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 The ply)-process nucleosynthesis

e The V- process a sequence of photodlsmtegratlons (v,n) o

’ (v,p) and (y,a) in O/Ne rich layers in CCSN epr05|ons from-‘.’

" massive star. progenltors (e g., Woosley & Howard 1978
Rayet etal., 1995); . | |

. Productlon of p- nuclel 35 neutron- defluent lsotopes of
| eIements heaV|er than Fe;

- Underproductlon of typical v process. y|eIds from masswe
" stars (factor of ~2-4) compared to the solar system |

abundances Larger underproduction of 9294Mo and 96 98Ru G

y|eIds (~1 order of magnltude)
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The p-nuclei

M. Arnould, S. Goriely | Physics Reports 384 (2003) 1—84
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; B ' : G : Clayton D.D: (1968) Principles. ofSteIIar Evolutlon and NucleosyntheSIs
b .
: Unlver5|ty o} Chlcago Press, Chicago.

.35 stable proton-rich nuclei: 74Se, 78Kr, 84Sr; 92 94Mo %6,98Ry, 102Pd, 106,108C], 112,114,115 13|, 120Te o 126Xe
130 13ZBa 136 138Ce 138La 144Sm 152Gd 156, 158Dy 162 164Er 168Yb 174Hf 180Ta 180W 18405 190Pt and 196Hg
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The

Analy5|s of Y- process y|eIds in5 dlfferent eX|st|ng sets of’ core coIIapse supernova

_models (

+ 22/09/2023

y-process in stellar models
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The y-process nucleosynthesis in core-collapse supernovae

I. A novel analysis of y-process yields in massive stars

L. Roberti">3*®, M. Pignatari>**®, A. Psaltis>®*®, A. Sieverding’, P. Mohr®
Zs. Fiilop®®, and M. Lugaro'29-10

, Pigna Sleverdlng+18 thter+18 Lawson+22)
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The y-process in stellar models
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. I. A novel analysis of y-process yields in massive stars

L. Roberti">3*®, M. Pignatari>**®, A. Psaltis>®*®, A. Sieverding’, P. Mohr®
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~ Analysis of Y- process y|eIds in5 dlfferent eX|st|ng sets of’ core coIIapse supernova
_models (2 , Pigna Sleverdlng+18 thter+18 Lawson+22)
| Main results: ' | :

* The pre- supernova structure of the model is cru<:|al to determine the properties
: *
‘ of the exploswe O/Ne nucleosynthe5|s P
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~ Analysis of Y- process y|eIds in5 dlfferent eX|st|ng sets of’ core coIIapse supernova
_models (2 , Pigna Sleverdlng+18 thter+18 Lawson+22)

Maln results:

* The pre- supernova structure of the modeI is cru<:|al to determine the properties
: : *
‘ of the exploswe O/Ne nucleosynthe5|s P

- CO sheII mteractlons before the explosron boost the productlon of all the nuclei '
| 'WlthA>110 - s

+
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~ Analysis of Y- process y|eIds in5 dlfferent eX|st|ng sets of’ core coIIapse supernova
_models (2 , Pigna Sleverdlng+18 thter+18 Lawson+22)

Maln results:

* The pre- supernova structure of the modeI is cru<:|al to determine the properties
: : *
‘ of the exploswe O/Ne nucleosynthe5|s P

- CO sheII mteractlons before the explosron boost the productlon of all the nuclei '
| 'WlthA>110 e - » .

i Drfferent sets of reactlon rates Iead to 5|gn|f|cant dlfferences in |sotop|c ratlos
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OP(1840s)/OP(1°°Hg)

. -

All 5 sets use different | Solar

reaction rate

databases!

+22/09/2023

Rau+02
Pgn+16
Rit+18
Sie+18
Law+22

100
OP(190Pt)/OP(1%€Hg)
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The y-process in stellar models

' Ratios of p—nuclei close
to each other in mass,
-hormalized to the solar.

ratio

OP(A) = X(AYXAS

: % = uhdec’ayed, yieldsl

* = undecayed yields +
radiogenic contribution



e{”Effect of dlfferent explosuve
____prescrlptlons (prellmmary)

: Explormg the effect of epr05|on parametrlzatlon on y process

. Zsets of steIIar prOgenltors thter+18 Lawson+22 15, 20 and 25 M ; 

: B 2approaches semi- analvtlcal epr05|ons(R|tter+18) hvdrodvnamlc

S|mulat|ons mlmlckmg a. 3D convect|ve engme (Lawson+22)
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h{”Effect of dlfferent explosuve
____prescrlptlons (prellmmary)

: Explormg the effect of epr05|on parametrlzatlon on v process

. Zsets of steIIar prOgenltors R|tter+18 Lawson+22 15 20 and 25 M

o 2approaches semi- analvtlcal epr05|ons(R|tter+18) hvdrodvnamlc

S|mulat|ons mlmlckmg a. 3D convect|ve engme (Lawson+22)

" Main resuIts

+ The V- process productlon site shlfts in the structure by varymg the
| epr05|on energy, - L
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h{”Effect of dlfferent exploswe
____prescrlptlons (prellmlnary)

Explorlng the effect of epr05|on parametrlzatlon on v process

* 2sets of steIIar prOgenltors R|tter+18 Lawson+22 15, 20 and 25 M ; ‘

o 2approaches semi- analvtlcal epr05|ons(R|tter+18) hvdrodvnamlc

S|mulat|ons m|m|ck|ng a. 3D convectlve engme (Lawson+22)

" Main resuIts

~+ The V- process productlon site shlfts in the structure by varylng the
| explosion energy; . L

* More energetic explosmns - more v process materlal escaped from
the remnant e e o

* Less energetlc epr05|ons - more V- process materlal Iocked in the |

R remnant

; *
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Semi-analytical models. =~

- Ppure RDA":' e . SBW propagation
e O (more energetic)

F-values relative to Foig F-values relative to Foi6

15 Mg
C-O merger!

C-O merger!

¢ FolFois
<> Fy/Foie

¢ FolFois
<> Fy/Fois

Models (sorted in explosion energy)

E :.% for 3. most produced y-only nuclei -
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* Full hydrodynamic models '

F-values relative to Fpie

Models (sorted in explosion energy)

o Epr’Q’s'ipn.mddéls'from-Frver, et al.,.2018, Ap'J,' 856, 63;
-~ from Lawson, et al. 2022, MNRAS, 511, 886 '
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- Summary.

~* The productlon of p- nuclel is st|II unclear, therefore we a|m to
| eprore in more deta|I the CCSN scenario; |

g . %he stellar structure at the onset of the Fe core coIIapse and the

nuclear network: play a crucial role in the productlon of p- nuclel

e AThe C- O shell merger crucial for p- nucIe| heaV|er than Pd

o Next steps I’adIOHUC|IdES(92Nb i 98Tc 146Sm) update of the' o
, nuclear network for the y-process nucleosynthe5|s productlon of

new v process steIIar y|eIds :
s : .

e ‘Questlon for our experlmental nuclear phv5|cs frlends any new
| reactlon rates for V- process? | - ' |
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Th'e'p-(heutro"n- deficient) nuclei

' 35 stable roton rlch nuclel 74Se 78Kr 84Sr %2 94Mo 96 98Ru

i '102Pd 106, 108Cd 112,114, Sn Sk 120Te 124 126Xe 130 13ZBa

-4'136 138Ce 138|_a 144Sm ISZGd 156, 158Dy 162 164Er 168Yb 174Hf

i '189-|-a 180W 18405 190Pt and 196H8

+ :
.-

o D|fferent exploswe contrlbutlons (e g a- & vp process
. "Woosley & Hoffman 1992 Froehllch et aI 2006 Arcones &
Montes 2011)

* « neutrino capture (Goriely et al. 2001); *

el 5 process contrlbutlon (Blsterzo etal. 2011)
i * s-process and neutrino capture (Blsterzo et aI 2011

Arnoujd & Gorlely 2003)
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The V- process nucleosynthe5|s |n C O
sheII mergers

Post SN structure Ritter+18 15Mg

dashed = pre-supernova
solid = after explosion
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D|fferent exp|05|veprescrlptlon5 :

~ _' s Set 1: R|tter+18 progenltors (IVIESA) Fryer+12 remnant
~ mass, Sedov Blastwave (SBW) solution for. propagation of

. shock wave, adlabatlc exponentlal decay for temperature
and den5|ty, o |

. Set 2: R|tter+18 progenltors (IVIESA) Fryer+12 remnant .
mass, pure radiation dominated approximation (RDA), .
“adiabatic exponentlal decay for temperature and den5|ty, <

~.* Set 3: Lawson+22 progenltors (Kepler), with hydrodynamlc
. .epr05|ons from Fryer+18 mimicking the conyection

* enhanced supernova engine in 1D, using a three-part

L parameterlzatlon for the energy injection (power duratlon
~_and. the extent of the energy |nJect|on reglon)
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Different explosion energies

. -

15 Mo, Z=0.02

10.0 foe

x
(-
O
+—J
O
©
| -
y—
n
(V)]
©
=

. 2.5 3.0 3.5 4.0 4.5
Internal mass coordinate Mg

5 22/09/2023 -* SR ; [+ %.."Lorénzo Roberti - lorenzo.roberti@csfk.org

220:



