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Outline

◼ Introduction: The nuclear double-γ decay

◼ The competitive double- γ decay of the first 2+ state

◼ The electric dipole polarizability

◼ The interaction of the one- and two-phonon configurations

◼ The case of 48𝐶𝑎

The γγ-decay reactions are formally analogous to neutrinoless double-β decay processes

where in the latter two β-particles and in the former two γ-quanta appear in the final state

and share the total transition energy. This paper reports on the situation, in which the γγ-

decay of the low-energy quadrupole state occurs in a nuclear transition which could

proceed by a single-γ decay in competition. To describe the γγ-decay, a formalism relates

the electromagnetic interaction up to second order in the electromagnetic operators and

two-quantum processes in atomic nuclei. The coupling between one-, two- and three-

phonon terms in the wave functions of excited nuclear states is taken into account within

the microscopic model based on the Skyrme energy density functional. As our test case we

considered 48𝐶𝑎 for which its dipole polarizability has recently been measured.
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The coupling between one-, two- and three-phonon terms in the wave functions of 
excited states are taken into account

Two-phonon structures 

The equations have the same form as the equations of the quasiparticle-phonon 
model (QPM), but the single-particle spectrum and the parameters of the residual 
interaction are calculated with the Skyrme EDF.

M. Grinberg , Ch. Stoyanov, Nucl. Phys. A. 573, 231 (1994) 

V.Yu. Ponomarev, Ch. Stoyanov, N. Tsoneva, M. Grinberg, Nucl. Phys. A 635, 470(1998)



Details of calculations

The rank of the set of linear equations is equal to the number of one-, two- and 
three-phonon configurations included in the wave function. Its solution requires 
to compute the matrix elements of the quasiparticle-phonon interaction.

A.P.S., V.V. Voronov, and Nguyen Van Giai, Eur. Phys. J. A22, 397 (2004).

Making use of the finite rank separable approximation for the residual interaction 
enables one to perform the calculations in very large configuration spaces

Nguyen Van Giai, Ch. Stoyanov, V. V. Voronov, Phys. Rev. C57,1204 (1998).



The pygmy dipole resonance

















Conclusion

◼ Starting from Skyrme mean-field calculations we have studied for the first time the 
γγ/γ decay of the first 2+ state of an even-even nucleus. As our test case we 

considered 48𝐶𝑎 for which its dipole polarizability has recently been measured. 

◼ We use the Skyrme EDF SLy5 to create a single-particle spectrum and to analyze 

excited states of 48𝐶𝑎. Our calculations take into account the coupling between 
one-, two- and three-phonon terms in the wave functions. 

◼ It is shown that the γγ-decay width is sensitive to the interaction of the one- and 
two-phonon configurations in the giant dipole resonance region.

◼ The maximal branching ratio of the competitive γγ -decay relative to its single γ-
decay is predicted for 48𝐶𝑎 as 3 × 10−8. It is desirable to experimentally establish 
the γγ decay of a first 2+ state of an even-even nucleus.
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