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Motivation

> Charged particle-induced reactions on light nuclei are important for nuclear astrophysics and nuclear

applications.

> R-matrix code EDA code from LANL is used for light charged particle evaluations results of which are

reported to ENDF data library.

» For the case of 8Be compound system, the ENDF/B-VIII.0 evaluation only included data for reaction
channels resulting in the ground state of residual nucleus such as 6Li(d,n,)"Be, 6Li(d,p,)’Li and
excluded the data for reactions resulting the residual nucleus in excited state such as 6Li(d,n,)’Be,

6Li(d,p,)Li, etc.

» This work: Used AZURE2 code to perform a new complete R-matrix analysis with a subset of data

available in literature including the recent measurement from S. N. Paneru et al., Phys. Rev. C 110,

044603 (2024).
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R-matrix Analysis of 8Be System with AZURE2

- Multilevel-Multichannel R-matrix analysis to describe the 8Be system.
-~ Channel radius values for different channels are taken from EDA calculations for comparison purposes.

> Data included for these reaction channels:

» Red: Data for reactions channels were not included in existing ENDF/EDA analysis
> 8Be+y partition is not included in existing ENDF/EDA analysis
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AZURE: An R-matrix code for nuclear astrophysics R.E.Azuma et al. Physical Review C 81, 045805 (2010)
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- 32.000 MeV

8Be Levels Information

Taken from NNDC/ENSDF. B
The 22.63 MeV level was assigned 1* spin and parity.
The 22.98 MeV level was assigned 2* spin and parity
The 21.5 MeV state was assighed 3* spin and parity. o
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- And recent measurement of deuteron induced reactions on 6Li.
(S. N. Paneru et al., Phys. Rev. C 110, 044603 (2024))
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Uncertainty quantification

» We used Bayesian analysis to infer the uncertainties in the R-matrix
parameters and the calculated cross sections.

» Bayesian R-matrix Inference Code Kit (BRICK) was used for
uncertainty quantification.

» BRICK acts as an intermediate state to communicate between the
Markov chain Monte Carlo Python routine emcee and AZURE2.

» Uniform priors were chosen for reduced width amplitudes and the
ANC'’s while log normal distributions were chosen as priors for the
normalization parameter.

» Simultaneous fitted 2523 data points including all reactions channel
with AZURE2.

> All together 227 parameters were used in the analysis.
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BRICK: D. Odell et al., Front. Phys., 88476, 2022.
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Results and comparisons with EDA

®Li(d,ny)’Be and ©Li(d,n,)’Be
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> Paneru et al. data provided additional constraints to the 6Li(d,ng ;)"Be fits at higher energies.
» The enhancement of cross section around E. , =6 MeV is not supported by this work.

» The non-zero cross sections observed from EDA calculations is due to /=0 partial wave (s-wave) that was introduced for
these excited state partitions.
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6Li(d,p,)7Li and 6Li(d,p,)"Li
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» The enhancement of cross section around E., =6 MeV is not supported by this work.
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Li(p,no)’'Be and Li(p,n;)'Be 0.100
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Li(p,p)Li

» This work included the “Li(p,p)’Li* reaction data in the analysis.
> Elastic scattering data at high E. ,, was added into the analysis.
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6Li(d,d)Li 5Li(d,a)a

» EDA introduces data at high energies which AZURE2 couldn't fit. :
» Only used elastic scattering data below deuteron breakup I » Ascaling factor of %2 have been applied to a-
threshold. : production data to convert it into reaction cross
» Lack of spin and parity assignments at high excitation energies I section data for reaction channels with identical
in 8Be limits to fit the elastic scattering data at high energies. : particles.
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Li(p,a@)a, "Li(p,y)®Be and a(a,p)’Li

» ’Li(p,y)®Be is important for physics beyond the standard model.
» Over prediction of cross section in current evaluation for both “Li(p,a)a and a(a,p)’Li reactions are
related to properties of E,=19.86 MeV state in 8Be.
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'Be(n,p)’Li and ‘Be(n,a)a
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a(a,a)a

a(a,a)a is important for ‘triple-alpha’
process.

AZUREZ2 in its open access form does
not calculate the identical particle
scattering cross section.

The source code was modified to
calculate the cross section from the
phase shifts.

Only 0+, 2+, and 4+ states in 8Be was
used to constrain the fits to a(a,a)a
cross section data.

'=5.42 + 0.04 eV consistent with
previous evaluations.
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Updates on 8Be evaluation using EDA

» Added data in existing evaluation for the reaction channels leading to excited state nucleus in residual nucleus.

> Data for 6Li(d,d)SLi below E.,,=4 MeV is added into the evaluation.

» Maximum orbital angular momentum have been increased to 4 to better explain the angular distribution data for various
charged particle reaction channels.

» Preliminary results for some of the channels are shown.

» Ongoing Work: Add more data into evaluation and optimize the parameters to explain all reaction channels. The results will be
reported to ENDF-IX.
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Summary

» Preliminary results from R-matrix analysis of 8Be system with AZURE2 was
compared with EDA calculations.

> Bayesian analysis was used to infer the uncertainties in R-matrix parameters and the
calculated cross sections.

> Lessons learned from this work is being implemented into an ongoing effort to update
the 8Be evaluation using EDA code.

> The new evaluation will be reported to ENDF-IX.
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Thank You.
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