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Introduction

® «a particle

Microscopic calculations: Vlasov dynamics in imaginary times.
Future directions-Constrained Molecular Dynamics (CoMD)
Hybrid Alpha Cluster model (T.Depastas).

Macroscopic calculations: Neck model in imaginary times (S. Sun).

Experimental challenges: pair production in sub barrier fusion reactions (T.
Settlemyre)
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Status on 12C + 12C fusion at deep subbarrier energies:
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Feynman path integration in phase SpPace  physics Letters B 339 (1994) 207-210
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Solve the Vlasov equation in imaginary time. Define collective variables R&P
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FIG. 1. Snapshots from the mean-field simulation of the fusion
1eact1011 for a head -on °0+1°0 colllslon at the energy 8 MeV The
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FIG. 2. The same as Fig. 1 for a *®Ni+%Ni collision at the
energy 93 MeV.
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FIG. 5. The fusion excitation functions. Part (a) represents the
190+ 180 system with the experimental data from Ref. [47]. Parts
(b)—(d) display the results for the isotope pairs: (b) **Ni+ *Ni; (c)

**Ni+%Ni; and (d) ®*Ni+*Ni. T

he circles show the expennmental




Microscopic calculations Iin progress- 1. Depastas

Preliminary attempts using CoMD

0.0 Be8+Be8, E¥*=3.5 MeV, K=227, pm=104, Csup=0, lev=35
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Hybrid Alpha Cluster model (HAC)

Zheng, H.; Bonasera, A. Spin Quantization in Heavy lon Collision.
Symmetry 2021, 13, 1777. https://doi.org/10.3390/sym13101777

In our model a-degrees of freedom are treated explicitly while nucleon (protons and neutrons) degrees of freedom are treated implicitly hence the hac acronym. The
interaction between the a-particles is given by the Coulomb repulsion (in the monopole—monopole approximation for simplicity) and the nuclear attraction. The latter is

approximated as Vaa = VBass(A = 4), i.e., the Bass potential for mass A = 4 nuclei [30]. Coulomb repulsion is not sufficient to prevent a strong overlap among a-particles.

Overlapping nuclei increase the repulsion due to the combined action of the Pauli principle and Heisenberg uncertainty principle, in particular the Fermi energy (per a-

particle) is given by:
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Quare id faciam fortasse requiris!
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NEWTONIAN DYNAMICS OF TIME-DEPENDENT MEAN FIELD THEORY Phys.Lett.B141(1984)9; 168B(1986)35.

A.BONASERA, G.F. BERTSCH and EN. EL-SAYED Nuclear Physics A439 (1985) 353-370

Cyclotron Laboratory, Michigan State University, East Lansing, MI 48824, USA
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Neck model in imaginary times PHYSICAL REVIEW C 102, 061602(R) (2020) .
The probability of fusion for the / th-partial wave is given by T/ =1/(1 + eXp{2A}), A= f | P dR
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Calculation of the O16+016 sub_barrier fusion cross section Sh ut| ng Su N

supervisors: H. Zheng and A. Bonasera School of Physics & Information Technology , Shaanxi Normal University
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Gfusion (b)

Because available resonance parameters are not found in nndc, the calculation of C12+C13 and C13+C13 does not include resonance.
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Calculation of the Si28+ Si28 sub barrierfusion cross section
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Schwinger mechanism

 Dirac particles approximately satisfy the Klein-Gordon Equation

(p* + 2>d=('ha V(. >)sz
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« Manipulate into a Schrodinger equation.

( P, Veff(il?)) =0

QmT

m E —V(x)) ‘
Veff(ilf) — 2T ( Qm; )) mr = ,/m? +p§ +pg

« Negative energy particles in Dirac sea can tunnel through the effective
potential and become real.



e The two nuclei come together with
Impact parameter zero.

e Suppose the e is created at the center
of mass of the two nuclei and the et is
on an axis perpendicular to the beam
axis.

e Symmetric and energetically favorable.

* The ions get accelerated by the e in
the middle, encouraging fusion.
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Pair production as a probe for the dynamics of nuclear fission and a decay

T. Settlemyre,’ H. Zheng,” and A. Bonasera':”

I Cyclotron Institute, Texas A&M University, College Station, Texas 77843, USA

“School of Physics and Information Technology, Shaanzi Normal University, Xi'an 710119, China
? Laboratori Nazionali del Sud, INFN, via Santa Sofia, 62, 95123 Catania, Italy

Electron-positron pairs can be produced via the Schwinger mechanism in the presence of strong
electric fields. In particular, the fields involved in a decay and nuclear fission are strong enough to
produce them. The energy of the eTe™ pair is related to the relative distance and velocity of the
daughter nuclei. Thus, the energy distribution of the produced pairs can give information about the
dynamics of the fission and a decay processes. A neck model of nuclear fission is used to illustrate
how the pairs can be used as a probe of the dynamics.
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FIG. 4: dN/dE for fission of a selection of nuclei. The fission
dynamics are based on the neck model. Here, mr = m.,
B =0and AE, = 2m..



Conclusions

12C+12C: The Neck model and the Vlasov approach in imaginary time give S*>e16MeVb for Ecm>0.5 MeV

Adding resonances Is In some agreement with the THM
|=0 channel iIs dominant up to Ecm=3MeV

For heavier systems resonances not so important because of the large Q-value

Microscopic models in progress and some interesting results have been obtained for fusions in C stars.

Pair production in heavy and superheavy nuclel plus other systems

Applications to superheavy formation
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