Measurement of 2’Ne and '°0 ground state a-ANCs
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The Asymptotic Normalization Coefficient (ANC) method is a powerful indirect technique often
used in experimental nuclear physics to study stellar radiative capture reactions. This method focuses on
determining ANCs of nuclear bound states and resonances, which represent the amplitude of the bound-
state wave function in the asymptotic region far from the nuclear interior. These coefticients (C) can be
extracted experimentally from the differential cross sections of peripheral transfer reactions using the
following equation [1]:
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This holds for a direct transfer reaction of A + b — B + a, where A = a + x and B = b + x, with x being
the transferred particle. Once determined, these ANCs can then be used for the calculation of
astrophysical reaction rates. For example, the rate of the well-known a-capture reaction '2C(a,y)'°O has
been further constrained by determining the ANCs of states below the a-decay threshold in '°O. This
work aims to determine the ANC of the 'O ground state as it currently contributes to the large overall
uncertainty of the ?C(a,y)'°O reaction rate.

For this study, we have chosen the a-transfer reaction of ?C(**Ne,'°0)!°O populating the ground
state of both 'O products. The energy of the beam was chosen such that both the entrance and exit
channels of this reaction are (nearly) sub-Coulomb. This technique, pioneered by C. Brune [2], has been
shown to minimize model dependence and uncertainties of the resulting ANCs. To further reduce model
dependence, we employ a ratio of the transfer cross section to the elastic scattering cross section at large
angles in the center-of-mass system. This eliminates dependence of the result on beam geometry, target
thickness, and detector efficiency, while also lessening sensitivity to the chosen optical potential.

The "2C(**Ne,'*0)!°O o-transfer experiment was carried out in June of 2021 using the MDM
spectrometer and TexPPAC detector system [3]. A low-energy beam of **Ne at 1.0 and 1.1 MeV/u was
produced by the K150 cyclotron and delivered to the scattering chamber where it impinged on a natural
12C target of 22 pg/cm? thickness. The '°0 reaction products were magnetically filtered through the MDM
at an angle of 5 and 15, and were then detected in the TexPPAC focal plane detector. The position along
the X-plane of the detector along with time-of-flight (TOF) between PPACs was used for particle
identification of '°O. Utilizing the '°O charge-state fraction determined previously [4], and the number of
background-subtracted counts of '°0 in TexPPAC, the differential cross section of the a-transfer reaction
was determined. The calculation of single-particle ANCs and theoretical cross section were performed
using Distorted Wave Born Approximation (DWBA) with the code FRESCO. Equation 1 was then used



to determine the ANCs. Because neither the '°O nor ?’Ne ground state a-ANCs are known independently,
the final experimental result of this work is the product of the two ANCs.

In addition to our experimental result, three independent theoretical calculations of the ANC
product were performed by groups from Louisiana State University, Michigan State University, and
Florida State University. All participants were tasked with calculating the product of the ground state a-
ANCs of °Ne and '°0. The three competing theoretical methods applied in this study are the
Configuration Interaction Model [5], the No-Core Shell Model [6], and the Lattice Effective Field Theory
[7]. An important feature of this study was its double-blind nature, meaning the experimental results were
obtained without any knowledge of the theoretical results, and vice versa. All four results were collected
by Dr. Sherry Yennello of the Texas A&M University Cyclotron Institute and then revealed to the
participants on March 8™, 2024. This comparative study aims to showcase the predictive power of modern
theory with respect to cluster configurations of nuclei. A paper discussing the comparison of experimental
and theoretical results is currently underway.
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