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title slide: I will talk about the coupling of 1p1h states to platonic shapes which may explain
high spin states at excitation energies between 10 and 20 MeV in the heavy nucleus 208Pb.

slide – 1 / 20: In 208Pb about 500 neutron and proton bound states are known. The mean
distance between two states is 9 keV (not 3.0 keV as shown). Excitation energies are
determined with uncertainties of 10 eV for the lowest states and a few hundred eV for
higher lying states.
Below 6.2 MeV 150 states are almost completely known with spin, parity, and dominant
configuration. Below 7.0 MeV 60 more negative parity states are almost completely known
with spin and dominant configuration.
Deep inelastic scattering observed about thirty states at excitation energies from 9 to 17
MeV. A weak coupling model may explain most of these states.

slide – 2 / 20: Most states are described by the shell model as one-particle one-hole configu-
rations. Yet three dozen states have another structure.
– 18 states are 1p1h configurations coupled to the 3− yrast state.
– 4 states are pairing vibrations.
– 10 states are tetrahedral rotating and vibratings.
– 5 states (3−, 5−, 5−, 6+, 12+) are collective of another type
(icosahedral structure is suggested).

slide – 3 / 20: Up to ten 1p1h amplitudes are determined in each of about 150 states. Here
the distribution of the 1p1h strengths in states with spin 2− is shown. Because some signs
are known the rules of orthogonality, normality, and the sum rules allow to determine
ampltitudes of unobservable configurations. They are unobservable either because the cross
section is too low or because there is not target.
The 2− yrast state is a tetrahedral configuration.

slide – 4 / 20: Excitation energies of negative parity states are known for spins from 0 to 14
and up to 7 MeV. No state with spin 9−, 10−, or 11− is known.
Six states are described as tetrahedral configurations, one 3− and two 5− states are con-
figurations of another type.

slide – 5 / 20: Positive parity states are known up to 6.5 MeV with spins from 0 to 12.
Most states are described as one-particle one-hole configurations. The shell model does not
predict a 0+ state.
Two 0+ and two 2+ states are known as pairing vibrations. Four states are tetrahedral con-
figurations. The 6+ yrast and the 12+ yrare states are collective with unknown structure.

slide – 6 / 20: The 6+ yrast does not appear in shell model calculations, at left with surface
delta interaction, at right with Michigan-3-Yukawa interaction.
The 12+ yrare state is not explained by shell model calculations, at right the two 1p1h and
the 2p2h configurations with spin 12+ are shown.

slide – 7 / 20: The spin 12+ of the 6101 state was first determined by the group of Heisenberg
jun. with (e, e ′). It was confirmed by Yoshi Fujita with (p, p′). Deep inelastic scattering
on 208Pb verified the spin 12+ beyond any doubt. The state is populated from a 13− state
and feeds the two 11+ states.

slide – 8 / 20: The 12−, 13−, 14− states were observed by (e, e ′) and have the configuration
j15/2i13/2.



slide – 9 / 20: By coupling the 12−, 13−, 14− states with the 3− yrast state three states with
spins 15+, 16+, 17 + at 9 MeV are described. The similarity of the γ-transitions is striking.

slide – 10 / 20: A weak coupling model with four constituents is developed to explain states
from 9 to 17 MeV.
The tetrahedral 3− state and the 6+ yrast or the 12+ yrare states suggested as icosahedral
states couple to 1p1h states in a stretched mode. The residual interaction is assumed to be
negligible.

slide – 11 / 20: From the analysis of more than hundred 1p1h states the mean deviation of
the observed excitation energy from shell model calculations is +30 keV. By allowing the
residual interaction to be less than a factor four larger, the excitation energy of the weak
coupling model should predict the excitation energy of the observed states within a range
of ±100 keV.
The order number of the 1p1h constituent should be low, mostly yrast and yrare should
participate. A further assumption is the favouring of the (nearly) stretched coupling of
particle and hole to the 1p1h state.

slide – 12 / 20: As an example the coupling of the 3− yrast, 6+ yrast, and 12+ yrare states
with the lowest 1p1h state (g9/2p1/2 with spin 5−) predicts a state at 16332 keV. Indeed a

state at 16362 keV is observed. (It is the very highest state observed in 208Pb.)

slide – 13 / 20: Starting from a state with known spin and parity the measured transition
multipolarity Eλ allows for 2λ +1 choices for the spin od the next higher state.

slide – 14 / 20: Within the range of ±100 keV around the calculated excitation energy often
there is no observed state for which the assumption of low order number and (nearly)
stretched mode is valid.
By this means a unique sequence of spin/parity is found for the five states above the 9394
keV 17+ state connected by known transition multipolarities E1, E3, E2, E3.

slide – 15 / 20: Similarly spin, parity, and structure of six states from the 9394 keV 17+ to
the 13675 keV are found by assuming transition multipolarities Eλ to be restricted to λ ≤ 3.

slide – 16 / 20: All states have the 12+ state as one component except for one with the 6+

state.
As as surprise the three ns-isomers are explained by the exchange of an intruder hole with
the p1/2 hole.

slide – 17 / 20: The exchange of an intruder hole with the p1/2 hole is found in more γ-tran-
sitions at excitation energies from 9 to 17 MeV.
The description of the 14883 keV state has to be replaced by 4+ (x)6+ (x)12+.

The description of the 14594 keV state has to be replaced by i11/2i13/2 12+ (x)4+ (x)6+.

slide – 18 / 20: Summing up, a weak coupling model explains 24 states at excitation energies
from 9 to 17 MeV with spins from 17+ to 26+ by the weak coupling of either the 6+ yrast
state or the 12+ yrare state with the tetrahedral 3− or 4+ states and 1p1h states with low
order numbers and nearly stretched coupling between particle and hole.
The mean deviation of the predicted excitation energy from the observed energy is +35±30
keV close to the value +30 keV found for the lowest hundred 1p1h states. The exchange of
an intruder hole with the p1/2 hole explains the ns-isomerism.

slide – 19 / 20: – empty

slide – 20 / 20: – not shown


