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Abstract. We report the discovery of a probable large-scale structure composed of many galaxy
clumps around the known twin clusters at z = 1.26 and z = 1.27 in the Lynx region. Our
analysis is based on deep, panoramic, and multi-colour imaging with the Suprime-Cam on the
8.2 m Subaru telescope. We apply a photometric redshift technique to extract plausible cluster
members at z ∼ 1.27 down to ∼ M∗ + 2.5. From the 2-D distribution of these photometrically
selected galaxies, we newly identify seven candidates of galaxy groups or clusters where the
surface density of red galaxies is significantly high (>5σ), in addition to the two known clusters,
comprising the largest most distant supercluster ever identified.

1. Introduction
Superclusters are the largest systems of galaxies, composed of multiple clusters of

galaxies, extending over 10-20Mpc (e.g., Postman, Geller, Huchra 1988; Small et al.
1998). According to the N-body simulations which successfully reproduce the observed
filamentary structures at the local Universe (e.g., Peacock et al. 2001), clusters of galaxies
at z ∼ 1 are still in the process of formation (e.g., Moore et al. 1998). Therefore, clusters
of galaxies at this cosmological distance, especially superclusters, are important sites
where we can directly see the process of structure formation and evolution and mass
assembly to cluster cores.

The advent of the Suprime-Cam (Miyazaki et al. 2002), a huge format optical camera
with a 30′ field of view on the prime focus of the 8.2m Subaru telescope, has made it pos-
sible for us to view a >10Mpc region all at once at high redshifts. By utilizing the great
light-collection power of the Subaru telescope, we now target the most distant superclus-
ter ever firmly identified with spectroscopy: i.e., the Lynx supercluster region at z ∼ 1.27
composed of two known clusters, RXJ 0848.9+4452 at z = 1.26 and RXJ 0848.6+4453
at z = 1.27 (Stanford et al. 1997; Rosati et al. 1999). Throughout this article, we use the
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AB magnitude system. The adopted cosmological parameters are Ω0 = 0.3 and λ0 = 0.7,
which gives a physical scale of 11.7h−1

50 kpc arcsec−1 at the cluster redshift.

2. Observations, reduction and analysis
The Lynx field was observed in November 2000–March 2001 with the Suprime-Cam.

Total exposure times of 96, 90, 60, and 54 mins were obtained in V Ri′z′ respectively.
The images are processed in a standard manner with iraf and purpose-written software
developed by us (Yagi et al. 2002). We register the V, R, and i′ images with the z′ image,
and match their PSFs to a fixed value, 1′′ (FWHM). Taking an overlapped region for
all the images in the four bands, the final area used in our analysis is restricted in a
26′.4 × 24′.1 region, which corresponds to 18.1 × 17.5h−2

50 Mpc2 at z = 1.27. We then
constructed i′-band selected sample using SExtractor v.2.2.0 (Bertin, Arnouts 1996).
After excluding 411 stellar-like objects, a total of 35143 objects, whose magnitudes are
brighter than i′ = 26.15 (5σ) in the ∼ 590 arcmin2 area, are contained in the final catalog.

Since spectroscopic measurements for the ∼ 35, 000 galaxies are not practical, we
exploit photo-z technique as an observationally efficient method to largely subtract the
foreground/background populations. We input the V Ri′z′ magnitudes to the HYPERZ
code (Bolzonella, Miralles & Pelló 2000) to get estimated redshifts for all the individual
galaxies in our i′-band selected sample. By using the best estimate of photometric redshift
of individual galaxies, we select the only galaxies within the range of 1 � zphot � 1.35 to
isolate the plausible members associated to the supercluster at z ∼ 1.27. The number of
these photometrically selected candidates for cluster members (hereafter photo-z selected
candidates) is 2229.

3. Large-scale clumpy structure
Figure 1 shows the spatial distribution on the sky of the photo-z selected candidates

at z ∼ 1.27. The large and small dots indicate red and blue galaxies, redder and bluer
respectively than a colour of the local Sab galaxies. The numbers of the red and blue
galaxies are 575 and 1654, respectively. The contours indicate the local surface density
of the ‘red’ photo-z selected candidates calculated from the 10 nearest neighbors, cor-
responding to 2, 3, 4 and 5σ. Here σ corresponds to the scatter (standard deviation)
of the local surface density in the case of the random distribution of 575 galaxies over
the 590 arcmin2 field of view, i.e., 0.97 arcmin−2. We do not include the blue galaxies
here for the following reasons: (1) The accuracy of photo-z is relatively poor for the blue
galaxies because of their intrinsically weak 4000Å feature. (2) The red galaxies trace
clusters or groups of galaxies more neatly than the blue galaxies due to the morphology
(colour)-density relation (Dressler 1980, Dressler et al. 1997).

In Figure 1, we mark by large circles the areas where the local surface densities of the
red galaxies are higher than 5σ above the mean density. The cl1 and cl2 indicate the 2
known high redshift clusters at z ∼ 1.27. We newly find 7 candidates of galaxy clusters or
groups, where the local surface density is as large as those of the known clusters (gr1-gr7).

Figure 2 shows the i′−z′ versus z′ diagram for each cluster/group candidate including
the two known clusters. Galaxies within a circle of 1h−1

50 Mpc radius are plotted. The
filled circles indicate the photo-z selected candidates and the small dots indicate the
other galaxies. For comparison, we also show the galaxies randomly selected from the
low density (< 0σ) regions in the bottom right panel of Figure 2. The dashed line in each
panel shows a predicted colour-magnitude relation at z = 1.27 for passively evolving
galaxies formed at zF = 4.5 (Kodama & Arimoto 1997). Not only in the two known
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Figure 1. The 2-D distribution of photo-z selected candidates on the sky. North is up, and east
is to the left. The large and small dots indicate red and blue galaxies respectively. The contour
levels are 2, 3, 4 and 5σ. See the text for details. The radii of the large circles are 1h−1

50 Mpc at
z = 1.27.

clusters (cl1 and cl2) but also in our new candidates (gr1-gr7), can we find many red
galaxies consistent with passive evolution which comprise the red sequences in these
diagrams.

We also show the radial profile of each cluster and cluster/group candidate in Fig-
ure 3. Only those galaxies brighter than i′ = 26 are counted because of increasing
incompleteness toward fainter magnitudes. Here we subtract the remaining field con-
tamination using the Subaru Deep Field data (e.g., Kashikawa et al. 2003; Ouchi et al.
2003) from each bin after normalizing counts of field galaxies with referring areas. The
averaged surface number densities of all galaxies and the red galaxies are 4.0 ± 3.6 and
0.20 ± 0.33 h2

50Mpc−2, respectively, to the same magnitude limit of i′ = 26. We see a
pronounced increase in galaxy density towards the center of most of our cluster/group
candidates. The only exception is gr6 that shows no excess of galaxy density at the cen-
ter. This may be due to the misidentification of the center of the group, or intrinsically
non-axisymmetric structure. We combine the profiles of known clusters and those of our
new candidates (groups) separately, and find that both of these combined profiles can be
fitted very well with the King’s law profile, N(r) = N0(1 + r2/R2

c)
−1 (King 1966, 1972),

with Rc = 0.23± 0.03 h−1
50 Mpc (cluster) and Rc = 0.32± 0.04 h−1

50 Mpc (group), which is
consistent with estimations for local clusters (Bahcall 1975).

We estimate the richness of each cluster/group candidate, using the N0.5 indicator
introduced by Hill & Lilly (1991). This indicates the number of galaxies within a 0.5 Mpc
radius from the cluster center and within the magnitude range between m1 and m1 + 3
measured in the R band at z ∼ 0.5. Since the R band at z ∼ 0.5 roughly corresponds to
the z′-band at z ∼ 1.27, we can make a direct comparison with their measurements. The
cluster richness estimated based on N0.5 is 1-2 for cl1 and cl2, while 0-1 for gr1-gr7 (See
Table 4 of Hill & Lilly 1991). Therefore we find that the candidates we newly find are
poorer systems than the two known clusters. This is also suggested by the deep (190 ks
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Figure 2 (left) : The i′ − z′ versus z′ diagrams of the galaxies in the known clusters (cl1 and
cl2) and our new cluster/group candidates (gr1-gr7). See the text for details.
Figure 3 (right) : The surface number density of galaxies as a function of the distance from
the cluster center. Cluster and group indicate the combined profiles of known clusters and
those of our new candidates, respectively, and the best-fitted King’s law profiles are also
plotted by the solid lines.

exposure) X-ray data around the Lynx field taken by Chandra (Stanford et al. 2001;
Stern et al. 2002). We compare the structures found in our optical data with those in the
X-ray data. We cannot identify any counterparts (extended sources) in our cluster/group
candidates except for the two known clusters. This may be because these candidates do
not have dense or hot enough plasma to be detected in the Chandra data, whose limiting
flux is ≈ 1.7 × 10−16 ergs cm−2 s−1 in the 0.5-2 keV band. We argue therefore that
our ‘Suprime-Cam imaging + photo-z’ method is a very powerful technique in finding
clusters or groups in the distant Universe even beyond z > 1 out to z ∼ 1.3. We note
that this is practically the highest redshift structures of ‘normal’ galaxies that can be
traced by optical images with our scheme (bracketing the 4000Å-break region in the rest
frame).

4. Summary
We have presented deep panoramic imaging of the Lynx supercluster field at z ∼

1.27 taken with the Suprime-Cam on Subaru telescope. Our multicolor image covers a
26′.4× 24′.1 (18.1× 17.5h−1

50 Mpc), allowing us for the first time to investigate the large-
scale structures spreading around the known cluster regions at this high redshift. By
applying photo-z technique, we have mapped out the spatial distributions of galaxies at
z ∼ 1.27 down to ∼ M∗ + 2.5.

With this technique, we have newly discovered seven cluster/group candidates. These
candidates show red color-magnitude sequences and centrally concentrated profiles, sim-
ilar to those of the two known clusters in this field, indicating that they are likely to be
real clusters/groups of galaxies at z ∼ 1.27, comprising a large-scale supercluster over
∼18 h−1

50 Mpc scale. The clumpiness of the structures suggests that its dynamical stage
is young and they are in the process of assembly to a massive cluster.
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