Double giant dipole resonance in 3¢Xe and 23%U
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Large electromagnetic cross sections (ogps) in heavy-ion
collisions at relativistic energies (700 AMeV) allow for
the study of the double giant dipole resonance (DGDR).
Excitation and decay of this two-phonon process was in-
vestigated for the semi-magical nucleus 3Xe and for the
deformed and fissile nucleus 238U using the LAND-Setup
(Large Area Neutron Detector). Investigations of the
DGDR are connected with the question of harmonicity
of multistep excitations. An anharmonic behaviour of
the nuclear response in the multiple excitation may
be reflected in the spectral distribution, the excitation
probability or the decay characteristics of the resonance.
In former experiments [1] the spectral distribution of the
DGDR could be understood in the framework of an har-
monic process, whereas the results on the cross section of
the DGDR were conflicting. Especially for **Xe opapr
was observed in a first LAND Experiment [2] with a factor
2-3 higher than the harmonic limit, whereas for 238U
no deviations in opgpr could be derived from inclusive
measurements [3].

The excitation spectra were determined via the invariant
mass method using projectile excitation and measurement
of all outgoing particles with high efficiency. Compared
to our earlier measurements the setup was improved
substantially.

The use of a '3Xe beam of low emittance as well as
high resolution Si-p-strip detectors allowed for the first
time to measure angular distributions of Xe fragments
produced in peripheral collisions on thin Pb (Fig. 1) and

Sn targets. Equivalent sharp-cutoff minimum impact
parameters (b,,.,) were derived on the basis of a semi-
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Figure 1: Differential cross section do/df for Xe fragments
(700 AMeV). The result of a semi-classical calculation us-
ing the best choice of sharp-cutoff minimum impact pa-
rameters by, = 14.5fm is shown by the histogram, the
result using the soft-spheres model by the dashed curve.
The arrow indicates 95{25 corresponding to the fitted b,
value. Nuclear contributions can be estimated from the

corresponding measurement with the C target (shaded).

classical description of the electromagnetic excitation of
the one- and two-phonon giant resonances. The spectrum
is well reproduced within this approach and leads to
an experimental value of b;"? = 14.5 + 0.2 + 0.25 fm
in case of the Pb target. In comparison with current
parametrisations [4,5] of by, and with the soft-spheres
model [6] using realistic mass density distributions for
projectile and target it is shown, that the soft-spheres
model and the Benesh et al. parametrisation with a value
of b2V = 145 fm are in good agreement with the
experimental value, whereas bX9” of Kox et al. is too
large. For details see [7].

The analysis of the excitation spectra results in an
observation of the DGDR with an harmonic mean energy
and width and an enhancement factor for the opapr
of X=1.63(25). Together with the results on 20%Pb
(X=1.33(16)) [8] this could be explained assuming rather
small anharmonicities (< 1 MeV) of the DGDR energy as
predicted from microscopic calculations [9] and its mass
dependence.

In a second experiment, the DGDR in 238U was studied
and both, the neutron and fission decay were investigated.
Compared to the above measurement, the setup was mod-
ified to allow, in addition, for a simultaneous measurement
of the two fission fragments in coincidence with emitted
pre- and postfission neutrons. In the neutron decay
channel, only a rather weak cross section for the DGDR
is observed as expected because the relatively high-lying
DGDR mainly undergoes fission. The primary excitation
energy distribution leading to fission cannot be obtained
directly. Instead, we utilize the well-known (linear) rela-
tionship between primary excitation energy and the mean
neutron multiplicity [10]. The neutron multiplicity distrib-
utions are measured with LAND and are finally compared
with calculated ones, obtained from a transformation of
excitation energy distributions (of one and two-phonon
states) into the respective neutron multiplicity distribu-
tion. A first analysis shows a considerable contribution
to the fission channel arising from excitation energies
in the DGDR domain. Similar effects were observed in
an independent measurement using different methods [11].
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