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ABSTRACT

We combine high-resolution images from GEMS with redshédted 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 andand luminosities of 1483 galaxies wittB®< z< 0:75, combining these
with visual morphological classi cations from F850LP inexy(approximately rest-framé-band) taken with
HST/ACS on the Extended Chandra Deep Field South. We def&bhinosity functions and,gp luminosity
densities for spheroid-dominated galaxies, spiral gaBxMagellanic irregulars, and clearly-interacting galax
ies with morphologies suggestive of ongoing major merg#&ve. check the reliability of GEMS morphologies
against the deeper GOODS images and quantify an incompktefthe GEMS merger identi cation at the faint
end. We derive the fractions of the global UV luminosity dgn$,go originating from the galaxy types, and nd
that spiral galaxies and Magellanic irregulars dominatinabout 40% each. Interacting and merging galaxies
account for roughly 20% ofg0, 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 sysis of progressively lower mass and luminosity. These
conclusions suggest that major merger-driven star foonatannot 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 headingsSurveys — Galaxies: evolution — Galaxies: general — Gagakigninosity function — Galaxies:
morphology

1. INTRODUCTION cold gas is simply because a signi cant fraction of the avail

: ) : . + . able baryons become locked up in long-lived stars (Pei, Fall
grzl;[t(l,?j Vg\e,grefﬁibggfaefytgﬁ;ﬂﬁ'aetigr}/ (;lrjggg (}fgr}:&dintscl)wﬂ:gte & Hauser 1999). The hierarchical formation of massive struc

present day (Madau et al. 1996; Lilly et al. 1996; Cowie ef8b6; tures atz. 2 also leads to a larger fraction of gas being

: ; - in a shocked warm/hot phase, with long cooling times (e.g.
aﬂeatsvaelég ? I(.).179a9;3&,za_moogtn tm% £0§8fg (;trc_)nr E)Ei'hr;/r(:te ;c; Si(gg%?“ Cen & Ostriker 1999), contributing further to the declinicas-
= uU - rest — . ’

Cowie et al. 1996; Wilson et al. 2002; Wolf et al. 2083Be- mic cold neutral gas density. If the ef ciency of star forneet
cause UV light is emitted by young, massive stars, this decli :S Ilnlkeg to thei_surfa:ze de_ns?logggsemés_;j|sksa§sksugglzyet
is conceptually linked to a dramatic decline in the globa-co ocal observations (Kennicu ), and if gas disks ares

mic star formation rate (SFR). Despite the fact that most Uy 2t 1igh 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 supportitités- actions are known_ to trigger e_f clent bursts of star f_orrt_)au
pretation (Flores et al. 1999; Haarsma et al. 2000; Yan et al. (e.9. Sanders & M\|rabel 1996); it '_S likely that a declme.hmat
1999), although they do not reach as far down the luminosity merger ratg (Le Fevre et al. 2000_’ Carlberg etal. 2090' Ratto
function. The goal of this paper is to explore the physicakpr St al- 2002; Conselice et al. 2003; Bundy et al. 2004; althoug
cesses driving the evolution of the cosmic SFR by investigat see Lin et al. 2004 for a different conclusion) will also con-

P - ; tribute to the declining SFR over this period.
the contribution of different galaxy morphological typesthe o : . .
cosmic-averaged UV luminosity density at 0:7, when the The characteristic rise and decline of the cosmic SFR is a

universe was half of its present age. gen_eric_ prediction of cosmological simulations of galary-f
The physics that dri\f)es this dgecline 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 & Hgiigt 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-

L In this paper we assume f;; ) =(0:3;0:7) andHp =h 100 km/sec. ies are very interesting for constraining these model idigre

arXiv:astro-ph/0408289v2 30 Mar 2005


http://lanl.arXiv.org/abs/astro-ph/0408289v2

2 Wolf et al.

Sa—Sd

Irr

Pec—Int

Fic. 1.— HST/ACS F850LP example images of the four broad type tyipes; each class has four examples. Panels medSuré®, corresponding to roughly
45kpc 45 kpc.From top row to bottom rowE-SO — Sa—Sd — Irr — Pec/Int.
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ents. responsible for the changing UV ionising background at1,

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 gad@xi  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 classi cation. ¥ §
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.

Iters; 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 F850LP band corre- g4 Deep Field South (E-CDFS; Wolf et al. 2004). The red-
sponds roughly to the rest-franveband, in order to bypass  gpijfts 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  ng the same physical fraction of a galaxy in each passband
mological surface brightness dimming. Our sample contains anq concentrate the aperture on the brighter central pints.
almost 1500 galaxies with COMBO-17 redshifts and visually- \yay we ensure a maximum signal-to-noise ratio for recogerin
classi ed morphological types. A more detailed study over't  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 edshifts to be ~(1+2) 0:02 for galaxies wittR < 23 and
formation all the way taz & 6 (e.g. Sullivan et al. 2000;  7< 1:2. COMBO-17 has also identi ed type-1 AGN when the
Giavalisco et al. 2002; Bouwens et al. 2003; Bunker et al. contribution of AGN light to the SED was suf cient 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 caxiats 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 H, IR, or radio luminosities. In order to directly con- ¢ 80au°(Caldwell et al. in preparation, Rix et al. 2004). Al-
strain the amount of dust-obscured star formationin oupdem  ggether, 77 HST/ACS pointings were observed with an expo-
a rst analysis of Spitzer 24m data taken by the MIPS instru-  gre time of one orbit each in the F606W and F850LP pass-
ment team (Rieke et al. 2004) on the Chandra Deep Field Southyangs, The central 1/5th of the area is incorporated from

is presented in a companion paper (Bell et al. 2005). However ne st epoch of GOODS imaging (Giavalisco et al. 2004)
the advantage of the UV analysis presented here is that-obser

vations of rest-frame UV probe much further down the lumi- 2 Later, W‘?hcohmpfalfledmOLP*éOéooggg' Classi cations ;‘fomh mot;z (|30f0D5
H H H H . _ imaging with the full-dept imaging to explore how ults from

.nOSIty function than all Other S.FR |nd|_cat_orsza& 0'5' me‘r?m GEMS may be systematically biased by the shallower imagatg.d

ing that the total UV luminosity density is relatively rebig

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 redshiftthwi 95% 17 survey with classi cation and redshift estimation yi¢lds map of com-
reliability for 152 of the 1483 galaxies in our sample. Thmliers can be pleteness for galaxies at6® < z< 0:75. Dark grey denotes high complete-
seen with redshift errors onthe order gf 0:1. The bulk of the sample (98%)  ness, light grey resembles low completeness. Lines arendea§0% com-
have a mean offset from the spectroscopic redshtit gf(1+2)i = - 0:006 and pleteness (black) and 90% (white). Rt< 23 the sample is more than 90%
an RMS scatter of 0.020 in terms of=(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 classi cation, the images are approximately sur We obtain rest-frame luminosities by placing the bestagti
face brightness limited, at a limiting average surfaceliirigss template SED into the observed 17- Iter spectrum and iraegr
within the half-light radius ozag 24 magti ®°in the F850LP ing the template over the ef ciency curve of the desired red-
passband. 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- tometry to include all measurable ux from the object andget
able type-1 AGN contribution, photometric redshifts c®< total luminosity. Since the shape of the SED is still detevexli
z< 0:75, and aperture magnitudesRfper < 24. AtRaper< 24 from aperture photometry, we measure only central colars fo
our photometric redshifts are well-behaved and their cetepl 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 UBV and a synthetic 280/40-band centered on 280 nm with a
Mago = - 22 place them far off the main sample. These galax- rectangular transmission function and width of 40 nm. We est
ies are likely to have strong contributions from an unredoggh mate errors for rest-frame luminosities and colors in COMBO
AGN, supported by an XMM detection of the olWggy < - 22 17, based on the errors of the photometry itself (for detads

galaxy which lies in the XMM area. 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 In Fig. 3 we present a completeness map for our sample,

(Gilli et al. 2003; Le Févre et al. 2004). At this redshift thie- which is used later for the calculation of luminosity furocts.
served ACS F850LP band corresponds to the rest-frdme  This map has been constructed from end-to-end Monte-Carlo
band. Altogether, the sample contains 1483 galaxies asd Il simulations of the COMBO-17 survey which use a variety of
a comoving volume of 42375 (Mpu)®. Although the slice se-  object SEDs as an input, simulate their photometric proper-
lects the highest-density environments known in the CDES, i ties and their subsequent classi cation based on apertioes
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- braries of stars, galaxies and QSOs which are used in COMBO-
ately distant galaxies with redshifts and wide- eld spdeesed 17 for classi cation and redshift estimation. The map shows
data from which morphology can be determined. completeness in dependence of apparent ®tahnd magni-

The photometric redshift quality of our specic sample is tude and the restframe color- V. At R > 24 our complete-
demonstrated in Fig. 2. We have spectroscopic redshifta fro nessis zero because of the aperture magnitudéeutdd) and
the VIMOS VLT Deep Survey (VVDS, Le Févre et al. 2004) because any total magnitude is brighter or equal to the aper-
for 10% of the galaxies in our sample (with VVDS redshift ture magnitude. The gentle rise of the completeness to terigh
reliability of 95% or greater). We nd three outliers among2l magnitudes stems from the distribution of aperture coioast
galaxies (2%) with true redshift errors on the order of 0.4ilev Reot- Raperand from increasing completeness in photo-z deter-
the remaining 98% of the sample have a distribution of ptzoto- mination. The photo-z completeness refers to the fact that i

€ITOrS ;= Zspec- Zphot OF COMBO-17 objects are not assigned any redshift, if the proba
bility distribution p(2) is too wide and hence the expected red-
~(1+2)=-0:006 0:020 (1) 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&tg 23:7, and the
90% completeness limit B,y  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-framg-band selection. As a
2 last sanity check for our sample, we explore_the derived rest

frame colourdM,gg- My andU - V =My - My, since we make
frequent use of thdl,gg 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 frame
band would be unexpectedly faint. We conclude that average 1
parameter color-color transformations are suf cient tsatée
. the sample. Hence, it is trivial to transform our observexare
P S I R-band completeness map into a rest-fralhgg-band orV-

-1 0 1 2 band map.

My-My
FIG. 4.— Rest-frame colors: The sample galaxies form almoste on

parameter family in near-UV-optical rest-frame colors. eThimodality can Morphploglcal classi cation was carried out by eye on the
be seen as well. F850LP images for the complete sample of 148366 z <

The COMBO-17 lters 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.

3. MORPHOLOGICAL CLASSIFICATIONS
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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% completenesRight: Four panels showing the distribution of colors and magmeisuof the four different morphological types
from all three classi ers combined (black dots) on top of faent sample (grey background dots).

0:75 galaxies. Galaxies were classi ed into a nal 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 classi cation of merging and interacting gaksi

with disturbances suggestive of interaction and ongoingpma is clearly subjective, but automated classi cation présexso

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 pro les andking extraction and segmentation, projection of very close>gala

spiral structure were classi ed as elliptical (in the cadeeve 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). Eor th
ral structure were classi ed as Sa—Sd; where Sa galaxies hav reason, we chose to explore visually-classi ed morpholagy
strong bulges and tightly-wound spiral structure throunsd this time, deferring an analysis based on automated clegsi
galaxies with no bulge and prominent, occulent and oftestdi  tion to a later stage.

organized spiral structure (the second row of exampledpxGa We estimate the variance of this classi cation 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 ne classi cation scale ran glon

universe, were classi ed as irregular (the third row of exées) the types (E, SO, Sa, Shc, Sd, Irr, Pec-Int). Between authors
3. A signi cant number of galaxies appeared to be undergoing classi cations differed by 1 class or less for 80% of the sam-
mergers or tidal interactions: these were classi ed in thelR ple. The classi cations of galaxies in the faintest magaébin

liar/Interacting category (the nal row of examples in Fit). differed the most frequently, owing to the small size and low
Galaxies were classi ed as merging or interacting if theyéha  surface brightness of these galaxies. These dif cultieslés-
multiple nuclei, strongly distorted inner isophotes, agkatidal sifying faint galaxies led to two effects: rst, random satin

features. These visual signatures are primarily tracensapor the classi cation increases as the by-eye classi catiocdoees
mergers (mass ratios of 1:1 to 1:4 according to Somerville et more ill-de ned; secondly, at low signal and for small gassc

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 reliatassify classi cation systematically against peculiar galaxieeg-Int).

were included in the irregular bin: these galaxies weret faird very blue and We reduce the effect of random scatter onto our results by us-
are Iikel_y high-redshift analogs to the blue compact dwatfgies seen in the ing the classi cations of all three authors with a Weight aB3rd

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 deeprdsv

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

are small and classi cations agree most frequently.

end, because the COMBO-17 redshift completeness declines

In order to assess systematic biases among faint galaxeées, 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% completess. Th
1/5 of the entire GEMS area. This subsample was classi ed particular subsample is used for the colour distributidog@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 classi ers nd a signi cantly larger fraction of faint Bc-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 classi cations 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 slatker

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

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 coast;

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

we see no signi cant differences among other morphological ically red spheroid-dominated galaxies. In the UV, thesk re

types, suggesting that these are easily recognized andsati

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
Mogo< - 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 optic

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 outt» 1 (Bell et al. 2004). Owing
to the long wavelength base between 280 nm and/tiend
( v= 280 2) and the sensitivity of the UV spectrum to on-
going star formation, galaxies span four magnitudes inrest
frame Mazgo- My) color.

The observed-framB < 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 almaoisfuely very blue.
Spirals and major mergers (Pec-Int) have somewhat simggitslitions, with
mostly blue objects and a tail to the red. Here, we only usédakigs from a
brighter subsample that is at least 90% complete.

presumably because of star formation and little overaltabs
ration.

Visually identi ed 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-inolinati
objects or almost regular spheroids with left-over tidaltéees.
The mergers tend to have luminosities above average; this is
partially a result of our known bias against faint interaos in
the GEMS data (see § 3). However, a large fraction of the very
bluest and most luminous galaxies are interactions, rengct
the important role of interaction-induced star formatianait
least some fraction of galaxies.

Overplotting a line of estimated constant stellar mass of
10'%2M 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 candidatesdpre
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 onlyh80%
complete subsample to avoid any bias due to color-dependent
incompleteness or increased classi cation uncertairaidaint
limits. This selection is de ned bil>gp- (M2go- My)=2< - 19,
and is illustrated in the left-hand panel of Fig. 2 as the ddsh
line. We nd 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 iasn
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that of the spirals. The similarity may re ect the compeirsat

which is

7

=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 t to this slope, we

ration in mergers, while the merging partners originate ttgos
from the spiral sample.

4.2. Luminosity functions

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
to ensure that galaxies of all restframe colors are repteden

at least with 50% completeness. This way we ensure that the

correction applied to (M) from our completeness maps never
exceeds a factor of two. This cut correspond&to 235 for

the bluest star-forming galaxies andRo 22 for red-sequence
galaxies (see Wolf et al. 2003 for all equations and teclnica
details on completeness and luminosity functions).

We present three sets of rest-frame UV LFs in this paper. In
Fig. 7, we show the LFs of the entire GEMS sample, split by
morphological type. However, comparison between classi ¢
tions derived fromthe 5 deeper GOODS data and GEMS clas-
si cations demonstrated that the GEMS data are less seasiti
to lower-luminosity interactions than the GOODS data. Wnfo
tunately, the GOODS area is only 1/5 of the GEMS area, result-
ing in increased uncertainties from large-scale structive
therefore address the classi cation bias, independenarfel
scale structure uncertainties, by presenting a diffeabd#ep-
vs.-shallow comparison of GOODS- and GEMS-derived LFs
for only the subsample of 290 galaxies in the GOODS area.
Altogether, we present LFs for three different samples:

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

GOODS-shallow:the central sub-area of the GOODS
eld with 290 galaxies, classi ed on shallow GEMS-
quality images

GOODS-deep:the GOODS eld with 290 galaxies,
classi ed on deep GOODS images.

determinedM ,  andj,go from our data.

Sa—Sd:The Schechter function for spirals is well-constrained
at least in GEMS and plausible in both sampleggus =
-0:32 0:17 and goopsdeep=-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-
possible to estimate robust Schechter parameters if thpleam
is not both deep and large. Neither the GEMS nor the GOODS
sample yielded particularly well-constrained faint-ehapss:

We nd =-092 0:35from GEMS and =-1:83 0:40
from GOODS-deep. Since thé,,x data points do not dif-
fer much and do not suggest a completely different LF, we
ended up using the weighted mean of the two values, i.e.

i =-1:31 0:20, for all Irr LFs.

Pec-Int: The slope of the Pec-Int LF in GEMS is =
+0:82 0:34, which is biased by the incompleteness of GEMS
in picking up faint mergers. For the GOODS-deep STY t,
the last data point is discarded owing to its large uncertain
ties, yielding a faint-end slope =-0:15 0:50. The increase
of Pec-Int galaxies in GOODS-deep requires a corresponding
decrease in other classes, because total galaxy number-is co
served. The decrease is most pronounced among the irregular
galaxies.

Altogether, it appears that visual classi cation of GEMSim
ages biases one against faint Pec-Int galaxies. Otherygalax
types are easily recognized and may be randomly confused at
very low S/N, but are probably unbiased. The slopes of their
Schechter functions are broadly consistent with the veegl
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
in such small elds. In the small GOODS eld we see a 3-
fold increase in the space density of spheroids, which foigba
re ects the presence of several known galaxy concentratbn
z 0:7 inthe central GOODS eld. In contrast, we nd slightly
decreased abundances of spirals and Pec-Ints.

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 classi cation bias whenlshal
images are used for galaxy classi cation.

For each LF we ploVyax values with error bars derived
from Poisson statistics or from the author-to-author vema
of the space density, whichever is greater. We overplotéisé-b
tting Schechter functions from an STY-style t to the sanepl
(Sandage et al. 1979) and list their parameters in Tabletheln
left-hand panel of Fig. 7 where the LF for all galaxies is show
the lines denote the sum of the four individual type-splisLF

Ideally, we would like to derive the Schechter function glsp

for producing most of the UV luminosity at redstaft 0:7, de-
pending on their luminosity and their morphological typee W
rst determine how the contribution to the integrated UVHig
depends on galaxy luminosity using the Schechter ts acaoss
wide range of magnitudes. Here, we de ne

RM+0:25

g ozs L) (M)IM

(2)
.1 LM) (M)dMm
The bottom panels of Fig. 9 show this fractidpag as de-

fmag(M) =

independently for each data set. However, for some purposegived from the LFs of GEMS and GOODS samples; as the
the GEMS observations lack the suf cient depth and for some total 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 ndings from both data M,gs - 20 make the strongest contribution jgso; the bulk
sets to constrain the nal set of Schechter functions. Hamee  of the UV light is emitted in the luminosity range 41;- 18].
discuss now both Fig. 7 and Fig. 8 together and list all the ne Our observed galaxy sample itself provides 66% of the total
tuning steps we have applied in STY tting here: UV luminosity density integrated from1l to +1 , which is
E/S0: The GOODS-deep sample is too small to get any use- (4:74 1:17) 10YW/Hz.

ful STY t, while the GEMS sample is hot deep enough. Both We can now estimate the fraction of UV luminosity den-
yield unrealistic slopes of -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 GEMS:eft: Parent sample with all galaxies, compared to clearly-auing galaxies. Lines are best- tting
Schechter functionsRight: The four morphological types, E-SO = spheroids, Sa—Sd alggélaxies, Irr = irregulars, Pec-Int = clearly interagtigalaxies. Error
bars are from Poisson noise or author-to-author variatiom their independent morphological classi cations, wigeer is greater.
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FIG. 8.— Near-UV luminosity functions from GOODS-shallow vsOGDS-deep: The image depth in uences our morphologicastleations, an effect which
propagates into the luminosity functions by type. Here, wgare the LFs derived from the 290 galaxies from the GOORS asing both GEMS-depth and
GOODS-depth data to separate classi cation differencesifcosmic 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



GEMS: UV luminosity density a¢  0:7 9
sample M -5logh 104 j 10°L c .
(Vega mag) i=Mpc) 3 (h=Mpc®)

GEMS

E-SO -1953 0:19 2283 656 -0:75 0:13 622 179929 -0:906
Sa-Sd -1949 0:11 28593 4545 -0:32 0:17 7428 11:81 T%;‘ﬁ -0:779
Irr -1933 0:17 23970 13252 -1:31 0:20 7853 43:41?‘%‘31@{1’8 -1:686
Pec-int -1933 0:16 6204 1917 (082 0:43 2620 8107%% -0:162
all -1967 0:16 55835 51:87 -0:75 0:20 18523 45:73_*%2%3 -0:943
GOODS

E-SO -1925 0:37 9335 1174 -0:75 0:13 1956 2:46*Fi2  -1:140
Sa-Sd  -1964 0:31 22227 6172 -0:52 0:41 6489 180258 -0:799
Irr -1965 0:36 14119 8927 -1:31 0:20 6186 39:112‘},%20 -1:417
Pec-int -1943 0:37 15117 4852 -0:15 0:50 3901 12521 -0:717
all -1964 0:26 55863 7024 -0:75 0:20 18532 44:95_*%8@%8 -0:975

TABLE 1

RESULTS OFSTY FITS OF THE280NM LUMINOSITY FUNCTIONS: LISTED AREM
AND L . THE j VALUES FOR THE COMBINED SAMPLE ARE SUMS OVER THHpe. ALL j VALUES ARE

THE COVARIANCE BETWEEN

WITH ITS AUTHOR-TO-AUTHOR VARIATION, j AND

GIVEN IN UNITS OF THE SOLAR LUMINOSITY WITHIN THE 280/40PASSBAND, WHICH 1S Mago= 6:66 IN VEGA UNITS OR2:56 10'° W/Hz.

A FIRST SET OF ERRORS IN IS PROPAGATED FROM ERRORS IN

, THE SET OF SMALLER ASYMMETRIC ERRORS REFLECT THE

PROPAGATION OF ERRORS INTO]j.

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

z Miim
Jtype(Miim) = B L(M) type(M)dM 3
and . M
ftype(Mlim)=P—hype( im) . 4)

typejtype(Mlim) .

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

Error bars show the 1-con dence intervals offype 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, re ecting either the Porgan
limitations of the sample size or the author-to-authoratéwn
in the classi cation, whichever is greater. They do not uulg
contributions from cosmic variance or any systematic sase
classi cations due to image depth.

regulars and Pec-Int galaxies contribut@2% each ( 5% and

2, respectively), while® 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 26 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 21 5%. Where these trends do not re ect those
expected from what we expected to be primarily a re-labeling
of some fraction of faint irregulars into mergers, they diynp
re ect 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 M, !'1 . Spiral galaxies are still an important
source of UV light, accounting for 40% of j,g0, Whereas E-
SO0 galaxies account for 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 has dasger

luminosity density is listed in Tab. 1, but not plotted in F8y

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

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

Our sample contains 66% of the total luminosity dengity
of the Universe az  0:7. By integratingjgo only across the
complete sample of galaxies in the GEMS samplady <
-19, we nd more than 52 3% of the light originating from
spirals (author-to-author variation including Poissorsah Ir-

certainty in and the errorin at xed M , which re ects

just the author-to-author variation or Poisson errors Wwner

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 covariance.. =-1, which

is roughly the case. The error inis propagated by re tting

the LF with  setto . In this procedurd will change
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due to the coupling with, and  will change to accommodate
the new shape of the t to the measured data points. As are
sult, the luminosity density will not change signi cantly the
measured range of luminosities, but only in the extrapaati
range. The largest uncertainty comes from theerror itself
which propagates linearly intp

We do not actually know the shape of the LF of really faint
galaxies atz= 0:7, but we can play with an unlikely and ex-
treme thought experiment. Presume thHtthe faint galax-
ies that contribute the unobserved one third of the total UV

Wolf et al.

The HST observations in the Canada-France Redshift Survey

-(CFRS) elds were seminal in this eld, but limited by sample
size and depth. In their rst paper, Brinchmann et al. (CFRS1
1998) examined the types of galaxies contributing td3tmand
luminosity fromz  0:9toz 0:3. CFRSL1 used three galaxy
types, i.e.spirals ellipticals andirregulars including ongoing
violent mergers, and found most of the declinejinto be a
result of the evolution of spiral galaxies, which domingge

at the high-z end. Brinchmann et al. found that Bwand
contribution from irregulars dropped at least as much as tha

light belong to one single morphological class, whereas the of the spirals, although they provided a smaller contritouto

other three respective classes exist only at the observglltbr
magnitudes. While this scenario is completely unrealistic
would increase th@go fraction of the then dominant type above
the previously stated numbers by the highest possible degre
Rotating through the four classes as sole constituentsimtf fa
galaxies, we nd their absolute-maximum valu&gpemax

(35% 65%; 50% 50%) for (E-SO, Sa-Sd, Irr, Pec-Int), respec-
tively.

5. DISCUSSION

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 re ect a strong decrease
in the UV luminosity of the largest contributorsat 07, 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.

5.1. Comparison of galaxy colors

begin with.

While this is fully consistent with our observations, tBe
band luminosity re ects a broad range of stellar ages and the
decline in luminosity density is less pronounced than inlke
Dickinson et al. (2003) found thgg declines by a factor of 2.5
fromz 1toz 0 and Wolf et al. (2003) found a factor of

2, which are atter than the decline in the UV. Our results,
determined in the UV, show that irregulars plus visible neesg
contribute more tgj,go then the spirals, once we include the
faint regime. This is a natural result of irregulars beingdslon
average than spirals and appearing relatively more lunsitrou
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 to 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
nally show that 90% of the blue luminosity density at 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 no
a strong function of redshift between 0:3 andz 1 (Cross
et al. 2004; Menanteau et al. 2004; Stanford et al. 2004)

We measure fractions between 30% to 40% as well, depend-

ing mostly on the choice of restframe bardRV) and magni-
tude limits but also on the precise choice of the red-sequenc
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. 1from 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
while the irregular galaxies are distinctively bluer thartbthe
average merger and average spiral. The same result has be
reported by Conselice et al. (2003). This distribution Has a
been found in the local Universe by Bergvall et al. (2003)pwh
found the colors of interacting galaxies to be only slighutiyer
than those of non-interacting galaxieszat 0. They observed
also similan_gr=Lg ratios in both samples, leaving no room for
strong obscured starbursts.

5.2. Comparison of luminosity densities

tor quiescent star formation driven by gas infall, while nmajo
mergers are only dominating at 2.

5.3. Comparison of merger fractions

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 classi cation 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%at 0:63 and even 20%
atz 0:9 (selected witHag < 22:5). Their results re ect 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 nd a merger fraction of 14%
atz 0.7, consistent with those of CFRS4. We note that at
0:7 the observed-frameband selection corresponds to a
di st-frameB-band selection, which is also used by several other
studies.

CFRS4 conjectured that mergers could be even more abun-
dant among galaxies of lower luminosity. Our analysis imepli
thatthis is not the case: Although recognizable mergergeate
common at the highest of all UV galaxy luminosities, their LF
rises less quickly than the LF of the total galaxy population
Therefore, the integrated fraction of classi able mergaetu-
ally drops with fainter UV luminosity.

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 (righiip panels:Contribution fiype(M;im) of the four galaxy types tgzgo(Miim), depending on the depth to which one
integrates. Thick lines are derived from the Schechtertfancts. Error bars are centered on the LF data themselvessapw the greater of either Poisson noise or
author-to-author variation in the morphological clasation. Two thirds of the total extrapolated light is dirggdrobed by the galaxy sample. Mygo - 15 the
total luminosity densityjogo and the type-dependent fractions have conver@adtom panelsContribution fmag(M) of magnitude intervals to the total integrated
280 nm luminosity density which peaksMpgy - 20, while most UV light comes from galaxies-821< Mygp< - 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 & 1 may be in ated 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 mergerhi Irrespective of whether major mergers are de ned 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 az> 2 (Conselice et al. 2003; Conselice et al. 200~
lead only to minor mergers. As a result of selecting in khe
band, they nd 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 nd a 4% merger fraction atlg < - 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 eld sizedan Yet, an understanding of the contribution of different ggla

d'Ezed?ggso'fncﬁgitogﬁfg’ tgleaigerse?:i:r?g?slz r::(:)tnljsrt]rraeimg? ertypes to the UV luminosity density is important, both beeaus
rate. To date. the %ave %call i ferred rather lower meer 9€fit is possible to reach down well below the knee of the lumi-

:  they have typically 9BET osity function, and because an understanding of the UV-lumi
rates than morphological studies. Patton et al. (2002)doun

) : nosity density gives some insightinto, e.g., plausiblesesiof
thaf[ 15% of ga'?‘x'es with 2.1< Ms < '.18 have “”defgone a ionizing UV photons. Bell et al. (2005) use deep P4 data
major merger sincg 1 using dynamically-close pairs from

the CNOC2 survey. Recently, Lin et al. (2004) used a sam- from Spitzer to explore the importance of obscured star &rm

. . : . : tion for the same ®5< z< 0:75 sample of galaxies used in
ple of wide-separation pairs to estimate the merger rawing this paper. Roughly 1/3 of the GEMS sample are detected at

The impact of extinction by dust is a signi cant uncertainty
affecting the interpretation of rest-frame UV luminosstid his
is of particular concern in this study, as dust extinctickriewn
to depend on gas content, metallicity, geometry, and statja
— all factors that correlate strongly with morphologicabey
Therefore, we can notimmediately conclude that contrimsti
of various galaxy types to the UV luminosity density re ect
their relative contributions to the cosmic-average SFR.
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24 m, accounting for more than half (likely 2/3) of the to-
tal SFR atz  0:7. They nd many highly-obscured galaxies,
with IR/UV & 10. Yet, despite this dominant contribution from
the IR, the qualitative picture is very similar: 40%, and more
likely 30%, of the total SFR (as derived from the IR and UV
luminosities combined) is in clearly-interacting systemith
the rest coming primarily from spiral galaxies with smalheo
tributions from irregulars and E/SO galaxies. Their resalte
fully consistent with earlier ISO results (e.g., Floreslefi@99;
Zheng et al. 2004), with the important advantages of ine@as
sample size and sensitivity. This supports the primary ksnc
sion of this paper: a decreasing major merger rate cannbibe t
dominant driver of the drop in cosmic SFR between 1 and
the present day.

5.5. Expectations from hierarchical models

The hierarchical structure formation paradigm within aegiv
CDM cosmology makes speci ¢ predictions for the evolution
of the merger rate oflark matter halosas a function of time.
However, converting this to quantities that can be directiyn-
pared with the observations presented here involves davera
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 epoch
is caused by a merger-triggered burst?

2. What fraction of the total star formation is contributed
by galaxies that appear morphologically disturbed?

Based on hydrodynamic simulations, it is likely that the
timescale over which galaxies appear morphologicallydiztd
following a merger is considerably longer (about a factoaof
few to ten) than the timescale over which star formationgs si
ni cantly enhanced (e.g. Cox et al. 2005). As well, galaxies
with low gas fractions may not experience a signi cant star f
mation episode in a merger event.

In order to address this question in a way that can be directly

related to the observational results presented here, we o=l

Wolf et al.

the timescale gis; systems'. Varying the recipes for quiescent
and burst star formation to encompass alternative chom®s ¢
monly made in the literature (see e.g. SPF), we obtain a range
of values between 12 and 33 percent for the fraction of star
formation in strongly disturbed galaxies (major mergefd)is
result does not change signi cantly for values oih the range
1-10, and the fractions are similar for a magnitude limitus

ple selected with the GEMS/COMBO limiR< 24. We present

a more detailed description of the models and the dependence
on the model ingredients in a subsequent paper (Somertille e
al. in prep).

We can compare these results with the predictions that may
be read directly from Fig. 10 and 11 of SPF, which show the
star formation rate contributed by quiescent and activahgth
ing galaxies. Based on those gures, the collisional stesbu
model predicts that 35 % of star formationzt O is due to
bursts in galaxy interactions of all mass ratios, while ahly
% 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 tabulatian 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
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
by the burst mode (bursts were assumed to occur only in major
mergers in this model). In the updated model of Baugh et al.
(2005), 16 % of the star formation at 0:7 is from bursts
of all types(major + minor). The new Baugh et al. model
includes bursts in minor mergers, but only when the gasifmact
is above a critical value. Again, these results only recbed t
star formation during the relatively short burst phase,@mdot
take into account the longer timescale of the morpholobyical
disturbed phase.

6. SUMMARY
We have investigated the contribution of galaxies of défer

of a GEMS mock catalog created using a semi-analytic model morphological type to the UV luminosity density of the Uni-

similar those presented in Somerville, Primack, & Fabef(20
hereafter SPF). The global star formation rate densityyced

by this model is in good agreement with dust-corrected ebser
vational estimates from 0-6 (SPF; Giavalisco et al. 2004),

verse atz  0:7. The goal was to understand in which kind
of galaxies the observed decline in the UV luminosity dgnsit
occurred between this epoch and the present day. The experi-
ment has shed light on the physical processes behind this dro

and the model also reproduces many (though not all) obser-jn cosmic SFR. In particular, we have placed constraintsien t

vational properties of low and high redshift galaxies. We as
sume that a galaxy would be identi ed as “morphologically
disturbed” if it has experienced a major merger (1:4 or gneat
mass ratio) within a timescalgist = tayn, Wheretgyn is the in-
ternal dynamical time of the galaxy andis a factor of order

a few. Here we use = 2. We consider galaxies in a redshift
slice Q65< z< 0:75, as for the GEMS sample. For a model
similar to the “collisional starburst” model described iR

in which both major and minor mergers trigger bursts of star
formation, we nd that 30 percent of the star formation is €on
tributed by these “strongly disturbed” galaxies. We ndtha
53 percent of the star formation is contributed by galaxies t

fraction of the UV luminosity density arising from clearlg-i
teracting galaxiesa 0:7.

Our analysis was based on a sample of 1483 galaxies in a
thin redshift slice at ®5< z< 0:75 in the COMBO-17/GEMS
eld encompassing the CDFS. We have used rest-frame lumi-
nosities at 280 nm and in thé-band from COMBO-17 to-
gether with three independent visual morphological cleasi
tions from rest-framé/-band images from the GOODS and
GEMS HST/ACS surveys. We differentiated between four
4 It is worth noting, however, that even in a model in which weuase that

minor mergers do not trigger bursts, we nd that 51% of the &tamation is
“associated” with minor mergers. This illustrates the epersent danger of

have experienced a merger down to a mass ratio of 1:20 withinequating correlation with casuality.
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broad morphological types: spheroid-dominated (E—S8k-di
dominated (Sa—Sd), irregular (Irr) and peculiar or cleartgr-
acting galaxies with morphological features indicativenfjo-
ing major mergers (Pec-Int). The difference between Irr and
Pec-Int is driven primarily by a desire to identify the caude
irregular morphological appearance; galaxies with molgpho
gies consistent with the stochastic propagation of stanébion
were labeled irregular, while galaxies with features iatlie
of strong gravitational disturbance, such as multiple euat
tidal tails, were labeled Pec-Int.

Comparing the morphological classi cations between the
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We analyzed UV-optical color-magnitude diagrams, UV |u-
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.

We found that seemingly normal disk galaxies (Sa—Sd) are
the largest contributor to the UV luminosity density, emiit
about half of thejogpatz  0:7 andMygp < - 19. The observed
galaxy sample contributes 66% of the total extrapolgted
from the entire galaxy population. After extrapolationirap
galaxies emit 40% of the total UV luminosity density. The
second largest contribution originates from irregulargjolw
are predominantly faint and blue. Their steep luminosityctu
tion drives their contribution up to about 40% of the tojtzb.
Most of the remaining UV light comes from interacting sys-
tems and ongoing violent mergers, while the contributiamfr
spheroids is negligible. The exact numbers for the merger co
tribution depend to some extent on the completeness ofiident
cation and the precise shape of their faint LF, but is likédy
be around 20%. We nd that these results are consistent with
predictions from a semianalytic galaxy formation modelisim
lar to the collisional starburst model of Somerville, Proka&
Faber (2001).

The results presented here demonstrate clearly that thpe dro
in the UV luminosity density of the Universe sinze 1 largely
re ects decreasing SFRs in normal spirals. In parallelhtstar
formation rates in faint blue irregulars are migrating tetsyns
of progressively lower mass and luminosity. Any evolutian i
the major merger rate plays only a small role in the decline
of unobscured star formation. They could only be relevant fo
driving the decline of star formation sinze 1 if the drop in the
cosmic SFR is substantially steeper than that inferredarty4,
and if the average extinction levels in mergers were far abov
the average of highly star-forming, but otherwise normgi; s
ral galaxies. First analyses of 2¢h data from Spitzer (Bell et
al. 2005; Le Floc'h et al., in preparation) have started te ad
dress these issues, and support the conclusion of this thegier
merging systems do not dominate the 1 SFR.

Supportforthe GEMS project was provided by NASA through
grant number GO-9500 from the Space Telescope Science In
stitute, which is operated by the Association of Univeesiti

the manuscript.
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