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Estimating Nuclear Uncertainties C"ET\E‘E/RA

i-process in early AGB phase
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Estimating Nuclear Uncertainties C"ET\E‘E/RA

i-process in early AGB phase
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Estimating Nuclear Uncertainties C"ET\E‘E/RA

i-process in early AGB phase
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Estimating Nuclear Uncertainties C"ET\E‘E/RA

|-process in early AGB phase
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Estimating Nuclear Uncertainties

Radiative Neutron Capture Rates

Correlated
Uncertainties

Non-correlated
Uncertainties

Using TALYS reaction code (Koning et al. 2023)

l

2 Nuclear physic models (- See Stéphane Goriely talk)

/ .

Model A: based on Model B: based on

micro-physics phenomenological models
HFB+comb &

Cst-T + SMLO

4 parameters

N

2 parameters affecting 2 parameters affecting
nuclear level densities the photon strength
function
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Estimating Nuclear Uncertainties C"ET\E‘E/RA

Radiative Neutron Capture Rates

4 parameters

N

Non-correloted 2 parameters affecting 2 parameters affecting

nuclear level densities the photon strength

Uncertainties (shift+slope) function (shift and width)

Backward-Forward Monte Carlo
approach
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Estimating Nuclear Uncertainties C"ET\E‘E/RA

Radiative Neutron Capture Rates

4 parameters

N

Non-correloted 2 parameters affecting 2 parameters affecting

nuclear level densities the photon strength

Uncertainties (shift+slope) function (shift and width)

Backward-Forward Monte Carlo
approach

— Random combinations of these 4
parameters to probe statistical uncertainties
of (n,g) reactions
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Estimating Nuclear Uncertainties C"EI\,EE/RA

Radiative Neutron Capture Rates

0+ B Idmodel5 Strength 8 StrengthM1 8 Model A
SN Idmodell Strength 9 StrengthM1 3 Model B
70r I
-
o I8
3 «
M ° .
“ ) SRS frms — \/_*Zn 8 (7o)
1
a r
C Al _
2 6 8

frms

— Random combinations of these 4
parameters to probe statistical uncertainties
of (n,g) reactions
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Estimating Nuclear Uncertainties C"EI\E‘E/RA
Radiative Neutron Capture Rates - Parameters uncertainty range constrain by model uncertainties

Correloted model uncertainties
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Estimating Nuclear Uncertainties

Radiative Neutron Capture Rates - Parameters uncertainty range constrain by model uncertainties
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Correloted model uncertainties
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Estimating Nuclear Uncertainties

Radiative Neutron Capture Rates - Extension to non-experimental (n,g) reactions

Correloted model uncertainties

10 . " 1 ' L ' 1 " " " | L ' N 1
e Unknown

/ <Oov>
max min

<Oov>
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"ET\,EE/RA

Effect of statistical uncertainties on the surface enrichment of early AGB stars

STAREVOL code (Siess et al. 2006) l;/lhoeﬂ rmet:irpg?pgt;nsi ?é?QUFTJ (cT’e?))

) X with 4-parameter variation st.f <20
— i-process nucleosynthesis ( ¥ rms 20)

.
1 Msol at [Fe/H]=-2.5 — Rondom.combinotion of maximum
, , : and minimum rates for a large
Proton ingestion event in the early number of stellar models (n>50)
AGB phase
1) 2) 3) ettt sneens 862)
, Uncorrelated parameter uncertainties SI31(ﬂ,9) P32(n’9) SISQ(ﬂ,g) PU252(I’1,9)
0w —— _
5 ?St'éjijf Joms =20 Stellar Model 1 Max Max Min e, Min
‘e Stellar Model 2 Min Max  Min o Max
Stellar Model 3 Min Min Min Max
Stellar Model S0 Min Min Max e Min
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"ET\,EE/RA

Effect of statistical uncertainties on the surface enrichment of early AGB stars

Uncorreloted parameter uncertainties

54 — 5" perc. —— 95" perc.
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"EI@%}A

Effect of statistical uncertainties on the surface enrichment of early AGB stars

Correlaoted model uncertainties Uncorreloted parameter uncertainties
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"EI@‘E}A

Effect of statistical uncertainties on the surface enrichment of early AGB stars

Uncorrelated parameter uncertainties

5 - model A model B
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"EI\E‘E/RA

|dentify important (n,g) reactions during the i-process in AGB stars
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"ET\,EE/RA

|dentify important (n,g) reactions during the i-process in AGB stars
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"EI\E‘E/RA

|dentify important (n,g) reactions during the i-process in AGB stars
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"EI\E‘E/RA

|dentify important (n,g) reactions during the i-process in AGB stars
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|dentifying important 80
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NetGen

Nuclear Network Generator

UNIVERSITE
LIBRE
DE BRUXELLES

SNetGen

- ) NUCLEAR NETWORK GENERATOR

Choose the reaction and temperature range to plot, then click on "Plot",

* Plot Indiviual Reaction Rate
v|[12 v| + [1 v][PROT v| - [0 v|[00000 v| + [1 v]|[N v|[13 v]

(1 v][c

* Generate Network

Bibliographic index (1 = default = most recent rate) : |1

Step I: Add reactions

Individual Reaction
Minimum Temperature (in units of Tg, >0.01) 0.1

Choose from database (help)

&) Nuclear Reaction Maximum Temperature (in units of Tg, <100.0)

~ Weak Interaction - .
Number of grid points (max. 250)
@ Log

Automatic Generation
Type

Upload Files

Step lI: Edit Current network

Step lll: Compute Rates

* Wiki
How to generate automatically ..
How to select reaction rates ...

Checking and plotting individual Reaction rates available

> o
ChETEC

NACRE-Il BRUSLIB NACRE

RIPL-3 EXFOR
| — Accessible through chetec-infra.eu/resources/

Links

Sébastien
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NetGen

Nuclear Network Generator

UNIVERSITE
LIBRE
DE BRUXELLES

* Plot Indiviual Reaction Rate

* Generate Network

Step |: Add reactions

Individual Reaction

Choose from database (help)
(3 Nuclear Reaction
() Weak Interaction

Automatic Generation
Upload Files
Step II: Edit Current network

oy Jsor J cier

Step lll: Compute Rates

* Wiki
How Lo generate automatically ...
How to select reaction rates ...
How to plot a reaction rate

”
ChETEC
INFRA

Links

NACRE-Il BRUSLIB NACRE
RIPL-3 EXFOR
ORNL Clemson

JINA Reaclib |CPRG

Automatic generation of network

Zmin (1 - 93):
Zmax (1 - 93):

Proton Rich Side

Neutron Rich Side

(o o o o < <

ENetGen

NUCLEAR NETWORK GENERATOR

Select the required values in the form below, then click on "Generate network”.

1. Elements to be included:

R
o |

The default values generate the CNO-cycle network.
2. Borders of the network:

Boundary

® Stability Boundary
QO Drip Line

® Stability Boundary
O Drip Line

3. Reactions to be included:

(p.y)

{(p.n) (p.a)
(n,y)

(n,p) (n,a)
{a,y)

{a.p) (a,n)
{v.p) (y.n) (y,a)
(B)

Generate network | Clear choices

Mass Offset

Theoretical + Experimental rates

The mass offset field defines the offset (either positive or negative) to be added to the atomic mass of the selected boundary (i.e., drip lines or boundaries of stability valley).

Automatic Generation of Nuclear network

ChETEC

VA A

Srixane

— Accessible through chetec-infra.eu/resources/
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NetGen C“ET\E‘E/RA

Nuclear Network Generator

UNIVERSITE VAA
LIBRE
DE BRUXELLES e e n @

Erixene?
NUCLEAR NETWORK GENERATOR

V. Predefined Reaction Sets
* Plot Indiviual Reaction Rate

7. NACRE Il, an Update and Extension of the NACRE Compilation of Charged-particle-induced Thermonuclear Reaction Rates for Astrophysics [NPA, 918, (2013) 61]
» Generate Network

Select reactions and Bibliographic index in the form below, then click on "Add".

Step I: Add reactions

w , . Bibliographic index: \ 601. nominal rates v |
Individual Reaction
Choose from database (help) 1H2(1PROT, © 00000) 1 HE 3
2 . 1H2 (1DEUT , 0 00000) 1 HE 4
@ Nuclear Reaction .
( © 00000, 1 NEUT ) 1 HE 3
NACRE 2 H2 (000000, 1PROT ) 1H3
lliadis et al. 2001 1H2 (1HE 4, 0 00000) 1 LI 6
Descouvemont et al. 2004 1H3 (1DEUT , 1 NEUT ) 1 HE 4
CF88 and other charged particle 1H3 (1HE 4, 0 00000) 1 LI 7
Other up-to-date neutron capture 2 HE 3 ( © 00000, 2 PROT ) 1 HE 4
1 HE 4 ( 1 HE 3, © 00000) 1 BE 7

NACRE Il 2011

lliadis et al. 2010 A
& Weak Interaction m ClEsneinlees

Takahashi et. al. 1987 & Goriely 199

Other electron capture rates

rop

Langanke and Martinez 2000

H. Toki, and T. Suzuki et al. 2013
M. Takahara et al. 1989
Oda et al. 1994

Katakura J. 1996 Possibility to select Nuclear Databases such as

Tachibana et al. 1990
Moeller, Nix & Kratz 1997 NAC RE_l |

Automatic Generation

Upload Files

Step II: Edit Current network

— Accessible through chetec-infra.eu/resources/
Step lll: Compute Rates
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ChETEC
NetGen @A
Nuclear Network Generator

About + News v Infrastructures v Institutes Imprint

Databases

Barium Star Repository

A database of Barium stars has been created and filled with first data. The data collection is openly available as a GitHub repository and will be reviewed /

expanded on a regular basis.

Reaction Network Generator - NetGen

@ /A NetGen is a tool for astrophysicists to build up nuclear reaction networks for a given set of reactions,
\ e e I I generate tables of nuclear reaction rates on a temperature grid, and to plot the individual reaction

NUCLEAR NETWORK GENERATOR rates against temperature.

Nuclear Reaction Rates - ChANUREPS

ChANUREPS is a platform where the nuclear-astrophysics community is providing new

‘ h A N U R E P S nuclear reaction rates, and other users can find them easily open source with a simple

format. These rates could be used for many research tasks, such as nucleosynthesis

ChETEC AstroNUclear REPositorieS : : : :
calculations, comparison when new rates are becoming available and much more.

— Accessible through chetec-infra.eu/resources/
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Conclusions C"ET\E‘F’/RA

The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis
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Conclusions C“ET\E‘E/RA

The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Systematic and Statistical nuclear
uncertainties
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Conclusions “PiNFRA
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Systematic and Statistical nuclear
uncertainties

Correlated model uncertainties
of the same order than
non-correlated parameters
uncertainties
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Conclusions C“ET\E‘E/RA

The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Systematic and Statistical nuclear
uncertainties

nucleosynthesis
Correloted model uncertainties Important impact on the
of the some order than production of observable
non-correlated parameters tracers (surface abundance
uncertainties uncertainties by 1 dex for La,

3 dex for Th/U, 1.2 dex Eu, ...)

Results consistent for model
A and B
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Conclusions C“ET\E‘E/RA

The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Systematic and Statistical nuclear

il
[ []

Bi217(n,9)

Impact on i-process Identifying important reactions
nucleosynthesis

Correlated model uncertainties Important impact on the Interesting reactions such as
of the same order than production of observable Bi217(n,0) for Th/U.
non-correlated parameters tracers (surface abundance Possibility to quantify the impact
uncertainties uncertainties by 1 dex for La, of these reactions, especially for
3 dex for Th/U, 1.2 dex Eu, ..) the ones that impact observable
tracers.
Results consistent for model Results consistent for model A
Aand B and B.
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Conclusions UNFRA

The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

NUCLEAR NETWORK GENERATOR

Systematic and Statistical nuclear
uncertainties

" = Accessible through
~.chetec-infra.eu/resources/

95t perc.

U23s 0N\ \
0
Th232

i
[ ]

Bi217(n,9)

ln:,'::;::;;:ﬂ:::;ss Identifying important reactions * \ .
\\

Correlated model uncertainties Important impact on the Interesting reactions such as \\
of the same order than production of observable Bi217(n,g) for Th/U. .
non-correlated parameters tracers (surface abundance Possibility to quantify the impact \\
uncertainties uncertainties by 1dex for Lo, of these reactions, especially for N

3 dex for Th/U, 1.2 dex Eu, ... the ones that impact observable

tracers.
Results consistent for model Results consistent for model A
A aond B and B.
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Estimating Nuclear Uncertainties

Compatibility with experiment uncertainties

yl
ChETEC ~

— Random combinations of these 4 parameters to probe statistical

1.00 uncertainties of (n,g) reaction
Correlation Matrix

0.75 {0k B |dmodel5 Strength 8 StrengthM1 8 |«g= Model A
% SN  Idmodell Strength 9 StrengthM1 3 [@= ModelB
<
1= 3 70-
- 0.50 Compatible with

_ 60f ‘ correlot.ed.model
&) = uncertainties
= 1025 2 || N
< -, |
: S 50 § /
0.00 3 4l s
~ = \
o
S : 307 \ >
£ 025 =% N L s
= \ S =%y . _,log
20/ N § frms = et " o
< - —0.50 § §
'Q N
g | ANalLa
I ' I _075 0 B l . _ N
ptable  ctable  wtable  etable 6 8
frms
—1.00
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Estimating Nuclear Uncertainties C"ET\,EE/RA

Compatibility with experiment uncertainties
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"ET\E‘E/RA

Effect of statistical uncertainties on the surface enrichment of early AGB stars
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Model B: frms <= 2.0
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Impact of Nuclear Uncertainties on the i-process in AGB Stars C"EI\,E%/RA
Statistical and Systematic uncertainties
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