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The very strong attractive forces between nucleons in a nucleus cause the protons and 

neutrons each to pair off into time reversed orbits with magnetic quantum numbers m and –m. 

Thus the angular momentum of each nucleon is opposite to its pairing partner, giving zero 

angular momentum for the pair. In nuclei with even numbers of both protons and neutrons (e-

e) all the nucleons are paired off and the lowest energy state, the “ground” state, has zero 

angular momentum and is spherically symmetric. This is written 01
+
 where 1 is for the first 

state and 
+
 is the parity. Odd nuclei, e-e nuclei with an extra proton or neutron, then have the 

last nucleon in a “single particle” state outside the e-e core. The properties of this state depend 

critically on the shape of the nucleus. 

 

Reactions where protons are stripped off the beam nucleus, so that the outgoing particle is a 

neutron, are difficult to carry out. In particular it is especially challenging to obtain sufficient 

neutron energy resolution. Examples of these neutron emitting direct reactions are (d,n) and 

(
3
He,n) which donate one and two protons to the target nucleus respectively. One proton 

stripping can be made with the (
3
He,d) reaction, but two proton stripping requires  reactions 

using heavy ions such as (
16

O,
14

C) and very good resolutions are still difficult to achieve. The 

(
3
He,xn) reaction has been applied, using the detection of the neutrons, to search for excited 

0
+
 states in the residual nucleus. Excellent energy resolution is achieved by the use of γ-ray 

detection. 

 

The Sn isotopes (Z=50) are particularly interesting as their stable isotopes have their neutrons 

in the middle of the N=50-82 shell but have a closed proton shell at Z=50. This proton shell 

closure keeps the lowest energy levels in these nuclei spherical. But as soon as the proton 

closed shell is broken by proton excitation, the neutron orbitals drive the nuclei to become 

deformed [1]. Experimental results from these first high resolution measurements of L=0 two 

proton stripping to both spherical and deformed nuclei across the Z=50 proton shell closure 

have been obtained and will be presented.  

 

There is a wealth of new experiments to be carried out using this innovative technique at 

iThemba LABS for the study of 0
+
 states using such reactions and new approaches.   

 

iThemba LABS is currently starting an electron spectroscopy group with an aim to build and 

have access to spectrometers and collaborations.  New ideas and status of the work will be 

presented. 
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