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Periodic Table of Elements
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Elemental abundances in metal-poor stars

(Johnson 2002; Honda et al. 2004; Aoki et al. 2005;
Francois et al. 2007; Cohen et al. 2007)

® Fe-like elements (A ~ 23 to 70)
Na, Mg, Al S, ..., Fe, ..., Zn

® Sr-like elements (A ~ 88 to |10)
SnhY, Zr, ..., Ag

® Ba-like elements (A > 130)
Ba, .., Eu,..,Pt, .., Th, .., U, ..




[E/Fe]

Quasi-uniform pattern of Fe-like elements
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Evolution of Sr with Fe
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logEe(E)

Observations of Ba-like elements
(Westin et al. 2000; Hill et al. 2002)
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Atomic Number
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Summary of observations

® nearly fixed pattern for elements within
each of the 3 groups

® wide variations in the ratio of elements
between any 2 groups

® Ba-like elements decoupled from Fe-like
elements

# three distinct types of sources




Stellar sources for early chemical evolution
massive stars M = 8 M, = 7 < 30 Myr
core-collapse SNe: neutron stars, black holes

low- and intermediate-mass stars

M ~1-8My, (M) ~2Mg =7 ~1 Gyr

AGB: s-process (A > 70), white dwarfs

WDs in binaries: SNe la (Fe group,A ~ 56)
CCSNe over 10 Gyr: ~1/3 of solar Fe
» early (first Gyr): [Fe/H] < —1.5
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Three types of core-collapse SNe

O-Ne-Mg
C-O
He

H-He

M ~ 8-11 Mg
Low-mass SNe: NS

M ~ 12-25 M, normal SNe: NS
M ~ 25-50 M, hypernovae (HNe): BH
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normal SNe
M ~ 12-25 M

HNe
M ~ 25-50 M,




Characteristics of stellar sources

sources nucleosynthesis remnants
low-mass SNe no Fe-like NS
elements
normal SNe Fe-like elements NS
HNe Fe-like elements BH
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Supernovae

collapse .
Stellar Core - as a neutrino
M ~1Mgyn

Ryg ~ 10 km phenomenon

R ~ 1000 km

core

et +e »v+v, N+ N—->N+N+v+pv
GM?

Rns

~ 3 x 10 erg = v,, U, Vi(r)s Yu(r)

production of Sr-like elements
in the neutrino-driven wind

Ve+p—>n+et

Ve+Nl —>p+e”

(Woosley & Hoffman 1992;
Frohlich et al. 2004, ’06 @

Pruet et al. 2005)




Stellar sources for elements

Fe-like Sr-like Ba-like
sources
elements elements elements
low-mass

No Yes Yes

SNe
normal SNe Yes Yes No
HNe Yes No No




3-component model (Qian & Wasserburg 2008)

| I | I | I L I L I L I L I L I L I Frrid

1.5 (a) =
1 Fe from normal SNe only =
0.5 fFe,L* =1 l =
L* =
LE fperr =024 E
05 + —
q fFe’L* =0.1 _E
15 =
2 0% =
s o Lo =
~F Zo Fe from HNe only =

-3 o Fe,L* - —:

| i L1 I L1111 I L1111 I L1111 I L1111 I L1111 I L1111 I L1111 I L1111 I L1111

[\

-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5
[Ba/Fe]




Exploration of r-process in shocked C-O layer of
O-Ne-Mg core (Ning, Qian, & Meyer 2007)
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Such conditions are not obtained in
ot e, L, current models of O-Ne-Mg cores
~ wm  &associated SNe (Janka et al. 2008).




Conclusions

® observations of abundances in metal-poor
stars require three distinct massive stellar
sources in the early universe

® these sources are consistent with low-mass
SNe, normal SNe, and HNe from stars of

~ 8-11, 12-25, 25-50 M, respectively

® observations point to r-process production
of Ba and heavier elements by low-mass
SNe, but the detailed mechanism remains
to be established




