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formation of the first mini-haloes via molecular cooling
transition from pop-lll to pop-Il star formation
formation of the first galaxies and their contribution to reionization
early enrichment of the universe
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SIMULATION CODE

Gadget-2, OWLS/GIMIC
(Schaye et al, 2010)

pressure dependent SFR
(Schaye & Dalla Vecchia, 2008)

enrichment by SN la, SN [, AGB
(Wiersma et al, 2009)

metal line cooling
(Wiersma, Schaye & Smith, 2009)

kinetic SN |l feedback
(Dalla Vecchia & Schaye, 2008)




SIMULATION CODE

H2/HD formations and cooling
self-shielding
pop-ll star formation, yields

thermal PISN/SN Il feedback
(Dalla Vecchia & Schaye, 2012)

dust yields, sputtering
pop-lll BH remnants




THERMAL PISN/SN I
FEEDBACK

Total SN Il energy from a SSP

TSNII
L35 ¢ 102 o

egNII = 8.73 X 10 erg g_l ( ) FE5q (6 = MSNII/M@ < 100)

AT = ALZE < T TS el i (ﬂ) Esi s
1.736 x 10—2 M

(Dalla Vecchia & Schaye, 2012) g_;?



THERMAL PISN/SN I
FEEDBACK

Total SN Il energy from a SSP

MSNII
L35 ¢ 102 o

esniT = 8.73 x 10%° erg g1 ( ) Es1 (6 < Msnii/Mg < 100)

AT|=4.23 x 107 K el i (ﬁ) e
\ 1.736 x 10~2 M

only parameter in the model

(Dalla Vecchia & Schaye, 2012)
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THERMAL PISN/SN I
FEEDBACK

Avolding over-cooling

b . i 2B (m) g
B S0 N, X ( )
P § (14 Nogh, Xut) (577003 1075 K / \ 7 x 10% Mg

9 3/9 7k e (m) i
nH(tcool = tsound) = 9.7 x 10 [F(M’Nngb7XH)] / <1O7'5 K) (7 x 10 MQ)

(Dalla Vecchia & Schaye, 2012) 5‘9



THERMAL PISN/SN I
FEEDBACK

Avolding over-cooling

b . i 2B (m) g
B S0 N, X ( )
P § (14 Nogh, Xut) (577003 1075 K / \ 7 x 10% Mg

9 3/9 7k e (m) i
nH(tcool B tsound) = 9.7 x 10 [F(M’Nngb7XH)] / <1O7'5 K) (7 x 10 MQ)

density criterion

(Dalla Vecchia & Schaye, 2012) é‘s\?
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gas mass density metal mass density

region centred on the most massive galaxy, evolved from z~30 to z=6
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gas temperature and velocity field

gas density
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log[dN / dlog(M,) Mpc?]

Stellar Mass Function

Gonzalez et al. 2011
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GALACTIC OUTFLOWS
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GALACTIC OUTFLOWS

g
logo(M+/Mg) = 6.5
2
1
&5
io% 0
=il
2

-

6.25
6.75
7.25
7.75
8.25
8.75
9.25

NN NN

log,e M./Mg <
log,o M./Mg <
log,o M./Mg <
log,o M,/Mg <
log,o M./Mg <
log,o M./Mg <
log,o M,/Mg <

~x SFR~!

Il
@)}

Z

MPE



GALACTIC OUTFLOWS
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GALACTIC OUTFLOWS
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FUNDAMENTAL PLANE (?)
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METALLICITY-MASS RELATION
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METALLICITY-MASS RELATION

1 2l-ERlio alati@) Ahi)

~ (fit from Maiolino et
al, 2008, z=3.5)
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METALLICITY-MASS RELATION
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log(O/H) = Ao(l()g M* = log M0)2 K()
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METALLICITY-MASS RELATION
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METALLICITY-MASS RELATION
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METALUC\TY EVOLUTION

(Maller et al., 201 3)
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METALLICITY EVOLU TION
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FUNDAMENTAL METALLICITY
RELATION

(Mannucci et al., 2010)
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FUNDAMENTAL METALLICITY
RELATION
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FUNDAMENTAL METALLICITY
RELATION
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FUNDAMENTAL METALLICITY
RELATION
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SUMMARY

Feedback model Is parameter-free
Hint of a feedback fundamental plane

No evolution of the metallicity-mass relation
VIR 8 esilallisheel e 224



