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Abstract

Hot intestellar medium (ISM) in elliptical galaxies show X-ray line emission from heavy
elements. Thanks to low stable background , large effective area, and good energy resolution
of Suzaku/XIS, we can measure the metallicity of ISM accurately, especially for isolated X-ray
faint elliptical galaxies. Here we report the preliminary result of Suzaku observation of NGC
3923. We intend to derive the abundance pattern of the ISM, in order to probe the chemical
evolution of galaxies. We also report the analysis of Chandra and XMM-Newton data of NGC
3923, and discuss the results.

1 Introduction

Elliptical galaxies are known to be associated with hot interstellar medium (ISM) which can be

observed by X-ray. Hot ISM contains heavy elements provided from stellar mass loss and supernovae

in a parent galaxy. Futhermore, since ellitical galaxies are dominant in galaxy clusters, it is believed

that they are main sources of rich metals in the intracluster medium. Therefore, ISM of elliptical

galaxiesis important to study the chemical evolution of galaxies and clusters.

Elemental abundances of ISM in X-ray bright elliptical galaxies has been well studied in detail

(Matsushita et al. 1997; Xu et al. 2002; Tamura et al. 2003; Boute et al. 2003). However, these

X-ray bright galaxies sit at the bottom of the gravitational potential of galaxy groups, and they

are often embedded in X-ray bright intragroup medium (Fukazawa et al. 2006). Therefore, X-ray

properties of X-ray bright ones do not necessarily follow the ISM itself. On the other hand, X-

ray faint elliptical galaxiesare often isolated or located at the cluster periphery. They are common

in the universe. Accordingly, X-ray faint elliptical galaxies are very valuable to extract the ISM

properties, in order to understand the metal enrichment processes in galaxies and clusters. In the

previous observations, information on X-ray faint elliptical galaxies are somewhat poor. ROSAT

and ASCA reported very low metal abundance for these galaxies (Lowenstein et al. 1994), and this

gives a problem that metals of galaxy clusters are supplied from elliptical galaxies. Recent Chandra

studies, which elliminate the emission from point sources, reported that metal abundance is not so

low (Humphrey et al. 2006), and thus the above problem becomes not serious. Next step is to obtain

the abundance pattern. XMM-Newton could measure it, but Suzaku can more accurately, thanks to

good energy resolution in soft X-ray band where elemental emission lines are rich. Here we report

an initial result of an X-ray faint elliptical galaxy NGC 3923 observed with Suzaku AO1, together

with the results of analysis of Chandra and XMM-Newton data.

2 Chandra and XMM-Newton data

Utilizing high resolution of Chandra, we eliminated point sources and fit the spectra integrated at

annular regions of various radius with apec model. Metal abundance ratios are fixed to solar values.

These spectra are well fitted with single temperature model, and the temperature is almost constant

at any radius (Fukazawa et al. 2006). Figure 1 shows a radial profile of metal (Fe) abundance. The

metallicity gradually decreases toward outer region, and the abundance at the center region is as
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high as stellar metallicity. This gradient can explain the results of ASCA/ROAST; low metallicity

is caused by metal-poor gas at the outer region.

We investigated the abundance pattern of ISM by using XMM-Newton data of 30 ks exposure. The

signal-to-noise ratio of RGS is too low to obtain metal abundances for NGC 4388, and therefore we

analyzed the EPIC PN and MOS spectra within 80 arcsec from the galaxy center. We fit the spectra

with single-temperature variable-abundance apec model. Figure 2 shows a thus-obtained abundance

pattern. Errors are somewhat large, but both Fe and O abundance is moderately constrained and

their ratio is consistent with the solar ratio.

Figure 1: Radial profile of metal abundance

of NGC 3923, obtained from Chandra data.
Figure 2: XMM-Newton EPIC spectra of NGC

3923.

3 Suzaku data

Good energy resolution around O-K line enables us to resolve the O-K line and measure the O

abundance robustly, free from the uncertainty of the continuum modeling. Figure 3 shows the XIS

spectra within 3 arcmin from the galaxy center. O-K line is apparent in the XIS-BI spectrum.

Since soft Galactic thermal emission has been found to significantly contaminates below 0.7 keV for

extended sources (Matsushita et al. 2007; Tawara et el. 2007), we obtained the Galactic emission

by fitting the XMM-Newton spectrum at 5–8 arcmin from NGC 3923. The reason to use the XMM-

Newton data is its large field of view. Then we fitted the XIS spectra with single-temperature

variable-abundance apec model plus bremsstrauling, in addition to the Galactic emission model

obtained as above. The bremsstrahlung model is included to represent the contribution from LMXBs

in this galaxy. The fit is almost good as shown in figure 3, and we obtained the metal abundance,

which is consistent with those of the XMM-Newton data. Figure 4 shows the comparison of metal

abundance pattern of NGC 3923 with various elliptical galaxies. Here we refer the definition of the

solar abundance to Feldmann (1992). Within errors, abundance pattern agrees with each other.

Metals in the current ISM are believed to come from stellar mass loss and type Ia supernovae.

Metals in stellar mass loss are possibly like those of type II supernovae, since mass-losing stars were

born from the gas enriched by burst type II supernovae in the early galaxy formation phase. There

is a possibility that metals from type Ia supernovae escape fast from galaxies due to its large kinetic

energy. Similar abundance ratio among various elliptical galaxies indicates that metals are well mixed

before escaping from galaxies.
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Figure 3: Suzaku XIS spectra of NGC 3923.

Best-fit models (solid line) consist of apec

plasma model, soft Galactic thermal emis-

sion, and bremsstrahlung.

Figure 4: Abundance ratios against Fe for elliptical

galaxies. Data of NGC 4636 are taken from Xu

et al. (2003) (XMM-Newton RGS), and data of

NGC 1399, NGC 1404, and NGC 720 are from

Matsushita et al. (2007) and Tawara et al. (2007)

(Suzaku XIS).
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