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Another SN la Scenario:White Dwarf Mergers
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Life Cycle of Interstellar Medium
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Abundance relative to 10° silicon
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Simplifications for the early chemical evolution
Low-mass stars evolve on timescales of ~| Gyr =5

Fe from SNe la & s-process elements from AGB stars
negligible during the first ~| Gyr

Focus on massive stars & related sources:
SNe Il & NS mergers

SNe II produced ~ % (%)@ over ~ 10 GYT -

1
30

Y

(%) 5 produced over ~ 1 Gyr

Stars formed during the first ~| Gyr have
Fe/H| = log (Fe/H) — log (Fe/H) , S —1.5



Supernova as a
neutrino phenomenon
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Setting n/p in the Neutrino-Driven Wind
n/p>1=Y., <0.5

Qian et al. 1993
Qian & Woosley 1996

McLaughlin et al. 1996
Horowitz & Li 1999
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Neutrino Opacities!
Martinez-Pinedo et al. 2012; Roberts & Reddy 2012



r—Process in Neutrino—driven Wind
(e.g., Woosley & Baron 1992; Meyer et al. 1992; Woosley et al. 1994)

n, seeds —> r—process nuclei

T~025MeV “He(an,v)"Be(a,n)'*C

QSE

n,*He —l> seeds (A ~ 90)
T ~0.5 MeV

n/p>1
Ve+p—>n+et

Ve+nﬁp+e_

Yo l, ST, Tayn 4 = heavier r-nuclei
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Rapid Neutron Capture: the r-Process &N ,\HT"\J

t = 2.06E-03 s N, = 8.16E+29 cm™®
p = 2.15E+08 g cm™> S, = 9.96E+01 MeV
T = B.37E+09 K Y,/Y, = 3.72E+07
X, = 6.29E-01 Ty/To = 1.58E+15

Wanajo et al. 2004




The vp-process in p-rich v-driven winds
(Frohlich et al. 2006a,b; Pruet et al. 2005,2006)

(p,v) = (v, p) equilibrium = waiting point

break through waiting-point nuclei with slow beta decay:
Ue+p—ntet, (Z,A)+n—p+(Z—-1,A)
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Jets driven by rotation, magnetohydrodynamics, etc.

3D Collapse of Fast Rotator with Strong Magnetic Fields:
15 M_, progenitor (Heger Woosley 2002), shellular rotation with period of 2s

at 1000km, magnetic field in z-direction of 5 x10'* Gauss,
results in 10" Gauss neutron star

electron abundance [-], t = 0.023437s

log10(gas to magnetic pressure) [-], t = 0.023437s
600 5 :

600

400 400

; 0.35

200 [ 200
o

10.3

z [km]

70.25

Z [km]
(=)

0.2

-200

-200

4005 -400

600
2 -200 0 200

-500 ===

-200
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Eichler et al. 2013

(also Symbalisty + 1985; Nishimura + 2006; Fujimoto + 2007)



Mass Loss Phases During NS—-NS and NS—-BH Merging

Merger Phase: Prompt/dynamical ejecta
(due to dynamic binary interaction)

T P NS matter
Mdyn\ Ns | Ns 7 My, My, NS | BH + Wi
< _COSE << winds

t<6-10ms M, ~ 103-10"1 M, t < few ms
after _yn after first
first contact s~ 1-10 kB/nuc mass transfer

BH-Torus Phase: Disk ejecta

M, ~ 10-3-10-1 M,
§~10-50 kg/nuc

Just + 2014
(also Rosswog +;
Wanajo +; Metzger +;
Perego +; Martin +)



decompression of cold neutron star matter
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Diversity of La/Eu: more than one n-capture source
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Simplifications for the early chemical evolution
Low-mass stars evolve on timescales of ~| Gyr =5

Fe from SNe la & s-process elements from AGB stars
negligible during the first ~| Gyr

Focus on massive stars & related sources:
SNe Il & NS mergers

SNe II produced ~ % (%)@ over ~ 10 GYT -
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(%) 5 produced over ~ 1 Gyr

Stars formed during the first ~| Gyr have
Fe/H| = log (Fe/H) — log (Fe/H) , S —1.5
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Galaxy Formation




Summary

Early chemical evolution during the first ~| Gyr
dominated by SNe |l & NS mergers

Low-mass stars formed during the first ~1 Gyr
have [Fe/H] < —1.5 & survive until the present

Neutron-capture elements Sr & Ba are ubiquitous
in such metal-poor stars

The neutron-capture patterns vary greatly
among such stars, reflecting mixtures of
distinct sources



