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Low-energy nuclear reactions play an important role in ! L

many astrophysical scenarios. In many cases experimen- 1

o Hi8s
tal data are not available at the energies important for the gl a (K)rsgzz _
astrophysical processes. From the theory perspective such RN o Pa63

reactions have been investigated mainly with cluster mod-g

els [1]. These models suffer from very simplified effective < 06
interactions and rather restricted model spaces for the in<
teraction region. Nowadayab-initio methods are actively g
pursued. Within the no-core shell model or the Green’s;‘f’
Function Monte Carlo Method the same realistic two- and

three-body forces can be used for the structure and the reac- 0.2
tion calculations. However in both approaches the descrip- | ,
tion of the asymptotic region is a very challenging problem.

With the Fermionic Molecular Dynamics (FMD) model
we aim at a consistent description of bound states, reso-

nances and scattering states starting from realistic noele Figure 2: Astrophysical S-factor fdHe(a,7)"Be. In the

hucleon interactions. The important short-range Centr.?Ateraction region one configuration (dashed line) or two

and tensor cprrelatlons are treated epr|.0|.tIy with the'u.mconfigurations (solid line) have been added to the antisym-
tary Correlation Operator Method, providing an eﬁecuv%etrized channel state4 |3He> ® ‘4He> to improve the
low-momentum interaction. As no explicit three—body3/2_ and1/2- bound states

forces are included up to now and due to limitations of the

FMD model space an empirical correction term is added to

the two-body force. new method utilizing a Collective Coordinate approach has
In the FMD the many-body basis is constructed wittheen developed.

Slater determinants of Gaussian wave packets that are pro-

jected on angular momentum and total linear momenturMhe 3He(«,v)"Be reaction

to restore the symmetries of the Hamiltonian. For the de- ] ] ) )

scription of the asymptotic scattering states FMD ground 'N this rea_cUonthéH_e and'He nuclei are captured from

states are joined taking the distance as generator coorRSitive parity scattering states into th¢2~ and1/2™

nate. To obtain resonance or scattering solutions approppeund states. In the FMD approach we use multiconfig-
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ate boundary conditions have to be included. In the manjfation FMD states for théHe and*He nuclei. For the

body approach of FMD this is not a trivial problem and a Be bound states two configurations obtained in a variation
after angular momentum projection calculation or alterna-

tively a single configuration obtained in a variation after
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r T, T T T 1] party projection procedure is used. A small fine-tuning
0f~sg—---- %mﬂ_,,y':_ww:m- »=saa] Of the interaction is necessary to reproduce the essential
_20? ‘ - SoFe=sweeceoo. 1 threshold energies. The calculated phase shifts agree very

= ; 1 well with experimental data (see Fig. 1). With the many-
o -40¢ 71 body scattering solutions and the bound states, both ob-
E 60/ 1 tained as eigenstates of the same many-body Hamiltonian,
<] b the capture cross section is calculated. As can be seen in
'80: 7 Fig. 2 the energy dependence of the cross section is cor-

-100F Frozen+PAV" rectly reproduced. Also the branching ratio3g2~ and
ob .1 1/27 agrees with experimental data. Improvements in the
0 2 4 10 description in the interaction region bring the normaliza-
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E [MeV] tion of the cross section closer to the data. Further im-

. . . . provements are under investigation.
Figure 1: Phase shifts for the positive parity state®t,

3/2% and5/2" correspond to solid, dashed and dotted
lines, respectively) in théHe-« elastic scattering and com-

parison with experiment. [1] A.Csotod, K. Langanke, Few-Body Syste28(2000) 121
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