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RX J1720.1+2638 has a relaxed overall morphology with a bright core  (Owers et al. 2009), also Dahle et al. 2002 found the light distribution  to be 
fairly regular and dominated by the central cluster galaxy. Wen  & Han (2013) using photometric data of SDSS studied the relaxation  parameter of 
several clusters, and RXJ1720.1+2638 (Γ=0.33±0.03) confirmed that is a relaxed cluster. With Chandra data Mazzotta et al. (2001) found the presence 
of a cold front without an ongoing merger, and the  moving gas centered on the cluster center with a dense cold gas (kT ≈5  keV) surrounded by a much 
hotter region with kT ≈ 10 keV, probably describing the presence of a cool core. Using Chandra data Bauer et  al. (2005) found tc 2̃Gys in the inner 
regions (at 13.6 kpc) of the RX  J1720.1+2638. 
Abell 267 is a relaxed system with the core dominated by a central giant  elliptical galaxy (Dahle et al. 2002). Bauer et al. (2005) studied 38 X- ray-
luminous clusters of galaxies in the ROSAT Brightest Cluster Sample (BCS) with redshifts 0.15≤z≤0.4 using Chandra found that Abell 267  has a 
relaxed system without cool core (tc ̃25 Gys). However, Zhang et  al. (2010) found an X-ray morphology as disturbed. Wen & Han (2013)  using 
photometric data of SDSS studied the relaxation parameter of  several clusters, they get a very regular smoothed optical map and  a high and unusual 
relaxation parameter (Γ=0.48±0.02), using X-ray  and lensing measurements, Smith et al„ 2005, found Abell 267 has a  large offset between the mass 
centered on BCG and X-ray peak, which  indicates unrelaxed dynamical state.
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Figure. 1.    Chandra ACIS observation of   RX J1720.1+2638                        Figure 2:   Chandra ACIS observation of Abell 267 
.

Table 1. Summary of XMM-Newton and Chandra observations of the sources.

ABSTRACT

INTRODUCTION 

We present the XMM-Newton and Chandra X-ray analysis of the massive clusters RX J1720.1+2638 and Abell 267. The analysis shows that the whole 
spectrum of both objects can be explained by thermal  emission and subsolar metallicity. The radial profiles shows that RX J1720.1+2638 hosts a cool core 
while Abell 267 shows a constant behavior of the temperature with radius. Metallicity profiles have also  been produced but no evidence of any gradient was 
detected due to the large uncertainties in the determination of this parameter. Finally, density and mass profiles were also produced allowing to derive  M500 
for RX J1720.1+2638 and Abell 267. The masses obtained are in the range of (5−7) 1014 M⊙. Interestingly, Abell 267 is fossil system and RX J1720.1+2638 
is a non-fossil system and the X-ray properties obtained for both systems are not always in good agreement with what is expected for fossil and non-fossil 
systems. Therefore the current scenario for fossil systems as relaxed systems,  and products of galaxy mergers is not directly applicable for all fossil systems, 
as it is the well-studied case of Abell 267.

Fossil Groups (FGs), as defined by Jones et al. (2003), are systems dominated by a very brightest giant elliptical central galaxy were the difference in 
absolute magnitude in the R-band between the brightest and the second brightest galaxy located within half the virial radius R200 must be m12 > 2 mag.  
These systems typically present high X-rays luminosities Lx  >1042 h−2 erg s−1, this X-rays emission is in form of thermal bremsstrahlung from very hot 
and low density gas in the  intracluster medium (ICM).  One scenario to understand the formation of fossil systems and  the heating gas was major mergers 
due to cannibalism, this process involves mergers of the brightest galaxies of the system  in a very early stage of the Universe due to dynamical friction  
(Ponman et al. 2004). Finally, the largest galaxies succumb to  dynamical friction into the central brightest galaxy (Mendes de  Oliveira et al. 2006). Fossil 
groups formed earlier and they are  dynamically relaxed, then they have a hotter intracluster medium  and being more X-ray luminous (Miles et al. 2004; 
Forbes et al. 2006). X-ray observations and X-ray spectroscopic are the most  important tools to study cluster properties of the ICM. In this study we 
report the preliminary results on the X-ray analysis of two galaxy clusters: the fossil system Abell 267 and  the non-fossil system RX J13040.6+4018, with 
similar dynamical properties (σv ≈1064 km s−1 for RX J1720.1+2638 σv ≈1263 km s−1  for Abell 267, Zarattini et al., 2014). Therefore this study consist  
of a good comparison between a fossil and a non-fossil group.

Table 2. De-projected best fit parameters of annuli analysis of RX 
J1720.1+2638 and Abell 267.

DATA    ANALYSIS

2. THE RADIAL PROFILES OF THE SOURCES  
!
!
The signal-to-noise of the data allows a radial spectral analysis for both sources. We therefore extracted the spectra for annular regions from the highest 
emission peak to the maximum extension radius. In order to be able to perform a spectral analysis with enough signal-to-noise to derive well-defined 
parameters, we extracted annular regions with at least 2000 counts.  After background subtraction for Abell 267, five annuli have been extracted and for RX 
J1720.1+2638, we were able to extract eight annuli. Table 2 shows for both sources the inner and outer radius of the annuli extracted and the parameters of the 
fitted model, zwabs·mekal. In order to obtain the properties of the sources in a 3D space from the 2D spectrum projected, we use the de-projection technique 
known as onion peeling (Ettori 2002). Goodness of the fits are also given.  Using these values, we obtained temperature and metallicity profiles for each source 
in order to investigate the presence of a cool core and/or a metallicity gradient. In this sense, we found that while in Abell 267 the temperature remains constant 
at every radii, the temperature decreases to the centre of cluster RX J1720.1+2638, as it can be seen in Figure 5 and 7. Unfortunately, the accuracy on the 
determination of the metallicities is poor and therefore nothing can be said about the radial behaviour of this quantity (see Figures 6 and 8). However, a subtle 
increment towards the inner radii can be appreciated in the metallicity profile of RX J1720.1+2638. We also produced the electron density and mass profiles for 
both systems (see Figure 9 and 10). The derived values of M500 are of the order of (5−8)×1014 M⊙. Proctor et al. (2011) found that fossil systems have 
masses comparable to those of clusters and Harrison et al. 2012 showed the brightest galaxy of  fossils are among the most massive galaxies in the Universe. 
However, even taking into account these considerations the values found for the masses of the systems are very high. Moreover, both sources present evidence 
of a recent merger, and therefore our assumption for spherically symmetry can be introducing uncertainties in the mass determinations.

In this work, we presented the preliminary results on the analysis of two clusters: RXJ 1720.1+2638 and Abell 267 with similar dynamical properties. 
RXJ 1720.1+2638  was classified as a non fossil system and Abell 267 as a non-fossil system. 
The XMM-Newton and Chanda data revealed that the whole emission of both objects  can be explained by thermal emission with luminosities of the 
order of 1044 erg/s in the  2-10 keV band and sub solar metallicities.  
The data allowed to performed radial profiles for the temperature and metallicity  of both sources. The results shows that RXJ 1720.1+2638 presents a 
cool core but  interestingly with evidence of a recent merge. On the other hand, Abell 267 shows no evidence of cool core. The results obtained for both 
objects are therefore unexpected for  their nature and evidence that the current scenario for fossil systems as relaxed systems,  end products of galaxy 
mergers is not directly applicable for all fossil systems, as it is the well-studied case of Abell 267. Metallicity profiles shows no clear trend for any of  
the sources. 
Electron density and mass profiles were obtained for both systems. The derived values  of M500 are of the order of (5−8)×1014 M⊙, In the case of Abell 
267, the result is in good  agreement of what was expected for fossil systems: with masses comparable to those of  clusters and with the brightest galaxy 
of fossils are among the most massive galaxies in  the Universe.

CONCLUSIONS

Figure 9: Best fit mass profiles for RXJ1720.1+2630 (left) and Abell 
267 (right). 

Figure 10: Best fit beta-model for electron density for RXJ1720.1+2630 
(left) and Abell 267 (right). 

 In this work we considered all the XMM-Newton and Chandra  observations available in each archive for both objects. In table 1, we  summarise the general 
information of the observations used in this  work.  
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1. THE WHOLE EMISSION OF THE GALAXY SYSTEMS. 
!
!
The bulk of the emission of RX J1720.1+2638 and Abell 267 extends to radii  of 100 arcsec (275 kpc) and 90 arcsec (330 kpc), respectively. The spectra  
extracted to investigate the whole emission of the clusters can be explained by  a thermal emission in both cases. The RX J1720.1+2638 global emission was  
properly fitted with a double mekal model with temperatures of kT = 6.8 keV  and kT = 2.3 keV and metallicities of 0.46 and 0.25 solar times, respectively.  
The goodness of the fit was χ2/dof=484/397.  The absorbed fluxes measured in the 0.5-2 keV and 2-10 keV bands were 5.2× 10−12 cgs and 8.6 × 10−12 cgs, 
respectively. The corresponding unabsorbed  luminosities were 4 × 1044 erg s−1 and 4 × 1044 erg s−1. The higher  temperature component accounts for the 70% 
of the bulk of the soft emission  and up to 90% go the hard emission. Abell 267 spectrum was satisfactorily  fitted with two thermal components, low kT = 1.1 
keV and high  kTlow = 1.4 keV and associated metallicities of Zhigh ≤ 0.3 and Zlow =  0.05 times the solar metallicity. The goodness of the fit was χ2/
dof=416/292.  The absorbed fluxes measured in the 0.5-2 and 2-10 keV bands were 1.4 × 10−12 erg cm−2 s−1 and 2.4 × 10−12 erg cm−2 s−1. and the 
corresponding  unabsorbed luminosities were 2.3 × 1044 ergs−1 and 3.9 × 1044 ergs−1. The  higher temperature component accounts for the 70% of the bulk of 
the soft  emission and up to 95% of the hard emission.

Figure 3: Observed XMM-PN spectra, best fit model and residuals for 
the whole emission of RXJ1720.1+2630.

RESULTS

Figure 4:  Observed XMM-PN spectra, best fit model and residuals for the 
whole emission Abell 267.

Figure 7:  Projected and de-projected temperature profile 
metallicity of Abell 267

Figure 8: Projected and de-projected metallicity profile of Abell 267

Figure 5:  Projected and de-projected temperature profile metallicity 
of RXJ1720.1+2638

Figure 6:  Projected and de-projected metallicity profile of RXJ1720.1+263
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