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ABSTRACT

We present Hubble Space Telescope (HST ) and Spitzer Space Telescope images and photometry of the extremely
metal-poor (Z = 0.03 Z) blue dwarf galaxy CGCG 269—049. The HST images reveal a large population of red giant
and asymptotic giant branch stars, ruling out the possibility that the galaxy has recently formed. From the magnitude of
the tip of the red giant branch, we measure a distance to CGCG 269—049 of only 4.9 £ 0.4 Mpc. The spectral energy
distribution of the galaxy between ~3.6—70 pm is also best fitted by emission from predominantly ~10 Gyr old stars,
with a component of thermal dust emission having a temperature of 52 + 10 K. The HST and Spitzer photometry
indicate that more than 60% of the CGCG 269—049 stellar mass consists of stars ~1—10 Gyr old, similar to other local
blue dwarf galaxies. Our ST Ho image shows no evidence of a supernova-driven outflow that could be removing
metals from the galaxy, nor do we find evidence that such outflows occurred in the past. Taken together with the CGCG
269—049 large ratio of neutral hydrogen mass to stellar mass (~10), these results are consistent with recent simulations
in which the metal deficiency of local dwarf galaxies results mainly from inefficient star formation, rather than youth or

the escape of supernova ejecta.

Subject headings: galaxies: dwarf — galaxies: formation — galaxies: individual (CGCG 269—-049) —

galaxies: stellar content

1. INTRODUCTION

A small fraction of star-forming dwarf galaxies in the local
universe have oxygen-to-hydrogen abundance ratios of 12 +
log (O/H) < 7.65 in their emission-line gas, with an implied met-
allicity below 10% of the solar value (e.g., Kniazev et al. 2003;
Izotov et al. 2006; Pustilnik & Martin 2007; Izotov & Thuan
2007). It is reasonable to hypothesize that such extremely metal-
poor galaxies (XMPGs) are young objects, forming their first
generation of stars, and considerable effort has recently been de-
voted to testing this hypothesis by studying the stellar populations
of XMPGs including the prototype object, I Zw 18. While most
XMPGs have been found to contain evolved stars (e.g., Aloisi
etal. 2005; Corbin et al. 2006; see also the reviews by Kunth &
Ostlin [2000, 2007]), the results for I Zw 18 itself have been
controversial, with some studies based on deep Hubble Space
Telescope (HST) imaging reporting no stars older than ~1 Gyr
(Izotov & Thuan 2004; Ostlin & Mouhcine 2005), while sub-
sequent analyses of the Izotov & Thuan (2004) data and more
recent HST observations indicate the presence of red giant stars
in the galaxy (Momany et al. 2005; Aloisi et al. 2007). Both pos-
sibilities for the nature of XMPGs (evolved or nonevolved) have
important implications for models of galaxy formation, which
motivates the detailed study of more members of this class. In
particular, the resolution of individual stars by HST imaging is
the best way to establish the presence or absence of an evolved

! Based on observations with the NASA /ESA Hubble Space Telescope and
the Spitzer Space Telescope. The Hubble Space Telescope is operated by the
Association of Universities for Research in Astronomy (AURA), Inc., under
NASA contract NAS 05-26555, and the Spitzer Space Telescope is operated by
JPL/Caltech under NASA contract 1407.
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population. At shorter infrared wavelengths (<10 pm), Spitzer
Space Telescope photometry also constrains the age of their stellar
populations, modulo the presence of polyaromatic hydrocarbon
(PAH) emission. At longer infrared wavelengths, Spitzer pho-
tometry constrains the dust content of the galaxies, which both
affects their optical photometry and carries implications for their
star formation histories.

This paper presents deep HST and Spitzer images of the gal-
axy CGCG 269—-049, identified as an XMPG by Kniazev et al.
(2003). These authors measure a value of 12 + log (O/H) =
7.43 £ 0.06 from the strong emission lines in its Sloan Digital
Sky Survey (SDSS) spectrum, with an indicated metallicity of only
0.03 Z;, assuming log (O/H), = —3.08 (Anders & Grevasse
1989). CGCG 269—049 is an isolated low surface brightness dwarf
galaxy with ¢ = 15.13, g — r = 0.03, and a redshift of 0.00052
(Kniazev et al. 2003), placing it at a distance of 4.7 & 0.4 Mpc
after correction to the frame of the cosmic microwave background
(assuming Hy = 73 km s~! Mpc™!, Q) = 0.27, Q = 0.73;
Spergel et al. 2007). This distance presents an excellent oppor-
tunity to study CGCG 269—049 in detail. Most importantly, it
allows the resolution of its stars with the HST Advanced Camera
for Surveys High Resolution Channel (ACS HRC). The galaxy
also has a major axis diameter of approximately 30", allowing it
to be resolved by the Spitzer Infrared Array Camera (IRAC) and
Multiband Imaging Photometer (MIPS).

A color composite image of CGCG 269—049 from the SDSS
is shown in Figure 1, which also shows the area of the galaxy im-
aged by the ACS HRC. The galaxy shows star formation across
most of its surface, and a population of old stars is not obviously
present. Figure 1 shows that most of the star formation in CGCG
269—049 is concentrated in a star cluster offset to the southwest
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Fic. 1.— Optical image of CGCG 269—049 from the Sloan Digital Sky Sur-
vey (SDSS), representing a composite of images in the SDSS g, 7, and i bands.
The red rectangle shows the area covered by the HST ACS HRC (Fig. 4 and § 2.3).

from its nominal center, which we hereafter refer to as the Central
Cluster. H 1 observations of the galaxy reveal a semi-ordered
velocity field and a symmetric H 1 envelope extending ~2.3
Holmberg radii beyond the galaxy’s optical disk (Begum et al.
2006). The symmetry of the optical and H 1 envelopes argues
against the possibility that the galaxy’s current star formation
has been triggered by interaction with a neighbor, although it is
only approximately 14.5 kpc from the dwarf galaxy UGC 7298
and is a member of the Canes Venatici I galaxy cloud (see Begum
et al. 2000).

In the following sections we present our Spitzer and HST ob-
servations of CGCG 269—049, including a stellar color-magnitude
diagram from the ST photometry that clearly shows the presence
of asymptotic giant branch (AGB) and red giant branch (RGB)
stars in the galaxy, with ages up to ~10 Gyr. We conclude with a
discussion of these results in the context of recent models of the
origin of the global galaxy mass/metallicity relation and dwarf
galaxy formation. In the following calculations we assume a
distance of 4.9 Mpc to the galaxy, measured from the magnitude
of the tip of the red giant branch (TRGB) we detect in its color-
magnitude diagram (§ 2.4). The corresponding scale is approxi-
mately 25 pc arcsec—L.

2. OBSERVATIONS & RESULTS
2.1. Spitzer Images and Photometry

CGCG 269—049 was observed by the Spitzer IRAC and MIPS
instruments on UT 2005 December 24 and 2005 December 6,
respectively. The total integration times were 3701s (IRAC) and
6322s (MIPS). The galaxy was detected in all four IRAC bands
(3.6,4.5,5.8, and 8.0 um) and in the MIPS 24 and 70 pm bands,
but not the 160 pum band. Figure 2 shows the images of these
galaxies in four of these bands. The 3.6 m image is remarkably
similar to the optical image (Fig. 1). The images show a progres-
sive decrease in the stellar flux of the galaxy in the regions away
from the Central Cluster with increasing wavelength and a gradual
increase in the emission from the Central Cluster, which becomes
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Fig. 2.—Spitzer Space Telescope IRAC 3.6 and 8.0 ym band images and
MIPS 24 and 70 pm images of CGCG 269—049. The galaxy is also detected in
the IRAC 4.5 and 5.8 m bands, with an appearance intermediate between that in
the 3.6 and 8.0 um bands. Note the similarity of the 3.6 pm image to the optical
image (Fig. 1).

strongest at 24 and 70 pm. This likely represents the decline of the
stellar continuum emission beyond ~10 ym and the increase of
thermal dust and PAH emission from the Central Cluster. Similar
spatial correlation between emission above ~10 pum and star-
forming regions detected at optical wavelengths is seen in Spitzer
images of other nearby galaxies (e.g., Jackson et al. 2006; Barmby
et al. 2006; Cannon et al. 2006; Hinz et al. 2006). No signifi-
cant emission beyond the Central Cluster is detected in the
MIPS bands.

Photometry was performed on these images with the IRAF
polyphot task, using comparable polygonal apertures for all
images to include the flux from the entire galaxy. The measured
fluxes are given in Table 1. Figure 3 presents the resulting spectral
energy distribution (SED). The SED is well fitted by the combi-
nation of a Bruzual & Charlot (2003) stellar population synthe-
sis model at the shorter wavelengths and a Draine & Li (2007)

TABLE 1

CGCG 269—-049 Spitzer SpacE TELESCOPE
IRAC anp MIPS FLuXEs

Wavelength 1
(pm) Detector Jy)
36uiiecieen IRAC 1.23 £ 0.05
IRAC 0.82 + 0.05
IRAC 0.54 + 0.05
IRAC 0.44 + 0.05
MIPS 0.60 + 0.03
MIPS 6.08 + 0.03
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Fig. 3.—Infrared spectral energy distribution of CGCG 269—049 from the
Spitzer IRAC and MIPS fluxes, shown with open circles and solid squares, re-
spectively. The solid line is a Bruzual & Charlot (2003) population synthesis
model for an instantaneous burst evolved to an age of 10 Gyr, a Chabrier initial
mass function, and a metallicity of 0.02 Z,,. The dashed line is a Draine & Li(2007)
thermal dust model for a Large Magellanic Cloud dust composition and a range
in the parameter U = 25-103, where U represents the intensity of the radiation field
incident on the dust in units of the ambient radiation field in the solar neighborhood.
The dotted line is the sum of the two models.

thermal dust emission spectrum at longer wavelengths, including
a significant contribution to the flux at 8.0 ym from PAH emis-
sion. The Bruzual & Charlot (2003) model that best fits the IRAC
fluxes is an instantaneous burst with a Chabrier initial mass func-
tion, a metallicity of 0.02 Z., no internal extinction, and an age
of 10 Gyr. We note, however, that the same model with an age
of 1 Gyr also fits the data to within the estimated errors, so ages
in the range of ~1-10 Gyr are possible, in addition to the newly
formed stars. This nonetheless provides the first evidence of old
stars within the galaxy. The Draine & Li (2007) model that best
fits the data has a dust composition based on that of the Large
Magellanic Cloud and a range of the parameter U = 25103, where
U represents the intensity of the radiation field incident on the dust
in units of the ambient radiation field in the solar neighborhood.
The implied dust temperature from the fitted curve is 52 + 10 K.

2.2. Estimate of Dust Mass

We estimate the total mass of dust from the fitted dust emis-
sion spectrum using equation (31) of Draine & Li (2007), and
assuming a value of the ratio of the total dust mass to the total
mass in hydrogen. Specifically, we use the mean value of this
ratio, 2 x 107*, from the sample of 16 blue compact dwarf gala-
xies studied by Hirashita et al. (2002), which gives Mg, ~ 2.3 M.
We note that for CGCG 269—049, this value of the dust-to-gas
ratio is consistent with that estimated from the correlation be-
tween dust-to-gas ratio and the index 12 + log (O/H),,, found
by Draine et al. (2007). The scatter in this correlation and in the
Hirashita et al. (2002) values, however, make this mass estimate
accurate to only 1 order of magnitude.

As another check of the dust content of CGCG 269—049, we
measure the Balmer decrement in its SDSS spectrum. This spec-
trum was taken through a 3" aperture centered on the Central
Cluster. We measure f)(Ha)/f;,(HB) = 2.93 + 0.05, with an as-
sociated E(B — V') value of 0.056 mag, corresponding to Ay =~
0.2 mag under the assumption of a Large Magellanic Cloud ex-
tinction curve (Gordon et al. 2003). We apply this value and
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associated A; and E(V — I') values uniformly to correct our HST
photometry for internal reddening, under the assumption that it
does not vary strongly over the surface of the galaxy, given that
we see no strong patches of extinction in Figure 1 and the HST
images themselves.

2.3. HST Images

CGCG 269—-049 was imaged by the HST Advanced Camera
for Surveys on UT 2006 November 2 under GO program 10843.
Broadband images were taken with a single pointing of the High
Resolution Channel, while an Ho image was taken in filter F658N
with a single pointing of the Wide Field Channel. The filters and
exposure times were F330W (2000s), FS50M (6320s), F814W
(2120s), and F658N (2192s). The broadband filters were chosen
to cover a wide wavelength range and to avoid strong emission
lines including [O 1] 144959,5007. The F658N filter includes Ho
and the underlying stellar continuum, but this continuum should
not contribute more than a few percent of the total flux based on
the relative strength of the Ha line in the galaxy’s spectrum (see
Kniazev et al. 2003), at least near the Central Cluster. A separate
off-band image was thus not taken. The exposure times of the
broadband images were chosen to detect individual red giants
stars at the distance to the galaxy estimated from its redshift (§ 1).
The raw data were processed with the standard ACS on-the-fly
recalibration pipeline using the MultiDrizzling process. A correc-
tion for Galactic foreground extinction was applied to the image
flux levels using the values of Schlegel et al. (1998).

A color composite of the F330W, F550M, and F814W images
is shown in Figure 4. Individual stars of varying colors are clearly
resolved. The Central Cluster is revealed to be more of a loose
association dominated by the emission from ~20 OB stars. A
faint background galaxy appears to be present approximately 6"
southeast of the Central Cluster. This region was excluded from
the stellar photometry, as was the area around the ““coronagraphic
finger” of the camera seen near the bottom of the figure and the
edges of the images.

A portion of the F658N image is shown in Figure 5. Ha emis-
sion is seen mainly around the Central Cluster, with what may
be a single O star at the cluster center appearing to dominate
the ionization. With the exception of its southwestern portion
(possibly because of dust extinction), the emission is remarkably
circular, indicative of a classical Stromgren sphere, with a diam-
eter of approximately 175 pc. This contrasts with the filamentary
appearance of ionized gas in “‘superwinds” from starburst gal-
axies (see the review by Veilleux et al. 2005). Although we lack
data on the gas kinematics, the morphology and small size of
the ionized volume do not indicate that a significant amount of
gas is being driven from the Central Cluster. There is additionally
no clear evidence of supernova remnants beyond the Central
Cluster in this image.

2.4. Photometry from HST Images

Photometry of the resolved stars was performed on the F330W,
F550M, and F814W images using the IRAF (version 2.12.2)
implementation of DAOPHOT (Stetson 1987). An aperture size
of 4 pixels (~ 0.1”) was used. The stellar point-spread functions
(PSFs) were modeled using the combination of an analytical
function (Gaussian for the F330W and F550M filters and Moffat
for the F814W filter) and an empirical composite PSF generated
for each image. An iterative process of subtracting the detected
stars and examining the residual image revealed that detection
thresholds below 5 o, where o is the standard deviation of the
image background level, did not reliably detect additional stars.
All magnitudes were placed on a Vega scale, using equation (4)
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Fi. 4—Color composite of the HST ACS HRC F330W, F550M, and F814W
images of CGCG 269—049. The feature at the bottom of the image is the ““coro-
nagraphic finger” of the ACS HRC. The J2000.0 coordinates of the image center
are R.A. = 12"15™46.89%, decl. = +52°23'13.9".

of Sirianni et al. (2005) and updated zero points from the ACS
Web site;2 they are 22.907, 24.392, and 24.861 for the F330W,
F550M, and F814W images, respectively). These zero points
assume an aperture of 5.5”, and our magnitudes were corrected
accordingly, using the results of Sirianni et al. (2005).

Figure 6a presents a color-magnitude diagram (CMD) from
the cross-matched lists of magnitudes in the F550M and F814W
filters. We plot only magnitudes with formal 1 o errors less than
0.2 mag. The CMD indicates the presence of a RGB, along with
AGB stars and carbon stars. The stars near the 50% complete-
ness limit shown on the plot are most likely to be dust-reddened
post-AGB or carbon stars. These stars were visually verified to
be genuine detections, and are distributed roughly uniformly
over the portion of the galaxy imaged. We estimate a distance
to the galaxy from the apparent F§14W magnitude of the TRGB,
24.5 £ 0.1, and the assumption of M (/) = —4.05 for the TRGB
of metal-poor systems (DaCosta & Armandroff 1990; see also
Bellazzini et al. 2001). Transforming the F8§14W magnitude to
I(eq.[12] and Table 23 of Sirianni et al. 2005) yields a distance
of 4.9 + 0.4 Mpc, in agreement with the value estimated from
the CGCG 269—049 redshift (§ 1). We overplot the theoretical
isochrones calculated for ACS HRC and these filters from the
Padova database;3 see also Girardi et al. 2002), assuming a dis-
tance of 4.9 Mpc and a metallicity of Z = 0.0004. Good agree-
ment is seen between the individual isochrones and the various
branches of the CMD. Notably, the reddest RGB stars in the
galaxy appear to be ~10 Gyr old. This CMD is similar to that
obtained by Aloisi et al. (2005) for the XMPG SBS 1415+437
using ACS WFC and the F606W and F814W filters.

Figure 6b plots the F330W — F550M and F550M — F814W
colors for the relatively small number of stars detected in the
F330W filter. This comparison provides a check on the accuracy
of the isochrone fitting to the CMD by including the F330W

2 Online at http://www.stsci.edu/hst/acs/analysis/zeropoints.
3 Online at http://pleiadi.pd.astro.it /isoc_photsy.02 /isoc_acs_hrc/index.html.
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107

F658N

Fic. 5.—Portion of the Ha image of CGCG 269—049 obtained with the
F658N filter of the ACS HRC. The image is centered on the Central Cluster (see
Figs. 1 and 4).

magnitudes. Specifically, the blue horizontal branch loops in
the isochrones seen in Figure 6a produce a nearly linear feature
in this color space that fits the data very well. If systematic errors
were present in our photometry or in the isochrone fitting, they
would likely be evident on one or both of Figures 6a and 65, but
the correspondence of the data and isochrones indicates otherwise.

To assess the completeness of the photometry for each filter, we
follow a procedure similar to Caldwell (2006) for ACS observa-
tions of dwarf galaxies in the Virgo cluster. We specifically insert
100 artificial stars with empirical composite PSFs at random po-
sitions into the actual images for all three filters. The magnitude of
the inserted stars was varied from 21 to 29 in steps of 0.25 mag,
and a total of 544 trials of the procedure were run for each filter.
The photometry of the artificial stars was performed with the same
procedure applied to the actual stars. The results are shown in
Figure 7, where it can be seen that the 50% (90%) completeness
levels are reached at magnitudes of approximately 25.3,27.2, and
26.7 (24.8, 26.6, and 26.0) for the F330W, F550M, and F814W
filters, respectively. The F330W image is not deep enough to
recover stars to the faint limits reached in the FS50M and F814W
images. Of the three images, F550M is effectively the deepest,
with a completeness limit approaching 27 mag, while the F§14W
image reaches ~0.5 mag brighter. The number of stars detected to
within an error of 0.2 mag are 309 (F330W), 3128 (F550M), and
4339 (F814W).

2.5. Mass Fraction of Old Stars

It is of interest to estimate the fraction of stellar mass repre-
sented by the stars in CGCG 269—049 older than ~1 Gyr as an
indicator of its star formation history. Corbin et al. (2006) find
that the ~10 Gyr old populations in nearby “ultracompact” blue
dwarf galaxies, including two that qualify as XMPGs, compose
~90% of the galaxies’ stellar mass, with their light being dom-
inated by the early-type stars formed in their starbursts. These
estimates, however, were based on a decomposition of the objects’
SDSS optical spectra into their constituent stellar populations,
obtained through apertures containing nearly all of their emis-
sion. The SDSS spectrum of CGCG 269—049 is centered on the
Central Cluster and is thus not representative of the galaxy. We
must consequently use the HST and Spitzer photometry to make
this estimate. We note that the relative lack of depth of the HST
images and their incomplete coverage of the galaxy (Fig. 1), as
well as the uncertainties inherent in the CMD, make these es-
timates only indicative.
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For the HST photometry, we begin by noting that stars at
the main-sequence turnoff in a ~10 Gyr population will have a
mass ~1 M. Their combined post main-sequence stages last
~500 Myr, most of which is spent on the RGB. Hence the
masses of the ~10 Gyr stars we detect should be in the range
~1-1.02 M., Stars on the main-sequence turnoff in a ~1 Gyr
population, by contrast, have masses ~2.5 M, and linger less
than ~50 Myr on the RGB, making it probable that the RGB
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Fig. 7.—Completeness of stellar photometry as a function of magnitude for
each of the three filters used, as determined by inserting artificial stars into the
images (see text for details). The error bars represent the variance between different
simulations, where stars were inserted at different positions in the images.

stars we detect have ages closer to 10 Gyr. We count 1432 stars on
the red branch of our CMD (having F550M — F814W > 0.4 mag
and F814W < 27.0 mag). Correcting for incompleteness at
26 < F814W < 27 mag and for RGB stars with 27 < F814W <
31.3 mag (the magnitude of the main-sequence turnoff), the total
number of evolved stars must be ~3 times larger. To correct for
the number of evolved stars outside the ACS HRC field of view,
we use an unpublished ground-based R-band image CGCG 269—
049 obtained with the 1.8 m Vatican Advanced Technology Tele-
scope on 2006 May 5. This image has an integration time of 600 s
and a plate scale of 0.375' pixel~!. We find from an analysis of
the radial brightness profile of this image that approximately
90% of the galaxy’s total light is contained within the ACS HRC
field of view, which is consistent with inspection of Figure 1.
With these corrections we estimate the total number of RGB
stars to be approximately 4,700. Direct integration of the Miller &
Scalo (1979) and Scalo (1986) initial mass functions implies that
the total zero-age main-sequence mass of the ~10 Gyr old pop-
ulation is 200—300 times larger than the total mass of stars in the
~1-1.02 M, range. With our estimated number of RGB stars,
this yields a total mass of approximately (1.00-1.50) x 10° M.,
where the range represents the difference between the Scalo
(1986) and Miller & Scalo (1979) initial mass functions, both
with lower and upper mass limits of 0.1 and 125 M,

We similarly estimate the masses of stars younger than ~1 Gyr
from the HST photometry by counting the number of stars on the
blue branch of the CMD (having F550M — F814W < 0.4 mag
and F814W < 27); we find 1104. Their distribution in the CMD
and color-color diagram suggests that they belong to populations
with ages of 250 Myr and younger. For corresponding main-
sequence turnoff masses between 4.0 and 20 M, we estimate a
total zero-age main-sequence mass of (0.13-1.03) x 10% M.
Changing the upper mass limit to 100 M, decreases this mass
by less than 10%. The total mass in stars of CGCG 269—049 is
thus ~(1.09-2.53) x 10° M, of which ~60%—-90% is contained
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in stars older than 1 Gyr. This fraction is consistent with the
findings of Corbin et al. (2006) and with Aloisi et al. (2005).

We estimate the mass of the ~10 Gyr old stellar population
from the Spitzer photometry by measuring the /-band luminosity
of the best-fitting Bruzual & Charlot (2003) model to the IRAC
fluxes (Fig. 3). The associated M /Ly ratio for this model is approx-
imately 2 (see Fig. 1 of Bruzual & Charlot 2003), which yields a
total mass for the ~10 Gyr old population of 2 x 10" M., in
poor agreement with the value from the HST photometry but
likely more accurate because of the more direct nature of the
estimate. This estimate importantly avoids the contribution to
the actual V-band flux from OB stars and nebular emission lines.

2.6. Evidence of Past Outflows?

One likely contribution to galaxy metal deficiency is the escape
of supernova ejecta into the intergalactic medium (see e.g., Martin
et al. 2002). This in part motivated obtaining an Ha image of
CGCG 269—-049 in addition to broadband images. While the
Ha image (Fig. 4) does not indicate a current outflow, such out-
flows may have occurred in the past, during more vigorous epi-
sodes of star formation. Evidence of such an outflow from the
blue compact dwarf galaxy IC 691 has been reported by Keeney
et al. (2006), who find Ly« and C v 41548,1551 absorption lines
near the redshift of the galaxy in the ultraviolet spectrum of back-
ground quasi-stellar object (QSO) with a projected separation of
33 kpc from the galaxy. Motivated by this result, we searched the
NASA Extragalactic Database for QSOs near CGCG 269—049
that could be used as probes of past outflows. We find one object,
SDSS J121507.48+522055.7 (z = 1.21) located approximately
6' from CGCG 269—049 (a projected separation of 8.6 kpc) and at
a position angle of approximately 230°, which is roughly aligned
with its minor axis. However, we find no evidence of absorption
lines (e.g., Cam H and K) in the SDSS optical spectrum of this
QSO that could arise from a past outflow from CGCG 269—049.
Thus, either such an outflow did not occur, or else its remnants
along the line of site to the QSO have a velocity dispersion and/or
column density below the sensitivity of the SDSS spectrum (which
has a resolution of approximately 140 km s~! and is moderately
noisy). The lack of evidence for supernova remnants in the disk of
CGCG 269—-049 (Fig. 5) argues in favor of the former possibility.

3. DISCUSSION

The clear presence of AGB and RGB stars in CGCG 269—049
revealed by these data rules out the possibility that it is a newly
formed galaxy. In addition to the studies discussed in § 1, these
results argue strongly against this possibility for XMPGs in
general. While the mean stellar ages among star-forming dwarf
galaxies will be skewed to lower values than their quiescent
counterparts, studies of extremely metal-poor dwarf galaxies in
the Local Group without active star formation have shown them to
consist mainly of evolved stars (see, e.g., Schulte-Ladbeck et al.
2002; Momany et al. 2005; Walsh et al. 2007). Among star-
forming XMPGs such as CGCG 269—049, it appears that their
current starbursts dominate their light and create a “blue facade”
over stellar populations that are predominantly ~10 Gyr old (e.g.,
compare Figs. 1 and 4; see also Corbin et al. 2006). For more
distant XMPGs whose stars cannot be resolved by HST, e.g.,
SBS 0335—052W (see Izotov et al. 2005), the best way to test
for the presence of evolved stars is by the decomposition of their
spectra into constituent stellar populations, using codes such as
STARLIGHT (see Asari et al. 2007 and references therein). We
note that in contrast to SBS 0335—052 (see Houck et al. 2004),
the mid-infrared SED of CGCG 269—049 (Fig. 3) shows evidence
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for significant PAH emission. This agrees with evidence that
the strength of PAH features among star-forming dwarf galaxies
depends more strongly on star formation rate than metallicity
(Rosenberg et al. 2006; Jackson et al. 2006), noting that SBS
0335—052 has six “super” star clusters and an inferred star for-
mation rate twice that of what we estimate for CGCG 269—049
(see Thuan et al. 1997; see also our § 2.2).

Brooks et al. (2007) have recently modeled the galaxy mass/
metallicity relation (see Tremonti et al. 2004; Lee et al. 2006)
using smoothed particle hydrodynamics and N-body simulations
of galaxy formation, including supernova feedback and associ-
ated metal enrichment. Their simulations extend down to metal-
licities as low as that measured for CGCG 269—049. They find
that inefficient star formation among low-mass galaxies, rather
than galaxy age or metal loss from supernova ejecta, is the main
cause of the relation (but see Martin et al. [2002], Keeney et al.
[2006], Davé et al. [2006], and Calura et al. [2007] for obser-
vational evidence and theoretical arguments for metal loss from
supernova ejecta). The results for CGCG 269—049 are consistent
with these simulations, because we find both an old population of
stars and no strong evidence for current or past outflows. In ad-
dition, CGCG 269—049 has a high ratio of H 1 to stellar mass,
indicative of an inefficient conversion of gas to stars. Specifi-
cally, the Begum et al. (2006) H1flux of CGCG 269—049 corre-
sponds to an H 1 mass of approximately 3 x 107 M, which when
compared to our estimate of the total stellar mass in the galaxy
(§ 2.5) yields a ratio of H 1 to stellar mass ~1—10. This value is
comparable to that found for the low surface-brightness dwarf
galaxy ESO 215-G?009 by Warren et al. (2004), assuming a
galaxy mass-to-light ratio ~2—4. The Brooks et al. (2007) sim-
ulations are also consistent with the finding of Kannappan (2004)
that galaxy stellar mass and the ratio of H 1 mass to stellar mass
are inversely correlated over several decades in both quantities.
Specifically, this correlation would lead to low O/H gas abun-
dance ratios in dwarf galaxies because of their higher relative
H 1 content. Using the H 1 mass value from Begum et al. (2006)
and our stellar mass estimate, CGCG 269—049 falls roughly
on the Kannappan (2004) correlation, as well as the galaxy mass/
metallicity correlation of Tremonti et al. (2004) as calibrated by
Brooks et al. (2007).

While the present data do not offer a simple picture of the
CGCG 269—049 star-formation history, the result that the majority
of'its stars and those of similar galaxies (see Corbin et al. 2006) are
~10 Gyr old is broadly consistent with models of the formation of
isolated dwarf galaxies in which the photoevaporation of baryons
from their dark matter halos at the epoch of reionization strongly
lowers their star formation rates, leading to galaxies at the present
epoch comprising mainly old stars with some residual star forma-
tion (Hoeft et al. 2006; Wyithe & Loeb 2006).
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