







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 16 June 2005



                    ‘Magic’ nucleus 42Si

                    	J. Fridmann1, 
	I. Wiedenhöver1, 
	A. Gade2, 
	L. T. Baby1, 
	D. Bazin2, 
	B. A. Brown2, 
	C. M. Campbell2, 
	J. M. Cook2, 
	P. D. Cottle1, 
	E. Diffenderfer1, 
	D.-C. Dinca2, 
	T. Glasmacher2, 
	P. G. Hansen2, 
	K. W. Kemper1, 
	J. L. Lecouey2, 
	W. F. Mueller2, 
	H. Olliver2, 
	E. Rodriguez-Vieitez3, 
	J. R. Terry2, 
	J. A. Tostevin4 & 
	…
	K. Yoneda2 

Show authors

                    

                    
                        
    Nature

                        volume 435, pages 922–924 (2005)Cite this article
                    

                    
        
            	
                        1096 Accesses

                    
	
                        98 Citations

                    
	
                            3 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Nuclear shell structures—the distribution of the quantum states of individual protons and neutrons—provide one of our most important guides for understanding the stability of atomic nuclei. Nuclei with ‘magic numbers’ of protons and/or neutrons (corresponding to closed shells of strongly bound nucleons) are particularly stable1,2. Whether the major shell closures and magic numbers change in very neutron-rich nuclei (potentially causing shape deformations) is a fundamental, and at present open, question3,4. A unique opportunity to study these shell effects is offered by the 42Si nucleus, which has 28 neutrons—a magic number in stable nuclei—and 14 protons. This nucleus has a 12-neutron excess over the heaviest stable silicon nuclide, and has only one neutron fewer than the heaviest silicon nuclide observed so far5. Here we report measurements of 42Si and two neighbouring nuclei using a technique involving one- and two-nucleon knockout from beams of exotic nuclei6,7. We present strong evidence for a well-developed proton subshell closure at Z = 14 (14 protons), the near degeneracy of two different (s1/2 and d3/2) proton orbits in the vicinity of 42Si, and a nearly spherical shape for 42Si.
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                    Figure 1: 
                        A chart showing all particle-bound nuclides of the elements having 
                        Z
                         = 8–20.
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Figure 2: 
                        Particle spectrum used to identify the two proton-knockout product 
                        42
                        Si.
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Figure 3: 
                        The γ-ray energy spectrum in coincidence with 
                        43
                        P residues.
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Figure 4: 
                        Relative single proton energies.
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Dramatic advances are being made in nuclear structure physics because of the availability of facilities producing beams of exotic radioisotopes. Of these, silicon-42 is of particular interest for study of the effects of packing extra neutrons into a nucleus. Neutrons and protons in atomic nuclei are arranged in a series of energy levels or ‘shells’. When a shell has a full quota of particles, the nucleus is particularly stable: the ‘magic numbers’ for stability are 2, 8, 20, 28, 50, 82 and 126. Silicon-42 owes its existence to its 28 neutrons, but is still a short-lived atom. This short lifetime has been explained as a consequence of strong deformation but this is contradicted in a new study that suggests that silicon-42 is almost spherical.
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