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Some Extremely-Metal Poor
stars were found to show
abundance patterns that scale
as the solar r-component

Nr = Nsun - Ns

«Massive stars contribute
significantly to the abundances
between Fe and Zr»

(Weak s-process)
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Abstract

The early universe was enriched in heavy elements by massive stars via their s- and r-process

contributions. Ultra metal-poor stars were found to show abundance patterns that scale exactly

with the solar r component. While this holds exactly for elements heavier than barium, there

is still confusion about significant discrepancies in the mass region below A < 120. It is known

that massive stars contribute significantly to the abundances between Fe and Zr. This so-called

weak s-process component was found to exhibit large uncertainties due to the poorly known cross
sections, especially in the Fe-Ni region. In view of this problem it is proposed to perform accurate
state-of-the art measurements on highly enriched samples of the stable Fe and Ni isotopes at the
n_TOF facility. Transformation of these results into significantly improved stellar cross section
rates will allow to disentangle the s and r contributions observed in the oldest stars for a reliable
comparison with galactic chemical evolution models. These results are also very important for the

design of advanced reactor concepts.
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Tel' 415-440-4433 Fax: 415-563-4433

QUOTATION

Confidential Business Matfer

DATE: June 30, 2021
QUOTE MUMBER: 210630-VR

Isotopic Enrichment: 89, 33atom%
Harmonized Code: - 2845.90.0000 (USA)

QUOTATION SUMMARY
PROPOSED
DESCRIPTION DELIVERY QUANTITY UNIT PRICE W\
Nickel-64 (Ni-64), metal powder ~4 weeks ARO 2000 mg $31.50 per mg

( $63,000.00 | |
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«The cross sections of the stable
isotopes of Fe and Ni are
important for the quantitative
description of the s process in
massive stars»
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Motivation (2)

%6Fe(n,y), *Ni(n,y) and '3#¥Ba(n,y)
reactions significantly affect the
uncertainty in the abundances of
a large number of nuclides
produced in low-mass AGB stars.
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Abstract

(( R e C e n t m a g n et i C A G B m O d e I S Isotope ratios can b‘e measured in‘presolfar SiC grains frorq ﬂn?iﬂﬂ[ asyrnptolif: giant bra.nch. (AGB) stars at Perrnik-

level (0.1%) precision. Such precise grain data permit derivation of more stringent constraints and calibrations on
mixing efficiency in AGB models than traditional spectroscopic observations. In this paper we compare SiC heavy-

- n

We re fo u n d to d I s a g ree Wlt h element isotope ratios to a new series of FRUITY models that include the effects of mixing triggered by magnetic

fields. Based on 2D and 3D simulations available in the literature, we propose a new formulation, upon which the

" = - - general features of mixing induced by magnetic fields can be derived. The efficiency of such a mixing, on the other

t t 64N t t hand, relies on physical quantities whose values are poorly constrained. We present here our calibration by

res p ec o I Iso O p I c ra I os comparing our model results with the heavy-element isotope data of presolar SiC grains from AGB stars. We

demonstrate that the isotopic compositions of all measured elements (Ni, Sr, Zr, Mo, Ba) can be simultancously

m ea s u re m e nts i n p reso I a r S i C fitted by adopting a single magnetic field configuration in our new FRUITY models.
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Figure 2 Comparison between theoretical AGB models and presolar grain measurements.
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State of the art
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Figure 1 Comparison of the MACS calculated with different libraries.
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The Maxwellian Averaged
Cross Section (MACS) suffers
for severe discrepancies
amongst the databases
available in literature.
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Experimental setup

Sample of 500 mg Ni metal
powder with enrichment 99.33%
of 64Ni, 1 cm radius

CsD; liquid scintillators (TED)
(Low sensitivity to scattered n) -
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Experimental setup

Sample of 500 mg Ni metal
powder with enrichment 99.33%
of 64Ni, 1 cm radius

sTED
(Low sensitivity to scattered n, _
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Experimental setup

Measurements with different
samples and without sample for
background evaluation and
normalization
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The following document is an addendum to the proposal INTC-P-208 [1], approved in 2006, concerning
the measurement of the neutron capture cross-section of highly enriched samples of the stable Fe and Ni
isotopes. The proposed measurements aimed at improving the existing cross section data of interest for
the s-process nucleosynthesis in Massive stars and for innovative nuclear technologies.

In the past years the neutron capture cross sections of the *7Fe, 6263Nj isotopes has been successfully
performed at the n TOF experimental area 1 (EARIL), the results of this work together with the
astrophysical implications are reported in several publications and conference proceedings [2,3.4].

The measurement of the **Ni(n,y) has been postponed in the past due to the cost of the sample, while now
it can be performed using small quantities of **Ni, taking advantage of the higher neutron flux available

GIANTS Xl Workshop 14



