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THE IBA, FOR NOVICE EXPERIMENTALISTS 

The following report contains the notes from a series of lectures on the 
Interacting Boson Approximation (IBA) model. The lectures were presented at 
Lawrence Livermore National Laboratory on July 28, 30 and August 1, 1982 by 
Jolie A. Cizewski from Yale University. 

The IBA wa~ developed by F, Iachello and A, Arima starting about seven 
years ago to understand collective quadrupole excitations in medium and heavy 
mass nuclei away from closed shells. Since then the formalism has been 
extended to odd-mass nuclei and considerable work has gone into understanding 
the microscopic construction of the bosons in this model. The IBA has been 
applied to nuclei as light as In and Ge and as heavy as U and Pu; to nuclei 
near closed shells, such as Mo and Hg; to stable nuclei and nuclei far from 
stability. 

The present lectures were designed to give the experimentalist an 
introduction to the IBA and to give specific examples of how it could be 
applied to understand the structure of heavy even and odd mass nuclei. Much 
of the emphasis was on the symmetries (and supersymmetries) of the model and 
how the use of symmetries enabled the relatively straightforward understanding 
of empirical systems as deviations from these symmetries. 

The richness of possible applications of the IBA to understanding 
collective phenomena in nuclei was not fully explored, but rather a few 
illustrative examples were selected and described in detail. The references, 
accumulated at the end of this report, provide a more comprehensive, although 
not complete, list of tests of the IBA in even mass nuclei and the new 
symmetrie in odd mass nuclei. The references also list the main theoretical 
papers which provide the details of the IBA formalism. 
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INTERACTING BOSON APPROXIMATION 
(IBA) MODEL 

DEVELOPED BY: R IACHELLO (Yale e Groningen) 
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TWO-NUCLEON TRANSFER REACTIONS 

START WITH A TARGET A WITH 
N BOSONS 

BY ADDING TWO PROTONS OR TWO 
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INTERACTING BOSON APPROXIMATION MODEL 
TWO-NEUTRON TRANSFER RELATIONS 
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RELATIVE E2 TRANSITION PROBABILITIES 

0(6) 196 Pt 191 OS I 8 f e 0 s SU(3) 

2 p - 0 , ,-6 
2 ? - 2 , 

3 , - 2 . 
3| ' - 4 , 

«2 - 4 , 

«2 - 3 , 

4 2 " - 3 , 
4 2 ~ 2 2 

2 3 " - 3 , 

7x10 

0.0014 

0.105 

CO 

2 3~°2 
1.25 

>3.5 

< 0 . 3 I 

0.60 

1.2 

0.81 

0.30 

0.72 

0.20 

0.70 

2.50 

SMALL 
(-0.02) 

2.23 

SMALL 
(-0.02) 



0.5 

0.0 

m i- i i — y * r -
(o) 

• i i 1 

2 2 - o , : 
2 2 - 2 , : 

1 • • ' 

: A - - V 

- T * r -
(d) 

- i — r r- r 

3 . - 2 , : 
3 . - 4 , : 

• • • • 

0.5 

0.0 

m i- i i — y * r -
(o) 1 • • ' 

: A - - V 

- T * r -
(d) 

' °H . t b ) 

A 

• 
• • 

V 

: °* 
~ A A 

(e) 
° z -2 , ; 
0 2 - 2 2 -

• a t • 

. t b ) 

A • 
4 2 - 4 , : 
4 2 - 2 2 -

V 

: °* 
~ A A 

(e) 
° z -2 , ; 
0 2 - 2 2 -

• a t • \> 

. t b ) 

A • 
4 2 - 4 , : 
4 2 - 2 2 -

V 

: °* 
~ A A 

(e) 

3.0 
2.0' 
1.0 

0.0> 

* (0 

It - i i ' i / A -

4 2 - 3 , -
4 2 - 2 2 -

: o 3 - 2 , 
- 0 3 - 2 2 

: ° 3 
- - A - A 
i i i i 

(f) 

1 1 1 1 

3.0 
2.0' 
1.0 

0.0> 

* (0 

It - i i ' i / A - , T , 1 

: o 3 - 2 , 
- 0 3 - 2 2 

: ° 3 
- - A - A 
i i i i 

(f) 

1 1 1 1 

- 1.0 

0.0 

H2.0 

0.0 
30 
20 
10 
0 

188 192 190 194 188 192 190 194 
Os Pt Os Pt 

fel 
— sucO — o(t) -su{*;> 



TU«iotf 0(6) -^ S0£$} 

0 STATS^ TA?AH£Te& 
TWee 
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SUPER - SYMMETRY 

ALL EARLIER SYMMETRIES APPLIED EITHER 
TO BOSE OR TO FERMI SYSTEMS 

ie BOSONS-—--BOSONS 
OR 

FERMJONS—-^FERMIONS 

MORE COMPLEX SYMMETRY WOULD PLACE 
BOSONS AND FERMIONS IN SAME MULTIPLET 

ie COULD HAVE OPERATIONS THAT 

BOSONS 5ST FERMIONS 

SAME EIGENVALUE EQUATION FOR FERMI 
AND BOSE SYSTEM 
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