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Complete Spectroscopy of Negative Parity States

in 208Pb with Ex < 6012 keV
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The schematic shell model with no residual interaction predicts most states
in 208Pb as particle-hole configurations.

The excitation energy is predicted as the sum of the mass difference be-
tween 207Tl and 209Bi for protons, and 207Pb and 209Pb for neutrons, and the
excitation energies for the particle and for the hole.

As an example I consider the coupling of the j15/2 particle to the p3/2 hole,
yielding 5752 keV.

I will show the corresponding states lateron.
In reality the configurations are mixed.
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Particle spectroscopy offers tools to determine some particle-hole compo-
nents.

We have performed experiments with the Q3D magnetic spectrograph at
Garching with a mean resolution of 3 keV.

The 207Pb(d, p) reaction allows to determine the admixture of 12 configura-
tions with negative parity.

The bulk of the data – I would say, 90% of the data – is obtained by the
study of the inelastic proton scattering via isobaric analog resonances (IAR) in
209Bi.

By adjusting the proton beam to a certain resonance, the neutron particle
is selected.

The analysis of the angular distribution yields the mixing of up to four holes.
As an example, I show calculated angular distributions for particle-hole con-

figurations with spin 3− where a d5/2 particle is coupled to the p1/2, f5/2, p3/2,
f7/2 hole.

The angular distributions should be symmetric around 90◦ and for the con-
figuration with a p1/2 hole it is expected to be isotropic.

52 configurations with negative parity may be thus detected below 6 MeV.
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The selective excitation of particle-hole states in 208Pb by the inelastic pro-
ton scattering via IAR in 209Bi is evident.

The spectra were taken with the Q3D spectrograph on the g9/2, i11/2, d5/2,
s1/2 resonances.

The 6− state contains 90% of the configuration i11/2p1/2.
The 5− state contains 50% i11/2p1/2, and an admixture of g9/2p3/2.
The doublet with 7 keV distance is fully resolved by the mean resolution of

3 keV.
However, the line shape is asymmetric; on the low energy side 1.5 keV

HWHM is obtained.
On the high energy side a long tail appears, depending on the scattering

angle.
We are using scattering angles between 20◦ and 140◦.
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Experiments with the Q3D spectrograph yield a mean resolution of 3 keV.
This is insuffient to resolve all states in 208Pb because the mean distance is

10 keV.
Each peak is followed by a series of satellites from the knockout of atomic

electrons.
The satellites from the L-electrons with a binding energy of 15 keV are

annoying.
The M -electrons with a binding energy of 3 keV limit the resolution.
The peak-to-valley ratio can be up to 5000 : 1.
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Here are more states selectively excited by the inelastic proton scattering on
208Pb.

On the j15/2 IAR, the promised quartett of states with dominant configura-
tion j15/2p3/2 (predicted at 5752 keV) shows up, 7+, 9+, 8+, 6+; on the g9/2
IAR nothing is seen.

Now I want to point especially to the ensemble of 5 states within 10 keV.
The 1− state is excited on the g9/2 IAR,

the 2− state on the d5/2 IAR,
the 3− state both on the d5/2 and the g9/2 IARs,
The 9+ state on the j15/2 IAR only;
finally, the 2+ state is excited by the direct-(p, p′) reaction – it has a smooth
excitation function.

The distance between the 2+ and 2− and between the 3− and 9+ state is
500 eV.
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The schematic shell model predicts 70 states with negative parity below 6
MeV.

For spin 1− and 2− s1/2p3/2 is the next configuration predicted at 6361 keV,
for the other spins the next configuration is predicted at 6.5 MeV and higher
(0−).

For spins 0− and 8−, 2 states are predicted, and up to 14 states for other
spins.
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We have identified all 70 negative parity states predicted by the schematic
shell model with spins from 0− to 8−.

For each configuration, more than 90% of the strength is located in less than
4 states.

A 1:1 correspondence between each state and its dominant configuration can
be thus established.

Between 6012 keV and 6.3 MeV very few states are observed; this corre-
sponds to the predicted gap from 6361 keV to 6.5 MeV.
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We have especially identified all states in 208Pb with spins 4− and 5− pre-
dicted below 6 MeV and determined their major particle-hole components.

The transformation matrix from the 14 configurations to the 14 states with
spins 4− is shown at left.

2 configurations describe more than 90% of the strength in each state, often
one configuration contains already 90% strength.

The configuration mixing in 5− states is much stronger (right).
Especially, the 4 lowest states need at least 4 configurations to describe more

than 90% of the strength.
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I come to the summary.
We have performed experiments with Q3D spectrograph at a mean resolution

of 3 keV; the line shape is asymmetric with 1.5 keV HWHM on the low energy
side.

Excitation energies are determined with a precision down to 100 eV.
The main source of information derives from the study of the inelastic proton

scattering via IAR in 209Bi.
Fractions of 60 neutron particle-hole configurations are determined for 150

states.
The neutron particle is determined from excitation functions.
The analysis of the angular distribution yields the mixture of up to 4 neutron

holes.
We have also studied the 207Pb(d, p) reaction.
It yields information about 14 configurations with a particle coupled to the

p1/2 hole.
We have identified more than 80% strength of 70 negative parity configura-

tions in 70 states predicted by the SSM below 6361 keV.
In this sense, complete spectroscopy of negative parity states in 208Pb is

obtained below 6 MeV.
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I close by showing the literature which is used.
I especially mention the work of Murray Martin who laid the basis of this

work.
Much of the work done my Minfang Yeh et al is included in the Nuclear

Data Sheets.
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– Thank you for your attention –


