
G
a

la
xy

 E
vo

lu
tio

n:
 T

he
o

ry
 a

nd
 O

b
se

rv
a

tio
ns

 (
C

o
zu

m
e

l, 
Q

ui
nt

a
na

 R
o

o
, M

é
xi

c
o

, 8
-1

2 
A

p
ril

 2
00

2)
Ed

ito
rs

: V
la

d
im

ir 
A

vi
la

-R
e

e
se

, C
la

ud
io

 F
irm

a
ni

, C
a

rlo
s 

S.
 F

re
nk

 &
 C

hr
is

tin
e

 A
lle

n

RevMexAA (Serie de Conferencias), 17, 239–240 (2003)

A COMPARISON OF WFPC2 VS. NICMOS MORPHOLOGY OF GALAXIES
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K. L. Wu,1 Richard Elston,1 Peter R. Eisenhardt,2 Daniel Stern,2 S. A. Stanford,3 B. Holden,3 Luc Simard,4

Mark Dickinson,5 and A. J. Connolly6

RESUMEN

Presentamos un estudio comparativo de la morfoloǵıa de galaxias en un cúmulo de Lynx a z ∼ 1.27 observadas
con WFPC2 y NICMOS. Los resultados preliminares indican que, si bien la mayoŕıa de los objetos tienen una
distribución espectral de enerǵıa parecida a la de galaxias eĺıpticas y de tipos tempranos, sus perfiles de brillo
superficial cubren todo el intervalo de valores de la fracción de bulbo. Por tanto, se ha de ser cauto a la hora
de suponer que las correlaciones locales entre morfoloǵıa y color son válidas a alto z.

ABSTRACT

We present a comparison of the observed WFPC2 and NICMOS morphology of galaxies in a cluster in Lynx
at a redshift of z ∼ 1.27. Preliminary results indicate that, though the majority of the cluster galaxies have
spectral energy distributions resembling those of local elliptical and early-type galaxies, their surface brightness
profiles span the full range of bulge fractions. One must be cautious, therefore, to assume that local correlations
between morphology and color persist at high redshift.
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1. INTRODUCTION

In local galaxies, morphology and color correlate
well with each other. Ellipticals are generally very
red, dominated by their old stellar population; spi-
rals are generally forming stars and are, thus, bluer
than ellipticals; active, star-forming late-type and
interacting galaxies are dominated by bright young
blue stars and are, therefore, the bluest galaxies.

Although this relation holds nicely in the local
universe, one must be cautious to apply it indiscrim-
inately to higher redshift systems. Not only might
such relations be intrinsically different at high red-
shift, observational biases and selection effects may
begin to dominate. For example, objects observed
through a given filter at progressively higher red-
shifts are seen at progressively shorter rest wave-
lengths, where galaxy morphology has been shown
to change dramatically (e.g., O’Connell 1997).

In addition, the resolution and signal-to-noise ra-
tio achievable for high redshift objects are signifi-
cantly lower than locally. Attempts to offset the
poorer image quality with techniques such as sub-
pixel dithering often lead to other problems, such
as complicated correlations in the sky noise. Sharp
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4HIA/NRC, Victoria, BC, Canada.
5STScI, Baltimore, MD, USA.
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features, such as the cores of early-type galaxies,
tend to be smoothed out by tessellation techniques
used to recover the desired depth, leading to mis-
classification of objects and skewed number counts.

It is crucial, therefore, to disentangle the effects
of image processing and observational bias from in-
trinsic evolution in order to attain a realistic under-
standing of the true nature of high redshift objects.

2. DATA AND ANALYSIS

The data presented here were taken using the
Wide Field Planetary Camera 2 (WFPC2) and Cam-
era 3 of the Near Infrared Camera and Multi-Object
Spectrometer (NICMOS) on the Hubble Space Tele-
scope (HST). Total WFPC2 exposure time was 4800
seconds through F814W in one pointing with two
2.5-pixel dither positions. Total NICMOS exposure
time was 33600 seconds through F160W in three
pointings with eight sub-pixel dithers per pointing.

To avoid the image processing difficulties men-
tioned above while still taking advantage of the
increased signal-to-noise of multiple exposures, we
chose to use MGIMFIT2D, a task within the IRAF
package Galaxy IMage 2D (GIM2D) written by Luc
Simard, which determines a single fit to multiple im-
ages of an object (Simard 1998, Simard 2002).

3. RESULTS

Figure 1 shows our analysis of the WFPC2 and
NICMOS galaxy morphology. The galaxy bulge frac-
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Fig. 1. Galaxy bulge fraction (bulge/total, determined using GIM2D) vs. spectral class (determined using broadband
colors) at optical (left) and infrared (right) wavelengths for galaxies in a cluster in Lynx at z ∼ 1.27. Dots are likely
cluster members (based on zphot), crosses are field galaxies.

tion determined using MGIMFIT2D is plotted rela-
tive to the spectral class determined by A. J. Con-
nolly based on the objects’ broadband colors. We
find that, at both optical and infrared wavelengths,
galaxies classified as E/S0s based on their broadband
colors span the full range of bulge fractions.

The red objects seen in clusters at high red-
shifts, therefore, may not be the familiar passively
evolving ellipticals found in galaxy clusters today.
Though their broadband colors resemble those of
nearby early-type galaxies, their surface brightness
profiles are disk-like. Indeed, if these objects are
the progenitors of today’s cluster E/S0s, they must
undergo significant morphological evolution between
z ∼ 1.27 and now. Alternatively, they may be dust-
enshrouded disks, which will eventually reveal them-
selves as the familiar (bluer) spirals of today, once
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the dust has dissipated.
This work serves as a reminder of the significant

differences that may exist between the local and dis-
tant universe, and the impact that image processing
and observational bias may have on our interpreta-
tion. It is imperative that we disentangle these ef-
fects from intrinsic evolution in order to attain a real-
istic understanding of the true nature of high redshift
objects.
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