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Introduction
Motivations
General overview

Motivations

Goal: Understand primordial star formation and the
transition from the first ‘Poplll’ stars to the commonly
known solar-like ‘Popll-I' one:

— What is the formation epoch of first objects?

— What is the role of early molecules and metals?

— How relevant is Poplll for star formation and metal spreading?
— What are the effects of different IMFs on SFR?

— What are the implications for early observables (LF, GRB)?
— What are the effects of the underlying matter distribution?

Requirements: Study the chemical properties of cosmic
medium during cosmological evolution.
Techniques:| N-body/Sph chemistry simulations
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Theoretical scenario:

m Cosmic structures originate from the growth of matter
perturbations at early times (inflation), in an expanding
Universe.

m Baryonic structures form from in-fall and cooling of gas into
DM potential wells since very high redshift (z)

m Eventually, a cloud can form if the radiative losses are
sufficient to make the gas condense and fragment:

L3kt [ 3n
cool = 2 Z(n, T) "=\ 326y

m At early times the cooling function is dominated by
molecules ! After pollution from formed (baryonic)
structures (— chemical feedback) metals dominate
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primordial environments...

The first stars are born in small primordial dark-matter haloes
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...hosting molecular and metal evolution

Gas cooling function — /,‘,\‘

In primordial regimes, the Ao N
main coolants are H, He and o=l [ ]
molecules (H, and HD). E ! 1
In metal enriched ones, pory 1
metal fine-structure Tevr / g ;
transitions from C, O, Fe, Si / K E
(dominant over molecules at w0 1
low temperatures). B
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The first “sunshine

Poplll stars Popll-I stars

pristine or very metal poor metal enriched

Z < Zgit(~ 1074 Z) Z > Zgit(~ 1074 Z)

mass range: ??? mass range: ~ [0.1; 100] Mg
explosion energies: ??7? explosion energies: ~ 10°t erg

(1% photons, 99% neutrinos)
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Method

Simulations

For a complete picture

— follow gravity and hydrodynamics coupled to molecule formation
and metal production from stellar evolution through cosmic time

i

molecules metals determine stellar evolution

determine first gas subsequent determines yields, v
collapsing events structure formation and timescales

Following and implementing metal and molecule evolution in
numerical codes (e.g Gadget, etc.) required

(Springel, 2001, 2005; Yoshida+, 2003; Tornatore+, 2007; Maio+, 2007, 2010, 2011; Biffi & Maio, 2013)
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Method Simulations

Simulations of gas collapse and star formation

Zoom in the first structures (z ~ 10) Structure evolution (down to z ~ 0)
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Method

Simulations

H/H,-driven gas collapse (inflows)...
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Method

Simulations

star formation and disruption (outflows) ...
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Method Simulations

... with metal spreading

Z (absolute) O (absolute) Fe (absolute)

Total enrichment O enrichment Fe enrichment

Metal enrichment and stellar evolution: massive SN — « , SNla — Fe
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Early SF and Pops.
Theory vs
CDM & WDM

Results

The 1st Gyr: the epoch of the first stars

SFR [Mg yr~! Mpc~?]

N

N
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SFRHI / SFRQG'.
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Z

box: 1Mpc3; Poplll IMF: top-heavy with slope=-1.35, range=[100M ¢, ,500M ¢ ]; Maio et al., 2010

Umberto Maio



Early SF and Pops.
Theory vs. data
CDM & WDM

Results

Primordial populations in the 1st Gyr

Fraction of popll haloes (i.e. with SFR contribution from popll and
mean Zpgo > Zgit) VS. Z poplll haloes vs. z
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For further investigations and dynamical features see Biffi & Maio (2013)
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Luminosity functions

For each galaxy: Ly = LY + L'
in L5, L10, L30

Popll-I SEDs from Starbust99
(Vazquez & Leitherer, 2005).

log,, Number Mpc-® mag-!
b & - o

Poplll SEDs from Schaerer (2002). :5
No dust assumed -8

Observational data points from:

Bouwens et al., 2007 (circles); z=6
Bouwens et al., 2011 (circles); z=7-8

Fit: Su et al., 2012 (solid line); z=6.
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Resulting slope: ~ —2

(see also Salvaterra, Maio, et al. 2013)
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SSFR — early bursty Universe
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Implications for high-z GRBs

Primordial (Long) Gamma Ray Bursts are originated by collapse of
the first massive stars and accompany the formation of BHs
— Early GRBs provide infos about SFR in the first galaxies

L05

L30

Auqoqoid Bunsoy gyo
Aunqoqoud bunsoy gyo

dNGrg (L0g10(SFR[M @ /yr]))

Differential GRB hosting probability — dP =
NGre dLogio(SFR[Mg /yr])

High-z GRBs are more likely found in intermediate-, low-size objects:
large objects (high SFR) are rarer than
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Statistical properties of the first GRB hosts
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GRB Data: Tanvir et al. (2012); Thone et al. (2013); Hartoog et al. (2014); Chornock et al. (2014)
See: Campisi et al. (2011); Salvaterra et al. (2013, 2015); Ma et al. (2015)
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Searching Poplll stellar populations at high z

Indirect signatures: 04
7 z=13 z=13 &
abundance ratios 03
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Effects of CDM and WDM

1072 T T T T

— WDM mass compatible with
current constraints: 3keV

CDM
'WDM 3keV

— WDM described by a sharp
decrease of P(k) at large k

N(K)

— Implications for IGM, lensing,
clustering, satellite problem 01

) 10.0 100.0
K [Mpc]

— What about primordial epochs? £
— Sims. L = 10Mpc/h, 2 x 5123 3
Maio & Viel (2015) s 01 100.0

0 10.0
k [h/Mpc]
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CDM and WDM structures

Umberto Maio The first stars in the Universe
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CDM & WDM

Results

CDM and WDM mass functions
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Will we observe the first stars? Future perspectives

S WEBB SPACE TELESCC @esa

— JWST space telescope: early Universe, reionization, galaxy
formation; launch: 2018+; cost: ~ 11BIn $

— SKA radio telescope: HI, reionization, galaxy formation, radio
transients; construction 2020+; cost: ~ 8 Bln EUR

— Athena space satellite: hot gas, clusters, BHs, GRB X-ray
afterglows up to z ~ 6 — 10; launch 2028+; cost: ~ 1.3 BIn EUR
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The End

Summary...

m We have presented results from cosmological N-Body
hydrodynamical chemistry radiative simulations

m We studied the early stellar populations and their interplay with
the surroundings

Conclusions...

m First star formation episodes are very ‘bursty’ and efficient metal
enrichment leads to a rapid poplll/popll transition

m High-z observables can help constrain poplll signatures

m Results are not very sensitive to the assumed parameters such
as Zqit, poplll metal yields, IMF slope, primordial
non-Gaussianities, etc. although effects from WDM can be
important
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