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Two-alpha reaction

The Project
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in the inset frames. The lower panel shows the power spectrum of the oscillations of

Methodology

Our calculations use time-dependent Hartree-Fock (TDHF) [8] with the Skyrme interaction [9]
with an unmodified version of the Sky3D code [10,11]. We use the SLy4d interaction [12]
which was fitted with no centre of mass correction as ideal for TDHF calculations.

A ground state alpha particle is calculated in static Hartree-Fock to a well-converged solu-
tionina 16x16x16 fm coordinate space box with 1 fm grid spacing in each Cartesian direction.

the compound ®Be nucleus.

Three-alpha dynamics

Results & discussion

The parameter space for triple alpha (®Be*+*He) reactions is much larger than for *He+*He:
The 8Be* is not spherical, so there will be dependence on the initial orientation of the reacting
nuclei. The ®Be* nucleus is not in a stationary state, so there may be dependence upon the
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Mixing of the mean-field TDHF configurations via a Fourier spectrum analysis gives an
estimate for the energies of the excited states of 12C involved. The upper inset panel in Figure
2 shows the power spectrum from the chain state oscillatons at around 9 MeV, and from the
triangular oscillations at around 4 MeV. The lower inset panel shows that in a b=1 tip collision,
the nucleus initially oscillates in the 9 MeV chain state before quickly (~2 zs) decaying to the
4 MeV triangular state. This interpretation is seen in the snapshots of the time-dependent
density in Figure 3, and qualitatively agrees with a previous study [4].

Q= ifd3rp(r)(2z2_x2_y2)’ 16)) time [ZS]
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where p is the total nucleon density in the entire multinucles system, is shown in Figure 1.
Also shown is the Fourier power spectrum of the time signal of the quadrupole oscilliations.
The time-series for the transformation is sampled starting at 800 fm/c = 2.64 zs, for 2048
data points, which is up to >~ 29.7 zs. The positions of the peaks are rather insensitive to the
sampling window. Two states are apparent in the spectrum: One at 8.5 MeV and the other at
14.7 MeV. Both shows some fragmentation, presumably due to artificial discretisation in the
coordinate space box [13].

Figure 2: Quadrupole moment of the matter density during collisions of “He with
compound ®Be* nucleus with initial conditions as per the legend and discussed in
the text. The two insets show the Fourier power spectrum of parts of the quadropole
moment: The upper inset panel shows the spectrum of the resonance created in a
tip collision (solid black) and a side collision (dashed red) both at b=0 and using
the 2000 configuration of ®Be*. The lower panel shows two spectra from the b=1
tip 2000 configuration with the yellow (lighter) dotted line from the time signal as
shown in the yellow (lighter) dotted box, and the pink (darker) dotted line showing
the spectrum from the later time signal in the pink (darker) dotted box.
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