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Introauction

. -process and astronomical sites

. SUpernova scenario
by a quark-hadron phase transition



CC-SNe as the origin of r-process

T(PoY) 7r
(Q)— gr Pl s<s

Dt ~:

Solar System heavy elements ({%Z:H ¢« ] s

-

N=50

>N

5 4 ) 4

Br
neutron capture se ]

As O 2

102 T T T //l / I ge S< m > \ \'\ k » .
 og_ . a \ = | ™ \
0 B s-element / L In ; \ N~
-~ ":Q"’» . Cu " i B
2 10°F * [%og M » pelement o o . <« 4 . .
:’i -1 aly‘i’&éf,"?f “‘f“& o :"" % g Ni k b — |
§’° oW 'f.,,Lﬂ'w'ﬁ'=e;;rf-jb?.;;;' & gg-: N ——— r-process
= " 2 ag ) 4 —
8 102 o e e S-process
>
2 p-element : 1\ >NV
g s ~1% , ] r @ oovospucen (Pb) Se—miii
= 1 —
10°5 h ¥ . gz A
non-neutron capture | & x
0 e i im 40 1% 10 0 P &t N
Mass number A e i \q,,@‘ ; MTER113F
ol E (Sn) 50 % |/ (HBE278)3
Anders & Grevesse (1989) | BenT 1 26

L (BE:E8%) 047 23 18

(normalized by Si=10°) .. i -

e B RE-L2727 k)~ THX
(Ca) 20 i 2113 SR ERRIONN
Prasids : 50 B ERCHaTIRTH
0 O CheTeansnth
(0) 8 20 28 B #mUcHccaRlancr

(He) 2

RIKEN: RIBF Web site = PHEFE —*

(RfiTtkRoEs) ™ CWGEEs

BTROFERE (MRSY
— AR (R 07 0)()



Igh entropy a r-process site classification
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r-process Astronomical Sites

Astronomical site r-element mass event rate type*
(M) (1/year/galaxy)

Neutrino Driven Wind @ ?10° 10-2 high s

prompt-SN 58 102 ?10° low S

Neutron Star Merger” ?10+% ?10° low S
Collapsar Model © 102 ?10-4-5 high s/low s \

Magneto-driven SN & 102 ?10° low s

Acoustic Wave SN ¢ 102 ?10° high s

process®: Wanajo (2007)

“high s” process (high entropy and not low Ye)

“low s” process (low entropy and lowYe)

a - Woosley et al. (1994), Otsuki et al.(2000) etc.

QX ™

: Wanajo(1994), Sumiyoshi(2000) etc.
. Freiburghaus et al. (1999), Wanajo et al. (2010) etc.
. disk wind: MclLaughlin and Surman etc.

MHD Jet: Fujimoto(2007) etc.

M

¢ - Otsuki et al. (2011 prep.)

. Nishimura et al. (2006), Nishimura(2011 prep.) etc.




SN Senario: Quark-Hadron phase transition

collapse . .
P Neutrino heating/ Neutron Star

MHD driven (Magnetar)

t Quark star
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phase transition supernova

Stalled shock wave revived by Q-H phase transition
. Sagert et al. (2009), Tobias et al(201 1)
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. 1D General hydrodynamics
with neutrino radiative transport
-EOS : Shen EOS + MIT bag model
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Methods and Results

. tracers and nucleosynthesis
e -Process

. VP-process



physical guantities: motion
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physical quantities (thermodynamics)

neutrino quantities

- Luminosity

- Energy
- Radius
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Post-process Nucleosynthesis

Collapse, Bounce Expansion
and Ejection
weak reaction: > free-expansion
Explosion model full-network calc.
+ NSE composition

-weak interaction (Collapase and bounce)
. evolutions of Ye from hydrodynamic explosion model
-NSE abundance ( Temperature > 9 [GK] )

- Nucleosynthesis (a-process, r-process ... )
- Post processing based on T, o and neutrino by SN model
.full Nuclear Reaction Network (Nishimura et al. 2006 etc.)
.4071 isotopes. related reactions (REACLIB)
-weak interaction (FFN + LMP reaction rates)




high temperature and density

abundances (NSE)
NSE condition

19 > 5-9 [GK]

reactions (weak reaction)
non-degenerate ideal gas

p<24x1078 132 [g/cc]

T=10x10" K] p<24x10" [g/cc]
T=50x10° [K] p<85x10° [g/cc]
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Condition for nucleosynthesis
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nhucleosynthesis: neutron rich tracers

radius [km]

dominant abundances:
at the time of alpha freezeout
(the beginning of r-process)
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neutron rich: r-process

Ye ~0.35-04

Ye ~ 0.4 -
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wind from PNS: v p-process

vp-process @

mass fraction
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Integrated final abundances

compared to solar r-element
(in different vertical scales)
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Ye uncertainty - r-process

fixed tracer: different initial Ye ( 90~60 %)

mass fraction tracer #1
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Conclusions



Conclusions

. neutron rich component (main)

. reproduce A~100 r-element (weak r-process)

. ( strong r-process does not occur )

. proton rich componet

. up to A=90 isotopes by v p-process

. (distribution is minor)
Perspective
- Multi Dimensional Explosion Simulations
— Ye IS sensitive to dynamics
— Nucleosynthesis also quite sensitive to Ye



