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ABSTRACT

We combine high-resolution images from GEMS with redshdted spectral energy distributions from
COMBO-17 to explore the morphological types of galaxied th@minate thez ~ 0.7 UV luminosity density.
We analysed rest-frame 280 nm avidand luminosities of 1483 galaxies witt68 < z < 0.75, combining these
with visual morphological classifications from F850LP ineagapproximately rest-framé-band) taken with
HST/ACS on the Extended Chandra Deep Field South. We deft&bhinosity functions and,gp luminosity
densities for spheroid-dominated galaxies, spiral galexMagellanic irregulars, and clearly-interacting galax
ies with morphologies suggestive of ongoing major merg&vs. check the reliability of GEMS morphologies
against the deeper GOODS images and quantify an incompktef the GEMS merger identification at the faint
end. We derive the fractions of the global UV luminosity dgng;go originating from the galaxy types, and find
that spiral galaxies and Magellanic irregulars dominatinabout 40% each. Interacting and merging galaxies
account for roughly 20% of»g0, While the contribution of early types is negligible.

These results imply that the strong decline in the UV lumiityatensity of the Universe observed fram- 1 un-
til today is dominated by the decreasing UV luminosities@fmal spiral galaxies, accompanied by the migration
of UV-luminous star formation in irregular galaxies to ®ysts of progressively lower mass and luminosity. These
conclusions suggest that major merger-driven star foonatnnot dominate the declining cosmic star formation
rate, unless major mergers dreth substantially more obscured than intensely star-formpigabgalaxiesand
the decline in observed cosmic star formation rate is sabiatly stronger than the already precipitous decline in
uncorrected UV luminosity density.

Subject headings: Surveys — Galaxies: evolution — Galaxies: general — Gagakigninosity function — Galaxies:
morphology

1. INTRODUCTION cold gas is simply because a significant fraction of the avalil

: ) : . < .. able baryons become locked up in long-lived stars (Pei, Fall
grzl;[t(l,?j V;\e,grefﬁaebggfaefytggi,g?aeﬂgr}/ (;%?)IQ (}fgy%dintscl)tm:gte & Hauser 1999). The hierarchical formation of massive struc

present day (Madau et al. 1996; Lilly et al. 1996; Cowie e18b6; tures atz 5 2 also leads to a larger fraction of gas being

: ; - in a shocked warm/hot phase, with long cooling times (e.g.
aﬂeatsvaelég ? l(') 179:§é,za_moogtn /t\wg t_OZang (;trc_)nr E)Eit”r;/r(z(te ;c; sg(gg%(.:h Cen & Ostriker 1999), contributing further to the declinicas-
— U - r - . )

Cowie et al. 1996; Wilson et al. 2002; Wolf et al. 2083Be- _mi(_: cold neutral gas density. If the efficien(;y of star forimat
cause UV light is emitted by young, massive stars, this decli :S Ilnlkelgi to thei_surfaﬁe de_n5|tt€/10;g§13e0%s_fd|sksagsksuggtgzet
is conceptually linked to a dramatic decline in the globai-co ocal observations (Kennicu ), and if gas disks ares

mic star formation rate (SFR). Despite the fact that most UV at high redshift, this alone may dominate the declining dosm

photons are absorbed by dust (Wang & Heckman 1996), obser->F R (Somerville, Primack & Faber 2001). Yet, galaxy inter-
vations of less dust-sensitive SFR indicators supporiitités- actions are known to trigger efficient bursts of star foromti

pretation (Flores et al. 1999; Haarsma et al. 2000; Yan et al. (e.g. Sanders & Mirabel 1996); it is likely that a decline et

o te (Le Févre et al. 2000; Carlberg et al. 2000; Ratto
1999), although they do not reach as far down the luminosity merger ra i ; ; )
function. The goal of this paper is to explore the physicalpr g:agl.Liznogtz,a(lzogggldlfcfeoftaagif?gr?aa;{tB(:lé)?\ccj:)I/ui?oar:.) \2/\2I(I)‘2I§cl>ﬂ::%lrjﬁ
cesses driving the evolution of the cosmic SFR by investigat ’

P - ; tribute to the declining SFR over this period.
gasﬁq?g_tgl\?grtéolgfg\';f ?L:fnr;tng;l? xger?lgirtphgtli) %lc;al\,tvyhpe%a:nh(ee The characteristic rise and decline of the cosmic SFR is a
UNIVErse Was %alf of its presentége y o generic prediction of cosmological simulations of galagy-f

The physics that drives this decline remains unclear. Ob- mation in the Cold Dark Matter framework (Baugh et al. 1998;

servations of damped Lyman-systems and local Hsurveys Somerville et al. 2001; Nagamine et al. 2000; Springel & Heiigt 200

indicate that the cosmic density of cold neutral gas also de- Hernquist & Springel 2003). But the location of the SFR max-

clines dramatically fromz ~ 1 to the present (e.g. Storrie- imum and the rate of the decline depend on the input physics,

Lombardi, McMahon, & Irwin 1996). Some of the decline in especially the treatment of star formation and feedbackckEg
' ’ ' observational tests of star formation in different typegaltix-

Y In this paper we assum@in, ©24) = (0.3,0.7) andHo = h x 100 km/sec. ies are very interesting for constraining these model idigre
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Sa—Sd

Irr

Pec—Int

FiG. 1.— HST/ACS F850LP example images of the four broad type tyipes; each class has four examples. Panels medswé’6, corresponding to roughly
45 kpex 45 kpce. From top row to bottom row: E-S0 — Sa—Sd — Irr — Pec/Int.
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ents. responsible for the changing UV ionising background gt1,

In this paper, we present progress towards pinning down thebecause galaxies with large contributions to the 280 nm-lumi
underlying physics responsible for the decline in the casmi nosity density are likely to make correspondingly largetden
SFR, through an investigation of the contribution of gadaxi  butions to the cosmic luminosity density in the ionizing kac
with different morphological types to the UV luminosity den  ground at\ < 91 nm.
sity atz~ 0.7. For this investigation we combine high spa- The structure of this paper is as follows. In 8 2 we describe
tial resolution imaging from the Advanced Camera for Sur- the data sets and in § 3 our morphological classification.4n §
veys (ACS) on the Hubble Space Telescope — taken from we discuss the distribution of UV/optical galaxy colorssgent
the GEMS (Galaxy Evolution from Morphology and SEDs; UV luminosity functions by morphological type, and assés t
Rix et al. 2004) survey — with accurate photometric redshift contribution of different types to the rest-frame UV lumgity
and rest-frame UV/optical luminosities and colors from CB™  density. In § 5 we discuss our results in the light of previous
17 (Classifying Objects by Medium-Band Observations in 17 results and theoretical predictions, summarizing in § 6.
filters; Wolf et al. 2001; Wolf et al. 2004). In particular, we

will assess the UV luminosity contribution of manifestlyen 2. DATA
acting or morphologically peculiar galaxieszat 0.7 compared The COMBO-17 survey has measured accurate photometric
to, e.g., luminous spirals. We restrict our attention todshéft  yegshifts for more than 10,000 galaxies in the Extended €han

slice at 065 < z < 0.75, where the ACS E850LP band corre- (g Deep Field South (E-CDFS; Wolf et al. 2004). The red-
sponds roughly to the rest-franveband, in order to bypass  ghifts are estimated using data from 5 broad and 12 medium
uncertainties due to morphologidétcorrections and to mini-  pands. We use seeing-adaptive aperture photometry measur-
mize any redshift-dependent selection effects, e.g. deese  jng the same physical fraction of a galaxy in each passband
mological surface brightness dimming. Our sample contains gnq concentrate the aperture on the brighter central petts.
almost 1500 galaxies with COMBO-17 redshifts and visually- \yay we ensure a maximum signal-to-noise ratio for recogerin
cla55|f|ed.m0rpholog|cal types. A more detailed stu<_jy okert the SED and redshift of any object (see Wolf et al. 2004 for
full redshift range probed by the GEMS sample will be pre- | getails). Detailed comparisons with spectroscopishéts
sented in future work. . and simulations have suggested the mean error of COMBO-17
The rest-frame UV luminosity is an important tracer for star redshifts to ber,/(1+7) ~ 0.02 for galaxies wittR < 23 and
formation all the way toz 2 6 (e.g. Sullivan et al. 2000; 712 COMBO-17 has also identified type-1 AGN when the
Giavalisco et al. 2002; Bouwens et al. 2003; Bunker et al. contribution of AGN light to the SED was sufficient to leave
2004). Of course, a fuller understanding of how the SFR den- recognizable traces in the 17-band data set.
sity evolves will have to incorporate complementary caists The GEMS survey has covered almost the whole COMBO-
on the bolometric luminosity of the youngest stellar pofiata 17 area on the E-CDFS with HST/ACS observations on an area
such as W, IR, or radio luminosities. In order to directly con- ¢ . goqy (Caldwell et al. in preparation, Rix et al. 2004). Al-
strain the amount of(_just-obscured star formation in ou_lpiaam together, 77 HST/ACS pointings were observed with an expo-
a first analysis of Spitzer 24n data taken by the MIPS instru-  gyre time of one orbit each in the F606W and F850LP pass-
ment team (Rieke et al. 2004) on the Chandra Deep Field Southyands.  The central 1/5th of the area is incorporated from

is presented in a companion paper (Bell et al. 2005). However the first epoch of GOODS imaging (Giavalisco et al. 2604)
the advantage of the UV analysis presented here is that-obser

vations of rest-frame UV probe much further down the lumi- ? Later, W‘?hcohmpfalfledmOLP*éoéoggg' Classifications Iffomhﬁmgz (I3OfODS
- . T . imaging with the full-dept imaging to explore how tesults from

.nOSIty function than all Other S.FR |nd|_cat_0rsza;7g 0'5' me"?‘” GEMS may be systematically biased by the shallower imagatg.d

ing that the total UV luminosity density is relatively redig

constrained. Finally, this study will reveal which galasigre
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P FiG. 3.— Sample completeness: Monte-Carlo simulations of tB&80-
FiG. 2.— Redshift errors: The VVDS survey provides redshiftdwi 95% 17 survey with classification and redshift estimation yi#li map of com-
reliability for 152 of the 1483 galaxies in our sample. Thmgliers can be pleteness for galaxies at® < z < 0.75. Dark grey denotes high complete-
seen with redshift errors on the ordemgf~ 0.1. The bulk of the sample (98%)  ness, light grey resembles low completeness. Lines arendaa§0% com-
have a mean offset from the spectroscopic redshiffgf(1+2)) =-0.006 and pleteness (black) and 90% (white). Rt< 23 the sample is more than 90%
an RMS scatter of 0.020 in terms &/ (1 +2). complete, aR = 237 still ~ 50% of the galaxies are included. Rt> 24 no

galaxy is included, because of tRgper < 24 selection cut.
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For galaxy classification, the images are approximately sur
face brightness limited, at a limiting average surfaceliirigss
within the half-light radius ofag ~ 24 magfi” in the F850LP
passband.

Wolf et al.

We obtain rest-frame luminosities by placing the besthfifti
template SED into the observed 17-filter spectrum and iategr
ing the template over the efficiency curve of the desired red-
shifted rest-frame band. Here, the template is normalieed t

For this paper, we have selected all galaxies from the over- match the totaR-band photometry rather than the aperture pho-

lapping area of COMBO-17 and GEMS, which have no measur-
able type-1 AGN contribution, photometric redshifts c6B®<

z< 0.75, and aperture magnitudesRer < 24. AtRaper < 24

our photometric redshifts are well-behaved and their cetepl

tometry to include all measurable flux from the object andeget
total luminosity. Since the shape of the SED is still deteweli
from aperture photometry, we measure only central colars fo
large, nearby galaxies and are thus insensitive to colaligmés

ness is well understood. We have removed three objects (ofin those. We choose to explore the rest-frame bands Johnson

1486) because their unusually high luminosities in excdss o
Mago = —22 place them far off the main sample. These galax-
ies are likely to have strong contributions from an unreéoggh
AGN, supported by an XMM detection of the olWggy < —22
galaxy which lies in the XMM area.

UBV and a synthetic 280/40-band centered on 280 nm with a
rectangular transmission function and width of 40 nm. We est
mate errors for rest-frame luminosities and colors in COMBO
17, based on the errors of the photometry itself (for detads
Wolf et al. 2004). These should not exceed 0.2 mag including

The galaxy sample used here covers the redshift spikes ofsystematic aperture and calibration biases in most cases.

the galaxy distribution in the CDFS at= 0.67 andz= 0.73
(Gilli et al. 2003; Le Févre et al. 2004). At this redshift thie-
served ACS F850LP band corresponds to the rest-fradme
band. Altogether, the sample contains 1483 galaxies amsd fill
a comoving volume of 42375 (Mpu)®. Although the slice se-
lects the highest-density environments known in the CDES, i

In Fig. 3 we present a completeness map for our sample,
which is used later for the calculation of luminosity furocts.
This map has been constructed from end-to-end Monte-Carlo
simulations of the COMBO-17 survey which use a variety of
object SEDs as an input, simulate their photometric proper-
ties and their subsequent classification based on apedlmesc

contains no massive clusters. At most redshifts, the CDFS isas using the standard COMBO-17 procedure. The input SEDs
observed to be rather underdense compared to the cosmic avespan the entire range of assumed possible spectra from the li

age. However, this is currently still the largest sample ofler-
ately distant galaxies with redshifts and wide-field spbased
data from which morphology can be determined.

The photometric redshift quality of our specific sample is
demonstrated in Fig. 2. We have spectroscopic redshifta fro
the VIMOS VLT Deep Survey (VVDS, Le Févre et al. 2004)
for ~ 10% of the galaxies in our sample (with VVDS redshift
reliability of 95% or greater). We find three outliers amoig@ 1
galaxies (2%) with true redshift errors on the order of 0.4ilev
the remaining 98% of the sample have a distribution of ptzoto-
€ITOrSd; = Zspec— Zphot OF

5,/(1+2) =—0.0060.020 1)

The COMBO-17 filters have central wavelengths ranging
from observed-frame 365 to 915 nm and allow us to calculate
galaxy luminosities anywhere from 220 nm to 550 nm rest-
frame wavelength directly from observed photometry with no
need for extrapolations or externally estimatéaorrections.

My—-My

FiG. 4.— Rest-frame colors: The sample galaxies form almoste on
parameter family in near-UV-optical rest-frame colors. eTdimodality can
be seen as well.

braries of stars, galaxies and QSOs which are used in COMBO-
17 for classification and redshift estimation. The map shows
completeness in dependence of apparent ®tahnd magni-
tude and the restframe color-V. At Ry > 24 our complete-
ness is zero because of the aperture magnitudéecutd4) and
because any total magnitude is brighter or equal to the aper-
ture magnitude. The gentle rise of the completeness to terigh
magnitudes stems from the distribution of aperture coioast
Reot — Raperand from increasing completeness in photo-z deter-
mination. The photo-z completeness refers to the fact that i
COMBO-17 objects are not assigned any redshift, if the proba
bility distribution p(2) is too wide and hence the expected red-
shift error too large, which happens more often among faint
objects (see Wolf et al. 2004 for more details). Accordingly
the 50% completeness limit correspond&{g ~ 23.7, and the
90% completeness limit By ~ 23.

In terms of rest-frame selection, our observed frame cut in
the R-band corresponds at~ 0.7 to a band in rest-frame cen-
tered on 380 nm and with 115 nm width. Apart from the
width, this is similar to a rest-framé-band selection. As a
last sanity check for our sample, we explore the derived rest
frame colourdM,go—My andU -V =My — My, since we make
frequent use of thdl,go0 and My measurements in this paper.
From Fig. 4 we conclude that the entire galaxy sample fol-
lows almost a 1-parameter family for restframe colors betwe
280 nm and/-band. Galaxies are either generally blue or gen-
erally red. In particular, there are no galaxies which carabi
blue M,gp— My colors with redU -V colours, i.e. galaxies
where the restframb&-band and thus the observed fraiRe
band would be unexpectedly faint. We conclude that average 1
parameter color-color transformations are sufficient tecdbe
the sample. Hence, it is trivial to transform our observexare
R-band completeness map into a rest-frahgg-band orV-
band map.

3. MORPHOLOGICAL CLASSIFICATIONS

Morphological classification was carried out by eye on the
F850LP images for the complete sample of 1488606< z <
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FIG. 5.— Color-magnitude diagranieft: The parent sample with 1483 galaxies. Error bars are givea fandomly-chosen subsample; the error bars include
expected systematic biases. The solid line roughly reptesgalaxies with constant mass of*42M,, following Bell & de Jong (2001). The dashed line
delineates a subsample with90% completenessRight: Four panels showing the distribution of colors and magmeisuof the four different morphological types
from all three classifiers combined (black dots) on top oftheent sample (grey background dots).

0.75 galaxies. Galaxies were classified into a final set of four up to 1:10 (as assessed by doing aperture photometry of some

broad classes. These four aspheroids (E-S0), spirals (Sa- interacting pairs).

Sdm), irregulars (Irr), and morphologically peculiar galaxies The visual classification of merging and interacting gadaxi

with disturbances suggestive of interaction and ongoingpma is clearly subjective, but automated classification presalso

mergers (Pec-Int). a serious challenge owing to the richness of structure ih bot
In Fig. 1 we show examples of these four classes. Galaxiesnormal spirals and interacting systems. Issues such asesour

with dominant centrally-concentrated light profiles anckiag extraction and segmentation, projection of very close>gala

spiral structure were classified as elliptical (in the casens pairs, and recognition of faint, low surface brightnesaltidils

no evidence for a disk was seen) or SO (in the case where an otherwise largely relaxed systems are all important astd n
smooth disk was seen); these two classes are illustratéeein t easily modelled automatically (see Conselice 2003 and &btz
top panels of Fig. 1. Galaxies with prominent disks and spi- al. 2004 for current progress on some of these issues). or th
ral structure were classified as Sa—Sd; where Sa galaxies havreason, we chose to explore visually-classified morpholigy
strong bulges and tightly-wound spiral structure throunSd this time, deferring an analysis based on automated cleessifi
galaxies with no bulge and prominent, flocculent and oftesn di  tion to a later stage.

organized spiral structure (the second row of exampledpxGa We estimate the variance of this classification process by
ies with an irregular appearance suggestive of stochatstic s having three of the authors (EB, DM, CW) classify the entire
formation, similar to Magellanic Irregular galaxies in toeal sample independently. Our fine classification scale rangalon

universe, were classified as irregular (the third row of eplas) the types (E, SO, Sa, Shc, Sd, Irr, Pec-Int). Between authors
3. A significant number of galaxies appeared to be undergoing classifications differed by-1 class or less for 80% of the sam-
mergers or tidal interactions: these were classified in gwiP ple. The classifications of galaxies in the faintest magiitoin

liar/Interacting category (the final row of examples in Fig. differed the most frequently, owing to the small size and low
Galaxies were classified as merging or interacting if theseha surface brightness of these galaxies. These difficultietais-
multiple nuclei, strongly distorted inner isophotes, egkatidal sifying faint galaxies led to two effects: first, random seain

features. These visual signatures are primarily tracensapdr the classification increases as the by-eye classificatioorbes
mergers (mass ratios of 1:1 to 1:4 according to Somerville et more ill-defined; secondly, at low signal and for small gédax

al. 2001), but also trace some minor mergers with mass ratiosinteraction features can not be discerned, which will biees t

3 The small number of galaxies which were too compact to rigliatassify classification SyStematlca"y against pecullar galamunt).

were included in the irregular bin: these galaxies weret faiml very blue and We reduce the effect of random scatter onto our results by us-
are likely high-redshift analogs to the blue compact dwatégies seen in the ing the classifications of all three authors with a weight/8frd

local universe. each. When we calculate luminosity functions, e.g., welidel
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the author-to-author variation besides Poisson noiseeietior
analysis. This variation dominates errors at faint levetslev

galaxies of given visual magnitude appear at decreadding
luminosities, hence the sample looks increasingly deeprtdsv

Poisson noise reigns at the bright end, where object numberghe red. The sample selection has no sharp cutoff at its faint

are small and classifications agree most frequently.

end, because the COMBO-17 redshift completeness declines

In order to assess systematic biases among faint galaxées, w already before reaching= 24. In Fig. 5 we also plot a rough
also analyze the deeper 5-epoch GOODS images, which covecut for a brighter subsample that is at least 90% completss. Th
1/5 of the entire GEMS area. This subsample was classifiedparticular subsample is used for the colour distributidogt@d
again by the same authors and compared against the results Fig. 6.

from the shallower 1-epoch GOODS images which are incor-

The four right-hand panels in Fig. 5 demonstrate how galax-

porated into GEMS. From this comparison, we have found that ies of each morphological type populate the CMD. E-SO galax-

all classifiers find a significantly larger fraction of fairé@Int

ies populate primarily the red sequence; however, theralaoe

galaxies in the 5-epoch GOODS data than in the GEMS data.some blue galaxies with smooth appearance and high light con

The GEMS classifications of these extra Pec-Int galaxies in-

centration. Examples of such potential blue spheroids have

cluded some early types and spirals, but were dominated bybeen seen before at a range of redshifts (e.g. Menanteau et

irregulars; the extra depth afforded by GOODS allowed fer th
recognition of faint tidal features not visible in the shater

al. 2001). Their fraction among the total spheroid popatati
is around 30% to 40%, depending on restframe b&hB\),

GEMS data. This source of uncertainty is discussed further magnitude limits and choice of the red-sequence cut for thei

later when determining the relative contributions of diffiet
morphological types to the UV luminaosity density. In coasty

selection. It is interesting to note that in CMDs with optioa
near-infrared luminosities, the most luminous galaxiestgp-

we see no significant differences among other morphologicalically red spheroid-dominated galaxies. In the UV, thesk re

types, suggesting that these are easily recognized andsathi

4. RESULTS
4.1. Colors and magnitudes
In Fig. 5 we plot the near-UV-optical color—magnitude dia-

galaxies are in fact somewhat fainter, on the whole, than the
brightest star-forming spirals and interactions, owingheir
color. Selecting a spheroid sample in the restframe UV nat-
urally increases the fraction of blue members to, e.g., 62% a
Maogo < —19.

Spiral galaxies (Sa-Sd) are mostly found in the blue cloud

grams (CMD) for our sample split by morphological type. The put have a tail extending up to the red sequence. Presumably,
CMDs of our sample are bimodal, having a ‘red sequence’ of this tail in the color distribution is partly due to dust rexd

mostly non-star-forming galaxies and a ‘blue cloud’ of star
forming galaxies. This bimodality of galaxy colors at ogptic

ing, in particular for edge-on spirals, but in some casescts]
very low levels of ongoing star formation. Irregular gaksi

wavelengths has been observed in the local Universe (Sarateal. 2Q84é rather lower luminosities and are almost exclusivilg,b

Baldry et al. 2004) and out to~ 1 (Bell et al. 2004). Owing
to the long wavelength base between 280 nm and/tieand
(A /X280 ~ 2) and the sensitivity of the UV spectrum to on-
going star formation, galaxies span four magnitudes in-rest
frame Mzgo—My) color.

The observed-framR < 24 selection translates into a UV
luminosity detection limit that changes witMggo—My/) color.
As we can see in the left-hand panel of Fig. 5, increasingly re

LI I | | LI I | | LI I | | LI I |
only Mggo—(mggo—V)/2<-19

2.5 Sa-Sd

log N

15 H

..........

Pec—Int

TR T T T [T T T T T T B AN
-1 0 1 2 3
mggo—V

FIG. 6.— The rest-frame color distribution for different mogbbgical types:
Spheroids (E-S0) are predominantly red, irregulars almoisfuely very blue.
Spirals and major mergers (Pec-Int) have somewhat simggitslitions, with
mostly blue objects and a tail to the red. Here, we only uséakigs from a
brighter subsample that is at least 90% complete.

presumably because of star formation and little overaltabs
ration.

Visually identified mergers (Pec-Int) are concentrated to-
wards the blue end of the color distribution, but some lie on
or near the red sequence. Most interacting galaxies on the re
sequence show clear dust lanes, but some are high-inolnati
objects or almost regular spheroids with left-over tidaltéges.
The mergers tend to have luminosities above average; this is
partially a result of our known bias against faint interacs in
the GEMS data (see § 3). However, a large fraction of the very
bluest and most luminous galaxies are interactions, reftpct
the important role of interaction-induced star formatianai
least some fraction of galaxies.

Overplotting a line of estimated constant stellar mass of
10'%72M,, in Fig. 5 (simply based on observed colors and
luminosities, following Bell & de Jong 2001), we see irregu-
lars predominantly below this cut. Spheroids are weighted t
wards higher stellar masses. Major-merger candidatesadpre
in a range of masses around the cut. Disk galaxies do the same,
but with a tail to low masses.

Fig. 6 shows the number counts of the morphological sam-
ples against rest-frame color. Here, we use only:h@0%
complete subsample to avoid any bias due to color-dependent
incompleteness or increased classification uncertaiatifsnt
limits. This selection is defined BYlg0— (M2go—My) /2 < —19,
and is illustrated in the left-hand panel of Fig. 2 as the ddsh
line. We find the color distribution of Pec-Int galaxies to be
somewhat similar to that of normal spirals (and quite differ
ent from that of irregulars). Aside from the different antydie
of the two distributions, the color of the Pec-Int peak isyonl
slightly bluer than that of spirals and the tail to the red masn
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that of the spirals. The similarity may reflect the compeingat  which isa = 0.75+ 0.13 for their combined sample of red and
effects of enhanced star formation and enhanced dust obscublue spheroids. By constraining our STY fit to this slope, we
ration in mergers, while the merging partners originatettyos  determinedV*, ¢* and j,go from our data.

from the spiral sample. Sa—Sd:The Schechter function for spirals is well-constrained
at least in GEMS and plausible in both sampleggus =
4.2. Luminosity functions -0.32+ 0.17 andagoopsdeep= —0.52+ 0.41). The LFs are

determined independently.
Irr: In the local Universe, irregular galaxies have very steep
LFs with faint characteristic luminosities, making it algtdm-

Near-UV luminosity functions (LF) for the four different
galaxy typesin the rest-frame 280 nm passband are predanted

Figs. 7 and 8. We adoptM_go < —19 limit for LF calculation . . i
to ensure that galaxies of all restframe colors are repteden possible to estimate robust Schechter parameters if thpleam

at least with 50% completeness. This way we ensure that the'S nOthOth :jdeedp an? Ia:gel. Neihher th? GE'\gSf r}otr the GOODS
correction applied t@(M) from our completeness maps never sample yielded particularly well-constrained faint-efgpes:

: We find o = -0.924- 0.35 from GEMS andy = -1.834-0.40
exceeds a factor of two. This cut correspond&tg 23.5 for . . .
the bluest star-forming galaxies andR¢S 22 for red-sequence from GOODS-deep. Since thémy data points do not dif-

galaxies (see Wolf et al. 2003 for all equations and technica '€F Much and do not suggest a completely different LF, we
details on completeness and luminosity functions). endfd up using t?e vxilelghted mean of the two values, i.e.
We present three sets of rest-frame UV LFs in this paper. In O‘”E,_ _ll':f_ljfrﬂ'zo’l ora ]Itrrﬂl{Fsb Int LE in GEMS is =

Fig. 7, we show the LFs of the entire GEMS sample, split by 0 8eZC- '2)3 i_shopeb_o deb ehc-_n lln ?G_ S
morphological type. However, comparison between classific *+0.82:+0.34, which is biased by the incompleteness of GEM
tions derived from the § deeper GOODS data and GEMS clas- 1! Picking up faint mergers. For the GOODS-deep STY fit,
sifications demonstrated that the GEMS data are less sensiti 1€ 1ast data point is discarded owing to its large uncertain
to lower-luminosity interactions than the GOODS data. Wnfo ties, yielding a faint-end slope = ~0.15+0.50. The increase

tunately, the GOODS area is only 1/5 of the GEMS area, result- of Pec-lnt.galaxies in GOODS-deep requires a corresponding
ing in increased uncertainties from large-scale structivke decrease in other classes, because total galaxy numbet-is co

therefore address the classification bias, independeratrgé | served. The decrease is most pronounced among the irregular

oo ; : i galaxies.
\Slgégehzﬁ{g\?vt%rgﬁggﬁégaéngf %Ob)égréaszgtén%g&gfeggg\?:g LEs Altogether, it appears that visual classification of GEMS im

for only the subsample of 290 galaxies in the GOODS area. ages biases (_)lne again_st fgint cljf’ec-ln':)galax(ijes. | Othe][)galjlx
; . types are easily recognized and may be randomly confused at
Altogether, we present LFs for three different samples: very low S/N, but are probably unbiased. The slopes of their

Schechter functions are broadly consistent with the veegli
ture body of local values for blue bands.

Comparing the GOODS-shallow LF from Fig. 8 with the
GEMS LF in Fig. 7 demonstrates the effect of cosmic variance
e GOODSshallow:; the central sub-area of the GOODS in such small fields. In the small GOODS field we see a 3-

field with 290 galaxies, classified on shallow GEMS- fold increase in the space density of spheroids, which figba

quality images reflects the presence of several known galaxy concentsaéibn
z~ 0.7 in the central GOODS field. In contrast, we find slightly

e GOODS-deep: the GOODS field with 290 galaxies, decreased abundances of spirals and Pec-Ints.
classified on deep GOODS images.

e GEMS the full area with 1483 galaxies classified on
shallow images, providing small statistical errors as
shown in Fig. 7

4.3. UV luminosity density

The LFs of GOODS-shallow and GOODS-deep are compared  Our data can directly address which galaxies are respensibl

in Fig. 8 to assess the impact of classification bias wherahal  for producing most of the UV luminosity at redshift- 0.7, de-
images are used for galaxy classification. _ pending on their luminosity and their morphological typee W
For each LF we ploVmy values with error bars derived first determine how the contribution to the integrated U\htig

from Poisson statistics or from the author-to-author ame.  depends on galaxy luminosity using the Schechter fits aeross
of the space density, whichever is greater. We overplotéise-b  \ide range of magnitudes. Here, we define

fitting Schechter functions from an STY-style fit to the saenpl

(Sandage et al. 197_9) and list their parametersin _Tab_leﬂ]eln ,\';4::)0-2255 L(M)¢(M)dM
left-hand panel of Fig. 7 where the LF for all galaxies is shpw fnagM) = === . (2
the lines denote the sum of the four individual type-splisLF oo LIM)H(M)dM

Ideally, we would like to derive the Schechter functionslsp  The bottom panels of Fig. 9 show this fractidp.g as de-
independently for each data set. However, for some purposegived from the LFs of GEMS and GOODS samples; as the
the GEMS observations lack the sufficient depth and for sometotal GEMS and GOODS LFs are very similar in shape, the
the GOODS area is not wide enough to constrain the LF shapesfmag distributions are almost indistinguishable. Galaxieshwit
with high accuracy. Thus, we combined findings from both data M,gy ~ —20 make the strongest contribution jgso; the bulk
sets to constrain the final set of Schechter functions. Hetece  of the UV light is emitted in the luminosity range41,-18].
discuss now both Fig. 7 and Fig. 8 together and list all the fine Our observed galaxy sample itself provides 66% of the total
tuning steps we have applied in STY fitting here: UV luminosity density integrated fromoo to +oco, which is

E/S0: The GOODS-deep sample is too small to get any use- (4.744+1.17) x 10" W/Hz.
ful STY fit, while the GEMS sample is not deep enough. Both We can now estimate the fraction of UV luminosity den-
yield unrealistic slopes af ~ —2. Hence, we adopt the slope sity contributed by different galaxy types. These numbers d
measured by Cross et al. (2004) from their deeper sample,pend on the depth to which we integrate, owing to the differen
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FIG. 7.— Near-UV luminosity functions from GEM3:eft: Parent sample with all galaxies, compared to clearly-auitng galaxies. Lines are best-fitting
Schechter functionsRight: The four morphological types, E-S0 = spheroids, Sa—Sd alggalaxies, Irr = irregulars, Pec-Int = clearly interagtigalaxies. Error
bars are from Poisson noise or author-to-author variatiom their independent morphological classifications, Wwei@r is greater.
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FIG. 8.— Near-UV luminosity functions from GOODS-shallow vsOGDS-deep: The image depth influences our morphologicssifieations, an effect which
propagates into the luminosity functions by type. Here, wpare the LFs derived from the 290 galaxies from the GOORS asing both GEMS-depth and
GOODS-depth data to separate classification differences @osmic variance. The GEMS result is shown in black and t®©0S result in grey. The major
difference is that the LF of Pec-Int galaxies is increaseti@faint end, while irregulars are lower by a similar amount
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sample  M*-5logh ¢* x 1074 a jx10Lg Coe L
(Vegamag)  Ki/Mpc)™ (h/Mpc?)

GEMS

E-SO -1953+0.19 2283+ 656 -0.75+0.13 622+ 1.79732% -0.906
Sa-Sd  -19.49+0.11 28593+ 4545 -0.32+0.17  7428+1181 %43 -0.779
Irr -19.33+0.17 23970+13252 -1.31+0.20 7853+43.4123% -1.686
Pec-Int -19.33+0.16 6204+ 1917 082+043 2620+ 8101340 -0.162
all -19.67+0.16 55635+ 5187 -0.75+0.20 18523+4573241% -0.943
GOODS

E-SO -19.25+0.37 9335+ 1174 -0.75+0.13 1956+ 2.46 332 -1.140
Sa-Sd  -19.64+0.31 22227+ 6172 -0.52+0.41 6489+180238 -0.799
Irr -19.65+0.36 14119+ 89.27 -1.31+0.20 6186+39.11735° -1.417
Pec-Int  -19.43+0.37 15117+ 4852 -0.15+0.50 3901+1252*1% -0.717
all -19.64+0.26 55863+ 70.24 -0.75+0.20 18532+44.95122 -0.975

TABLE 1
RESULTS OFSTY FITS OF THE280NM LUMINOSITY FUNCTIONS: LISTED AREM*, ¢* WITH ITS AUTHOR-TO-AUTHOR VARIATION, j AND
THE COVARIANCE BETWEEN®* AND L*. THE j VALUES FOR THE COMBINED SAMPLE ARE SUMS OVER THEype. ALL j VALUES ARE
GIVEN IN UNITS OF THE SOLAR LUMINOSITY WITHIN THE 280/40PASSBAND, WHICH IS Mago= 6.66 IN VEGA UNITS OR2.56 x 10" W/Hz.

A FIRST SET OF ERRORS IN IS PROPAGATED FROM ERRORS INﬁ*;

THE SET OF SMALLER ASYMMETRIC ERRORS REFLECT THE

PROPAGATION OFar ERRORS INTO)].

Schechter parameters of the different galaxy types. Thé lum
nosity densities and their fractions by type are here defimed
dependence of the limiting deplify,, by

Miim
jiype(Mim) = / L(M)dype(M)dM 3)

and :
Jtype(Miim)

Ztypejtype(M“m) .

The top panels in Fig. 9 show the fractiofyge derived from the
Schechter fits to the luminosity function as lines; solig&ror
the measured part and dotted lines where the LF is extrablat
Because of the relatively shallow faint-end slope of theetyp
split LFs, fype cOnverges reasonably quickly.

Error bars show the &-confidence intervals ofye as de-
rived from the¢(M) measurements for the full GEMS data set
(left) and for the deeper, smaller GOODS data (right). The er
ror bars are purely statistical, reflecting either the Rwigmn
limitations of the sample size or the author-to-authoratéwn
in the classification, whichever is greater. They do notudel
contributions from cosmic variance or any systematic lsase
classifications due to image depth.

ftype(MIim) = 4)

regulars and Pec-Int galaxies contribet@2% each£5% and
+2, respectively), while 5+ 0.5% is from spheroids.

The GOODS sample has statistically larger error bars on all
types, but less bias against faint Pec-Ints. Consequehty,
GOODS sample yields an increased contribution by Pec-Ints
to the luminosity density of 2& 4%. This is balanced by a
decreased spiral contribution of 445%; spheroids contribute
9+ 2%. The fraction attributed to irregulars is largely un-
changed at 2% 5%. Where these trends do not reflect those
expected from what we expected to be primarily a re-labeling
of some fraction of faint irregulars into mergers, they diynp
reflect the extent by which the GOODS area deviates from the
cosmic average.

Fig. 9 clearly shows that the relative contributions of eliff
ent galaxy types is relatively insensitive to extrapolatd the
UV LFs to Mjim — oo. Spiral galaxies are still an important
source of UV light, accounting for 40% of j,g0, Whereas E-

SO0 galaxies account fgf 5%. Owing to the steepness of the
faint-end slope of irregular galaxies, their contribution],go
may be as high as 40%. In contrast, owing to the decreasing
importance of clear interactions towards fainter limitgemin
the GOODS data, less than 25% jg§o is from clearly inter-
acting galaxies, with a value of 15% in the GEMS sample

With respect to these two error sources, the data from GEMSalone. ) )
and GOODS play largely complementary roles, with each one  The propagation of errors from the LF parameters into the

having one advantage over the other: GEMS hasdasger

luminosity density is listed in Tab. 1, but not plotted in F&y

field, reducing the impact of cosmic variance, whereas GOODS Two sources of error are explicitly addressed, which areithe

has substantially deeper imaging data, yielding lowersifias
cation uncertainties at faint limits.

Our sample contains 66% of the total luminosity dengity
of the Universe az ~ 0.7. By integratingj,go only across the
complete sample of galaxies in the GEMS sampl#ado <
-19, we find more than 52 3% of the light originating from
spirals (author-to-author variation including Poissorsah Ir-

certainty ina and the error ip* at fixed M*, which reflects
just the author-to-author variation or Poisson errors twner

is greater. The error iM* is not propagated intg explicitly,
because it is directly coupled with a compensating change in
¢*. The two effects cancel, if the covariangg |- = -1, which

is roughly the case. The error imis propagated by refitting
the LF witha™* set toa + o,,. In this procedur&1* will change
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due to the coupling withy, andg= will change to accommodate The HST observations in the Canada-France Redshift Survey
the new shape of the fit to the measured data points. As a re{CFRS) fields were seminal in this field, but limited by sample
sult, the luminosity density will not change significanttythe size and depth. In their first paper, Brinchmann et al. (CFRS1
measured range of luminosities, but only in the extrapotati  1998) examined the types of galaxies contributing tdBtEnd
range. The largest uncertainty comes from gtieerror itself luminosity fromz~ 0.9 toz~ 0.3. CFRSL1 used three galaxy
which propagates linearly intp types, i.e.spirals, ellipticals andirregulars including ongoing

We do not actually know the shape of the LF of really faint violent mergers, and found most of the declinejinto be a
galaxies atz= 0.7, but we can play with an unlikely and ex- result of the evolution of spiral galaxies, which domingge
treme thought experiment. Presume thHtthe faint galax- at the high-z end. Brinchmann et al. found that Bwand
ies that contribute the unobserved one third of the total UV contribution from irregulars dropped at least as much at tha
light belong to one single morphological class, whereas the of the spirals, although they provided a smaller contriouto
other three respective classes exist only at the observglitbr  begin with.
magnitudes. While this scenario is completely unrealistic While this is fully consistent with our observations, tBe
would increase th@gp fraction of the then dominanttype above band luminosity reflects a broad range of stellar ages and the
the previously stated numbers by the highest possible degre decline in luminosity density is less pronounced than indke
Rotating through the four classes as sole constituentsimf fa Dickinson et al. (2003) found thgg declines by a factor of 2.5

galaxies, we find their absolute-maximum valuggemax ~ fromz~ 1 toz~ 0 and Wolf et al. (2003) found a factor of
(35% 65%,50% 50%) for (E-SO, Sa-Sd, Irr, Pec-Int), respec- ~ 2, which are flatter than the decline in the UV. Our results,
tively. determined in the UV, show that irregulars plus visible neesg
contribute more tgj,go then the spirals, once we include the
5. DISCUSSION faint regime. This is a natural result of irregulars beingdslon
average than spirals and appearing relatively more lunsifrou

We motivated our analysis with the observation that at the
present day the 280 nm luminosity density is a factor of 3-6
lower than atz=0.7. This drop must reflect a strong decrease
in the UV luminosity of the largest contributorsat 0.7, i.e.
the spirals and the faint blue irregulars. A drop in the UV lu-
minosity of ongoing mergers is expected also; however, they
account for less than a quarter of the UV lightat 0.7 to start
with. Therefore, the evolution of such mergers (even if they
had completely disappeared ky 0) can not be the primary
driver of the overall change in the UV luminosity density and
the unobscured SFR of the galaxy population.

the UV.

In terms of stellar mass, Brinchmann & Ellis (2000) found
roughly 1/3 of the stellar mass to be in each of spheroids,
disks and irregulars @~ 1. Towards the present day the mass
fraction in irregulars drops te- 2% of the total. The disap-
pering stellar mass from irregulars appers as a mass ircreas
among the regular morphological types, which is either altes
of merging or a consequence of more regular star formation
patterns being established in an initially irregular gglax

Inarecent paper, Conselice, Blackburne and Papovich {2005
finally show that 90% of the blue luminosity densityzat- 1
originates from spirals and spheroids in roughly equalspart
leaving only 10% to irregulars and merging galaxies. Thayco

The fraction of spheroids with blue colors has been measuredclude that az < 1 galaxies grow mostly through minor mergers
by various authors at around 30% to 40%, and is possibly notor quiescent star formation driven by gas infall, while rmajo
a strong function of redshift between- 0.3 andz~ 1 (Cross mergers are only dominating at> 2.
et al. 2004; Menanteau et al. 2004; Stanford et al. 2004).

We measure fractions between 30% to 40% as well, depend- 5.3. Comparison of merger fractions

ing mostly on the choice of restframe bandBY) and magni-
tude limits but also on the precise choice of the red-secrienc
cut. Stanford et al. (2004) found more than 50% blue mem-
bers in a spheroid sample selected in the NIR on NICMOS im-
ages. However, many of their blue spheroids appear like late
type galaxies in optical bands from WFPC2. Menanteau et al.
(2004) investigated spatially resolved color maps of spiadsr
atz < 1 from HST images and found predominantly blue cores
but also inhomogeneous internal colors suggestive of dg ear
stage in the formation of spheroids.

We found the merger candidates to have a color distribution
similar to that of spirals with only a slight shift to the blue

5.1. Comparison of galaxy colors

The fraction and rate of galaxy mergers was estimated by var-
ious authors at different redshifts and luminosities. LerEe
et al. (CFRS4, 2000) used visual classification of the CFRS
galaxy sample observed with HST. They found a dramatic in-
crease in galaxies with merger morphologies towards higher
redshift, reaching a fraction of 10% =t 0.63 and even- 20%
atz ~ 0.9 (selected witHag < 22.5). Their results reflect the
merger rate at the high-luminosity end, where we have also
found interacting galaxies to be quite abundant. If we limit
our sample tdag = 22.5, then we find a merger fraction of 14%
atz~ 0.7, consistent with those of CFRS4. We note that at

while the irregular galaxies are distinctively bluer thantbthe z~ 0.7 the observed-framieband selection corresponds to a

average merger and average spiral. The same result has bee st-frameB-band selection, which is also used by several other

reported by Conselice et al. (2003). This distribution Has a studies.

been found in the local Universe by Bergvall et al. (2003)pwh dacn::: aRrﬁgncon;?g;?ég%ﬁ'g}vgelaﬁiﬁo‘;ﬁuIdo?ﬁ :xg? ;?soir e alli)un-
found the colors of interacting galaxies to be only slighutyer 99 Y. YSIS e

than those of non-interacting galaxieszat 0. They observed that this is not the case: Although recognizable mergersae

also similarLgr/Lg ratios in both samples, leaving no room for common at the highest of all UV galaxy luminosities, thelr_LF
strong obscured starbursts. rises less quickly than the LF of the total galaxy population

Therefore, the integrated fraction of classifiable mergets-
ally drops with fainter UV luminosity.

5.2. Comparison of luminosity densities S . o
While incompleteness of mergers among faint galaxies is a
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FIG. 9.— Fractional contributions to the 280 nm luminosity dgngom different morphological types, as derived from thigle-area GEMS mosaic (left) and
the deeper, but smaller GOODS data (righp panels: Contribution fiype(Mim) of the four galaxy types tgzgo(Miim), depending on the depth to which one
integrates. Thick lines are derived from the Schechtertfondits. Error bars are centered on the LF data themsele@staow the greater of either Poisson noise or
author-to-author variation in the morphological clasatiicn. Two thirds of the total extrapolated light is dirggbirobed by the galaxy sample. Mygg ~ —15 the
total luminosity densityjogo and the type-dependent fractions have converg@ettom panels: Contribution fmag(M) of magnitude intervals to the total integrated
280 nm luminosity density which peaksMpgo ~ —20, while most UV light comes from galaxies-&1 < Mygg < —18.

concern, contamination due to projection effects or latge-s  that rather fewer than 10% of present-daygalaxies have un-

forming regions may also be a problem. In fact, Bundy et al. dergone a major merger sinze- 1, although with considerable
(2004) suggest that major merger and close pair fractions de uncertainties owing to the use of wide-separation pairseyTh
termined in the optical at ~ 1 may be inflated by bright star-  suggested that studies using morphological criteria tm-ide

forming regions that are unlikely to be representative efith- tify mergers may pick up many minor mergers as well, which
derlying mass distribution. Using-band observations they de-  should help to explain the disagreement.
rive the fraction of pairs that will produce major merger#hivi Irrespective of whether major mergers are defined morpho-

~ 1 Gyr. These fractions are much lower than optical bands logically or via close pairs, it appears that recent work-con
would suggest for the same galaxy sample, because many comverges to the conclusion that most stellar mass formedat

panions in the optical are particularly blue. Hence, theyeha is notformed via starbursts in major mergers, while the sfipo

lower masses than suggested by their light contributiod, an may well be true at > 2 (Conselice et al. 2003; Conselice et al. 2005
lead only to minor mergers. As a result of selecting in khe

band, they find less than 10% mergerszat 1, where HST 5.4. Effects of dust extinction

I-band data suggested20%.

Conselice et al. (2003) measured the merger rate using auto
mated measures of morphological disturbance in the rastdr
B-band fromz ~ 3 to the present day using the Hubble Deep
Field North (Williams et al. 1996). Their results show an in-
creasing merger fraction with increasing luminosityzat 0.6
they find a 4% merger fraction Mg < —18 and 7% mergers
at Mg < —20. Their overall fraction is lower than the one de-

rived in this paper, but bearing in mind the small field sizd an Yet, an understanding of the contribution of different ggla

differences in methodology, the agreement s not unredsena 0 'tq the UV luminosity density is important, both be@us
Studies of close pairs of galaxies can also constrain merger,

rate. To date, they have typically inferred rather lowergeer it is possible to reach down well below the knee of the lumi-
rates than morphological studies. Patton et al. (2002)doun nosity function, and because an understanding of the UV-lumi

. . nosity density gives some insightinto, e.g., plausiblesesiof
that 15% of galaxies with21 < Mg < —18 have undergone a ionizi¥lg UV gr?otons. Bell et gl. (2005)gusz deep2d data

major merger since ~ 1 using dynamically-close pairs from from Spi :
: pitzer to explore the importance of obscured star ésrm
the CNOC2 survey. Recently, Lin et al. (2004) used a sam- tion for the same ®5 < z < 0.75 sample of galaxies used in

ple of wide-separation pairs to estimate the merger ratiyin this paper. Roughly 1/3 of the GEMS sample are detected at

The impact of extinction by dust is a significant uncertainty
affecting the interpretation of rest-frame UV luminositid his
is of particular concern in this study, as dust extinctickriewn
to depend on gas content, metallicity, geometry, and statje
— all factors that correlate strongly with morphologicabey
Therefore, we can not immediately conclude that contritmsti
of various galaxy types to the UV luminosity density reflect
their relative contributions to the cosmic-average SFR.
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24um, accounting for more than half (likel2/3) of the to- the timescaleys; systems'. Varying the recipes for quiescent
tal SFR atz ~ 0.7. They find many highly-obscured galaxies, and burst star formation to encompass alternative chom®s ¢
with IR/UV 2> 10. Yet, despite this dominant contribution from monly made in the literature (see e.g. SPF), we obtain a range
the IR, the qualitative picture is very simila§ 40%, and more  of values between 12 and 33 percent for the fraction of star
likely ~ 30%, of the total SFR (as derived from the IR and UV formation in strongly disturbed galaxies (major mergefs)is
luminosities combined) is in clearly-interacting systemih result does not change significantly for values)df the range

the rest coming primarily from spiral galaxies with smalheo ~ 1-10, and the fractions are similar for a magnitude limiteu s
tributions from irregulars and E/SO galaxies. Their resalte ple selected with the GEMS/COMBO limR < 24. We present
fully consistent with earlier ISO results (e.g., Floresle1899; a more detailed description of the models and the dependence
Zheng et al. 2004), with the important advantages of ine@as on the model ingredients in a subsequent paper (Somertville e
sample size and sensitivity. This supports the primary kenc  al. in prep).

sion of this paper: a decreasing major merger rate cannbgbet  We can compare these results with the predictions that may
dominant driver of the drop in cosmic SFR between 1 and be read directly from Fig. 10 and 11 of SPF, which show the

the present day. star formation rate contributed by quiescent and activahgts
ing galaxies. Based on those figures, the collisional statbu
5.5. Expectations from hierarchical models model predicts that 35 % of star formationzt O is due to

bursts in galaxy interactions of all mass ratios, while dhly
% arises from major (4:1 or greater) mergerszAt0.7, about
50 % of the star formation is from bursts of all types, withyonl
5% arising from bursts associated with major mergersz A8,
the model predicts that 75 % of all star formation is due to
collisional starbursts, while 18 % is due to major-merger in
dduced bursts. It is important to keep in mind, however, that
ahe timescale of the starburst assumed in this tabulation wa
assumed to be- 0.1-1tgy,. This factor of~ 2--10 differ-
ence between the duration of the burst and the duration of the
morphologically disturbed phase, assumed above, acctamts
most of the difference between the values of 5% from SPF and
h the values quoted above.
For comparison, in the semi-analytic model of Cole et al.
(2000), only 5% of the star formation at- 0.7 is contributed
2. What fraction of the total star formation is contributed by the burst mode (bursts were assumed to occur only in major
by galaxies that appear morphologically disturbed? mergers in this model). In the updated model of Baugh et al.
(2005), 16 % of the star formation at~ 0.7 is from bursts
Based on hydrodynamic simulations, it is likely that the Of all types (major + minor). The new Baugh et al. model
timescale over which galaxies appear morphologicallydistd ~ includes bursts in minor mergers, but only when the gasiract
following a merger is considerably longer (about a factorof IS above a critical value. Again, these results only recbe t
few to ten) than the timescale over which star formationgs si ~ star formation during the relatively short burst phase,dmdot
nificantly enhanced (e.g. Cox et al. 2005). As well, galaxies take into account the longer timescale of the morphololyical
with low gas fractions may not experience a significant siar f  disturbed phase.
mation episode in a merger event.
In order to address this question in a way that can be directly 6. SUMMARY

related to the observational results presented here, we sz We have investigated the contribution of galaxies of défer

of a GEMS mock catalog created using a semi-analytic model ymorphological type to the UV luminosity density of the Uni-
similar those presented in Somerville, Primack, & Fabe0@20  \grse atz ~ 0.7. The goal was to understand in which kind
hereafter SPF). The global star formation rate densityyred  of galaxies the observed decline in the UV luminosity dgnsit
by this model is in good agreement with dust-corrected ebser occyrred between this epoch and the present day. The experi-
vational estimates fromm~ 0-6 (SPF; Giavalisco et al. 2004), ment has shed light on the physical processes behind this dro
and the model also reproduces many (though not all) obser-jy cosmic SFR. In particular, we have placed constraintien t
vational properties of low and high redshift galaxies. We as fraction of the UV luminosity density arising from clearlg-i
sume that a galaxy would be identified as “morphologically teracting galaxies a~ 0.7.

disturbed” if it has experienced a major merger (1:4 or great  Qyr analysis was based on a sample of 1483 galaxies in a
mass ratio) within a timescalist = 7tayn, Wheretayn is the in- thin redshift slice at B5 < z< 0.75 in the COMBO-17/GEMS
ternal dynamical time of the galaxy amds a factor of order  fie|g encompassing the CDFS. We have used rest-frame lumi-
a few. Here we usg = 2. We consider galaxies in a redshift ngsities at 280 nm and in thé-band from COMBO-17 to-
slice 065 <z < 0.75, as for the GEMS sample. For a model gether with three independent visual morphological cfiassi
similar to the “collisional starburst” model described iR tions from rest-framé&/-band images from the GOODS and

in which both major and minor mergers trigger bursts of star GEmMs HST/ACS surveys. We differentiated between four
formation, we find that 30 percent of the star formationis-con , _ , o
It is worth noting, however, that even in a model in which weuase that

tributed by these “strongly d.IStu.rbed g_aIaX|es. We fln_dttha minor mergers do not trigger bursts, we find that 51% of thefstanation is
53 percent of the star formation is contributed by galaxies t  associated” with minor mergers. This illustrates the ewessent danger of
have experienced a merger down to a mass ratio of 1:20 withinequating correlation with casuality.

The hierarchical structure formation paradigm within aegiv
CDM cosmology makes specific predictions for the evolution
of the merger rate oflark matter halos as a function of time.
However, converting this to quantities that can be directiy-
pared with the observations presented here involves dauera
certain steps. First, the amount of star formation assedtiat
with mergers depends on the details of the star formation an
feedback recipes implemented in the models. Second, we nee
to distinguish between two questions, one of which is physi-
cally more interesting and the other of which is what is obser
vationally addressed in this paper:

1. What fraction of the total star formation at a given epoc
is caused by a merger-triggered burst?
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broad morphological types: spheroid-dominated (E-S@k-di  for Research in Astronomy, Inc. for NASA, under contract
dominated (Sa—Sd), irregular (Irr) and peculiar or cleartgr- NAS5-26555. EFB and SFS ackowledge financial support pro-
acting galaxies with morphological features indicativenfjo- vided through the European Community’s Human Potential
ing major mergers (Pec-Int). The difference between Irr and Program under contract HPRN-CT-2002-00316, SISCO (EFB)
Pec-Int is driven primarily by a desire to identify the cag$e = and HPRN-CT-2002-00305, Euro3D RTN (SFS). SJ acknowl-
irregular morphological appearance; galaxies with molpho  edges support from the National Aeronautics and Space Ad-
gies consistent with the stochastic propagation of stan#bion ministration (NASA) under LTSA Grant NAG5-13063 issued
were labeled irregular, while galaxies with features iatlie through the Office of Space Science. DHM acknowledges sup-
of strong gravitational disturbance, such as multiple euat port from the National Aeronautics and Space Administratio
tidal tails, were labeled Pec-Int. (NASA) under LTSA Grant NAG5-13102 issued through the

Comparing the morphological classifications between the Office of Space Science. CYP acknowledges support from
shallower GEMS images and the deeper GOODS images, weNASA/JPL, under the Michelson Fellowship Program. JPL
have established that GEMS images do not allow for a com-is managed for NASA by the California Institute of Tech-
plete identification of merging galaxies in the faintest mag  nology. CH acknowledges support from the German-Israeli-
tude bin we consider. This causes an artificially steep domnt  Foundation, GIF. KJ was supported by the German DLR under
in the luminosity function of mergers from the GEMS sample. project number 50 OR 0404. CW is supported by a PPARC
Compensating for this shortcoming, the GEMS data offer the Advanced Fellowship. We thank an anonymous referee for nu-
important advantage of a much larger galaxy sample with-prop merous helpful comments and Sadegh Khochfar for improving
erties closer to the cosmic average, compared to GOODS. the manuscript.

We analyzed UV-optical color-magnitude diagrams, UV lu-

minosity functions and luminosity densitig¢s for all morpho-
logical types of galaxies. We found that although interagti
and violently-merging galaxies dominate the rare groupesf p
ticularly blue and very luminous objects, their rest-fraznéors
are similar to those of otherwise normal spirals.
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