Pygmy Dipole Resonancein *®Pb
M.A. Deleplanqué L.W. Phait, P. Fallod, M. Wiedekind, F.S. Stephensl.Y. Le€', A.O. Macchiavelf,
R.M. Clark', M. Cromaz, L. Morettd, S. Sinh4 M. Descovich, E. Rodriguez-Vieitez
L. Bernsteifi, J. Burké, J. Church E.B. Normah
! Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720
% Lawrence Livermore National Laboratory, Livermore, California 94551

Pygmy Dipole Resonances (PDRs) are interestinguseca but with very different ratio.

they are a collective mode excited in neutron-ricklei and
they can potentially help reveal the structure>aitie nuclei

produced in exotic beam accelerators such as tygoped
sRIA in the USA. In contrast to the Giant Dipoles®nance
(GDR), which is an oscillation of protons againsutions,
the PDR is thought to be an oscillation of a neuts&in

against an N=Z core, and therefore it should beemeacited
in neutron-rich nuclei. Its strength resides acbtime neu-
tron separation energy.

PDRs have been studied primarily using the NudResso-
nance Fluorescence (NFR) technique. They areeskdiy
photons from a bremsstrahlung radiation produced
electrons impinging on a Cu “bremstarget”. The Pid#ex-
citation is observed in a few high resolution HPEGERy
detectors in singles. Such a method has two drelgbahe
photon excites only the 1p-1h component of the REfRes,

In addition, we saeline at
6.21 MeV that is not seen in NRF. We do not haveugh
statistics to look at its angular distribution aheérefore de-
termine the spin of the state.

We compared the observed vyields of #i#®b states, 3
(2.61 MeV), 2 (4.08 MeV) and 1(5.51 MeV), to the calcu-
lated ones using the Ptolemy code [3] for nucleactions.
We did not take into account tlyeray angular distributions
in the data. We find agreement within a factoo 3 which
is not unreasonable given the large uncertaintiethé ex-
perimental conditions.

We think we can obserwerays in the full energy range of

b¥-8 MeV by increasing the statistics in the experitna fac-
tor of 10 and therefore observe the excitationhef PDR in
heavy-ion inelastic scattering. The improvememtduide:
decreasing the leakage current in the Si detebipioling
them, so that they can sustain more beam interisityease

and the lack of-y coincidences makes it difficult to observe their segmentation (electronics) to define betierdcattering

branching ratios which can give information on #teucture
of these states. Rather, heavy-ion (HI) scattenogld ex-
cite the mp-mh components of the states wnay coinci-
dences can be used.

As a first test case, we performed an inelastitteséag of

angles and therefore decrease the Doppler broaglenhithe
y-ray lines; optimize the performance of all the poments
of the system.

0 on?*Pb at 381 MeV (for which some data already ex-

isted [1]) at the LBNL 88-Inch Cyclotron, using the . - . - . - T

LIBERACE/STARS array. The scatter&® was identified

in a Si E (1000)-AE (50Qu) annular telescope (STARS) in
the forward direction. Its distance to the tanges such that

it could detect the scattered particles at the iggaangle

around 13 to the beam and measure their energy. The
LIBERACE array of 6 Compton-suppressed segmented cl

ver HPGe detectors was used to detectytheys in coinci-
dence with the scattered ions. Two clover detecimare at
9¢° to the beam, two at 4and two at 135 providing multi-
polarity information.

The resolution of the Si telescope was good enduogh
separaté’O from'°1%0, as well as other ions also emitted in
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the reaction. Each of th¥ and E detectors was segmented

in 8 sectors (22%each) and 16 rings (< ach). With this

localization of the scattered ions, theay energies could be

corrected for the Doppler shift due to the recodtion of

FIG. 1: Gamma-ray spectrum in coincidence withasgt
0 (bottom) compared with the excitation strength 10°

2%ph - The'’O projectile was chosen to minimize interfer- efm?) from NRF (top).
ence from projectile rays since the neutron binding energy

is only 4.1 MeV.
The observed-ray spectrum in coincidence witfO of
energy 2.7-11.6 MeV below the elastic peak, cowadmg
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y-ray energy region, we see two of the lines fromItstates
at 5.512 MeV and 6.26 MeV that are also seen in BF
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