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Elemental abundance anomalies in globular clusters - I 
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Most globular clusters show anticorrelations between some elemental abundances such as the 

common sodium-oxygen (NaO) anticorrelation, as well as more unusual cases such as magnesium-
potassium (MgK) anticorrelations. These abundance anomalies cannot have been caused by the current 
generation of stars within globular clusters, but must have resulted from some previous stars. The nature 
of these stars is unclear due to uncertainties in the nuclear reaction rates controlling the creation and 
destruction of the elements seen in the abundance anomalies.  

There are a number of important reactions which are being investigated at various laboratories 
around the world. The 22Ne(p,𝛾)23Na reaction produces sodium, relevant to the NaO anticorrelation. There 
are some large uncertainties in this reaction due to unclear spectroscopic information on the compound 
nucleus, 23Na. There may be additional low-energy resonances which could enhance the reaction rate by a 
factor of ten. The direct 22Ne(p,𝛾)23Na measurement is highly challenging due to the low cross section; 
detailed studies at the Laboratory for Underground Nuclear Astrophysics (LUNA at INFN-Gran Sasso 
have pushed the limits for these low-lying resonance strengths down to very low levels but the factor ten 
uncertainty persists.   We have used the 23Na(p,p’) reaction, which has weak to no selectivity to the 
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structure of the excited states, at the Munich Q3D spectrometer to search for possible resonance states and 
have concluded that they do not exist, reducing the uncertainty in the reaction rate at temperatures 
relevant to hot-bottom burning from a factor of ten to around 40%. 

These data were analysed by a TREND student, Diana Carrasco-Rojas, and are under review in 
Phys. Rev. C. 

Fig. 1 shows the excitation-energy spectrum of 23Na following the 23Na(p,p’) reaction. The green 
vertical lines show the expected location of the tentative resonance states which have not been observed 
in the present measurement. 

 
 

 
Fig. 1. The excitation-energy spectrum in 23Na following the 23Na(p,p’) reaction. The excitation energy is given 
on the bottom axis and the centre-of-mass energy of the 22Ne+p system on the top axis. The green dashed lines 
show the positions of the tentative states in 23Na which may enhance the reaction rate. The black lines show the 
energies of known 23Na levels and the grey/blue boxes show the uncertainties from (grey) literature and (blue) 
the present experiment. 
 


