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our approach

* Monte-Carlo + statistical analysis ?

“sensitivity” study 5 .
on nucleosynthesis? observation

-s-process : (2) weak s (— n_TOF (CERN) experiments), (4) main s

-p-process : (1) CC-SNe, (2)Type la SNe

- v p-process : (5) PNS wind — RIBF experiments and more?

(1) Rauscher, NN+(2016) MNRAS 463; (2) NN+(2017) MNRAS 469; (3) NN+(2018) MNRAS 474;
(4) Cescutti+NN+(2018) 478 MNRAS; (5) NN+(2019) MNRAS 489

Collaborators: G. Cescutti, S. Cristallo, C. Frohlich, J. den Hartogh,

A. Heger, R. Hirschi, A. Murphy, 1. Rauscher, C. Travaglio
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(1) Rauscher, NN+(2016) MNRAS 463; (2) NN+(2017) MNRAS 469; (3) NN+(2018) MNRAS 474;
(4) Cescutti+NN+(2018) 478 MNRAS; (5) NN+(2019) MNRAS 489
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explosive nucleosynthesis in cc-SNe (e.g., °6Ni, Fe-group, 44Ti)
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mass fraction
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“1D” explosion models of cc-SN

., *\x -thermal “bomb” (e.g., Thielemann, Nomoto, Hashimoto 1996)
B\ A -“piston” (e.g., Woosley & Weaver 1995)
-recent debate on reasonable 1D explosion treatments
(see, Sawada+2019, Imasheva, Janka+2023)

Thielemann+(1996) PUSH results (EOS dependence)
100, s16.0
PUSH model (Perego et al. 2015): N «/ o
“energy deposition” by heavy flavor o le—af AT
neutrino (not electron type) — 5 10-
“consistent” Ye to explosion dynamics -
§10_"
16 M
adopted model .
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nucleosynthesis
-complex combination of
reactions and photo-
dissociation (partially in NSE)
-What happens at each layer

Ty ,> 5 : explosive Si & O burning (NSE)
— 56N, 57Ni, 44Ti, Fe peak
.5>T, ,>4:incomplete Si & explosive O burning
| | — 28Gj, 325, 36Ar, 40Ca (+ 56N, 44Ti)
of the star is relatively well | 4 T, ,> 3.3 : explosive Ne burning — 160, 28Sj, 32S
known.

several studies on the + photodissociation of heavy seeds — p-process
reaction rate sensitivity |.2> 7, ,: no explosive burning
(e.g., Magkotsios+2010, Subedi+2020)

.3.3> 1T, ,>2: explosive C burning — 2ONe, 24Mg
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I I I I I I I [ [ =
1x1010 Eﬁ /\
adopted model , NSE (<160
1 M iy - 5 =" P>m, PPL (2 < Tyax < 3.5 GK)
2 1x108 E 7 5 2 et
@ 9 - iy ) =
- " Q.
ad - = 1 B —
O __
F E
e o 1x10" £ | NDW (#11-21) — |3 = '
solar metallicity | | wemazy — (1 —
: . PPL (#211-590) —— | -
1X106 | | | | | | [ [ [ 01 | | | | | | | | |
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

Time, s Time, s



Mass fraction

A\ TULICU

——

ll
. -

P

0.2 0.3
enclosed mass M

-expl. Si
1-Sl
-expl. Ne



-Monte-Carlo framework

-PizBuin MC-driver (developed by Rauscher, NN)
-parallelized by OpenMP (shared memory)

-Nuclear Reaction network i S
-Network solver: " Piz Buin (mountain)
- WinNet: the latest Basel network, (Winteler+, 2012)
Reaction rates:
- Reaclib: (Rauscher & Thielemann 2000)
- T-dependent beta-decay (Takahashi & Yokoi 1987, Goriely 1999)
- T-dependent uncertainty:
- Provided by Reaclib format, based on Rauscher 2012
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Selection by statistical analysis
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/ decays/reaction rates

product correlation Key reaction key reactions (selected)

nuclide Teor reaction on the N-Z plane
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°°Co  Radioactive 1.00  °°Ni(+43)°°Co
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Summary

cCSN explosive nucleosynthesis
-origin of iron peak and radioactive nuclel

— astronomical observation: optical transients and chemical origin
-explosive nucleosynthesis: complex “network” of reactions
-Key reactions ?
-mostly in NSE, no significant key reaction for °6Ni (only decay works);
few key reactions for including >’Ni — 27Ni(n, p)°’Co
Focusing on different layers (Si-burn/i-Si-burn/Ne-burning) additional
key reactions are identified

-e.g., for 44Ti — “Ti(a, p)47V 40Ca(cx r)44T|

Kyoto U [=]
“Nucleosynthesis and - I
| "B Y TP Evolution of Neutron stars” »
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