
 

Probing the Neutron and Proton Hole States in 56Ni 
 

T.K. Ghosh1,2,*  and A. Sanetullaev2 

(For the HiRA collaborations) 
1Variable Energy Cyclotron Centre, 1/AF, Bidhannagar, Kolkata - 700064, INDIA 

2 National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, MI - 48825, USA 
 

. * email: tilak@veccal.ernet.in 
 
 

56Ni is a nucleus outside the valley of 
stability. According to Independent Particle 
Model (IPM) it is a doubly magic nucleus with 
N=Z=28. It is a “waiting point” nucleus in the 
rapid proton (rp) capture process and hence an 
important nucleus in the astrophysical network 
calculation. The degree of fragmentation of 
single particle states (quantified by spectroscopic 
factor) near a double shell closure provides 
important information for shell-model 
calculation. Therefore, understanding the shell 
structure of 56Ni nucleus is of considerable 
interest both for the nuclear structure and nuclear 
astrophysics [1]. 

 Single-nucleon transfer reaction is a 
powerful tool to study single particle states and 
extract quantitative spectroscopic information. 
With transfer reactions, one can obtain 
information about the angular momentum of the 
orbital from the angular distributions, the 
excitation energy of the states and the 
occupancies or spectroscopic factors of the 
various single particle orbits. Spectroscopic 
factor (SF) quantifies the nature and occupancy 
of the single particle orbits in a nucleus. The 
experimental SF value for transfer reaction is 
defined as the measured transfer cross section 
divided by the cross section calculated with a 
reaction model. 

Analysis of the ground state neutron SF of 
nickel isotopes suggests that 56Ni is not a good 
closed core for Ni isotopes [2]. Direct 
measurements of the neutron and proton SF for 
56Ni will verify if it is a double magic nucleus. 
We studied 56Ni(p,d)55Ni  reaction in inverse 
kinematics at 37 MeV/u and 80 MeV/u  to 
extract neutron spectroscopic factor (n-SF) of  
56Ni and probe the energy dependence of SF 
obtained in transfer reactions. The 
56Ni(d,3He)55Co reaction experiment was carried 

out at 80 MeV/u  to extract  proton  
spectroscopic factor (p-SF) of 56Ni. The study of 
the two reactions at the same experimental 
condition will allow us to compare the n-SF and 
p-SF and test the isospin symmetry of the 
valence neutrons and protons in the f7/2 shell of 
56Ni. 

The measurement was carried out in 
inverse kinematics using a secondary beam of 
56Ni, produced from the fragmentation of a 
primary beam of 58Ni at 140 MeV/u, on a Be 
production target, at the entrance to the A1900 
separator at the National Superconducting 
Cyclotron Laboratory at Michigan State 
University. Beam purity was about 52%. 
Polyethylene targets (CH2)n of 100 micron and 
(CD2)n of 10 micron thickness were used in the 
experiment. The thinner CD2 target is necessary 
due to the energy and angular straggling of the 
outgoing 3He particles.  

 

 
 

Figure 1: HiRA set up with 20 telescopes inside 
the S800 scattering chamber. 

 
Light particles (deuteron and 3He) were 

detected in the High-Resolution Array (HiRA)  
in coincidence with the recoil residues detected 
in the S800 focal plane. The HiRA, consisting of 
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