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Florida State University in 1851-First as a seminary 
for men then in 1904 as a women’s college and then in 1947 

became a co-ed university. 
 

Today has 39,000 students. 



Accelerator Laboratory at Florida State 







RESOLUT:	  a	  new	  
radioac3ve	  beam	  facility	  at	  FSU	  

•  In-‐flight	  produc3on	  of	  radioac3ve	  beams	  in	  inverse	  
kinema3cs	  

•  Combina3on	  of	  Superconduc3ng	  RF-‐Resonator	  
with	  high	  acceptance	  magne3c	  Spectrograph	  to	  
create	  mass	  spectrometer	  for	  E~5	  MeV/u	  
secondary	  beams	  
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What is this K business with cyclotron 
and magnetic spectrometers? 

E(MeV/amu)=K(q/A)2 

where q is the charge of the  
accelerated ion 
and A its mass 

Here K is 120-160 



Caution- knowledge of nuclear structure and 
description of reactions that are used to 
extract the structure information are not  

independent 

Caution-We work in the world of strong interactions 
and many body systems 



Today I will talk about the spin forces in 
 nuclear structure and reactions  

In 1932  deuterium or 2H was isolated and this  
then explained why the masses of the elements  

are not integers.  
For example: the atomic mass of  Li is  

6.941 with 92.4% 7Li and 7.6% 6Li 
It was noticed immediately that there were 

10 stable Sn isotopes with proton number 50 and  
neutron numbers from 62 to 74. Also was soon  

discovered that 208Pb with 82 protons and  
126 neutrons was very stable, as no decay was  

found from it. 



There are elements that are chemically very stable 
with electron numbers 

2.He,10,Ne,18,Ar,36,Kr,54,Xe,86,Rn 
These are known as noble gases 

Nuclear shell structure would be (s1/2)2 , (p3/2,p1/2)8  
(d5/2,d3/2,s1/2)20, (f7/2,f5/2.p3/2.p1/2)40 

(g9/2,g7/2,d5/2,d3/2,s1/2)70 
(h11/2,h9/2,f7/2,f5/2,p3/2,p1/2)112 

 (i13/2,i11/2,g9/2 etc)168 

It was known that the fine structure in atoms comes  
from the spin-orbit interaction but because the  
mass of the electron is in the denominator, a  

similar nuclear force 
would be 2000 times weaker and so not important 



Based on number of stable isotopes It was  
proposed that nuclei with proton or 

neutron 
numbers of 2,8,20,28,50,82,126 would be 

very stable 
and were called magic numbers 

 
occur because 

 nuclei have a large spin-orbit 
force of opposite sign from atoms 











Thanks are due to Enrico Fermi for the remark “Is there any indication of spin-orbit coupling?” 
which was the origin of this paper.  





We can use current machines to test shell model  
calculations as they predict where the 

neutron drip line will occur 

Predict 28O stable 







C. Thibault et al: 31,32Na, local increase of S2n à N=20 shell closure would lead to a decrease 
 
X. Campi et al: observation explained by deformation via filling of νf7/2 in 31,32Na 
 
C. Detraz et al: 32Na à 32Mg  β decay, low 2+ in 32Mg (885 keV) 
 
B.H. Wildenthal et al: 31Na,32Mg isolated cases, less n-rich neighbors well understood  
in sd shell 
E. Warburton, John A. Becker and B. A. Brown:  
Z=10-12 and N=20-22 have intruder ground state configurations (sd)-2(fp)+2 

 

The	  “Island	  of	  Inversion”	  –	  A	  brief	  history	  

Na 
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The Island of Inversion has been studied with 
 beta decay ( how the low lying 2+ was discovered) 

Coul Ex (fast beam at RIKEN and NSCL) slow beam at 
REX-ISOLODE, various stripping and pickup 

Reactions. 
 

The main reason for this emphasis on  
the mass region around 32Mg is simply 

that it is the first experimentally accessible  
set of nuclei where the 

p-n interaction totally dominated the  
low lying structure 



We also know 42Si with 14 protons and 28 neutrons 
is deformed based on its first 2+ energy as is 

44S with 16 protons and 28 neutrons. 

Of course 48Ca with 20 protons and 28 neutrons 
looks spherical just to add to the confusion. 

Its first 2+ is at 3.8 MeV 

What  

What about 46 Ar, with 18 protons and 28 neutrons? 
The last stable Ar isotope is 40. The first 2+ in 46 Ar 

is 1.58 MeV 





From many studies around the world at stable and  
radioactive beam laboratories, we now know that 

the magic numbers of 20 and 28 are not  
always magic. 

In fact there are times when we see that neutron  
number 16 is magic. 

 
 

The region around Z=12 and N=20 is now known 
as the island of inversion and arises because  
deformed and spherical shapes are very close  
together in energy.  The structure studies have  
shown that knowledge of the p-n interaction is  

critical for any shell model to have a predictive power. 



As we began to think about what nuclear structure 
one would expect as you add neutrons since there 

was interest in building up the elements in stars  
through neutron capture, it was felt that something  
might happen to the magic numbers  because the  
spin orbit should decrease since the neutrons are 

now only on the surface. 





Remember, that the real puzzle was why  
Z or N =50 was magic and it is the spin orbit 
interaction that makes the g9/2 orbit drops  

down into the f-p shell causing the gap. 

So to look for the decrease in spin orbit 
as a function of neutron number we will 

have to be able to study Ni 78, with 
28 protons and 50 neutrons, 

a job for future labs. 



Can we calculate the structure of light nuclei 
beginning from knowing two body interactions 

and then adding them up to produce the observed 
structure? 

In early years ( 1985 or so) argument was made that 
with powerful computers could do so.  

So now we can do these calculations, what happens? 

Big Trouble 





I want  

Next I want to consider a puzzle in some data 
just taken that involves polarization. 



A(a,a)A	  
A(a,a)A	  
A(a,b)A	  
A(a,b)A	  
	  
	  
	  

Analyzing	  power	  
Polariza3on	  
Analyzing	  power	  
Polariza3on	  

Some	  defini*ons	  for	  spin	  physics	  





Spin	  up	  minus	  spin	  down	  to	  show	  	  
there	  is	  an	  analyzing	  power	  for	  7Li+12C	  









R-‐L=	  2√2(iT11*t10)	  
	  

Ay=(2/√3)	  iT11=	  (R-‐L)/	  (t10)	  √6	  



Sca\ering	  of	  4He(6Li,6Li)4He	  





Phys	  Rev	  	  
C82,	  021602	  
(2010)	  Uesaka,et	  
al	  

p(6He,	  6He)p	  



	  	  	  	  	  	  	  	  	  	  4He(p	  ,p)4He	  
	  	  	  	  	  	  	  	  	  	  	  squares	  

	  	  	  	  6He(p,p)6He	  
	  	  	  	  Large	  Crosses	  





One last puzzle- what produces the spin 
of the proton? Called the spin crisis. 

Neat idea is you have 3 quarks  each of  
Spin ½ they pair up and you are left with ½. 

 
Do polarized electron scattering and get 
only one half of the spin. Propose rest 
of spin carried by the gluons. Polarized 
photons on polarized H and don’t get 

required contribution to make ½. 

Another puzzle you will work to solve 




















