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Advanced burnlng stages |n masslve stars

- After H and He burnmg phases the evolutlon is controlled
by CO core mass and C mass fractlon Ieft by He burnlng,

°C Ne 0, S| are progresswely used as fuel for core and sheII;
hurninge . ol T e
f-After centraI S| depletlon a Fe core forms and beglns to

?7 'coHapse

L Core- coIlapse supernova (CCSN)? T
¢ Evolution and development of convectlve shells lmpact the
fmal I\/I R reIatlon densrty and entropy proflles i



arbon oxygen sheII mergers |n masswe stars
| - ngestlon of some C. (and Ne)nn the O burnlng sheII durlng
- late stages of the evolution; .
o Formation of an extended (both |n mass and radlus) mlxed
convectlve zone; e R e

. Pecullar nucleosynthe5|s and |mpact on the explodablllty,?_“
- eIntrinsically3D occurrence: studled by hydro S|mulat|ons {1

(e“g Andrassy+20 Rlzzut|+24)

~ '° Found in several 1D stellar models Wlth I\/I,m<25 I\/I (e g e
e Rauscher+02 thter+18 Robert|+24) * .



CO shell merger

enclosed

-2
Logo(thna—1)(yr) : l0g10(t — tena) / [yr]

15 M, Z=0, v,o=300 km/s 8t zero (Roberti et al,, 2024, ApiS, 270, 28) - 15 Mo, Z=0.02, V=0 km/s at zero (Ritter et al., 2018, MNRAS 480, 538)
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' Carbon-oxygen shell mergers in massive stars
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*..Low C Ieft by He burmng
-__fmay favor C-O shell e
“mergers, by decreasmg therff}
_entropy barrier at the sheIIj f
“interface (Robert|+24
‘-Robertl et aI in prep )
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 Explodabilityof stars with aCO merger?

’_'.Large 69/@ at the Sl/O
“interface help the CCSN-
~explosion (BOCCIO|I+23)

}'Masswe stars W|th Cc-0 sheII
_mergers naturally meet this
“condition (Robertl&BOCC|oI| o

in prep )



¢ Enhanced O burnlng products and productlon of odd Z
* eIements (P CI K Sc) L o

;' EfflClent photodlsmtegratlon of heavy eIements and

productlon of the weak S process peak -
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Zini = 2.00e-02

0Odd-Z elements and O-burning
products
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" Nucleosynthesis: odd-Z element production

@9 NuGrid

A A +10% merger
> +50% merger
B @ +100% merger

=25

70 Rister etal, 2018 MNRASAZA L1 &+
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~ Nucleosynthesis: the 'Y+p’rbce$st :

3 - The Y- process a sequence of photodlsmtegratlons_-
~(y,n), (v,p),and [y,a) in O/Ne rich layers in CCSN =
o ,.;Iexplosmns from masswe star progenltors (e. g o
= Woosley & Howard 1978 Rayet et aI 1995)

" ' Productlon of p-nucle 35 neutron def|c1ent
. 7.|sotopes of elements heaV|er than Fe ‘_*f.

' . Underproductlon of typlcal V- process y|eIds from _
“_'masswe stars (factor of ~2:4) compared tothe «;

” ‘Of 92 94|V|O and 96 98Ru YIe|dS ( 1 Order Of
'magnltude) -

(Neutron-rich matter) _
N

b _"__Clayton D D (1968) Pnnuples of Stellar Evolutlon and NucIeosynthesrs Unlver5|ty of Chlcago Press Chlcago it

e 2024/09/10 o) : P Lorenzo Robert| S | e : . : o he. :

+  solar system abundances. Larger underproductlon ; 



Nucleosvnthes-stheyprocess ;

35 stable proton rlch nuclel 74Se 78Kr 8”*Sr 92 94I\/Io 96 98Ru 1°2Pdf 106 108Cd

112 114, Sn 120Te 124 126Xe 130 1SZBa 136 138Ce 138La 144Sm ISZGd 156 158Dy,

# 162 16*4Er 168Yb 174Hf 180-|-a 180W 18405 19°Pt and 196Hg

- leferent exploswe contrlbutlons (e g oc & vp process Woosley & Hoffmaﬁ1_:",‘-"‘,_.7-:'T

1992 Froehllch et aI 2006 Arcones & I\/Iontes 2011)

Ce ‘: f'

: - neutrino capture (G orlely et aI 2001)

+. s proceSS contrlbutlon (Blsterzo et aI 2011)

. . s:process qnd neutrlno capture (Blsterzo et aI 2011 Arndu-ld & Gorlely 2003) :

e



dashed = pre-supernova
solid = after explosion
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e ¢

isotope  explosive merger envelope explosive merger envelope
(%) (%) (%) (%) (%) (%)

RITIS RAU20
74Se 74.1 149 10.9 473 49.0 36
"#Kr 82.1 5.9 11.9 62.1 28.8 9.1
84gr 70.5 11.5 17.4 427 532 4.0
Mo 6.4 8.4 85.2 105 15.0 74.5
“"Mo 2.8 274 69.7 5.9 45.6 48.3
%Ru 8.2 4.3 87.5 12.1 24 85.5
%Ry 13.1 49.6 37.2 16.7 37.9 45.3
102pg 36.4 40.2 23.3 45.1 25.6 29.2
1%5¢cd 34.6 22.5 43.0 535 9.2 37.3
1%8cd 11.4 63.4 25.1 19.1 46.2 34.6
28 34.6 35.5 29.8 47.0 16.9 36.1
s ; 14gn 20.7 71.0 8.2 180  68.7 13.0
e . 1580 0.3 64.9 34.8 1.3 61.7 36.8
dashed = pre-supernova B h 15[ 54 425 52.0 85  46.6 447
. . e e 120Te 82 625 29.3 430 296 27.3
solid = after explosion : o : 124Xe 20 599 18.1 703 89 208
i N 126Xe 70 874 5.5 40.1 54.1 5.6
L 130Ba 350 610 3.7 66.6 24.1 9.3
2B, 1.8 95.9 22 186 789 2.2

H6Ce 404 51.0 8.5 42.6 39.0

Dominant effect on yields f 83 w7 o8 07 T4 46
of nuclei with A> 110. wgd 00 39 %61 05 11 se1

%Dy 0.6 93.7 5.7 7.7 89.5 23
Spy 0.0 84.4 1.8 95.8 1.9

Production of neutron gy 03 912 24 36 950

184y 7.5 39.1
richer isotopes (coldery- Juxr 24 s 32 -
180Ta 98.3 1.7

process). oy 707

.2.5. .3.0. — .3.5. - .4.0. . 180 . 88.9
190py . 58.4

Internal mass coordinate Mg B 19 84.4
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" Nucleosynthesis: the y-process . =

Increasing explosion energy

Models

.. Robertietal, 2024, ARA, 686,18
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- C-O merger

¢ FolFoie
<> FV/F016 Increasing explosion energy

Models

.. Robertietal, 2024, ARA, 686,18
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Nucleosynthesus the weak s process component
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o Robert| et aI 2024 ApJs, 270 28
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- Summary and conclusions .

. Carbon oxygen (C O) sheII mergers in masslve stars have a crUCIaI |mpact on the

eprosron and on the eJecta composmon of CCSNe e

.. Indlcatlon from 3D modellng seem to conflrm thelr exrstence

 1- . Large den5|ty Jump at the Sl/O mterface because of the extended mlxed convectlve’-‘?"_
| reglon easier epr05|on? In progress stay tunedl Lo + L

. . Productlon srte for odd 3 elements p- nUC|EI weak s-process Component

. Questlon frequency? Trend W|th mass/metaII|C|ty/rotat|on?

~ THankvoul -
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* ‘ We are orgamzmg the
w 8th p process workshop

Save the date
.' , 16 18th October 2024

Hope to see you |n Budapest next Oc:toberI

2024/09/10 e oL . o Lorenzo Robertl 8 : o : 18.  - A

@ Konkoly observatory |n Budapestr

+ L I O


https://indico.cern.ch/event/1389227/
mailto:8thpprocessworkshop@gmail.com

- Summary and conclusions .

. Carbon oxygen (C O) sheII mergers in masslve stars have a crUCIaI |mpact on the

eprosron and on the eJecta composmon of CCSNe e

. Indlcatlons from 3D modellng seem to conflrm the|r eX|stence

 1- . Large den5|ty Jump at the Sl/O mterface because of the extended mlxed convectlve’-‘?"_
| reglon easier epr05|on? In progress stay tunedl Lo + L

. . Productlon srte for odd 3 elements p- nUC|EI weak s-process Component

. Questlon frequency? Trend W|th mass/metaII|C|ty/rotat|on?
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