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Condition for r-process
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Weak r—process
Wanajo, Janka, Muller(2011)
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Ejected Mass [107° Mg]

Magneto-hydrodynamic (MHD) Jet Supernova

S. Nishimura, et al., ApJ, 642, 410 (2006) ; T. Takiwaki, K.Kotake and K. Sato,
ApJ 691, 1360 (2009); C. Winteler, et al., ApJ 750, L22 (2012).
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Recent RIKEN p-Decay Experiment:

S. Nishimura et al., PRL 106, 052502 (2011).
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Nuclear Mass Model:

KTUY Model
Fission Barrier, QB

Koura, Tachibana, Uno, Yamada,
PTP 113, 305 (2005).
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Fluid Data for Neutron Star Merger

1.0Mg5 NS - 1.0M45 NS Binary Merger
Simulation

Korobkin et al., MNRAS 426 (2012), 1940,
Piran et al., MNRAS 430 (2013), 2121,
Rosswog et al., MNRAS 430 (2013), 2585.
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Abundance Evolution of

Neutron Star Merger (MOVIE)
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Elemental Abundances of Neutron Star Merger

Shibagaki, Kajino, Chiba, Mathews,
Nishimura & Lorusso, submitted (2015)
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Abundance

Magneto-hydrodynamic (MHD) Jet Supernova

S. Nishimura, et al., ApJ, 642, 410 (2006) ; T. Takiwaki, K. Kotake and K. Sato,
ApJ 691, 1360 (2009); C. Winteler, et al., ApJ 750, L22 (2012).

107

T I T l. T T I T T T T
Numerical result —— i
Solar r-element +---+--

10° F

250

Mass number

Nuclear mass model

Neutron Star Merger

Underproduction — Possible Solutions
PROBLEM !




Abundance Y.

Recipe to reproduce solar r-elements
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Abundance Y.

Recipe to reproduce solar r-elements
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Recipe to reproduce solar r-elements

S. Wanajo, ApJ 770 (2013), L22.

v 3
10
¢ .
® °
4 ol . I
10 | 0’ ° J
>_| ¢
Q [ d " ': A A : )
g 5 | . y
ks 1077 ¢ r" oo e -
I [ [
5 \,f
'_2 '
-6
10 _ \ Magneto- :
Hydrodynam.
. Neutron Star Merger |
g Jet Supernova
10 | | | | |

100 120 140 160 180 200

Mass Number A



Recipe to reproduce solar r-elements

Shibagaki, Kajino, Chiba, Mathews,
Nishimura & Lorusso, submitted (2015)

SUM = 79%(v-SN weak-r)
\h _m / +16% (MHD Jet)+5%(NSM)
IL b 1

v-Driven SN : MHD-Jet : NSM = 79% : 16% : 5%
consistent with independent estimates !

Ejected Mass [Msun] x Event Rate [/Galaxy/Century]

Weakr = 7.4x10* X (1.5%0.9)

MHD Jet = 0.6x10?2 X ((0.03+0.02) x (1.5%£0.9))

NSM = (2%1) x 102 X (1-28)x10
(1-1000)?

Diehl, R., AIPC.1594..109D (2014), Winteler, et al., ApJ 750, L22 (2012),
Kalogera, et al., ApJ 614, L.137 (2004).
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Summary

* There are 3 candidates for r—process sites.
(MHD-Jet SN, NSM, v-driven wind SN)

« We construct the new nuclear reaction network code and apply
to r-process nucleosynthesis of the binary neutron star merger.

« MHD-Jet SNe + NSMs + v-driven wind SNe can reproduce the
solar r-elements.

- Fission fragment mass distribution (FFD) and fission barrier are
critical to reproduce the elemental abundance around A = 160.

=) (Quest for nuclear mass models and FFDs is highly desirable.



