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Folie 2- The doubly magic nucleus 208Pb

The doubly magic nucleus 208Pb is a fascinating object
to study nuclear forces.
About 300 bound states are known in 208Pb and several

states above the neutron treshold at 7368 keV.
Most states below 7 MeV are described by on-particle

one-hole configurations.
Yet at rather low energies (5 MeV) multi-particle-hole

configurations are firmly identified, namely the neutron
pairing vibration state and members of the octupole vi-
bration multiplet.
The proton pairing vibration state is not yet known.
Spin, parity, dominant configuration and several ad-

mixing configurations for about 100 states below 6 MeV
are well known.
Farther up only few spins are known.
About twenty 1− states up to 8 MeV are more or less

well known.
I will restrict my discussion to the 1− states.

Folie 3- 1− states in 208Pb

The SSM predicts 16 states up the neutron threshold.
By chance, NDS2007 (Nuclear Data Sheets, 2007) lists

the same number of states.
Above the neutron threshold more 1− states are known

from the resonant neutron capture where γ-rays up to 0.6
MeV are measured, 207Pb(n, γ).
SM calculations yield less bound 1− states.
I will discuss two questions:

¿ How many 1− states are firmly identified?
¿ Which particle-hole components are in the 1− states?

Folie -4- Particle spectroscopy with the Q3D

magnetic spectrograph

We are doing particle spectroscopy with the Q3D mag-
netic spectrograph at Garching.
These excerpts show spectra near the yrast 1− state

(Ex = 4842keV).
The full length of a spectrum is 20 times longer (about

1 MeV).
The mean spacing between the states up to 7 MeV is

10 keV; here we observe four states.
The peak shape is highly asymmetric; the energy res-

olution is 1.5 keV (HWHM) on the low energy side.
The length of the tail depends on the effective target

thickness.
Each peak is followed by satellites from the electron

knockout.
L-electrons with 15 keV binding energy produce satel-

lites with relative intensities of about 1%.
Therefore here the peak from the satellite is stronger

than for the 10+ state.
The peak-to-valley ratio is typically 100. The back-

ground mostly corresponds to a cross section of about
0.1 µb/sr.

Folie -5- Studying 208Pb by particle spec-

troscopy

We are using the Q3D magnetic spectrograph of the
MLL at Garching (Germany) for particle spectroscopy
since 2003.
The energy resolution of 1.5 keV HWHM is obtained

only since ten years. The Q3D magnetic spectrograph
itself has been build 40 years ago.
Excitation energies are determined with a precision of

about 100 eV.
Cross sections as low as 0.1 µb/sr are measured within

1 hr.
From the angular distributions and excitation func-

tions several particle-hole components can be deter-
mined.
We have performed experiments on (d, d′), (d, p),

and (p, p′).
Inelastic proton scattering via IAR is equivalent to a

neutron pickup reaction on an excited state.
The doublet of the g7/2, d3/2 IARs is difficult to dis-

entangle.
Hence, in effect eight different reactions are studied.
In the following, I will show series of spectra where the

3× 3 matrix reminds to the selected reactions.
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Folie -6- Selective excitation by different

reactions

The eight reactions excite the states in a highly selec-
tive manner.

Here, the second 1− state is strongly excited on the
s1/2 IAR; the 3− state is 20 times weaker.

In the (d, p) reactions, however, it is 3 times stronger;
therefore the relative cross sections differ by a factor 60.

Several states appear essentially only in one reaction.

On the s1/2 IAR the first 0− state shows up, on the

i11/2 IAR the 10th 4− state.

In the (d, d′) spectrum we observe the lowest 11+ state
and two members of the octupole vibration multiplet,
5241 0+ and the 5286 2+.

Folie -7- Importance to measure weak cross

sections

It is important to measure weak cross sections, here
mean cross sections of 2 µb/sr decide for the identifica-
tion of the 4th 1− state.

In the 208Pb(n, γ) reactions two transitions to the g.s.
are observed in an ensemble of five states within 10 keV.

It is the densest ensemble of states below 7 MeV.

Remember, that the mean distance between any two
states below the neutron treshold is 10 keV.

The energies are determined with a precision better
than 0.5 keV; the spins are determined as 1−, 2+, 2−,
3−, and 9+.

The angular distribution of the 1− state on the g9/2
IAR is well described by the configuration g9/2f7/2; the

2+ state is much weaker in particle spectroscopy.

Folie -8- Selective excitation of configura-

tions on different IARs

Different IARs excite the states in a highly selective
manner.

The three 1− states (M = 7, 8, 9) have cross sections
varying by a factor 100.

The 6314 state is strongly excited on the s1/2 IAR, but
weakly by (d, p).

Since we know the s.p. widths for the resonant (p, p′)
reaction, the dominant configuration is assigned s1/2p3/2.

The 6264 and 6362 states have strong admixtures of
g7/2f5/2 and d3/2f5/2.

Except for a 3− state, all other spins are unknown;
again, the mean spacing between the states is 10 keV.

Folie -9- 6076 and 6086 NOT 1−

NDS2007 assigns spin 1− to the 6076 and the 6086
state, but indeed both have spin 2−.
The arguments for assigning spin 1− to the 6086 state

are the strong excitation by (d, p) and the inelastic scat-
tering of 4He on 208Pb which indicates natural parity.
Yet the spectra on the d5/2 and g7/2 IAR demonstrate

the existence of a close neighbor within 2 keV; it can be
shown to have spin 3−.
A dominant component of d3/2p1/2 is deduced for the

6086 state.
The 6076 state is weakly excited by (d, p).
Still, the peak to valley ratio is 20:1; (note:) only the

spectrum for (d, p) is shown on a logarithmic scale.
The assignment of spin 1− by NDS2007 is based on the

interpretation of the angular distribution for the polari-
sation power in (d, p) as s1/2p1/2.
However, the 6076 state is not excited on the s1/2 IAR;

hence the vanishing polarisation power is due to an even
mixture of d3/2p1/2 and d5/2p1/2, hence the spin is 2−.

Folie -10- Particle spectroscopy above the

neutron treshold

In particle spectroscopy, at least up to 0.5MeV spec-
troscopy above the neutron treshold the resolution and
the background do not change.
Here excerpts of spectra are shown which cover the 1−

states M = 15 − 18, the four lowest 1− states observed
by the resonant neutron capture by 207Pb, Eγ=41, 101,
181, 209 keV.
The spectra are taken for

DDstri, (d, p) and on the d5/2 and g7/2+d3/2 IAR.
The excitation energies are determined with a precision

better than 1 keV.



3

Folie -11- Structure of 1− states from cross

sections

For each state several particle-hole components can be
determined from the analysis of the angular distributions
and excitation functions.
The relative cross sections for (d, p) are high for two

states, 5292 and 5947; the analysis yield the angular mo-
menta L = 0 and L = 2.
The dominant s1/2p1/2 and d3/2p1/2 configuration is

confirmed by the enhanced cross section on the s1/2 and
d3/2 IAR.
As already mentioned, the enhanced cross section on

the s1/2 IAR and the weak (d, p) cross section for the
6314 state indicate a dominant s1/2p3/2 component.
This picture is much oversimplified.
For (d, p), the angular distributions of the cross section

and the polarization asymmetry are fitted by DWBA;
there are at most two components.
For the resonant (p, p′) reaction, the particle is de-

termined by the excitation on a certain IAR. The mix-
ing of the hole components is determined from the fit
of the angular distribution with geometrical coefficients
depending on the various spin factors, the well known
s.p. widths, and the phases between the outgoing proton
waves.
Up to about ten components can be thus obtained for

each state.

Folie -12- Strengths of particle-hole configu-

rations in 1− states

Here I show the strengths of particle-hole configura-
tions in the lowest nine 1− states.
The angular distributions for (d, p) yield the strengths

of the configurations where a particle is coupled to the
p1/2 hole.
The (p, p′) reaction yields the particle from the exci-

tation functions. The mixing of the holes is determined

by the analysis of the angular distribution on the cor-
responding IAR together with the knowledge of the s.p.
widths.
Five states contain more than 80% of a single configu-

ration.
Indeed the transformation matrix from the configura-

tions to the states is close to unity for the lowest states;
yet the diagonal is shifted by 1: the 2nd, 3rd and 4th
states mainly consist of the 1st, 2nd, 3rd configurations.

Folie -13- Bound and unbound 1− states in
208Pb

From the list of 1− states shown by the NDS2007, two
states are lost; hence only 14 bound states are firmly
assigned spin 1−.
Several 1− states above the neutron treshold are con-

firmed.
Five states contain more than 80% of a single configu-

ration.
From the comparison of the SSM extended by the SDI

more states in the region around 6.7MeV are expected.
However only few spins among the 200 known states

are known.
Many states are strongly excited by particle spec-

troscopy – especially the states with fractions of the con-
figurations g7/2f5/2 and d3/2f5/2, g7/2p3/2 and d3/2p3/2.

Three of these configurations may couple to spin 1−.
The comparison of the experimental data to SM cal-

culations indicate no good correspondance.
The very first calculation of the bound 1− states in

208Pb by Kuo, Blomqvist and Gerry Brown from 1968
does not differ much from the newest calculation by Alex
Brown.
Future work will decide about the discrepancies.

Folie -14- Thank you for your attention


