.48 1.57e+44 2.80e+44
05428 150.55555 2.36919 1.61 24.83 0.2502 1 0.53 24.00 12 -1.00 3.16e+43 -9.05e+43
00160 150.15839 2.13960 1.82 22.83 0.3709 4 0.72 20.51 12 -0.09 5.32e+43 2.27e+44
00169 149.73590 2.02763 2.45 24.63 0.3093 1 0.60 22.97 2 -0.45 3.86e+44 7.23e+44
00320 150.34103 2.36718 1.59 24.62 0.1299 1 0.86 24.00 3 -0.48 4.22e+43 7.51e+43
02096 150.55905 2.10576 2.32 25.00 0.1416 1 0.53 22.38 2 -0.45 6.33e+44 1.23e+45
00165 150.18001 2.23129 2.15 25.96 0.1662 1 0.39 23.64 2 -0.47 1.46e+44 2.64e+44
00079 150.35358 2.34219 1.71 22.04 0.0984 1 0.87 20.94 3 -0.49 2.39e+44 4.01e+44
00189 150.12685 2.62659 1.84 24.61 0.0822 4 0.67 22.95 3 -0.40 2.75e+44 5.84e+44
02394 150.36472 2.14383 3.33 24.69 0.3639 1 0.65 24.24 12 -0.36 3.25e+44 7.47e+44
00498 150.31647 2.24678 2.49 23.12 0.1017 1 0.88 21.66 3 -0.58 1.48e+44 -5.13e+44
01548 150.02546 1.87768 1.80 24.61 0.3681 1 0.73 22.88 2 -1.00 2.71e+43 -7.46e+42
00169 149.73590 2.02763 2.45 24.48 0.2475 1 0.79 22.95 2 -0.45 3.86e+44 7.23e+44
00167 149.88715 2.11718 2.05 24.80 0.1677 1 0.61 22.65 3 -0.42 1.12e+44 2.35e+44
00318 150.24778 2.44215 3.03 25.33 0.1191 1 0.55 24.88 3 0.02 1.15e+44 6.13e+44
00197 150.16378 2.59768 1.59 23.84 0.3843 1 0.42 22.02 1 -0.57 6.15e+43 8.61e+43
00263 150.51906 2.32102 1.72 23.66 0.2739 1 0.67 23.14 12 -0.43 1.14e+44 2.25e+44
00076 150.23551 2.36176 2.50 24.82 0.0294 4 0.37 23.05 3 -0.55 4.26e+44 6.29e+44
00078 150.11959 2.29591 2.02 24.72 0.1341 1 0.88 25.49 1 -0.38 2.10e+44 4.75e+44
00285 149.82269 2.08966 2.05 23.79 0.1968 4 0.77 22.58 2 -0.59 1.29e+44 -1.40e+44
00084 150.29972 2.50692 1.50 24.12 0.4476 4 0.41 21.04 12 -0.51 8.32e+43 1.35e+44
00448 149.87442 2.03104 1.85 23.76 0.3048 1 0.73 24.37 3 -0.18 5.96e+43 2.13e+44
00294 149.90615 1.91723 1.63 23.76 0.1884 4 0.86 22.84 1 -0.42 1.28e+44 2.58e+44
00132 149.99176 2.13197 2.14 24.60 0.1110 1 0.68 22.86 2 -0.48 1.26e+44 2.25e+44
00127 150.00419 2.38917 1.85 24.91 0.2808 1 0.56 23.01 3 -0.30 8.23e+43 2.25e+44
00088 150.51814 2.52168 2.78 23.95 0.1434 1 0.70 22.94 23 -0.43 9.01e+44 1.84e+45
00139 150.04184 2.62948 1.55 23.72 0.3489 1 0.76 21.69 23 -0.37 1.43e+44 3.33e+44
00375 150.43815 2.41581 2.03 21.96 0.0777 1 0.60 20.85 23 -0.43 1.25e+44 2.45e+44
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XMM
ID

RA
(J2000)

Dec
(J2000)

z mhost ,
AB

Re,
arc-
sec

n b/a mPS F Flag1 HR L0.5−2keV L2−10keV

02148 150.37827 2.19641 1.52 23.82 0.2613 1 0.44 22.54 3 -0.30 8.89e+43 2.29e+44
70222 150.01888 2.16562 1.94 26.98 0.0741 1 0.35 24.88 3 1 -1.45e+43 1.29e+44
00525 149.92254 1.97925 1.39 23.33 0.0327 4 0.63 23.09 23 -0.49 3.30e+43 -4.08e+43
00357 150.37458 2.31023 2.15 23.45 0.2952 4 0.83 24.23 3 0.25 7.37e+43 6.63e+44
00108 150.12215 1.91318 1.57 25.40 0.2112 1 0.16 24.58 3 -0.32 8.21e+43 2.14e+44
30012 150.44012 2.24419 2.31 25.19 0.0900 1 0.82 23.58 2 -1.00 5.27e+43 -4.67e+44
01461 149.73878 2.36636 1.65 24.50 0.2373 1 0.73 23.49 2 -0.38 9.33e+43 2.14e+44
00245 150.25424 2.33063 2.46 24.63 0.1296 1 0.26 21.76 3 -0.27 8.19e+43 2.41e+44
00033 150.30956 2.39915 1.80 21.41 0.0957 4 0.76 19.33 3 -0.49 3.38e+44 5.83e+44
05531 150.38673 1.96663 1.53 23.16 0.2769 1 0.77 21.41 1 -0.40 5.03e+43 1.08e+44
00237 150.18296 2.24793 2.48 24.73 0.2064 1 0.53 23.29 3 -0.17 7.26e+43 2.61e+44
00175 149.72072 2.34902 1.54 23.43 0.4953 1 0.82 23.39 3 -0.52 2.61e+44 4.16e+44
00308 150.42195 2.38554 1.51 24.84 0.0756 4 0.89 24.20 2 -0.41 4.53e+43 9.52e+43
00322 150.40666 2.36550 2.04 23.39 0.0408 4 0.81 22.45 23 -1.00 6.25e+43 -3.48e+44
00068 150.04263 2.06329 2.02 24.65 0.2934 1 0.61 23.06 5 -0.45 2.36e+44 4.57e+44
02557 150.42257 2.01420 2.27 24.57 0.4317 1 0.47 21.99 2 -0.52 1.86e+44 2.93e+44
60102 150.19427 2.62361 1.51 24.92 0.2511 1 0.54 24.57 2 -1.00 1.11e+43 -1.72e+44
60367 149.64802 2.71675 1.720 24.83 0.4482 1 0.63 25.19 1 -1.00 1.48e+43 -1.03e+44
53723 150.44260 2.16629 2.13 24.81 0.1212 1 0.61 24.42 2 -1.00 4.42e+43 -1.90e+44
53610 150.22779 1.78681 1.68 23.53 0.4404 1 0.69 23.08 12 -1.00 2.84e+43 -1.20e+44
00282 149.87182 2.34290 1.74 23.15 0.066 4 0.82 22.17 3 -0.35 5.95e+43 1.45e+44
05138 149.83260 2.71076 2.12 24.54 0.0795 1 0.38 21.02 2 -0.47 3.10e+44 5.37e+44
00360 150.22495 2.28417 1.85 24.24 0.0765 4 0.59 24.05 2 -0.28 3.32e+43 -3.64e+44
60015 150.37801 2.31825 1.84 22.82 0.1146 1 0.76 25.52 0 0.11 -8.65e+43 1.11e+44
53749 150.26994 1.81628 2.39 24.42 0.0996 4 0.51 23.67 0 -1.00 4.94e+43 -1.58e+44
02483 150.52701 2.03845 1.65 24.25 0.2823 1 0.65 25.02 3 -0.28 5.74e+43 1.63e+44
00395 150.29918 2.63348 2.98 25.44 0.1797 1 0.37 23.49 12 -0.35 1.49e+44 3.63e+44
53584 150.32424 2.08907 1.80 24.41 0.1527 1 0.52 23.01 3 -1.00 5.81e+43 -2.28e+44
00094 150.19975 2.19087 1.51 23.27 0.2469 1 0.91 21.23 1 -0.43 1.06e+44 2.14e+44
00271 150.30890 1.91228 1.52 24.54 0.3015 1 0.61 23.63 3 -0.33 6.51e+43 1.62e+44
05243 150.58428 2.32161 1.52 24.18 0.3378 1 0.80 23.39 0 -0.38 3.96e+43 8.84e+43
05165 149.80064 1.87043 2.95 25.16 0.0897 4 0.45 23.65 12 -0.23 2.53e+44 8.01e+44
00563 150.23168 1.87490 1.76 24.45 0.1158 1 0.67 25.70 3 -1.00 2.22e+43 -1.41e+44
60026 150.38140 2.50605 1.81 24.93 0.1794 1 0.58 24.77 2 1 -8.04e+43 1.27e+44
53755 150.26240 1.79434 1.79 24.93 0.2124 1 0.57 24.50 2 -1.00 2.29e+43 -3.32e+44
53781 149.92535 2.68424 1.79 20.91 0.0279 4 0.72 21.68 1 -0.01 3.53e+43 1.73e+44
00415 149.96981 2.18349 1.56 24.52 0.1722 1 0.78 23.30 3 -1.00 1.59e+43 -1.27e+44
05428 150.55555 2.36919 1.61 24.72 0.2538 1 0.50 24.04 2 -1.00 3.16e+43 -9.05e+43
00567 150.03062 2.67879 1.94 24.05 0.2292 1 0.86 21.68 0 -0.42 9.17e+43 1.88e+44
00458 150.29125 2.29099 1.71 24.73 0.1908 1 0.68 23.56 3 -0.39 3.23e+43 -2.20e+44
00044 150.21466 2.20429 1.85 22.96 0.0849 1 0.79 21.18 2 -0.48 2.78e+44 4.92e+44
00290 149.90186 2.27069 2.09 25.13 0.1509 1 0.49 24.91 3 -1.00 4.41e+43 -2.52e+44
00128 150.19897 2.13254 2.16 22.62 0.2325 1 0.99 19.53 2 -0.30 1.23e+44 3.36e+44
00373 150.04680 1.86674 2.41 23.57 0.2319 1 0.84 24.12 1 -0.49 1.02e+44 -1.97e+44
00373 150.04680 1.86674 2.41 23.43 0.2247 1 0.93 24.16 1 -0.49 1.02e+44 -1.97e+44
00349 150.21076 2.39147 3.10 24.44 0.5415 1 0.91 23.14 23 -0.23 1.43e+44 4.55e+44
53249 150.31479 2.62875 2.33 25.12 0.2292 1 0.47 25.04 2 -1.00 4.40e+43 -6.68e+44
10360 149.73573 2.75776 2.82 25.06 0.0498 4 0.53 23.71 3 -1.00 7.12e+43 -2.28e+44
02391 150.30765 1.66688 1.56 22.93 0.3276 1 0.66 20.98 1 -0.32 8.74e+43 2.18e+44
00176 150.45413 2.80609 1.61 22.17 0.0333 4 0.65 21.50 3 -0.36 9.82e+43 2.34e+44
10889 149.59245 1.75676 1.96 18.60 0.0465 4 0.89 19.93 12 -0.61 5.00e+44 5.93e+44
54044 149.85702 2.77964 1.52 26.46 0.1734 1 0.68 24.10 23 -0.46 3.86e+43 -1.59e+44
31313 149.88897 2.84376 1.61 23.86 0.2595 1 0.49 24.63 3 -0.39 2.59e+44 5.80e+44
05544 149.62189 2.73831 1.89 22.45 0.1971 1 0.79 20.12 12 -0.55 1.37e+44 1.94e+44
60414 149.49565 1.72262 1.75 23.12 0.5610 1 0.54 22.99 1 -1.00 2.81e+43 -8.58e+43
01467 150.36184 2.77913 2.52 24.93 0.2124 1 0.56 22.40 12 -1.00 1e+44 -8.38e+44
05377 149.61070 2.70841 2.45 26.20 0.1086 4 0.17 23.15 23 -0.05 4.19e+43 1.85e+44
05218 150.74310 2.73212 2.71 24.24 0.1977 4 0.84 22.80 2 -0.30 1.55e+44 4.15e+44
02258 149.61152 2.35376 1.72 24.71 0.3204 1 0.46 24.28 2 -0.41 1.49e+44 3.08e+44
02609 149.72131 2.53998 1.74 23.21 0.3873 1 0.70 21.97 1 -0.58 1.06e+44 1.44e+44
05424 149.77770 1.69544 1.69 24.17 0.3717 1 0.76 22.82 12 -0.46 6.89e+43 -1.36e+44
53329 150.67403 2.53232 2.58 24.41 0.2730 1 0.53 22.97 23 -0.14 7.78e+43 -4.20e+44
05349 149.63927 2.00322 2.84 24.06 0.1248 1 0.84 24.41 2 0.03 1.50e+44 7.77e+44
05189 150.12506 2.86176 1.58 22.42 0.1404 4 0.56 19.74 12 -1.00 6.26e+43 -4.50e+44
02334 150.74258 1.98589 1.60 24.38 0.1143 1 0.75 22.10 3 -0.49 7.95e+43 -9.14e+43
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XMM
ID

RA
(J2000)

Dec
(J2000)

z mhost ,
AB

Re,
arc-
sec

n b/a mPS F Flag1 HR L0.5−2keV L2−10keV

02105 150.58128 1.92696 1.51 22.54 0.3933 1 0.86 20.62 1 -0.60 1.87e+44 2.36e+44
05323 149.56460 1.82311 1.51 22.47 0.1995 1 0.65 20.50 1 -0.41 8.98e+44 1.84e+45
05382 150.43992 2.70350 3.46 25.19 0.1749 1 0.76 23.75 2 -1.00 1.21e+44 -2.23e+45
02178 150.62149 2.15887 1.52 22.04 0.0666 4 0.66 20.57 3 -0.58 2.07e+44 2.72e+44
54308 149.52915 1.70081 1.71 24.47 0.2112 1 0.61 21.63 23 -0.32 7.23e+43 -2.87e+44
02169 150.63553 1.66915 1.78 23.56 0.2898 1 0.66 20.75 23 -0.57 1.60e+44 2.07e+44
02282 150.57492 1.97681 1.54 23.16 0.3315 1 0.90 21.68 3 -0.25 6.82e+43 1.96e+44
00109 150.45663 2.64818 2.05 23.01 0.189 1 0.87 20.61 12 -0.53 1.90e+44 2.94e+44
10257 150.69603 2.23638 1.60 24.16 0.7299 1 0.51 24.79 23 -1.00 1.95e+43 -1.21e+44
02265 150.05183 1.68280 2.27 22.52 0.0897 4 0.29 20.21 12 -0.36 2.84e+44 6.50e+44
02409 150.63146 2.00268 1.52 23.80 0.2724 1 0.92 23.71 3 -1.00 1.87e+43 -1.16e+44
05278 150.53860 2.85549 1.62 24.91 0.2742 1 0.42 24.74 3 0.04 4.77e+43 2.71e+44
60013 150.47938 2.79843 1.98 25.02 0.2202 4 0.35 23.36 23 -1.00 3.10e+43 -4.00e+44
00350 150.30865 2.79669 1.67 23.79 0.2784 1 0.69 24.87 2 -1.00 4.72e+43 -4.22e+44
10168 150.09462 2.83234 1.56 23.17 0.0288 4 0.90 23.01 12 -1.00 3.51e+43 -2.13e+44
05541 149.53005 2.22210 2.36 24.30 0.2769 4 0.79 22.84 3 -1.00 1.55e+44 -7.02e+44
02637 150.61225 1.99446 1.61 24.45 0.2586 1 0.44 21.68 23 -0.25 4.40e+43 1.25e+44
60168 150.70284 2.06962 2.14 23.54 0.3783 1 0.68 24.90 1 -1.00 4.57e+43 -2.15e+44
02081 150.66095 1.97540 1.57 22.50 0.4347 1 0.48 21.57 3 -0.44 3.38e+44 6.20e+44
02421 149.52908 2.38016 3.10 23.23 0.1677 1 0.66 21.22 23 -0.41 4.24e+44 8.94e+44
02792 149.67859 2.34891 2.00 25.21 0.2727 1 0.60 23.42 2 -0.36 6.68e+43 1.58e+44
05016 149.75868 2.47702 1.75 24.39 0.1785 1 0.63 25.77 3 -1.00 2.95e+43 -1.29e+44
60016 150.58772 2.77316 2.05 25.02 0.1089 1 0.69 23.41 2 0.27 -5.67e+43 1.97e+44
02650 149.59815 2.68506 2.42 24.02 0.2112 4 0.89 24.02 3 -0.38 4.40e+44 9.79e+44
05042 149.80459 1.75815 2.61 24.42 0.2268 4 0.45 25.68 23 1 -8.38e+43 8.91e+44
60116 150.29774 2.67353 1.51 23.72 0.2664 1 0.66 22.35 2 1 -3.05e+43 5.82e+43
54333 149.47107 1.68743 2.14 24.44 0.1173 1 0.31 21.57 2 -0.44 1.40e+44 -2.89e+44
05517 150.70554 2.62963 2.13 22.28 0.0912 1 0.63 20.37 3 -0.42 1.98e+44 3.96e+44
00107 150.23647 2.81367 1.53 25.02 0.213 4 0.73 22.45 3 -0.44 1.67e+44 3.34e+44
00295 150.44691 2.79149 1.53 23.39 0.2217 1 0.75 22.81 12 -0.41 4.05e+43 -3.53e+44
60368 149.97389 2.81035 1.55 23.50 0.5439 1 0.71 23.65 12 -1.00 1.55e+43 -5.01e+43
05162 149.75539 2.73856 3.52 25.05 0.318 1 0.54 23.50 2 -0.11 2.12e+44 8.62e+44
02072 150.62575 1.76547 1.59 23.62 0.1122 1 0.82 21.23 12 -0.40 1.60e+44 3.36e+44
02072 150.62575 1.76547 1.59 23.15 0.1023 4 0.66 21.29 23 -0.40 1.60e+44 3.36e+44
05006 149.74178 2.58519 2.42 25.06 0.1980 4 0.46 23.95 2 0.32 3.28e+43 3.26e+44
05022 150.62971 2.47643 2.28 25.54 0.0408 4 0.17 24.76 2 -0.42 1.76e+44 3.58e+44
05543 150.06493 2.77998 1.59 23.69 0.186 4 0.73 24.47 3 -1.00 3.28e+43 -2.13e+44
05057 150.29501 2.76463 1.69 24.14 0.3231 1 0.71 24.88 2 0.19 2.34e+43 1.70e+44
02554 149.63529 2.59884 2.55 24.39 0.2742 1 0.66 23.06 23 -0.41 2.18e+44 4.56e+44
02421 149.52908 2.38016 3.10 24.04 0.2355 1 0.14 21.12 2 -0.41 4.24e+44 8.94e+44
02276 150.53563 1.76490 2.20 23.80 0.2256 1 0.80 21.30 12 -0.51 1.34e+44 2.20e+44
54137 149.93392 2.84381 1.99 23.79 0.1701 1 0.89 21.24 2 -1.00 5.44e+43 -4.08e+44
05514 150.53844 2.78356 2.87 25.38 0.1146 4 0.53 23.74 2 -1.00 9.25e+43 -1.43e+45
02028 150.54697 1.61851 1.59 23.96 0.2706 4 0.76 23.00 2 -0.37 5.35e+44 1.21e+45
00471 150.19195 2.82916 1.57 25.09 0.2946 1 0.68 24.17 3 -0.35 6.49e+43 1.55e+44
54137 149.93392 2.84381 1.99 23.03 0.1542 1 0.81 21.38 2 -1.00 5.44e+43 -4.08e+44
00395 150.29918 2.63348 2.98 25.75 0.1815 1 0.32 23.51 1 -0.35 1.49e+44 3.63e+44
05315 149.57190 2.55450 1.57 23.52 0.2472 1 0.91 23.96 3 -1.00 1.69e+43 -9.09e+43
02081 150.66095 1.97540 1.57 22.55 0.4389 1 0.52 21.53 3 -0.44 3.38e+44 6.20e+44
60187 150.68168 1.71636 1.85 23.78 0.1497 1 0.80 24.90 3 -1.00 2.24e+43 -1.25e+42
05205 150.49132 1.79373 2.028 25.23 0.2835 1 0.66 24.12 4 0.02 4.91e+43 2.61e+44
02216 149.69876 2.44124 1.52 23.16 0.4218 1 0.68 21.53 12 -0.55 1.32e+44 1.93e+44
00220 150.33852 2.77680 2.14 24.39 0.4812 1 0.35 22.73 12 -0.31 2.06e+44 5.20e+44
00448 149.87442 2.03104 1.85 23.73 0.3054 1 0.70 24.52 3 -0.18 5.96e+43 2.13e+44
05598 149.53706 2.28017 1.70 23.94 0.3507 1 0.61 24.27 3 -1.00 4.18e+43 -1.45e+44
10332 150.49210 1.69903 2.22 24.68 0.1248 1 0.62 24.35 23 -1.00 6.16e+43 -2.76e+42
05434 149.50602 1.80919 2.40 23.89 0.3138 1 0.82 22.20 12 -0.49 3.30e+44 5.69e+44
05387 150.66891 2.51676 1.57 24.96 0.1644 1 0.81 22.32 3 -0.36 3.72e+43 8.86e+43
05464 149.57445 2.08508 1.62 24.13 0.5844 4 0.82 22.71 3 -1.00 4.63e+43 -2.18e+44
00453 150.15880 2.80851 2.83 25.11 0.1368 1 0.96 23.32 12 -0.55 3.47e+44 4.90e+44
00050 149.89196 2.28515 2.94 25.11 0.1650 1 0.41 27.08 23 -0.35 6.68e+44 1.65e+45
00133 150.27214 2.23009 2.62 25.29 0.0483 1 0.99 26.24 3 -0.37 4.13e+44 9.22e+44
00144 149.98158 2.31501 2.93 24.84 0.1974 1 0.52 26.78 3 -0.34 2.77e+44 6.97e+44
00145 150.01985 2.34914 1.80 24.91 0.2217 1 0.83 25.69 3 0.02 7.05e+43 3.80e+44
00181 150.26748 2.05561 1.72 25.06 0.2583 4 0.30 26.96 12 -0.43 1.14e+44 2.29e+44
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00182 150.32085 2.33296 2.04 26.03 0.1458 1 0.41 25.59 3 -0.17 8.52e+43 3.01e+44
00233 150.17986 2.62140 1.93 24.94 0.216 1 0.46 25.75 2 -0.22 7.80e+43 2.53e+44
00246 150.05100 2.49385 2.30 24.14 0.2334 1 0.49 26.23 2 0.42 3.48e+43 4.30e+44
00248 150.19607 2.11927 1.88 25.29 0.3063 4 0.62 25.56 1 0.02 3.96e+43 2.11e+44
00279 150.15270 2.06784 1.65 23.87 0.339 1 0.85 26.61 1 -0.27 3.20e+43 9.47e+43
00327 150.19025 2.00033 1.91 24.19 0.3795 1 0.79 26.07 12 0.12 2.63e+43 1.67e+44
00345 150.17022 2.12144 1.81 26.12 0.1452 1 0.35 24.88 23 -0.26 5.56e+43 1.67e+44
00406 150.38741 2.59158 2.92 25.08 0.1347 4 0.72 26.75 3 -1.00 9.16e+43 -1.87e+45
00431 149.91850 2.15369 1.77 25.29 0.387 1 0.47 25.29 0 -1.00 2.87e+43 -1.73e+44
00449 150.26402 1.94734 2.13 26.37 0.1278 1 0.47 25.08 23 -1.00 8.39e+43 -2.27e+44
01666 150.19258 1.81554 1.92 25.81 0.1713 1 0.61 26.03 3 -1.00 2.59e+43 -1.44e+44
02382 150.46054 1.97675 1.67 24.86 0.2901 1 0.40 26.01 1 -0.39 8.01e+43 1.76e+44
02543 150.34372 2.14067 1.76 25.01 0.1716 1 0.93 26.64 2 -0.40 6.81e+43 1.45e+44
05178 149.82381 2.38543 1.72 23.99 0.5154 1 0.30 26.31 3 0.20 1.67e+43 1.27e+44
05187 149.98928 1.89717 2.34 24.88 0.0792 1 0.58 28.16 3 -1.00 2.05e+43 -7.95e+43
05259 150.46710 2.53200 4.45 26.00 0.033 1 0.41 27.32 3 -1.00 2.08e+44 -3.40e+45
05285 150.58005 2.47977 2.59 25.62 0.1269 1 0.42 26.08 2 -0.26 1.25e+44 3.61e+44
05347 149.66964 2.16770 3.12 26.34 0.1686 1 0.57 26.31 3 -1.00 1.69e+44 -9.08e+44
05549 149.68386 1.93303 1.66 25.62 0.1782 1 0.35 25.95 3 -0.32 1.23e+44 3.11e+44
05622 150.30872 1.89147 1.81 26.04 0.1104 1 0.50 26.43 3 0.13 3.85e+43 2.53e+44
10590 150.41410 2.10921 1.76 25.25 0.1806 1 0.81 26.08 2 -1.00 2.83e+43 -1.78e+44
30920 149.80634 2.14546 3.00 24.05 0.1044 1 0.71 26.08 2 -1.00 7.18e+43 -4.14e+44
53359 150.41193 2.31759 2.89 24.57 0.5265 1 0.61 26.24 2 -1.00 7.21e+43 -9.27e+44
54039 150.03642 2.21403 3.26 24.78 0.3867 1 0.48 26.33 12 -0.10 7.96e+43 -6.55e+44
60146 150.46826 1.74272 2.08 25.13 0.3282 1 0.61 25.91 3 0.11 2.68e+43 -2.78e+44
60235 150.29116 2.08930 1.78 23.51 0.4224 1 0.65 24.86 1 1 -1.04e+43 1.40e+44
60421 149.98010 1.92490 1.60 25.73 0.1302 1 0.42 25.77 3 -1.00 1.64e+43 -1.28e+44
60464 150.02771 2.12674 2.35 25.41 0.2358 1 0.23 26.25 2 1 -1.47e+43 2.20e+44
70135 150.00254 2.25863 2.00 23.78 0.1767 1 0.44 26.68 3 1 -2.54e+44 4.35e+44
70210 150.09497 1.97847 1.93 25.40 0.1986 1 0.88 25.60 2 1 -4.32e+44 3.09e+44
00187 150.24078 2.65906 3.36 25.64 0.1593 1 0.36 22.55 3 -0.38 3.72e+44 8.53e+44
00192 150.25131 2.73716 2.17 23.22 0.1143 4 0.54 20.94 2 -0.57 1.81e+44 2.47e+44
00275 150.15896 2.82514 1.86 23.98 0.3144 1 0.88 20.76 2 -0.52 2.55e+44 3.97e+44
00276 150.51449 2.81023 2.62 25.33 0.0921 1 0.13 21.16 23 -0.31 3.71e+44 9.92e+44
02020 150.64304 1.83646 1.51 21.92 0.1347 1 0.95 18.87 2 -0.62 3.48e+44 4.14e+44
02046 150.76222 1.86906 1.80 22.73 0.0897 1 0.39 19.97 2 -0.47 5.12e+44 9.37e+44
70225 149.61098 1.74480 1.910 23.92 0.3039 1 0.47 26.56 2 1 -6.32e+43 1.52e+44
02096 150.55905 2.10576 2.32 24.56 0.1479 1 0.45 22.32 3 -0.45 6.35e+44 1.23e+45
02200 149.60204 2.39269 1.86 22.82 0.1827 1 0.93 19.92 3 -0.53 2.18e+44 3.35e+44
02202 150.65295 1.99689 1.52 23.47 0.1116 4 0.18 19.87 2 -0.50 6.55e+43 1.07e+44
02209 150.31994 1.68160 2.06 20.54 0.03 4 0.51 20.00 12 -0.47 3.30e+44 5.79e+44
02299 150.37656 1.71788 1.57 24.08 0.1653 1 0.51 20.16 2 -0.30 5.94e+43 1.60e+44
02333 149.99158 1.72427 1.62 22.82 0.1656 1 0.75 21.12 3 -0.46 1.15e+44 2.10e+44
02336 150.60283 1.76875 1.76 25.11 0.0816 1 0.91 24.84 3 0.19 3.82e+43 2.77e+44
02344 150.73287 1.62514 2.39 21.12 0.0171 4 0.60 21.43 12 -0.58 2.28e+44 3.04e+44
02396 149.47792 2.64247 1.60 22.61 0.2208 1 0.98 19.33 12 -0.34 4.59e+43 -1.48e+44
05031 150.53669 1.84958 1.82 24.01 0.1158 1 0.89 21.82 2 -1.00 3.90e+43 -1.22e+44
05116 150.73556 2.19958 3.50 22.10 0.1035 1 0.58 20.48 12 -0.43 4.51e+44 9.06e+44
05175 150.62007 2.67141 3.14 25.91 0.1203 1 0.31 22.30 23 -0.44 5.57e+44 1.08e+45
05273 150.68208 2.78552 2.50 22.56 0.1335 1 0.42 20.09 2 -0.49 4.13e+44 6.87e+44
05290 150.10444 2.69128 1.88 24.12 0.1611 1 0.86 21.13 2 -0.38 1.43e+44 3.10e+44
05293 149.57569 2.76317 2.14 24.94 0.1884 1 0.32 22.81 2 -0.36 1.04e+44 2.33e+44
05305 149.70126 2.55577 2.50 26.98 0.0588 1 0.99 24.42 4 -1.00 4.98e+43 -3.43e+44
05331 150.60880 2.76966 3.04 23.59 0.1140 1 0.16 20.19 2 -0.59 3.55e+44 4.56e+44
05338 149.53407 1.90657 2.51 25.01 0.3669 1 0.45 22.74 23 -0.33 2.71e+44 6.66e+44
05431 150.58113 2.22106 2.03 24.97 0.1797 1 0.59 22.24 2 -0.37 8.59e+43 1.90e+44
05478 150.39676 1.73570 2.77 25.61 0.1959 1 0.28 22.92 2 -1.00 7.97e+43 -3.47e+44
05517 150.70554 2.62963 2.13 22.95 0.1392 1 0.21 20.18 3 -0.42 1.98e+44 3.97e+44
05575 149.81103 1.60974 2.41 25.59 0.1575 1 0.32 22.32 2 -1.00 2.68e+44 -4.13e+44
05625 149.54674 2.76221 2.75 25.14 0.2559 1 0.66 22.32 3 -0.56 2.69e+44 3.79e+44
30366 150.40506 2.27014 1.66 23.78 0.2409 1 0.71 20.59 2 -1.00 2.98e+43 -1.92e+44
53357 150.72068 2.69366 2.64 24.13 0.1257 1 0.13 20.19 2 -1.00 9.38e+43 -5.74e+44
60466 149.57348 2.02369 2.81 24.07 0.1077 1 0.12 21.30 2 -1.00 9.43e+43 -5.48e+44
60466 149.57348 2.02369 2.81 23.03 0.1065 1 0.56 21.61 2 -1.00 9.43e+43 -5.48e+44
00094 150.19975 2.19087 1.510 23.37 0.4677 1 0.90 21.21 1 -0.43 1.06e+44 2.14e+44

131



XMM
ID

RA
(J2000)

Dec
(J2000)

z mhost ,
AB

Re,
arc-
sec

n b/a mPS F Flag1 HR L0.5−2keV L2−10keV

00197 150.16378 2.59768 1.589 24.54 0.2724 1 0.37 22.23 12 -0.57 6.14e+43 8.60e+43
00122 149.93893 2.17489 2.418 24.13 0.2148 1 0.67 25.66 3 0.37 8.30e+43 9.10e+44
00280 150.47223 2.32464 1.520 23.18 0.5121 1 0.52 25.94 3 1 -2.89e+43 1.67e+44
00304 149.88157 2.31820 1.607 22.82 0.3777 1 0.44 25.42 1 -0.29 2.59e+43 7.73e+43
00319 149.98451 2.23575 1.639 24.17 0.2931 1 0.72 25.19 2 1 -8.33e+42 1.12e+44
00435 150.32760 2.60464 2.080 23.93 0.1851 1 0.94 24.92 1 -1.00 4.08e+43 -9.70e+44
00462 149.73380 2.07635 2.047 24.82 0.1797 1 0.66 22.61 3 -1.00 7.31e+43 -1.55e+44
00504 149.87920 2.22584 3.651 24.59 0.1764 1 0.31 21.72 3 -1.00 1.78e+44 -1.55e+44
05013 149.77640 1.94016 1.820 24.19 0.1824 1 0.57 22.12 3 -0.28 7.78e+43 2.17e+44
05518 149.71558 2.01655 2.686 25.01 0.1236 1 0.23 22.43 3 -1.00 1.72e+44 -4.62e+58
53700 150.43993 1.85595 1.600 23.93 0.4362 1 0.66 24.03 12 -1.00 2.32e+43 -8.60e+43
60131 150.29725 2.14885 3.328 22.23 0.0975 1 0.78 20.79 3 0.10 1.05e+44 6.26e+44
70007 150.34768 2.39103 1.848 23.33 0.2304 1 0.81 22.52 2 1 -1.03e+44 2.03e+44
31357 150.39571 2.63535 1.700 23.62 0.4602 1 0.26 25.44 3 0.61 1.90e+43 3.92e+44
02154 149.64606 2.38804 1.845 22.85 0.1269 4 0.70 24.10 2 0.28 1.45e+44 1.28e+45
02530 149.60492 2.58660 2.640 22.22 0.459 1 0.52 22.55 3 -0.46 2.99e+44 5.51e+44
02725 149.93170 1.83014 2.676 25.67 0.0471 4 0.8 25.10 2 -0.28 1.40e+44 -4.19e+44
05127 150.67052 2.58011 1.679 22.86 0.2346 1 0.42 23.45 12 0.03 5.96e+43 3.20e+44
05533 149.59417 2.61408 2.050 24.09 0.294 1 0.66 25.87 12 -0.21 1.04e+44 3.43e+44
05573 149.52978 1.78571 1.660 23.64 0.6651 4 0.77 24.53 1 -0.19 1.27e+44 4.34e+44
31048 149.61400 2.83479 1.500 23.94 0.2259 1 0.26 24.81 3 -1.00 2.20e+43 -1.06e+44
53364 150.63166 2.61493 2.210 24.22 0.2355 1 0.56 26.69 12 -1.00 5.34e+43 -2.40e+44
70017 150.23654 2.64496 2.060 23.93 0.3318 1 0.65 26.13 2 1 -7.55e+43 1.72e+44

Table 5: Catalog of the resolved galaxies. 1 This flag specifies the disturbance
class of a galaxy: 1 marks objects classified as MM, 12 - minor accretion events, 2
- lopsidedness, 23 - slightly misaligned components, 3 - undisturbed hosts
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