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The study of nuclei close to the N=Z line region on the nuclear chart provides a pathway to investigate proton-
rich systems that are in proximity of the proton drip line. The phenomenon of isospin symmetry, which plays
a key role when examining nuclei either side of the line of N=Z, occurs due to the exchange symmetry be-
tween protons and neutrons resulting from the near-identical nuclear force between the two types of nucleon.
Isobaric analogue states can be compared to understand the various factors that could cause isospin symmetry
to be violated [1]. To develop our understanding of isospin symmetry breaking effects, an in-beam gamma-
ray spectroscopic study of the exotic proton-rich 47Mn and 45Cr systems was performed through one- and
two-neutron knockout reactions from the radioactive 48Mn and 47Cr beams delivered by the NSCL facility,
respectively. The analogue one- and two-proton knockout reactions from 48V to 47Ti (the mirror of 47Mn)
and 47V to 45Sc (the mirror of 45Cr) were also performed.

This novel approach –i.e. ‘mirrored’knockout reactions –allows for detailed comparison of both the analogue
reaction processes (i.e. -1n, -2n and -1p, -2p from a pair of mirror nuclei, respectively) and of the subsequent
level schemes of the resulting mirror pair products. Through comparison of the corresponding mirrored
reactions, and by exploiting the direct nature of the process, a confident identification can be made of the
states in the unknown proton-rich systems being studied –i.e. 47Mn and 45Cr in this case. This also allows the
measurement of analogue spectroscopic cross sections, on a state-by-state basis, in these analogue knockout
reactions. The measurement of such analogue reactions also has the capability to inform discussion about
suppression of spectroscopic strength in knockout reactions –see ref [2].
The experiment was performed at the National Superconducting Cyclotron Facility (NSCL) with the radioac-
tive beams selected by the A1900 fragment separator. The beams impinged onto a 9Be target to produce the
pair of analogue nuclei, 47Mn/47Ti and 45Cr/45Sc. Prompt gamma-rays were detected by the state-of-the-art
tracking array, GRETINA, with the resulting residues detected and identified using the S800 spectrometer.



The latest results from the analysis of 47Mn and 45Cr will be presented, including partial level schemes, a
mirror-energy difference analysis and a comparison of the analogue reactions. The comparison of the results
from shell-model calculations to a recently developed DFT approach [3] will also be presented.
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