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ABSTRACT

We present UFTI K-band imaging observations of 222 galakied are selected from
the Sloan Digital Sky Survey to have unusually strong &bsorption equivalent widths,
W, (HS) > 4A. Using GIM2D, the images are fit with two—dimensional sag#rightness
models consisting of a simple disk and bulge component tweldre fraction of luminosity

in the bulge,B/T. We find that the galaxies with weak or abset bt [O11]1A3727 emission
(known as k+a galaxies) are predominantly bulge—domin@téti a mode ofB/T ~ 0.6),
while galaxies with nebular emission (known as e[a] galsixare mostly disk—dominated
(B/T ~ 0.1). The morphologies an@ — k) colours of most k+a galaxies are inconsistent
with the hypothesis that they result from the truncationtaf $ormation in normal, spiral
galaxies. However, thejtu — g) and(r — k) colours, as well as their Hine strengths, form

a sequence that is well matched by a model in whicls per cent of the stellar mass has
been produced in a recent starburst. The lack of scatteeidlst-sensitivér — k) colours
suggests that the unusual spectra of k+a galaxies are nabde effects of dust. The e(a)
galaxies, on the other hand, have a colour distributionithdtstinct from the k+a popula-
tion, and typical of normal or dusty{ ~ 2) spiral galaxies. We conclude that many e(a)
galaxies are not progenitors of k+a galaxies, but are a agpahenomenon. Both k+a and
e(a) galaxies reside in environments (characterized byotted density of galaxies brighter
than M, = —20) that are typical of normal galaxies and that are inconsistéth overdense
regions like rich galaxy clusters.

Key words: galaxies: evolution — galaxies: interactions — galaxiésicdure — galaxies:
absorption lines — infrared: galaxies

1 INTRODUCTION (Dressler & Gunnl_1982), later work showed that these galax-

o ) ) ) o ies are also found in low—density environments, at low red-
A possible interpretation of the diverse properties of gais is shift (Zabludoff et al. 1996 Castander elial. 2001; Gotd ¥2G03;

that, under the right circumstances, they can transform fome Quintero et all 2004) and at higher redshift_(Dressler €1899;
type to another (e.g. Baldry etial. 2004). For example, gataerg- Balogh et al[ 1999). Stellar population synthesis modgliug-
ers are an effective way to transform gas-rich, star—fognsipi- gests that the spectra are best modelled as a post-stanbithst
ral galaxies into gas—poor, passively evolving elliptigalaxies all star formation ceasing following the burst (Couch & Silas
(Barnes 1992 Springel 2000). Support for this interpretet best 1987:[Dressler & Guni_1992; Barger el [al._1986; Poggiantilet a
obtained by finding examples of galaxies in the process néfoa- 1999{Balogh et 4l. 19b9). Less extreme examples (i.e. wéthker
mation; however, these examples will be rare if the tramséion Balmer absorption lines) do not necessarily require a poustcan
timescale is short. be modelled as a normal star—forming galaxy in which star for

One of the best candidates for such a transition popula- mation is suddenly truncated. Since the lifetime of the enbd
tion is the class of galaxies with spectra that have unuguall Balmer lines is short{ 0.5 Gyr), even a small observed popula-
strong Balmer—line absorption, but that lack emissiondingl- tion of such galaxies might indicate that a significant fi@ctof
though originally discovered in galaxy clusters at ~ 0.3
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all galaxies have undergone a transformation via this phiase
even possible that they represent the route by which aly-egre
galaxies forml(Norton et &l. 2001; Tran eflal. 2003).

The spectral properties (e.g. line strengths) of theseuatus
galaxies are not completely disjoint from those of the ndrma
galaxy population, but rather represent the tail of a comtirs dis-
tribution (e.gl.Zabludoff et al. 1995; Balogh etlal. 1999)véh the
large number of free parameters available to model the ispéxg.
metallicity, initial mass function, and multi-componentsti mod-
els, in addition to the parametrization of the star fornmatistory),
it is not therefore possible to uniquely define the spectraftacter-
istics of a post—starburst galaxy, and this has led to atyaofedef-
initions and nomenclatures. We will adopt the nomenclatbre
not the precise definition) of Dressler el al. (1999), and galbx-
ies with strong Balmer absorption, but no detectable nelautas-
sion, k+a galaxies (because the spectrum approximatedyntees
a combination of k-star and a-star spectra). Galaxies wiitting
Balmer lines and some emission we will refer to as e(a). fewrth
more, for clarity, when referring to previous work we willtan
this nomenclature, although the definitions vary signifitabe-
tween samples. In particular, the use of the emission line, of-
ten not available in earlier spectroscopic samples, malsigni-
icant difference to the sample selection (¢.g._Abraham] Bi9816;
Quintero et all 2004; Blake etlal. 2(004). Our precise defingiof
the k+a and e(a) galaxies are giver§@.

The spectra of e(a) galaxies are even more difficult to inter-
pret than those of k+a galaxies, as it is difficult to find a mode
that predicts both emission lines (arising from star foioratather
than an active nucleus) and strong Balmer absorption. Ehsii
marily because the OB stars, which dominate the opticalrossi
ity and are required to produce the emission lines, havangitr
cally weak Balmer absorption lines. Thus, the relationglgipveen
k+a and e(a) galaxies is unknown. One possible model is {aat e
galaxies have a two—phase dust distribution, in which thes@Bs
are preferentially obscured, relative to the A-stars (Paua& WU
2000). It has been suggested (Poggianti et al. 11999) thae som
e(a) galaxies may be in the midst of a dust-obscured starburs
and will resemble k+a galaxies when the star formation ends.
The fact that some merging starburst systems and ultratursin
infrared galaxies exhibit e(a) spectra may support thisothg:
sis [Liu & Kennicutt| 1995). Another possibility is that sorkea
galaxies are extreme examples of the e(a) phenomenon, wieere
dust obscuration is strong enough to completely elimirtaemis-
sion lines (Smail et &l._1909; Balogh & Moiris_2000). However
this latter interpretation is not likely the case for the amiy of the
k+a population, which are undetected in HI and radio continu
(Chang et 2l. 2001; Miller & Oweén 2001).

Until recently, detailed studies of k+a and e(a) galaxies
have been limited to small samples (e.g. Zabludoff et al.6199
Gala? 2000). Long-slit spectroscopy_(Norton ef al. 2001) lkigh-
resolutionHubble Space Telescofpmaging (Yang et al. 2004) of
some k+a galaxies suggest that they result from the recememe
of gas—rich disk galaxies and will evolve into relaxed spidal
galaxies that lie on the fundamental plane. However, becafis
the small sample size it is not clear how general the intémpre
tion is (e.glGalaz 2000; Caldwell efl al. 1996; Bartholoméale
20011 Tran et al. 2003). Recently, large samples of nearlayaktl
e(a) galaxies have been compiled from the Sloan Digital Sky S
vey (Goto et all 2003;_Quintero eflal. 2004) and the 2dF Galaxy
Redshift Surveyl (Blake et &l. 2004). These studies confiereth
treme rarity of such galaxies; for examgle, Goto étlal. (JGORI
that < 0.1 per cent of all galaxies satisfy our definition of a k+a

galaxyLQuintero et all (2004) ahd Blake et jal. (2004) find thast

of these galaxies are bulge—dominated and are found in\atben

ments. However, the morphologies are based on visual lighich

is sensitive to recent star formation. In the present papepresent
near-infrared observations for a large sample of k+a andef{ax-

ies drawn from thé_Goto etial. (2003) sample to directly sty
stellar mass and its morphological distribution.

The paper is structured as follows. $n we describe the
galaxy sample and the photometric and morphological measur
ments. The main results are presented B and the colours, &
line strengths and luminosities are compared with varioosleh
predictions in§ El. Our conclusions regarding the connection be-
tween e(a) and k+a galaxies, as well as a comparison withr othe
results in the literature, are given§f@. Finally we summarize our
findings in§ @. For cosmology—dependent quantities, we assume a
matter density2,, = 0.3, a dark energy componef¥y, = 0.7 and
a Hubble constant of 70 kn$ Mpc™?.

2 DATA
21 TheGalaxy Sample

We selected our sample from the catalogue_of Gotolet al. (2003
based on the first data release of the Sloan Digital Sky Survey
(Abazaijian et all 2003). This catalogue contains all gaksor
which the rest frame equivalent width of the) labsorption line

is Wo(H8) > 4A (with 20 confidence), as measured from the
spectrum using a Gaussian—fitting technique. A second Geuss
was fit to correct for emission—filling when emission lineg ar
present. From this sample, we identify two main types of xgala
ies: e(a) galaxies have eitherator [Oll] detected in emission
with at least 2 confidence (but see below), while for k+a galaxies
these emission lines are undetected at the same signifitarete
These definitions are similar in spirit to those |lof Dresstele
(1999). However, our definition of a k+a galaxy is strictertlie
sense that we require both stronger absorptiorﬂm compared
with 3,&) and our data quality and wavelength coverage allows
us to be more comprehensive in excluding galaxies with eamiss
lines [Dressler et al. 1999, require only thef, ([OI1]) < 5A).

In particular, Ry is a more sensitive indicator of star formation
than [OIl], and its inclusion in the selection criteria isportant
(e.glAbraham et al. 1996; Quintero etial. 2004; Blake etGDA2.
However, in this work we will show that the properties of e(a)
galaxies with only weak emission lined¥,(Ha) < 10A and
W, ([O11]) < 10A, are similar to k+a galaxies (i.e. those without
any emission). We will therefore find it convenient to exaubese
from the e(a) sample, and present them as a third class ofygala
Not wishing to complicate the nomenclature further, we siithply
refer to them as k+a galaxies with weak emission.

From this catalogue, we selected galaxies witlt 0.05 and
surface brightness’ < 21.25 mag arcsec? for infrared obser-
vations. The selection was mostly random, though preferevas
given to k+a galaxies over the more common e(a) galaxieshé&ur
more, we excluded a few galaxies that showed emission li@sra
clearly indicative of an active nucleus. For weak emissioed, the
strong underlying absorption that is characteristic oj g@axies
makes it difficult to measure robust line ratios and, theesfave
cannot exclude the possibility that some of these galaxaee la
contribution to their emission from an active nucleus. Tdrgét list
of 128 k+a galaxies (including those with weak emission)igig
in Table[d. This gives the positions (columns 1 and 2), réti&tul-
umn 3) and r magnitude (column 4) from the SDSS catalogue. The



remaining columns list derived quantities that are descriater in
the paper, as appropriate. Tafille 2 lists the same quarfttiebe
94 e(a) galaxies in the sample. This is smaller than the krgplea
because we preferentially observed k+a galaxies; in a rmalg
limited sample, e(a) galaxies are at least twice as commdras
galaxiesl(Goto et al. 2003).

As a comparison sample, we take galaxies from the sec-
ond data release of the SDSS _(Abazajian st al. 12004); 99756 of
these have infrared magnitudes that are available fromNh&SS
(Jarrett et 2l. 2000) catalogue, which is complet&to= 13.9. In
particular, we will use the:, g, andr magnitudes from the SDSS
catalogue. Théu — g) colour is particularly important as it has
been shown to effectively divide galaxies into two distipopula-
tions, based on their star formation rate (¢.g._Stratevd 2081;
Baldry et all 2004). These data will be compared with our ka@ a
e(a) galaxy samples in relatively small redshift bins, stecénces
in the overall redshift distribution are not important.

2.2 Near infrared Observations

Observations were made with the UFTI near-infrared imaging
spectrograph on UKIRT over two semesters. In semester 02B we
observed in classical mode over Aug 23-30. Weather comditio
were mixed, but we obtained H and K-band images of 144 galaxie
in 4 clear nights. In semester 03A we were awarded an addltion
33 hours of queue-scheduled observing time to completelibero
vations, and another 100 galaxies were imaged in good donslit
over that semester.

The K— band integrations were 600s long, dithered in a 9-
point pattern. The exposures ki were shorter (75s), and dithered
in a 5-point pattern. Dark frames were obtained 2—-3 timesipéit.
Data reduction was performed using the standard UKIRT pipel
reduction tool, which aligns the dithered images and sutsrasky
frame made from the data.

2.3 Measurements
2.3.1 Photometry

Photometry was performed with the IRAF taghotby comput-
ing the flux within a circular aperture and subtracting thg flx
measured in an annulus outside this aperture. To providedabe
match with the SDSS photometry, we compute the flux within an
aperture that is twice as large as the R-band Petrosianstattiis
magnitude, corrected for Galactic extinction using thet doaps
ofSchlegel et al1(1998), is then directly comparable tortiagni-
tudes used to compute Petrosian colours in the optical SE6&sb

Standard stars were observed throughout both runs to cali-
brate the photometry; however, non-photometric condstjpartic-
ularly during the classically—scheduled first run, meas dailibra-
tion is unreliable. To establish the zeropoint with bettexcision,
we compare the aperture photometry withinagperture with the
equivalent aperture photometry from the 2MASS, where alstsl
Using this comparison, we trace zeropoint changes as aidnnct
of time through each run, and this way are able to calibrage th
data to within~ 0.08 mag; this zeropoint uncertainty always dom-
inates our statistical uncertainty. All our observatiorsrevmade
near zenith and no airmass corrections were applied. We to no
correct our magnitudes for Galactic extinction, as thisextion is
typically < 0.01 mag in theK —band.

In Figure[l we show the distribution of the difference betwee
our total (Petrosian) magnitudes and the Kron ellipticajjniaudes
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Figure 1. The histogram shows the distribution of the difference leemv
our magnitudes obtained within twice the R-band petroséatius and the
Kron elliptical magnitudes measured by 2MASS, normalisgthk quadra-
ture sum of the uncertainties on the two magnitudes ). Thesolid line
shows a Gaussian distribution with unit standard deviafimrcomparison.
This shows that ouk’ magnitudes are consistent with those of 2MASS,
within the uncertainties.

measured by 2MASS, for 56 galaxies. This difference is ndsed

by the quadrature sum of the uncertainties in the two madesgu
(oaK), so the distribution should be a Gaussian with standard dev
ation of unity if the magnitudes are consistent within th@es. We
include the systematic zeropoint uncertainty of 0.08 ntagieis

on our UKIRT observations. The solid line shows this Gaussia
curve for comparison; the data are fully consistent witl thistri-
bution, which shows that our fixed-metric apertures can tecty
compared with the 2MASS Kron elliptical magnitudes. In dbso
terms, the 1z standard deviation of the difference between the two
magnitudes is 0.15 mag. The measured magnitudes are given in
column 5 of TableEll arid 2.

Luminosities are computed assumingA& DM cosmology
with the spectroscopic redshift from SDSS. No k-correctan
evolution correction is applied to the luminosities or aot pre-
sented in this paper. This is because these corrections @aelm
dependent, and by their nature the galaxies in this sampfdmae
unusual star formation histories which make the usual nsoiel
applicable. Instead, we will compare samples within theesanl-
atively narrow, redshift ranges.

2.3.2 Morphology measurements

Galaxy morphologies are determined by fitting a two-dimemai
parametric model to the surface brightness distributiesimgithe
GIM2D software [(Simard et al. 2002). The model consists of a
bulge and disk component, and is completely described blvéwe
parameters. From these fits, we derive the ratio of the bulge- |
nosity to the total luminosityB/T. Since the small UFTI field of
view does not generally contain enough stars to obtain abieli
point-spread function (PSF) for each image, we use the RSk fr
the standard star observed most closely in time (generathyirw
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2 hours). We find no significant correlation between the nregsu
B/T and the seeing or redshift, from which we conclude that un
certainties in the PSF do not significantly influence our B/@am
surements. The measured B/T values are given in column 6-of Ta
blesl and®. The formal uncertainties in B/T computedsiy 2D

are quite small< 0.1; however, the true uncertainty is likely to
be dominated by systematic errors (such as PSF fitting analsthe
sumption of ar'/* law for the bulge) on the order of 0.1-0.2.

We also note that th8 /T will be meaningless in irregular systems
of close pairs or merging galaxies.

In Appendi{A we show images and the corresponding surface
brightness fits for mostof the galaxies in our sample, grouped by
B/T and emission line strength (FigulesSIATIA8). For eaclagal
we show the central IDf the original K —band image, as well as
the GIM2D best-fit model (with logarithmically spaced camts),
and the residuals between the two. A visual comparison stiwats
the GIM2D B/T ratio provides a reasonable morphologicak<¢la
sification; the low B/T galaxies mostly have obvious diskgjles
the high B/T galaxies are generally spheroidal. The metieatly
does not deal well with galaxies that are distorted or havstéa
isophotes; however, most of the galaxies in our sample haweg-a
mal appearance.

We also visually inspect each image for obvious signs of in-
teractions, and we mark any galaxy that shows the strongtmerp
logical distortion typical of tidal effects, or a close coampon and
some indication for tidal distortion, as a possible intéragsys-
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Figure 2. A colour—colour diagram of normak{selected) galaxies in the
SDSS, compared with population synthesis models from BxugiCharlot
(2003). These represent our fiducial models, which are dieemo be repre-
sentative of typical galaxies in the local Universe. Bheall dotsare bright
(r < 16.4) SDSS galaxies at = 0.064-0.01 without strong emission lines

tem. Our images are not deep enough to search for low surface—( Wo(Ha) < 24 and W, ([011]) < 2A), while the smallopen circlesare

brightness tidal features, however. Furthermore, the ¢etepess
of our list of interacting galaxies is uncertain without cipia care-
ful analysis of how surface brightness dimming with redsaifd
differences in galaxy surface brightness profile alter #tection of
these features (elg. Yang eflal. 2004). We therefore do eeept a
guantitative analysis of these potentially interactinagigs in this

paper.

24 Stellar population modelling

To help interpret our observations we use lthe Bruzual & @harl
(2003) population synthesis models. For our fiducial modebs-
sume & _Salpeler (1955) initial mass function with solar theta

ity. We first verify that reasonable models are able to repced
the colours of normal galaxies by comparing with theselected
SDSS data in Figurd 2. The simplest case is to compare a single
burst, dust—free model, evolved for a Hubble time (13.7 Qyith
bright (i.e. high signal-to—noise) SDSS galaxies whicrehay de-
tectable [Oll] or Hx emission lines. The model prediction is shown
as the large, filled circle, and the data are the small pothes;
agreement is good, and improved if we include a range of abun-
dances for the early type population: a model with lower meta
abundance, 40 per cent of solar, yields bluer colours asatetil by

the longer arrow. Dust extinction changes the colours inother
direction, as shown by the shorter arrow. This estimate setb@an

the two-component model bf Charlot & Fall (2000), with a taia

tical depth ofr,, = 1, of which 30 per cent arises from the ambient
ISM and the remainder is due to molecular clouds. Thus yaunge
more massive stars are more heavily extincted than the stelar
population.

1 We show all of the k+a galaxies, but for the sake of brevity jusandom
subsample of 48 of the 57 k+a galaxies with weak emission 6@naf the
94 e(a) galaxies.

galaxies at the same redshift and magnitude, but With(He) > 40A and
W, ([OI1]) > 20A. Thefilled circle shows a single—burst model, with no
dust extinction, and ja_Salpetér (1955) initial mass fumctafter 13.7 Gyr
of passive evolution. The smaller arrow (pointing to redei@ours) shows
the effect of increasing the dust optical depth from @to= 1, with 30 per
cent of the dust arising from the ambient ISM. The longerartmward
bluer colours) shows the effect of decreasing the metslltci 40 per cent
solar. Thelarge starshows a model with constant star formation rate and
dust extinction with a total optical depth = 1. The redward arrow shows
the effect of increasing the dust extinctionto = 2. The near-vertical ar-
row shows the effect of reducing the metallicity to 40 pertcatar. Finally,
thesolid lineshows the evolutionary track of a galaxy with an expondgtial
declining SFR, with timescale 4 Gyr and = 1.

To compare the model predictions for normal, star—forming
galaxies we compute a model with a constant star formatit ra
over a Hubble time, and include dust extinctionof= 1, again
assuming 30 per cent of the extinction arises from the arhhiter-
stellar medium. This type of model is known to be a reasonape
resentation of local, star—forming galaxies (¢.g._Brinahmet al.
2004). The model is presented as the large star in Flgured®, an
is compared with SDSS galaxies witi,(Ha) > 40A and
W, ([O11]) > 20A (open circles). Again the agreement is good,
and the vectors show the effect of increasing the extinctemn
T7» = 2 or decreasing the metallicity to 40 per cent of solar. The
solid line shows the evolutionary track of a galaxy with a Sk&t
declines exponentially, with a timescale of 4 Gyr, and= 1;
it nicely traces the locus of normal emission-line galaxieshe
SDSS as it evolves over a Hubble time (from blue to red cojours

These models illustrate the usefulness of(the- g), (r — k)
colour combination. Théu — g) colour is sensitive to population
age (it differs by almost 1 magnitude between the two mogdels)
but is relatively weakly sensitive to metallicity and, esipdly, dust
effects. On the other hand, tfie — k) colours are approximately
equally sensitive to age, metallicity and dust.
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Figure 3. The distribution of B/T for the k+a galaxiesi{aded histograjn
and e(a) galaxiess6lid line). The dotted lineshows the result of adding
galaxies with only weak emission line$\(; (Ha) < 10A, W, ([O11]) <
10/3\) to the k+a sample. The distributions of k+a and e(a) gakvare
distinctly different, in the sense that k+a galaxies arenprily bulge—
dominated, while e(a) galaxies are mostly disk—dominated.

3 RESULTS
3.1 Galaxy morphologies

Figure[3 shows the distribution of B/T for the k+a and e(apgal
ies in the sample. The two types of galaxies have distindffgre
ent morphologies (significant at the 3o level): while almost all
the k+a galaxies are bulge—dominated, the opposite is tmue(é)
galaxies. Similar results have been foundlby (Quinterol@0fl4),
based on measurements of the Sersic profiles rather thanaB/T r
tios. Including galaxies with weak emissioW(, (Ha) < 10A,

W, ([O11]) < 10A) in the k+a sample does not change this re-
sult. Thus, galaxy morphology is correlated more strongtp the
instantaneous star formation rate (i.e. emission linem) thith re-
cent star formation over the last 1 Gyr as represented by thedH
absorption line.

A closer examination of the disk—dominated k+a galaxies in
Figure[A1 shows that most have a very smooth disk component,
with little or no evidence for spiral structure in the modekid-
uals. This contrasts with the e(a) disk-dominated galastesvn
in Figure[A1, which show morphologies more akin to typicalt sp
ral galaxies. The spheroid—dominated k+a galaxies appeatlyn
normal, with few signs of disturbance or interactions, @ltph our
data are not deep enough to identify the subtle featurescesghe
from recent merger activity (Yang et!al. 2004).

3.2 Environment
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Figure 4. The distribution of projected local surface density for the k+a
population aD.05 < z < 0.1 (shaded histogragincluding galaxies with
weak emission lines) compared with the-selected SDSS subsample in
the same redshift rangsolid line) The remaining lines show the SDSS
distribution restricted to galaxies in clusters with> 400 km s~1: the
dashed lingepresents galaxies within< R/R.;, < 3 and thedotted line
represents galaxies witR < R, whereR,;, is the cluster virial radius.
The k+a galaxies are found in typical environments, and nefepentially

in or near clusters.

than M, = —20, andXs is therefore an underestimate. We there-
fore restrict our sample to galaxies in the redshift rafd® <
z < 0.1.

In Figure[d we show the distribution &f5 for the 46 k+a
galaxies (including those with weak emission) in the refisange
0.05 < z < 0.1, compared with the distribution for all galaxies
in that redshift range from the SDSS data (including thosth-wi
out available infrared magnitudes from 2MASS). The twordist
butions are statistically consistent with being drawn fithie same
population. Thus, k+a galaxies @05 < z < 0.1 are not more
likely to be found in clusters than the typical-selected galaxy
in the SDSS. For comparison, we also show the distributiarizof
for the subset of the SDSS galaxies found in clusters witbhovel
ity dispersionc > 400 km s *. The clusters are selected from
the C4 catalogue of Miller et Al. (2005), and we divide theagis
into two populations based on their projected positiontraao
the cluster virial radiusR.i.. In the virialised regions of clusters,
r < Ryir, densities are typicallfs z 2 Mpc™2, much larger than
the densities of all but a few of our k+a galaxies. Even whersitb
ering only galaxies well outside the virial radius of thesgsters,

1 < R/R.i: < 3, local densities are typically. 3 times larger
than average, and inconsistent with the k+a galaxy populatve
therefore confirm the conclusions of others (Zabludoff E1806;
Quintero et al. 2004 Blake etlal. 2004), that nearby k+axgedado
not preferentially reside within clusters and rich groupsreover,

We can characterize the galaxy environment by the number of they are not more likely to be found in these dense enviromsnen

neighbouring galaxies (e.g._Dreskler 1980). Specificaly,mea-
sureXs, the density derived from the projected distance to thefifth
nearest neighbour brighter tha, = —20, as inlBalogh et al.
(2004). This gives a useful estimate of the local densitygilax-
ies atz < 0.1; at higher redshifts the spectroscopic limitis brighter

than typical,r—selected galaxies.

Although k+a galaxies are found in both high and low den-
sity regions, it is interesting to investigate whether thésw that
are found in clusters differ in any significant way from thstref
the population. In FigurEl5 we show the B/T ratio of the galaxy
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Figure 5. The morphologies of galaxies with05 < z < 0.1 are shown
as a function of their local galaxy density. Thpen circlesshow the e(a)
galaxies, while thesolid circlesrepresent the k+a galaxie$tianglesare
k+a galaxies with a small amount of emissioW,(Ha) < 10A and
W, (JOI1]) < 10A. The histograms on the top and left of the figure show
the collapsed distributions df5 and B/T for the k+a galaxies (including
those with weak emission) and e(a) galaxies, as indicatétiodgh k+a
and e(a) galaxies are found in similar environments, theipimologies are
distinctly different.

sample with0.05 < z < 0.1, as a function of5. The small sam-
ple means that it is difficult to robustly identify any trendsth
environment, and a Spearman’s rank correlation test doenao
a significant correlation. However, we note that in the dehse
gions, X5 > 2 Mpc~2, we do not find any galaxies with BT 0.6.
Although this difference is not statistically significangither can
we rule out the possibility that k+a galaxies in clustersramstly
disk—-dominated (e.¢._Tran eflal. 2003;_Caldwell ¢f al. 1996
are a distinct phenomenon from the bulge—dominated gaarie
the field.

The e(a) galaxies, while morphologically quite distinairfr
the k+a galaxies, inhabit similar environments. The distibns
and sample means afs for the two populations are statistically
consistent with being drawn from the same population, asrdet
mined with a Kolmogorov—Smirnov test and a Students t-test,
spectively. Thus the difference between these two typesiaixy
does not appear to be related to environment.

3.3 Optical and infrared magnitudes

The photometric data are presented as a colour—magnitageadi

in Figure[®, where we compare the optical (u-g) colours of our
sample with the UKIRT k magnitudes, in four redshift binsrFo
comparison we also show as small dots those SDSS galaxies wit
Wo(Ha) < 4A, for which a K-band magnitude is available from
the shallower 2MASS. Our—selected e(a) and k+a galaxies have
k magnitudes as faint ds~ 15, well below the 2MASS limit. Be-
cause the sample is magnitude—limited, the luminosityibigion

is strongly redshift—-dependent. We show the charactenistigni-
tude K* from|Cole et al.[(2001)M = —24.2, at the midpoint of
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Figure 6. The observed (u-g) colours as a functionkafagnitude for the
k+a galaxiesfilled circleg and e(a) galaxiesopen circle$. Trianglesrep-
resent k+a galaxies with weak emission lines. Bhaall dotsare normal
SDSS galaxies for whicli{ —magnitudes are obtained from 2MASS, and
which show no Hv emission Wo (Ha) < 4A). We only show a random
10 per cent of the galaxies for clarity. Thetted linesshow the character-
istic luminosity M* = —24.2 from|Cale et al.|(2001), neglecting small k-
and evolution-corrections. Our magnitude selection éffegans the nearby
galaxies are mostly faint, while the highest redshift sammptiudes only the
most luminous galaxies.

each redshift bin, neglecting k- and evolution-correctiowhich
are small for normal galaxies (generady 0.2 mag). In our high-
est redshift bin £ > 0.15), which contains~ 30 per cent of the
sample, the galaxies are very luminous,1.5 mag brighter than
L*. On the other hand, at the lowest redshift®s < z < 0.075,

all seven of the k+a galaxies observed are fainter than by
up to ~ 1 mag. Note that this is consistent with the results of
Pogagianti et &l..(2004) who find that the k+a population in @om
consists mostly of faint galaxies. However, the lack of bray
galaxies in our small low-redshift sample is only incoreigtwith
the normal, passive galaxy distribution at thel2vel. Most of the
k+a and e(a) galaxies are bluer in (u-g) than the red sequeince
typical SDSS galaxies lackingddemission. This is not surprising,
since the e(a) galaxies have emission lines indicative gbimy
star formation, and the strongéHabsorption of the k+a galaxies
likely indicates recent star formation activity.

4 INTERPRETATION AND MODELLING

4.1 Optical and infrared colours

We show the optical-infrared cologr — k) as a function ofu— g)

in FigurelJ. The solid line in the figure is the normal spirablev
tion track introduced in Figuld 2; it is evident that most fué £(a)
galaxies lie along this locus. The tightness of the cololati@n is
surprising, and may break down at the highest redshifts,0.15,
where unfortunately our sample of e(a) galaxies is smai. diso
noteworthy that many e(a) galaxies lie redward of the endhef t
normal spiral track (and redder than normal star—formirig>des;
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Figure 7. The (u — g)—(r — k) colour—colour diagram in four redshift
bins. Theopen circlesrepresent the e(a) galaxies, and filed circlesare

the k+a galaxiedrianglesrepresent k+a galaxies with some weak emission.

The sample error bars in the top right of each panel show thitamés un-
certainties. The lines show three different models ftomzBal & Charldt
(2003), as described in the text. The arrow in the bottorhtrig each panel
shows the change in colour corresponding to dust extinaifon, = 1.
Thesolid line shows a galaxy with, = 1 and an exponentially declining
star formation rate, withr = 4 Gyr; colours become redder with time. The
dotted lineshows the effect of truncating star formation in a galaxyt tha
was forming stars at a constant rate for 13.7 Gyr (i.e. a Hubbie). The
dashed lineshows the evolution of a galaxy with an old stellar populatio
after the addition of a burst accounting fb per cent of its stellar mass.
Evolution is from left to right, and both models assume na @xsinction.
Further details on the models are given in the text. The k#aeéam) galaxies
are distinctly separate populations in this plane, and méigenconsistent
with the truncated—star formation model (dashed line).

recall FigurdR), in the direction expected if they are mbantnor-
mally reddened by dust.

In contrast, the k+a galaxies have colours that are didtioat
those of most normal galaxies in general, and e(a) galamipar-
ticular. In particular, they havia, — g) colours that are intermediate
between the passive and star—forming population, as wersBig-
urel®, while their — k) colours are similar to those of the normal
star—forming population. Note also that galaxies with omigak
emission (the triangles in the figure) have colours mostlamto
the k+a population, rather than the e(a) population or sbimgin
between the two.

To interpret these colour distributions, we consider twe- di
tinct variations on the normal galaxy models introduced 4.

It is not our goal to explore the full range of parameter spdee
generacies with dust, initial mass function, and metajlionake
it difficult to make robust statements about the star foramatiis-
tory. However, we will contrast two very different models @s
illustration of the two broad paths generally proposed toege
ate a k+a spectrum: either truncating star formation in amabr
disk galaxy, or introducing a short burst of star formationan
older population. We model the first case (“truncation”) biihg
a galaxy with a constant star formation rate and truncatiagfer-
mation after a Hubble time (13.7 Gyr, at which point the inéégd
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colours are similar to those of normal spiral galaxies)s thiodel

is shown as the dotted line in Figu® 7. We assume no dust ex-
tinction in this model, based on the assumption that evehdf t
initial galaxy has substantial dust, the termination of $tama-
tion (whether by merger—induced starbursts or gas stripdior
example) would be accompanied by a depletion of dust as ell.
the time when star formation ceases, the model quickly besom
redder in the star—formation sensitie — g) colour; however the
(r— k) colour remains approximately constant. Approximately 300
Myr later, (r — k) also begins to redden. Furthermore, the- g)
colour evolution slows down: it takes 1.4 Gyr for (u — g) to
redden by only another 0.2 magnitudes. The observed papulat
of k+a galaxies (and a few e[a] galaxies) hgue— g) colours that
are similar to this transition point, a few hundred Myr aftee
truncation of star formation; however, tle — k) colours of many
are too blue. This is a generic problem of the assumptiontkieat
galaxy starts from a colour that is typical of normal spiralaxies,
since(r — k) can only get redder after the truncation of star forma-
tion, and including dust extinction in the model makes tiaegion
worse. The only way to match the — k) colours with this kind

of model is to start with a bluer galaxy, initially, than a gy with

a constant star formation rate. One way to do this would bk ait
current (or very recent) star formation rate that exceexgast av-
erage; this becomes a weaker version of the “starburst” hoae
sidered below. We can therefore conclude that(the k) colours

of many k+a galaxies are inconsistent with the assumptiattkiey
form via the truncation of star formation in normal spiralagées.

To investigate the alternative case, we start with an edolve
(13.7 Gyr), dust—free, single burst population, which haleurs
typical of the red locus of SDSS galaxies. We then add a barst ¢
prising 15 per cent of the total mass of stars formed and evible
model for another 2 Gyr; this is shown as the dashed line (whic
starts from the end of the burst and evolves redward). Inctée,
the colour evolution provides an excellent match to the ayer
colours of most k+a galaxies. We cannot draw strong corassi
regarding the strength or age of the burst based on thesehdata
ever. Even for this particular choice of parameters (i.¢attieity,
dust, initial mass function) the scatter in the colours adrany
burst strength> 5 per cent.

It is evident is that the e(a) population in general does not
lie along either model track: their colours resemble norapatal
galaxies more than they do an early phase of the k+a galatiés.
is at least true for all but the highest redshift galaxiesinsample.

At z > 0.15 the e(a) and k+a populations may be more consistent
with a single colour sequence, approximately following the-
cated spiral galaxy model. However, there are few data laen,
they span a significant redshift range which will increasedbat-

ter in the colours. If the difference relative to the lowetskift bins

is real, it may be an evolutionary effect, or it may be a lursito
effect, as the highest redshift k+a and e(a) galaxies are up 3
magnitudes more luminous (and therefore likely more methi)
than their low-redshift counterparts.

4.2 Coloursand H¢ linestrengths

In Figure[® we show the observed and model dependence’of H
line strength onu — ¢) and (r — k) colour. The models are the
same ones presented in Figlile 7. In order to make the compari-
son between the models and data fair, the line strengthsofitr b
are remeasured following the definition lof Worthey & Ottantia
(1997). These measurements differ from the more sophistica
measurements of Goto el &l. (2003), which are based on a model
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Figure 8. The Hj line strength, defined as in_ Worthey & Ottaviani (11997), iswh as a function ofu — g) colour (eft) and (r — k) colour ¢ight). The

open symbolare the e(a) galaxies, and thelid circlesare k+a galaxiesTrianglesare k+a galaxies with a small amount of nebular emission.lifke show
the same models as in FigUke 7, and the arrow in the lower cigimter shows the effect of increasing the dust extinctiori Iojyagnitude in a galaxy with
a constant star formation rate. Note that #Hé 4 predictions for the normal spiral modedd(id ling) are upper limits, as emission—filling will reduce the
equivalent width. The k+a galaxies show good agreement tivétburst model (dashed line), while many of the e(a) gasaare particularly noteworthy for

their very red(r — k) colours, suggestive of strong dust obscuration.

Gaussian fit to the data; to distinguish them we adopt thetinata
of Worthey & Oftaviani (1997) and label the{§4. In general

to be the correct model (also, of course, the presence ofs@nis
lines in the spectrum means a completely truncated modelotan

the two measurements are comparable, but there are a few casebe physically correct). In fact, the: — k) colours of the reddest

where the _Worthey & Ottavianl (1997) definition yields a sfgn
cantly lower value. The original Goto etlal. (2003) measwgets
are given in column 7 of Tabl€$ 1 afld 2, while our remeasuiied H
are listed in column 8. For completeness, the rest-framwalgat
widths of [O1] and Ho from the SDSS pipeline are also given in
those tables as columns 9 and 10, respectively.

galaxies are not matched by any of the models presenteddiece;
this colour is much more sensitive to dust extinction thanr- g),
one possible interpretation is that e(a) galaxies are meewily
extincted than normal spirals. For most of the populatiomxéna

~ 1 magnitude of dust extinction would be consistent with their
position on the colour—colour diagram of Figllie 7. Convigrshe

As has been noted many times before (e.g..Couch & Shhrpleslack of scatter ir(r — k) colour for the k+a population means that

1987 Poagianti et &l. 1999; Balogh eflal. 1999), truncadiag for-
mation in a normal spiral galaxy (i.e. one that has been fagmi

dust is unlikely to play a strong role in the spectral propsrof
these galaxies.

stars at a constant rate for many Gyr) does not produce strong

enoughW, (Hd) to match the strongest-lined k+a galaxies. How-
ever, the relatively narrow colour range of most of the k+kxga
population is in remarkably good agreement with the 15 pat ce
burst model, for the range of observéd,(HJ) strengths. The
galaxies with the strongestdHines are the most convincing: only
the burst model can match the relatively red— g) colours and

the blue(r — k) colours, simultaneously with the strength of the
absorption. Again the burst strength is not well consticirend
any burst making up at least 5 per cent of the stellar mass is in
agreement with most of the data.

4.3 Stdlar luminositiesand masses

The K—band luminosity is a good tracer of stellar mass, and is
less sensitive to the recent star formation history thaicaltumi-
nosities. However, th@d// Lk ratio can still vary by a factor 2
depending on population age; in Figlile 9 we show haWL x
depends or{u — g) and (r — k) colour for the models consid-
ered in this paper. The fiducial model of an old galaxy pojofat
presented in Figuld 2, had/ Lk ~ 1.15, while the constant star—
formation model (withr, = 1 dust extinction) had//Lx ~ 0.55.

On the other hand, the e(a) galaxies show a large amount of Thus, the bluest normal galaxies are typically a factor2 less

scatter, and do not appear to form a single sequence. Sorhisof t
scatter will be caused by emission—filling of ldbsorption, which

is not accounted for, and means tlb 4 is an underestimate of
the underlying absorption. Although in many cases the- g)
colours and H line strengths are approximately consistent with the
truncated spiral model, tHe — k) colours are much too red for this

massive then red galaxies of the safe luminosity. Our best in-
terpretation for most of the e(a) population is that theyramamal
(though possibly dusty) spiral galaxies, which means thidyalgo
haveM/Lx ~ 0.55. We also show the models of truncated star
formation in a normal disk galaxy, and of a 15 per cent burst su
perposed on an old stellar population. Recall that thiglattodel
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Figure 9. The M /L k ratio for fourlBruzual & Charlotl(2003) models at
z = 0.12, as a function ofu — g) colour (left) or(r — k) colour (right).
Thesolid circleandlarge starrepresent the old and young fiducial models,
as presented in Figuf@ 2. Tlietted lineshows the truncated-disk model,
where star formation is abruptly stopped after 13.7 Gyr Ardis no dust.
The dashed lineshows the track for a 15 per cent burst of star formation
on top of an old stellar population, also without dust. Eeded region
shows approximately the colour range of observed k+a gedaaxi0.1 <

z < 0.15, from Figurel. If typical k+a galaxies result from a 15 pentce
burst superposed on an old stellar population, this indgc#tey will have
M/Lg ~0.8=+0.1.

provides a good match to the coloursj khe strengths, and mor-
phologies of the k+a population, but the burst strength isrigo
constrained only to be- 5 per cent by mass. This model predicts
M/Lk ~ 0.8 + 0.1 at the colours typical of the k+a galaxies at
z ~ 0.12, not too dissimilar from the value one would obtain by
interpolating between the evolved and star—forming modedsa
function of (u — g). Thus, if the model we have chosen to represent
the colours of k+a galaxies is correct, then they haves per cent

of the mass of normal, passive galaxies at the same K-banid lum
nosity. The typicald /L will be higher,~ 1 £ 0.1 if the burst
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fade by only a factor 2 (Figure[®). Thus the typical e(a) galaxy
that started with B/E 0.1 would end up with B/E 0.18, where
the disk is still much more prominent than for typical k+aagas.
Conversely, to reproduce the typical morphology of k+a xjek
through disk fading, the progenitor would have to have-B/T.42.
Therefore this simple fading mechanism cannot connectwioe t
different morphological distributions, and this conctrsiis only
strengthened if some of the star formation takes place ibulge,
rather than the disk (e.g._ Norton eflal. 2001). Although tisclu-
sion holds for about half the e(a) population, we note thatdis-
tribution of e(a) morphologies includes a significant tailemding
to bulge—dominated systems, which are morphologicallygisbent
with being progenitors of k+a galaxies.

The colours of most e(a) galaxies are sufficiently red that it
is unlikely their colours will evolve to match those of k+alaa
ies once star formation stops. This does not mean that nothe of
e(a) galaxies will evolve into k+a types; the bluest 0 per cent of
the population may be starburst systems that could repré&sen
progenitors. However, most of these blue e(a) galaxiekhstile
disk—dominated morphologies, as shown in Fiduré A6. It isspo
ble that a subsequent merger event could destroy this diskina
fact, about half of the bluest e(a) galaxies show some stigges
evidence for interaction with a nearby companion. Howeies,
not clear if this abundance of interactions is better catesl with
galaxy colour or H line strength, so we cannot conclude that the
e(a) spectrum is a unique characteristic of interactin¢gesys des-
tined to become k+a galaxies. Finally, we note that if theard
of e(a) galaxies are the result of unusually strong dustwbson,
then more of them will have blue intrinsic colours; as longles
dust is destroyed with the cessation of star formation (fame
ple, in a starburst), their colours might evolve to be cdesiswith
those of k+a galaxies.

Although we conclude that e(a) galaxies are not all progeni-
tors of k+a galaxies, we note that the argument does not work i
reverse. Itis possible that the progenitors of today’s kejauybation
all had an e(a) spectrum in the past. These progenitors wiawe
to be either a subset of the e(a) galaxies observed todage(that
are blue and disk-dominated) or perhaps an entirely diftgrepu-
lation of very blue e(a) galaxies that are so short-liveg tre not
present in our sample. However it seems likely that selediased
on Hj strength alone is not an efficient way to find the progenitors
of k+a galaxies.

We will consider the mass function of k+a and e(a) galaxies in

only makes up 5 per cent of the final mass, and more consistenta subsequent paper; here we present just the observedtatismi

with the M /L of normal passive galaxies.

5 DISCUSSION
5.1 Theconnection between e(a) and k+a galaxies

The observations and modelling results presented in tipisisug-
gest that most e(a) galaxies are not directly related, invatue
tionary sense, to k+a galaxies. This conclusion is basedapily
on the fact that, although the range of Hbsorption strengths are
similar, the colours and infrared morphologies of the twpuyde-
tions are quite distinct. In particular, the insensitivofyX” luminos-
ity to recent star formation provides a strong morpholdgicgu-
ment against the interpretation that k+a galaxies ariseviioig the
end of star formation in e(a) galaxies. From Figlke 3 we saw th
most k+a galaxies have BAT 0.6, while most e(a) galaxies have
B/T~ 0.1. If we assume that all star formation occurs in the disk
component, then a termination of star formation means siewil

of K-band luminosities, uncorrected for selection effettisensure
that our comparisons of the two populations are based onlsamp
of similar stellar masses. In FigUrel 10 we show the lumiryadii-
tributions in solar units, using, = 3.33 (Cox200D), neglect-
ing k- and evolutionary corrections. We include galaxiethwieak
emission lines in the k+a sample. From the mass—to-ligiat cat-
culation computed above we see that the mode of our k+a sample
isatM ~ 8 x 10'°Mg; for the e(a) galaxies (which we inter-
pret as normal spiral galaxies) the mode is only 25 per cevero
atM ~ 6 x 10'° M. This only shows that when comparing the
two types of galaxies we are comparing objects of similaranas
of course the shape of the distributions are heavily biagedun
selection function.

5.2 Comparison with previouswork

Our data are most consistent with the interpretation thegll+a
galaxies are a short-lived phase that occurs following dbsitst
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Number of galaxies per bin

Figure 10. The K luminosity distribution, in solar units, of the k+a gel
ies (chaded histogramincluding galaxies with weak emission lines) and
the e(a) galaxiessplid histogran). This is just the observed distribution
of the sample and is not corrected for magnitude (or othdecten ef-
fects. The two distributions are not significantly differedemonstrating
that the observed differences in morphology and coloursiareue to dif-
ferences in luminosity. Thdotted lineshows the characteristic luminosity,
fromiCale et al.l(2001), for reference.

in a spheroidal galaxy; a likely cause for such a burst is amec
merger event. Our results are generally consistent witbethaf
Norton et al.|(2001) and_Yang eti&l. (2004), who find the dymami
and morphologies of local k+a galaxies are typical of edylye
galaxies. These authors claim the origin is from the merfervo
galaxies, at least one of which is gas—rich, based on tidalifes
in some galaxies_(Zabludoff etial. 1996; Norton etlal. 20GBe(
also.Swinbank et al. 2005). Although we do not see convineing
idence that a substantial fraction of our k+a galaxies aresotly

with (e[a]) and without (k+a) strong nebular emission (@egoing
star formation). Our conclusions are the following:

e The k+a and e(a) galaxies have very different distributions
of morphology (although there is overlap). The k+a galases
mostly spheroidal; where there is a disk, it tends to be smatith
little sign of spiral structure. On the other hand, most g@axies
resemble normal spiral galaxies with a prominent disk andhkp
structure. Thus morphology is more closely correlated witgo-
ing star formation (emission lines) than with recent stamiation
(Balmer absorption).

e The K'—band fractional bulge luminosities of k+a galaxies are
too large to result from the truncation of star formation ityical
e(a) or normal spiral galaxy.

e The k+a galaxies form a surprisingly tight sequencgir- g)
and(r — k) colour, and H line strength. A model of an old (13.7
Gyr), dust—free galaxy with a Salpeter initial mass functand
a recent burst of star formation accounting for 15 per ceritsof
mass, traces the mean properties of this sequence well. ygowe
the burst strength is not well constrained; any vatug per cent is
consistent within the scatter of the data. The lack of scaitéhe
dust-sensitivér — k) colours for these galaxies suggests that their
unusual spectral appearance is not due to the effects of dust

e The e(a) galaxies form a sequencéin- g)—(r — k) colour—
colour space that is disjoint from the k+a sequence. Furtbeg,
the (r — k) colours of most are too red for theirdHabsorption to
be accounted for by the same model that produces k+a galéxies
stead, a consistent model for e(a) galaxies is that of a chddtened
(by 7v ~ 2) but otherwise normal spiral galaxy. However, we have
not searched for a unigue model and other explanations may be
admissible, including variations in the initial mass fuonot

e With the above interpretation, we can determine M¢L
ratio for each type of galaxy. Whilé//Lx ~ 0.55 for the e(a)
population,M/Lx = 0.8 + 0.1 for the k+a galaxies. This latter
value depends on the assumption that the starburst acdourits
per cent of the stellar mass; a 5 per cent burst has only a effedt
and the resulting//Lx ~ 1 is not too different from normal,
evolved stellar populations.

undergoing mergers, our images are not deep enough to see low o Galaxies with strong B and a small amount of emission

surface brightness tidal features indicative of recemrattions.

The lack of bright, k+a galaxies in dense environments is con
sistent with the results of Poggianti et al. (2004), who fimat k+a
galaxies in Coma are mostly much fainter th&h However, our
sample is too small to claim more than this consistency, duka
general rarity of bright galaxies and dense environmemtslis-
tant clusters, there is evidence that disk—dominated ktaxigs
may be more common_(Tran et al. 2003), and therefore coude ari
through a different mechanism from the bright, field k+a gas
studied here. Our results are not inconsistent with thisrpreta-
tion, as the few k+a galaxies we find in dense environments do
have B/T < 0.6; however, there are too few galaxies to provide
strong evidence either way.

6 CONCLUSIONS

We have presented UKIRK —band observations of 222 galaxies
selected from the SDSS first data release based on theigsti®n
absorption, W, (Hd) > 4A. The purpose of this paper has been
to use K — band luminosities as a tracer of total stellar mass and
morphology to study the connection betweef-sitrong galaxies

(W, ([O11]) < 10A and W, (Ha) < 10A) have colours and mor-
phologies similar to those of k+a galaxies, and distincinfre(a)
galaxies with stronger emission lines.

e Both e(a) and k+a galaxies are found in similar environments
as characterised by the number of bright neighbouring gedax
The distribution of environments is typical of SDSS galaxie
general, and neither k+a nor e(a) galaxies are restrictetlisber
cores or outskirts€ 3Rvir).

We therefore conclude that most e(a) and k+a galaxies are
distinct populations, and arise in different ways. Whilestne(a)
galaxies appear to be spiral galaxies with unusually higt dx-
tinction (or perhaps an atypical initial mass function), snk+a
galaxies are spheroidal galaxies with a recent, substéntia per
cent by mass) burst of star formation. The progenitors ofgetax-
ies may still have had an e(a) spectrum; these could eithénebe
subset of present-day e(a) galaxies (the bluest examptasewir
dence of interactions), or a short-lived blue populaticat fils not
represented in our e(a) sample. However, most emissiogéitze-
ies selected on #Handr—magnitude alone are unlikely to be pro-
genitors of k+a galaxies.
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Table 1: The k+a galaxy sample and measured properties

RA Dec z F K. BIT Wo(HS) Hoa W.ON]) W.(Ha)
(J2000) (mag) &)

3.120312 —0.804937 0.128834 16.71 13.7 0.46 47 43 5.6 5.4
3.963556 —10.388311 0.198220 17.5 14.7 0.67 7.4 6 1.9 0
9.282578  0.410167  0.080655 17.11 14.3 0.35 5.5 5.5 75 25
17.773197 14.266232  0.099456 16.93 14.2 0.76 5.1 4.8 3.6 -
20.065346 —9.988923 0.136923 17.22 14.5 0.56 4.4 4.4 2 -
20.226444  13.765402  0.127631 16.54 13.5 0.76 5.5 5.2 5.9 5.3
26.196381  0.537470  0.178903 17.46 14.4 0.42 6.6 4.1 3 -
27.779242  —0.943535 0.198065 17.38 14.5 0.7 47 5.1 0.5 -
20.191742 —9.950396 0.126340 17.75 14.7 0.98 6.1 5.9 6.8 9.2
30.125355 —9.890063 0.095773 17.3 14.6 0.61 4.3 4.1 2.7 2.3
31.007927 14.241354  0.081300 17.5 14.6 0.4 5.3 5.2 3 2.1
36.112850 —9.627632 0.088286 17.01 14.3 0.48 5.2 4.8 3.9 -
36.930046 —0.256401 0.219166 16.74 13.9 0.74 5.3 5.4 2 1.2
37.078602 —1.034778 0.091273 17.42 146 0.8 5.1 47 75 -
37.489056 —0.903572 0.085923 17.18 14.2 0.43 5.6 5.1 3.1 3.7
38.693249  0.509964  0.140466 17.28 14.6 0.8 6.1 5.8 2.2 -
39.761936 —0.530933 0.136121 17.45 13.8 0 47 1.9 7 -
45830013 —8.605536 0.075652 16.77 14.1 0.52 4.9 5 1.1 -
46.116833 —8.818506 0.119705 17.25 14.6 0.46 6.3 6.1 1.9 -
47.029408  0.456219  0.074281 15.25 12.3 0.81 5.9 5.9 2.8 8.5
51.094597 —5.940036 0.204436 17.59 145 1 6.4 5.5 3.8 3.3
60.141998 —6.407394 0.179402 16.89 13.9 0.7 5.1 3.2 1 -
113.390167 37.834980 0.096724 17.45 14.6 0.36 5.6 5.9 3.8 1.1
113.905518 39.562695  0.108367 16.69 13.9 N/A 5.4 5.3 1.3 -
118.233299 38.725178  0.126291 17.53 14.7 0.7 47 4.1 2.9 1.1
124110924 41.562134  0.101673 17.29 142 0.6 5.1 1.7 46 -
126.852570 51.797470  0.081440 16.44 13.7 0.74 47 46 1.8 -
127.648438 49.455341  0.132265 16.21 13.4 0.92 47 4.6 0.7 -
128.130447 49.411301  0.183051 17.24 14.4 0.43 5.4 5.1 15 -
128.838440 42.660007 0.091694 16.15 13.6 0.48 6.2 6.2 2.9 -
131.831635 3.341675  0.072952 16.12 13.4 0.65 4.6 4.6 45 -
135.309357 51.391785  0.129297 17.32 14.3 0.56 5.2 2.4 1.2 -
135.702240 54.159458  0.101710 16.37 136 1 3.8 3.5 2.9 -
135.886566  1.210117  0.058030 16.13 13.2 0.37 45 4.1 3.8 -
135.887466  1.208835  0.057939 17.33 13.2 0.37 45 2.2 1.8 -
135.991104 55.244137  0.089378 17.57 14.8 0.49 46 4.1 3.1 -
136.103760 53.937237  0.140552 17.61 147 0 6.1 5.7 3 -
136.583054 52.363892  0.098701 17.52 15 0.69 6.3 6.3 15 -
136.752792  0.060915  0.164117 17.26 14.2 0.85 4.9 4.8 46 3.6
138.115753 53.706375  0.222322 17.3 14.1 0.93 6.4 6.4 1.5 -
139.567947 56.832035  0.115982 16.61 13.7 0.53 43 2.9 15 -
141.083755 3.248529  0.129099 16.61 13.6 0.38 45 43 13.8 -1.4
144.678787 0.030188  0.090723 16.07 13.1 0.47 5 5 3.9 -
145.353928 57.963165  0.081976 16.44 13.7 0.94 4.2 43 1.8 -
147.077835 2.501155  0.060456 16.27 13.4 0.29 6.4 6 2.4 -
148.432892 —0.090180 0.083397 16.54 13.7 0.52 5.2 5 1.8 6.1
149.374603 2.828351  0.216094 17.33 14.4 0.78 5.5 5.4 0.8 -
153.439102 1.270462  0.105583 16.18 13 0.46 6.8 6.7 5.2 8.2
153.656876 1.157441  0.144184 16.8 13.9 0.84 4.3 4.4 0.3 -
153.832031 1.061565  0.215896 17.1 14.3 0.82 6 5.9 0.6 -
154.121719 —0.026977 0.104553 17.3 144 0 5.5 5.3 3.6 2.7
160.627304 0.578335  0.100022 16.63 13.9 0.7 6.7 6.7 4.2 -
168.387756  0.833713  0.152380 17.56 14.8 0.78 5 46 2.3 -
168.903183 —0.029248  0.143258 17.51 14.6 0.69 4.6 2.8 3.4 -
177.656357 1.500157  0.077820 16.4 13.6 0.74 6.6 6.8 2.9 -
181.079483 —0.315507 0.093782 15.18 12.6 0.38 7.4 7.1 1.9 -
183.690933 —0.919306 0.104813 17.18 14.1 0.16 4.8 4.3 5.7 9.4

continued on next page



Table[d continued

NIR images of —strong galaxies

RA Dec z f K, BIT Wo(HS) Héa WoO[N]) We(Ha)
(J2000) (mag) &)

185.485245 0.163395  0.106243 16.3 13.8 0.76 7.4 73 2.6 -
186.827286 —0.407924 0.114163 16.98 14.3 0.46 5.6 5.2 2.2 -
190.720642 2.616917  0.084382 17.52 14.9 0.4 6 6 2 1.4
192.314362 —0.630072 0.168910 17.49 14.2 0.17 55 3.6 25 8.8
195.686630 3.319118  0.068262 16.48 13.2 0.51 4.9 4.8 7.4 8.1
196.580307 —0.982160 0.246145 17.29 14.1 N/A 4.8 4.8 15 -
198.945999 —0.060723 0.197286 17.41 14.2 0.56 6.5 6.1 5.8 7.2
199.770584 0.519567  0.081329 17.56 14.8 0.9 5.6 5.5 5 1.6
205.427032  2.342579  0.075595 16.36 13.7 0.27 4.9 4.6 2.2 -
207.009094 2.068259  0.067782 1591 13.3 0.67 6 6.1 2.1 -
207.554733 2.790413  0.106089 16.39 13.4 0.85 4.4 43 45 10
207.628204  1.467977  0.072761 159 13.4 0.64 6.6 6.6 3.2 1
209.131607 —0.268947 0.163201 17.26 14.4 0.55 4.2 4.4 3.9 1.1
213.135956  0.098394  0.126709 17.39 14.2 0.06 5.3 -1.3 - 4.2
214.725433  5.096523  0.079549 16.35 13 0.54 6.2 6.1 6.3 25
217.917770 3.031690  0.152753 17.66 14.7 0.52 4.4 4.2 1.1 -
218.522186 4.967597  0.087605 17.56 15 0.63 5.9 6.1 3.2 -
218.558441 3.027856  0.301874 17.71 14.7 0.44 5.8 5.3 1.4 1.6
218.704910 —0.155541 0.129915 17.66 14.6 0.56 6.4 -0.3 2.3 -
218.929077 0.948110  0.120438 17.27 145 0.9 6.1 5.4 3.8 1.2
219.054184 3.475608  0.119374 16.95 14 0.43 4.2 41 6.2 10.1
219.671616 0.173685  0.105131 17.14 14.4 0.78 4.9 4.6 41 -
221547577 —0.238415 0.080029 17.33 17.8 0.03 5 43 3.7 9.5
222.647125 3.744416  0.116050 17.66 13.4 0.52 5.9 5.5 5.2 4.1
222.891068 2.449617  0.096892 17.16 14.5 0.59 47 4.8 1.8 -
223.189453 2.889261  0.264362 17.74 14.8 0.63 6.8 6.6 15 -
237.330612 57.389172  0.225225 17.35 14.4 0.72 5.3 4.9 0.4 -0.8
238.179855 54.813190  0.204227 17.65 14.5 0.44 5.1 1.6 0.4 0.7
238.676956 54.844582  0.094013 17.62 14.7 N/A 5.4 2.2 8.4 1.1
239.025391 51.711884  0.123737 17.07 14.3 0.55 4.9 41 2.1 -1.3
240.205154 54.298256  0.064590 16.47 13.6 0.21 7.4 6.7 - 6.9
240.544449 2.751429  0.244081 17.36 14.5 0.45 6.2 6.2 1.9 -15
242703766 50.720726  0.104457 16.77 14 0.8 5.6 5.5 2.9 1.1
246.983154 48.014202  0.125929 17.49 14.7 0.73 5.2 5.1 0.8 -
247.999588 43.298462  0.225063 17.67 14.5 0.75 46 35 1.2 -
249.646042 44.063736  0.112326 17.45 14.5 0.56 6.7 6.8 2.8 7.6
250.729843 41.893227  0.072600 16.15 13.4 0.64 6.5 6.7 1.2 -
251.366440 45.754738  0.154507 17.51 14.7 0.48 4.4 43 0.9 -1.2
252.795532 37.726040  0.136950 17.4 14.8 0.08 7.2 7.2 9.4 2.5
256.673676 38.576031  0.125296 17.45 14.6 0.71 55 5.3 6.5 1.9
258.942749 58.382076  0.127103 17.42 14.7 0.48 6.5 5.3 2.2 1.3
262.832245 55.128433  0.102557 16.95 14.3 0.64 5.7 5 5.2 -
263.207581 54.367542  0.161453 17.37 14.8 0.64 7 6.7 4.9 7.3
265.387665 54.057060  0.113601 17.41 14.7 0.79 5.7 6.2 3.7 -
309.355164 —6.660254 0.114976 17.15 14.1 0.72 45 4.1 2.3 -
310.385773 —5.226147 0.062059 16.73 14.1 0.62 5.3 4.8 2.9 1.9
315.745331 10.550177 0.092800 15.22 12.5 0.58 47 4.4 1.3 -
318.271515 —7.736905 0.088147 17.62 14.9 0.59 6.1 5.6 5.2 -
320.108154 —6.913008 0.224315 17.42 14.6 0.63 5.2 5 9 5.1
320.151672 —6.622945 0.119113 17.54 14.8 0.76 5 41 2.7 -
326.767517 10.954961  0.083870 16.53 13.9 0.35 4.4 4.2 4.3 -
327.472046  0.969026  0.172979 17.47 14.3 0.55 55 2.6 13.9 0.4
327512482 —7.130242 0.083176 17.53 14.8 0.22 6.1 41 4 9.4
327.862793 12.987449  0.206182 17.36 14.6 0.46 6.6 6.5 9.9 2.3
328.255249 —7.838636 0.073321 17.26 14.2 0.38 5.3 1.6 3.7 -
328.746399 —6.853999 0.216543 17.09 14.1 0.7 6.3 5.9 2.4 -
320.933380 12.793406  0.122527 16.47 13.6 0.56 5.8 5.7 5.7 5.8
331.439728 —9.487941 0.135392 17.71 15 0.43 6 5.9 3.2 -

continued on next page
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Table[d continued

RA Dec z F K. BIT Wo(HS) Hoa W.ON]) Wo(Ha)
(J2000) (mag) &)
340.961884 —10.229675 0.085119 17.63 14.9 0.29 5.1 47 8.2 1.2
341.995117 —9.762263 0.177042 17.69 14.6 0.61 5 0.8 6.2 0
344118774 14.673409  0.163308 17.09 14.2 0.64 5.1 4.6 6.3 -
344.236511 13.067387  0.209131 17.18 14.4 0.72 6.7 6.6 2.4 -
345.029846 15.317498  0.082219 16.89 14 0.56 6.1 5.8 3.8 1.7
345.367645 —8.565503 0.181151 17.36 14.4 0.53 5.1 4.9 3 0.9
346.157288 14.149549  0.122222 16.53 13.7 0.48 4.6 4.4 3.8 2.6
346.930847 15.432889  0.069696 16.17 13.8 0.45 6.3 6.3 1.7 -
348.280731 15.481363  0.109839 17.03 13.8 0.44 5 5.1 7.2 7.1
349.948700 0.721130  0.118550 17.28 14.5 0.72 5 4.4 3.8 -
353.721649 14.846871  0.064671 15.98 13.4 0.56 4.9 45 1.6 -
355.495483 14.908378  0.085547 16.73 13.9 0.6 55 5.9 6.6 2.6
358.630005 14.332058  0.078535 15.69 12.9 1 3.9 4 4.4 1.4

Column descriptiongI-2) Right ascension and declinafi¢®) Redshift;(4) SDSSr magngtude(? K, magnitude measured from our
UKIRT data. Uncertainties are limited by the zeropoint arela 0.08 magnitude(6) The fraction of K-luminosity in the bulge component,
and uncertainty, as determined byM2D model fits. Note that these are meaningless in irregulstesys (such as close pairs or mergers);

(7) rest-frame equivalent width of&Hlin A, from Goto et al. (2003), where positive numbers repreabsbrption|8) rest-frame equivalent
width of H§ based on the definition of Worthey & Ottaviani (19979:10) Rest-frame equivalent widths of [@ and Hx from the SDSS

pipeline, measured iA with positive numbers indicating emission.

Table 2: The e(a) galaxy sample and measured properties

RA Dec z f K. BIT Wo(HS) Hoa W.ON]) W.(Ha)
(J2000) (mag) &)

0.304384 —11.103624 0.119084 16.44 13.4 0.31 5 4.8 19.9 473
1.336491 —10.469523 0.076842 16.7 14.1 0.01 7.2 4.8 - 40.6
2.689777 —0.127752 0.086695 16.53 13.7 0.09 5.3 5.1 13.5 32.8
4726562 —11.208706 0.060786 16  13.8 0.49 7.1 47 29.9 51.7
5.937845 —1.008309 0.066280 17.14 13.9 0.33 5.7 5.3 10.2 14.4
7.592993  15.013621  0.098497 16.15 13.4 0.08 6 46 10.3 31.6
10.653961 —1.029383 0.252882 18.52 15.4 0.57 5.4 2.9 16.4 37.8
10.851816  0.016397  0.081329 16.09 13.5 0.12 7 4.1 19.5 67.5
14.807940  0.794905  0.172719 18.02 15.1 0.23 5.9 4 29.7 47.9
15.323996  0.524027  0.145131 17.49 14.6 0.2 6.2 4.6 11.6 35.6
16.047445 —10.786201 0.082317 17.68 15 0.44 6.1 5.9 25.5 15.3
16.591736 —0.535420 0.171226 17.3 14 0.61 46 4.4 30.7 34.9
17.969322 —9.766603 0.131466 17.35 13.9 0.61 5.1 5.1 355 31.7
21.064075 14.038528  0.103083 17.4 13.9 0.15 5.9 35 43 20.8
21.218010 —9.570095 0.074324 16.78 13.6 0.79 5.2 5.3 18.8 8.1
24.083879  14.578506  0.107873 17.41 14.6 0.16 5.1 4.6 9.5 37
24.298273 13.111508  0.054026 16.28 13.8 0.12 5.4 5 22.1 28.8
24.492804 —8.575119 0.189068 17.39 13.5 0.88 47 4.6 15.3 32.2
27.441174  0.808579  0.162652 17.31 14.3 0.29 5 4.9 8.3 25.6
29.266397 13.594388  0.100934 16.43 13.5 0.64 45 45 - 34.6
20.476841 14.095569  0.178564 17.49 145 0 5.1 45 8.8 375
35.197891 —9.624654 0.108725 16.85 13.6 0.57 47 45 17.3 17.6
40.521065 —8.866433 0.110401 16.04 13.1 0.24 45 4.3 8.9 34.9
41.083641 —7.754149 0.076250 15.55 12.9 0.71 46 47 22.2 39.2
46.296959 —6.431061 0.086905 17.53 15.3 0 5.9 6 10.9 15.9
52.038315 —7.305844 0.086911 17.64 15.2 0.05 5.2 5.2 - 32.7
62.729263 —6.176466 0.129256 17.35 14.1 0.34 5.5 4.6 19.3 34
116.479462 32.579166  0.100922 17.21 14.3 0.06 5 5 6.5 16.3
117.033798 42.903248  0.113352 17.66 14.6 0.28 5.4 4 8.1 21
119.685112 40.516521  0.074947 16.72 13.8 0.44 55 47 4 16.5
123.469513 40.901772  0.100391 17.33 14.1 0.07 5 2.6 5.4 12.6
130.364212 3.535027  0.143611 17.44 14.4 0.67 47 45 2.9 13.6
133.691208 48.470387  0.119963 17.41 14.2 0.03 47 2.3 46 19.1

continued on next page
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Table[2 continued

RA Dec z f K, BIT Wo(HS) Héa WoO[N]) We(Ha)
(J2000) (mag) &)

148.434738 —0.000464 0.083706 15.64 13.7 0.52 52 3 13.3 333
148.655762 2.207545  0.162581 17.25 14.1 0.76 5.4 41 6 19
163.710587 —0.982576 0.074838 17.55 14.8 0.23 5.2 4.8 7.2 16.3
166.723526  1.249782  0.105472 16.09 12.9 0.36 4.6 4.1 4.9 14.8
173.176758 0.756327  0.067486 16.83 12.8 0.71 55 6.1 19.7 26
175.077286 1.076113  0.076980 16.6 13 0.71 10.5 8.3 9.7 19.7
189.067123 —0.386185 0.090503 17.29 14.6 0.86 5.6 5.9 11.6 1.8
197.523224 —2.472836 0.132543 17.52 14.6 0.13 46 4.8 10.4 12.1
198.926941 —1.724550 0.175708 17.48 14.3 0.04 6.8 2.4 5.1 18.4
201.826462 0.865157  0.111664 17.18 14.3 0.31 5.3 43 5.4 18.7
210.408279 0.067353  0.085131 15.66 13.1 0.18 43 4 5.8 15
214.608963 1.356086  0.083081 16.46 13.6 0.28 5.2 4 3.3 16.8
222.645447  3.745237  0.115040 16.8 13.4 0.52 5.9 0.1 42.8 78.8
239.997879 54.588268  0.057877 16.63 13.7 0.01 5.7 3.1 5.4 20.4
240.273132 49.979671  0.071001 15.43 12.6 0.25 6 5.6 30.7 34.4
241539871 51.154034  0.077398 17.19 14 0 7.4 2.6 8.5 18.6
246.701721 45.584122  0.086421 17.24 14.3 0.13 7.6 5 13.6 28.5
247.959869 44.898746  0.222740 17.28 14.3 0.3 4.2 4 28.6 37.3
248.377213 43.259373  0.122890 16.73 14.4 0.21 7.2 5 26.4 58.3
252.343353 38.528667  0.086168 16.32 13.9 0.05 5.9 47 19.2 41
253.869644 40.062359  0.061714 16.98 14.7 0 4.9 4.8 33.2 46.9
254.030594 38.869167  0.073432 17.17 13.9 0.01 6.6 5 13.5 26.3
254.062775 38.859486  0.051833 15.95 12.6 0.47 5.1 4.8 15.4 27.6
258.726166 55.708164  0.106540 16.74 13.7 0.68 6.2 4.8 10.4 25.3
260.090363 54.825855  0.100796 17.57 14.3 0.58 6 4.1 8 20.5
260.632111 52.869144  0.159600 17.03 14.2 0.36 6.2 4.3 14.6 38.3
262.566376 54.298878  0.085144 16.93 14.2 0.2 46 43 47 16.8
264.509949 55.871490  0.084523 16.73 13.8 0.12 5.7 4.3 15.3 31.3
300.668823 —4.640462 0.229230 17.3 14.1 0.1 6.6 4.8 5 23.6
309.947723 —6.421526 0.111621 17.36 14.7 0.18 5 45 25.6 39.3
316.396729 —6.442801 0.086264 17.2 13.8 0.28 5.8 5.2 15.7 15
317.146118 —8.015185 0.122152 16.71 13.2 0.52 48 5 41 14.7
318.084625 —7.201864 0.098725 16.63 13.2 0.39 6 5.6 4508.6 2.7
322.490906 —8.057539 0.219952 17.25 14.4 0.69 4.3 43 4.7 24.5
322521881 —6.686210 0.089172 1452 15.2 0.32 5 3.6 91.5 38.4
323.297852 —8.495975 0.091285 17.29 14.3 0.5 5.2 3.3 7.8 15.5
323.427399 —8.360456 0.117046 16.4 13.4 0.64 6.7 5.7 10.8 28.4
327.134552  0.133313  0.158565 17.64 14.5 0.46 5.4 4.6 7.1 14
327.349152 —8.675175 0.102440 17.14 13.7 0.93 5 3.8 17 30.6
327.423340 12.339659  0.076621 16.81 13.9 0.28 4.8 5 5.4 15.5
327.666290 —1.073946 0.103408 17.23 14.7 0.26 5.3 4.9 19.1 29.9
327.735779 —6.819699 0.058740 1598 13.3 0.8 47 5.2 24.6 13.9
327.868164 —6.775196 0.101240 16.67 13.9 0.95 7.4 6.9 16 19.6
330.465393 12.099227  0.123104 16.06 13.1 0.55 5.8 5.5 26.1 35
330.580353 —0.565185 0.084469 17.62 12.9 0.09 7 7.2 14.4 24.1
334.127258 —0.574393 0.111474 16.73 14 0.87 6.4 4.7 25.1 38.9
334.428925 —0.290766 0.094682 16.96 14.1 0.36 5.6 4.6 25.8 47.4
334.805664 12.976340  0.106792 17.31 14.4 04 5.1 4.8 20 44.3
336.138947 0.579151  0.090261 18.97 16.6 0.08 5.7 5.5 16 20.1
340.294891 —9.014417 0.071547 1559 12.3 0.22 5.4 4.6 15.4 34.9
340.507233 —8.774342 0.166393 17.76 13.6 0.28 5.6 5.3 15.4 11.7
340.507812 —8.773771 0.166596 17.64 13.6 0.28 5.6 5.4 11.6 4.9
342.494751 0.918355  0.089213 16.47 13.9 0.06 5.1 5.3 15.3 35.4
342.842072 —8.956442 0.080072 17.22 14.4 0.54 5.8 5.9 33.6 21.9
346.197815 14.275584  0.082477 17.02 14.7 0.11 7.5 7.2 22.5 28.9
346.333771 —9.530315 0.183999 17.38 14.2 0.55 5.4 5.5 4.4 12.3
346.764313 —10.351763 0.104952 17.13 14.2 0.12 4.9 5 14 16.1
348.372345 0.909661  0.120993 17.36 14.3 0.22 6.9 2.1 8.1 12.1

continued on next page
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Table[2 continued

RA Dec z F K. BIT Wo(HS) Hoa W.ON]) Wo(Ha)
(J2000) (mag) &)
356.560333 13.656058 0.077711 17.1 14.2 0.12 6.5 46 9.9 26.7
358.733002 —10.032640 0.111582 17.27 14.3 0.64 5.6 4.6 33.5 84.8
358.946411 16.096483  0.102185 17.66 14.3 0.18 6.2 5.7 10.8 18.3
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APPENDIX A: GALAXY MORPHOLOGIES

In this appendix we present images for a subset of our saffigere A1 EAB show all of the k+a galaxies, sorted by B/Tadfigure AN
A5 show the same for a representative sample of k+a-likexgalavith weak emission linesW.(Ho) < 10A and W, ([OI1]) < 10A).
There are another nine of these galaxies in our sample, petrshere: all but one havB/T > 0.5. Finally, in Figure$ABEAB we show
images for 60 of the 94 e(a) galaxies; Figlird A6 shows thevevbluest e(a) galaxies, while FigufeslA7 A8 show a repitesive
subsample of the remaining e(a) galaxies with disk—dorathatorphologies or bulge—dominated morphologies, resedetin each panel
we label the B/T measurement and the galaxy ID number. A stalndwn in the upper-left corner of the image if we have idientit as
possibly interacting.
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Figure Al. K— band images and model fits for k+a galaxies WRfT' < 0.52. In each set of three images, the left image is the centralaf2he original
image; the middle panel shows the GIM2D model fit; and thetnigimel shows the residual between the model and the datéo@srshown on the model
fits are logarithmically spaced. TH#&/T value and galaxy id are given above each set of three imagstsrAs shown in the upper—left corner of the image if
we have identified it as possibly interacting; note that ighéstification is often based on features that are eithéicdif to discern on these small images, or

are outside the image boundaries.

Figure A2. As FigurdA1, but for k+a galaxies with52 < B/T < 0.7.
Figure A3. As FigurdA1, but for k+a galaxies witB /7" > 0.7.

Figure A4. As Figure[Al, but for a representative subsmple of k+a getawiith a small amount of emissio®{(, (Ha) < 10A and W, ([OI1]) < 10A)
andB/T < 0.5. There is one other galaxy in our sample satisfying theseriaj but not shown.

Figure A5. As FigurdA3, but forB/T > 0.5. There are an additional 8 galaxies in this category, nowsHuere.
Figure A6. As FigurdAl, but for the bluest e(a) galaxies, with— g) < 1.1and(r — k) < 2.7.

Figure A7. As Figure[A1, but for a representative sample e(a) galaxi#s /T < 0.5, excluding those shown in FiguEEJA6. There are another 3dxgsd
of this type not shown.

Figure A8. As FigurdAT, but forB/T > 0.5, and excluding those shown in Figlire]A6. There are anothaitekigs of this type, not shown.



This figure "FigAl.gif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA2.gif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA3.gif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA4.gif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA5.qgif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA6.gif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA7.gif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

This figure "FigA8.qgif" is available in "gif* format from:

http://arXiv.org/ps/astro-ph/0503639y1



http://arXiv.org/ps/astro-ph/0503639v1

	Introduction
	Data
	The Galaxy Sample
	Near infrared Observations
	Measurements
	Stellar population modelling

	Results
	Galaxy morphologies
	Environment
	Optical and infrared magnitudes

	Interpretation and modelling
	Optical and infrared colours
	Colours and H line strengths
	Stellar luminosities and masses

	Discussion
	The connection between e(a) and k+a galaxies
	Comparison with previous work

	Conclusions
	Galaxy Morphologies

