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The p-rich nuclei
M. Arnould, S. Goriely | Physics Reports 384 (2003) 1-84 A s'méll' fra'ction Of t'h'e total
10° abundances of the elements
beyond iron in the Solar:
System-is made of proton r|ch
A |sotopes
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.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 138|_a 144Sm 152Gd 156, 158Dy 162 164Er 168Yb 174Hf 180Ta 180W 18405 190Pt and 196Hg
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... and talks .l-a.ter today!

.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 p-rich nuclei

(Neutron-rich matter) _
N

_Clayton, D.D. (1968) Principles of Stel‘laf Evolution and Nucléosynthesis. University of Chicago Press, Chicagb.' 5
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The}'p'-ri;Ch. nuclei

' 35 stable roton rlch nuclel 7“Se 78Kr 84Sr %2 94Mo 96 98Ru

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

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

¢ % .'189-|-a 180W 1840S 190Pt and 196|_|g

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

T neutrmo capture (Gorlely et aI 2001) = * : "

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

Arnould & Gorlely 2003)
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~ The p/y-process nucleosynthesis

e p-rich nucIe| are (mostly) produced through a sequence of

| photodlsmtegratlons (v,n), (v,p) and (y,a).in O/Ne rich .

~ layersin CCSN ‘explosions from massive star progenltors .
(e.g., Woosley & Howard 1978; Rayet etal., 1995)

. * The typlcal v process y|eIds from massive stars are _ |
| underproduced by a factor of '“2 4 compared to the soIar b 8
T system abundances 0 ' ' '

8 97 9“Mo and 96,98Ru are underproduced by more than an .
'. order of magnrtude,compared to the other y-process nuclei.
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T'h'ep/wprocess(nuc'eos*vﬁ?hesis .

. Maln goals of the pro;ect

. o AnaIyS|s of V- process y|eIds in5 dlfferent exnstmg sets of |
4 core coIIapse supernova models (

2

Plgnatar1+16 Sleverdlng+18 thter+18 Lawson+22)

il Update of the nuclear reactlon rates for the v process

h . nucleosynthe5|s (|n coIlaboratlon W|th ATOMKI)

. Produttlon of new v process steIIar ylelds through the
| NuGrld post processmg codes '
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 The p/y-process nucleosynthesis

. -

The y—process nucleosynthesis in core-collapse supernovae

I. A novel analysis of y—process yields in massive stars
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The_isotOpicaratio‘s' .

0P(4) = X(A)/X(A)@

X(A), = model abundance in mass'

X(A) . fraction of-the isotope A g
\X(B)4, OP(A) e X(A) o= solar abundance in mass
R f fth - |
(X(A)@) OP(B) ractlon of the |sotope A
X (B )@ i o

_Ratios of p—nuclel cIose {6} each other in mass St
5, normallzed to the’ solar ratio, W|th the condltlon OP>2.

| Agreement W|th soIar if the ratio is W|th|n a factor of 3
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- The isotopic ratios

Plot #isotopes 1stisotopic ratio 2nd isotopic ratio
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7486/78KI'
2Mo/**Mo
102Pd/108Cd
1 IZSn/l 14Sn
112 Sn/l 14Sn
120T6/126XC
130Ba,/132Ba
138La/132Ba
156Dy/152Gd
156Dy/158Dy
168Yb/180Ta
18408/196Hg

8451’/78KI‘
°Ru/*’Ru
106Cd/108Cd
1 13In/1 14Sn
1 ISSn/l 14Srl
124XC/126XC
136CC/138CC
144Sl,n/132Ba
144Sm/152Gd
162Er/164Er
174Hf/180w
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~ Results: agreement with solar

@ solar

® Rau+02
Pgn+16
Rit+18
Sie+18
Law+22

»
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1.0 1.5 2.0
OP(1%°Cd)/OP(1%8Cd)

G- un‘d.e.ca_yed '

+

yields +

* = undecayed
yields+
. radiogenic
- contribution

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

15 2.0
OP(°°Ru)/OP(%8Ru)
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OP(19°Pt)/OP(1%°Hg)
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~ Results: agreement with solar

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

15 20
OP(196Cd)/OP(198Cd)
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~ Results: agreement with solar

-17/03/2023

Not nice! ®

100
OP(19°Pt)/OP(196Hg)
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~ Results: agreement with solar

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

15 20
OP(°°Ru)/OP(%8Ru)
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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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The V- process nucleosynthe5|s in C- O
sheII mergers

isotope  explosive merger relope explosive | envelope i

(%) (%) (%) (%)

RITIS

3¢ . 149 ) 473 49, 36
Kr . 5.9 . 62.1 . 9.1
845y . 115 A 42.7 . 4.0 : . 4 :
:iMo 4 8.4 5.2 10.5 . 74.5 8 : : et S :
"M 27.4 . 5.9 45. 483 s ' :
oMo - 59 455 43 . Models with C-O shell mergers:
%Ru 49.6 372 16.7 : 453 R R R RS :
102pg 36. 40.2 . 45.1 . 29.2 y : '
106¢q 46 225 43, 535 p 373 e 20 M Rauscher+02
108Cg A 63.4 . 19.1 46.2 34.6 ; : @ ! s
1:';Sn 34, 35.5 . 47.0 . 36.1 ; : B T :
s 71.0 . 18.0 . 13.0 ° : ;
“’s: 64.9 34, 1.3 . 36.8 : 15 M@ thter+18 ..
131 . 425 52. 8.5 46. 44.7 ! t : : ;
120Te . 62.5 . 43.0 . 27.3
124%e 22, 59.9 ) 70.3 20.8
if:;Xc . 87.4 . 40.1 5.6 Y7 EERE S aa
B : 61.0 . 66.6 . 9.3 ; 3 . : pikoics 3
ing, 959 2 156 789 22 Dominant:effect on yields of -
136Ce 51.0 . 426 39. Y. 3 : Y ' pn
138 y y . . s
e o 2 ; o nuclei with A= 110. -
1Sm 2. 84.0 . 16.3 29 3 ‘ ; : { 3
12Gd : 3.9 . 0.5 S PR S : .
ey 6 o 77 895 23 - . Production of neutron richer
’-‘ny X 84.4 1.8 5. 1.9 d S : : B :
oo 03 w2 6 ~ isotopes (colder y-process).

1688yh 2. . 38

1T . . . 6.7

1#0Ta . . 0.9
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Solar
Rau+02
Pgn+16
Rit+18
Sie+18
Law+22

10°

OP(135Ce)/OP(138Ce)

OP(74Se)/OP(78Kr)

15 2.0
OP(84Sr)/OP(78Kr)

" Results: C-O shell me rgers |

Solar
Rau+02
Pgn+16
Rit+18
Sie+18
Law+22
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10°
OP(12*Xe)/OP(1°Xe)

Solar
Rau+02
Pgn+16
Rit+18
Sie+18
Law+22
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Results: C-0 shell mergers’

Solar
Rau+02
Opposite to standard Pgn+16
of models Rit+18
Sie+18
Law+22

OP(13%Ce)/OP(138Ce)
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Solar
Rau+02
Pgn+16
. Rit+18
: Sie+18
Law+22

100
OP(124Xe)/OP(126Xe)
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Results: C-0 shell mergers

Solar
Rau+02
No significant differences Pgn+16
‘ Rit+18
: Sie+18
Law+22

1.0 1.5 2.0
OP(84Sr)/OP(’8Kr)
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| Summary .

e The productlon of p- nuclel is st|II uncIear therefore we
aim to explore in more detail the CCSN scenario;

g “» We analysed-the y-process nucleosynthesis in 5 eX|st|ng

different sets of CCSN models. We found large -
differences, mostly depending on the structure of the
progenitor at the onset of the Fe core collapse;

. + The contrlbutlon of C-0 sheII mergers IS |mportant for oy
~Pp-nuclei heavier than Pd; s

~« Next steps radlonuclldes(gsz a7 98Tc,,146Sm)

* update of the nuclear network for the y-process
- nucleosynthesis, production of new y- process steIIar
y|elds energy epr05|on dependence -
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