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Abstract. We analyze a morphologically-selected completatempting a first-order correction for dust extinction — support
sample of 52 late-type (spiral and irregular) galaxies in tteerevision of the Lilly-Madau plot at low-redshifts for both UV-
Hubble Deep Field North with total K-magnitudes brighter thaand K-band selected samples, as suggested by independent au-
K=20.47 and typical redshifts ~ 0.5 to 1.4. This sample ex- thors (Cowie et al. 1999).

ploits in particular the ultimate imaging quality achieved by

HST in this field, allowing us to clearly disentangle the earlykey words: galaxies: elliptical and lenticular, cD — galaxies:
from late-type galaxy morphologies, based on accurate profil&M — galaxies: irregular — galaxies: photometry — galaxies:
of the surface brightness distributions. Our purpose was to gpiral — infrared: galaxies

vestigate systematic differences between the two classes, asfor

colours, redshift distributions and ages of the dominant stellar

populations. Our analysis makes also use of an exhaustive set

of modellistic spectra accounting for a variety of physical and Introduction

geometrical situations for the stellar populations, the dusty In- _ ) _ _ _
terstellar Medium (ISM), and relative assemblies. The high phg_osmogomc models, in particular those base_zd on t_he h|era_rch|-
tometric quality and wide spectral coverage allow to estimat@! clustering of cold dark matter halos, now including detailed
accurate photometric redshifts for 16 objects lacking a spectf§lySical descriptions of gas cooling, star-formation and feed-

scopic measurement, and allow a careful evaluation of all sypé-Ck processes in the baryonic component, make specific pre-

tematics of the selection [e.g. that due to the surface-brightngiglions about the evolutionary history of galaxy populations as

limit]. This sample appears to miss significantly galaxies abofdunction of their morphology. _ _

= = 1.4 (in a similar way as an early-type galaxy sample previ- Basically, in the hierarchical _sche_me, formmg gaIaX|es ac-
ously studied by us), a fact which may be explained as a glol%d're gngular momentum fro_m fudal interactions with the sur-
decline of the underlying mass function for galaxies atthese hi nding structure and then dissipate and collapse preferentially
redshifts. Differences between early- and late-types are ap png the rotation vector and tend to form flattened rotational-
ent—particularly in the colour distributions and the evolutionajPPPOrted structures (disk galaxies). There are indeed indi-
star-formation (SF) rates per unit volume —, although the cor?f?t'ons of a subs_tantlal populatlon of large strL_Jctur_es of this
plication in spectro-photometric modelling introduced by dusfind uP to the highest redshifts from absorption-line stud-

extinction in the gas-rich systems prevents us to reach concfe? in the distant quasar spectra (e.g. Wolfe A.M. 1999). The

sive results on the single sources (only future Iong—wavelengﬂlf?ssure'supported stellar bulges dominating E/SO galaxies, in

IR observations will allow to break the age/extinction degefiS Scheme, would originate from the violent relaxation and
eracy). However, we find that an integrated quantity like tﬁg/na_mlcal_evo!unon foII_owmg strong interactions and mergers
comoving star-formation rate density as a function of redshfif Primordial disk galaxies. At the zero-th order, these models
¥(z) is much less affected by these uncertainties: by combiniHEfd'Ct that spheroidal galaxies are assembled somewhat later

this with the previously studied early-type galaxy sample, whaan spirqls, although their stellar populations might not dif-
find a shallower dependence ®f(z) on z between: = 0.2 fer much if the merger occurs among gas-poor systems. One
andz = 1.5 than found by Lilly et al.[(1995). Our present reSuch extreme case has been discussed by Kauffmann & Charlot

sults, based on a careful modelling of the UV-optical-NIR SEF-298) based on the = 1 standard CDM cosmology, predict-
of a complete galaxy sample — exploiting the observed timBg a substantial dearth of spheroidal galaxies already by z=1,

dependent baryonic mass function in stars as a constraint aRpt of them bemg formed at Iower Z. L .
More recently it has been pointed out that, within this

Send offprint requests 1&. Rodighiero scheme, the morphological appearance of a galaxy may re-
Correspondence tgodighiero@pd.astro.it peatedly change with cosmic time not only from a late- to an
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early-type following a merging event, but also from a spheroidadsults are then reported in Sect. 4, where we perform detailed
to a disk configuration following the acquisition of new inanalyses of the space distributions, colours and ages of the stel-
falling gas from the environment (e.g. Ellis R[S."1997). Thiar populations of field spiral and irregular galaxies, compared
may reflect in long-wavelength (V to K) colour distributionswith ellipticals and SO. We discuss the difficulties inherent in the
un-distinguishable between early- and late-types, while shortepectral modelling of gas-rich systems affected by dust extinc-
wavelength (U to V) colours would be dominated by the orion. We finally attempt to construct the global star formation
going SF in disks. histories of field galaxies (E/SO+spiral/irregulars). In Sect. 5 we
An opposite pattern is contemplated by the “traditionaBummarize our main conclusions.
models of galaxy formation, assuming that massive galaxies, We anticipate that the results of the present analysis, based
in particular elliptical and SO'’s, originated first at high redshiftsn a survey over a very small sky field, are to be considered as
as single entities from rapid homologous collapse of primordiahly tentative, until larger areas will be surveyed to similarly
gas. Gas-rich systems, in this view, form instead more quiekeep limits.
cently from progressive inflow of gas into the dark matter halos We adoptH, = 50 Km s~! Mpc~! throughout the paper.
during most of the Hubble time. This formation scenario thefor consistency with FA98 the analysis is made assumjng
predicts a marked differentiation in colours and ages for the stel5, and zero cosmological constakt
lar populations of the two classes of galaxies, late-type galaxies
containing much younger stellar populations on average than the
early-types. Also a substantial population of massive spheroids
would be expected to be visible at- 2 in this case. .
The ultra-deep integrations at various wavelengths pér-Sample selection and photometry

formed by the Hubble Space Telescope inthe Hubble Deep Figige Hubble Deep Field North has been observed in 4 broad
(Williams et al['1996; we consider here only the survey in thgands (F300W, F450W, F606W, F814W) for a total of 150 HST
North area) offer an extremely valuable dataset to study mefbits by Williams et al. (1996), and constitutes the deepest ever
phological properties of high-redshift galaxies. Furthermorgxposure on a small sky area. Accurate photometric data in the
the very accurate photometry achievable in such deep imagfs bands have been published for thousands of faint galaxies
allows accurate estimates of the photometric redshifts for vastthe authors.
numbers of faint galaxies in the field. Connolly et al.[[1997) observed the HDF—North in the near-
We have recently exploited these data to study the coloufR.with the IRIM camera on the KP® 4 m telescope. The cam-
masses, age distributions, and the star-formation history og@ employs a 256 256 NICMOS-3 array with 0”.16 pixel',
sample of elliptical-SO galaxies (Franceschini €tal. 1998, FA$8t the released images were geometrically transformed and
hereafter). The basic result was to find colours indicative gdbinned into a 1024« 1024 format. IRIM exposures have
wide ranges of ages for the stellar populations and a remarkaéen secured in thé, H and K filters, for a total of 12, 11.5
absence of objects at > 1.3, both facts telling against the and 23 hours, respectively. Format3imiting magnitudes for
predictions of the “traditional” monolithic formation SCGnariO.the HDF/IRIM imagesl Computed from the measured Sky noise
As a natural complement, we present in this paper an angithin a 2” diameter circular aperture, are 23.45 mag,&2.29

ysis of late-type and irregular galaxies in the HDF. Similarlyhag atH, and 21.92 mag &, whereas the image qualityis
to what we did there, our primary selection is in the K-band; o FWHM.

obtained from a deep KPNO image, to minimize the biases in Our Samp|e of ga]axies has been extracted from the

the sample due to the effects of K- and evolutionary correction$bF/IRIM K-band image through a preliminary selection
The completion of our previous analysis of E/SO to account fpased on the automatic photometry provided by SExtractor
the complementary set of late-type systems is also needed fpBartin & Arnouts 1996). It is flux limited in théd band and it
global evaluation of the star-formation history as a function @kcludes early—type galaxies, i.e. objects whose surface bright-
redshift. The advantage of our approach over previous attemésss distribution is dominated by a de Vaucouleurs profile.
(Lilly et al.[1996; Cowie et al. 1999) is in our careful treatment  To determine the limit of completeness in thieband (here-
of dust extinction from a detailed fitting of the UV—OptiC&'-NlRaf[er KL) for inclusion in our Samp|e, we followed the same
spectral energy distributions (SED). In addition, the detailegnpirical procedure described in FA98. Briefly, a large num-
knowledge of the near-IR (NIR) spectrum for sources at the r¢ler of toy galaxies with exponential profiles (produced with
evant redshifts is informative on the baryonic mass function {le IRAF-MKOBJECTS tool) have been used to check the
stars, which provides an essential constraint on the cumulatj&formances of Sextractor in estimating the K-band magni-
star-formation rate as a function of time. tudes (sg,) Of late-type galaxies. This allowed us to de-
In Sect. 2 we discuss the selection scheme and photomefigignine the magnitudé;,,, below which the scatte ..
corrections used to construct a complete K-band flux limiteff the measured magnitudes turns out to be lower than some
sample of late—type galaxies. In Sect.3 we describe the pg@ren valueo,,., (the vertical line in Fig. 1a corresponds to
ulation synthesis code that we used to model the optical-NIR, . = 21 ando,,., = 0.18). Moreover, using only galaxies
SEDs of our sample objects, taking into full account the effecigth (K, ) < K, we have derived the following empiri-
of a dusty interstellar medium in the galaxy spectra. Our maga| relation between the biasK = (Ksp,) — Kirue and the
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effective surface brightnesg.” (SEz)) (see Fig. 1b):

log AK = —1.059 + 0.188 (i) + 0.061 (15 )?

+0.006 (u)? (1)

where(uX) = (X (SEx)) — 21. This relation provides the
true total K magnitudes from the SExtractor measured flux.
Then simulations have shown that the K-band image has a sur-
face brightness limit of uX (SEx)) = 23. g
By analogy with FA98, we have first produced a cataldg
of morphologically selected late-type objects wikhy g, <
K, = 21.0; then we have used effective radius estimates
from high resolution (HST) optical imaging to derive the efe.1
fective surface brightness of galaxiég.{ )); finally, we have
applied to the Ksg, magnitudes the statistical corrections
given by Eqg.(1) and we have included in the final sample
only galaxies with corrected magnitudes less than or equal to

Krp = Kiim — AKpaz — Omae = 20.47 mag (we assume ¢
18

AKpaz ~ 0.35 from Fig. 1b).

LA L ) LN L B

8 )

T

00g,

@
@

o

©

o
1

loeo

NI B R R S

Ll

T

T

K

SEx

T T

O—660 0 0 e o

=21

T

™0

T

LI

©O 0O O 00O
o 00 O O

1

L |

PRI

19 20 21

<Kge, >

18

20

<pg>

22

0.4

Hos

0.2

0.1

519

Keee> Kire

A total of 176 objects withK sz, < 21 mag were detected
by SExtractor in the IRIMK -band image. After careful inspec-Fig. 1. Left panel: standard deviation of the SExtractor magnitude es-
tion of the high resolution HST images, we rejected all ellipticainates as a function of the average magnitude for galaxies in the sim-
and SO galaxies (including the 35 early-type objects identifiethted images: the standard deviation is very small(f§kz.) <
in FA98) and the stars. A few objects were also rejected froph™.0. Right panel: difference between true flux and the SExtractor
the sample due to their position in the frame (at the edges of fh}é_as a function qf the_average surface brightness for the subsample
image the noise is higher and the magnitude estimate is likelygimulated galaxies withK's ) < 21™.0.
be uncertain). We then produced a first preliminary, incomplete

sample of late—type galaxies. _ (Dec); Column 5z is the effective radius, in arcsec, derived
The effective radir. were estimated running SExtractor ofrom HST images; Columns 6-9: optical U, B, V, | magnitudes
the WEPC2/50 frame with the parametdf LUX _RADIUS,  jn the AB system (see above); Columns 10-12: near-infrared J,
surface brightnes.* (SEx)) was evaluated for each galaxyredshift of each object. Values in brackets are photometric red-
and the statistical correction8K" were computed using theghifts, while the other are all spectroscopic.
Eqg. ().
The final complete sample of late-type galaxies with ) )
Ko < 20.47 consists of 52 objects over the HDF area of- Modelling galaxy SEDs in the presence of a dusty ISM

5.7 square arcmin. For 36 objects we have the spectroscopife optical-NIR SEDs of our sample objects have been mod-
redshift (Cohen et al. 1996; Fernandez-Soto et al. 1998), whiled using the population synthesis code GRASIL (Silva et al.
for the remaining 16 we measured it from our photometric angiggg), taking into full account the effects (optical extinction and
ysis as described below. thermal reprocessing) of a dusty interstellar medium in galaxy
A procedure analogous to that outlined for the K band wapectra. We defer the reader to that paper for a through descrip-
used to derive, for each object of the selected sample, the &@§n of this model and for precise definitions of the parameter,

rected magnitudes in the J and H bands. while for convenience we summarize the main features below.
The optical magnitudes in the F300W, F450W, F606W and

F814W bands (U, B, V and | in Table 1, respectively) have been
computed again with SExtractor on the high resolution WFPG2L: The GRASIL code

images (no corrections being applied in this case). Magnitudgse code provides a self-consistent description of the formation
are in the AB system, defined by the relation (QkeGunn and evolution of a galactic system in its various stellar and ISM
1983): components, including its secular evolution during the Hubble
time and episodes of enhanced star-formation possibly follow-
ing interactions and mergers.
whereF,, is the flux inerg cm™2 Hz~!, the constant beeing  As a preliminary step the code allows to solve the equa-
choosen so thal B = V for an object with flat spectrum. tions ruling the chemical evolution, providing the star forma-
Some data on the sample are listed in Table 1. Column 1: dian and metallicity histories SFR(t) and Z(t) as a function of
identification; Columns 2-4: coordinatasandé (at J2000). To time. The computations presented here were performed adopt-
these must be added 12 hours 36 minutes (RA) and 62 degiiegsone—zone (no spatial dependence) open models including

AB = —2.5log F,, — 48.60 @)
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Table 1. Photometric data on the sample galaxies
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id Q 0 7‘5(”) UAB BAB VAB ]AB Jco'r’r‘ Hco'r’r‘ Kco'r’r‘ AV Mtot SFR
s / 1"
0 56.65 12 4560 121 2491 2249 21.09 20.05 18.26 17.48 16.79 0.517 0.17 297
1 51.08 13 20.73 112 2169 2052 1995 19.63 1840 17.87 17.30 0.199 103 0.26
2 46.15 11 4205 034 2340 2290 2240 20.80 19.17 1838 17.37 1.012 225 18.19
3 53.90 12 5405 060 2374 2280 2189 2088 19.12 18.30 17.47 0.642 116 244
4 4396 12 50.13 031 2390 2287 2183 21.01 19.27 1846 17.59 (0.55) 1.74 243
5 4458 13 4.66 0.54 2524 23.63 2223 21.24 19.29 1840 17.67 (0.68) 1.15 231
6 51.78 13 53.73 049 2392 2297 2197 2109 1942 1851 17.70 0.557 156 1.99
7 4291 12 16.26 052 2286 2222 2132 20.74 19.20 1853 17.90 0.454 0.28 0.56
8 49.75 13 13.09 0.63 2499 2354 2229 2149 19.07 1856 18.00 0478 1.34 1.07
9 50.25 12 39.72 049 2259 2208 2125 20.69 193 18.67 18.00 0.474 037 0.39
10 4195 12 541 0.47 23.34 22,60 21.67 21.03 1942 18.78 18.04 0.432 0.34 0.40
11 4585 13 2581 0.85 23.23 2230 2145 2095 1945 18.86 18.13 (0.4) 0.48 0.38
12 43.18 11 48.05 0.47 26.05 2495 2391 2245 20.14 19.29 18.23 (1.06) 0.89 347
13 51.72 12 20.18 0.34 2485 2334 2224 2155 19.87 19.12 1831 0.299 0.95 0.17
14 4272 13 7.26 0.33 25.61 2458 2322 2219 20.00 19.21 1832 (0.737) 173 2.83
15 47.04 12 3496 040 2284 2219 2146 21.03 19.66 19.05 18.34 0.321 1.00 0.22
16 4951 14 6.77 0.34 2417 2358 2282 2183 20.17 19.23 1841 0.752 2.07 293
17 4951 12 20.11 061 2558 2516 24.04 2246 20.34 1940 18.53 0961 1.03 255
18 4142 11 4289 0.33 26.18 2513 2481 2416 20.69 19.66 18.60 1320 1.03 1.58
19 58.76 12 5235 0.85 2318 2252 21.72 2131 1992 19.34 18.77 0.320 0.38 0.08
20 5558 12 4543 047 2418 2363 2297 2197 2035 19.65 18.86 0.790 0.70 0.92
21 5047 13 16.16 0.64 2546 2462 23.74 2260 20.68 19.95 18.90 (0.88) 1.65 1.05
22 5733 12 5963 044 2283 2253 2182 2138 20.10 1942 18.93 0.473 0.47 0.5
23 4131 11 4087 033 27.02 2470 23.61 2247 2057 19.73 19.01 0.585 0.67 0.51
24 3844 12 3135 059 26.76 2515 23.74 2267 2085 20.03 19.17 (0.7) 1.06 0.49
25 49.24 11 4838 032 2546 2493 2416 2296 20.67 19.98 19.18 0961 0.23 1.03
26 48.62 12 1581 047 26.70 26.20 2520 23.60 21.23 20.23 1921 (1.35) 096 295
27 4945 13 16.58 0.28 2541 2444 2402 2327 2118 20.22 19.22 (1.006) 1.74 2.55
28 4812 12 1490 0.88 24.26 2383 2354 2264 2053 20.02 19.36 0961 0.27 0.90
29 5410 13 5435 045 2435 2384 2337 2243 21.01 20.17 1941 0.894 168 1.37
30 5270 13 5549 0.27 2396 2322 23.06 2271 20.64 20.08 1941 1355 054 0.67
31 3899 12 1963 045 2414 2367 2295 2222 2081 2017 19.57 (0.77) 151 1.07
32 4419 12 4790 039 2299 2265 2213 2165 20.50 19.91 19.58 .558 050 0.27
33 4901 12 20.86 018 23.87 2354 2323 2244 20.89 20.53 19.68 0953 047 0.34
34 3956 12 13.83 044 2820 2649 2515 2379 21.62 20.53 19.69 (1.22) 2.07 3.48
35 4827 13 138 0.29 26,53 2590 2530 24.07 2151 2036 19.75 (1.165) 0.57 1.15
36 5345 12 3452 034 2497 2425 2350 2281 2147 2083 19.80 0.559 2.08 041
37 5553 13 5348 070 2404 2349 2323 2265 21.27 2048 19.80 1.148 170 2.19
38 4958 14 1463 048 2540 2400 2380 2270 2137 20.75 1994 (0.92) 0.82 0.30
39 57.67 13 1532 039 2443 2394 2357 2282 2129 20.71 19.97 0952 046 0.31
40 5550 14 271 0.55 26.06 24.87 23.87 2299 2148 20.75 20.01 0.559 1.07 0.16
41 48.79 13 1835 0.68 24.27 2393 2350 2276 21.32 20.27 19.66 0.749 1.85 0.30
42 4719 14 1418 0.22 26.70 25.74 2459 2353 21.84 20.63 20.02 0.609 1.83 0.40
43 5721 12 2583 051 2417 24.02 2391 2245 2134 20.60 20.05 0.561 0.32 0.11
44 4834 14 16.63 0.16 25.86 23.97 23.73 2343 2164 2053 20.11 2008 0.33 1.69
45 4778 12 3293 0.28 25.21 2473 2427 2334 2147 21.12 20.12 (1.04) 0.98 0.64
46 52.87 14 511 0.29 2570 24.84 24.06 2325 2138 20.89 20.21 0.498 0.16 0.08
47 52.02 14 0.91 0.33 2525 2455 23.72 23.02 2148 20.74 20.22 0.557 0.23 0.08
48 4858 13 2835 047 2533 2430 2395 2300 2122 21.08 20.24 0.958 0.68 0.27
49 4464 12 2739 024 2579 2428 2411 2373 21.63 20.89 20.29 (1.58) 0.18 0.49
50 4445 11 4182 0.62 2443 2446 2452 2388 21.05 2125 2042 1.020 0.17 0.37
51 56.13 13 29.74 039 2438 2413 2397 2334 2138 2130 2045 (1.2) 0.80 0.72
41 48.79 13 1835 0.68 24.27 2393 2350 2276 21.32 20.27 19.66 0.749 1.85 0.30
42 4719 14 1418 0.22 26.70 2574 2459 2353 2184 20.63 20.02 0.609 1.83 0.40
43 5721 12 25.83 051 2417 24.02 2391 2245 2134 20.60 20.05 0.561 0.32 0.11
44 4834 14 16.63 0.16 25.86 23.97 23.73 2343 2164 2053 20.11 2008 0.33 1.69
45 4778 12 3293 0.28 25.21 2473 2427 2334 2147 21.12 20.12 (1.04) 0.98 0.64
46 52.87 14 511 0.29 2570 24.84 24.06 2325 2138 20.89 20.21 0.498 0.16 0.08
47 52.02 14 0.91 0.33 2525 2455 23.72 23.02 2148 20.74 20.22 0.557 0.23 0.08
48 48,58 13 2835 047 2533 2430 2395 2300 2122 21.08 20.24 0.958 0.68 0.27
49 4464 12 2739 024 2579 2428 2411 2373 21.63 20.89 20.29 (1.58) 0.18 0.49
50 4445 11 4182 0.62 2443 2446 2452 23883 21.05 2125 2042 1.020 0.17 0.37
51 56.13 13 29.74 039 2438 2413 2397 2334 2138 2130 2045 (1.2) 0.80 0.72
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14.84

4.02
32.59
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the infall of primordial gas, according to the standard equatioparameters influence the rate of star-formation with respect to
of galactic chemical evolution. As usual, the star formation ratiee simple available amount of residual gas, in particular the
is determined by the amount of gas in the system accordinggi@s pressure and temperature, which may drastically change as

a Schmidt-type la] a consequence of a violent dynamical event, like an interaction

i or a merger, followed by gas compression and efficient cooling.

SFR(t) = v Mg(t)". Overall, we use the criterion of considering acceptable values
from 0.2 to 5 times the ‘trueM, given by the chemical evolu-

We have generated 3 differeStF'R(t), in order to provide a . d

wide range of spectral evolution patterns. The peak OCCUTStlgp code.

about 1, 2 and 3 Gyr (hereafter model (a), (b) and (c) respec-

tively), getting broader from (a) to (c). As a result, half of th&.2. An extensive grid of model template spectra

final stellar masd/ (i.e. at 13 Gyr) has been assembled atgala}:&e code allowed us to build a very large set of model spectra
€

tic times of 2, 3.7 and 4.7 Gyr in the three cases respectively. o ) RO
) scribing all possible age and mass distributions for the stellar
standard Salpeter IMF between 0.1 and 10 is assumed. . . :
Populatlons, for the dusty ISM, and relative assemblies.

As described by Silva et al. (1998), GRASIL calculates sel 0
consistently the absorption of starlight by dust, the heating and For each of the 3 histories SFR(t) we have generated two

L . .grids of models: one with, = 5 Myr and another witht, = 30
thermal emission of dust grains, for an assumed geometri . : .
L o, ] yr. Silva et al. (1998) found that the former value is typical
distribution of the stars and dust, and a specific grain model, . . . . i
for normal spirals while the latter is more suited for starbursting
In the GRASIL model several parameters affect the ovely stems. Each of these grids consists of 1400 models computed
all modifications imprinted by dust on the SED. However, it ' 9 P

. : ..’ with agestq ranging from 0.2 to 10 Gyr in steps of 0.2 Gyr
we confine ourselves to the attenuation of stellar radiation in . . ' i
X . and M, from O to 1 (in units of the final mass of stars) in 28
the optical/lUV/NIR bands, we can obtain most of the possi- "7 .
ble spectral behaviours by adjusting only two quantities: th%garlthmm steps.
In total we have therefor@400 x 2 x 3 = 8400 model

escape timescale t, (see EQ. (8) in Silva et al. 1998 for a pre- L .

. N srpectra with different age, gas content, MCs escape timescale,
cise definition) of newly formed stars from parent molecul%nd SFR(t) which we compared with the observed sample
clouds (MCs) and the total mass of dust. Indégdontrols the SED. allowing for the obvioups scaling in luminosit P
fraction of light from very young stellar generations hidden in= "’ ving : 9 OSIty.

. : . In addition we considered one further grid of spectra to
side MCs and converted to IR photons, since the MCs optical i
thickness is very high below 1um (cf. Silva et al. 1998). On see hO\.N our observed SEDs compare Wllth those expected for
the other hand, the effects of the diffuse (cirrus) dust dependE Lﬁ] terruor:(cj:zltesgz[te :T é frot:)tzienjﬁlg\;g tuhseegnset éllz)a(C)aIn;((:)t?ce:/’vin d
several quantities: the radial and vertical scale lengths for st?.hs yrito si agaa L
and dust distribution®,; andz4, the residual gas in the galaxy(E © ?g)oiﬂtes(?l\?:zrtn:r r{égg;'?,v(i:tahse_wgslg (r]rc;/dfgle;j ]\; 'r;%] /Ejmf"e
Mg, the dust to gas ratidand the fraction of gas which is in the d: ’ e ©
MCs componenf,,.. However we found that most, if not all, :

: . . s An example of the resulting fits to the observed broad-
the possible attenuation laws of the diffuse dust, arising frobm : 2 . .
8nd spectra of sixteen galaxies in our sample is reported in

different choices of these quantities, can be closely mimick : )
by simply adjusting the amount of gas, while fixing the othfr'g'lz' The analysis of the 52 fitted SEDs reveals the presence

uantities to the ‘typical’ valuesRy — 3.5(M /101 M, )1/ of two dominant different kinds of spectral behaviours: (a) ob-
Epc . —O01R 5yE 0.01 and f d __0 5 Obviously®while jects which are red and show a strong convergence in the UV
y ~d — . ds - . mc — U 1

different choices of\f,, Ry, z4, § and f,n. can yield similar region, and (b) blue spectra that are flatter at all wavelengths,

attenuation laws on the optical spectrum, the spectral Shagggmnated by young stellar populations.

of the corresponding IR continuum re-radiation can be rather
different. 4. Results

Strictly speaking the residual gas, is not a parameter, be-4.1. The space-time distribution
ing instead the outcome of the chemical evolution code, throughk -band selected late-type galaxies
the Schmidt law. However we use the trick of forcifng, to ) ) ]
different values, in order to describe with a monoparametr]'® 9rid of model spectra has been used to estimate redshifts
sequence the effects of a global attenuation on the SED. #@m spectral fits to the 7-band photometric data for the 16
sides this, a larger ‘freedom’ al, takes into account that theg@laxies lacking a spectroscopic measurement. As typical in
Schmidt law should not be taken too literally, as a strict r&aS€s in which such a wide spectral coverage (0.3 tihp
lationship between the total gas content and §tfeR in the and accurate photometry are available, the relative errots in
system. The law may only provide an order of magnitude d&'n out to be quite small, of the order of10%. These broad-
scription, in particular for the secular evolution of the SFR, tHRand spectral fits allow quite robust estimates of redshifts also
so-called “inactive phase” of galaxy evolution bringing esseffr dusty objects, mostly exploiting a well-characterized fea-

tially to the formation of spiral disks. Several other physicdyre of the optical spectra, the Balmer discontinuity, which is
weakly affected by dust extinction (cfr discussion in Sect. 3.2.1

1 The code can be downloaded frdrtip://grana.pd.astro.it in FA98).
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3.5 4 35 4 3.5 4 35 4 Fig. 2. Observed broadband spectra for six-
teen galaxies in our sample, fitted with the
log(\) [um] synthetic models described in Sect. 3.

To check the consistency of our method, we compare in | i
Fig.[d our photometric redshift predictions with the correspond- ] .
ing spectroscopic measures. The vertical error bars refer to dif-
ferent solutions at better than @0confidence, derived from I
a x? fitting procedure using models (a) and (c). Fig.3 shows | 1
overall good agreement within our modellistic uncertainties of | ]
the fits. Added to the 36 spectroscopic redshifts, this procedujq . B
enabled us to get quite a reliable redshift distribution for odr | i
sample objects. S

The distribution in redshift of a source population from & i } I il

complete flux-limited catalogue provides a powerful constrai@t 1L
on its evolutionary history and formation epoch. This obviously L I
assumes that we control with reasonable confidence all possible |
selection effects, in particular those due to the surface bright- |
ness limit, the cosmological dimming and K-corrections to the 5 | I |
fluxes. If some morphological criteria are at play, one needs :
also to understand how morphological appearance may evolve
with redshift. In our case the control of the selection effectsis | ,
made easier by our primary selection in the K-band, which im- o TR ‘ TR ‘
plies minimal K- and evolutionary corrections as a function of '
redshift.

The availability of accurate measurements of the eﬁeElg.S.Comparisonofphotometricrgdshifts, basedonseveq-bandspec-
tive radii . allows to control the effects of the limiting sur—tra_l data,_wnh spectroscopic re_dshlfts. Error ba_rs refer t02 |r_1t(_3rval So-
face brightness observable in the field in K, which we evalmt!Ons with more than 9 confidence level, derived from” fitting
ated from the simulations described in Sect. 2 to{pg) ~ using models [a] and [c].

23 magnitudes/arcsec?.

spectroscopic redshift
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Fig. 4. Scaling of the observed average surface brightness for two faint

galaxies in our sample as a function of redshift, according to the evoltig. 5. Redshift distribution for spiral and irregular galaxies brighter
tion models (a) for galaxy # 16 and (c) for # 50 respectively. Note thétan K = 20.47 in the HDFN. The continuous line is the predicted
galaxy # 50 is the one with the lowest observed value of the surfadistribution based on canonical local luminosity functions for late-type
brightness. The deep K-band image used in the primary selection Bag irregular galaxies and the spectral evolution model (c) mentioned
a 3o limiting brightness o3 K magnitudes/arcsec?. in Sect. 3.1.

Fig[4 shows the evolution of the observed surface bright-
ness for two objects in our sample (including the galaxy wiilit has the minimal evolution rates among the three models con-
the faintest surface brightness) as a function of redshift, takisigiered). The other assumption we made is that the luminosity
into account the cosmic dimming and using a variety of speftnction changes as an effect of the evolution of Ai¢L ratio
tral evolution patterns corresponding to the models describ@d changes because more mass is turned into stars with time,
in Sect. 3. It is clear from the figure that the cutoff in surfacg follows the evolution of the stellar populations). The onset of
brightness in the IRIM K band image has no impact in our setar-formation is assumed to happen at 4.
lection process above our adopted limit in total magnitude of As shown in the figure, these assumptions would imply an
K < 20.47, and the whole redshift space up to at least 2.5  expected number of late-type galaxies at 1.5 significantly in
is clearly accessible in principle. excess of the observations (9 expected versus only 1 observed).

Fig 3 reports the histogram of the observed redshifts for otihis result parallels a similar finding by FA98 and Rodighiero,
completeXX’ < 20.47 sample (including the 16 photometric estiFranceschini and Fasano (2000) for the early-type population,
mates). The distribution shows pronounced peaksab.5and showing a demise of objects at redshifts larger than1.3. One
z ~ 1, clearly indicative of strong inhomogeneities in the souragf the possible interpretations of this effect given by FA98, i.e.
distribution due to spatial clustering in the relatively small vokhat the morphological selection could miss galaxies with shapes
ume sampled by the HDFN. The uncertainty due to clusteridgviating from the De Vaucouleurs profile in case of merging
in the limited volume has to be kept in mind when drawing amctivity at these redshifts, is no longer acceptable: essentially
conclusions from our analysis, which require confirmation frothere are no bright{ < 20.5) galaxies altogether at > 1.4
surveys on more extended areas. in the HDFN area.

A second relevant feature is apparent in Hg. 5: a cutoff at
z ~ 1.4, with only 2 objects out of 52 found above this limit. . . — ;

We compared this distribution with a model prediction base4d2' Evaluating galactic ages and extinction properties
onthe local luminosity function of galaxies in the K-band (GardAs anticipated, if the photometric measurement of redshift from
ner et al’I997) complemented with information on the conttiroad-band spectral fits is weakly affected by dust extinction, the
butions of various morphological classes from optical data (sestimates of most other physical parameters of gas-rich systems
Franceschini et al. 1998 for more details). The luminosity funsuffer quite more by the uncertain amount of dust and from the
tion is then evolved according to spectral model (c), which prdegeneracy between ages of stellar populations and extinction.
vides a conservative estimate of the numbet of 1 galaxies To check this we have used our large grid of model spectra
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Min x? =3.9 - levels at Min x? + [1,5,10,15,20] Min x? =4 - levels at Min x? + [1,5,10,15,20]
0.8} {08t
0.6 {06}
(ug
0.4t 104}
0.2t {02l J Fig. 6. Examples of different fits to the ob-
served broad-band spectra of object number
0 : ) - - - 0 : : : . . 1, fitted with the population synthesis mod-
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3 els described in Sect. 3. The figure plats
age age contours for the amount of dust-rich gas ver-
o7l ' ' ' ' "] o7l ' ' ' ' "] susthe age (top panels) and the correspond-
ing best-fit spectra for two different histo-
ries of SF (lower panels). The solution on
o758l b7 5] the right refers to the model [a] in Fig. 2 and
uw a value for the escape timescaleof 5 Myr
g (see Sect. 3.1 for details about these param-
% OBJ-—>1 SF-—> % OBJ -—>1 SF-—> . i
o8l oI c 18| woBI a | eters). Onthe left: solution for model [c] and
% age AV 2 % % age AV X t, = 30 Myr. The contours correspond to a
%120 110 392 %280 0552 4.03 x? increment of 1,5,10,15 and 20 with re-
85 ‘ ‘ ‘ ‘ R ‘ ‘ ‘ ‘ ‘ spect to the best fit in the grid. Therefore the
3.4 3.6 3.8 4 42 4.4 3.4 36 3.8 4 42 44 second innermost contour correspond to the
log A [Hm] log A [um] 90% confidence interval.

to study the degeneracy of the spectral-fitting solutions of oup to a few hundredam, where actively star forming galax-

sample galaxies. ies emit most of the energy, would allow to break the present
Figs[® plotsy? contours for the amount of dust-rich gaslegeneracy in the solutions.

versus the age for two representative galaxies, as well as the

best-fit spectra for two different histories of SF (model [a] an&i3 Colours, sizes and average surface brightness

[c]). ‘ S and a .
It is immediately apparent that, even within sets of moc?—f late-type galaxies at high redshifts

els based on the same evolutionary SFR(t), a fairly substanfsl a first assessment of the age and extinction distributions, we
degeneracy exists between the age and amount of dust. Furttegert in Fig[9 the rest frame (V-K) and (B-J) colours as a func-
more, rather different star formation histories can lead to equatign of redshift. As in FA98, the rest frame (B-J) colours are
good fits, as detailed in Figl. 6. computed by interpolating the observed galaxy spectra using
Fig[d summarizes some results of our best-fitting proctie best-fit models listed in Table 1 (see Sect. 4.4), while the (V-
dures for three representative objects in our sample. For e&Jjtcolours require a slight extrapolation to longer wavelengths.
object, it reports various solutions for the rate of on-going SF aittie left two panels refer to the observed spectra, which include
the average V-band extinctioty, including the corresponding the effects of reddening, while the colour distributions reported
values of they?. This figure illustrates the fact that the observei the central panels correspond to “de-reddened” spectra (i.e.
SEDs can be fitted with models differing in the current rate ¢éiking out the effect of extinction and showing the underlying
star-formation by factors up to 5-10: a large amount of SF awlour distribution). As we see, extinction plays a significant
tivity can be easily hidden at wavelengths below a faw. role: the estimated absorption-subtracted colours appear on av-
Fig[8 details the results of two different fits to the observegtage bluer by one magnitude. De-reddened colours are com-
broadband spectrum for object 30, clearly illustrating the degerared with the predictions of single stellar populations with solar
eracy existing between SF and extinction. The two SEDs corraetal abundances (dashed horizontal lines). The vertical error
spond to two solutions reported in Hig. 7, with values of the SRRrs in the central panels are the mean uncertainties related to
differing by a factor 2.5. The top panel refers to the solution Iour de-reddening procedure based on our grid of models and
with x? = 6.77 and SFR- 200M, /yr. The lower panel refers our adopted 90% confidence level.
to solution 2 withy? = 7.44, SFR~ 400 M, /yr. Itis clear that A comparison with the early—type galaxy sample studied
if the analysis is confined to optical/NIR wavelengths, it cannby FA98 indicates that our late—type field galaxies present red-
clearly discriminate between the two solutions, whose diffeler colours on average, because of extinction. This evidence is
ences are apparent only including the far infrared spectrustonger in the (V-K) distribution, where a remarkable excess
where dust re-emission would be detectable. Only observatiaiged late—types is apparentat- 0.5 andV — K > 3. This
of the IR spectral energy distribution, say between a few tentligstrates that selecting by colours is far more sensitive to ex-
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% oL ° 1.3 | Fig.7.For three representative objects in our samel( 30 and 36)
° 1.9 located at different redshift (z=0.199, 1.355 and 0.559 respectively) we
L ° 12.3 | plot various solutions for the rate of on-going SF against the average
V-band effective extinctiomdy.. We report the best-fit solutions for
AL | every different history of SF considered (as described in Sect. 3.2) and
two more corresponding models: the youngest and the oldest one with
L4 154 X% = xi.s: + 5. The labels near the points are thevalues for each
| | | | |

solution. This figure illustrates the fact that the observed SEDs can
be fitted with models differing in the current rate of star formation by
v factors up to 5-10.

tinction effects than to intrinsic differences among the stell&r colours of galaxies independent of morphology does indeed
populations contributing to the flux. support a common age distribution for the spheroidal stellar
Once de-reddened, the rest-frame (B-J) colours reveal yowrggnponents in Elliptical/SOs and in spiral bulges, something
stellar populations with ages from 0to 2 Gyrs, significantly blugrredicted by the hierarchical formation scenario mentioned in
than those of early-type galaxies, indicative of on-going S&ect. 1.
The (V-K) de-reddened colours show a dependence on redshift: Finally, we report in Fid, 10 our measured average surface
while atz < 0.6 they appear blue, those for galaxiegat 0.7 brightness in the B bandz)) versus effective radiug,. for
are constant and quite red on averagje:(V — K < 3), and as thebona-fidespirals in our high-z sample, compared with data
red as those of the early-type population investigated by FA98m a local sample based on the RC35) was computed for
We warn that translation to age-distributions is subject to tloeir distant sources applying only the K-correction and the cos-
uncertainties in the evaluation of the effective extinction (seeological scaling factors. A further correction has been applied
also next section). However, the similarity in the intrinsic \aking into account the effects of internal absorption. While the
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largest values oR. shown by local galaxies are missed by our -
high-z sample because we are not sampling the rare popula-
tion of large size galaxies in the HDF limited space volume, .3 |
there is no evidence of a significant offsetjnz) between the ;
local and distant spirals within the large observed spreads i35 | 7
the data. In particular, the lowest surface brightness galaxi&%s_14 r AN OBJ 30 7
((up) ~ 22 — 23) in our sample are highly inclined, proba-g F / , soll ]
bly extinguished, objects. Note that the same relation fitting thigias |
Kormendy relation for E/SO galaxies also fits data for spirals@ c

()

—_ __  cirrus

15 |

~125 |
4.4, Atentative physical characterization B

of late-type galaxies in the HDF-N o 18

Though aware of the uncertainties inherent in the spectral mod:ss |
elling of gas-rich systems due to the uncertain extinction, nev-
erthless we attempt here to estimate some basic physical pa-** |
rameters of these sources, or at least to provide some boundagy;
values as found by application of our vast model grid.
We report in Table 1 the formal best-fit solutions obtained -15
from fitting the observed SEDs of our sample galaxids:
V band effective extinction)/,,,: total baryonic mass divided
by 10'! solar masses§F R: observed SFR in solar masses pefig. 8. Example of two different fits to the observed broad-band spec-
year. trum for object number 30 in our identification. We report the spectral
Fig[Ida plots the rate of ongoing star-formation SFR bas@@laxy emission of two dusty environments (Sect. 3.1): dashed line =
on best-fit solutions versus redshift for our sample galaxies. T#8use ISM (cirrus), dot-dashed line = molecular clouds (MCs). The

values derived in our analysis have a median arofifid? = solid line corresponds to the total integrated spectrum of the galaxy.
. : : Solution 1 (top panel) and 2 (bottom panel) refer to that plotted in
10 Mg /yr. Only one peculiar object (source number 2 in TaFig.? for object 30, corresponding to a value 4f, ~ 1.9, with

ble 1) shows an extreme value of SF (abev800M, /yr). Itis SFR~ 180Mo /yr, x2 = 6.77 (for sol1), and SFRv 420M /yr,
an apparently normal giant spiral viewed face-on, for which OWE _ 7 44 (for sol2).

spectral fit predicts a large extinctiohy, = 2.2. A more stan-
dard extinction value4,, = 1.3), still providing an acceptable

fit, would still correspond to alarge value of SER00M /yr. et al.[1996). When referred to the average galaxy population in

The apparent scaling of SFR with z in Higl 11a may be eife field, this function was shown to drastically increase from
plained as mostly a selection effect concerning the luminositye present time back to redshift- 1, and to flatten off above.
of our ObjeCtS. On the other hand, F@. 11b indicates that the The Separate contribution of ga|axies with ear'y_type mor-
star formation rate is on average proportional to the intrinsifhologies to the global star-formation rate per comoving vol-
baryonic mass, such that galaxies with higher SFR are typicaljyhe U(z) [Mg yr—' Mpc—3] has been estimated by FA98
those more massive. By looking at higher redshifts means to ngg the complementary sample in the HDFN and population
serve only the more luminous sources, those with larger mass§fithesis results. The outcome was that early-types contribute
Our K-band selection then operates largely on the stellar maggnificantly to the totail’(z) mostly atz > 1, their fractional

Any dependence on redshift disappears when we normalightribution decreasing very fast at lower
SFR to the baryonic mass, as it is done in [Eifj. 11c. The ratio A first reason to perform a similar computation on the com-
Mo, /SFR appearing in Fig.T1c gives the timescale for thglementary sample of spirals and irregulars is to compare the
formation of stars in our late-type galaxy sample. The lattgfo histories of SF. A further reason of interest to have the full
does notreveal characteristics of violent starburst, if we ConSiqg'mp|ete Samp|e processed comes from recent reports C|aiming
our observed timescales required to convert all gas in stasgidence for a more gradual decline of the galaxy ultraviolet
these range from 1 up to 20 Gyrs, and indicate a moderate $i@hinosity density at < 1 (Cowie et al[1999; Treyer et al.
formation activity for the present K-selected field galaxies. [1998), taken as an indication of a modest evolution of the rate

of SF during the last- 10 Gyrs of the galaxy cosmic history.
4.5. Constraints on the global star formation history: An independent assessment, accounting for dust extinction
contributions of late-type and early-type field galaxies and exploiting the observed baryonic mass function in stars
through a full spectro-photometric fit to the SED’s, would then

A most popular way to represent the evolutionary properties|gd clearly welcome. We remember that, whereas this computa-
a population of cosmic sources is through the plot of the toighn, js relatively straightforward for the classified ellipticals/SO
luminosity density (or the stellar formation and metal produgp,e to the lack of an ISM complicating the stellar population-
tion rates) in the comoving volume (Madau et'al. 1996; Lillgynthesis fit, modelling gas rich late-types presents more severe

log(\) [u] (observed)
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observed de—reddened ELLIPTICALS-SO
O L L L L B I L B I \ \ \ 4
OOI - + f
Lal" f 1 f
— -
TSl -:%' w0
> = a" :D
2 | oA
£ dm O
= T+ 1 Fig. 9. Rest frame (V-K) (upper panels) and
[ S T s T T R N s e T T B (B-J) (lower panels) colours of late-type field
AL SR S galaxies, compared with predicted values for
" o Ca ] T ] single stellar populations with solar metallic-
Sr .@OQQG'!) 7 4O 7 ity. The ages for the latter are indicated as
’—F " . . ] e well the mean colours of local galaxies. The
© 2sF o . " i left two panels refer to the observed colours,
° LB ] on the center we present the corresponding
£ -O. o 1 “de-reddened” colours based on our best-fit
2 2 ® B g O Ep B Rge T e B E SED solutions. On the right we report the
. = » OF ] ] rest-frame colours of ellipticals and SO galax-
O g5 O n 145 ies from FA98. Filled squares refer to ob-
[ 1 o ] jects with spectroscopic redshift, open circles
] ] to those with photometric redshift. The error
' ‘ L ‘f ‘ L ‘f 1 bars shown in the central panels correspond
0 0.5 1 15 20 ] 15 2 to the uncertainty in the dereddening at 90%
z z z confidence.
problems due to the presence of dust. We will see later, how-
ever, that the corresponding uncertainties tend to average outin ]
the integrated form of th& (=) function, providing a relatively 20 B %o, 5 |
robust result. Nl s .
We defer to the paper by Franceschini etal. (1998) forallde- | X L T e 1
tails of the computation. To remind here only the basic steps,for | , *° '\{;{ o 4 o i
all 52 objects in our complete sample we computed, within our o g ”i\igg?bg; T e
grids of synthetic spectra, the younger and more extinguished | §oo ’ 7

solution. In the same way we determined the older solution Ie% 20 L
affected by absorption. We computed the available comoving
volumesV,, ., within which the object would still be visible
above the sample flux limit (Lilly et al. 1995, 1996). The contri- L
bution of each galaxy to the global SFR has been estimated by
dividing the time dependent SF rate (derived from the two fits)

by V,.az. A correction to the comoving SF rate is then applied 24
for the portion of the luminosity function not sampled by the
present survey. Such correction is based onihband lumi-

nosity function discussed by Connolly et al.(1997). The global

SFR densityl'(¢), is the summed contribution by all galaxies

in our sample.

The result appears in FIg.]12 in the form of the comoving r

10

Re (Kpc)

aE:T'g. 10. Kormendy relation in the B band, i.e., the average surface

of star formatmnl_f(z) Versus redshn_"t for the SamF_"e COI"S'deregrightness versus effective radius for ttena-fidespirals in our high-z
here (dot-dash line), compared with the evolutionary path f@smpje illed cirles), compared with the data from a local spiral sample
early-type galaxies (dotted lines). The results in panel a angdxed on the RC3 (open squardg)s) was obtained for our distant
correspond to the two extreme acceptable (at 90% of confidenss)rces applying the K-correction and a correction for the internal
spectral solutions for each object, the one most extinguished abdorption.
younger for panel a, and the older less extinguished for panel b.
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= * . | Fig.11a—c.Panela: Distribution of the on-going star formation rate SFR versus
* . . . redshift, for the best-fit solutions. ParielSFR against the total baryonic mass
. * : ¢ . 7 for best fit solutions. The mean uncertainty on the mass is reported. anel
| I | Ratio of the total baryonic mass normalized to the on-going rate of SF for each
* ¢ objects (based on best-fit solutions). This ratio gives an estimate of the timescale
. ¢ for the conversion of gas into stars, showing a substantial spread from a few to
. s L | 20 Gyrs. The error bars correspond to the mean 90% uncertainty, providing the
0 0.5 1 1.5 2 range of variation for two extreme solutions (the youngest and the oldest one with

X2 = X%est + 5)

The disk—dominated and the irregular galaxies in the present Note that, despite the large uncertainties on the single ob-
sample display an evolutionary behaviour different from that @dct, the overall result is fairly well constrained between the
bulge—dominated objects. The former appear to form activelyo extreme solutions depicted by the shaded region inElg. 13.
stars well belowz = 1, whereas the rate of SF for the latter i§ his is due to a sort of compensation intervening in the adopted
high atz > 1 but converges very fast at lower Our result for solutions: the younger-more extinguished one tends to have a
the disk and irregular galaxies is quite consistent with those tmore intense ongoing SF activity but less protracted in time,
Brinchmann et al| (1998, their Fig. 15), in showing a comovinghile the contrary happens for the older less-extinguished so-
SFR modestly increasing between= 0.3 and 1. On the con- lutions. In other words, the baryonic mass already converted
trary, our results differ significantly from Brinchmann et al. amto stars and sampled by the near-IR (JHK) flux measurements
far as the early-type systems are considered (in their case EAS@ function of redshift, provides a more robust evaluation of
have aflatl (¢) in the same z-interval): we explain this as due tthe evolutionary SFR than the instantaneous SFR mapped by
the very different procedures adopted to measure the functibe short-wavelength flux. In a sense, the errorbar appearing in
U(z), in our case it was a global fit to the UV-optical-NIR SEDFig.[11 does not translates into a similarly large uncertainty in
in their case the use of the OIl EW as a tracer of SF. Indeed, the prediction of Fid. 13, because the ongoing rate of SF (SFR
latter should more likely trace a negligible residual of SF due o panel a of Fid. 111) and the timescale of SH,(;/SFR in
low-level merging activity or stellar recycling, than the globgbanel c) scale inversely to the galaxy mass function observed at
history of SF in these galaxies. various redshifts.
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O -15 - I m nous line). The shaded region is bracketed by the two solutions based
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| i extinguished (lower histogram) models. See also caption tg Hig. 12.
PR h
n quite better consistency with the Cowie et al. (1999) evolution-
) i ary law than with the dataset compiled by Madau et al. (1996),
25 : | based on the CFRS (Lilly et al. 1996) and the low-z $lirvey
oL | | . by Gallego et al[(1995).
| L | | | | | | | | |

While some discussions can be found in Cowie et al. (1999)

0 1 2 3 about possible origins for this discrepancy and on the conse-
guences on this new evaluation of the evolutionary SFR, we

only take note here of the nice agreement between our results
Fig. 12.Comoving volume star-formation rate densityt) as a func- and those of Cowie et al. (1999), based on quite independent
tion of redshift for field galaxies. The contribution of late-types to thgrounds.

cosmic SFR (dot dashed line) derived from our sample is compared in |tis remarkable that UV and near IR selected galaxy samples

the two cases with the evolutionary path for early-type galaxies studigow such similar evolution of the comoving SFR densify ).
by FA98 (dotted line). The solid line corresponds to the total amount of

SF density in the field. The panels correspond to two different extreme

solutions (see text for details): the younger and more extinguished: : :

(panel a), the older less affected by dust absorption (panel b). The a.tePISCUSSIOI’] and conclusions

reported are from Lilly et all (1996) and Connolly et A. {1997).  With the main goal to investigate systematic differences be-
tween early-type and late-type galaxies — as for colours, red-
shift distributions, and ages of the dominant stellar populations

This prompted us to compare our results with those pubwe have analyzed a morphologically-selected complete sam-

lished by Cowie et al[ (1999). This is done in Hig] 13 whengle of 52 spiral and irregular galaxies in the Hubble Deep Field

our results appear as the shaded region, which is brackeisdth with total K-magnitudes brighter than K=20.47 and typi-

by the two solutions based on the younger-high extinctia@al redshifts fromx ~ 0.5 to 1.5. The sample makes use of total

(upper histogram) and the older less extinguished (lower hghotometry in the UBVI bands from HST and the JHK bands

togram) models. The continuous line is a polynomial functidnom ground, all carefully tested with an extensive set of Monte

[¥(2)  (1+2)**] quoted by Cowie et al._(1999) as best-fittingCarlo simulations.

their and Treyer’s et al. (1998) data on the time-dependent UV The present sample exploits in particular the ultimate imag-

luminosity density. Within the uncertainties, our results are ing quality achieved by HST in this field, allowing us to disen-
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tangle among galaxy morphologies, based on accurate profilesterferometers in the sub-mm), will allow to break down the
of the surface brightness distributions. age/extinction degeneracy.

Our analysis makes also use of an exhaustive set of modellis-We found that an integrated quantity like the comoving-
tic spectra accounting for a variety of physical and geometrical volume star-formation rate density as a function of redshift
situations for the stellar populations, the dusty ISM, and rela- ¥(z) is much less affected by the uncertainties related to
tive assemblies. The high photometric quality and wide spectral the dust distribution. The reason for this is mostly in the fact
coverage allowed us to estimate accurate photometric redshiftsthat our analysis is strongly constrained by the evolutionary
for 16 objects lacking a spectroscopic measurement. baryonic mass function in stars traced by the near-IR galaxy

We have also carefully evaluated all plausible systematic luminosities, the estimate of the baryon mass at any redshifts
effects of the selection, in particular the redshift cutoff implied being much more robust than that of the instantaneous rate
by the limiting surface-brightness achievable in the reference K of star formation (see Sect. 4.5).
band image. By combining this with the early-type galaxy sample pre-

A warning is in order, in any case, about the general con- viously studied by FA98, we find a shallower dependence
clusions derived from our sample of K-selected galaxies: they of ¥(z) on z betweenz = 0.2 andz = 1.5 than found
should be treated with caution, due to the very small field of by Lilly et al. (1996), i.e.¥(z) o (1 + z)'* rathen than
view and modest spatial sampling of the present survey. Fer- ¥(z) o« (1 + z)* as in Lilly et al. [1996). In this redshift
guson et al. (2000) and Eisenhardt et al. (2000) estimate thatinterval our observed () turns out to roughly agree with
the number ofL* galaxies in the total HDF co-moving volume  results published by Cowie et al. (1999) and Treyer et al.
between z=1 and z=2 is only a few dozens. Considering also the (1998).
strong clustering inferred for Lyman break galaxies (Adelberger Our present results, based for the first time on a care-
et al. 1998), statistical fluctuations imply large uncertainties on ful modelling of the whole UV-optical-NIR Spectral En-
any conclusions based on samples like the HDF, until more sub- ergy Distributions of galaxies, then support a revision of
stantial surveys to similar depths will be made available. the Lilly-Madau plot at low-redshifts for UV- and K-band

Three the main results of our study. selected galaxies. UV-selected and near infrared selected

galaxy samples display a remarkably similar evolution of
the comoving SFR density(z), atz < 1.
— The sample galaxies are distributed in redshift upto1.4,

but appear to be significantly missing above, compared with The three above findings seem to favour the general scheme

evolutionary models assuming standard recipes for the bi-hierarchical assembly for the formation of bright galaxies,

minosity evolution and a substantial redshift of formatiorenvisaging their progressive build up during a substantial frac-

We reported a similar finding in our previous study of earlytion of the Hubble time. After all, this is the most physically

type galaxies inthe same area (Franceschini et al. 1998). Ghativated present description.

conclusion is that, either the area has some peculiarities, or In this context, a warning is in order concerning some pub-

the underlying mass function for galaxies of all morphdished specializations of the Cold Dark Matter cosmogonic

logical kinds has a global decline at these high redshiftscheme, predicting that spheroidal galaxies in the field form

Confirmation of this result will require more substantial skgt low redshift ¢ < 1) from merging of spirals (Kauffmann &

areas to be surveyed to similar depths by large telescopé3harlo{ 1998). This prediction is not supported by our results in

— Differences between early- and late-types are apparentFig.[12, where Ellipticals and SOs appear to have been mostly
the rest-frame colour distributions and the evolutionary stdormed at: = 1, whereas spirals/irregulars keep some sustained
formation rates per unit volume. In particular, the shor8F activity atz < 1. This result suggests that merging of spi-
wavelength rest-frame colours B-J, once dust reddening&s to form ellipticals at low redshifts cannot be a dominant
taken into account, appear quite significantly bluer for latprocess, quite in agreement with what found by Brinchmann &

than for early- galaxy types. On the contrary, the longeEllis (2000).

wavelength colors V-K appear to be very similar for the It is conceivable, however, that minor modifications of

two morphological classes. We interpret this as an indicdre CDM hierarchical scheme (e.g. in terms of different

tion that, while the stellar mix in spirals/irregulars includeassumptions about the cosmological paramefers Q)

young newly formed populations, less apparent in E/SO, than explain the observed differences between morphological

underlying older age component traced by the V-K colotgpes. In our view, these differences in the population his-
has quite a similar origin and age distribution for the twtories are quite probably related to the presence of different
galaxy categories. environments at different densities (and consequently different

We warn, however, that the complication in spectrazosmic timescales of formation) in what we call the “field”.

photometric modelling introduced by dust-extinction in then particular, moderately high-density environments (typically

gas-rich systems prevents to reach conclusive results galaxy groups, as found very numerous in the spectroscopic
the source by source basis. Only future long-wavelengshrvey by Cohen et al. 1999), with an accelerated cosmic

IR observations, from space (SIRTF, FIRST, NGST) artinescale of evolution and fast gas consumption, mix with

from ground (10 m class telescopes in the mid-IR and itruly low-density environments, where the transformation of
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primordial gas into stars slowly progresses during the whd¥erguson H.C., Dickinson M., Williams R., 2000, ARA&A 38, 667
Hubble time. We believe that the two galaxy morphologidsernandez-Soto  A., Lanzetta K.M., Yahil A, 1998,

analyzed in the present paper and in FA98 trace such different http://bat.phys.unsw.edu.au/fsoto/hdf
env|r0nments in the unlverse Franceschini A., Silva L., Fasano G., et al., 1998, ApJ 506, 600

Gardner J.P., Sharples R.M., Frenk Carrasco B.E., 1997, ApJ 480, L99
Gallego J., Zamorano J., Aragon-Salamanca A., Rego M., 1995, ApJ
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