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our approach

sssssssss

p-process

reaction/decay uncertainty

o ir
Ll

* Monte-Carlo + statistical analysis ?

o ensitivity” study b -
or\ nucleosynthesis? observation

-S-process : (2) weak s, (4) main s

-p-process : (1) CC-SNe, (3)Type la SNe

: (B) CC-SNe/PNS winds
(1) Rauscher, NN+(2016) MNRAS 463; (2) NN+(2017) MNRAS 469; (3) NN+(2018) MNRAS 474;
A 4) Cescutti+NN+(2018) 478 MNRAS; (5) NN+(2019) MNRAS 489

w ﬁCollaborators G. Cescutti, S. Cristallo, C. Fréhlich, J. den Hartogh,
u‘ A. Heger, R. Hirschi, A. Murphy, 1. Rauscher, C. Travaglio

explosive nucleosynthesis in cc-SNe (e.g., °6Ni, Fe-group, 44Ti)




proposal to n_TOF (CERN) D-Process

68Zn, 77.78Se (n,g) TRIUMF
(CERN INTC 201 7-038) PRL 127 112701 (2021)

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

el proposal OEDO/RIKEN
AR (FY2020) 130.1315n(n,g)
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“1D” explosion models of

1 |-thermal "bomb” (e.g., Thielemann, Nomoto, Hashimoto 1996)
. . - |-“piston” (e.g., Woosley & Weaver 1995)

a | |'recent debate on reasonable 1D explosion treatments
N AL (see, Sawada+2019, Imasheva, Janka+2023)

e 1066 56Nj — 56Co — 6Fe BB OKEHIR (HHE)
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Basics: explosive nucleosynthesis

-complex combination of

Ty, > 5 . explosive Si & O burning (NSE)

reactions and photo- — 56N, 57Ni, 44T, Fe peak
dissociation (partially in NSE)| .5 - Ty , > 4 : incomplete Si & explosive O burning
-What happens at each layer —> 28Gj, 325, 36Ar, 40Ca (+ 56Ni, 44Ti)
of the star is relatively well  |.4> 7, > 3.3 : explosive Ne burning — 160, 28Sj, 32S
known. .33 > T, ,>2:explosive C burning — 2°Ne, 24Mg
several studies on the + photodissociation of heavy seeds — p-process

reaction rate sensitivity |[-2>T; ,: no explosive burning
(e.g., Magkotsios+2010, Subedi+2020)

16.0 My, (SFHo)

adopted model
PUSH model (Perego et al. 2015): e B
“energy deposition” by heavy flavor : " :
neutrino (not electron type) — S ar metall; ltp%%i—?

“consistent” Ye to explosion dynamics o 05 1 s 2 25 b5 s
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-Monte-Carlo framework

- PizBuin MC-driver (developed by Rauscher, NN) MC_Win }
- parallelized by OpenMP (shared memory system) i -

-Nuclear Reaction network

- Network solver (base):

- WinNet: U Basel group (Winteler+NN+2012, Reichert+2023); recently public
- Reaction rates:

- Reaclib format (Rauscher & Thielemann 2000, Cyburt+201 1)
- T-dependent uncertainty:

- X-factor (Rauscher 2012); provided by Reaclib fitting format

(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; (6) NN+2026 MNRAS
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16 M, , 1 Z5 solar metalicity

#138 #435 s16
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Reaction (n,y) (p,¥) (p,n) (a,¥) (a,n) (a,p)
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{ Ulov 1/2 1/3 1/3 1/10 1/10 1/10

1.1

XOg | All Variation:- Lvl _

Normalized abunadnce Y/Y peqx
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PearsonD1BE8{F# T (rate variation vs. L% FE)
— MERERE |r .| > 065 EEBEFE

solar 16 M, , 1 Z,

Nuclide  7corr,0 Key rate Yeorr, 1 Key rate Yeorr,2 Key rate X0 Compound nucleus
Level 1 Level 2 Level 3 (3, 5 GK)
4Ca -0.67 3BAr+a o n+%Ca 1.00, 0.94 2Ca
“Cr -0.82 “Cr+a o p+°'Mn 0.78, 0.50 >2Fe
0.65 “UYTi+ a o p+4V 0.28, 0.14 ®er
0.88 Ca+aeo y+*Ti 1.00, 1.00 4Ti
>Mn -0.70 *Fe+ a & p+>Co 0.84, 0.57 ONj
0.67 2Fe(B*)>*Mn -
>%Co 1.00 SONi(B*)>°Co -~
-0.69 °Ni+ a o p+°°Cu 0.74, 0.46 07n
1Co 0.92 YINi(B*)>"Co —
-0.65 Ne+a o y+*Mg 1.00, 0.99 24 Mg
STNi -0.83  5’Co+p < n+'Ni 0.89, 0.68

S'Ni(n, p)*’Co : °'Ni/*°Ni H BT 2&VRI (CBER; EE NI HLE
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w16 model

44T (EIBEDRIDE (Epkflow) ([CIKFET D Qe 44Ti(a, p)47V
\ = 2 —= 1 99 ~ .
— KR DERTO “key rate” (|r,| > 0.65)[&. 7& Uo 43¢ - 40Ca(a, y)*Ti
SEB LTV BRIGEOREMA, 100% $< & [FS Xm0, al6 o
1
— BEADD “Ti(a, p)*’'V & *Ca(a, y)**Ti H\%h < D (XHED N —
2 L2 [ : f
(b) s16 (Expl. Si burn.) T E
1.0 weak : radiative capture . (n,p)/(p,a)/(a,n) >°; 11
. — —— “Ti(a,p)*'V 8 .
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44Ti: additional production?

-additional production?

-can be solved 3D long-term simulaions?(Wang & Burrows 2024)
-pre-SN model (stellar evolution e.qg., Sbedi+2020)

e 44T underproduction problem can be solved by NDW (later v -heated ejecta)
* probably in p-rich NSE, but nucleosynthesis mechanism is not clear yet

= UL, (BRDEETOD) EBXRICODRE (FEEE? (RICRDMEM(CTED)
K e Wang & Burrows (2024)
E T — | (also Sieverding+2023)

Continuum
Si/Mg Jet

NuSTAR (Grerenstette+2017) | Time After Bounce [s]
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Impacts of 96Ni(n,p)°°Co
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comming soon

experimental determination of 26Ni(n,p)°6Co
by the surrogate method: RIKEN-CNS at RIBF (Li, Suzuki+NN, in prep.)




°6Ni production in proton-rich eje
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56N production in NDWs? (in proton-rich)

Sieverding+2023
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