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Several unsuccessful experimental searches have been carried out 
over the years , but recently  a bump has been detected at E* ≈ 16 
MeV in the reaction 12C(18O,16O)14C at Elab = 84 and 275 MeV and 
intepreted as a signature of GPV
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To understand the effect of the residual interaction which
is included in TDHFB, we have computed the so-called
unperturbed response to the pair transfer excitation. The latter
is equivalent to Eq. (19) if one assumes that the states |α〉
are two-quasiparticle excitations of the type |µν〉 = β̂†

ν β̂
†
µ|0〉

where β̂†
ν creates a quasiparticle eigenstate of the static HFB

Hamiltonian on its ground state |0〉. In this approximation,
the energy of the transition to the state |µν〉 is the sum
of the quasiparticle energies h̄ωµν = eµ + eν . To allow for
a quantitative comparison between the strength distributions
obtained from TDHFB and unperturbed approximations, we
compute the latter using the same time Fourier technique as for
the TDHFB case. First, we determine the transition amplitudes
〈µν|F̂ |0〉 and then the time evolution of the observable
F̂ − 〈0|F̂ |0〉 within the unperturbed approximation. The latter
reads

%F 0(t) =
∑

µν

|〈µν|F̂ |0〉|2 sin(ωµν t). (24)

Finally, we apply exactly the same procedure as for the TDHFB
evolution to extract its strength distribution. The resulting
unperturbed spectrum is represented by a dotted line in
Fig. 2(a). We see clearly that the effect of the residual
interaction is to increase the strength on the one hand and,
on the other hand, to shift down the positions of the peaks.

To get a deeper insight into the nature of the peaks, we
decompose the response into components of the single particle
orbital momentum l using the observables F̂l defined in
Eq. (23). The response for l = 0, 1, 2, and 3 are plotted in
Fig. 2(b). These spectra, together with the quasiparticle HFB
spectrum, allow us to characterize the peaks in terms of
dominating two-quasiparticle excitations. As one can see in
Fig. 2(b), the first peak located at 6.5 MeV is associated to the
l = 0 component of F̂ . It corresponds mainly to a pair transfer
toward the almost empty 2s1/2 orbitals.

The next peak, located at 14.3 MeV, is mainly a mixture of
two contributions: the transfer of a pair toward 1d3/2 orbitals
and the removal of the 1p1/2 occupied neutrons indicated by
a dotted arrow in Fig. 2(a). The fact that these two modes
have the same energy is fortuitous. (This is also the case at the
unperturbed level.) As we will see later, they are well separated
in the other oxygen isotopes. We also see in Fig. 2(b) that there
is a l = 3 contribution to this peak due to a coupling to f7/2
orbitals in the continuum.

Let us now focus on the group of peaks at higher energies.
As one can see in Fig. 2(b), they are mostly populated by l = 1
and 3 components. In fact, the peaks between 20 and 24 MeV
are mainly associated to the excitation of f7/2 quasiparticle
resonant states while the peak at 24.7 MeV, indicated by a
solid arrow in Fig. 2(a), corresponds to the deep hole 1p3/2
state. Except for the latter contribution, which is due to the
removal of two occupied neutrons, these peaks belong to the
GPV [52]. Indeed, they correspond to excitations of resonant
states belonging to the next major shell and the enhancement
of the strength as compared to the unperturbed spectrum is a
sign of their collectivity [45].
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FIG. 3. Strength distributions of the two-neutron transfer operator
F̂ for 18,20,22O (in arbitrary units with the same scale on each plot).
TDHFB results (solid lines) and the unperturbed approximation
(dotted lines) are shown. The arrows indicate the 1p3/2 (solid) and
1p1/2 (dotted) deep hole states and the 1d5/2 (dashed) pair removal.
The filled regions correspond to GPV candidates (see text).

B. Neutron-rich oxygen isotopes

In addition to 18O, we also studied two-neutron pair transfer
in 20,22O nuclei. The spectra are shown in Fig. 3 while the
energies and most important quasiparticle contributions to the
main peaks are summarized in Table I. Comparing strength
distributions obtained from TDHFB (solid lines) with the
unperturbed approximation (dotted lines) in Fig. 3 leads to
the same conclusions for all isotopes, i.e., an increase of the
strength and a lowering of the peak energies due to the TDHFB
residual interaction. We also see in Fig. 3 that the energies of
the 1p3/2 and 1p1/2 deep-hole states increase with the number
of neutrons. The 1p3/2 peak in 22O is located outside of the
figure at 31.3 MeV. The occupied single particle orbitals are
indeed deeper as compared to the Fermi level when increasing
the neutron number, corresponding to higher quasiparticle
energies. We also note that transitions associated to the 1d5/2
orbital appear only in the 22O spectrum. This is due to the fact
that the operator F̂ leaves the strongly paired levels almost
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The self-energy and the induced interaction are energy-
dependent, but it is possible to reconstruct the amplitudes of
the resulting 0+ states on the intermediate 2p-1phonon states, 
so that they can be written:

|0+
n>   = ∑pp’ ( Xpp’   (n) |pp’(0+) > +  Yhh’   (n) |h h’(0+) > )  + 

∑pp’𝜈App’𝜈 (n) |pp’(2+)𝜈(2+)>
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Unperturbed

Gogny p-p

Gogny p-p + phonon coupling

density

volume

surface

Form factors:



18O +12C optical potential 
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CONCLUSIONS

We have computed the 2n-transfer strength to populate 0+ states in the continuum of 14C  
and made the first steps to compute the absolute cross section of the reaction 12C(18O,16O)14C .
The theoretical model is based on particle-particle RPA extended to include the effects
of coupling to collective quadrupole vibrations, in keeping with previous 
calculations of  weakly-bound systems.

The aim is to compare our results with the bump and the associated angular distribution 
revealed in the excitation spectrum  and attributed to  the Giant Pairing Vibration.


