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Proposal for an experiment at the RCNP Cyclotron Facility 
 

Submitted to RCNP for the B-PAC evaluation in August 2015 
 



-clustering at the surface of 112-124Sn nuclei investigated in 
(p,p) quasi-free knockout reactions 
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Summary of experiment 
 

We propose an experiment to study the effect of -clustering at the surface of heavy 
nuclei. We plan to measure the cross section for proton induced quasi-free  knockout 
on Sn isotopes, which is directly related to the probability of preformed  clusters at the 
nuclear surface. This effect has been predicted by generalized relativistic mean field 
calculations, which allow explicitly for clustering degrees of freedom, to occur in low-
density nuclear matter and at the surface of heavy nuclei. The existence of  correlations  
is important not only for the equation of state of dilute matter in core-collapse 
supernovae, but also for the neutron-skin thickness and its relation to the density 
dependence of the symmetry energy. In addition, the preformation of  clusters as a 
prerequisite for  decay would be naturally explained. Since the probability of 
 correlations at the nuclear surface is predicted to depend also on the N/Z ratio, we 
propose to investigate the Sn isotopic chain in order to test the theoretical prediction. 
We plan experiments with enriched targets of 112Sn, 116Sn, 120Sn, and 124Sn. The (p,p 
cross section will be measured in quasi-free kinematics by detecting the scattered 
protons with Grand Raiden, and the knocked out alpha particles with the large-
acceptance spectrometer LAS. For 112Sn, several spectrometer settings will be measured 
in order to reconstruct the intrinsic momentum distribution of the alpha particles in the 
nucleus. The proton beam energy will be 392 MeV and a current of 300 nA is considered 
for the rate estimate. In total, we request 7 days of beam time. The feasibility of the 
experimental method has been confirmed in the test experiment carried out in June of 
2015. 
  




