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Mirror nuclei are a pair of 
nuclei which have the same 
A, opposite N & Z

This symmetry manifests as 
near identical energy levels 
between each nucleus. 
Differences arise from 
Coulomb effects and are 
known as TE-shifts.

Background – Reflecting on differences
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Figure 1: Low-excitation-energy analogue states in the A=17 single proton-
neutron mirror system. Recreated from currently available ENSDF data. 
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Mirror nuclei are important for studying the displayed 
charge independence of the nuclear force

Largely this is known to hold, however the A = 9 
system (9Be – 9B) appears to display a breaking of 
isospin symmetry!

System exists in a mass range explorable through ab-
initio calculations

Background – What is the point?
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States are well known in 9Be – 
stable and relatively easy to 
study
Location of the first excited 
state is at 1.684 MeV
The analogue state has not been 
conclusively observed in 9B and 
six decades of experiments report 
two conflicting possibilities!
~0.8 – 1.0 MeV   &   ~1.8 MeV

Background – Confused and scared

Figure 2: Low-excitation-energy analogue states in the A = 9 single proton-
neutron mirror system. Recreated from currently available ENSDF data. 
[Nucl. Phys. A. 754 (2004)]2026 IOP Nuclear Physics Conference 3/13
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Utilise 12C(p,α)9B reaction to populate 1/2+ state 

Tag reactions through detection of α-particle and 9B break-up (8Be+p)

Multiple detection angles for spin-parity assignment

Experimental Investigation – Grease monkey
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(a) (b) Figure 3: Diagram of 
(a) 106° detector 
setup and (b) 31° 
detector setup. 
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Data collection took place at the MC40 Cyclotron over 3 weeks of 
overnight runs for sufficient stats. (~105 hours of data taken)

Experimental Investigation – Insomniac
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Figure 4: Excitation spectra from 31° setup for m1, 
m3, and m3+ data.

Figure 5: Excitation spectra from 106° setup for m1, 
m3, and m3+ data.
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Experimental Investigation – To be or not to be
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Figure 6: Multiplicity-3 31° data 
and R-matrix fits from custom 
gradient descent fitting algorithm 
for (a) single, (b) neither, and (c) 
dual-state hypotheses. 
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Figure 6: Multiplicity-3 31° data 
and R-matrix fits from custom 
gradient descent fitting algorithm 
for (a) single, (b) neither, and (c) 
dual-state hypotheses. 
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Figure 7: Multiplicity-3 106° data 
and R-matrix fits from custom 
gradient descent fitting algorithm 
for (a) single, (b) neither, and (c) 
dual-state hypotheses. 
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Figure 8: Combined Multiplicity-3 31° 
& 106° data and R-matrix fits from 
custom gradient descent fitting 
algorithm for (a) single, (b) neither, 
and (c) dual-state hypotheses. 
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Figure 8: Combined Multiplicity-3 31° 
& 106° data and R-matrix fits from 
custom gradient descent fitting 
algorithm for (a) single, (b) neither, 
and (c) dual-state hypotheses. 
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Figure 9: Combined Multiplicity-3 break-
up-gated 31° & 106° data and R-matrix 
fits from custom gradient descent fitting 
algorithm for (a) single, (b) neither, and 
(c) dual-state hypotheses. 
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Figure 9: Combined Multiplicity-3 break-
up-gated 31° & 106° data and R-matrix 
fits from custom gradient descent fitting 
algorithm for (a) single, (b) neither, and 
(c) dual-state hypotheses. 
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Experimental Investigation – To be or not to be
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"Evidence" of 1/2+ state is identified at an excitation energy of 
1.83 ± 0.05 MeV and width of 850     keV. Averaging with previous 
results gives Ex = 1.84 ± 0.04 MeV and Γ = 740     keV 

Figure 10: 
Excitation energy 
and widths of 
previously reported 
1.8 MeV 1/2+ 
states with current 
results and averages.
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a → m3 31°
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c →  m3 Comb° + decay 

d →  Average of b & c



  

Experimental Investigation – 0.8 MeV fake news
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Experimental analysis – Nitty Gritty
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Figure 11: dE-E telescope PID 
plots and 9B Catania plots for 
(a) 31° and (b) 106° detector 
configurations.
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Experimental analysis – Nitty Gritty

14/13

Figure 12: Reconstructed 
decay break-up Q-value 
for (a) 31° and (b) 106° 
detector configurations.



  

R-matrix Fitting – AZURE2 not included
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Figure 13: An example of ReverseSisyphus fitting to 
(a) generated linear data and (b) the resulting loss 
function surface.
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Experimental Investigation – To be or not to be
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Figure 14: Multiplicity-3 31° data and R-matrix fits 
from custom gradient descent fitting algorithm for 
(a) single, (b) neither, and (c) dual-state hypotheses. 
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Experimental Investigation – To be or not to be
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Figure 15: Multiplicity-3 106° data and R-matrix fits 
from custom gradient descent fitting algorithm for 
(a) single, (b) neither, and (c) dual-state hypotheses. 

(a) (b) (c) 



  

Experimental Investigation – To be or not to be
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Figure 16: Combined Multiplicity-3 31° and 106° 
data and R-matrix fits from custom gradient descent 
fitting algorithm for (a) single, (b) neither, and (c) 
dual-state hypotheses. 
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Experimental Investigation – To be or not to be
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Figure 17: Combined Multiplicity-3 decay-gated 31° 
and 106° data and R-matrix fits from custom 
gradient descent fitting algorithm for (a) single, (b) 
neither, and (c) dual-state hypotheses. 

(a) (b) (c) 



  

Histogramming – Four counts Jeremy!
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Figure 18: Bin size effect on final 106° histogram.

Figure 19: Efficiency correction effect on 106° (a) m3 
and (b) m3+gated spectra.



  

Experimental Investigation – You spin me round
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Figure 17: DWBA angular distribution calculations for 12C(p,α)9B reaction at different 
momentum transfers. Shaded regions show angular coverage for each detector configuration. 
Compound nucleus + fusion evapouration angular distribution is shown in purple. 

Relative population 
of g.s. calculated to 
be 0.204±0.085 and 
for observed 1/2+ 
state is 0.226±0.122
Compound + fusion 
evapouration ratio is 
0.796.
triton-transfer ratios 
are 0.0013, 0.0006 
and 0.0082 for l = 
0,1,2 transitions
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