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(a), (b), (c)      exchange terms 
(d), (e), (f)      direct terms







Spherical nuclei



Scholten

Scholten



Deformed nuclei

The levels are arranged
into bands denoted by
the lowest value of the
angular momentum K, 
contained in the band.

This quantum number is 
only approximately 

equivalent to the quantum
number K in the Nilsson 

model.

In the inset, the 
corresponding situation in

the Nilsson model is 
shown.

j = 9/2 Λ = 0

Λ = 0

Iachello, PRL 43



Scholten, PRC 37

Kπ = 9/2-

(π h11/2)

v2 = 0.62

Kπ = 1/2-

(π h9/2)

V2 =  0.05

Prolate





The IBFM states
for odd-A Re
and Os nuclei 

are obtained in
multi-j calculations.



Intruder deformed bands in odd Ag isotopes

Only the monopole fermion-boson interaction strength is slightly changed
from isotope to isotope. All other interaction strengths and occupation 

probabilities are the same for all isotopes.



O(6) nuclei

Scholten



Scholten

Transitional nuclei



71Ge

Negative parity levels   Positive parity levels
Angular momentum x 2

105Pd

Halflives







High spin states 

in the interacting boson and 

interacting boson-fermion model

2.













Spherical nuclei

104Cd



Parameterization for
neutrons from 

even-odd Cd nuclei

Parameterization for
protons in accordance

with odd-even 
In and Ag nuclei

104Cd



101Ag

101Ag



Structure of isomers in spherical nuclei

142 ms

Assuming a possible error of 200 – 300 keV for the predicted energies, 
a 27/2- isomer with a halflife in the µs - ms range could be found in  99Nb



Deformed nuclei
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Wave functions
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67Ga



Interactions  ?





138Nd

h11/2 d3/2 neutron pair



Band 1   (ν h11/2)

Band 7  (ν h11/2) (π h11/2)2

Band 6   (ν h11/2)3

137Nd77



Bands 3, 5, 7   (π h11/2)2

Band  8          (ν h11/2)2
Bands 10, 11   (π h11/2)2 (ν h11/2)2 !!!

Band    12       (ν d3/2  (ν h11/2)3)

Bands   1, 2     (ν d3/2 ν h11/2)



101Rh

Band    1 π g9/2

Band    2 π g9/2  (ν h11/2)2



101Rh

Band    3 π p1/2

Bands   4, 5        (π g9/2) (ν d5/2 ν h11/2) or
(π g9/2) (ν g7/2 ν h11/2)
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IBFFM  vs other models ?

IBFFM is successful 
in describing and 

predicting

Level energies
Electromagnetic properties
Transfer properties
Isomers







Spherical nuclei



Parabolic rule for proton-neutron multiplets
in the particle-vibration model







96Y

In the whole sequence of nuclei
it have been used the same: 

Cores

Dynamical, exchange and monopole
interactions for protons

Dynamical, exchange and monopole
interactions for neutrons

Occupation probabilities for protons

Residual proton-neutron 
delta interaction

Occupation probabilities
for neutrons depend on 
the isotope

Parabolic like structures are present
in spherical nuclei even in cases when
other interactions (not the dynamical)
dominate.



Sb isotopes



1+ π g9/2 ν g7/2

5+ π g9/2 ν s1/2

8+ π g9/2 ν g7/2

10- π g9/2 ν h11/2

5+ 1.5 s   isomer

10- or  8+ candidates for the
12 µs  isomer

10- possibly 100 – 150 keV
higher



40K

40K



The structure of
106Ag is very complex.
The ground states of
odd-mass Ag nuclei are
7/2+ states based on 
the proton g9/2 
configuration. The IBFFM
is successful in the 
description even of such
nuclei.

Deformed nuclei



Scholten
PRC 37







Realistic case: Dynamical and exchange interactions different 
from zero and not limited by supersymmetry constraints



Transitional nuclei



68As





102Rh



102Rh

π g9/2 ν h11/2 Full line      IBFFM

Dashed line  Donau-Frauendorf model





π h11/2 ν h11/2

124Cs



124Cs

Wave functions are
very complex !!!!

There is a strong 
configuration mixing

IBFFM is able to 
properly predict 
the structure of 
high spin states 
in a  multy-j case



π h11/2 ν h11/2 π h11/2 ν g7/2

Mixing of configurations with different parity
both for protons and for neutrons (high with low spin states)

Positive parity proton and positive 
parity neutron configurations







132Pr

Transitional SU(3) – O(6)  126Pr nucleus

124Ce 125Ce

126Pr

125Pr  and 126Pr



126Pr



198Au

The first odd-odd nucleus calculated in IBFFM



Chiral bands in IBFFM
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β decay in the interacting 

boson-fermion model

4.

OBJECTIVES

To test the nuclear model by analyzing experimental
data

Wave functions (two odd-even and one even-even
nucleus are involved)

Transition operators

To provide reliable information for astrophysical
applications



The process is very sensitive to configuration mixing both in the 
initial and final states. A detailed knowledge of the wavefunctions
is required. Beta decay properties can be calculated by using:

Shell model (in light nuclei and in medium-mass and heavy 
nuclei in the neighborhood of doubly magic nuclei)

Other models for medium-mass and heavy nuclei.

Example: Simple pairing theory

Overestimates the Gamow-Teller strengths by a large factor
(up to a factor 70 !!!!!)

How to account for the large hindrance:

Nuclear deformation
Mixing with 2p-2h states
Mesonic degrees of freedom

In the IBFM there is NO quenching factor (once the wave functions have 
been calculated, the calculation of beta decay properties is parameter free),

or the quenching factor is SMALL.



PROCEDURE

IBM2 calculations of the 
structure of even-even core nuclei:

Energy levels and wave functions 

Electromagnetic properties 
(electric quadrupole and magnetic 
dipole moments, B(E2) and B(M1) 
values, branching ratios).

IBFM2 calculations of the
structure of odd-even

parent and daughter nuclei:

Energy levels and wave functions 

Electromagnetic properties 
(electric quadrupole and magnetic 
dipole moments, B(E2) and B(M1) 
values, branching ratios).

Wave functions Wave functions

Beta decay calculations:

Matrix elements, logft values

Cs                Xe

A =  125,  127,  129

Soft nuclei close to the O(6) limit          complex wave functions 

Sensitive test of the model

IBFM2 Hamiltonian

IBM2 Hamiltonian  (core nuclei) :



Boson quadrupole operators

Hamiltonian of the odd fermion

BCS

Interaction between bosons and the odd fermion :



Orbital dependence 
of the interaction strengths

Electromagnetic transition operators

uj and  vj

from   BCS

uj and  vj

from   BCS

Cs isotopes
(odd proton)

Single particle 
energies (MeV)

Boson-fermion
interaction strengths

Positive
parity
levels



Xe isotopes
(odd neutron)

Single particle 
energies (MeV)

Boson-fermion
interaction strengths

Positive
parity
levels

B(E2) and B(M1) values, 
static moments, branching

ratios are calculated 
for the sequence of 

Cs and Xe nuclei

Wave functions are
realistic







Rh Pd

Positive

parity

levels

A  =  105,  107,  109

U(5)         O(6)    nuclei

j – 1
anomaly !!!! 

on g9/2



Positive

parity

levels



As                Ge

A  =   69,  71,  73

outside the boson space

Consequences ????? 

Negative

parity

levels



The exclusion of 
intruder components
does not influence 

strongly the theoretical
values of static moments

and branching ratios



Systematic effect :
For most decays

the calculated values
are smaller than the
experimental values

a)   Wave functions  ?

Accurate test of wave functions

b)  Transfer operators  ?

Normalization factors  ?

Additional terms ?

Normalization factors  + Additional terms ?



Overall normalization factor  N ?

Normalization factor γ

a) Parameter
b) Microscopic

Additional term(s)

or

or
……

Normalization factor γ and the term

58Ni ( d, 3He ) 57Co  reaction

Sums of spectroscopic strengths

E   experiment    S  shell model     P  IBFM1 



Normalization factor γ and the term

62Ni ( d, 3He ) 61Co  reaction

Sums of spectroscopic strengths

E   experiment    S  shell model     P  IBFM1 

The effect of the
additional term

is small



CONCLUSIONS


