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THE STAR FORMATION HISTORIES OF GALAXIES IN THE SC1324 SUPERCLUSTER 

Nelson Cheung 

Abstract 
We investigate the evolution of galaxies in dense environments in the early universe, quantifying the 
populations of passive, star forming, and starburst galaxies in the 346 spectroscopically confirmed 
members of the SC1324 supercluster at z ~ .76 as a part of the Observations of Redshift Evolution in 
Large Scale Environments (ORELSE) survey. With spectroscopic data taken with the Deep Imaging 
Multi-Object Spectrograph (DEIMOS) on Keck II, we are able to create a spectroscopic catalog featuring 
the Equivalent Widths (EW) of [OII] and Hδ of the supercluster’s constituent galaxies. Using a spectral 
classification of star formation for galaxies, we create histograms showing the distribution of the 
different spectral types in the four clusters. Through these histograms, we are able to see that the 
supercluster members are each in different parts of their evolutionary history that correlates with the 
star-formation rates of the galaxies. 

Introduction 
With the advent of contemporary telescopes, we 
are able to glimpse deeper than before into the 
early beginnings of galaxy clusters, which is crucial 
in understanding their formation and the 
properties that drive their evolution. Previous 
surveys gave snapshots of galaxy formation at low 
redshifts (z ≤ .6), which were unable to provide a 
full picture of how galaxies evolve in their earlier 
stages, and more importantly, unable to quantify 
the earlier physical processes that would have a 
deep impact in the evolutionary history of the 
clusters. It is only within the last twenty years that 
we have been able to examine data from massive 
clusters at high redshifts of z ≥ .7. The 
Observations of Redshift Evolution in Large Scale 
Environments (ORELSE) survey (Lubin 2009) was 
designed to investigate galaxy evolution at higher 
redshifts through a range of multiwavelength 
imaging and spectroscopy, along with a variety of 
fields exhibiting different physical properties and 
structures.  Covering over 20 known clusters with 
redshifts between z=.6 – 1.3, the survey aims to 
provide new insights into these large-scale 
structures and the physical processes that influence 
their evolution. 
 

The evolutionary trend of clusters is highly dependent 
on the environmental processes that affect the 
evolution of the galaxies that would form the building 
blocks of clusters. Many galaxy properties, such as the 
amount of star-forming galaxies vs. passive galaxies 
(Poggianti et al. 1999; hereafter P99), play an 
important role in the overall evolution of a cluster. 
Between galaxies, physical mechanisms such as 
merging (Mihos 1995, 1999), harassment (Moore et al. 
1998), starvation (Larson et al. 1980), ram pressure 
stripping (Gunn & Gott 1972), tidal triggering star 
formation, and tidal halo stripping can affect a galaxy’s 
star formation rate (Moran et al. 2007)  and the 
morphology-density relation in galaxies (Postman et al. 
2005).   

 
In this paper, our analysis is based on a spectral 
classification proposed in Dressler et al. (1999; 
hereafter referred to as D99) and used in Poggianti’s 
own analysis. The classification is based on the 
equivalent widths measurements of Hδ Balmer series 
lines and [OII] emission lines (centered around λ = 
4101 Å and λ = 3727 Å, respectively). In D99’s 
classification (the following table), galaxies were split 
into 6 different classes, ranging from passive galaxies to 
galaxies with intense star formation, also known as    
starburst galaxies.  
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Table 1 

Spectral Classification Scheme from D99 

 

 
Credit:  Dressler et al. 

 
 
 

We choose to focus on a classification based on 
equivalent widths (EW), as EW is a measure of the 
area of a spectral line on a plot of intensity versus 

wavelength; the following figure shows a visual 
example of how equivalent widths are defined. 

 

 
Figure 1 

Equivalent width in relation to spectral line 
 

By measuring equivalent width, we are able to 
obtain a numerical value for the strength of a 
spectral line. In particular, we look at the EW of 
[OII] and Hδ lines because the [OII] emission 
line doublet is highly correlated with the fluxes 
of young, bright stars (and as a result, star 
formation rate), and in the case of Hδ, the 
higher order Balmer line is used due to the high 
redshift of the field. It is through a measure of 

these two lines that we are able to classify the 
star-formation properties of a galaxy and group 
them appropriately. 

 
To further our analysis, we group the D99 
spectral classes into four major subdivisions. K 
types remain as a major group of passive 
galaxies that lack [OII] emissions. K+A and A+K 
types are grouped as galaxies that also don’t 
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have [OII] emissions, but have a significant Hδ 
Balmer absorption. E(c) types are grouped as 
star forming, as they have [OII] emission and 
significant Balmer absorption. Finally, E(a), 
E(b), E(a)+E(b) types are grouped as starburst, 
indicating strong Balmer absorption and 
emission. 
 
In this paper, we adopt the concordance ΛCDM 
cosmology, with H0 = 70 km s−1 Mpc−1 , ΩM 
=0.27, and ΩΛ=0.73. All equivalent width 
measurements are done in the rest frame. We 
adopt the convention that negative EWs are 
used for emission features and positive EWs for 
absorption features. All magnitudes are given in 
the AB system of Oke & Gunn (1983). 
 

Supercluster 1324  

First discovered in Gunn et al. (1986) using the 
Hale 5m telescope, and revisited in Oke et al. 
(1998),  Postman et al. (2001), and Lubin et al. 
(2002, 2004), SC1324 is a supercluster at a z = 
0.76 (6.84 billion years since the Big Bang), 
with central R.A.: 13 24 45 and Dec: +30 34 18. 
The two largest clusters in SC1324: 
SC1324+3011, the northern cluster at z=0.76, 
and SC1324+3059, the southern cluster at 
z=0.69, both of which were discovered in the 
optical survey of Gunn et al. (1986).  The 
coordinates, redshifts, and measured velocity 
dispersions of the four spectroscopically 
confirmed constituent cluster or groups are 
listed in the following tables:  
 

Table 2 
Cl1324:  Properties of Confirmed Groups  

and Clusters 

 
Credit:  Rumbaugh 2012 

Table 3  
Redshifts of the four clusters in SC1324 

 
Cluster Name Redshift z 
Cluster A 0.7556 
Cluster B 0.6971 
Cluster C 0.7382 
Cluster I 0.6960 

 

Spectra and Data Reduction 

The data set for SC1324 consists of 10 masks 
observed with the DEIMOS spectrograph on the 
Keck II 10-m telescope in Hawaii over seven days 
between May 2006 and June 2009. 346 members 
(quality > 3; Gal et al. 2008 for more information 
on quality codes) were obtained using the DEIMOS 
spectra along with 44 members previously 
observed using the Low Resolution Imaging 
Spectrograph (LRIS) in Oke et al. (1998). The 
exposure time for SC1324 ranges from 6,625 
seconds to 10,800 seconds with an average total 
integration time of 8,144 seconds per mask. Unlike 
other fields, all planned ORELSE observations are 
complete for SC1324, and it constitutes the second 
largest sample in the ORELSE survey. The wide 
field r’ i’ z’ optical imaging for the supercluster was 
done using the Large Format Camera mounted on 
the Palomar Hale 5-m telescope.  
 
All DEIMOS slitmasks were observed with the 
1200 l mm−1 grating with an FWHM resolution of 
∼1.7 Å (68 km s−1), with a typical wavelength 
coverage of 5900 Å - 8500 Å and a central 
wavelength of 7200 Å (Rumbaugh et al. 2012). 
The slitmasks were observed with differing total 
integration times depending on weather and seeing 
conditions and varied from 3600s to 14400s in 
seeing that ranged from 0.45”-1.4” (Lemaux et al. 
2012). Using an IDL script (provided by Brian 
Lemaux), which uses a bandpass method to   
measure the EW, we checked to see if the EW 
values for the 346 DEIMOS members were 
calculated correctly.  
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Incorrect measurements of EW were fixed by 
manually adjusting the bounds of the bandpass 
routine. A final spectroscopic catalog was 
created that featured the ra-dec, redshift, r’ i’ z’, 
Hδ, and [OII] values of each measured galaxies 
in SC1324. 
 
We then wrote an IDL routine that inputted the 
values of the spectroscopic catalog to create 
Table 4. The value for the virial radius, R200, is 
calculated by (Carlberg et al. 1997): 
 

𝑅200 =
√3𝜎𝑣

10𝐻(𝑧)
 

 
where H(z) is the value of the Hubble parameter 
at the redshift of interest: 
 

𝐻(𝑧) = 𝐻0�𝛺𝑚(1 + 𝑧)3 + 𝛺𝛬 
 
and the velocity dispersion, 𝜎𝑣, is taken from 
(Rumbaugh et al. 2012).   
 

Table 4 
Virial Radius of the Four Clusters in SC1324 

 
Cluster Name: Virial Radius 

(𝐻0−1Mpc) 
Cluster A 1.32431 
Cluster B 1.20922 
Cluster C 0.31655 
Cluster I 1.28380 

Results 

Using the spectral classification specified by 
D99 and grouped by the four major 
subdivisions, the following is a plot of all the 
cluster member color coded by their spectral 
types on a Dec-Ra plot. Circles of one virial 
radius are overlaid on the cluster centers to 
show the size of each cluster. 

 
Figure 2  

Declination vs. Right Ascension plot of SC1324 
galaxies color-coded based on Table 1 

 
The following four histograms (Figures 3-6) 
were generated through an IDL routine we 
wrote that counted the number of spectral 
classes in increments of .5 virial radii from the 
center of each cluster up to 2.5 virial radii. They 
were then grouped under the four major 
subdivisions and color coded the same way as in 
Figure 2. Special care was taken to ensure that 
overlaps between clusters are avoided by using 
both the distance to the cluster center and 
velocity dispersion of each galaxy as conditions 
for cluster membership.  
 
Notably, Cluster C is absent from the results as 
less than 8 galaxies were found to be members 
of the cluster.  
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Figure 3:  Overall Distribution of spectral classes in SC1324 

 
 
 

 
Figure 4:  Distribution of spectral classes in Cluster A in SC1324 
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Figure 5:  Distribution of spectral classes in Cluster B for SC1324 

 
 
 

 
Figure 6: Distribution of spectral classes in Cluster I in SC1324 
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Discussion 
As shown in Figure 3, the overall distribution of 
spectral types in the supercluster indicates that 
the supercluster is at a latter part of its 
evolutionary timescale due to the significant 
amount of the passive k-type galaxies that form 
the cores of the clusters. However, this only 
reflects the overall nature of the supercluster, as 
in individual clusters, such as Cluster A in Figure 
4; there are significantly more star-forming and 
starburst galaxies than passive k-types. This is 
contrasted with Clusters B and C in Figures 5 
and 6, which both have a large population of k-
types in the very centers of the clusters. This 
result correlates  with the evolutionary scenario 
proposed by Poggianti in P99 where galaxies 
start with a starburst  phase as in Figure 4, and 
evolve to Figure 5, where these starburst/star-
forming galaxies end up as a+k/k+a galaxies as 
star formation comes to an end.  
 
Further studies in SC1324 would include an 
analysis of the K-band data that is currently 
being compiled, similar to what was done with 
K-band luminosity in Cowie et al. (1996), 
allowing us to have a foundation to quantify the 
masses of each galaxy members in SC1324. With 
accurate mass data available, we can continue 
our exploration of star-forming histories of 
SC1324 with the perspective of its masses. 
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