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Abstract. The Cosmic Background due to the integrated r@aut many times in the past 30 years, that measurements of the
diation from galaxies over the whole life of the Universe isosmic background radiated by all galaxies over the history of
reviewed. We find that this background is well constrained lilge Universe would be extremely valuable for physical cosmol-
measurements. The total power in the background is in the rargg. It would strongly constrain models for galaxy formation
60-93 nWn12sr-1. The data show the existence of a minimurand evolution (see for example Partridge & Peebles 1967). This
separating the direct stellar radiation from the infrared part dbackground is expected to be composed of three main compo-
to radiation reemitted by dust. This reemitted dust radiationngnts:

about 1-2.6 time the background power in the optical/near-IR L . .

thus much larger than the same ratio measured locadp). T_he stellar _ra_d'a“of‘ n galaxgs concentrated n the ultra-
The far-infrared and submillimeter background is likely to be violet and visible with a redshifted component in the near
dominated by redshifted infrared galaxies. The long wavelength InfraRgd (IR) L , )
spectrum of the background being significantly flatter than the A fracﬂoq of the_ stellqr radlatlon.absort.)ed by dust either in
spectrum of these galaxies it strongly constrains the far-infrared the gala_xw_zs orin the |_ntergalac_t|c med_|um ) )
radiation production rate history which must increase by a fac- _The radiation from active galactic ngcle| (gfrachon of which
tor larger than 10 between the present time and a redshift 1 Is also absorbed by dust and reradiated in the far-IR).

and then stays rather constant at higher redshift, contrary to #} energy in the first two components is derived from nucle-
ultraviolet radiation production rate which decreases rapid')/osynthesis in stars, the last one probably derived from gravita-
Several models of galaxy evolution have been proposedgnal energy of accreted matter onto massive black holes. In
explain the submillimeter background. In this paper we do ngje |ast two years the cosmic background at visible, IR and sub-
propose a new model; we systematically explore the allowggjllimeter (submm) wavelengths has been finally constrained
range of evolution histories allowed by the data. If infraregy very deep source counts and upper limits on the diffuse
galaxies are mostly powered by starbursts as indicated by i&stropic emission at shorter wavelengths, and measured in the
cent observations, this infrared production history reflects tgghmm range. We review the observational situation in Bect. 2.
history of starformation in the Universe. In Sect[B, we define the formalism of the determination of the
IR radiation production rate history. When the spectrum of the
Key words: cosmology: observations — cosmology: diffuse rasources dominating the background is strongly peaked around
diation — infrared: galaxies a wavelength of 8@m, the radiation production rate as a func-
tion of redshift can be directly inferred from the spectrum of the
cosmic background. In SeEt. 4, the sources of Cosmic Far-IR
1. Introduction BackgRound (CFIRB) and their spectra are rewiewed. In the
] o ] ) likely hypothesis of this background being dominated by IR
The history of star formation in the Universe is one of the ke@alaxies (either starburst galaxies or dust enshrouded AGNSs),
function in physical cosmology. Itis closely linked to galaxy forye gerive the IR radiation production rate as a function of red-

mation and evolution and controls the second most importaift in the Universe (Se€fl 5). We compare it with other means
contribution to the cosmic electromagnetic background after themeasure the star formation rate in Sect. 6.

Cosmic Microwave Background (CMB) generated at the time e stydy presented here is different from the many studies
of recombination at a redshift around 1000. It has been pointgtipis type based on a model for Spectral Energy Distribution

Send offprint requests 16. Lagache (lagache@ias.fr) (SED) and evolution of IR gaquies which, after some ac_ijuste—
* Appendix 1 and 2 are only available electronically with the orl€nts, account for .the Cosmic Background. C0n5|d?“ng the
Line publication at http://link.springer.de/link/service/00230/ diversity of SED which can be used and the observational un-

** Richard Gispert died in the final stages of the preparation of tti€rtainties it is clear that a range of histories of the IR galaxies
paper in August 1999. is possible. The goal of this paper and of the method presented
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Fig. 1. Cosmic Background from the UV to the millimeter wavelength. In the UV domain, the upper limit is from Martin et al. (1991) and the
value from Armand et al. (1994); the optical and near-IR points are from Pozzetti et al. (1998) (triangles) and Bernstein et al., in preparation
(squares); The 3.5 and 2.@n points are from Dwek & Arendt (1998) and Gorjian et al. (2000); Squared upper limits are from Hauser et al.
(1998) and crossed upper limits from Biller et al. (1998); the upper limit “CAT” is from Barrau (1998) and Barrau et al., in preparation; The 6.5
(Désert, private communication), 12 (Clements et al. 1999) andrit§EIbaz et al. 1999) lower limits come from ISOCAM number counts; the

value at 15um (¢) is an extrapolation of the counts using the Guiderdoni et al. (1998) model. At longer wavelength, we have the 100, 140 and
240 pym Lagache et al. (2000YX) and Hauser et al. (1998)XDIRBE values, lower limit from Dwek et al. (1998), upper limits from number
counts at 60 (Lonsdale et al. 1990), 175 (Puget et al. 1999) and.8b(Barger et al. 1999). Dotted lines are an attempt to draw continuous
lines compatible with all available data which then can be used for estimating the energy contribution of a given wavelength range.

here is to explore systematically the range of possible solutioig know that for local galaxies the ratio E(FIR)/E(opt) is about
by a careful analysis of possible SEDs taking properly into a@-3 (Soifer & Neugebauer 1991). We measure here a higher
count the observational uncertainties. The method developedatio which is about 1-2.6. This higher ratio results from two
this paper is the only one so far to answer this question. combined effects. First, the redshift effect will bring the light
from optical to IR and thus will give more energy in the IR
than for local galaxies. Nevertheless this effect cannot account
for an IR to optical ratio much larger on average than the value
We summarise here the observational situation of the cosrolsserved today. This higher ratio can only be explained by a
background which is the main observation used in this studhange of properties of galaxies that are making the background
The values of the cosmic background at all wavelengths anghe optical and the IR. A very simple comparison supports this
discussed in Appendix A and shown in Fig. 1. We can computiea: the energy in the backgound at/1% and in the optical
the energy contained in the background above and belom 6 domain is nearly the same. But the background girhGn the
using the best fits presented in Fily. 1. We obtain: Hubble Deep Field is made by a very small number of objects
_ _ 8 o1 as compared to the number of sources which contribute to the
: Egg ng;gggﬂ%_:zzl45121(1305}NWmm*2S;—r1 bulk of the energy observed in the optical (Aussel et al. 1999).

2. The Cosmic Background Radiation: observations
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This means that the background in the IR is probably dominatéd Sources of the Cosmic Background and their spectra
by few objects with high IR luminosities. Thus these objects a.rr%

not the standard IR counterparts of normal spiral and irregular determing(z), we need to establish the range of acceptable
galaxies. average SEDs (J.) of the sources that are making the back-

ground.

Locally Soifer & Neugebauer (1991) have studied the pop-
ulation of IR galaxies at low redshift using the IRAS all sky
survey. They have established the integrated IR luminosity per
For a Universe following a Robertson-Walker metric with totdinit volume in the Universe today, its SED, the luminosity func-
density ), and a cosmological constafty, the differential tion of IR galaxies and the SED as a function of the integrated IR
contribution dE to the background energy density (monochrgiminosity. The IR luminosity function shows two main com-
matic or integrated over frequency, per unit volume) generate@nents. One is associated with normal spiral galaxies which

3. Formalism of the determination of the radiation
production rate history in the Universe

around redshift z during time dt is: radiate a fraction of their energy in the IR (our Galaxy for ex-
o(2) ample radiates about one third of its luminosity in the IR). These
dE = i+ 2) dt (1) galaxies are expected to have a luminosity function similar to

the luminosity function of galaxies in the optical. However, the
whereyp is the comoving energy production rate per unit volume |uminosity function does not show an exponential cut off
atredshift z (note that hereis not the spectral energy density)jike optical galaxies but display a power law behaviour at high
The backgound spectral intensity (brightness per solid a”%inosities:% = L—2. This is also shown by more recent
and frequency interval) lis such that: compilations of the IR luminosity functions (Sanders & Mirabel
c dt 1996). This shows that the very luminous IR galaxies cannot be
vl, = ﬂ@('z) 1z @ the IR counterpart of optical galaxies. In fact they have been
. shown to be starburst galaxies often associated with merging
where we assume a monochromatic spectrum for the Sourgesyteracting systems and for which the ratio of IR to optical
radiating at frequency = (1+z) wherev is the observed fre- | mingsity increases with the bolometric luminosity (Sanders
quency. In that case function spectrum for the emitting ob-g wirabel 1996; Fang et al. 1998). One can thus conjecture that
jects),¢(2) can be simply deduced from the background Spee |uminosity function of mergers and interacting galaxies is
trumv1, (see Appendix B). _ _ very different from the luminosity function of normal galaxies.
The relations given above can be easily generalised to {)&ing this rough separation, locally the relative contributions
case where the sources radiate through a broad spectrum: ¢ gtarhyrst to normal galaxies is less thafiil@he integrated
. ° NI, dt 0 3) luminosity of normal galaxies is dominated by dptical galax-
Y dr T | dz ies (Lyr« =~ 10'Y L) whereas the integrated luminosity of IR
with N, the number of sources per MpandL,, the luminosity Z;egr?]uglset issa?]%rgizﬁeﬁi?gbgjlfggeg) withyl.~10" L, (see for
of thLe 9@?;1(52\,0;;:5?;3& alarge volume of SED of luminou 26 of the galaxy detected by ISOCAM in the HDF north are
v |8entified with galaxies with known redshifts. Aussel (1999)

IR galaxies which have been shown to dominate the.fb . L
- as shown that the IR galaxies have luminosities greater than 3
background at = 0.7 (Aussel et al. 1999). The range of SE[P O L® at 8.5um (in the rest frame) with a median redshift of

for IR galaxi di d in S€¢t. 4. The i tant - . o
or IR galaxies are discussed in S&¢ € Importan resél 5, and thus bolometric luminosities between 1 and31.0.

of this discussion is that all the far-IR SEDs of luminous | laxies. identified f it i " iral
galaxies are not very dependent of the energy source (starbu"'%(:‘[sf3 galaxies, identiied mostly as interacting Systems or spira
axies, are luminous IR galaxies undergoing a starburst phase.

or dust enshrouded AGN) and varies slowly with the Iuminosiﬁ’/ﬁl Spectra of IR galaxies have been modeled by Maffei (1994)

(Maffei 1994; Guiderdoni 1998). using the observational correlation of the IRAS flux ratio 12/60,

The unknown quantity in EJ.}(3) becom®&s. The fullrange . L .
of allowed functions for the number density of sources a52 /60 and 607100 with the IR luminosity (Soifer & Neugebauer

function of z is derived using Monte Carlo simulations for & o). Examples of spectra for three different Iumipqsities are
set of IR galaxy spectra which covers the range of possi gowgg;n Tt% 2 The '“’.“'rt‘r‘l’ u? IR”_\g)]a_II_aﬁes ar? emlt::r;(g ;nofre
ones and for different cosmological models. The number dens N 950 otneirenergyin the fariix. faking only such kind o

o LS : laxies obviously fails to reproduce the optical Extragalactic
multiplied by the total luminosity of each model galaxy glve%ack round (EB)yThat i Wﬁ e concent?ate hereaf?er onl
the IR luminosity density in function of z: 9 ' y y

on the far-IR part of the EB (the so-called Cosmic Far-IR Back-

/
v
1+z= v

p(z) = Nz/ Ly, dvy (4) 9ground, CFIRB).
vo It is possible however that part of the CFIRB energy might
¢(z) depends on the cosmological model via #§. be due to dust enshrouded Active Galactic Nuclei (AGNSs) for

- o ~ whichthefar-IR SED is very similar to starburst galaxies of sim-
We can note thap(z) x 7. is independent of the cosmologicalilar luminosity. Based on the assumptions thefzldf the mass

d . . . .
model. We nevertheless choose to yge) ratherp(2) x 32 asp(2)  aecreting into black hole is turned into energy and that the black
corresponds at z=0 to a measured value.
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102/ g T The CFIRB spectrum, can be fitted between 200 and 2000
i by a modified Planck function as given by:

I(v) =8.80 x 107°(v/v)**P,(13.6 K) (5)

wherer,=100 cnt . The set of parameters (%, «) has been
determined by &2 minimization. The spectrumis sampled at 10
FIRAS frequency. The uncertainties on each sampled frequency
are obtained by varying parameters untfl is increased by
10%. In addition to the FIRAS data, we have used the CFIRB
DIRBE determinations at 100, 140 and 24 (Lagache et al.
2000). CFIRB data points and uncertainties that are used for the
determination ofp(z) are shown in Fid.15.

Luminosity (W/Hz)

7} .

10
Lambda (um) 5.2. Determination op(z)

Fig. 2. Typical spectra of starburst galaxies (Maffei 1994) for differ\We determine the range of functiopé:) allowed by the data for
ent luminosities (continuous line: 3 0L, dotted line: 5 16 Lo, each combination of SED and cosmological model. The cases
dashed line: 7 18§ L) with a spectral dust emission index in theysed are given by the combinations of:

far-IR of 2. . .
— Three IR galaxy luminosities (3 10L, 5 10 L, and 7

, .10 L, see Fig:R)
hole masses measured in the HDF (Ford et al. 1998) are typical Four values for the dust spectral index (1.3, 1.5, 1.7 and 2)

of galaxies, the AGN background energy woulld be in order of Three cosmological models defined by the set of parameters
10% of that from stars (Eales et al. 1999). These calculations h, Q andQ, (h=0.65,029=0.3, 2,=0.7: h=0.651,=0.3,

are highly uncertain but are supported by the recent work of Al- - - ~ B o

maini et al. (1999). The SEDs of high-redshift dust enshrouded £24=0, and h=0.6829=1,2,=0) which fix dt/dz.
AGNs are similar to those observed locally, and one can expldia establishy(z) and the associated error bars we use [Eg. (3).
10-20% of the CFIRB. Because of the similar far-IR SEDs, th&he basic algorithm for finding Nis based on Monte Carlo
question of the fraction of the CFIRB due to AGNSs is not relesimulations. N is sampled at a few redshift values and linearly
vant to the determination of the IR radiation production historinterpolated between these values for computing the term on
The estimates mentioned above are only important because tiheyright side of Eq[{3). It has been assumed that beyond z=13,
indicate that the IR radiation production history is likely to reN,=0. For each case, the solution (minimw¥) has been ob-
flect the star formation history. Locally the average far-IR SEfined by exploring a wide range of randomly distributed val-
adjusted on the IRAS data (Soifer & Neugebauer 1991) is welks of N, at each of the sampled values of z. Error bars are
represented by the SED a8 10° Lo IR galaxy. As we have estimated by keeping the computed CFIRB within the uncer-
seen, at z- 0.7 the mid IR production is dominated by galaxieginties at each sampled frequency (see[Rig. 5) and greater than
typically 2.5 times more luminous. Finally at higher redshifthe lower CFIRB limit at 85Q:m from Barger et al. (1999). By

the main indication comes from the SCUBA deep surveys anding an iterative method for progressively reducing the range
also indicates an average SED dominated by ultraluminousdRexplored values, we reach convergence for each case studied
galaxies. To take into account the uncertainty on the averagigh a reasonable number of hits-(50000). At z=0, the IR
far-IR SED, we use for the determination of the IR radiatioproduction rate in the Universe is around 1.65 hQ_./Mpc?
production history, the SEDs from Maffei (1994) for galaxie€Soifer & Neugebauer 1991), where h is the Hubble constant in
with luminosities 7 1&° L®, 510" Lo and 3 182 Lo which  units of 100 km/sec/Mpt This givesp(z = 0)=10° L /Mpc?

takes into account the change in the peak emission wavelenigthh=0.65.

with luminosity. For the long wavelength behaviour, we allow

the dust emissivity index of the model to vary from 1.3 to % 3. Results

which covers generously the uncertainty on this parameter for”

the average SED. The result§ are summarised in Tabfé 1 for the different cos-
mologies and SEDs. We see that for all the considered cases,
the x? is very similar. This shows that, as expected, there is
not a unique solution for the inversion in terms of cosmological
model and average SEDs. Nevertheless the remarkable result is
5.1. The CFIRB spectrum that there is a range of redshifts in which all acceptable solutions

We used the CFIRB determination as described in Lagache epﬁy_e the same be_ha_\nour ascan be_se_en IoFig. 3_where the jumi-
(2000). The CFIRB resulting from an integral over a significaﬁ]tos'ty density variation, together with its uncertainties allowed

redshift range is expected to be a smooth function of frequency. Figures and results can be found on G. Lagache’s WEB page:
Therefore, we use a smooth fit for the determinatio©f).  http://www.ias.fr/iasnv/people.html

5. Luminosity density history
from Monte Carlo simulations
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Table 1. Co-moving luminosity density derived from the CFIRB for the three galaxy model luminosities, the four dust spectral indexes and
the three cosmologies (defined B and ). Numbers on the rigth side of each row correspond to the miminal and maximal vajwe of
compatible with the CFIRB. The Hubble constant is the same for all cases (h=0.65). Given in column 1@%isthiee CFIRB “fit” derived

from the luminosity density compared to the FIRAS and DIRBE measured values.

Log(L), o, 24, Q0 Luminosity densityy (L /Mpc?) x

z=0.4 z=0.8 z=1.2 z=1.9 z=2.7 z=4.8 z=8

9 9 9 9 9 9 8
125,2.0,0.0,03 8980852510 11510022105 153109303109 1.2610°1 5510 14310902310 6.6810%, 2510 3.8210%1971% 0.054

10 9 02.59 102 53109 96109 2. 9 ) 9
125,2.0,07,03  6360° 51107 1.5410°09370s 19110759705 1.8610°733109 2.0110°795109 1.1410°71110; 5.64108; 21106 0.053

9 5109 9 9 9 9 9
125,2.0,0.0,1.0  3.02082210 13610550105 1.9610°3:57109 17310735100 20610925110 1.0410°3°0710; 675108, 221% 0.053

19108
45106

64108
84106

70109
28108

71109
95108

19 109
01109

72109

97.5210° 91.
11.7,2.0,0.0, 0.3 1.500°. 1.3710%g 64 108

92. 91. 91. 89. 85.
8.77 106 1.4910°7" 1.1710% 1.2510 6. 4.1510%,° 3.8210 Z 0.057

9 9 9 9 9 9 8
11.7,2.0,07,03  1170°2371%  1.8410°739109 2.0310°791109 17110772109 1.8210°2°707105 7.4610%. 55106 4.3510%5 3910 0.057

11.7,20,00,1.0 5280853319 175109223190 196109254100 165109215100 179109733100 734108542100 462108591 1%  0.056

10.8,20,00,03  6.61053571%0  21110°2551% 165109292190 1.1410°0531% 106109141100 3.721083°001%  2.151053971% 0.065

108,20,07,03  7.880°7551% 26910933919  22610°93L100 161109298190 15610°2121% 562105521 1% 36510887519  0.065

108,2.0,00,1.0  1080°741% 24810992319 21310°7 77190 155109231190 150109299 1% 581105112190 34910867419 0062
7.53 109 62109 06 109 73109 76 109 06109 69108

125,1.7,00,03  9.480° 12910082100 1.521092:05109  1.2710°5 7210 1.3010°2 7810 4.9210%2° 05105 3.3210%5 %01%  0.054

5.98 106

10 9 < 9 5 9 s 9 9 54 8
125,1.7,07,03 25807300106  1.5410°70010s 20110927210 1.7610°207 00 1.8110%5 50 0s 85510871106 4.7810%975% 105 0.051

9 9 9 9 9 9 8

125,1.7,00,1.0 43108737107 15410299105 2.0210°7 70109 17210732105 1.8610°7 07109 8.1810%. 92106 5.2510%271105  0.054
51109 ; 9 o 9 01.7210° 51109 8 8

117,1.7,00,03  1.080°0211%  1.6010°7 01709 1.5910°7 00705 1.1710°0°72705  1.1110°. 00105 3.7810851010¢  2.691085 28105  0.060

9 5109 9 9 9 9 8
11.7,17,07,03  8920833°1%  21110°770109 2.1210°770109  1.6410°7 11100 1.6110°210105 6.3710%, 20106 3.8210%] 3% 10s  0.059

6.77 109 47109 64109 08109 09 109 34109 13108

11.7,1.7,00,1.0  1.22090°771%  1.9010°717109 20310792705 1.6010°705105 1.6110°29910s 6.07108. 32105 4.21108] 13105  0.057

9 9 9 9 9 8 8
10.8,1.7,0.0,03 8920835210 24310°020109 1.7110°2°7070s  1.1310°1°9%105  9.98108.30105 3.1710%5 50106 1.721083 710  0.069

9 9 9 9 9 9 8
108,1.7,07,03 2280020107 27710°% 77305 24510990705 1.5010°7 35105  1.4010°190705 51110819106 2.901083 35105  0.065

9 9 9 9 9 9 8
10.8,1.7,0.0,1.0  1.080°3 7310  2.8610°% 00109 22710000109 1.5410°720109 1.4110°10110s  4.9010%;0510s 3.0710%} 2510 0.066

9 9 9 9 9 8 8
125,15,00,03  1310°705205 12510927010 1.6210972010 1.241095 52105 119109570105 428108522106 3.1310%5°301%  0.058

E 9 E 9 9 9 9 5 9 8

125,15,07,03  8.950%5 30105  1.8210°7:57100 2.0910°27110 1.7010°27) 100 1.8610% a1 0s 6.58108. 722105 4.9010%520105 0.057
9 9 9 9 9 9 8

125,15,0.0,1.0  5680%0 5210 17310922210 1.9910°2:59109 1.6610°795100 17710923910 7.2210%.3910:  4.6010%]721% 0.056
5.86 109 12109 52109 74109 49109 48108 61108

11.7,15,00,03  1260°2°55105 1.6810°7:02100 172109202109 1.1010% (o10s 1.0910°.750 105 322108725106 246108501105  0.065

9 9 9 9 9 9 8
11.7,15,0.7,03  1.350°75910;  2.2810°2°37 1% 219109795109 15910°7 3210 155109251108 5.5010%} 1910¢ 3.5210%5021% 0.061

9 9 9 b 9 9 9 b 8
11.7,15,00,1.0 1100909110 20510795105 21110770705 15710734705  1.5310°2°00105  5.01108. 19105  4.241085°29105  0.060

9 9 9 9 9 8 8
10.8,15,0.0,03 140000010 26010027105 1.7910°250 105  1.0710°0°70705  9.6110%; 21105 2.6210%5 09106 1.8110825710 0.070

7.33109 28 109 72109 34109 87109 78108 74108

10.8,15,07,03  1.080°7321%  3.4010°575109 25310°972705 1.5910°7 34105 1.3710°057105 45410807310  2.771085 75106 0.071

9 9 9 9 9 8 8
10.8,15,00,1.0  1.0B0% 27105  3.1610%%05100 2.3910930010 153109220100 1.3810% 57105 4261085 2% 106 2.9110%5%21%;  0.069

9 9 9 9 9 8 8
125,13,00,03  1.690°75570;  1.3910°2%91% 15710973110 120109570105 11610035105 3.861085 52106 2.0710%5 32 1%  0.057

E 9 5 9 9 9 9 35109 5 8

125,1.3,07,03  1.160°5 %1105 1.9310°7:50 100 21410977510 1.6910°270100 1.6710%% 7105 6.12108.30 106 4.0310%52210; 0.057
9 9 9 9 9 9 8

125,13,00,1.0  1280°5 32105  1.7610°7:321% 2.0710°7771% 161109225100 1.6610°2°50 105 5521082110 47010858210 0.056
7.30 109 39109 54109 65107 39109 10108 06 108

11.7,13,00,03 1570973010 1.7610°739105 17310701705  1.1310°090705  9.44108130105  3.201087 10106  1.79108%9510;  0.063

9 9 9 9 9 9 5 8
11.7,13,07,03  1.420°030107 24610010105 2.3210°% 00109 15710730109 1.4910°202105  4.8710%;0510s 3.1910%)2010s 0.063

9 b 9 E 9 9 9 9 5 8
117,13,00,1.0 1280905210 22310755105 22110933705 15410730705  1.4610°2°90105 4741089510  3.11108322105  0.061

5 9 9 9 9 9 8 8
10.8,1.3,0.0,03  1.470°7°%210; 2811022109 1.9510°7° 05109 1.1110°1°99105 8.8510%;20 105 2.2810%32210¢ 1.6410%270106 0.071

9 I3 9 9 9 9 8 8
S i0s 37010°555 10 2.6310°%55 10 1.5810°7° 02100 1.3510°5 32705 3.691085 55106 2.6610%5 21106 0.072

10.8,1.3,0.7,0.3 1.680°7 50 107

9 9 9 9 9 8 8
10.8,1.3,0.0,1.0  8.680%350100 350105 57100 2.5310%7 90109 15610°73210 1.3010°: 53105 3.7510%73210¢ 2.7310%5 05106  0.072
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1010 — — — ‘ presence of dust which absorbs most of the UV starlight in star-
burst galaxies makes this last assumption highly questionable.
The corrections needed to account for extinction are rather un-
certain and there is much controversy about the value of this
correction. Moreover, the SFR deduced from optical surveys
can be underestimated if there is a significant population of ob-
jects so obscured that they are not detected in these surveys. A
direct determination of the fraction of the stellar radiation rera-
8 diated by dust can be obtained from the IR/submm surveys if
the dust enshrouded AGNs do not dominate. However, so far,
the catalogues of faint submm sources with reliable redshifts
are not large enough to reconstruct the history of the SFR (see

¢ (Solar Luminosity / Mpc?)

1o | | | Lilly et al. 1999 for a first attempt). We have shown that strong
0 L constraints can be provided by the CFIRB in the redshift range
Redshift 1to4. Itis particularly interesting to compare our determination

Fig. 3. Co-moving luminosity density distribution as derived from thé(\’ith (1) the optically-derived SFR, corrected for extinction in

CFIRB for all cases listed in Table 1. Also shown is the best fit passifg Same redshift range and (2) the SFR inferred from SCUBA
through all cases. submm surveys. However, it is beyond the scope of this paper to

discuss the cosmological implications in term of star formation.

i Detail discussions exist for example in Dwek et al. (1998), Pei
by the data, is shown for each case. On the one hand, as coylg; (1999), and Madau (1997).

be expectec_i, constraints griz) are very_weak below redshift Fig[8 shows a compilation of the SFR derived from
1 (no cosmic background values at mid-IR wavelengths) agdnjs/Near-IR surveys, together with our determination of
above redshift 4 (very low signal to noise ratio of the CFIRB,g 51 |R radiation production rate history (through an inter-
spectrum above 800m). On the other hand between redSh"ctEolation). To compare the star formation rate with the lumi-

1 and 4, the CFIRB gives strong constraints on the history of t §sity density, we have to use a conversion factor. We take
far-IR production rate which cannot be established fromanyofsrz  _  "r;p (Guiderdoni et al. 1998, with a Salpeter

i i R yr—T — 7.710% Lg
the present source surveys. The luminosity density is aboutﬁ(’ﬂz), conversion which is in good agreement with that derived

t|mes_h|gher atz=1 than_at 2=0 and It is nearly cqnstant quI’%m Scoville & Young (1983) and Thronson & Telesco (1986).
redshift 4. Because of this rather constant behaviour, the leyel, ', luminosity density in Fig6 has been corrected for ex-
is only weakly dependent on the galaxy model spectrum ta

1 afiktion by Steidel et al. (1999). We see a very good agreement
W|thkd|ﬁ‘erelnt pt:[:‘sk nglelerr\lgfih Eﬁeef Fﬁbi.d') asa chal\:ge N H&ween the UV and far-IR luminosity density confirming the
(F;S:r mzvliri?r?osi'gjegggs;yIinstheeretjjgi\;ﬂgléne21. to 2{?5' ngged for a very large extinction correction. This is a strong indi-
affected by changing the far-IR dust spectral index from 1.3 tion that the population of galaxies that are making the submm

. : . (300-8001:m) seems to be the same as the population de-
2'.'” F.'g'[B IS ;howq the CFIRB models |r!duc_e-d from the_ ll{' cted by Steidel et al. (1999) in their surveys of Lyman-break
minosity density variation for the three luminosities and a fixe blaxies. This would also imply that the population of objects so

cosmology. For the far-IR part of the spectrum, the difierent l. bscured that they are not detected in UV/opt/near-IR surveys

minosities give automatically good fits. This is not necessarl nnot contribute for a large fraction of the luminosity density.
the case below 10im where t_he result is very depen_dent Ol Submm EB deduced SFR can also be compared to SCUBA
the galax;;}mgdel ?pgctrgm: Wgr}the p:res_ent c_)bsefr\ggonal CQ8sults. Several groups are now conducting deep and ultradeep
T e ot e o K 1 siveys (Bager o 199 Hughes et al 199
that are mgking the backgrozﬁd at 18 (Aussel 1999)9 Bales et al. 1_999), that follow Fhe first survey of Sm_ail et a_l.

: (1997) who discover a population of luminous galaxies emit-

ting at 850um amplified by lensing from foreground clusters.
6. Cosmological implications Two of these groups (Hughes et al. 1998; Barger et al. 1999) cur-
rently give estimates of the submm source SFR whereas Lilly et
al. (1999) discuss its probable behaviour. Table 2 compares the
Many models describing the evolution of galaxies includingFR derived from the submm EB and the SCUBA determina-
their IR and submm emission have been published in the recéon. There is a very good agreement between the two although
years. In this section, we discuss only empirical determinatiofie SCUBA estimates should be interpreted with caution since
of the SFR derived from different observations. only 20-25% of the detected sources have secure identifications
The history of the cosmic Star Formation Rate (SFR) can f@anders 1999).

derived from deep optical surveys assuming that (1) the stellar Fig.[8 shows that all galaxies that are contributing to most
Initial Mass function (IMF) is universal, (2) the far-UV light isof the background at 850m cannot have a luminosity greater
proportionnal to the SFR and (3) extinction is negligible. Théaan 2-3 102 L, standard luminosities of the current detected

6.1. The star formation history of the Universe
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Fig. 4a and b. Co-moving luminosity density distribution as derived from the CFIRB for different sets of parameters (with a fixed dust spectral
index of 1.7).a: for a given cosmological modef%=0.3,0,=0.7) and different luminosities (star: 3*f0L 5, diamond: 5 18* L, triangle:

7 10'° L). b: given a luminosity of 5 18" L, and three cosmological models with h=0.65 (sfas=0.3,Q,=0.7, diamond2,=0.3,Q4=0,
triangle:Q20=1, 2, =0). In each plot, points around a redshift value have been arbitrarly shifted to see the uncertainties.
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c L < IRAS 60um i Fig.5. CFIRB models in-
= 10 101 %UBA 850um _ duced from the luminosity
= 3 density shown in Fidgl4a for
- 1 the three luminosities (contin-
i i uous line: 3 1% Lo, dot-
o- 1L B ted line: 5 10' Ly, dashed
E E line: 7 10° Lg), a cosmol-
F ] ogy h=0.65£20=1, 2,=0. Also
i i shown are the observational
10~ 12 o o L constraints and the CFIRB FI-
2 3 4 5 RAS and DIRBE spectrum
10 10 10 10 (stars with error bars) computed
frequency (GHz) as explained in Se¢t.5.1.

Table 2.SFR (in Mg, yr—! Mpc™—?) deduced from the CFIRB and fromwith 850 um fluxes near 1 mJy. Barger et al. (1999) estimate

deep submm SCUBA surveys (forH65 km s™! Mpc™3). that the FIR luminosity of a characteristic 1 mJy source is in the

range 4-5 18 L, which is what is expected from F[g. 5.
Publications Redshift SFR It can be checked that models of galaxy evolution which
This paper z=1.9  0.2#0.10 fit the CFIRB fall within the allowed range of SFR histories
Bargeretal. 1999  4z<3 0.25 obtained here (see for example Pei et al. 1999 and Guiderdoni
Hughes et al. 1998 2z<4 >0.14 etal. 1998).

SCUBA sources (Lilly et al. 1999; Eales et al. 1999). This §.2. Redshift contribution

consistent with the fact that SCUBA sources above 3 mJy qﬁ'Fig.[?l is shown the relative contribution from different red-

count for only 20-30% of the EB at 85Qum. The present data hift -
to the CFIRB funct f lengths (f
show that the bulk of the submm EB is likely to reside in sourcessI ranges tothe as afunction of wavelengths (for one
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Fig.6. SFR derived from UV/Vis/Near-IR observations (diamondg=ig. 7. Relative contribution to the CFIRB of galaxies with luminosity
Lilly et al. 1996; triangles: Conolly et al. 1997; squares: Madau ef 5 10'' L, for z<2.7 (dotted line), 2.Zz<4.8 (dashed line), and
al. 1996; and crosses: Steidel et al. 1999) corrected for extinction4y4.8 (continuous line).

Steidel etal. (1999) and SFR derived from the CFIRB (continuous line,

scaled to =50 km s~ Mpc™! for consistenc . . . )
H P Y) a “peak” in the cosmological star formation density at z=1-2 as

it has been assumed by many authors; it is clear that the epoch
illustrative casen=2, L=5 10 L, 20=0.3 and2,=0.7). As of the beginning of star formation has not yet been identified.
expected, galaxies below redshift 2.7 contribute mostly at shbtoreover, these results indicate that there is a divergence of the
wavelengths and galaxies above redshift 2.7 contribute mosilghaviour of the star formation history as compared to that of
at long wavelength. As can be seen in Elg. 4, the small error lthe space density of luminous AGNs (see for example Dunlop
at z~2.5 shows that this conclusion is firmly established. G097 and Shaver et al. 1998), as it was aslo suggested by Steidel
the contrary, the fraction shown in Fig. 7 for redshift larger thagt al. (1999).
4.8 is not well constrained by the background. ) ] ) )
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