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ABSTRACT

In @ companion Letter (Arnouts et al.) we present new measurements of the galaxy luminosity function at
1500A out toz~ 1 usingsalaxy Evolution Explorer VIMOS-VLT Deep Survey observations (1039 galaxies
with NUV < 24.5andz> 0.2) and at highez using existing data sets. In this Letter we use the same sample
to study evolution of the FUV luminosity densipys,, . We detect evolution consistent wiihtaz) =%’ rise
to z~1 and (14 2)°%*°* forz> 1. The luminosity density from the most UV-luminous galaxies (UVLGS) is
undergoing dramatic evolution (30 times) betwéenz< 1 . UVLGs are responsible for a significant fraction
(>25%) of the total far-ultraviolet luminosity density at~1 . We measure dust attenuation and star formation
rates of our sample galaxies and determine the star formation rate density ( ) as a function of redshift, both
uncorrected and corrected for dust. We find good agreement with other measpyres of  in the rest ultraviolet and
Ha given the still significant uncertainties in the attenuation correction.

Subject headings: cosmology: observations — galaxies: evolution —
galaxies: luminosity function, mass function — ultraviolet: galaxies

1. INTRODUCTION galaxies have been observed. The utility and limitations of the

. ) o L integrated measures—the FUV luminosity functign, () and
The rest-frame far-ultraviolet (FUV; 1509 ) luminosity has luminosity density 4..,, )—and their relation to the star for-

been used to determine the star formation rate (SFR) of stellar., i history of the universe have been extensively discussed
populations over the complete range of redshifts for which

and reviewed (e.g., Madau et al. 1998; Hopkins 2004). A prin-
_ o cipal goal of theGalaxy Evolution Explorer (GALEX) mission
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TABLE 1
FUV 1500 A LuMINOSITY DENSITY 27.0
10g 01500 —
@ Total Vi L>L,>° '& I
0.055'3%e% ....... 25.549% 23.97 = 26.5 4
03+ 01........ 258600 25.8600; 24.6703; e -
05+ 01........ 259755  25.76%G%  25.205%8 T
0.7+ 01........ 261653 25.9100;  25.4805 N
1.0+ 02........ 26.117%3; 256955 2551700 w0 I
20+ 05........ 26.45%% 263003 26.03%% 5 <6.0 ]
29+ 05........ 26.52%5  26.4005; 26.2655 = I
30+ 024 ...... 25.585% 26.22 3
21n units of ergs s* Hz™* Mpc ™3, flat A cosmology with < r
H, = 70km s Mpc™ (@, = 0.3,2, = 0.7). ¥ 255 =
"Ly, = 0.2L,(z = 3); M,,, = —19.32 - -
¢ Data from Wyder et al. (2005). L
9 Fixed faint-end slopex = —1.6 . 1 1 1 1 1
¢ Data from Steidel et al. (1999). 0 05 1 15 2 3
Redshift z

Letter Arnouts et al. (2005, hereafter Paper |) and references

therein. Paper | also describes the derivation of ¢hg, at Fio. 1 FUV LD dshift. Filed circles indicate LF it to ful e with
_ : ; 1G. 1.—| vs. redshift. Filled circles indicate LF fit to full sample wi
z=2.0and 2.9 using a Hubble Deep Field (HDF) sample unconstrained slope. Filled squares denote LF fit with fixed = —1.6 Purple

from Arnouts et al. (2002). For comparison we also use the (GaLex) and dark green (HDF) symbols are from this work. Black filled circle
local ¢, (Wyder et al. 2005) and the~3 Lyman break (bottomeft) is taken from local LF (Wyder et al. 2005) and green square from

galaxy (LBG) ¢g,, (Steidel et al. 1999) Steidel et al. (1999). Open circles denptg,,  determined ugjng Errors
do notinclude cosmic variance. Lines indicéter 2)" evolution. Dotted, solid,

and dashed lines correspondrte= 1.5, 2.5, and 3.5 , respectively.
3. LUMINOSITY DENSITY

We calculated the FUV LD,.o(2) from th@ALEX-VVDS
sample in four redshift bing4) = 0.3, 0.5, 0.7, 1.0) and also
determined values for the HDF samp{& (= 2.0, 2.9 ). Results
are shown in Table 1 and plotted in Figure 1. We chose to
calculatep,;,(2) in several ways. First we summg(d )L dL
using the LF obtained from thé, ., method. Because luminosity
bins with no detections do not contribute, we consider this a
lower limit on p,5,,(2). We also calculated a “total” LD by in-
tegrating Schechter function fits to the LF using the formula

We explore the contribution to the LD from UV-luminous
galaxies (UVLGS) by measuring the LD from galaxies with
L > L, To facilitate comparison with highstudies, we set
Loin = 0.2L, ,_5 (M, = —19.32 from Steidel et al. (1999),
also adopted by Giavalisco et al. (2004) for their w&rkhese
galaxies are observable in all redshift ranges, and therefore
there is no additional uncertainty related to extrapolation be-
yond the faintest observed magnitude. Figure 2 highlights the
dramatic evolution ofp;s, uvie INCreasing by 30 times to

2 This luminosity corresponds to T8 L., ~3 the luminosity limit
(103 L) adopted for UVLGs in Heckman et al. (2005).

P =f dLLe(L),

26.5[
with L, = 0[p = ¢,L,.I'(a + 2)]. Although this quantity is -
strongly dependent on uncertainties in the faint-end slepe (% 26.0f
it allows direct comparison with other measurements of 2. i
01500(2) and the SFR densityy, . Fits and errors were deter- _2 25.5F -
mined using the ALF tool (libert et al. 2004) with error bars ' i
based on the extreme values of the LD calculated at each point _: 25 0f
on thea-M, 1 o error contour. For theg = 1.0 bin, our best 'n I %
Schechter function fit yielded large errrors for the slope 0 245 3 /
(a = —1.6337). For this bin we fixed the faint-end slope at &, “*°| > / 9
o to —1.6, adopting the value used in highstudies (e.g., 3 i Pad 7 /_ :
Steidel et al. 1999) and consistent within errors with our own g “40r@ -~ , / 30 )
values at lower and highexr Total p,5,(2) shows significant w0 2 V. // /— 200
~(1 + 2)*° evolution out toz~ 1 , with evidence for a shallow © 235F % % / / g
continued rise out ta = 3 . This evolution is discussed further i w /% / /' 10
in the next section. Two points are worth noting regarding the 23.0 [z 7 0
comparison of LD at different redshifts. First, as demonstrated 0 0.5 1 15 2 3

in Pa}per | and discussed belo_w, the galaxy populafcion _that Redshift z
contributes most of the LD varies (vs. color and luminosity)

with redshift. Second, while most of the sample is UV-selected, Fic. 2—FUV LD of UVLGs vs. redshift and comparison with QSO LD.
the Steidel et al. (1999) LBG galaxies were color-selected, andFilled circles fromp;sy, yy. integrated fromee down t00.2L, ,_; orMgyy —
thez = 3 LD value may be missing some fraction of the UV 19.32. Colors same as in Fig. 1. Vertical hatched bars indicate fraction of lu-

. . . minosity emitted by galaxies brighter thanl0,2_, . Red dashed line shows QSO
light. The similarity _be_tween the = 2.9 and 3 data points Fyy LD using values from Boyle et al. (2000) and Madau et al. (1999). Solid
suggests that the missing fraction is small.

line is the same as in Fig. 1.
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Fic. 3.—Histogram of FUV slop@; , for 888 galaxies with measurements E’ 1.0k
in U band plack) and split into two subsamplez.<0.5 brown) and z> b E
0.5 (orange). Red/white: Distribution of 8, for “isolated”GALEX detections
with only one optical counterpart within’4adius. -
. . 0.1 :
z~1lor (1+ 2)°. Furthermore, we find that_UVLGs are amajor 0.0 0.2 0.4 0.6 0.8 1.0 1.2
contributor top,5,, atz~1 with a fractional contribution, Redshift z
0 /0 1500 OF 25%. We plot for compariso, usin _ o _
tﬁ‘:%&ﬁ&oﬁ;f form of the sto LD evcﬂutionp%fﬁof?&%)band% Fic. 4.—SFR of GALEX-VVDS galaxies vs. redshift using Kennicutt (1998)

. .. conversion.Top: Uncorrected SFR for galaxies with varyidg,,,. Solid line
from Boyle etal (2000) and the QSO SpeCtral energy distri- and dashed line correspond MUV <24.5  (current sample) Bl < 26

bution from Madau et al. (1999), which has a shallower evo- (GALEX Ultra-Deep Survey) limits. Stars show values tar from Paper |

lutionary slope (3.5) versus UVLGs (5) fa< 1 . and Wyder et al. (2005). Dotted line correspondsLtg, = 0.2, ,_, cut.
Bottom: Attenuation-corrected SFRs. Symbols same as top panel. Colored lines
correspond to detection limits fMUV <24.5 at minimum attenuation level

4. STAR FORMATION RATE DENSITY for each subsample.
To determine intrinsic ultraviolet luminosities for tALEX-

VVDS sample, we apply the M99 dust attenuation formula ple; see Paper .I) but mi_ght overestimate the correction for
normal star-forming galaxies (Bell 2002; Kong et al. 2004) that

Acyy = 4.43+1.99B) = 4.49+ 1.97Bc.x), are found in our lowest redshift bins. For a conservative mea-
surement of the average attenuation in our whole sample, we

where we use the definition @&, , , the FUV slope calculated US€ the isolated subsample and calculate a mean attenuation
using the rest-fram&ALEX FUV and NUV bands, from Kong ~ factor of times 7 AZ57° = 1.8 ), where we have estimated and
et al. (2004). We only calculatg, , for the subset of galaxies @PPlied a bias correction to the mean (times 0.7) because of
observed in théJ band (888 galaxies). Typical errors are~ ngirr}negllglblelaﬁ . We also adopt a “minimum attenuation
0.4. Figure 3 shows the distribution of tikecorrected3s, . The v = 1, which may be more representative of a full UV-
full sample has mediafig x = —1.64 FWHM@) = 1.4 with selected population (Buat et al. 2005). _
little variation with redshift. We find good agreement with mea- 1 he SFR was calculated for each galaxy using

surements of at lowz ((3) = —1.6 for an FUV-selected sam-

ple; Treyer et al. 2005) and hightAdelberger & Steidel 2000). SFR M, yr'') = 1.4 x 10 %L, (ergs s* Hz')
Within our own sample we might have expected to see an

increase off; yx versug since high-luminosity galaxies— from Kennicutt (1998). In Figure 4 we plot the SFR derived

which dominate the higl-bins—are expected to show signif- for each galaxy using the uncorrected and the dust-corrected
icant attenuation. Several effects could work against this trend.FUV luminosities. Our sample shows no dependence of dust
We are detecting galaxies close to the NUV-band confusion attenuation with SFR°”, and as a consequence we find higher
limit (beam/source~ 10 for NUV < 25), and source blending attenuation in galaxies with high SFR This paucity of low-
could shift UV-optical colors and the slojfptueward. We per- attenuation galaxies with high SFFhas been noted in previous
formed tests that conservatively apportioned NUV flux among studies (e.g., Wang & Heckman 1996; Adelberger & Steidel
all potential optical counterparts and set a limit on the offset 2000). Some of the observed effect may also be due to the
of the medianABg « yens < 0.35 . This is consistent with the scatter inA., discussed above (resulting in a tail of high,,
medianB; x = —1.44 measured for “isolated” UV detections galaxies) and/or limitations of the dust attenuation law. We plot
with only a single optical counterpart (see Fig. 3). (However, p,(2) (derived fromp,.,, With no dust correction) in Figure 5.
we cannot neglect the possibility that some fraction with mul- Measurements from this Letter were fitted using the parame-
tiple counterparts are physical pairs that could show a differentterization from Baldry et al. (2002p[(2) ~ (1 + 2)%«, z< 1
distribution ofgg, ). We also note that the M29,,,-3 relation and p,(2) ~ (1 + 2, z>1]. We find a best-fit,,, =

was determined for starbursting galaxies (the bulk of our sam-2.5 + 0.7, a.,,, = 0.5 + 0.4. The 10 constraint on thed,,,,
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(2002) and Lilly et al. (1996) both show good agreement with

' ' ' ' nlk our measured values despite the difference in evolutionary
slope obtained in the two studie§.(,~1.7+ 1 3,3+ 0.7 ,
respectively). The local LD reported by Sullivan et al. (2000)
appears high, as noted in Wyder et al. (2005). Finally, we show
a likely range of dust-corrected SFR densities, applying the
averageAnl’n, Arees to the best-fit parameterizedz) . Using
the Kennicutt (1998) SFR conversion, we find that recent dust-
corrected K measurements fall within our attenuation-
corrected range. Although we have implicitly assumed no evo-
lution in the dust correction, we emphasize that for UV
flux-limited samples we might expect evolution in the average
dust-attenuation correction versus redshift, and we will explore
this further in future work.

The FUV is tracing a predominantly homogeneous popu-

(Mo yr™ Mpc™)

log p.

00 05 1.0
evol | lation (star-forming and starbursting), making interpretation of

25/ I ! ! ! T integrated measures much more straightforward than at longer

0.0 0.5 1.0 1.5 2.0 25 3.0 wavelengths (cf. Wolf et al. 2003). We have shown that a
Redshift z significant population of UVLGs lies within easy reach
i (0.6< z< 1.2). We will compare these unique star-forming gal-
Fic. 5.—SFR density vsz. Filled circles from measurements at 1580 axies with their h|gh_redsh|f‘[ LBG ana|ogs (e_g_, Shap]ey et al.
(uncorrected for dust) same as in Fig. 1. Blue comparison points are rest-framezoos) In the near future our sample will expand by 5 times
UV measurements uncorrected for dust attenuation. Inverted blue triangle from. L . .
Sullivan et al. (2000). Dark blue triangles from Lilly et al. (1996). Light blue I this field alone and by more than 100 times using data from
triangles from Wilson et al. (2002) fox = —1.5 . Solid line rises @&+ redshift surveys across the sky. In some locations we will in-
2)**for z< 1 and then(1+ 2)*° forz>1 based off fit to our sample (see  crease our depth tm,; ~ 26 as part of the Ultra-Deep Imaging
inset; 10 and 20 confidence contours shown). Shaded region shows range Survey and probe down to Q.1 (see Fig. 4) to better constrain

corresponding to maximum/minimum dust attenuation. Filled red stars from : : -
dust-corrected W measurements (with increasing redshift) fromreRe the faint end Of¢FUV' This will be SquIememed by an even

Gonzdez et al. (2003), Gronwall (1999), Tresse & Maddox (1998), and Tresse larger catalog (more than 1@bjects) with photometric red-

et al. (2002). Open red star from SDSSofldmission line; Brinchmann etal.  shifts. We will soon be able to determine how SFR evolution

2004). depends on environment, morphology, and spectral type and
will examine our results within the context of cosmological

Bevo) Pair is consistent with independent derivations using the simulations. A major challenge lies in understanding the role

Two-Degree Field (Baldry et al. 2002), the Sloan Digital Sky of dust obscuration, one that we will explore using recent, more

Survey (SDSS; Brinchmann et al. 2003), and other recent stud-sophisticated models (e.g., Kong et al. 2004) as@#¢ EX

ies (e.g., Fig. 13 in Baldry et al. 2002). surveys continue.

Several uncorrectedblge) and dust-correctedréd) com-

parison measurements obtained using spectroscopic redshifts GALEX is a NASA Small Explorer, launched in 2003 April.

are shown in Figure 5. Before determinipg , we converted We gratefully acknowledge NASA’s support for construction,

02000 (Sullivan et al. 2000; Lilly et al. 1996) andl,.,, (Wilson operation, and science analysis for tBALEX mission, devel-

et al. 2002« = —1.5 data) tp,,, USINGA) obtained from oped in cooperation with the Centre National d’Etudes Spatiales

local p,5,, @andp ,40, By Wyder et al. 2005-4°9). Wilson et al. of France and the Korean Ministry of Science and Technology.
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