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Understanding the cosmic history

of star formation

We have developed a model which follows the cosmic evolution of baryons :

» the growth of the star-forming structures is computed in the framework
of the hierarchical scenario (Press & Schechter).

For a given scenario of cosmic star formation (SFR and IMF),
the model computes consistently :

» the ionizing flux;
» the rate of explosive events (SNae ; in the future : GRBs);

» the metal enrichment of the structures (ISM) and the IGM
(D, He, C, N, O, Si, S, Fe, Zn + global Z).

The evolution is followed from the first stars (z>15) up to now (z=0).



Introduction (1) : Cosmic SFR
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VIMOS VLT deep survey
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The cosmic star formation rate
can be measured up to z ~S.

(UV; [OII]; Ho,HP; X-rays; FIR;
sub-mm; radio)
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WMAP suggests a very early epoch (z ~ 10-30) of
reionization in the IGM. (Kogut et al. 03)

Very massive pop. LI stars ? (e.g Ohet al. 01; Cen 03; Bromm 04).

The distribution of baryons in the Universe is measured :
Today 61 £+ 18 % of all baryons are in star forming structures (Fukugita & Peebles 04).



Introduction (2) : Cosmic Chemical Evolution
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Many measurements of metal abundances :

= Locally,
= At high redshifts :
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* In massive star forming galaxies (Shapley et al. 04),

* In the Lyman a forest (Songaila 01; Simcoe et al. 04; Aguirre, Schaye et al. 04),

 In DLA systems (Pettini et al. 02; Ledoux et al. 03; Prochaska et al. 03).
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The type 1a supernova rate is measured up to z ~ 1.5
(GOODS data, Dahlen et al. 2004 + local measurements)
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In the near future, the GRB rate will hopefully be measured up to z > 4-5.
See the recent detection of GRB050904 at z=6.29 !



Modeling the Cosmic Chemical Evolution

Standard formalism (see e.g. Tinsley 1980) :

Gas (ISM)

ar forma

dtal ejec

Outflow = Infall

This work : extended version to model the chemical evolution of the gas
in the ISM of star-forming structures
and in the IGM
in the framework of the hierarchical scenario of structure formation.



Star-forming structures : mini-halos — galaxies
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Model parameters

Main parameters :

» Minimum mass of the DM halos of star forming structures. We test 10°—101! M,

» SFR and IMF : Normal mode : SFR o« v exp(-t/tr) / IMF 0.1 — 100 Mg
Pop I1I. : SFR o v exp(-Z/Z ) / IMF 40 — 100; 140 — 260; 270-500 M

» Efficiency of the outflow : lM VezSC =¢ Eifl

Computed at each z from the distribution of
the DM halo mass (PS formalism).

I T T T T I T T T T I T T T T I T T T T ]
600 — - 104

- 108
400 - 710

M, =10" Mg ]

v2,(2) [erg/M,]

4 1047
200 1

Mean escape velocity v, (z) [km/s]

= 7 ° 1046

Redshift z



Model parameters

Main parameters :

» Minimum mass of the DM halos of star forming structures. We test 10°—101! M,

» SFR and IMF : Normal mode : SFR o« v exp(-t/tr) / IMF 0.1 — 100 Mg
Pop I1I. : SFR o v exp(-Z/Z ) / IMF 40 — 100; 140 — 260; 270-500 M

» Efficiency of the outflow : lM V2 =¢ EiN
2 €scC mn

Secondary parameters :

» z, .. where the first stars form (equivalent : initial fraction of baryons in the star forming regions).

Time is related to redshift by : 9.78 h~! Gyr

Az (1+2) \/Qp + Qu(l +2)3
Qr = 0.73, Oy, = 0.27 and h = 0.71 (Spergel et al. 2003)

» Mass range, fraction of white dwarfs, and time delay for SNIa.

Other input :

» Distribution n(IM,z) of structures and corresponding mass flux onto the star forming structures.

Computed in the hierarchical scenario using a code initially developed by A. Jenkins.
(Parameters : y=0.21; 03 =0.9 ; R, = 8 kpc ; PS + Sheth-Tormen.)

» Mass and metal dependant stellar yields. (van den Hoek et al. 97, Woosley & Weaver 95 and Heger & Woosley 02)
» Stellar ionizing fluxes (Schaerer 02).
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The observed SFR
is well fit.

The SN II rates
are reproduced.

1 lIllI Illllllllllll IIIlIIllIIllII IIlIIIl IlIlIlI IIlIllllI 1111

Redshift

Local :
Fraction of baryons in

the structures : OK.

The fraction in stars is
only marginaly fit.

Global evolution of
the metallic content

in the structures and
in the IGM : OK

ZISM>ZDLAS>ZIGM




Time (Gyr)

1‘3;7? 2i5 1 015 0121
% .
e & 0.1
B
N s
>
= 0.01

I High SNII rates are
| predicted at z~3-5.

(10-% xyr-!.Mpc-2?)
[y
o
o

1 lIllIllIlIIllIlIIII Illlllllllll llIIlllIl IlIlIII IIlIIlllI

IWTTTTTITTTTITT I T I IfTITroITI I ITrT I TTT TTTTITITITN]
RN RN RN RN K I RAAL RN b4 RALL

Baryon fraction SN II Rate

)
3
&
o
2
@\
&
&
3
]
)
-
©
-
0
K~
)
>

0
0.8
¢ 0.6
=
5 0.4
& 0.2
0 The metallicity in
1 the structures
Ooo-} increases rapidly.
@ -
~' 0.001 L
N 10-4 The evolution is
~ 105 much slower in the
IGM.




Time (Gyr)

SN II Rate (10-5 xyr-!.Mpc-3)

The IMF slope has
of course a strong
impact on the SN 11
rates.

%
:
;
i
S
z

Redshift




Time (Gyr)
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Impact on the supernova relic neutrino background :

44 See Poster by Pearl Sandick
« Neutrino Signatures from the First Stars »

and the corresponding paper : astroph/0509404.
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Critical

metallicity :
Initial redshift:
Big effect
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Effect of the pop. III mass range

Compared to Model 1 (40-100 M) :

* Model 2a (140-260 Mg, : PISNae) :
Silicon in the IGM is better reproduced (PISNae yields)
but the ionizing flux is too low.

* Model 2b (270-500 Mg, : BHs) :
the ionizing flux is increased
but the chemical evolution is not satisfactory (= Model 0).

Realistic model : a combination or a succession of these
three mass ranges during the initial massive starburst ?
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In the framework of the hierarchical scenario for structure formation :

» The physical parameters of the normal mode of star formation are strongly constrained :

— mass of the DM halos of star forming structures (M,,;,~10%-103 Mg, z, .. ~ 10-15).

— intensity of the SFR (observed SFR at z> 3 : OK but VIMOS ???).
—> efficiency of the outflow (peaks at 5-20 %).
Then :

» The present fraction of baryons in the star forming structures 2,
as well as the fraction of baryons in stars 2, ./Q, (z=0).

/€2, (z=0) is reproduced,

,Struct

» The type II supernova rate is reproduced (IMF slope x=1.3) :
Consequences on the supernova relic neutrino background :
see Poster « Neutrino signatures from the First Stars » by Pearl sandick.

» The type Ia supernova rate is reproduced : At ~ 3-3.5 Gyr (total delay : 4-4.5 Gyr)
and 1-2 % of WDs (2-8 My).



First stars :

» Massive Pop. I1I stars are needed for the early reionization of the IGM.
The mass range and the intensity of this mode are constrained by the chemical evolution.
Favored case : 40 — 100 Mg but Silicon is under-abundant in IGM.

Mixing model with three components ??? - 140-260 Mg, : good progenitors for Si
- 270-500 M : improves the UV flux

» The global chemical evolution in the ISM and the IGM is reproduced.
(Pop. III stars produce ~ 10 % of the metals in the IGM).

» Very metal-poor halo stars can probe the chemical composition of the very early ISM.
Their very peculiar abundances seem to suggest a component of <100 Mg pop. I1I stars.

» Extension of the model : - Mixing model for pop. III (three mass ranges),
- Impact of different stellar yields (Nomoto et al., Maeder & Meynet...)
- Multi-components model (clusters / galaxies in the field).

» Byproducts : - Supernova relic neutrino background : astroph/0509404,
- Predictions for the evolution of the stellar explosion rates
(SNae, GRBs) with redshift : in progress,
- Other backgrounds...



