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R- process elements from Type II SNe !
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% Large abundance scatter at [Fe/H]<-2
Is an evidence for INDIVIDUAL

supernova episode.

% Only Core-Collapse TYPE Il SUPER-
NOVAE are the likely astrophysical
sites of the R-Process !
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Metal-poor
stars

CS 22892-052: Sneden et al. (2003)
HD 115444: Westin et al. (2000)
BD+17°324817: Cowan et al. (2002)
CS 31082-001: Hill et al. (2002)

HD 221170: Ivans et al. (2006)

HE 1523-0901: Frebel et al. (2007)
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Magic Number and Slow/Rapid Neutron-Capture

Processes
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RIKEN-RIBF New Ring Cyclotron (since 2007)

L
oh-orEGE I ARBEELY

B, PIDR) :F1T77L—5% —#&L

345 Mev;#ff% F1A!wh: +-2mm, Brho&E: 76N|

Many nuclei
the r- process path!

Atomic number

.\

e —

r-process path | \
o s @

Sat 25 20 Seed for r-process
z TOF(F3-F7) [..-,

ll Ty
" Kr &*7”#.1

‘.J 'r".l_l- J"' Wl

2.?

g
o



Supernova e B )
Nucleosynthesis | Y g
° ° 2407 F AN )
Simulation : N
S. Chiba les07 § A
v-Pair Heated Collapsar Model 0 —ﬂﬂ A&——
K. Nakamura, et al. ApJ (2012). 3 I
s |’14<ovsom|m|% |
— T T T 1T [ T T T T ] T T T 1 ] —T | ]
t=0.00E+00 (sec.) o= 400_ 235
100 = 1._ 5000 208p}, U\
N - Y.=5.73E-01 P \ﬂ
= 80
) -10
o _ 184 N 10" o
= 107" C
- BD B — 1D—1E -g
Z i - 1072 3
=14 <
S 40 °Fe 126 - 13—15
fud B — -16
o QL 10
- — 82 o 10—1?
a 20 — T Nishimura, et al. (2011, 2012) 108
— 50 - 10—19
0 — 2028 | v ooy N N I T N N 1D—ED
0 50 100 150 200

Neutron Number N



R-process Nucleosynthesis

K. Otsuki, H. Tagoshi, T. Kajino and S. Wanajo, ApJ 533 (2000), 424;

S. Wanajo, T. Kajino, and G. J. Mathews, and K. Otsuki, ApJ J. 554 (2001), 578.
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Challenge to identify

astrophysical sites 100
of the r-process:

*v=wind SNe

*MHD jet SNe 10

*NS mergers
*GRBs
+
Explosion mechanism 1

Y,>057?

Roberts, Reddy and 0.1
Shen (arXiv1205.4066)
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Various roles of v’s in SN-nucleosynthesis

MSW resonance at p~103 (g/cm3)
v-Flavor Oscillation
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v-v Scattering near Proto-Neutron V
v-Collective Flavor Oscillation e
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MSW Effect & v Mass Hierarchy

I 71 1 /11Rp i Yoshida, Kajino et al . 2005, PRL94, 231101;
PredICted LI/ B RatIO 2006, PRL 96, 091101; 2006, ApJ 649, 319; 2008, ApJ 686, 448.
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v-v Scattering & Collective v-scillation

H, = Mixing and Interaction with Background Electrons
MSW (Matter) Effect: Mikeheev-Smirnov-Wolfebstein (1978, 1985)
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Quest for EXACT Many-Body SOLUTION !

“Invariants of collective neutrino oscillations”
Y. Pehlivan, A.B. Balantekin, T. Kajino & T. Yoshida
Phys. Rev. D84, 065008 (2011)



v-A reaction cross sections?

Haxton’s SM cal. (Woosley et al. ApJ. 356 (1990), 272)
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Suzuki’s new SM cal. with NEW Hamiltonian B+
Suzuki, Chiba, Yoshida, Kajino & Otsuka, PR C74 (2006), 034307. B 11
Suzuki, Fujimoto & Otsuka, PR C67, 044302 (2003) = SFO [H’V (e-,ve)

12C: SFO Hamiltonian = Spin-isospin flip int. with tens@g, | |’He| 70 ()
force to explain neutron-rich exotic nuclei. o o

- i-moments of p-shell nuclei vvply /oy
- GT strength for 12C>12N, 14C>14N, etc. (GT) 3H
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Double B decay - v mass — Astro—Cosmology Connection

K. Yako et al., PRL 103 (2009) 012503.

Experiment
(RCNP, Osaka)
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Shell model (theory)
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Nuclear Astrophysics Programs of
Photon- & Lepton-Induced and Charqge-Exchange Reactions
for the Studies of Element Genesis

The developed HI & RIB technique x A
+ Intense RI-Beam at RIKEN L

+ High Precision Spectrometer at RCNP
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Probe any Energy on wide N-Z (Isospin)

$

Understanding of nuclear weak
response in astrophysical processes

> R-process (GT + first forbidden)
- SN explosion mechanism
- Th-U synthesis & cosmochronology

GTGR, PD
cays
< =

Z=N
Proton-rich Neutron-rich

Neutral & Charged currents
- LiBeB synthesis & v-oscillation
- Fe-Mn synthesis in 1%t generations of star
- La, Ta, Nb synthesis & cosmic clock

- EC/beta-decays
- SN Il, SN la, X-ray bursts Sasano @ Uesaka Spin-Isospin Labo., RIKEN
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All Amino Acids on the Earth, left-handed — Why?

Chitrality, Earth/Solar origin or Universal?

% Neutrinos are all left-handed!

% Supernovae with strongly magnetized neutron star
or BH emit intensive flux of neutrinos over 10%° yrs!

% SN ejectaincluding N interact with neutrino under
strong magnetic field!

% Neutrino-N coupling is asymmetric & chiral selective!

Boyd, Kajino, & Onaka (Astrobiology 10 (2010), 561-568)
L-handed chirality is UNIVERSAL !
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© " V, + 1N > et +14C
14N dies ! -
Mann and Primakoff (Origins of Life, 11 (1981), 255) 0.16 100% 5,

suggested B-decay of 14C, but it's too SLOW! 14C (5730y) 14N (1+)


http://upload.wikimedia.org/wikipedia/commons/8/87/Chirality_with_hands.jpg
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Nuclear & Particle (v) Physics
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