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Abstract

We present results of four-pointing Suzaku observations of the intracluster medium (ICM) in the
Abell 478 galaxy cluster (kT ∼7 keV, z = 0.0881) from 0.6 r500 ∼0.8 Mpc out to 2 r500 ∼2.7 Mpc,
or about the virial radius. The temperature decreases with radius to ∼2 keV around 1.7 r500. The elec-
tron density profile agrees very well with the ROSAT result. As for other clusters observed with Suzaku,
the derived entropy profile beyond 0.8 r500 has a flatter slope than the prediction from numerical simula-
tions assuming an adiabatic accretion shock heating model. The gas pressure profile derived from Suzaku
observations agrees with that of Abell 478 from observations of the Sunyaev-Zel’dovich effect (SZE) with
Planck within the statistical errors. We compared the hydrostatic-mass profile with the best-fit Navarro,
Frenk, and White (NFW) model for stacked weak lensing signals of 9 massive clusters, which has the
almost the same value of r500 with that of Abell 478. Within the whole radial range observed with Suzaku,
the ratio of the integrated ICM mass to the weak-lensing mass model is almost constant at ∼0.13–0.14,
which is slightly lower than the cosmic baryon fraction by Planck.
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1. Introduction

Abell 478 is a nearby (z = 0.0881) cool-core cluster with
the mean ICM temperature within r500, ∼7 keV. Eck-
ert et al. (2013) derived the azimuthal averaged entropy
profiles of 18 clusters by combining the SZ pressure from
Planck and the X-ray gas density from ROSAT. They
claimed that the entropy, in particular of the relaxed sys-
tems, rose steadily with radius and followed the power-
law relation at variance with Suzaku results of the flat-
tening profiles. Simionescu et al. (2011) interpreted that
the gas clumping effect causes the excess of gas-mass-to-

hydrostatic mass ratio near the virial radius over the
cosmic baryon fraction and the flattering of the entropy
profile.

2. Observation and Spectral Analysis

Suzaku performed four offset observations of the Abell
478 cluster as shown in figure 1. For each pointing, we
accumulated spectra within five concentric annular re-
gions centered on the peak of the emission. Circular
regions around the point sources of the flux > 5.0–7.5
×10−14 erg cm−2 s−1 in the energy range of 2.0–10.0
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Fig. 1. XIS (0, 1, and 3) image of Abell 478 (0.5-2.0 keV). Green
annuli indicate the regions used for spectral analysis. Small white
and light-blue circles, which radii are 2′ and 1.5′, respectively,
are the excluded regions around point sources. The white dashed
circle shows r500.

keV, were excluded. We assumed that the X-ray back-
ground model includes three components of the Cosmic
X-ray background, Local Hot Bubble, and Milkey Way
Halo.

3. Results

Temperature profile for all the directions decreases with
radius from ∼7 keV in 300–900 kpc to ∼2 keV at 2.2–
2.7 Mpc. Electron density profile with Suzaku agrees
remarkably well with that derived with ROSAT data by
Eckert et al. (2013). The universality of the electron
density profiles observed with Suzaku for Abell 478 sup-
ports the correctness of the Suzaku measurements. En-

tropy (K=kT/n
2/3
e ) profile inside∼1000 kpc (or 0.8 r500)

follows a power-law model with a fixed index of 1.1,
which is the prediction from the numerical simulation
assuming an accretion shock heating model (Voit et al.
2005). On the other hand, the entropy profile outside
∼1000 kpc tends to have flatter slope and reduced by
almost half in the outermost annulus.

4. Discussion

Suzaku data of Abell 478 have much smaller error bars
and consistent with that of Planck within statistical er-
rors. Suzaku data also tend to be lower than the aver-
age pressure profile with REXCESS clusters (Arnaud et
al. 2010) and the stacked profiles (Planck Collaboration
2013a) of cool-core clusters. Hydrostatic-mass (H.E.)
was compared with the average NFW model fit on the
weak lensing mass of 9 massive (Mvir > 6×1014 h−1M⊙)
clusters observed with Subaru/Supreme-Cam (Okabe et
al. 2010). Since the r500 for the NFW model from the
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Fig. 2. Radial profiles of the integrated mass. The gray solid lines
represent the H.E. mass from Suzaku temperature and electron
density profiles and its 90% variations. The black dashed line
shows the best estimates of the hydrostatic mass from the pressure
profiles with XMM, Suzaku and Planck and the electron density
profiles with Suzaku. The red solid line shows the best-fit NFW
model for the weak lensing signals of 9 massive clusters (Okabe
et al. 2010). The lower blue dot-dashed lines indicate the gas
mass profiles and its 90% variations.

weak lensing clusters is 1.31 Mpc, which is almost the
same with that for Abell 478, and hence, has the al-
most same value of M500 as shown in figure 2. The H.E.
mass becomes nearly constant beyond r500, while weak-
lensing mass model continues to increase with radius.
Gas-mass fraction with the weak lensing mass model is
almost constant at 0.13–0.14 and slightly below the cos-
mic baryon fraction by Planck Collaboration (2013b).
We do not need the overestimation of electron density.
With the absence of the overestimation of electron den-
sity, the rapidly decreasing temperature should prevent
the entropy from increasing with radius outside r500.
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