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Importance of theoretical stellar nucleosynthesis calculations

» Direct comparison between predicted stellar abundances and
observations

> Interpretation of chemical abundances from stellar spectra

» Interpretation of the composition of stable and radioactive
isotopes in meteoric components
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Monash NS code

» Developed in the 1990s by John Lattanzio and Robert Cannon

» Monash stellar structure evolution code — Monash
post-processing nucleosynthesis code

» 328-species nuclear network
» including all the isotopes on the s-process path (up to Po)

» Reaction network mostly based on the JINA REACLIB
database (Set0)

» Constant radioactive decay and electron capture rates
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Monash NS code

» Because of the operation of the branching points, the
temperature and density-dependent decay rates are
essential for the accurate study of the s-process in AGB

stars

» New input physics in the code:
» Temperature and density-dependent radioactive decay and
electron captures rates from NETGEN database (Setl, 113
reactions)

» Upgraded neutron-capture network with re-evaluated

experimental MACS from ASTRAL database (Set2, 94
reactions)

Upgrading the neutron-capture and decay rates of Monash nucleosynthesis code Balazs Szanyi



Setl vs Set0

Results
[ leJele]

2.5M

z =0.007

3Mo

z =0.007

4Mo

z=0.007

St 1
Xeeto

2Mo

z=0.014

3Mo

z=0.014

4Mo

z=0.014

2.5Mo

z=0.03

z=0.03

z=10.03

Set1

50 100

150

Mass number

200 0

50

100
Mass number

150

200 0

50

100

150

Mass number

g the neutron-capture and decay rates of Monash nucleosynthesis code

200

L
se
Kr
K
SiNb
SiMo
108cq
129
152Gd
6Ly
Vet
19205
2057
20ipp,
203pp,

210pg




Setl vs

Results
[e] Tele]

. 3Mo z=0.014 176Hf 177HI 178Hf
10 STABLE STABLE STABLE
176 Hf
102 \
175Lu 176Lu 177l
13 STABLE B B
10t . .
7% 7% 100 me . o re 174Yb 175Yb 176Yb
/ . STABLE B STABLE
10~ T - 16y L, 1764
102 . 10°°
10-°
07 0 25 50 75 100 125 150 175 200 e o el
Mass number %o
10
Abundance solar set0 setl 1074 > Moo
6Ly 2.695E-14 3.456E-12 1.695E-12 107
16 f 1.889E-13 1.807E-13 2.660E-12
176 u/r7eHf 0.14 19.12 0.64 T T e a3 35 an

Temperature (10° K)

Upgrading the neutron-capture and decay rates of Monash nucleosynthesis code Balazs Szanyi



Results
[efe] ]

Setl and Set0 vs FRUITY

oMo 2=0014 Mo . 2=0014 aM, o
° 7'se
10%4 o Eq . E . E
= . * ° ® Kr
1014 o, L o0 1 e . L
ol& = * A w NS W
2| s g < XY A e .
2 1004 t it ad x e . PV e > L
3L o8 5 3 FE=Ec. . ° %Nb
107 " . E . 1 b
.
1072 4 L] 1 e Poeomo
108cq
10-2 . T T . . T - T . . . - T T .
103 gt . . . . . . . . . . . . N . . N .

1024 175Lu E ] 176Lu ] 176Lu \ i
\ \ S . . o U264

10t . . e Le 1 S . 3 L
e . > NGy

s td E Pe 8 c . Ed o‘( * ‘mﬁ 3

£ 0
S 1004
£ , o 175Hf
-1 ] L] ] L
10 TS 2057y
10724 2 Eo 4 b
205py
1072 T T T T T T T T T T T T T S T T T T T
75 100 125 150 175 200 75 100 125 150 175 200 75 100 125 150 175 200
Mass number Mass number Mass number

Upgrading the neutron-capture and decay rates of Monash nucleosy alazs Szanyi



Set? vs Setl

Results
[e]e]e] )

10!

%

107!

2.5Mo z=0.007 3Mo z=10.007 4Mo z=0.007
3
. . 2 L
% ade - DAy . s k ‘ .
v L o " o o aad
o o
2Mo z=0.014 4Mo z=0.014

10 s .. oo .
N ine ,_'_Mu- I e o

® .
2.5Mo z2=0.03 3Mo z=0.03 4Mo z=10.03

.

e
iy " g

o 50 100 150 200 0 50 100 150 200 0 50 100 150 200

Mass number

Mass number

Mass number

g the neutron-capture and decay rates of Monash nucleosynthesis code

wopr
wwca
co
o
i
s
scu
sscu
nGe
T5as
.
sénb
1578a

170g,

o 185y

19205




Future plans
e0

Future plans

» Interpreting the results of Set2

» Comparing the predictions of the upgraded code with stardust
grains measurements

» Continuous updating of the network based on new research
results
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Thank you for your attention!
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