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We derived gravitational mass profiles of 11 elliptical galaxies observed with XMM-
Newton, and investigated whether X-ray luminosities of elliptical galaxies are determined
by surrounding gravitational potential. Some galaxies show constant or decreasing radial
temperature profiles and their X-ray luminosities are consistent with kinematical energy
input from stellar mass loss. The temperature profiles of other galaxies increase with radius
and their X-ray luminosities are significantly higher. The derived mass-to-light ratios increase
with radius. At 8 re, the mass-to-light ratios of galaxies with increasing temperature profiles
are larger than 50 (M�/L�), while those of the X-ray faint galaxies are about ranging from
20 to 50 (M�/L�). We can conclude that X-ray faint galaxies have their dark matter halos
and that the X-ray luminous galaxies have higher gravitational mass than the X-ray faint
galaxies.

§1. Introduction

Elliptical galaxies have hot inter stellar medium (ISM) which emit X-ray. X-
ray luminosity is influenced by whether the galaxy is “X-ray extended” or “X-ray
compact” (Matsushita et al. 1998; Matsushita 1997, 2001). The “X-ray extended”
galaxies are surrounded by a X-ray emission which extends largely than the galaxies
themselves, while the “X-ray compact” galaxies don’t have such a extended X-ray
emission.

In the X-ray compact galaxies, the X-ray luminosities are consistent or smaller
than kinematical energy input from stellar mass loss. This result suggests that
the ISM in the X-ray compact galaxies is mainly heated by stellar motion. The
X-ray extended galaxies have high X-ray luminosities which are much larger than
kinematical energy input from stellar mass loss. These galaxies lie in the center of
clusters or groups, which may be a reason of their high X-ray luminosity.

In addition, the X-ray compact and the X-ray extended galaxies have a difference
in the temperature profiles (Fukazawa et al. 2006). The X-ray compact galaxies have
a flat or decreasing temperature profiles against radius. In contrast, the temperature
of X-ray extended galaxies increases with radius. This result may be caused by a
difference of the gravitational potential.

In this paper, we investigated whether X-ray luminosities of elliptical galaxies
are determined by surrounding gravitational potential.

typeset using PTPTEX.cls 〈Ver.0.9〉



2 Ryo Nagino

§2. Targets and Observations

We analyzed archival data of 11 elliptical galaxies observed with XMM-Newton
EPIC instruments. These galaxies have the range of B-band luminosity (LB) from
109.9 to 1010.9 L�, and lie within a distance of 38.9 Mpc. They are including six
X-ray compact galaxies; IC 1459, NGC 3923, NGC 4477, NGC 4494, NGC 5322
and NGC 720, and five X-ray extended galaxies; NGC 1395, NGC 4472, NGC 4636,
NGC 5044 and NGC 5846 (Matsushita 2001). The characteristics of target galaxies
are summarized in Table 1. Here re is the effective radius of each galaxy.

Table 1. The characteristics of target galaxies

Galaxy Da re
b log LB

a log LX
c exposured

(Mpc) (arcmin) (L�) (erg/s) (sec)

IC1459 20.0 0.58 10.42 40.46 25483,26496,20807

NGC3923 25.8 0.83 10.68 40.76 31786,31836,23953

NGC4477 16.8 0.63 10.14 40.27 12787,12679, 6764

NGC4494 9.7 0.81 9.88 39.33 27278,27680,17175

NGC5322 31.6 0.56 10.86 40.30 15628,15233,11536

NGC720 20.3 0.60 10.34 40.54 16941,17694,11014

NGC1395 20.0 0.81 10.33 40.56 42581,45681,30873

NGC4472 16.8 1.74 10.92 41.48 79073,80343,67966

NGC4636 17.0 1.48 10.46 41.52 58464,58476,50080

NGC5044 38.9 0.89 10.60 42.43 17005,16619, 7616

NGC5846 28.5 1.05 10.66 41.70 13426,13228, 8747
aD is a distance to the galaxy. LB is an optical B-band luminosity.

These are taken from Tully 1988.
bEffective radius by RC3 Catalog (de Vaucouleurs et al. 1991).
cX-ray luminosity obtained with 0.2-3.0 keV and 0.0-4.0 re.
dExposure time of the EPIC-MOS1, MOS2 and PN.

§3. Analysis

We integrated spectra in annular regions. We used blank sky data as the back-
ground, whose X-ray emission at outer region is similar to source’s at > 10 keV
(Katayama et al. 2004). For the galaxies with LX > 1040.45 erg/s, we performed
the deprojection analysis (Takahashi 2004). Fitting model is the APEC model plus
bremsstrahlung multiplied by the Galactic absorption.

§4. Results

4.1. Temperature profiles

We derived temperature profiles from spectral analysis. Figure 1 shows the
derived temperature profiles of representative galaxies, NGC 1395, NGC 720 and
NGC 4636, which have similar LB . At central region of galaxies, The temperature
profiles of these three galaxies have similar values of 0.5-0.7 keV. At outer region of
galaxies, the temperature of NGC 1395 and NGC 4636 increase toward the outer
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region. In contrast, NGC 720 has a flat or decreasing temperature profile. In general,
the temperature profiles of faint galaxies have negative gradients, and those of bright
galaxies are positive.

Fig. 1. The temperature profiles of NGC 1395 (black), NGC 720 (blue) and NGC 4636 (red). The

dashed lines represent the best-fit functions.

4.2. Gas density profiles

We derived X-ray surface brightness profiles from X-ray images. In addition,
we deprojected the X-ray surface brightness and derived gas density profiles. In
Figure 2, we plot the X-ray surface brightness and gas density profiles of three
representative galaxies, NGC 1395, NGC 720 and NGC 4636. In the gas density
profile, we normalized by the values at 1 re. NGC 4636 has higher surface brightness
at overall region than NGC 720 and NGC 1395. NGC 1395 is more extended than
NGC 720. In the central region, NGC 720 is brighter than NGC 1395.

Fig. 2. The X-ray surface brightness (left panel) and gas density (right panel) profiles normalized

at 1 re of NGC 1395 (black), NGC 720 (blue) and NGC 4636 (red). The dashed lines represent

the best-fit functions, respectively.
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4.3. Mass profiles

We derived the total mass profiles from temperature and gas density profiles.
In Figure 3, we compare the derived total mass profile of the representative galaxy,
NGC 1395, with stellar mass assuming stellar mass-to-light ratio (M/L) =8. Within
1 re, the total mass is close to stellar mass. But in outer region of galaxy, the total
mass is much higher than the stellar mass. This result suggests that the dark matter
exists at the outer region of the elliptical galaxy.

4.4. Mass to light ratios of X-ray faint galaxies and bright galaxies

Figure 4 shows M/L profiles of all target galaxies. Comparing M/L profiles of
NGC 4636, NGC 720 and NGC 1395, which have similar LB, the X-ray extended
galaxy, NGC 4636, has the highest M/L value, and the X-ray compact galaxy, NGC
720, has the lowest M/L value. Moreover, We compared M/L of the X-ray faint
galaxies with those of X-ray bright galaxies. The X-ray bright galaxies have clearly
higher M/L values than X-ray faint galaxies.

Fig. 3. The total mass profile of NGC1395

(solid line). The dotted line represents stel-

lar mass assuming stellar M/L=8.

Fig. 4. The M/L profiles of all target galax-

ies. Red, black and blue lines represent

NGC 4636, NGC 1395 and NGC 720, re-

spectively. Orenge and green lines repre-

sent X-ray bright and faint galaxies, respec-

tively.
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