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Abstract

We present the result of Abell 1674 observations with Suzaku. Abell 1674 is an optically rich cluster
at z = 0.1066. We discover the iron K-shell line from the central region of this cluster for the first time,
and find that the X-ray spectrum is given with a higher redshift of 0.215+0.007

−0.006. On the other hand, the

spectrum of A1674 southwestern region is fitted with a redshift of 0.11+0.03
−0.02, consistent with the optically

determined value. We suggest that Abell 1674 consists of two independent clusters overlapping along the
line of sight.
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1. Introduction

Abell 1674 (hereafter A1674) is an optically rich clus-
ter (richness class 3; Abell 1958). Its redshift is z =
0.1066 (Struble et al. 1999) based on the measurement
of 2 member galaxies (Huchra et al. 1990). Accord-
ing to the ROSAT all sky survey, its X-ray luminos-
ity (0.5 − 2.5 keV) is 1.25 × 1043 h−2 erg s−1 (Briel et
al. 1993), significantly smaller than those of the other
clusters with comparable richness. Following X-ray ob-
servations with ASCA (Hashimotodani et al. 2000) and
XMM-Newton (Katayama et al. 2005) revealed that the
X-ray spectrum is fitted with kT ≃ 3 keV plasma model
but with very low metal abundance in its intraclus-
ter medium (ICM); the XMM-Newton result provides
0.07(< 0.2)Z⊙. With these results, we had speculated
this cluster might be in the early stage of its evolution.
To confirm the scenario, deeper observation has thus
been proposed with Suzaku.

2. Observation & Analysis

We observed A1674 with the X-ray Imaging Spectrome-
ter (XIS, Koyama et al. 2007) onboard the Suzaku Satel-
lite (Mitsuda et al. 2007). The observation was per-
formed for an effective exposure of 68 ks on December
16 2006. We use the data of three XIS (XIS 0, 1, 3).
Figure 1 shows the X-ray image of A1674.
We perform the model fitting toward the spectrum

of A1674 obtained by XISs. We apply the apec model
(Smith et al. 2001) for the ICM. The non X-ray back-

Fig. 1. X-ray image (FI:0.5-10, BI:0.25-8 keV) of A1674 with optical
galaxies. The green squares and magenta circles are galaxies with
0.10 < z < 0.12 and those with 0.21 < z < 0.23, respectively.
The galaxies with the other redshifts are indicated by cyan crosses.

ground (NXB) was estimated by xisnxbgen (Tawa et
al. 2008). It was subtracted from the spectrum. We
assume that the sky background consists of the cosmic
X-ray background, Milkey Way halo and local hot bub-
ble. It was included in the fitting.

We extracted the X-ray spectra of the Center region
(See Fig.1) of A1674. The spectrum is shown in Fig. 2 (a)
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Fig. 2. Spectra of the Center region (left) and that of the SW region (right) after the subtraction of the NXB. The FI (black) and BI (red)
spectra are fitted simultaneously with the model of ICM + CXB (black dashed line)+ MWH (blue dashed line)+ LHB (orange dashed
line). The X-ray emission from the Center region and that from the SW region are represented by the magenta solid line and the cyan
solid line, respectively. The FI spectrum is multiplied by ten for display purpose.

with best-fit model, while the best-fit parameters are
summarized in Column 1 of Table 1. This model well re-
produces the line-like structure at around 5.5 keV, as the
redshifted (z = 0.215+0.007

−0.006) iron K-shell line. This is the
first detection of the iron K-shell line from A1674. The
metal abundance of the Center region is 0.20± 0.05Z⊙,
which is not unusual for clusters.

Since the X-ray redshift of the Center region (z =
0.215+0.007

−0.006) is different from that determined optically,
we examine the spatial distribution of optical galaxies
near and around A1674. According to the Sloan Digi-
tal Sky Survey (SDSS, York et al. 2000) spectroscopic
survey, we find many galaxies with z ≃ 0.1 are found in
the SW region (See Fig. 1). We analyze the spectrum
extracted from this region. Since the X-ray emission in
the SW region is far fainter than that in the Center re-
gion, contamination (pile-over) from the Center region
should be taken into account. Figure 2 (b) shows the
spectrum of the SW region with the best-fit models. The
best-fit parameters of the ICM are summarized in Col-
umn 2 of Table 1. The redshift of the SW region is
determined to be z = 0.11+0.03

−0.02, which is consistent with
0.1066 obtained from the optical measurement (Struble
et al. 1999). The metal abundance is 0.19+0.07

−0.06 Z⊙, a
typical value for clusters. The redshift and temperature
are significantly different from those in the Center region.

Table 1. Results of spectrum fittings

Center SW
Temperature (keV) 3.8± 0.2 1.9± 0.2
Abundance (Solar) 0.20± 0.05 0.19+0.07

−0.06

Redshift 0.215+0.007
−0.006 0.11+0.03

−0.02

3. Discussion & Summary

As we described above, we find two different redshifts,
0.215+0.007

−0.006 and 0.11+0.03
−0.02, from the two separate regions

(the Center and SW regions) in the field of A1674.
This redshift difference corresponds to ∼ 30, 000 km s−1,
which is too large to be attributed to a bulk motion in
one cluster. We thus conclude that A1674 consists of two
independent clusters overlapping along the line of sight.
The X-ray luminosity of the ICM in the Center region

is L = 7.5 ± 0.3 × 1043h−2 erg s−1 (0.1 − 2.4 keV). This
value is consistent with L = 5.6+2.7

−1.8 × 1043 h−2 erg s−1,
which is estimated by the L − T relation (Ikebe et
al. 2002) at the best-fit temperature of 3.8 keV. The X-
ray luminosity expected from the L− T relation for the
1.9 keV temperature is L = 0.99+0.34

−0.26 × 1043h−2 erg s−1.
It is consistent with the observed value of L = 0.69 ±
0.06 × 1043h−2 erg s−1 from the SW region. These are
another support for our hypothesis, and the main part,
the ICM of the Center region is a new cluster of galaxies
discovered with Suzaku.

References

Abell G.O. 1958 ApJS., 3, 211
Briel U.G. & Henry J. P. 1993 A&A., 278, 379
Cavaliere A. & Fusco-Femiano R. 1978 A&A., 70, 677
Hashimotodani K. et al. 2000 ASR., 25, 611
Huchra J.P. et al. 1990 ApJ., 365, 66
Ikebe Y. et al. 2002 A&A., 383, 773
Inoue S. et al. 2014 PASJ., submitted
Katayama H. et al. 2005 ASR., 36, 689
Koyama K. et al. 2007 PASJ., 59, 23
Mitsuda K. et al. 2007 PASJ., 59, 1
Smith R.K. et al. 2001 ApJL., 556, L91
Struble M.F. & Rood H.J. 1999 ApJS., 125, 35
Tawa N. et al. 2008 PASJ., 60, 11
York D.G. et al. 2000 AJ., 120, 1579

- 403 -




