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THE [BA FOR NOYICE 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 callective gquadrupole excitations in medium and heavy
mass nuclei away from cliosed 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 {0 nuclei as light as Zn and Ge an¢ as heavy as U and Pu; to nuclei
near closed snells, such as Mo and Hg; to stable nuclei and nuclei far from
stability.

The present lectures were designed to give the experimentalist an
intraduction 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 svmmetries (and supersymmetries) of the model and
how the use of symmetries enabled the relativeiy 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 selaected 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
symnetrie: in odd mass nuclei. The references also iist the main theeoretical
papers which provide the details of the IBA formalism.
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INTERACTING BOSON APPROXIMATION
(IBA) MODEL

DEVELOPED BY: F.IACHELLO (Yale ¢ Groningen)
A.ARIMA  (Tokyo)

~ 1975 — PRESENT

MODEL TO EXPLAIN ALL COLLECTIVE
QUADBRUPQLE EXCITATIONS (N EVEN-EVEN
NUCLE!I WITH A =100

FERMION

BOSON
s,d

ASSUMES DOMINANT COMPONENTS OF
COLLECTIVE EXCITATIONS ARE DUE TO
PAIRS OF PARTICLES, NEUTRONS OR

PROTONS, COUPLED TO ANGULAR
MOMENTUM O or?2

CALLS THESE PAIRS BOSONS
s- BOSONS d - BOSONS

TBA- 4



TOTAL NUMBER OF BOSONS N

N=ng+ng = | Z- Zc.s.l +| N- Nc.s.l
2

WITHOUT REGARD TO PARTICLE OR HOLE
CHARACTER OF NEUTRONS OR PROTONS
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H=€gs st +€d'% dm+ dm +V

where V includes ali pairwise interactions between
bosons

H has group structure SU (6)
1)Redefine Eg by introducing € = €4 —€
b) For certain forms of V can solve H
andlytically — Sug &Roues o SU(S):



IBA LIMITING SYMMETRIES

H: € db dm+V
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quadrupole interaction
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V=Pa T3 4 L‘2

repulsive pairing and octupole
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ELECTROMAGNETIC  TRANSITIONS
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TWO-NUCLEON TRANSFER REACTIONS

START WITH A TARGET A WITH
N BOSONS

BY ADDING TWO PROTONS OR TWO
NEUTRONS GO TO NUCLEUS WITH

A+2 OR N+! BOSONS

OR COULD SUBTRACT TWOC PARTICLES
A-2 OR N-I BOSONS

EXAMPLES OF THESE REACTIONS:

(1,p) (3He,n)
(p,t) (n, 3He)
TWO-NSUTRON TWO-PROTON
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INTERACTING BOSON APPROXIMATION MODEL
TWO-NEUTRON TRANSFER RELATIONS
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SUPER - SYMMETRY

ALL EARLIER SYMMETRIES APPLIED EITHER
TO BOSE OR TO FERMI SYSTEMS

ie BOSONS -=—»=BOSONS
. OR
FERMIONS <s-—=FERMIONS

MORE COMPLEX SYMMETRY WOULD PLACE
BOSONS AND FERMIONS IN SAME MULTIPLET

ie COULD HAVE OPERATIONS THAT
BOSONS <= FERMIONS

SAME EIGENVALUE EQUATION FOR FERMI
AND BOSE SYSTEM






F. IACHELLO RECENTLY PREDICTED
SUPERSYMMETRY STRUCTURE IN Pt-1r-QOg

COUPLE j= 34 fermion (g.s. Ir)
fo 0O (6) boson (gt cores)
5

IF ONE LOOKS AT ONLY ONE NUCLEUS
SPIN (6)

IF ONE LOOKS AT TRANSITIONS BETWEEN
OR SUM-RULES

u(6/4)

QUANTUM NUMBERS
N-# of BOSONS M- # of FERMIONS

(0,0, 03 ) (T,T,) v,
of): d T A
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odd Au

B(EZ: 3’;;2 _,3.{,‘4')

BCEE= 34;'—? yzf)
SPN(e) / SUPERSYMMETRY

= 0

a3,

Aw . 0.1l
‘q:‘bAw 1 0.0

J.WO0D , priv. Comm.
Phys. Raw-C 24 (188 (1931)
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RATIO OF STRENGTHS, S, FOR STATES(c; 7))

S(N-Y2,5) N
S(N+ 'z, Ya)  N+d "~ 0.70

ONLY TWO STATES, BOTH J=3/2 WILL BE SEEN
Ex J7 Sexp Srel Si'hy

1931, 0 32t 1.6 =100 =100
N=7 180  3p+ O 0.07 0
460 32t 1.1 069 064

73 Ir2t 20.5
D.G. BURKE, E.R.FLYNN,R.E.BROWN,JW SUNIER,J.AC
PR-L. 4o 1244 (48D



PL(F, )

. | |
Ey J" Sexp S Sy hy
1931, 0 32* 1.6 =100 =100
N=7 180  3p+ O.41 007 0
460 3t .1 069 064
73 It <£0.5
1957, 0 3t 2.1 =1.00 =100
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287 3/o%  0.49 0.23 060
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971, 0 3/ 3.5
N=5 s2 et 12
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Reactions

TARGET I= N Boseons
+ 4 FerMioN

FwAu P N Bo sowng

OPERATOR Q PestTRoYS
oNg FERMION

MEASVRED Spectra
Nagw
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Surer SYMMETRY /SPI!\(G:)
REQUIRES

.)Goop O(t) Bossw Core

2) SingLe  d3j,  odd particle
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