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ABSTRACT

We present deep 4 hr HST/WFC images in V and I of the LBDS radio galaxy 53W002, a weak and com-
pact narrow-line galaxy recently discovered at z = 2.390. After deconvolution, the resolution is 0’2 FWHM.
Its I-band structure is quite compact with 30% + 10% of its flux in the central <1 kpc, presumably from its
AGN. This is surrounded by a clearly extended and rather symmetric envelope with effective radius ~ 171
(4-15 kpc for Hy = 50-100, g, = 0-0.5). In V, 53W002 is somewhat elongated at the same sky PA as its Ly
cloud and its VLA radio axis.

We compare 52W002’s rest-frame UV profile to a properly rescaled image of a nearby early-type galaxy.
The much younger starburst in 53W002 has 10-20 times higher central UV surface brightness, but otherwise
an r'/4-like light profile consistent with that of nearby luminous early-type galaxies. The available data are
consistent with 53W002 being a genuinely young galaxy that only started forming stars <0.5 Gyr before
z =2.390, but has nonetheless (just) managed to develop a rather regular light profile at z = 2.390, and
suggest that the dynamical collapse of this galaxy started at about the same time as its first major burst of star
Jormation. For this galaxy, both ~0.5 Gyr time scales are consistent with Ztorm = 2.7-4.2 (for H, = 50100,

do = 0-0.5).

Subject headings: galaxies: evolution — galaxies: formation — galaxies: photometry

1. INTRODUCTION

To understand galaxy formation, it would be of tremendous
interest to have a clear view at kiloparsec scales of a galaxy that
is already dynamically evolved at early cosmic epochs. This
could constrain the relation between dynamics and stellar
populations soon after the initial galaxy collapse. In this
Letter, we address this issue through the first results of a deep
HST/WFC imaging project on weak and distant radio gal-
axies, intended to trace their evolution in both morphology
and stellar population. We concentrate on weak radio galaxies,
because their optical properties are generally not dominated
by an AGN, thus allowing selection of high-redshift galaxies
that may give us a good view of their stellar population.

This Letter concentrates on the nature of the highest redshift
radio galaxy—53W002—thus far found in the Leiden-Berkeley
Deep Survey (LBDS; Windhorst, van Heerde, & Katgert
1984b). This radio source turned out to be a young compact
galaxy (V,,, ~22.8 mag) with narrow emission lines at
z = 2390 and age of its starburst ~0.3 Gyr (as determined
from ground-based spectrophotometry; Windhorst et al. 1991,
hereafter W91). Our best ground-based continuum images show
at best marginal alignment with the radio source axis, which
itself is aligned with the much larger Lya cloud (W91). Jet-
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induced star formation or nonthermal radiation scattered in a
cone are the dominating radiation processes in the ultralumin-
ous high-redshift 3CR and 1Jy radio galaxies (Chambers,
Miley, & van Breugel 1990; McCarthy et al. 1991). It is not
clear that these processes are universal, so they need to be
checked for ~ 100 times weaker radio galaxies, like the ones in
our LBDS sample.

2. HST OBSERVATIONS AND PROCESSING

2.1. WFC Observations

Deep (12 x 20 minute) HST exposures were taken in 1991
(SMS 298-299) with WFC in both the F555W (“V ™) and
F785LP (“17) filters. We placed all targets in the center of chip
WF1 since it is relatively clean, and it has the highest QE at the
wavelengths of interest (Lauer 1989, hereafter 1L89; Griffiths
1990). Details of the observations and processing are given by
Windhorst et al. (1992, hereafter W92).

Since the point-spread function (“ PSF ) of the HST/WFC
combination varies strongly across the WFC field-of-view
(“FOV ™), a bright but nonsaturated PSF star must be avail-
able close to the objects to be deconvolved to assure optimal
dynamic range. The V =198 mag LBDS radio galaxy
53W044 discussed by Keel & Windhorst (1992, hereafter
KW92) is 575 (55 WFC pixels) away from a V = 18.5 mag
object, whose rather red ground-based U*J*FN colors
(Windhorst, Kron, & Koo 1984a; Kron, Koo, & Windhorst
1985) suggested a Galactic star. This was confirmed by a recent
MMT spectrum, and the typical high spatial frequencies in its
HST image. This is our best available PSF star, which we used
for all our radio galaxies in the center of WF1. We also decon-
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volved objects with star D about 200 pixels away, for which
W91 noted a faint companion 3”1 north. This turns out to be a
red compact galaxy in the HST images with ~3% of the flux
of the star. Its contamination of our alternate PSF star D did
not visibly diverge this deconvolution but limits its dynamic
range to ~ 15 dB. We found no significant differences between
deconvolutions with the two different PSF stars (thus confirm-
ing the time stability of the PSF within the low dynamic range
required).

2.2. Data Processing

A first pass through the calibration was done with the stan-
dard STScl pipeline, details of which can be found in L89. This
included the following steps ([1]-[3]):

1. Correct the A/D and even/odd column problems, which
add ~0.25 DN? to the sky variance.

2. Subtract the best available bias, dark, and preflash
frames. The sky level is everywhere 27 DN in the individual
exposures, so that deferred charge is not a problem.

3. Flat-field against the best available destreaked Earth
flats. The signal-to-noise on the sky in the final stack is about
2%, but large-scale flat-field variations exist in WF1 of order
4%-7%. This is not objectionable since the sky level in our
data is so low. The sky noise is 0.7-0.8 DN (rms) in the average
stack after cosmic-ray (“ CR ”) rejection (see below).

Next, we carried out the following steps:

4. Check if all HST orbits were pointed at the same («, 9).
The WFC images turned out to be registered well within a
pixel, since the central peaks of bright stars fall consistently on
the same pixel location in successive exposures (the rms over
their peak DN was <2 times larger than expected from Pois-
sonian statistics, consistent with an rms coarse-lock pointing
jitter of 50704). This greatly simplified the CR removal rou-
tines, since no shifts had to be applied to the undersampled
WFC images, which would have increased the sky variance.
The V and I stacks taken a few days apart were shifted by
(AX, AY)=(-23, +3.2) pixels and could be easily
coregistered to increase S/N on the continuum, and blinked to
find potential bad pixels.

5. Remove the myriads of CR hits in our images, since
these can be quite damaging to deconvolution results. We
developed and extensively tested an algorithm that iteratively
determines clipped averages for each pixel over all 12 expo-
sures (see W92 for details). Two-sided 2 o clipping is done to
avoid bias in the sky level (also, some residual bad pixels or
columns produce deficit DNs that vary between exposures). If
the measured o value per pixel differed from Poissonian by
more than 20%, it was set to the Poissonian value. For each
pixel, the code usually converged in two iterations. Its progress
was monitored visually in the crucial areas of interest (object
and PSF stars) to make sure every pixel indeed converged to
reasonable values, even in the centers of halfway-saturated
stars. At the cutoff level of 2.0 6,,.,,, on average 9% of all pixels
are rejected, so that CR’s rival Poisson statistics in producing
spurious peaks > +2.0 4, consistent with the steep CR count
of W92, who show that CRs (with their DN counted as objects
over the entire exposure time) have a power-law differential
magnitude count N(m)oc m*°¢ down to our 2 ¢ limit of
V ~ 30 mag pixel ! (CRs do not have the HST-PSF). The
lowest sky variance results from clipping at the ~1.8 g level,
and we conservatively clipped the data cube at 2.0 o,,,;.

6. Found bad pixels from (4) and the STScl data quality
maps and removed these through an iterative nonlinear inter-
polation routine that to first order preserves local SB.
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7. Measure the sky brightness. At our high ecliptic latitude
(+73°) it is ¥ ~232 and I ~ 222 + 0.2 mag arcsec 2. The
resulting 16 SB sensitivity is ~27.0 in V and ~25.4 mag
arcsec 2 in I ($50% of the sky variance comes from read
noise, the remainder from Poisson statistics, CRs below 2 g,
and residual systematic errors on the sky, the latter due to
imperfectly removed streaks in Earth flats). The 6 ¢ point
source sensitivity (with SA)is ~25.4 in V and ~23.7 magin I.
From Hunter et al. (1992) and Holtzman et al. (1991) we derive
the following instrumental constants (for 1.0 DN s~ 1) for the
center of WF1 (using flats with neutral density filter F122W):
22.87 4+ 0.1 mag in F555W and 21.52 + 0.1 mag in F785LP.
Before the images could be CLEANed and photometered, we
needed to subtract the local sky from the average image, which
could be done to within ~0.1-0.2 DN. The resulting HST V
and I total magnitudes are—within the errors—consistent with
ground-based values (W91).

2.3. Deconvolution of the W FC Images with c-CLEAN

The images were deconvolved with the “¢-CLEAN” algo-
rithm, as described by Keel (1991) and King et al. (1991). This
is a modification of the classical Hogbom (1974) CLEAN
adapted to the photon-limited regime. It uses the CCD equa-
tion to select the most significant (not the highest) component
from the residual image in each iteration. Both simulations and
experience with the King et al. (1991) WFC images show that
HST data can be deconvolved to nearly the diffraction-limited
performance, but only with limited dynamic range (15-20 dB).
Virtually all structure that 6-CLEAN restores above the local
noise level was found in the original image, giving some con-
fidence in the results for real galaxies. CLEANIing is typically
done to a level of 3.0-3.5 g, depending on the quality and noise
uniformity of the stacked image. The exact limit is a compro-
mise between not removing enough of the PSF wings and
increasing the image noise too much by CLEANing too
deeply, which amplifies spurious noise. After CLEANing has
converged, the & functions are convolved with a Gaussian of
FWHM = 072 (to satisfy the Nyquist criterion for WFC) and
the result was added back into the residual image. Because of
the PSF variations across the WFC FOV, we CLEANed sub-
images not exceeding ~ 240 x 240 pixels with the closest PSF
star.

2.4. Application of a Hybrid CLEAN on Extended Objects

In order to improve the S/N at low spatial frequencies
without a noise penalty at high frequencies, we also applied the
multiresolution CLEAN of Wakker & Schwarz (1988, hereafter
WS). They smooth both image and PSF with a Gaussian (with
FWHM = the object’s FWHM) to produce a low spatial fre-
quency image, which is subtracted from the original image, so
that the difference image contains primarily its high spatial
frequencies. Both images are then deconvolved separately with
their appropriate PSFs. This reduces the noise that a single
CLEAN would introduce at high frequencies (since it overin-
terprets the low frequencies as point sources). To avoid nega-
tive fluxes as in the radio-astronomy WS implementation, we
replaced Gaussian smoothing with a median filter (see KW92).
First, a trial deconvolution is done (with the normal o-
CLEAN), and the resulting CLEANed image is median-filtered
with a 10-20 pixel box size. This low-frequency image is con-
volved with the actual HST PSF (so that it represents the low
frequencies as seen through HST), and then subtracted from
the raw image stack. The remaining high-frequency image is
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largely positive and then deconvolved with the usual o-
CLEAN, and the results are added back into the CLEANed
low-frequency image. This procedure is valid because convolu-
tion and addition commute. We also deconvolved our images
with the Lucy (1974) algorithm as implemented within
STSDAS and did not find significantly different image struc-
tures (except that CLEAN gives sharper object cores, as
expected from the performance of these algorithms at various
spatial frequencies).

3. STRUCTURE OF THE DECONVOLVED WFC IMAGES

Figure 1 (Plate L1) shows the 8 hr V +1I stack of S53W002
after deconvolution. This broad-band continuum image
reaches substantially deeper than the 3000 s 200 inch (5 m)
Four-Shooter Gunn g + r exposure displayed in W91. Most
objects are faint, high-SB galaxies with V < 25 mag. A faint
stellar image in the lower left of Figure 1 attests to the reliabil-
ity of the deconvolutions. Our WFC images (Figs. 1 and 2 [PI.
L2]) show that 53W002 is partially resolved. Its intensity pro-
files (Fig. 3) may be fitted by an unresolved central source
(AGN or compact core) plus an extended galaxy envelope. Fits
were done to the undeconvolved images as well, to ensure
against errors introduced by deconvolution. Under the physi-

3I|I|ll

LI | T 177 [ LI l T 17T ' T
5 C A HST V-profile 7
+ 2 O HST I-profile —
o r k& ]
ko B 20 Deconvolved star in I ]
a, ~ A Oog N
> - ‘A e a 7
% 1+ Y A‘ 0g o —
* _ A o |
@© L o i
~ N \ AALaa A 4 o 4 s] o i
) S, o
L . o 4
E‘ 00— ~ A o
gﬂ - h— — 4 A n
- T N -
—1 Covv b b b by g I ovee | 40 dal]
0 2 4 6 8 10 12 14
a (0.1" pix)
20 T T T l T T T I T T T ] T T T I T T T
[ og 0 HST-1 of 53W002 -
L Pog i
—~ 22 -Sog ® redshifted UV of M87  —
3} = o 7]
e - ®trs,  ---- Best fit r'/* (w/o AGN) -
8 - qu —
@ 24 —. ~0.g a —
}ﬂ - ey "y o 8. .
o B ", 07 5~. o0 g _
L To-.
s - ., R
~ | ]
L . i
m L "a, B
I 28— LI |
- . . .
- | ]
- a
30 1 1 L I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1
1 1.2 14 16 1.8 2

Semi major axis a'* (a in 0.1" pix)

FiG. 3.—Light profiles through the deconvolved WFC images of 53W002.
Top: Filled triangles indicate F555W (“ V' ”), open squares F785LP (“I”). The
dotted line indicates the deconvolved star (not the PSF) of Fig. 1 in F785LP.
The galaxy 53W002 is clearly extended with respect to this star. Bottom: Light
profiles through the deconvolved I-band image of S3W002 (open squares) and
the properly redshifted, repixelated, and K-corrected image of M87 ( filled
squares; see also Fig. 4). Dashed line is an r~'/# profile that matches the outer
parts of 53W002. For radii <072, 53W002 shows excess light from the central
point source, that contains about 30% + 10% of the total light.
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cally plausible assumption that the galaxy surface brightness
(SB) is monotonic with radius, the core contributes at most
20% in V (4, ~ 1600 A) and 25% in I (,.,, ~ 2600 A), with a
secure upper limit of 37%, consistent with the ground-based
spectroscopic limits to 53W002’s continuum AGN contribu-
tion (<$35% + 15%; W91). After subtracting a 30% + 10%
AGN component, the rest-frame (stellar) UV light corresponds
toV =233and I =225+ 02 mag, within the errors consis-
tent with ground-based aperture photometry of W91. Most of
the galaxy’s light comes from the central 171 radius (~4-15
kpc; hereafter we quote all physical parameters for the range
H, = 50-100, g4 = 0-0.5, unless stated otherwise).

The ground-based redshifted Lya image of W91 clearly
shows that 53W002 is extended at sky PA = 96° + 5° (roughly
horizontal in Fig. 1 under this HST orientation). The 0”7 VLA
8.4 GHz radio source of W91 is also extended in the same
direction (PA = 90° + 3°). Congentric elliptical isophote fits
to the WFC images only show a marginal elongation
(e=02+0.1) of the V- and I-band continuum at
PA ~ 105° £+ 10°. Although this PA is within the errors the
same as that of the redshifted Lyx and VLA 8.4 GHz images,
the optical continuum has a rather small effective radius. Both
the radio source and the marginally aligned WFC V-band
continuum have about the same physical size (0”6, or 2.4-8
kpc at z = 2.390). The Ly« cloud is much larger (3" x 5”, or
12 x 20-40 x 67 kpc). Any continuum “alignment effect” in
this lower power radio galaxy does thus not extend over as
large a physical distance as in the most luminous high-redshift
radio galaxies.

4. DISCUSSION AND CONCLUSIONS

Our deep HST images show that the weak radio galaxy
53W002 is centrally condensed, even after accounting for the
30% =+ 10% contribution from its AGN. Figure 3 shows that
53W002 has a radial intensity profile that can be equally well
fitted by a de Vaucouleurs profile or an exponential disk (i.., a
“generic” galaxy profile), in contrast with the much larger,
clumpy ultraluminous radio galaxies observed from the
ground (e.g., McCarthy et al. 1987; Chambers et al. 1990).

4.1. Comparison of 53W002 to Nearby Early-Type Galaxies

The radio power of 53W002islog P, , = 27.29 W Hz ! (for
Hy, =100, g, = 0), or ~2.5 dex larger than the P* value that
separates FR II from FR I sources at z = 0 (although P* may
also evolve with cosmic epoch), and =5 dex larger than the
most powerful known radio spirals at z = 0. Hence, unless
spiral or Seyfert galaxies underwent much stronger cosmo-
logical evolution as radio sources than giant ellipticals (gE’s)
and quasars, 53W002’s radio power indicates that it likely
belongs to the parent population of early-type galaxies, and
thus not likely had a disk at z = 2.390. For this reason, we
compare 53W002’s light profile with that of nearby, luminous
early-type galaxies with moderately powerful radio sources.
Windhorst, Mathis, & Neuschaefer (1990) suggested that a
high-redshift galaxy of moderate radio power like 53W002
may well have gE’s as nearby counterparts, since they form a
good match in radio luminosity and space density (assuming
these properties undergo the usual cosmological evolution).

Figure 4 (Plate L3) shows how the unevolved gE elliptical
galaxy M87 would appear if observed by HST at z = 2.39. For
this, we used a Lowell R-band image of M87 that covers a
9’4 x 9/4 FOV. Using a Virgo distance of 18 Mpc, the M87
image was rebinned 25 x 25 to match the linear scale of
53W002 at z = 2.390 (using H,, = 100, g, = 0, so that each 0”1
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PLATE L1

FiG. 1.—Stack of 24 x 20 minute exposures with HST/WFC in F555W + F785LP on 53W002 after deconvolution to a resolution of 0°2 FWHM. The image has
071016 pixels, and the area shown is 24”4 on a side. The stack reaches a 1 ¢ SB sensitivity of R =~ 26.2 mag arcsec ™2 and has a 6 ¢ point source sensitivity of R ~ 24.6
mag. The brighter of the two objects at the southern edge is a star, used to verify the quality of the deconvolution. The V = 22.8 mag radio galaxy S3W002 at
z = 2.390 is labeled “ R ” and is clearly resolved compared to this star (whose peak intensity is ~6 x higher than 53W002 in F785LP). The morphology of 53W002 is
nonetheless rather compact. At this HST orientation, the vertical axis has sky PA = + 5°. The redshifted UV continuum of S$3W002’s outer envelope is aligned with
its radio and Ly« axis (both at sky PA = 95° + 10°), but only on 074-0"6 scales. Other galaxies are labeled “4, 5, 6, and 7,” as in W91. The thin vertical line (along
CCD rows in the middle) is a display defect in the Dicomed.

WINDHORST, MATHIS, & KEEL (see 400, L3)
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PLATE L2

FiG. 2—Stack of 12 x 20 minute raw and deconvolved WFC images of 53W002 in F555W (top) and F785LP (bottom). In each case, the aberrated image is to the
left and the multiresolution 6-CLEANed version to the right. All have the same intensity mapping per DN. The image area shown is 12.2 arcsec?. Orientation is as in

Fig. 1. The radio galaxy 53W002 at z = 2.390 is the SE (lower left) of the three prominent objects. Note that S3W002 is rather blue in ¥ — I, and object 6 is rather red
(a foreground galaxy with an MMT spectrum indicating z 2 0.52).

WINDHORST, MATHIS, & KEEL (see 400, L3)
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PLATE L3

FiG. 4.—Stack of 12 x 20 minute exposures with HST/WFC in F785LP on 53W002 after deconvolution. Orientation is as in Fig. 1. The inserted panel at the
upper left is a rebinned ground-based Lowell 1.1 m CCD image of M87, as it would appear at the same redshift and rest-frame passband (see text for details). Again,
53W002 is at lower left. 53W002’s central SB includes a 30% + 10% point source (in the central <1 kpc pixel) and its profile is brighter (although noisier) than M87
in the rest frame UV at all radii. Most of 53W002’s light is concentrated in a faint and nearly symmetric halo with effective radius ~ 171 (~4-15 kpc), presumably its
stellar population. Note that the linear scales of the two galaxies are similar.

WINDHORST, MATHIS, & KEEL (see 400, L3)
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pixel subtends 0.66 kpc). We used the IUE spectra of Keel &
Windhorst (1991) and estimated the F, (2600 A)/F; (5500 A)
flux ratio (observed I corresponds to 2600 A at z = 2.39) to be
~0.13. This was converted to a continuum luminosity using
M387’s integrated RC2 photometry (the classical K-correction
is thus included empirically, but no evolutionary correction is
included, since the purpose is to see differences between
high-SB galaxies with cosmic time). The expressions from
Weedman (1986) were used to compute M87’s observed inten-
sity at A= (1 +2z) x 2600 A, correcting for the appro-
priate oc (1 + z)~* bolometric SB dimming. The rebinned M87
image was scaled to the proper integrated I-magnitude and
converted to WFC-like DN accounting for the difference in
telescope and detector sensitivity and gain.

Figure 4 compares this M87 image and our deconvolved I
image of 53W002 on the same linear and intensity scales (in
WFC-DN). Surface photometry was performed on the
rebinned M87 image after smoothing with a 02 FWHM
Gaussian to simulate what it would look like to WFC at
z=2.390. For the cosmology above, M87 would have
I = 25.33 mag, about 3 mag fainter than the stellar population
in 53WO002 (see also Figs. 3 [bottom] and 4). Figure 4 shows
that a radio galaxy like 53W002 at z = 2.390 must have under-
gone a fair amount of luminosity evolution if its nearby
counterpart is a luminous gE galaxy, since it is substantially
brighter than one of the most luminous early-type galaxies
seen nearby at the same rest-frame wavelength.

To explore the range of allowable light profiles consistent
with the data, we fitted a range of de Vaucouleurs profiles (with
effective half-light radius in the range 10-35 pixels) plus
various nuclear point source contributions (amounting to
20%—-60% of the total light) to 53WO002’s aberrated I-band
image where the galaxy envelope has somewhat higher S/N
than in V. The PA and axial ratio of the models were set to
match the outer isophotes in the V + I stack, where we have the
best overall detection. These models were then convolved with
the actual PSF, subtracted from the raw data, and their
reduced y? was determined. The best x> fit to the I-image
occurs for a point-source contribution 30% + 10% and an
effective radius r, ~ 10-12 pixels (along the major axis), corre-
sponding to 13-16 kpc for H, = 50 and g, = 0, and 4-5 kpc
for H, = 100 and g, = 0.5, and bracketing the 8.2 kpc RC2
value for M87. Since the measured intensity slope is taken to
the fourth power, a 20% flux error may well cause the 0.3 dex
scale length difference between the deconvolved x* models and
the RC2 value, so that we cannot use the current images to
constrain H, and q,.

4.2. Comparison to Models and Conclusions

The stellar population of 53W002 is spectroscopically domi-
nated by stars of ages 0.3 Gyr (but not likely exceeding 0.5 Gyr;

WO91). Let us consider this in comparison with the dynamical
appearance of the galaxy. 53W002 has undergone sufficient
relaxation to have a monotonic HST profile without bright
clumps, in contrast with objects 3 and 7 (only the latter is
shown in Fig. 1), for whom W91 suggested that they could be
Lya-emitting galaxies at the same redshift. At z = 2.390,
53W002 already shows the appropriate light profile and scale
size consistent with the present-day structure of a luminous
high-SB galaxy. Van Albada (1982) has modeled the collapse of
protogalaxies and finds that smooth structure is achieved after
a few crossing times (of the final galaxy), or ~0.5 Gyr. Also,
53W002’s rather regular light profile suggests that this galaxy
could not have undergone a major merger just before we see it.
The existence of isolated luminous high-SB galaxies at early
cosmic times thus suggests that at least some ellipticals may
have formed without (early) mergers.

As argued from its radio power in § 4.1, 53WO002 is not likely
to have had a disk at z = 2.390. Its collapse must thus have
been rather efficient (or the remaining gas would have likely
formed a disk), but also recent given the young age of its stellar
population. Hence, we believe that 53W002 is also dynamically
a young galaxy which, however, is dynamically no younger
than its stellar population. Its collapse as protogalaxy likely
did not start more than ~0.5 Gyr before z = 2.390, which
places its formation redshift at 2.7-4.2, i.e., after the first
quasars appeared.

In conclusion, our main findings are (1) 53W002 has a well-
behaved, generically galaxy-like light profile already at
z = 2.390; and (2) this profile is consistent with a luminous
early-type present-day galaxy like, e.g., M87. At least this one
radio galaxy is already dynamically relaxed, hence a few cross-
ing times old at z = 2.390. Within the errors, its dynamical age
is consistent with that of the stellar population (<0.5 Gyr;
WO1) so that its dynamical collapse and its first major burst of
star formation may have started at the same time. Some gal-
axies therefore formed rather quickly and possibly as late as
Ztorm S 2.7-4. Objects like 53W002 appear to still be under-
going their first major epoch of global star formation at z ~ 2.4
and may be showing us the later stages of a protracted epoch of
galaxy formation.
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