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IBFFM and Transfer Reactions
based on R. Magana, E. Santopinto, R. Bijker, PRC106,044307 (2022)

• Interacting Boson Model (IBM) and its extensions

• IBFFM-2 

• One body transition density for

     for single charge exchange reactions for NUMEN

• Future plan ( Hugo Garcia-Tecocoatzi, R. Magana, R. Biker, E. 
Santopinto)

116 Cd - 116In  and 116In- 116 Sn
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Interacting Boson Model
• The IBM describes collective excitations in even- even 

nuclei in terms of a system of correlated pairs of nucleons 
with angular momentum L=0 and L=2 which are treated 
as bosons (s and d bosons) (Arima and Iachello, 1974)

• The number of bosons N is half the number of 
valence nucleons

• Introduce boson creation and annilation operators

which satisfy the commutation relations
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A. Arima y F. Iachello Phys. Rev. Lett. 35 1069 (1975)
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IBFM
• Consider an extension of the IBM which 

includes, in addition to the collective degrees of 
freedom (bosons), single- particle degrees of 
freedom of an extra unpaired proton or neutron 
(fermion with angular momentum j=j1, j2, …)

• For the extra nucleon, introduce fermion creation 
and annihilation operators satisfy 
anticommutation relations
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IBM IBFM
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IBFFM-2 Model
Hamiltonian
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Structure of odd-odd nuclei

IBM-2

IBFM-2

IBFM-2

IBFFM-2 
(odd-odd)

Interacting Boson Fermion Fermion Model- 2

In the interacting boson model with two types of fermion, collective 
excitations of nuclei are described by bosons and two fermions. 

� A detailed knowledge of the even even core and odd mass neighbours is 
required.
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Single-Charge Exchange and OBTD
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Future Work:

                            
                      Contruction of the complete IBFFM-2 odd-odd code 
                              considering also the negative parity states 
               (Hugo Garcia-Tecocoatzi, R. Magana, R. Biker, E. Santopinto)   

                                          Our Goal for NUMEN:  
                                    Calculation of the form factors  

to be inserted into the  Lenske-Colonna  reaction code
                 (Hugo Garcia-Tecocoatzi, R. Magana,  R. Biker, E. Santopinto)
 

 Other possible applications : 
0νββ decay without closure approximation 

 



The matrix elements of the residual interaction  were calculated  in the quasi 
particle basis, which is linked to the particle basis by  : 

















Thanks for your attention!















Negative Parity spectrum of the  116In 



The collective 
character is a 

consequence of 
the degrees of 

freedom that the 
nuclei possess.
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Vibrational Rotational Gamma Unstable 31



0νββ decay

• Tomoda – Rep Prog Phys 54, 53 (1991)
• Simkovic, Pantis, Vergados & Faessler - 

Phys. Rev. C 60, 055502 (1999)
• Barea & Iachello – Phys Rev C 79, 

044301 (2009)
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Some results

IBM-2: closure
(Barea & Iachello)

IBFFM-2 closure: sum 
over intermediate IBFFM 
states but still with the 
closure energy used in 
IBM-2, i.e. 12.5MeV

Magaña, Santopinto, Bijker, PRC (2022), accepted, in press
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A.Metz, J.Jolie, G. Graw, R. Hertenberger, J. Groger, C. Gunther, N.
Warr, and Y. Eisermann,  Phys. Rev. Lett, 83, 1542 (1999).
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Supersymmetric quartet



Odd-Odd Nucleus

Metz et al, PRL 83, 1542 (1999)
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Two-Nucleon Transfer

Reaction

Spectroscopic factors

Relative strength
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Barea, Bijker, Frank, PRL 94, 152501 (2005)
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Double Charge Exchange Experiment

Canditates isotopes: 48Ca, 82Se, 100Mo, 124Sn, 128Te, 130Te, 136Xe, 148Nd, 150Nd, 
154Sm, 160Gd,198Pt .

- The NUMEN Project: Nuclear Matrix Elements for 
Neutrinoless double beta decays, EPJA (2018)54: 72, 
F. Cappuzzello, .., E. Santopinto et al.  May 2018



Arima & Iachello, PRL 40, 385 (1978)
Iachello, PRL 44, 772 (1980)
Balantekin, Bars, Bijker & Iachello, PRC 27, 1761 (1983)
Van Isacker, Jolie, Heyde & Frank, PRL 54, 653 (1985)
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Model Generators Invariant Symmetry

total number of bosons

total number of fermions

total number of bosons 
and fermions

Neutrons

Protons

even-even

odd proton

odd neutron

odd-odd

IBFFM



Spectroscopic Amplitudes
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