
  

Icosahedral states in heavy nuclei

Andreas  Heusler

Small particles with icosahedral symmetry are abundant
                                             in biology and astrophysics

Molecules with icosahedral symmetry  may rotate with spin
0 . . . . . 6 . . . 10 . 12 . . 15 16 . 18 . 20 21 22 . 24 25 26 27 28 . 30 31   

Several low spins are disallowed by  2-,            3-,            5-fold    
                        symmetry

40Ca is the lightest nucleus with icosahedral symmetry

The Coulomb force distorts symmetry in heavy nuclei

Six states in 208Pb are recognized as icosahedral rotors       

Isobaric analog resonances (IAR) were discovered as a surprise
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isobaric analog resonances
1963 - discovered
1966 - first study with 208Pb(p,p') for IAR in 209Bi
1966 – 1972 angular distributions and excitation functions
                                                        @ 15 keV resolution
Q3D spectrograph built in 1972   –                                     detector finished in 2001
2007             excitation functions @  3 keV resolution 
2003 – 2019 angular distributions @  3 keV resolution 
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IARs in     209Bi
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excitation
 functions

1968 -
  @  15 keV
     resolution

2007 -
  @    3 keV 
     resolution
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transformation matrix from
configurations to amplitudes of states 
spin and parity: 0- … 14-    and   1+ … 12+              ! no 0+ !    

_04



  

recognition of non-1p-1h states   
                    as icosahedral states             in 2019

in 1966

in 1990
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12+
6+

L >> 6

states in 208Pb with icosahedral symmetry
     208(p,p')
 Ep=35 MeV
       5-8 keV 
    resolution

L – L(IAR) <~ 1

now



  

collective states in  208Pb

-
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  to 4895  10+
observed by deep inelastic scattering on 208Pb
                             
 strongest y-ray               lower part with  18+      

threshold

proton
8004 keV

neutron
7368 keV

y-cascade from 16262  30-
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                 bottleneck

 τ = 0.5 μs    

                  A                 B
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principal y-cascade from 16262  30-
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E-y = 2318 keV

Ey = 291: bottleneck
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weak coupling of collective states
to 1p-1h configurations
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logarithmic distribution of residual interaction
                        

                        among 1p-1h configurations;                 median:  <  30 keV  >
1 – 4 constituents

        30           3
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   ( 16362       1000 
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bottleneck
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^

isomer

isomer

                                 tetrahedral
                 stretched
{  16+        14-       M 2  }
{  13 / 2     15 / 2      3    }
{  15 / 2     13 / 2      1    }

 M2

a  b  c

 principal y-cascade
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    18+ member in the icosahedral rotational band

state number

bottleneck
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the 18+ member in the icosahedral rotational band
squeezed

stretchedEx -  Ex(WCM)
                         

configuration
change

                   s  t  a  t  e                       c o n f i g u r a t i o n

{  15 / 2     5 / 2   5  }
{    3 / 2   11 / 2   4  }
{    6          3        9  }

{    6     10    15  }
{    3     15    18  }

{    3    15   18 }
{  15     3    12 }

{    9 / 2  11 / 2   1  }
{   1 / 2     9 / 2   5  }
{   10      15        5  }

{  3  12  15 }
{  5    2  10 }

{  13 / 2  15 / 2 14  }
{    10       3      13  }
{  15 / 2  13 / 2   1  }

transition multipolarity
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crumbling
of nuclear matter

 increases
with energy
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median matrix element of the residual interaction

2000  

1974

1990

1998

2022

1951

1899

1899

3835    0+  
                    (n, n' y)

4424    6+    (p, p')

5444  10+     (p, p')
                    

6101  12+    (e, e')
                    (p, p')
                    
7735  15+    (pol. d,p)
                    

8813  18+    deep 
                    inelastic

4324   4+   (e, e')
                  (p, p')
2615   3-    y-transition

      0   0+    g.s.

icosahedral
 tetrahedral
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tentative

tentative

c  o  n  c  l  u  s  i  o  n 

1964

-

< Ex – Ex (WCM) > = - 2 keV
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