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Abstract. A simple method for determining stellar mass estimates of galaxies at high
redshiftsis presented Galaxy magnitudesn the CL 1604 fieldare obtainedrom
photometry of infrared Kband images taken frothe Palomar 20@Hale Telescope and
the Kitt Peak 4m Mayall Telescop&hemagnitudesreclassified as ellipticalred) or
spiral(blue)using two spectral templates atwohverted to absolute ABagnitudes
which then can be converted to luminositidheluminositiesgive an indication of the
stellar masses by usingpeeviously determinetedshift evoltion of the mas$o light
ratio of galaxiesdependent on their spectral class (red or bli&)js method results in
reasonable mass estimgtéd°-10* Mgy, but with large errors. Due to this, we also
present demplate fitting method for computing the stellar masses, which spooNé to
be a more accurataethod.

Introduction

Galaxy clusters are some of the largest knowrcsires in the universe, so it is

interesting to understand how they and their galaxy populations form and evolve.
Despite extensive observations and simulations of galaxy formation and evolution, basic
knowledge of this field is still developing. Thisrist surprising considering the large
timescales of galaxy formation and evolution and the amount of information needed to
study these processes. Fortunately, a large amount of this information can be obtained
through observation or interpolation througlodels.

The ORELSE Qbservations of Redshift Evolution in Large Scale Environn)eusvey

is a multtwavelength program to study the physical processes in intermediate density
regionsof the universe, including cluster cores, filaments, and infalling grabasare
responsible for the evolution of galaxies relating to galaxy morphologies, star formation
rates, and active galactic nuclei. This project is a part of the ORELSE Survey, which has
been helping to improve our knowledge of galaxy formation.

Cosmobgical structure formation and star formation govern the mass assembly histories

of galaxies, therefore stellar masses are essential for understanding these processes. The
stellar mass gives information on the growth of structure through dark matteahdlos
collapse and the physical processes that govern the evolution of baryonic matter.
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Data and Galaxy Samples

The ORELSE survey targets galaxies in dense, central regions of cluster structures, which
are dominated by old, red elliptical galaxies. Nigdirared wavelengths are ideal for

obtaining stellar masses. Shorter wavelengths are more affected by hot blue stars that can
easily dominate the light emission, even if their mass is small compared to the rest of the
gal axyds st el | aredderwgveldngths are more affetted bygdest

extinction. When observed in the néafrared, the magnitudes will be optical réistme
magnitudes, due to the high redshifts of the galaxies observed. Ideally, magnitudes in

rest frame neainfrared shoud be obtained, however, that would require observations

from spacebased infrared telescopese®dR K-band is the reddest filter that can be

used with grounkbased telescopes to practically survey large areas.

Data was taken fr omeleschpe usPh@thedHRCr(WidB€ldD 0 Hal e
Infrared Camera) and from the Kitt Peak 4m Mayall Telescope using the FLAMINGOS
(Florida Multi-Object Imaging Neamfrared Grism Observational Spectrometer) camera

in the Ksfilter at 2.15um. Four fields were imagedt1604, cl0023, nep5281, and

scl1322. Data reduction and photometry were performed for all four fields and steller

mass estimates were obtained for the cl1604 field. Motivation for imaging these cluster
structures was due to the existence of extensivengkbased Keck spectroscopy as well

as optical roé6, 106, and z06 band photometry
for galaxies in these fields. skand photometry was needed to obtain stellar mass

estimates for further analysis.

Object detectiomnd magnitudes were derived using Source Extractor (SExtractor). The
derived K band magnitudes were consistent with their errors, as seen in Figure 1 below.
Magnitudes were calibrated to the 2MASS (Two Micron All Sky Survey) with a simple
zeropoint offeet. The cl1604 field contained six useable pointilmgataining at least

eight clusters or galaxy groups. Approximately 5000 objects were detected by
SExtractor, 268 of which have redshifts placing them in the superclastan in Figure

2.
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Fig. 1. Derived K band (Vega) magnitudes vs. their errors Fig. 2. Objects detected in the CL 1604 éiel
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Fig. 3. Depth of K band observations. In AB magnitudes the magnitude limit is 21.7, which is comparable tc
ultra-deep K band surveys.




Stellar Mass Cdculation

Dynamical mass estimaté®m galactic rotation curvesre the most reliablemass
estimateshowever, dark matter and gas contributions to the mass must be subtracted to
obtain the stellar mass. A different approach would be to convert the galaxy luminosity
to stellar mass by modeling tkeellar population. The stellar population predicts a mass
to light ratio that is dependent on redshift and gives the masses:initaaed mass to

light ratios only vary by a factor of 2 over a wide range of star formation histories.

In order to ckulate the gellar massea color cut(Figure 4)is applied to distinguish the
red and blue galaxies. Then the distance modulus @odr&ction are applied using two
spectral templates provided Bplemann, Wu, and Weedman, 1988en in Figure.5
The mode$ are dependémn redshift andio obtain absolute magnitugl@re applied as
follows:

The absolute AB magnitudes are then converted to luminosities using the following AB
magnitude relation:

10°16-Mx  ergs
L=
3.837 * 1018 scm2 Hz

Arnouts et al. 2007 providesphot of redshift evolution of red or blue galaxies according
to thar mass to light ratios seen in Figure Bhis figure was created by first determining
the masses of a sample of galaxies by fitting rhdthd photometry. Thetio of the
masses and their luminosities w@tetted agaist their known redshifts and were fitted
using apower law. Figure 6can be used to obtain stellar mass estimaiase the
redshifts and luminosities of our galaxies are knowhe derived stellar masses were
reasonable, ranging from 010" solar massesbut withlarge errors.At redshift of 0.9,
there isa difference ofibout a quarter of a magnitudetween the modelsThere is &0

a largescatter inFigure 6, used to calculate the stellar mas$esdditionto the scatter,
there isalso disagreement in the slope of the relation, shown by the green lines. These
introduce a significant amount of error into the stellar mass estimates.
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Fig. 4. The color cut. Arnouts et al performs the color qusblecing ellipticatlike Spectral Energy Distributions

(SEDs) This color cut was performed irsamilar manner, however, the actual distinction betwberiwo models
was arbitrarily chosen.
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Fig. 5. A plot of the redshift dependence of thederection based on the different modeBolemann et al provides
5 galaxy models, but dntwo (elliptical and spiral) are used in this stellar mass estimate.



Fig. 6. Arnouts et al provides a K band mass to light regidshift evolutiorfor 0 < z < 1.5. The ratios are in solar
units.

Future Work

The use of a color cut is a very crude way of calculatingasteihsses, but it is useful for

a rough estimateTemplate fitting is a way of obtaining effective le@solution
spectroscopy by plotting wavelgth vs. flux for each of thebserved wavelengths and
finding the best fit spectral templat&éhe shape of a template is the spectral energy
distribution and the normalization is the total amount of light, which is a direct indicator
of the mass. fis is more accuratian the color cut, which is based on observations
from two wavebanddecause it usesany wavebads typically 8,thus lowering the
uncertainty and giving a better esguared fit.

Futuregoals for the ORELSE survey relating to this project include data from Spitzer
IRAC and MIPS map for redtame neailR photometry to improve template fitting,

obtain specific star formation rates per mass, study variance within the environment by
lookingat mass vs. position in cluster, and combine this data with Hpeihting HST

ACS (Advanced Camera for Surveys) mosaic for galaxy morphologies

Although knowledge of galaxy formation and evolution is still quite limited, progress is
being made and it iguite impressive that we can study and form conclusions about
galaxy formation and evolution, processes which take billions of years to complete, in
only a few decades.



