
				

 
In this work, brightest distant galaxy cluster PKS0745-191 (z~0.1028) 
is studied. 2014 XMM-Newton observations of this cooling flow cluster 
PKS0745-191 are analyzed and radial temperature, abundance, pressure 
and entropy profiles are presented. 
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For cleaning of the raw data,  image production, and annuli spectra 
production ESAS package of SAS software, v16.0. with the latest 
calibration files and additional CalDB files were used. Due to ground 
problems during the observation,unscheduled observations of EPIC 
cameras (ID: U002) with exposure times longer than 100ks were used 
(Table2). 

Clusters of galaxies are the largest comprehensive samples of the 
universe. The X-ray emission from intra-cluster medium (ICM) which 
contains hot dilute gas provide information on the temperature, 
pressure, entropy of a cluster.  
 
PKS0745-191 is a well studied cluster at the virial radius with 
Suzaku[1][2]. Chen et al.(2003) has studied the temperature and 
abundance profiles by using the XMM-Newton 2000 data (one center and 
one off center observation) with total uncleaned exposure time about 
75ks[3]. 
 
In this work we focus on the central region of the cluster with much 
smaller annuli in order to better understand the effect of 
substructures.  
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Table 1: XMM-Newton Observations of PKS 0745-191
Observations

(Center)
ID

Start Date
yyyy-mm-dd

End Date
yyyy-mm-dd

Pointing RA
(J2000)

Pointing Dec
(J2000)

PI

Scheduled 0744340101 2014-10-07 2014-10-07 07h 47m 31.25s -19d 17’ 40.3" Sanders, Jeremy
Unscheduled 0744340101 2014-10-09 2014-10-09 07h 47m 31.25s -19d 17’ 40.3" Sanders, Jeremy

Table 2: Scheduled and Unscheduled Exposures

Exposure ID Instrument

Duration

(sec)

S001 EMOS1 9039
S002 EMOS2 9027
S003 EPN 5334
U002 EMOS1 106160
U002 EMOS2 106157
U002 EPN 107313

Etiam euismod. Fusce facilisis lacinia dui. Suspendisse potenti. In mi erat, cursus id, nonummy sed, ullamcorper eget, sapien. Praesent pretium,
magna in eleifend egestas, pede pede pretium lorem, quis consectetuer tortor sapien facilisis magna. Mauris quis magna varius nulla scelerisque
imperdiet. Aliquam non quam. Aliquam porttitor quam a lacus. Praesent vel arcu ut tortor cursus volutpat. In vitae pede quis diam bibendum placerat.
Fusce elementum convallis neque. Sed dolor orci, scelerisque ac, dapibus nec, ultricies ut, mi. Duis nec dui quis leo sagittis commodo.

 
[1] Walker,S.A.,et al, 2012,MNRAS,424. 
[2] George,M.R.,et al, 2009,MNRAS,395.  
[3] Chen,Y.,et al, 2003, A&A, 407. 
[4] Russell,H.,et al,2012,MNRAS,424 

 
• Ten annular regions from the center of the cluster to ~ 0.5R500 are 
used for spectral analysis.  

• For the background estimation, RASS data for the cluster PKS0745-191 
with specified regions covering 1° and 2° annulus were used. 

• The galactic absorption column density was fixed at value 4.2E21 cm-2. 
• Spectral fits were performed with Xspec v12.9.1.using chi-square 
statistics. 

• The spectra were modeled by a single temperature APEC model.However, 
it is found that the outermost annulus has been subjected to another 
cool temperature component model and required double temperature APEC 
model. 

• DsDeproj code was used to obtain the deprojected spectra, and the 
best fit parameters of deprojected spectra were used to calculate the 
cluster’s pressure and entropy profiles.[4] 

Figure 1 Background subtracted, exposure corrected combined EPIC image 
of PKS0745-191. Circles indicate the annular regions used for the 
spectral fitting. 

������� 5

Table 3: Simultaneous projected spectra fit of EPN and EMOS
with a single temperature model. Errors represent 90

per cent (��2 = 2.71) confidence limits.

Regions Temperature Abundance �

2 d.o.f.

(arcmin) (keV) (Z�)

0-0.25 4.01+0.04
-0.04 0.42+0.01

-0.01 1.54 1380

0.25-0.50 5.05+0.05
-0.04 0.37+0.01

-0.01 1.43 1830

0.50-0.75 5.54+0.08
-0.04 0.36+0.01

-0.01 1.66 1655

0.75-1.00 6.17+0.09
-0.08 0.35+0.02

-0.02 1.40 1477

1.00-1.50 6.52+0.08
-0.07 0.34+0.02

-0.02 1.39 1893

1.50-2.00 6.62+0.08
-0.08 0.34+0.02

-0.02 1.48 1660

2.00-2.50 6.97+0.15
-0.15 0.29+0.02

-0.02 1.43 1290

2.50-3.50 7.36+0.16
-0.14 0.28+0.02

-0.02 1.39 1356

3.50-4.50 6.68+0.14
-0.13 0.30+0.03

-0.03 1.72 960

4.50-5.50 6.45+0.10
-0.10 0.300 (fixed) 1.73 748

Table 4: Simultaneous projected spectra fit of
EPN and EMOS with a two component

temperature model for region 10.

Regions Temperature Abundance

(arcmin) (keV) (Z�)

T
cool

4.50-5.50 2.17+0.59
-0.46 0.14+0.09

-0.08

T
hot

4.50-5.50 10.19+0.56
-0.68 0.43+0.06

-0.07

Table 5: My caption
Regions Temperature Abundance �

2

d.o.f.

(arcmin) (keV) (Z_{�})
0-0.25 4.008^{+0.036}_{-0.036} 0.418^{+0.012}_{-0.0154} 1.54 1380

0.25-0.50 5.047^{+0.052}_{-0.043} 0.370^{+0.014}_{-0.013} 1.43 1830
0.50-0.75 5.538^{+0.081}_{-0.043} 0.357^{+0.012}_{-0.009} 1.66 1655
0.75-1.00 6.168^{+0.095}_{-0.082} 0.350^{+0.019}_{-0.018} 1.40 1477
1.00-1.50 6.519^{+0.083}_{-0.070} 0.344^{+0.016}_{-0.016} 1.39 1893
1.50-2.00 6.620^{+0.084}_{-0.077} 0.337^{+0.017}_{-0.016} 1.48 1660
2.00-2.50 6.967^{+0.153}_{-0.147} 0.293^{+0.020}_{-0.020} 1.43 1290
2.50-3.50 7.358^{+0.158}_{-0.142} 0.277^{+0.022}_{-0.021} 1.39 1356
3.50-4.50 6.682^{+0.139}_{-0.132} 0.300^{+0.028}_{-0.026} 1.72 960
4.50-5.50 6.448^{+0.098}_{-0.105} 0.300 (fixed) 1.73 748
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Figure 1: An example of a floating figure (a reproduction from the Gallery of prints,
M. Escher, from http://www.mcescher.com/).

Table 2: Scheduled and Unscheduled Exposures

Exposure ID Instrument

Duration

(sec)

Clean Exposure

(sec)

S001 EMOS1 9039 Unprocessed
S002 EMOS2 9027 Unprocessed
S003 EPN 5334 Unprocessed
U002 EMOS1 106160 95670
U002 EMOS2 106157 97100
U002 EPN 107313 75930

arcu ut tortor cursus volutpat. In vitae pede quis diam bibendum placerat.
Fusce elementum convallis neque. Sed dolor orci, scelerisque ac, dapibus
nec, ultricies ut, mi. Duis nec dui quis leo sagittis commodo.

Fusce mauris. Vestibulum luctus nibh at lectus. Sed bibendum, nulla
a faucibus semper, leo velit ultricies tellus, ac venenatis arcu wisi vel nisl.
Vestibulum diam. Aliquam pellentesque, augue quis sagittis posuere, turpis
lacus congue quam, in hendrerit risus eros eget felis. Maecenas eget erat in
sapien mattis porttitor. Vestibulum porttitor. Nulla facilisi. Sed a turpis eu
lacus commodo facilisis. Morbi fringilla, wisi in dignissim interdum, justo
lectus sagittis dui, et vehicula libero dui cursus dui. Mauris tempor ligula
sed lacus. Duis cursus enim ut augue. Cras ac magna. Cras nulla. Nulla
egestas. Curabitur a leo. Quisque egestas wisi eget nunc. Nam feugiat lacus
vel est. Curabitur consectetuer.

1. First item in a list
2. Second item in a list
3. Third item in a list

�.� Paragraphs

Suspendisse vel felis. Ut lorem lorem, interdum eu, tincidunt sit amet,
laoreet vitae, arcu. Aenean faucibus pede eu ante. Praesent enim elit,
rutrum at, molestie non, nonummy vel, nisl. Ut lectus eros, malesuada
sit amet, fermentum eu, sodales cursus, magna. Donec eu purus. Quisque
vehicula, urna sed ultricies auctor, pede lorem egestas dui, et convallis elit

Ten annular regions from the 
center of the cluster  to 
5’.5 are used for spectral 
fitting. CCD6 of MOS1 has 
been struck by a meteorite 
and CCD4 of both EMOS1 and 
EMOS2 were in anomolous 
state, and were further 
excluded from the analysis. 

The radial temperature and abundance 
profiles are in good agreement with the 
work of Chen et al. [3]. The goodness 
of the fits can be seen from Table 
3.For the outmost annulus, we have 
compared the statistics of single 
temperature and two temperature apec 
model. Improvement in resulted fits 
(Table 4) may suggest that around 5ʹ.5, 
there is multi-phase gas existing. 
Temperature at the core is comparably  
lower than the  neighboring regions 
pointing that PKS 0745-191 is a cool 
core cluster. The abundance profile 
shows a constant trend in the 
outskirts.(Figure 2) 
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Table 3: Simultaneous projected spectra fit of EPN and EMOS
with a single temperature model. Errors represent 90

per cent (��2 = 2.71) confidence limits.

Regions Temperature Abundance �

2 d.o.f.

(arcmin) (keV) (Z�)

0-0.25 4.01+0.04
-0.04 0.42+0.01

-0.01 1.54 1380

0.25-0.50 5.05+0.05
-0.04 0.37+0.01

-0.01 1.43 1830

0.50-0.75 5.54+0.08
-0.04 0.36+0.01

-0.01 1.66 1655

0.75-1.00 6.17+0.09
-0.08 0.35+0.02

-0.02 1.40 1477

1.00-1.50 6.52+0.08
-0.07 0.34+0.02

-0.02 1.39 1893

1.50-2.00 6.62+0.08
-0.08 0.34+0.02

-0.02 1.48 1660

2.00-2.50 6.97+0.15
-0.15 0.29+0.02

-0.02 1.43 1290

2.50-3.50 7.36+0.16
-0.14 0.28+0.02

-0.02 1.39 1356

3.50-4.50 6.68+0.14
-0.13 0.30+0.03

-0.03 1.72 960

4.50-5.50 6.45+0.10
-0.10 0.300 (fixed) 1.73 748

Table 4: Simultaneous projected spectra fit of
EPN and EMOS with a two component

temperature model for region 10.

Regions Temperature Abundance

(arcmin) (keV) (Z�) �

2 d.o.f.

T
cool

4.50-5.50 2.17+0.59
-0.46 0.14+0.09

-0.08 1.30 744

T
hot

4.50-5.50 10.19+0.56
-0.68 0.43+0.06

-0.07 1.30 744

Table 5: My caption
Regions Temperature Abundance �

2

d.o.f.

(arcmin) (keV) (Z_{�})
0-0.25 4.008^{+0.036}_{-0.036} 0.418^{+0.012}_{-0.0154} 1.54 1380

0.25-0.50 5.047^{+0.052}_{-0.043} 0.370^{+0.014}_{-0.013} 1.43 1830
0.50-0.75 5.538^{+0.081}_{-0.043} 0.357^{+0.012}_{-0.009} 1.66 1655
0.75-1.00 6.168^{+0.095}_{-0.082} 0.350^{+0.019}_{-0.018} 1.40 1477
1.00-1.50 6.519^{+0.083}_{-0.070} 0.344^{+0.016}_{-0.016} 1.39 1893
1.50-2.00 6.620^{+0.084}_{-0.077} 0.337^{+0.017}_{-0.016} 1.48 1660
2.00-2.50 6.967^{+0.153}_{-0.147} 0.293^{+0.020}_{-0.020} 1.43 1290
2.50-3.50 7.358^{+0.158}_{-0.142} 0.277^{+0.022}_{-0.021} 1.39 1356
3.50-4.50 6.682^{+0.139}_{-0.132} 0.300^{+0.028}_{-0.026} 1.72 960
4.50-5.50 6.448^{+0.098}_{-0.105} 0.300 (fixed) 1.73 748

Figure 4: The pressure and entropy profiles with 
90% statistical errors.  The radial entropy 
profile increases from the center to outskirt.  

Figure 2: The temperature and abundance profiles by using 
1T apec model. 

Figure 3: Deprojected radial temperature and electron density 
profiles are obtained from single temperature apec model in 
0.7 – 9.0 keV energy range. The statistical errors at 90% 
confidence level.  


