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We apply the realistic shell model which includes coupling between many-particle (quasi) bound
states and one-particle continuum of scattering states (Shell Model Embedded in the Continuum -
SMEC) [1] to the spectroscopy of isospin mirror nuclei 17F and 17O and E2 electric transition to the
ground states of these two nuclei. For the purpose of such study we have constructed shell model (SM)
effective interaction in the cross-shell model space connecting the Op and lsOd shells. The details of
this construction can be found in Ref. [2].

In our SM calculations we assumed \p — Oh
structure of the positive parity states in these
two nuclei and 2p — \h structure for negative
parity states. More complicated configurations
were implicitly taken into account via quench-
ing factors following an approach of Brown and
Green [3]. This improves significantly positions
and width of excited states in the nuclei under
consideration. What is more we have found that
usage of density dependent force of Schwesinger
and Wambach [4] as a residual interaction which
couples (quasi) bound states to scattering states
is superior compared with simple zero range
forces of Wigner and Barlett form. The over-
all strength of Schwesinger and Wambach force
of 300 MeV-fm3 has been obtained by fitting the
spectra.

A useful measure of radial wave function is B(E2) transition matrix element between l/2f and
5/2^" bound states. The results presented in Tab. 1 show large improvement of these values as com-
pared with the standard SM mainly due to more realistic rms radii of single particle orbits l s ^ and
0d5/2- The former is very weakly bound (105 keV) in 17F nucleus resulting with much different spatial
extension as compared with 17O. However the continuum coupling seems to be also important in the
latter case.
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Table 1. The B(E2) transition matrix
element between 1/2* and 5/2+ bound
states calculated within the standard SM
and our SMEC approach compared with
experimental values. The effective charges
ep = 1.41 and en = 0.47 were used in
the theoretical calculations. The oscillator
length b = A1/6 fm was taken in addition
for SM. The units are e2fm4.

Model

SM
SMEC
exp.

17F

32.7
70.3
64.9

17O

3.6
5.1
6.2
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The Coulomb dissociation (CD) method provides an alternative indirect way to determine the
cross sections for the radiative capture reactions at low energies [1]. In this method, the radiative
capture is reversed by the dissociation of the projectile (the fused system) in the Coulomb field of the
target by assuming that the strong interaction between the nuclei is absent and the electromagnetic
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excitation process is dominated by a single multipolarity (see e.g. Ref. [1]). However, in the CD of 8B,
the contributions of E2 and M l multipolarities as well as nuclear breakup can be disproportionately
enhanced in certain kinematical regimes [2] and a careful investigation [3] is necessary to isolate the
conditions in which these terms have negligible effect on the calculated breakup cross sections.

We used the cross sections for the radiative capture reaction 7Be(p,7)8B, calculated within the
shell model embedded into the continuum (SMEC) approach [4] for the structure of 8B, to study the
Coulomb dissociation of 8B on a 208Pb target at the beam energy of 250 MeV/nucleon. Cross sections
obtained with four versions of SMEC were used. Calculations were also performed with the capture
cross sections obtained in a single particle model using the potential parameters given by Esbensen
and Bertsch (EB) [5]. Comparison of the calculations was made with the preliminary data for this
reaction taken at GSI, Darmstadt recently [6].

The CD cross sections at these high energy were found to be sensitive to the nuclear structure
model of 8 B. In contrast to the CD data taken at lower beam energies [7], the M l multipolarity is
quite important at higher beam energies. It may therefore, be possible to supplement the information
on the continuum structure of 8B from the CD studies at higher energies. As far as the preliminary
data are concerned, the fits obtained with SMEC approach are somewhat better than those with the
EB potential model. We noted that if the angles of the center-of-mass of the outgoing [p — 7Be] pair
with respect to the beam direction were taken up to 1.87°, the E2 component is quite large even at
[p — 7Be] cm. energies below 0.25 MeV. To minimize the contribution of the E2 multipolarity, this
angle should be confined to values below 1°. This conclusion appears to be mostly independent of the
nuclear structure model of 8B.
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Nonstationarity Effects in Langevin Equation jfil
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For stochastic systems with finite noise correlation time, the ordinary Langevin equation must be = §
generalized to ensure proper fluctuation-dissipation relations. This equation possesses the retarded ^ = o
memory kernel, instead the standard friction term. It has been solved [1] for the noise with auto- ^ = Q-
correlation function depending algebraically on time, as proportional to 1/t. Two approaches has ^ =
been applied: the direct analytical evaluation of averaged quantities and a Monte Carlo simulation ^ =
of stochastic trajectories. In the latest case a specific model of the noise had to be implemented; we
have utilized the kangaroo process.

Despite the fact that the "kangaroo" process is a stationary Markov process, the simulated velocity
variance does not stabilizes at the value determined by the equipartition energy rule but instead
it dwindles with time. A detailed analysis of statistical properties of the noise can explain that
phenomenon. Since the noise is defined in terms of power-law distributions, it possesses divergent
moments, in this case actually all of them. As a result, the stochastic force appears itself in the
Langevin equation as if it were nonstationary. Another model of the noise - a deterministic dynamical
system - produces the stationary result because it is characterized by the finite mean value.

Taking into account nonstationarity affects influences predictions about transport properties of the
system. The diffusion process is no longer normal, with finite diffusion coefficient, but anomalously
enhanced; the mean square displacement rises approximately quadraticaly with time.


