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Abstract. We present here the results of a detailed study of the X-mayepties of the cluster of galaxies Abell 3128+0.06),
based on the analysis of deep (100 ks) XMM-Newton data. Thet ptavious feature of the X-ray morphology of A3128 is the
presence of two X-ray peaks separated-iy'. By detecting the redshifted Fe K line, we find that the NoaigNE) X-ray
peak observed toward A3128 is a distant luminous clustealafdes at redshift = 0.44. Our subsequent optical spectroscopic
observation of a distant radio bright galaxy in the centr¢hef NE X-ray peak with the Magellan telescope also revealed a
redshift ofz = 0.44, confirming the association of the galaxy with the cluseen in X-rays. We detect a gravitational arc
around the galaxy. The properties of this galaxy indicaé¢ ithis the cD galaxy of the cluster in the background. Theprbes

of the Southwest X-ray peak suggest that it is the core of agmerging with A3128 along our line of sight. Based on 2D
maps of thermodynamic properties of the intra-cluster mmadietermined after subtracting a model for the backgroluster,

we conclude that an enhanced surface brightness regionisteack of~2.8 from the centre of the galaxy distribution is the
centre of the gravitational potential of the cluster A31PBe unrelaxed nature of A3128 can be attributed to its locdt the
high density environment of the Horologium-Reticulum swhester.
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1. Introduction surveys, and by Chandra (20 ks; Rose et al. 2002). Based on
. . N-body simulationg, Caldwell & Rose (1997) proposed that in
Th_e formation and growth of the largest struc_tures_m tkme past A3128 encountered a tidal interaction with the-clus
Universe, clusters of galaxies and superclusters, isl@atio- ter A3125 (current separatior,lcorresponding te-6 Mpc).
ing process. According to the standard cosmological Smnaﬁ?osat and Chandra observatiéans of A3128 show a complex
clusters of galaxies continuously form and grow throughgaqerdisturbed X-ray morphology. Embedded in 20 diameter dif- '
ing with groups and individual galaxies, which are falling ifuse halo there are two cores in A3128, separated byTH
along filaments. In several cases clusters are found CloseNt(?rtheast (NE) and Southwest (SW) C(;res compriB% of
each other in the highest overdensity regions of the Unsiazerﬁ]e X-ray emission of A3128, the remainder being in fitie
the superclusters. In the crowded environment of supdastis halo. While the more luminous SW core is centred on a com-
we can ofte_n study processes related to the growth of Stlgmubact group around a bright elliptical galaxy, the NE coresdoe
like ml_JtuaI_lnteractlon between the member clusters anid thﬁot coincide with any bright galaxy. The NE core is asymnoetri
accretion hlstory. ) and elongated, with the peak of the emission slightly disgda
The Horologium-Reticulum (H-R) supercluster£ 0.06), (5 the Northeast. With core radii 630 kpc, both cores are un-

together with the better known Shapley Supercluster are & a1y narrow as compared to other non-cooling core asiste
most massive structures in the local universe within a dig;ih similar temperatures-3.5 keV).

tance of 300 Mpc, with an estimated total mass of’1M,,.
Einasto et al.. (2001) list 35 member clusters in H-R. Rose et al.[(2002) proposed a model to explain the double-
Abell 3128 is arich, highly substructured cluster in the H-Reaked nature of the X-ray emission. In position-positind a

supercluster. It has been well studied using redshift adibraposition-redshift diagrams they identified an infallingogp
and a candidate for a post-passage tidally distended gfibup (

Send offprint requeststo: N. Werner, emaih.werner@sron.nl ament), which they propose as candidates for producing the
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complex structure seen in X-ray images of the intra-clustand on the SW core (32 ks), respectively. The ERIOS de-
medium (ICM). They explain the SW core as the still intact haéctors were operated in the full frame mode, while for the
gas of an infalling group. The NE core represents accordi®|Gpn detector the extended full frame window mode was
to|Rose et &l.| (2002) the surviving ICM of a group of galaxemployed. The observations were performed using the thin fil
ies that has fallen supersonically (Mach number 6) into ther. The calibrated event files were obtained using the ¥&-0
cluster A3128 along the main filament connecting A3128 arsibn of the XMM-Newton Science Analysis System (SAS). For
A3125. The infalling group has, according to this scenari&PIGMOS we keep only the single, double, triple, and quadru-
passed through the core of A3128 and the galaxies of the grople pixel events (PATTERN12), while for EPIGpn, we make
moving ballistically through the cluster, are by now welkald use of singe and double events (PATTERN. The spectral
of the stripped gas. The high infall velocity is caused by thedistribution and ancillary response files are createt thie
deep potential well of the H-R supercluster, which makesievBAS taskamfgen andarfgen separately for each camera and
an infall of a small group an energetic and interesting evesyptectral extraction region that we analyze.
in the life of a galaxy clustet._ Rose et &l. (2002) also report Because of low number of counts in original bins, the ex-
a possible detection of a radio arc, which lies slightly te thracted spectra are rebinned into bins with a minimum of 30
Northeast of the peak emission in the NE core, where the bewunts per bin. Our rebinned spectrum has bins of size t leas
shock is expected if the gas is moving supersonically. 1/4 times the FWHM of the instrument. We fit the MOS1,
However, the Fe abundance of the NE core found BOS2, and pn spectra from both pointings simultaneously wit
Rose et al.|(2002) is low (0.13 solar) and barring conclusivee same model, with their relative normalizations left @ f
redshift information its association with A3128 could n@ bparameters. Our spectral analysis is restricted to the704—
confirmed. As an alternative scenario to their unified viekeV band. In the spectral analysis we remove all bright point
of the merging events occurring in A3Y28125, Rose et al. sources with a flux higher than8x 10714 ergs s* cm2.
(2002) invoke the possibility that the NE emission peak is as For the spectral analysis we use the SPEX package
sociated with a background cluster and the detected rad& en(kaastra et dl._1996). We fix the Galactic absorption in our
sion is associated with a radio bright central galaxy in &kbaamodel to the value deduced from thea Hata Ny = 1.47 x
ground cluster. In order to obtain a conclusive measurelém-p 10°° cm 2, Dickey & Lockmari 1990). We fit the cluster spec-
ing of the NE component, a deeper observation for a redshiti with a plasma model in collisionally ionized equilibmiu
measurement using X-ray emission lines was needed. (MEKAL). The free parameters in the MEKAL model are the
Here we present the results of a deep 100 ks observatimrmalisation, temperature, and the Fe abundance. Simce fo
of Abell 3128 with the European Photon Imaging Cameragements other than Fe we can not obtain accurate abundance
(EPIC) on XMM-Newton. The observation allows us to mearalues, we fix them to 0.4 solar in the model.
sure the redshift of the NE core and to unambiguously demon-
strate that the dominant fraction of its emission origisaiea
background cluster. We also present here data obtainedeby%‘?'
Magellan telescope, that allow us to confirm the associatfony 7 1. particle and instrumental background
the X-ray emission with a background cluster surroundiregya r
dio bright cD galaxy. The largefiective area of XMM-Newton To clean the data from the soft proton induced events, we ex-
combined with the deep exposure, provides us witfiigiant tract light curves for each detector separately in the 1Gel2
statistics to map the 2D distribution of thermodynamic gmep energy band where the cluster emission is negligible and the
ties of the ICM and thus to study the merging history of the digetected emission is dominated by the particle inducedtsven
turbed, complex cluster of galaxies A3128. The XMM-Newtofince flares having a particularly soft spectrum may be rdisse
Reflection Grating Spectrometer data have fhisient statis- When only the high energy part is studied, we also extract
tics to derive accurate spectral properties for the cluster  lightcurves in the 0.3-2.0 keV band. A visual inspectionhef t
Throughout the paper we udd, = 70 kmstMpc?, lightcurvesreveals thatthe observation is not batiigaed by
Qum = 0.3,Q, = 0.7, which imply a linear scale of 78 kpcthe soft proton flares. After excluding the time periods witen
arcmir® at the redshift of A31282= 0.06, |Rose et al. 2002). count rate in the two considered energy ranges deviates from
Unless specified otherwise, all errors are at the 68% cordaleithe mean by more thano3 we are left for the first pointing
level for one interesting parametexy? = 1). The elemental With 71 ks and 67 ks, and for the second pointing with 31 ks
abundances are given with respect to the proto-solar vatue@nd 25 ks for EPIOMOS and EPI@on, respectively.
Lodders((2003). We subtract the EPIC instrumental background using
closed-filter observations. For ERMIOS we use a closed fil-
ter observation (obs. ID 0150390101) with an exposure tifne o
2. Observations and data analysis 200 ks. For EPIbn we use a closed filter observation (obs. ID
21 XMM-Newton data 0106660401) with an exposure time of 120 ks. 'I_'he_ in_st_rgmen-
tal background consists of fluorescence line emissiorinsitr
Abell 3128 was observed with XMM-Newton during twoinstrumental noise, and particle induced noise causeddiy hi
pointings on May 29-30 and between May 31 and June Estergy cosmic rays which are able to reach the detector even
2006 (revolutions 1185 and 1186) for a total exposure time when the filter wheel is in closed position. The instrumental
~100 ks. The two pointings were centred on the NE (72 kbpckground varies from observation to observation. In aiae

Background modeling
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Table 1.The CXB components used in the fitting of the A3128ata (0.127 keV and.24 x 10712 erg s cm2 deg?, respec-
spectra. The power-law photon indexlis= 1.41. The unab- tively). This diference might be due to the contribution of the

sorbed fluxes are determined in the 0.3—10.0 keV band. intra-supercluster medium. The adopted values of the teampe
tures and of the 0.3-10.0 keV fluxes of the background compo-
Comp. KT b F|U>§ e, nents are given in Tab@ 1. In our subsequent spectral fitswe fi
(keV) (107 erg cm” s deg) the parameters of the background components to these adopte
LHB/SDC 0.08 25+ 0.6 values
HDC 0.25+ 0.02 40+ 06 '
EPL 220+19

2.3. The X-ray images

The spatial resolution of XMM-Newton allows a robust image
scale the closed filter observations to the instrumentak-bageconstruction down to’8scales. However, due to the large
ground during the source observation, we use the events regiings of the point spread function (PSF), there is a significa
tered outside the field of view (out-of-FOV) of the EPIC dete@ontamination from the emission on scales 6f & smaller
tors, outside a radius of 13.#'om the FOV centre. Separatelyto large spatial scales upto several arcminutes. For the pur
for each instrument, we scale the closed filter observation pose of cluster survey work (Finoguenov et al. in prep.), we
the ratio of the 8-12 keV out-of-FOV count rate in our clustéfave developed a procedure, which performs an image restora
observation and in the closed filter observation. tion using a symmetric model for the XMM PSF and the cal-
ibration ofl Ghizzardil(2001). The flux on small scales is-esti
mated performing the scale-wise wavelet analysis, as itbestr
in Vikhlinin et all (1998). Then the estimated flux is used to
We correct for the Cosmic X-ray Background (CXB) duringubtract the PSF model prediction on large scales and iserea
spectral fitting. Kuntz & Snowder_(2000) distinguish 4 difaccordingly the flux on the small scales. The small scales in
ferent backgrounfioreground components: the extragalactithis procedure are a sum of &nd 16 scales, which allows
power-law (EPL), the local hot bubble (LHB), the soft disto avoid the variation in the PSF shape witffi-axis angle, as
tant component (SDC), and the hard distant component (HD@gscribed in_Finoguenov etlal. (2007, COSMOS special issue
The EPL component is the integrated emission of faint digaper).
crete sources, mainly distant Active Galactic Nuclei (AGNs  In Fig.1 we display both the large scales of the emission
The LHB is a local supernova remnant, in which our Solatarting at the 32 scale together with smaller scale¢’ (&nd
System resides. It produces virtually unabsorbed emisaion16”).
atemperature 0f1(P K. The soft and hard distant components
originate at larger distances. They might be identified wtn
Galactic halo, Galactic corona or the Local group emissiah a3- Results

are absorbed by almost the full Galactic column densityysiThe most obvious feature of the X-ray morphology of A3128
the spectral band above 0.4 keV we can not reliably distig-tpe presence of two X-ray peaks separated b¥. In Fig.[1
guish the SDC emission from the LHB component. Thereforge show the X-ray contours superimposed on the Digitalized
at temperatures below 0.1 keV we only consider the contribggy Syrvey image of the cluster. The thick contours higftligh
tion of one thermal component. _ the large scale (32 features in X-ray morphology, the thin
The large field of view, with regions where the contribuzgniours highlight the features on small spatial scalésa(&i
tion of cluster emission is small, enables us to determiee thgy
local properties of the background emission. We fit the spec- \y/hile the SW peak of the X-ray intensity coincides with
tra extracted from a region where the contribution of clustg bright elliptical galaxy (ENACS 75) surrounded by a com-
emission is small and the emission is dominated by the ¥act group of galaxies, the NE core does not coincide with any
ray background. We model the EPL emission with a powggtight galaxy. On the small spatial scales the NE peak has a
law with a photon index of 1.41 (De Luca & Molendi 2004)gtrongly elongated morphology and on larger scales it seems
We model the soft foreground emission (LFEDC and HDC) 5 have a tail toward the SW direction. The thick contours als

by 2 collisionally ionized plasma models (MEKAL). Sinc&eyeal an association of the hot gas with two small groups of
the fitted spectral band does not allow us to accurately cqf}jaxies to the East of the main cluster contours.

strain the LHBSDC temperature, we fix its value to 0.08 ke

(based on|_Kuntz & Snowden 2000). We leave the HDC tem-

perature as a free parameter in the fit. To account for the fl. Properties of the X-ray peaks
maining cluster emission in the extraction region, the gont
bution of which to the total flux is~30%, we use an addi-
tional thermal model. We find that both the temperature atdorder to study the global spectral properties of the twia(-

the flux of the emission attributed to the HDC.ZB keV bright peaks, we extract their spectra from circular regiwith

and 40 x 10712 erg s cm? deg?, respectively) are higher a radius of 1.5 In Fig.[2 we show the spectra with their best
than the values determined based on the results publishedibmodel. Previous Chandra data showed that while the SW X-
Kuntz & Snowden [(2000) using the ROSAT All Sky Surveyay core has a high Fe abundance, the Fe abundance of the NE

2.2.2. The cosmic X-ray background

3.1.1. The global properties
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Fig. 1. X-ray contours superimposed on the Digitalized Sky Surmegge of A3128. North is up, West is to the right. The thick
contours highlight the large scale features in the X-rayphotogy, the thin contours highlight the features at smadkisl scales.
The contour spacing is arbitrary.

core is very low, and therefore it is also not possible to eonfi values determined for the tail region: redshift 0.06, metal-

its association with the cluster A3128 using the redshithef licity Z = 0.49, and temperaturelk= 3.5 keV. The emission

Fe K line. Even using the deep XMM-Newton data we do noteasure of the foreground cluster and the redshift, Fe abun-

see a clear Fe K emission line at the expected energy for thence, temperature, and emission measure of the background

redshift of A3128. However, we detect in all EPIC detectoduster are free parameters in the spectral fit. The bestdfit re

for both XMM-Newton pointings a line at4.6 keV. This cor- shift value for the background cluster 2s= 0.444 + 0.003.

responds to the Fe K line emission of a cluster at a redshiftfie linear scale at this redshift for taeCDM cosmology is

~0.45. 341 kpc arcmin®. The best fit temperature, Fe abundance, and
We also extract a spectrum from a circular region with @mission measure of the background cluster are shown in the

radius of 2 centred on the apparent tail of the NE X-ray peakolumn “NE” of Table[2. Our spectral analysis indicates that

directed to the SWqo = 3"30M30°%, § = —-52°31°0”"). We im- ~60% of the X-ray emission in the extraction region is coming

mediately see an Fe K line ab.3 keV and we see no obviousrom the background cluster. The 0.3-10.0 keV luminosity of

line feature around 4.6 keV. We fit the spectrum extracteahfrdhe background cluster within the radius of 1(512 kpc) is

the “tail” region and from the SW X-ray peak with a therma#.7 x 10** ergs s*.

model. The free parameters of the fit are the redshift, temper The best fit parameters of the background cluster depend on

ture, Fe abundance, and emission measure. The best fit pand@-assumptions about the emission of the foreground cluste

eters are shown in Tadlé 2. Therefore, the systematic uncertainties on the best fitnpara
We fit the spectrum of the NE peak with a combination adters are larger than the quoted statistical uncertairfi@sa

two thermal plasma models: one for the emission of A3128ver assumed temperature for the foreground cluster, we fit

and the other for the emission of the background cluster. \&ehigher temperature for the background cluster. For exampl

fix the parameters of the model of the foreground clusterdo th we assume that the temperature of the foreground cluster i
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Fig. 2. The spectrum of the NE (left panel) and SW (right panel) Xagk extracted from circular region with a radius of 1.5

The continuous line represents the best fit model. The Firl@&nd the coadded EPIGOS spectra are indicated. The position
of the Fe K line in the spectrum from the NE peak shows that thittieg cluster is at a redshift af= 0.44.

Table 2. Fit results for the spectra extracted from the SW Xrable 3.Radial profiles determined for the SW X-ray peak. The
ray peak, from the apparent “tail” of the NE peak toward SWemperature is given in keV, the emission meadtiggiven in
and from the NE X-ray peak. The spectra extracted from thits of 1#° cm3, and the Fe abundance is given with respect
SW peak and from the “tail” region were fitted with a therto the proto-solar values bf Lodders (2003).

mal model with theNy fixed to the Galactic valueNy =
1.47 x 10?° cm2, |Dickey & Lockman 1990). The NE X-ray Par. | 0.0-0.3 0.5-1.5 1.5-2.8 2.5-3.3
peak was fitted with two thermal models: one for the emissionY 199+0.05 791+009 867+010 957+0.12
from A3128 in the foreground and one for the background cluskT 336+011 336+0.06 317+006 338+007
ter. In this fit the redshift, temperature, and the Fe abucelah _F€ 087+010 067+004 048+006 Q046+004
the foreground cluster were fixed to the best fit values fram thA~/v | 269229 1128959 11831072 127R1137
“tail” region. The reported best fit parameter of the NE peak

describe the properties of the background cluster. The ¢emp . i _
ature is given in keV, the emission measi¥rés given in units Table 4.Radial profiles determined for the NE X-ray peak. The

of 1085 cm~3 and the Fe abundance is given with respect to tfaetallicity and the temperature of the foreground clusterew

proto-solar values of Loddérs (2003). fixed to.0.4_9 solgr anc_i 3.5 keV, respectively. The emissio&me
sureY is given in units of 16° cm3 and the temperature is
Par. SW “tail” NE given in keV. The Fe abundance is given with respect to the
Yro06 | 9.72£010 680+ 0.07 34+04 proto-solar values of Lodders (2003). Thgo.aa/ fz-0.06 indi-
Yyoo44 - _ 303+ 34" cates the ratio of the fluxes from the background cluster and
kT 3.36+0.05 350+ 0.08 514+ 015 A3128 in the given extraction region. The superscritihdi-
Fe 0.69+ 0.04 049+ 0.04 047+ 0.08 cates that the parameter value was fixed during the fitting.
z 0.060+0.001 Q058+ 0.003 Q444+ 0.003
X2/v 652501 433398 943800 Par. 0.0-0.8 0.5-1.8 1.5-2.8 2.5-38
Y2006 | 0.56+ 0.20 27+04 47+ 04 56+0.3
T values determined for the background cluster. Yy044 72+ 15 178+ 27 154+ 34 < 140
kT 50+03 57+0.3 35+0.3 4f
Fe 056+0.18 049+0.09 021+011 a2
3.0 keV instead of 3.5 keV, the best fit temperature of the back o 21 12 0.55 0.09
ground cluster will be 5.8 keV instead of 5.1 keV. Xy 260266 827749 98@841 1109870

We note, that there is no evidence of emission from the
background cluster in the “tail” region. From the spectrala

the SW X-ray peak. The temperature profile of this peak is
3.1.2. Radial profiles flat and there is no evidence for a cool core. However, the Fe

abundance has a strong peak in the centre of the X-ray emis-
We determine the emission measure, temperature, and Fe alsion, which coincides with an elliptical galaxy surroundbsch
dance profiles for both X-ray peaks. We extract the spectieoup of galaxies. The abundance peaks within the cental 1.
from circular annuli with outer radii of 0’51.5, 2.5, and 3.5.  which corresponds te120 kpc.
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Fitting a beta model (Cavaliere & Fusco-Femiano 1978) to
the radial surface brightness distribution of the SW X-raglp 800
we findg = 0.3 and a core radius of = 30 kpc. As already
noted by Rose et al. (2002) this core radius is about an order
of magnitude lower than the more typical values-@50 kpc
that are observed for non-cooling core clusters of galaXies
B value is also low compared to the typical value~@.7. The
small value of3 shows that the surface brightness distribution
of the core is broader than that usually observed for claster
which indicates that we might see the emission of a group su-
perimposed on the fluse cluster emission.

I

=
[
< 400

200

_ _ 7000 8000
Using the parameters of themodel fit, and a global tem- Wavelength, &

perature value of k = 3.4 keV, we find that the mass enclosed
within the radius of 120 kpc is.2x 10" M. The total gas mass Fig. 3. Spectrum of the galaxy associated with the radio source
within the same volume, determined using a central electrgyMSS J033057-522811 in the centre of the NE X-ray peak.
density of 12x 1072 cm3, is ~1.3 x 10" M. Using the same On the y-axis we plot arbitrary count units (ADU). Lines, dse
parameters, the estimated total mass within a radius of 1Li&pgor redshift determination, are shown with arrows.

~1.1x 10" M. A radius of 1 Mpc is approximately the virial

radius of a 3.4 keV cluster (elg. Finoguenov et al. 2001). ; a7 ; T -

The total Fe mass enclosed within the radius of 120 kpc, the ’ - A ‘ .
region within which the Fe abundance peaks;15x 10° M. . B o . g .‘
Assuming a flat Fe abundance distribution in A3128 of 0.45 . e i
solar, the excess Fe mass in the SW X-ray peaibisl0° M., . < . .o e e

The radial profiles determined for the background cluster .« LT R ‘.
seen as the NE X-ray surface brightness peak are shown in ‘ :
Table[4. For the temperature and Fe abundance of the fore- =~ g ‘ R .:
ground cluster we assume 3.5 keV and 0.49 solar, respectivel -~ * - o .\- ’ . -
The free parameters in the fit are the temperature and the Fe k. A :
abundance of the background cluster, and the emission mea- . g , iy it
sures of both clusters. We see an indication of a temperature £ o Tl .
drop in the inner 170 kpc, then the temperature peaks, and qﬂ
side 500 kpc it drops again. The spectra indicate that the thé

abundance peaks in the cluster core. In Table 4 we also s X-ray peak. The total exposure time is 360 s. Note the arc

for each annulus the ratio of the flux of the background chJstI% the Southwest of the galaxy. The scale bislindicated on
with respect to the flux of the foreground cluster. In the mne,, '

most extraction region the emission of the background etus%
clearly dominates, between 0-3.5 the contributions of both
clusters are similar. Between 1-2.5 the emission of the fore-
ground cluster dominates, and betweeri-233 we can only 3.2. Optical observation of the background cluster
determine an upper limit for the emission of the background
cluster. The total 0.3—-10.0 keV luminosity of the: 0.44 clus- Optical spectroscopic observations of the galaxy assetiat
ter within the radius of 3/5s 6.9 x 10* ergs s™. with the radio source SUMSS J033057-522811 (Mauchlet al.
2003) were done with the 6.5 m Magellan | Baade telescope,
To obtain a rough estimate of the total mass of the badksing the Inamori Magellan Areal Camera and Spectrograph
ground cluster, we fit a beta model to the radial profile of il$MACS). We used the shortZ camera with a 27x 27 FOV
best fit emission measure per arcminute. The best-fit parard@d 02” pixel scale. In spectroscopic mode this setup with 300
ter values are. = 157 kpc ancﬁ = 041. Assuming a g|0ba| I/mm grism and " slit gives a Spectral resolution ef6 A.
temperature of 5.14 keV (the best fit global temperature from The spectrum obtained is shown in Fig. 3. Itis typical for an
Sect[3.111) we obtain a total mass within a radius of 1.5 Mparly type galaxy and does not show detectable emissios. line
(estimatedsgg of a 5.1 keV cluster, e.g. see Finoguenov ét dlsing the standard set of absorption lines, marked in[Big. 3
2001) of 34 x 10'* M. We note that due to the uncertaintiesvith arrows, the redshift = 0.43961+ 0.00014 was derived.
associated with the subtraction of the foreground clusted, This value is in a very good agreement with the X-ray deter-
because the core of the background cluster is far from being mined redshift thus providing immediate confirmation ths t
laxed and it is not single-temperature, this derived masslis observed X-ray emission is due to the emission of a distant
a very rough estimate. cluster.

.4.Combined R-band image of the galaxy associated with
radio source SUMSS J033057-522811 in the centre of the
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Table 5.The best fit values determined for the X-ray bright losand. Considering a optically thin plasma madel Formanlet al
entropy region and for the region at the centre of the gala®007) showed that for Chandra ACIS-I spectral response the
distribution. The emission measu¥g per square arcminuteflux F in the 35-75 keV band coming from a unit volume

is given in units of 16* cm™ arcmim? and the temperatureswith a given pressure depends only weakly on the gas temper-
are in keV. The Fe abundance is given with respect to theure (over the 1-3 keV temperature range and for metallicit
proto-solar values of Lodders (2003). The entrgpy given of ~0.7 solar). For XMM-Newton EPIC and for the range of

in keV cn? and the pressur is given in 162 dyne cn12. temperatures characteristic for A3128 (3-5 keV) this i® als
approximately correct: a factgrrelating the pressure and the
Par. | X-ray brightreg. centre of gal. dist. square root of the fluy = (e(T)/T?)Y/? decreases monotoni-
Ys 7.54+0.08 403+ 0.06 cally as a function of temperature by about 20% (for metallic
KT 3.30+0.08 379+ 0.13 ity of 0.45 solar). Here(T) is the gas emissivity in the 3.5-7.5
Fe 0.43+0.04 053+ 0.07 keV band (with account for the spectral response of thetinstr
S 223 335 ment). Therefore, areas with similar surface brightnegtién
)l;/v 563;269 447;’60 3.5-7.5 keV band, provide us with contiguous regions with-

out strong pressure discontinuities. We note here that paf fi
maps of spectral parameters depend very weakly on the proce-
dure of region selection.

During the slit alignment procedure we also obtained a We then use the Voronoi tessellation method
few direct R-band images of this field. The combined imag€appellari & Copihl 2003| Diehl & Statler 2006) to further
is shown in Fig[#. The field was photometrically calibrategin the selected areas with a stable minimum signal-toenois
using observations of Landolt standard stars (Landolt 199atio of S/N = 33, which is needed for relatively accurate
We measured the magnitude of the galaxy tavge= 1878 temperature determination. We identify 213 independent
(in 47aperture), which is approximately what is expected foragions from which we extract the spectra. For each region
brightest cluster cD galaxy at this redshift (e.g. Vikhiigit al. \we compute a spectral redistribution file and an ancillary
1998). The absolute magnitude of the galaxy in R was esiésponse file. We fit the spectrum of each bin individuallyjhwit
mated to be -23.35 (adopting K and evolution correctionsifrog single temperature thermal plasma model. The abundances
Poggianti 1997). For comparison the absolute magnitudesgpfall elements except Fe in our model are fixed to 0.4 times
M 87 and Cygnus A are approximately -23.2 and -23.3 respgfe solar value. The emission measure, temperature, and Fe
tively - close to the absolute magnitude of SUMSS J03305%bundance are free parameters in the fit. From the best fit
522811. emission measure and temperature, we calculate for each

The gravitational lensing arc is clearly seen arounskiraction region the density, entropys = KT/n?3, and the
this galaxy (Fig.[#) at a radial distance ef 6.2”. The pressureP = nkT, assuming a length scale along our line of
enclosed mass within this radius can be estimated (esgyht of 1 Mpc. As a first step, we use a constant length scale in

Narayan & Bartelmann 1996) as order to calculate the projected values of the thermodyaami
0 \2([ D properties without making any assumptions about the aluste
M =11 1014M( ) — 1 istribution.
X °(307) \Tape (1) centre and gas distribution

In order to subtract the emission of the background clus-
whereé = 6.17” is the arc radius an® = DyDgys/Ds is the ter from the 2D maps, we include in the fitted model for each
combination of (angular diameter) distances from the aleser bin with a mean distance smaller than’3@m the NE X-ray
to the lensDy and to the sourc®s, and from the lens to the surface brightness peak, an additional thermal compokiémnt.
sourceDgs. In our case onlyDg = 1.17 Gpc is known. For fix its temperature, metallicity, and redshift to the meah va
D = 1 Gpc we obtain an upper limit to the total mass\Mf< ues determined for the background cluster from the glohal fit
5x 10'? Mg, within ~35 kpc of SUMSS J033057-522811. Thi%.14 keV and 0.47 solar, respectively (see Ject. 13.1.1ndJsi
value is about a factor of 2 higher than the total mass (withihe best fit beta model to the background cluster (see Sect.
a similar distance) of M 87 _(Matsushita et al. 2002), deriv€8l1.2) we calculate the normalization of the emission of the
using X-ray data. background cluster for each bin. By including this compdnen
One can therefore conclude that optical data strongly the fitted model, we féectively subtract its emission and
suggest that SUMSS J033057-522811 is a massive elliptidatermine the best fit parameters for the foreground cluster
galaxy with the parameters characteristic for most bright cHowever, since the core of the background cluster is not ra-
galaxies in the local Universe. dially symmetric and it has a strongly elongated morphology
In the Magellan image we also see an excess of the surfateadii smaller than 0:8rom the NE peak its emission cannot
density of faint galaxies near this cD galaxy, most of whigh abe properly subtracted. Therefore, we exclude the bins avith
probably members of the distant cluster. distance smaller than 0.8om the NE peak from the analysis.
At the top left panel of Fid.]5 we show the map of the pro-
jected emission measure per square arcminute integrated al
the line of sight, after the emission of the background elust
For making 2D maps of spectral parameters, we select regiovas subtracted. We see, that the surface brightness of tag X-
according to the cluster surface brightness in the 3.5-&\b kemission of A3128 has a peak at about’ M#est-Southwest

3.3. 2D maps of thermodynamic properties
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Fig. 5. Top left: The projected emission measure per arcminute, in units%fct-3 arcmirr?, integrated along the line of sight,
after the emission of the background cluster was subtratbpdight: Temperature map derived from spectral fitting in units of
keV. Bottom left: Map of the pressure derived from the best fit temperature anisséon measure, assuming a length scale along
our line of sight of 1 Mpc. The units are 1% dyne cn72. Bottomright: Map of the entropy derived from the best fit temperature
and emission measure, assuming a length scale along owflsight of 1 Mpc. The units are keV énThe white and black
circles indicate the high surface brightness low entrogjoreand the region at the centre of the galaxy distributiespectively.
These we use for subsequent spectral analysis. The X-ralyases from the wavelet decomposed image are overplotted.
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Fig. 6. Left panel: Density map of the ICMCentral panel: Map of the entropy of the ICMRight panel: The pressure map of
the ICM. The thermodynamic properties are calculated usolgme estimates for the spectral extraction regions deestiin
Henry et al.|(2004) and Mahdavi et al. (2005). The volumesaleulated assuming two centres, one at the SW X-ray pedk, an
one at the X-ray bright low entropy region at the possibldrmeeof the gravitational potential of A3128.



N. Werner et al.: Complex X-ray morphology of Abell 3128: Atéint cluster behind a disturbed cluster 9

from the original NE peak. This region, as we show in thé. Discussion

top right panel of Fig[l5 has a temperature between 3.0-3.5 ] ]

keV. While the pressure is relatively high in this regiongse?-1- The background cluster associated with the NE
the lower left panel of Fid.]5), the entropy is low (lower righ X-ray peak

panel of Flgl]i)_. T.hls |nd|cates_ that this region may be tire “Swhile at the expected energy we do not detect the strong Fe K
tre of the gravitational potential of A3128. The centre of thIine in the spectrum extracted from the NE X-ray peak, we de-

galaxy distribution of A3128 is about 2.8outh of this region ; . . .
(Dalton et all 1997: Rose etlal. 2002). tectline emission atthe energy corresponding to the lieegn
of Fe K emission redshifted by = 0.44. Therefore we con-
clude that the NE X-ray peak observed toward A3128 is not as-
In order to better compare the spectral properties of thessoq?atte?hwm: thte surviving IC'Vll otfha gr%l:r();alllngﬂltn slug enso
two regions: the X-ray bright low entropy region and the oegi Cally to the cluster as previously thought (Rose €t al. 2002
at the centre of the galaxy distribution, we extract a spactr
from a circular area with a radius of 1/2€entred on the new
X-ray brightness peaka(= 3"30M40°, § = -52°2850”) and a
spectrum from a circular area with a radius of’Icéntred on
the optical centred = 3"30M43°, § = -52°31'30”) reported .
. : .. the cluster seen in X-rays.
bylRose et &l (2002). The spectral extraction regions atie in . . .
cated by circles on the maps in Figd. 5. The best-fit values of The red magthd.e of the.galaxyh — 1.8I5 Is typical
the single temperature thermal fits to the spectra are shmwri r cD galaxies at th'sf redshift (e.g. Mikhlinin et _al. .1998)
Table[B. We also show in the table the entropy and pressJ e Magellan observation also conflrm_ed the grawt_atlorral a
values calculated for the volume of a sphere with a radius ¢ ound the galaxy, the presence of which was previously sug-

responding to the radius of the extraction region. The tesugeSted“gy the iﬂrrl1a290e(')szob\;\z;1ined.with t?qe 0.9|m %TIO ltele-
confirm that the high surface brightness region has a fadtor>gOPe Ln0se ?t Al ). We estimate t ezenc 0sed ‘0“."‘ mass
thin the radius of the lens to be 5 x 102 My, which is

~1.5 lower entropy than the area at the optical centre of the

galaxy distribution. The pressure at the high surface bniggs W'th'n_ a_lfacto(rj_of 2Tcr;]0n5|syenlt (;N'th t: e total mlass of M 87
region is a factor of1.3 higher than the pressure at the cer%tUaMSS"g';;?:go'su:ézzgflpt'(_:i atat us strr]ong y Sgggﬁtt
tre of the galaxy distribution. The fit results indicate tifa ) with properties characteristiclior ¢

Fe abundance of the X-ray bright region is lower than the [gglaxies is the dominant galaxy of the cluster in the back-

abundance at the centre of the galaxy distribution. Under tground.

assumption of hydrostatic equilibrium, the pressure pemk-c ~ 1he X-ray morphology of the background cluster is

bined with low entropy are unambiguous signs of the centre §fongly elongated showing that its core is not relaxed and
the gravitational potential. that it is possibly undergoing a merger. However, its observ

X-ray luminosity of L = 6.9 x 10* erg s?, temperature
kT = 5.14 keV, and derived mad¢ = 3.4 x 10* M, agree

The X-ray bright region at the possible centre of the gravit¥/€!l with the generally observeldy—T and M-T scaling re-
tional potential of A3128 in the NE is separated from themriglat'ons (e_.g. Wu et al. 1999; Pratt 2()06_). Further deep aptic
SW core by a surface brightness depression. The pressure Ri§ervations are needed to characterise the propertié¢geof t
indicates that the dark matter potential well associated thie Packground cluster.

SW core is connected with the dark matter potential in the NE.
This is possibly the region where the dark matter potendi_fals4.2_ The nature of the SW surface brightness peak
the SW core and of A3128 overlap. We note that the “bridge”
between the SW and NE in the pressure map coincides withme SW surface brightness peak is centred on an apparent com-
apparent chain of galaxies seen in the Digitalised Sky Survgact group of galaxies. Compared to other clusters of gadaxi
image. Unfortunately, non of these galaxies has a knowmakraduith similar temperatures, its core radius is small. Suchlsm
velocity. core radii are observed only in clusters with cooling cooegs,
in clusters undergoing merging events where the cluster pro
file is truncated. While the radial Fe abundance distrilbutio

In Fig.[8, we show density, entropy, and pressure maps dies a strong peak at the centre of the group, the temperature
termined assuming the X-ray emitting gas is associated witfstribution is flat, with no indication for a cool core. The
two gravitational potentials. The thermodynamic progartire cooling time in the centre of the SW core, assuming the gas
calculated using volume estimates for the spectral extractcools isobarically, is & x 10° yr. Its estimated total mass of
regions described in_Henry etal. (2004) and Mahdavi et &llspo = 1.1 x 104 is a factor of 2 lower than the expected mass
(2005%). The volumes are calculated assuming two centres, ofi a 3.4 keV cluster (e.g. Pratt 2006). But since the value of
at the SW X-ray peak, and one at the X-ray bright low entrogy= 0.3 was determined by fitting the surface brightness pro-
region at the possible centre of the gravitational potéwtia file at radii much smaller thamgo, the estimatedisqgis highly
A3128. For each polygon the closest of the two centres is amcertain. The radial velocity of the dominant galaxy o thp-
sumed to be the centre in the volume calculation. parent group (ENACS 75) ¢ = 19252 km s? (Katgert et al.

it is a distant luminous cluster of galaxies at redshift 0.44.
Subsequent optical spectroscopic observation of therdisa

dio bright galaxy in the centre of the NE X-ray peak (radio
source SUMSS J033057-522811) with the Magellan telescope
revealed a redshift of = 0.44 confirming its association with
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1998), which is higher by 1500 km s than the mean radial of the thermodynamic properties we do not observe any ob-
velocity of galaxies in A3128. Unfortunately, we know the ravious signs of a merger for the SW peak. Moreover, we ver-
dial velocity for only one more galaxy of the apparent grouified that the Fe abundance distribution is consistent with b
(ENACS 78), which is lower than that of the dominant galaxyng symmetric and is not enhanced in any direction. These ob-
V = 18380 km s (Katgert et al. 1998), but still higher byserved properties might indicate that the merger is oaogrri
~ 500 km s than the mean radial velocity of the cluster. Thiust along our line of sight. The merger is compressing and
sound speed corresponding to the mean cluster temperdtureaating the ICM, which might explain the observed lack of a
~3.5 keV is 960 km s, which means that if the SW peak iscool core. A shock with a Mach numbét = 1.5 heats the
the remaining core of a group or a cluster merging with A312fhs by a factor of 1.5, which means that for the cluster tem-
at a relative velocity ok 1500 km s, then the merger is su- perature of 3.5 keV the gas temperature at the stagnation poi
personic. should be 5.25 keV. If we fit the spectrum extracted from the

On the smaller spatial scales, the X-ray emission of tleércular region with a radius of 1"5&entred on the SW core
SW peak appears to follow the galaxy mass distribution @éth two thermal models, with the temperature of one thermal
it is slightly displaced toward the West and clearly peaks @omponent fixed to'k = 5.25 keV, the fit improves compared
the galaxy ENACS 75. However, the association of the galakythe single temperature model (see Sect. B.1.1). The eeduc
ENACS 75 with the SW X-ray peak in radial velocity isfiii  x? improves from 1.30 to 1.16. We obtain a best fit tempera-
cult. The redshift of the SW peak determined from the enertiyre of KT = 2.23 + 0.17 keV for the cooler component, and
centroid of the Fe K line corresponds to a radial velocity dfest emission measures ¥f= (5.1 + 0.5) x 10°°* cm™ and
V = 18000+ 300 km s?, and the redshift of the “tail” region, Y = (4.7 + 0.5) x 10°® cm~3 for the hotter and cooler gas, re-
which we might consider as thefflise emission of A3128 cor- spectively. This indicates that much of the emission of thé S
responds to a radial velocity &f = 17400+ 900 km s!. core might be due to the shocked gas from a merger happening
However, the systematic uncertainties on these valueaiyerl along our line of sight. As the enriched stripped gas isitrail
than the quoted statistical errors. The EPIC detectorsreoerk  behind the core we are seeing it in projection which explains
to have gain problems which are both time and position depéhe enhanced Fe abundance within the projected distance of
dent. The absolute error in the redshift determination ead ~120 kpc. The velocity dierence between the two galaxies of
large as 1500 km$ (Simionescu et al. in prep.). Thereforethe compact group (ENACS 75, ENACS 78) may also be ex-
the radial velocity of the hot gas is within the systematiceam plained by tidal stretching of the group along our line offgig
tainties consistent with the radial velocity of the galaxie during the passage of the group through the cluster.

If the SW peak is a core of a group or of a cluster that . . . .
moves through the ICM of A3128, than its gas is being stripp?d Algezglltl;/gly, rt]hehSW cg)re might _betadgrOl{[E Sltlcgl\jla":‘q?\
by ram pressure. The gas of the infalling cluster is stripgted owar » Which We observe projected on the ofthe

radii where the thermal pressure of the hot gas in the intgll cluster. In this case the ICM of the group still did not start t

group is too small to balance the sum of the thermal and réW\eraCt with the ICM of the cluster, and ENACS 78 and 75

pressure of the cluster ICM. This happens at radii largem thg'® only projected close to each other by chance. Howevsr, th

the radius where the thermal pressure of the infalling elustcenano does not explain the lack of the temperature gradie

is equal to the thermal pressure at the stagnation point (e%]d of a cool core in the group.

Markevitch & Vikhlinin 2007). The ratio of thermal presssre

at the stagnation poirdp and in the free streanp,, for Mach .

numbers relative to the sound speed in the free stream regfos: The diffuse ICM
M > 1is (Landau & Lifshitz 1959):

Po _ (&1)
p1 2

After subtracting the emission of tlze= 0.44 cluster, we iden-
) y-1 a= tified a new region with an enhanced surface brightness to the
(7’ Ve ) ’ West-Southwest of the centre of the background clustes Thi
region has also an enhanced pressure and low entropy. It is at
wherey = 5/3 is the adiabatic index of the gas. For the pressusedistance 0f~2.8 from the centre of the galaxy distribution
in the free stream regiom, we assume the value determinediven by Rose et al. (2002). However, the entropy of the ICM at
assuming a density of = 1 x 10~ cm™3 and a temperature of the centre of the galaxy distribution is a factor of 1.4 higired
3.5 keV. For the pressure of the SW core at the given raditise pressure is lower than that of the region with the entdhnce
we assume a density profileofr) = no(1+ (r/rc)z)‘%ﬁ, where X-ray surface brightness. Because of the great dynamicad co
No = 1.2x 102 cm 3,1 = 30 kpc, angs = 0.3. We find that at plexity of the system, with infalling groups and filamentsrid
a Mach number oM = 1.5 (inferred from the radial velocity tified in position-position and position-redshift diagranthe
difference of~ 1500 km s! between ENACS 75 and A3128,determination of the cluster centre from the galaxy distitn
and from the sound speed = 960 km s? in the ICM), the is highly uncertain. Based on the thermodynamic propedies
gas outside the radius of= 90 kpc should be stripped, andthe ICM, we conclude that the enhanced surface brighness re-
only the ICM of the merging core inside of this radius shoulgion, centred at = 3"30M40%, § = -52°28'50", is the centre
be surviving. of the gravitational potential of the cluster A3128. Theipos
Such a merger would produce a tail of low entropy antibn of this region is also more consistent with the centréhef
high Fe abundance. However, in the images and in the maxsended low surface brightness X-ray emission.

y+l
y-1
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The images and the maps of thermodynamic properties Beferences
not reveal any obvious shocks. We only see two candidates,
one to the Northeast of the background cluster and one to ldwell, N & Rose,lJ. A. 1997, AJ, 113,492
. . rappellarl, M. & Copin, Y. 2003, MNRAS, 342, 345

Southwest of SW core. Both shock candidates exhibit tempgi="* .
ature drops by-1 keV associated with a drop in entropy, an avaliere, A. & Fusco-Femiano, R. 1978, A&A, 70, 677

: 2 alton, G. B., Maddox, S. J., Sutherland, W. J., & Efstathiou
a factor of 2 drop in pressure. However, the surface brigtgne
. : ! G. 1997, MNRAS, 289, 263
in these two areas is low and we cannot confirm the preser&e

of surface brightness discontinuities in the regions wthiee € Luca, A. & Molendi, S. 2004, A&A, 419, 837
Dickey, J. M. & Lockman, F. J. 1990, ARA&A, 28, 215

maps indicate the presence of the shocks. Diehl, S. & Statler, T. S. 2006, MNRAS, 368, 497
As proposed by Caldwell & Rose (1397), A3128 may ha\(llj—?inas:to M. Einas’to J. Tago’ E. M'L]Ilér V. ’& Andernakh

had encountered a merger with A3125 in the past, and as dis;

cussed by Rose etlal. (2002) the optical redshift data rweq}ifggjé?c‘)]\’/ fszniid M., & David, L. P. 2001, ApJ, 555
number of groups, some of them tidally distended into fila- T B T ' ' '
ments after a close passage through A3128. The X-ray dﬂﬁoguenov A., Guzzo, L., Hasinger, G., et al. 2007, ApdsS, i
combined with the optical redshifts suggest an ongoing arerg press ast,ro-.p,jﬁ6123é0 " T ' ' '

with a group. Moreover, the inconsistency between the C|U'._S- ’

ter centre determined based on the distribution of galaatiels orman, W., Churazov, E., Jones, C., etal. 2007, ApJ, irspres
astro-phi0604583

based on the thermodynamic properties of the ICM, and the. . . )
lack of bright galaxies at the newly identified centre of gravg%-llﬁz_%rgzl’;i_zg gi,gzttpxmm.V|Ispa.esa.$$oc$document,§:AL

|tat|0na_l potential, further highlight the view that A3128a Henry, J. P., Finoguenov, A., & Briel, U. G. 2004, ApJ, 615,
dynamically young, unrelaxed system. The unrelaxed nature 181

A3128 can be attributed to its location in the high densityien Kaastra, J. S., Mewe, R., & Nieuwenhuijzen, H. 1996, in UV

ronment of the Horologium-Reticulum supercluster. and X-ray Spectroscopy of Astrophysical and Laboratory
Plasmas p.411, K. Yamashita and T. Watanabe. Tokyo :
5 Conclusions Universal Academy Press
Katgert, P., Mazure, A., den Hartog, R., et al. 1998, A&AS,
We have analyzed new deep XMM-Newton EPIC data of the 129, 399
cluster of galaxies Abell 3128 located in the Horologiumkuntz, K. D. & Snowden, S. L. 2000, ApJ, 543, 195
Reticulum supercluster. We found that: Landau, L. D. & Lifshitz, E. M. 1959, Fluid mechanics (Course
of theoretical physics, Oxford: Pergamon Press, 1959)
— The Northeast X-ray peak observed toward A3128 is a disandolt, A. U. 1992, AJ, 104, 340
tant luminous cluster of galaxies at redshift 0.44. Lodders, K. 2003, ApJ, 591, 1220
— The properties of the distant radio bright galaxy in the cemahdavi, A., Finoguenov, A., Bohringer, H., Geller, M. &,
tre of the NE X-ray peak indicate that it is the cD galaxy of Henry, J. P. 2005, ApJ, 622, 187
the cluster in the background. We detect a gravitational avtarkevitch, M. & Vikhlinin, A. 2007, Phys. Rep., 443, 1
around the galaxy. Matsushita, K., Belsole, E., Finoguenov, A., & Bohringdr,
— The properties of the Southwest X-ray peak suggest that i2002, A&A, 386, 77
is the core of a group merging with A3128 along our lin&lauch, T., Murphy, T., Buttery, H. J., et al. 2003, MNRAS,
of sight. 342,1117
— Based on 2D maps of thermodynamic properties of tiNarayan, R. & Bartelmann, M. 1996, astro/p&06001
ICM determined after subtracting a model for the baclPoggianti, B. M. 1997, A&AS, 122, 399
ground cluster, we conclude that the enhanced surfeeeatt, G. W. 2006, astro-pb607199
brightness region at a distance ©2.8 from the centre Rose, J. A., Gaba, A. E., Christiansen, W. A., et al. 2002, AJ,
of the galaxy distribution is the centre of the gravitatibona 123, 1216
potential of the cluster A3128. The inconsistency betwe&fikhlinin, A., McNamara, B. R., Forman, W., et al. 1998, ApJ,
the cluster centres determined based on the distribution 0602, 558
galaxies and based on the thermodynamic properties of tha, X.-P., Xue, Y.-J., & Fang, L.-Z. 1999, ApJ, 524, 22
ICM further highlights the view that A3128 is a dynami-
cally young, unrelaxed system.
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