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\sensitivity” stud . 1
0 nzcllel\;lsznth;sii/? astronomical observation

-s-process : (2) weak s (— n_TOF (CERN) experiments), (4) main s
0-process : (1) CC-SNe, (3)Type la SNe

Y P-Process : (5) PNS vvlnd —> RIBF exerlments and more’?
(1 Y Rauscher, NN+(2016) MNRAS 463: (2) NN+(2017) | 469" (3) MNRAS 474

MNRAS NT(20

(4) Cescutti+NN+(2018) 478 MNRAS; (5) NN+(2019) MNRAS 489

Collaborators: G. Cescutti, S. Cristallo, C. Fréhlich, J. den Hartogh,
A. Heger, R. Hirschi, A. Murphy, 1. Rauscher, C. Travaglio

explosive nucleosynthesis in cc-SNe (e.g., °6Ni, Fe-group, 44Ti)
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1. A new nulcear-physics
axperiment for the vp-proce
(a brief progress report)

‘NN+(2019), MNRAS
‘NN & D. Suzuki



proposal to n_TOF (CERN)
GSZn, 77,78Se (n,g)

(CERN INTC 2017-038)

proposal OEDO/RIKEN
(FY2020) °6Ni(n,p)°6Co

+ea| proposal OEDO/RIKEN
AR (FY2020) 130.1315n(n,q)




Y D-process in core-collapse supernovae

v.+n—->p+e & U,+p—on+e’
explosion by v heating (entropy) Vv p-process (Ye ~ 0.6 model)
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Solar isotopic ratios
the solar isotopic ratio (Lodders 2003): /°4Mo

22Mo/°4Mo = 1.6, 845r/°4Mo = 0.54, 78Kr/°4Mo = 0.82

* Y p-process w/ updated masses?
— still low °2Mo/?4Mo (Xing+2018)
* nuclear reactions?
» — 0.67 <92Mo/?*Mo < 2.79 for a specific model (NN+2019)

NN+2019
#16 Neutron number, N Rh 95 08 97 08
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Z, proton number
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key reactions: v p-process
o production of Mo: 92Mo(p.g)®3Tc

* key reaction for determination of ®2Mo/?4Mo; theoretical descrepancy to solar
iIsotopic ratio: critical to solve "Mo origin probelem” by v p-process
« FY2021: N.N. initiated the plan of experiment w/ D. Suzuki (RIKEN — U Tokyo)
¢« FY2022—2023:
» applied RIKEN’s funding: Intensive Reserch project (300 MJPY. 2yr for non-Pl)
— approved (FY2024-2025)

a figure in the proposal

(a) Nucleosynthesis (b) Key reactions
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2. Explosive nucleosvnthesis
INn core=collapse supernovae

‘NN, Froéhlich and Rauscher, in prep.



Core-collapse SN (Tvpe Ib, Ic. ll. not la

more massive stars
makes higher central |

explosive nucleosynthesis
(Fe-group peak)

i s - B < r

massive stars (>10 Msun)

-energy generation by nuclear
fusion (=bright stars)

-nulclear “ashes” becomes fuel

for further burnings
(H>He—>C—>0— - —Fe)
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“1D” explosion models of cc-SN

mass fraction

A ~ |-thermal “bomb” (e.g., Thielemann, Nomoto, Hashimoto 1996)
/ Yo s Tpiston” (e.g., Woosley & Weaver 1995)
S 41T srecent debate on reasonable 1D explosion treatments

"/ [ m (see, Sawada+2019, Imasheva, Janka+2023)
Thielemann+(1996) PUSH results (EOS dependence)
PUSH model (Perego et al. 2015): v =
“energy deposition” by heavy flavor 107l
neutrino (not electron type) — 5 o "
“consistent” Ye to explosion dynamics LL
<L

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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-Monte-Carlo framework

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

-Nuclear Reaction network

-Network solver:
- WinNet: the latest Basel network, (Winteler+, 201 2)
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

Piz Buin (mountaln)
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NN+(2017) - ——

Feor,0  Tcor,1 Yeor,? Key reaction Key reaction Key reaction
Level 1 Level 2 level 3
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/ decays/reaction rates

product correlation Key reaction key reactions (selected)

nuclide Feor reaction on the N-Z plane

4Sc  Radioactive -0.77  **Sc(+3)**Ca
°°Co  Radioactive 1.00  °°Ni(+3)°°Co
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ll‘ - @ ) 'l & 57 & 57'
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expl. Si incomplete-Si
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+44T1 production explosion models (e.g., Magkotsios et al. 2010, Wang & Burrows 2024)



Summary

ccSN explosive nucleosynthesis
-origin of iron peak and radioactive nuclei

— 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 (but, not our recommenanded “key reaction”)
-e.g., for 4TI — “4Ti(a, p)*’V, 49Ca(a, r)*4Ti




