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We present the results of an XMM-Newton observation of the hot cooling-
o w cluster
Abell 478 performed in Guaranteed Time. Using the large e�ectiv e area and high
spectral resolution of XMM-Newton in the soft X-ray band, wederive the temperature
pro�le and abundancesin the cluster. We concludethat we needa multi-temp erature
model to �t the spectrum in the core of the cluster.

1. In tro duction

The cluster of galaxies Abell 478 (Fig. 1) is a good
exampleof a highly relaxed cluster. Earlier X-ray obser-
vations by Ginga and Einstein (Johnstone et al. 1992),
ROSAT (Allen et al. 1993; White et al. 1994), ASCA
(Mark evitch et al. 1998;White 2000) and Chandra (Sun
et al. 2003) show a signi�can t excessof X-ray emission
in the core,suggestingthe presenceof a massive cooling-

o w. The observations performed by missionswith su�-
cient spatial resolution (e.g. ROSAT, ASCA and Chan-
dra) are consistent with a radial temperature decrease
toward the core. In a recent Chandra observation an X-
ray cavit y was discovered in the core which seemsto be
associated with a lobed radio source(Sun et al. 2003).

BecauseAbell 478 is one of the hottest clusters in
the X-ray sky, its spectrum is dominated by thermal
Bremsstrahlung. In order to be able to study the line

Fig. 1.| Optical/UV image of Ab ell 478 obtained with the
Optical Monitor (OM) aboard XMM-Newton .

emission we used the large e�ectiv e area and spectral
resolution of XMM-Newton (Jansenet al. 2001). In this
paper we present the results from the spatially resolved
spectra obtained with the European Photon Imaging
Camera (EPIC, Turner et al. 2001) and the high reso-
lution spectra from the Re
ection Grating Spectrometer
(RGS, den Herder et al. 2001).

2. Observ ations

The observation of Abell 478 was performed as part
of the Guaranteed Time program on February 15 2002
and had a total duration of 126 ks. Both EPIC MOS
cameraswereoperated in Full Frame modeand the EPIC
pn camera in Extended Full Frame mode. For all EPIC
camerasthe thin �lter was used.

For the initial data processingweusedthe 5.4.1version
of the XMM ScienceAnalysis System(SAS) software. To
correct for enhancedand variable background due to soft
proton 
ares the data were�ltered using upper and lower
count-rate thresholds. The thresholds were calculated
analogousto the method usedin Pratt & Arnaud (2002).
This procedureresulted in useful exposure times of 81.3
ks (MOS), 53.8 ks (pn) and 123 ks (RGS).

3. EPIC Analysis & Results

3.1. Temperature and Absorption

The temperature and interstellar absorption pro�les
were obtained from spectra extracted from circular an-
nuli. An o�set pointing wasusedto obtain more accurate
results for the edgeof the cluster. Projection and PSF
corrections were not applied to the spectra. We �tted
the spectra using an absorbed, redshifted thermal emis-
sion spectrum (MEKAL) model in XSPEC with NH , z
and kT as free parameters as well as the normalization
for each detector. This resulted in an acceptable� 2 for
each annulus. Fig. 3 shows the radial temperature pro�le
for Abell 478 and in Fig. 4 the total radial absorption is
shown. The column density gradually diminishes toward
the edgedue to a molecular cloud.
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Fig. 2.| EPIC image of Ab ell 478. The �eld of view is approx-
imately 300 � 300. (Energy ranges: Red = 0.2{1.0 keV, Green =
1.0{2.5 keV, Blue = 2.5{10. keV)

Fig. 3.| Temperature pro�le of Ab ell 478 derived from EPIC
single-temp erature �ts.

3.2. Abundances

For the determination of the abundance pro�les we
used a di�eren t method. Becausethe cluster is slightly
elongated (see Fig. 2), we extracted the source and
background spectra from elliptical annuli. The EPIC
background spectra wereextracted from the background
event �les provided by Read & Ponman (2003). Fur-
thermore, we corrected the e�ectiv e areafor the blurring
e�ect of the PSF and removed bright point sources.The
spectral analysiswas performed with the SPEX package
(Kaastra et al. 2003a).

Becausethe source is partly obscuredby a molecular
cloud (seeFig. 5), we used two absorption components.
The NH of the �rst component was �xed to the galac-
tic 21 cm value of 1.51 � 1021 cm� 2 provided by the
HEASARC NH web tool (Dickey & Lockman 1990). In
the secondcomponent the NH and the oxygenabundance
were left free to account for the excessabsorption caused
by the molecular cloud and calibration uncertainties in
the oxygen edge.

Fig. 4.| Total column density pro�le (EPIC single-temp erature
�t)

Fig. 5.| IRAS 100� m image of the Ab ell478 region from
Skyview. The dimensions of the image are 7.5� � 7:5� (Wheelo ck
et al. 1991). Ab ell 478 is at the center of the image.

We �tted the spectra with a single-temperature model
in all annuli. Abundance pro�les measuredby EPIC are
shown in Fig. 6.

The � 2 values for the single temperature �ts were
higher in the core, therefore the spectra were also �tted
with a di�eren tial emission measuremodel (DEM). In
this particular model the emissionmeasureis distributed
as a function of temperature as shown in Eq. (1):

dY
dT

=

(
cT � T < Tmax

0 T > Tmax
(1)

This model called wdemis an empirical parametrization
of the DEM distribution found in the coresof many clus-
ters (Kaastra et al. 2003b). In this form the limit � ! 1
yields the isothermal model. For conveniencewe will use
1=� in this paper, becausethen the isothermal model is
obtained when 1=� = 0.

For the determination of the radial abundanceswecon-
centrated on the core of the cluster and did not use the
o�set pointing. Beyond 40 the � 2 value jumps to nearly
two times the d.o.f. becausethe signalbecomessimilar in
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Fig. 6.| Radial abundance pro�les from the single temp erature �ts.

Table 1. RGS and EPIC spectral fits (wdem; 0{0 :05).

RGS EPIC Unit

� 2 /d.o.f 877/752 701/526
NH ;excess

a 1.68 � 0.07 2.35+0 :02
� 0:06 1021 cm� 2

Oedge
b 0.44 � 0.07 0.08 � 0.02 Zsolar

Tmax 10.0+2 :0
� 1:5 7.5+0 :3

� 0:10 keV
1/ � 1.1 � 0.2 1.3 +0 :19

� 0:15
O 0.13 � 0.06 < 0.06 Zsolar

Ne 0.48 � 0.12 0.32 � 0.09 Zsolar

Mg 0.18 � 0.12 < 0.12 Zsolar

Si 0.45 � 0.05 Zsolar

S 0.45 � 0.08 Zsolar

Ca 0.9 � 0.2 Zsolar

Fe 0.55+0 :18
� 0:12 0.42 � 0.01 Zsolar

Ni 0.78 � 0.17 Zsolar

Note . | Errors are given at the 1� con�dence level, and the
< -sign denotes a 2� upper limit.

a the excess absorption on top of the galactic absorption which
was �xed at 1.51 � 1021 cm� 2

bThe abundance of oxygen in the absorption component was left
free to �t the oxygen edge near 0.5 keV.

strength comparedto the background. Therefore, the �t
becomesvery sensitive to systematic e�ects. Moreover,

the excessabsorption from the molecularcloud in
uences
the extragalactic soft X-ray background component and
intro ducesan extra systematic e�ect in the background.
Becauseof this e�ect and the high � 2 outside the 40 ra-
dius we ignore thesebins in our present discussion.

4. RGS Analysis & Results

We obtained a reasonable�t for the RGS instrument
using the wdem component described in Eq. 1 (seeTa-
ble 1 and Fig. 7). With a � 2 of 877/752 the wdem �t
is just marginally better than the single temperature �t
with a � 2 of 887/754. Unfortunately , the oxygen abun-
dance is not well determined becausethe O VI I I line
complex is near a bad-column on the CCD of RGS1 and
falls in the dead area of RGS2. The Fe-L complex near
12 �A was detected and resolved as well.

5. Conclusions

Becauseof the excellent sensitivity of XMM-Newton
we can conclude that the core of this hot cluster is best
�tted with a DEM model. The fact that the wdem�t to
the RGS data is just marginally better than a �t using a
single-temperature component might be due to the small
number of emission lines detected. Becauseof the high
Bremsstrahlung continuum the number of lines on which
the DEM distribution can be constrained is of course
very small. Therefore, the broader band of the EPIC is
much better in this casefor determining the temperature
structure.
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Fig. 7.| Av eraged RGS spectrum of Ab ell 478 �tted with the DEM model component described in Eq. (1)
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