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Summary
Diplomarbeit H. J. Glöckner

Universität Heidelberg (1972)

The diploma thesis of H. J. Glöckner (language: ger-
man), Universität Heidelberg (1972), is edited by A.
Heusler in [1].

Here a summary of the available data is given. A few
examples of additional (crude) evaluations not done by
HJG are added.

I. EVALUATION OF SEMICONDUCTOR DATA

By using semiconductor counters at a resolution of
about 15 keV, experiments on 208Pb(p, p’) were per-
formed at the tandem accelerator of the Max-Planck-
Institut at Heidelberg in the 1960s.

In 1968 for proton energies Ep = 14.99MeV, spec-
tra covering excitation energies 3.0<

∼Ex
<
∼5.0MeV were

taken for scattering angles Θ = 90◦ − 165◦ in steps
of 5◦. In 1969, spectra covering excitation energies
3.0<

∼Ex
<
∼7.0MeV were taken for scattering angles Θ =

60◦, and 90◦ − 170◦ in steps of 10◦ and proton ener-
gies Ep = 16.30, 16.45, 16.60, 17.40, 17.47, 17.75MeV.
(By chance no data were taken near the s1/2 IAR at
Eres = 16.96MeV.)

By assuming no background, spectra were deconvo-
luted by using a triangular peak shape in an itera-
tive manner. The original and the deconvoluted spec-
tra are displayed. Contamination lines from 208Pb(p, d),
208Pb(p, t) and from 12C are identified. The calibration of
the spectra for Ep = 16.45MeV were done with more care
than for Ep = 14.99, 16.30MeV. The calibration yields an
accuracy of about 5 keV, sufficient for the identification
with high resolution spectra [2].

For Ep = 16.60, 17.40, 17.47, 17.75MeV only the spec-
tra are shown while for Ep = 14.99, 16.30, 16.45MeV
angular distributions were determined and tabulated.

A. Angular distributions for states taken near the

g9/2 IAR

For states at 3.1 < Ex < 4.7MeV and proton energy
Ep = 14.99MeV, angular distributions were fitted with
Legendre polynomials of order K = 2, 4, 6. The data are
used to obtain the structure of all negative parity states
in 208Pb at 3.1 < Ex < 4.5MeV and the 4698 3− state
[3, 4].

B. Angular distributions for states taken near the

d5/2 IAR

For states at 2.6 < Ex < 6.1MeV and proton energies
Ep = 16.30, 16.45MeV, angular distributions were fitted
with Legendre polynomials of order K = 2, 4, 6.

FIG. 1: Excitation functions for the 6314, 6420 states
(for two different ranges of scattering angles).

FIG. 2: Excitation functions for the 5292, 6010 states
(for two different ranges of scattering angles).
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FIG. 3: Excitation functions for the 5923, 5947
(dominant g7/2p1/2) and 5874, 5968 (dominant

d3/2p1/2) states (for two different ranges of scattering
angles).

II. THE 5874 + 5885, 5924, 5947, 5968, 6314,

AND 6420 STATES

From the spectra taken at scattering angles Θ =
90◦−170◦ in steps of 10◦ and proton energies Ep = 16.60,
17.40, 17.47, 17.75MeV the 6314 and 6420 levels are iden-
tified. The resolution of 15 keV is sufficient to identify the
5874 + 5885, 5924, 5947, 5968, 6314, 6420 states as sin-
gle states near the d5/2, g7/2, d3/2 IAR.
(i) From the 5874 + 5885 doublet the 5885 state is se-

lectively excited in the g7/2 IAR while the 5874 state is
excited both by the d5/2 and the g7/2 IAR with about
similar strength. The 5893 and 5899 states are weakly
excited.
(ii) The 5924 state has no close neighbor.
(iii) The 5947, 5968 states have the 5958 state as a neigh-
bor with a mean cross section below 2 µb/sr.
(iv) The 6314 state has the 6327, 6338 states as neigh-
bors with a mean cross section below 10 µb/sr.
(vi) The 6420 state has the 6428 state as a neighbor with
a mean cross section below 10 µb/sr.

FIG. 4: Angular distributions for the 6314, 6420 states
(for two different ranges of scattering angles). Pure

configurations are fitted to 6314 with g7/2f5/2

(dash-dotted); 6420 with d3/2f5/2 (drawn);

FIG. 5: Angular distributions for the 5292, 6010 states
(for two different ranges of scattering angles). Pure

configurations are fitted to 5292 with g7/2f5/2 (dotted),
d3/2p1/2 (drawn), d3/2f5/2 (dash-dotted); 6010 with

g7/2f5/2 (dotted), g7/2p3/2 (dash-dotted);

The unresolved doublet of the 5874, 5968 states con-
tain much of the d3/2p1/2 strength, the resolved 5923,
5947 states much of g7/2p1/2 strength. Fig. 1 shows ex-
citation functions for the 5874, 5968, 5923, 5947 states.
Lorentzian curves calculated with IAR parameters from
[2] are included.

The angular distributions of the 6314 and 6420 states
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FIG. 6: Angular distributions for the 5923, 5947
(dominant g7/2p1/2) and 5874, 5968 (dominant

d3/2p1/2) states (for two different ranges of scattering
angles). Pure configurations are fitted to 5923 with
d3/2p1/2 (drawn), d3/2f5/2 (dash-dotted), d3/2p3/2

(dash-dotted-dotted); 5947 with d3/2p1/2 (drawn),
d3/2p3/2 (dotted); 5874 with g7/2p1/2 (dashed), g7/2f5/2

(dotted); 5968 with g7/2p1/2 (dashed), g7/2f5/2 (dotted);

taken at the different proton energies (close to the res-
onance energies of the d5/2, g7/2, d3/2 IAR) may be
compared to the angular distributions for the 5874, 5968
states with selective excitation in the g7/2 IAR, and to
the angular distributions for the 5923, 5947 states with
selective excitation in the d3/2 IAR. Hence the angular
distributions of the 6314 and 6420 states can be recon-
structed both in the g7/2 and in the d3/2 IAR, albeit the
distance of the two IAR is only 40 keV.

For the 6314 and 6420 states, Fig. 1 shows excitation
functions for a two different ranges of scattering angles.
Fig. 4 shows angular distributions.

III. STATUS OF EVALUATION

Spectra are calibrated and plotted in original and de-
convoluted shape.

In all spectra contamination lines from 12C(p, p’) ,
208Pb(p, d), 208Pb(p, t) are identified.

(1) Ep = 14.99MeV: 3.0 < Ex < 5.0MeV,
Θ = 90◦(5◦)165◦, calibration not optimized;
plot of angular distributions fitted by Legendre poly-

nomials with degree K = 2, 4, 6,
Tables with fit values of angular distributions, K =

2, 4, 6.
These values are used for the determination of wave

functions for the lowest negative parity states in 208Pb
[3, 4].

(2) Ep = 16.45MeV: 4.0 < Ex < 6.1MeV,
Θ = 60◦, 70◦, 80◦, Θ = 90◦(10◦)170◦, calibration

optimized;
plot of angular distributions fitted by Legendre poly-

nomials with degree K = 2, 4, 6,
Tables with fit values of angular distributions, K =

2, 4, 6.
(3) Ep = 16.30MeV: 3.0 < Ex < 6.1MeV,
Θ = 90◦(10◦)170◦, calibration not optimized;
Tables of the fit of angular distributions in 1st approxi-

mation by Legendre polynomials with degree K = 2, 4, 6.
(4) Ep = 16.30MeV: 6.1 < Ex < 7.0MeV,
Θ = 90◦(10◦)170◦, no Tables.
(5) Ep = 16.45MeV: 6.1 < Ex < 7.0MeV,
Θ = 60◦, 70◦, 80◦, Θ = 90◦(10◦)170◦, no Tables.
(6) Ep = 16.30, 16.45, 16.60, 17.40, 17.47, 17.75MeV:

4.0 < Ex < 7.0MeV,
Θ = 90◦(10◦)170◦, no Tables.

Crude evaluation for the 5280 + 5292, 6010 + 6012,
5874 + 5885, 5924, 5947, 5968, 6314, 6420 states, see
sect. II.

At Ep = 17.40, 17.47, the ratio of the mean cross sec-
tion for the g7/2 and d3/2 IAR differs by about 20% be-
tween the 5874, 5968 and the 5924, 5947 states (Fig. 3).

Therefore by comparison to the rather pure g7/2p1/2

(5874, 5968) and d3/2p1/2 (5924, 5947) states at Ep =
17.40, 17.47, 17.75MeV, other states can be determined
to contain either more strength of the g7/2 lj or d3/2 lj
configurations.
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