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Evidence for a Cluster of Collective I + States in ' Nd near 3 Mev
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Compton polarimeters have been used to measure the linear polarization of resonantly scattered pho-
tons. In the deformed nucleus ' Nd the first direct and model-independent evidence has been obtained
that in a cluster of enhanced dipole excitations near 3 MeV the three strongest transitions are of the
same, positive parity.

PACS numbers: 21.10.Re, 23.20.Qz, 25.20.Dc, 27.70.+q

Recently, an increased interest has been shown in the
study of low-lying, enhanced dipole excitations of both
magnetic and electric multipolarity. A new magnetic di-
pole excitation in deformed nuclei has been discovered
by Bohle and co-workers' in electron-scattering experi-
ments. This collective mode is closely related to the or-
bital motion of the neutrons with respect to the protons.
This so-called "scissors mode" has been investigated in a
large number of experimental and theoretical studies.
The existence of this predominantly orbital excitation
has been established in rare-earth nuclei, ' in actinide
nuclei, and in medium heavy fpnuclei -as well.
Therefore, this mode seems to be a rather general
phenomenon in deformed nuclei. On the other hand,
there are also experimental indications '' for the pre-
dicted, enhanced electric dipole transitions, ' ' due to
the excitation of a-cluster modes and/or reflection-
asymmetric deformations. In order to discriminate un-

ambiguously between these dipole excitation modes pari-
ty assignments are of crucial importance.

Up to now, in the recent studies of the new magnetic
dipole modes, parity information entirely came from
electron-scattering data, ' where parity was not directly
measured, but was inferred from the electron-scattering
form factor of the excited state, by measuring under
such kinematic conditions, which strongly favor magnet-
ic excitations over electric excitations. In combining the
precisely known excitation energies from our high-
resolution nuclear-resonance-fluorescence (NRF) experi-
ments with the electron-scattering data, the form fac-
tors of some weaker dipole excitations were also obtained
also, which indicated that these are also magnetic excita-
tions. Because of the lower absolute energy resolution of
inelastic electron scattering compared to NRF this
method was restricted to a few favorable cases, ' '
rendering it infeasible for the assignment of parities to
individual members of the clusters of dipole excitations.

The present Letter reports on the first successful ex-
periment where Compton polarimeters have been used to
measure the parities of the new dipole excitations near 3
MeV and to definitely prove that several members of a
cluster of dipole transitions are of the same, positive par-
ity. These excitations are located in ' Nd at an excita-
tion energy of about E =66b'A 'I Mev (8=deforma-
tion parameter, A=mass number), where the scissors
mode is expected to occur. ' In the same energy region,
no strong E1 transitions have been observed in our ex-
periments.

The experiment was carried out at the bremsstrahlung
facility installed at the Stuttgart Dynamitron. Elec-
trons with a maximum energy of 4. 1 MeV and a current
of 0.4 mA were stopped in a water-cooled gold radiator
target of 2 cm diam and a thickness of 3 g/cm . The
bremsstrahlung photon beam having intensities of up to
10 ys ' MeV ' at energies around 3 MeV was col-
limated by a 1-cm-diam Pb collimator. In order to avoid
background produced by photon interaction with air, the
bremsstrahlung beam and the scattering targets were lo-
cated in an evacuated aluminum beam tube, closed at
both ends by thin Kapton foils. The scattering targets
consisted of cylindrical disks of enriched isotopes having
diameters of 2 cm and masses of 8.4 g (' Nd) and 9.7 g
(' Nd). Plates of aluminum were located on both sides
of the scattering material in order to excite the 2.981-
MeV state in Al by resonant scattering. This transi-
tion is known to be essentially unpolarized and serves as
a test of the performances of the polarimeters.

Two polarimeter setups have been used simultaneous-
ly. Setup 1 is a five-detector polarimeter with a central
Ge detector and four peripheral Ge or Ge(Li) detectors
located below the scattering target ( e =90'). The cen-
tral detector serves as the Compton-scattering target.
The outer four detectors are aligned pairwise parallel
and perpendicular to the vertical scattering plane. Setup
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data points for ' Nd and ' Nd are nicely grouped ei-
ther in the upper or lower part of the figure, thus making
an unambiguous parity determination possible. On the
other hand, the data due to the resonant 2.981-MeV line
in Al are in agreement with t. =0, as expected for un-
polarized radiation. This again proves the good perfor-
mance of the experimental procedure. The solid lines
represent asymmetries calculated for the geometry of the
five-detector polarimeter. There is clear agreement be-
tween the experimental findings and the calculated po-
larization sensitivity of the setup. Furthermore, these re-
sults are in good agreement with the measurements
simultaneously performed using the sectorized Ge polar-
imeter. In Table I the results for the measured transi-
tion energies, the asymmetries, the transition probabili-
ties, spins, and parities are summarized. It is obvious
that of the five candidates in ' Nd for a parity deter-
mination seen in Fig. 1 it was possible to definitely estab-
lish the positive parity of three of them. No candidate
for strong collective E1 excitations as predicted in ' Nd
due to a clustering or octupole deformations' could be
observed in the present experiments near an excitation
energy of 3 MeV.

Our experiments provided, for the first time, a model-
independent parity assignment to a cluster of new, low-

lying dipole transitions in the deformed nucleus ' oNd.
We have good reasons to attribute these transitions to
the so-called scissors mode M1 excitations. The positive
parity of the states has definitely been determined, the
transition energies agree reasonably well with the E
=666' ' ' MeV systematics expected for these Ml
transitions. Moreover, the summed transition strengths
fit well into the systematics of the scissors mode as ob-
served in numerous rare-earth nuclei in both photon
and electron-scattering experiments. The branching ra-
tios for the decay of the observed 1+ states to the ground
state and the first excited 2i+ state are in agreement with
a K=1 assignment to these states. Unfortunately, no
(e,e') data have been published so far to get additional
information on the structure of the observed transitions.
However, the first high-resolution electron-scattering
spectra of ' Nd have been taken at Darmstadt where
candidates of low-lying M1 excitations have been found.
However, there is a need for further measurements to
obtain precise form factors for these states.

In conclusion, the use of high-e5ciency Compton po-
larimeters in NRF experiments opens a new era for the
study of nuclear structure phenomena. The application
of this technique to new spin-1 states in the deformed
nucleus ' Nd near an excitation energy of 3 MeV has
led to definite evidence that several states clustered
within a narrow energy bin around 3 MeV are of the
same, positive parity. An interpretation in terms of the
M 1 scissors mode and its fragmentation seems to be ap-
propriate.
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