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Nuclear excitation by neutral-current (NC) neutrino scattering is a critical component of nuclear astrophysics,
impacting the evolution of supernovee (SNe), the site of the r-process, neutrino nucleosynthesis, and possibly
even the synthesis of some of the solar system’s rarest stable isotopes [2, 3]. However, the measurement of
inelastic neutrino-nucleas scattering (INNS) reactions directly is an extreme challenge due to the neutrinos weak
coupling to matter [3, 4]. For this reason, indirect measurements that can isolate the allowed Gamow-Teller
transition strength for these reactions provide a unique opportunity.

A recent measurement at the Research Center for Nuclear Physics in Osaka, Japan has been performed in
which the novel (°Li,°Li[3.56 MeV]) reaction at 100MeV /u was utilized, and wherein pure spin and isospin
flip excitations in the inelastic channel (AS=AT=1, AT,=0) have been identified. This reaction channel was
selected by tagging the de-excitation gamma rays with E,=3.56 MeV from the outgoing 61i ejectile. This
method was first suggested by Sam M. Austin [1]. Other inealstic probes such as (p,p’) and (e, e’) have been
used in the past, however special considerations must be made to seperate the isoscaler and oribital transfer
components from the desired isovector-spin flip transition strength.

The SLi probe provides direct access to the GT response of nuclei in an unambiguous manner. This
selectivity is a distinct feature of this (°Li, °Li’) probe, in contrast to the above-mentioned (p, p’) probe, which
is of JT = 1/2% — Ji = 1/2%, and T; = 1/2 — Ty = 1/2. A simplified level diagram of °Li is shown in
Fig. 1, which is drawn based on Ref. [5]. This reaction channel is identified by tagging the de-excitation v ray
with E, = 3.56 MeV. Although the « threshold is located below this state (Qo = —1.47MeV), the o decay is
forbidden, unlike other excited states, as it violates parity invariance [5]. Instead, this state decays directly to
the ground state via -y emission, and since it has J™ = 0%, the branching ratio to the 3T state at 2.19MeV, as
well as the feeding from other higher excited states, is negligible. Therefore, the coincidence measurement with
3.56 MeV ~ rays provides a clean event identification.
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Figure 1: A simplified level diagram of °Li based on Ref. [5]. The a-decay of the J™ = 0T, T = 1 state at Ex = 3.56 MeV
is parity-forbidden, and thus this state mainly decays to the ground state via v emission.

The (5Li,6Li’") inleastic scattering measurement was performed on '2C,2?4Mg, *°Fe and *>Nb during the
December 2016 run (experiment 441) of the Clover Array Gamma-ray spectrometer at RCNP for Advanced
research (CAGRA) and Grand Raiden (GR) campaign. Analysis is presently ongoing.
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