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Structure of odd-odd nuclei 
in the interacting boson 
fermion-fermion model

3.





IBFFM  vs other models ?



IBFFM is successful 
in describing and 

predicting

Level energies
Electromagnetic properties
Transfer properties
Isomers



proton
neutron

boson –fermion interactions from odd – A neighbours
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Spherical nuclei



Parabolic rule for proton-neutron multiplets
in the particle-vibration model
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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+ ππππ g9/2  ν ν ν ν g7/2

5+ ππππ g9/2  ν ν ν ν s1/2

8+ ππππ g9/2  ν ν ν ν g7/2

10- ππππ g9/2  ν ν ν ν h11/2

5+      1.5 s   isomer

10- or  8+ candidates for the
12  µµµµs  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



protons neutrons

coupling bands !!!!!



Scholten
PRC 37













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







Transitional nuclei



68As











102Rh



102Rh

ππππ g9/2  ν ν ν ν h11/2 Full line      IBFFM

Dashed line  Donau-Frauendorf model











ππππ h11/2 νννν 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





ππππ h11/2  ν ν ν ν h11/2 ππππ h11/2  ν ν ν 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



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

124Ce 125Ce

126Pr
125Pr  and  126Pr



126Pr







198Au

The first odd-odd nucleus calculated in IBFFM



I call any geometrical figure, or group of points, chiral, 
and say it has chirality, if its image in a plane mirror,
ideally realized, cannot be brought to coincide with itself.

Lord Kelvin,  1904.

Chirality in nuclei 



Numerous examples :

Chemistry

Biology

Pharmacy

Particle physics

Atomic nuclei ?



Chirality in molecules is static

Chirality in nuclei has (?) dynamical origin

It relates to the orientation of angular momenta in respect
to some well defined axes

The three angular momenta can be arranged to form
a left-handed and a right-handed system!



Candidates ?

Three angular momenta                      odd-odd nuclei
(rotational core + proton + neutron)

Three axes rotational core has to be triaxial
(angular momentum aligned along the intermediate axis)

Angular momentum of one fermion aligned along the short axis
The fermion has to be of particle type (BCS occupation < 0.5)

Angular momentum of the other fermion aligned along the long axis
The fermion has to be of hole type (BCS occupation > 0.5)

The angular momenta of both fermions have to be big enough
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Models

Tilted axis cranking model

Particle-core coupling model

Two quasiparticle + triaxial rotor model

Interacting boson fermion fermion model





I

I+4

I+3

I

I+2I+2

I+1

I+3

I+4

I+1

B(E2) de-exciting
analogue states in 
both bands EQUAL

B(M1) de-exciting
analogue states in 
both bands show the
odd-even “staggering”



PROBLEM  !!!!!!!!!

All odd-nuclei in which chiral (?) bands have been observed
are in regions of masses: 

A ~ 105
A ~ 130 
A ~ 190 (?)

where even-even nuclei are γ–soft and 
NOT rigid triaxial



The Interacting boson fermion fermion model 
IBFFM1 (based on one type of boson) cannot 
describe stable triaxial nuclei, specially not
rigid triaxial rotors !!!

BUT !!!!



INTERACTING BOSON MODEL
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The difference is in 
shape fluctations

More pronounced
in A than in B
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134
Ce Coupling to:

Rigid ground state band
“Static chirality”

(Realized ???)

Soft ground state and γ band
Full dynamic chirality

Soft ground state and γ band and 
higher lying core structures

Weak dynamic chirality


