DIRECT PHOTODISINTEGRATION OF 3C BELOW 17 MeV

wand gegen die Auffassung von EINSTEIN und
LAUB erhoben werden.

Die Diskussion zeigt, daB} die Frage nach dem
Energie-Impulstensor im wesentlichen auf das
Problem zuriickgefithrt werden kann, wie das
elektromagnetische System vom mechanischen
System abzugrenzen ist. Bei der hier vorgenomme-
nen Abgrenzung folgt nach dem Noetherschen
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Theorem der von MINKOWSKI eingefiithrte Energie-
Impulstensor. In anderem Zusammenhang kann
sich eine andere Abgrenzung als zweckmaBig er-
weisen.

Herrn Dr. H. D. DoEBNER méchte ich fur die kritische
Durchsicht des Manuskripts danken. Ferner danke ich
Herrn Dr. F. HEHL fiir zwei Literaturhinweise.
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A nuclear model where the single-particle states of the valence neutron are vector coupled to
the ground (0+) and first excited (2+) 12C-core states, is considered. The model is applied to cal-
culate total photodisintegration cross sections of the reaction 13C(y, n)l2C for energies below
the Giant dipole resonance. The radial wavefunctions in initial- as well as final states are of the

Saxon-Woods type.

Most nuclei possess what is called a dipole statel,
a state strongly excited by y-rays and assumed to
be responsible for the familiar Giant dipole reso-
nance. In the light 4% nuclei this state, or the Giant
dipole resonance, is exhausting almost entirely the
electric dipole sum-rules. An exception from this
are some lighter nuclei like 12C where the Giant
dipole resonance is carrying only about 609, of
the ‘“dipole sum‘2, the rest is due to an extra-
ordinary large high-energy tail.

The addition of an extra nucleon to these nuclei
seems to have profound effects on their cross
sections. In-that to 12C neighbouring nucleus 13C,
there appear in the (y, n) cross sections below the
Giant dipole resonance a secondary resonance of
the same order of magnitude. The total cross
section of 13C integrated over these resonances
comes closer to the sum-rule limit than the 12C case,
as the high-energy tail disappears. This secondary
maximum, usually named the Pygmy resonance,
is mainly attributed to the added valence neutron
(nucleon) and its ability to polarize the core.
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This resonance which has importance in revealing
the structure of light 4» + 1 nuclei, has been
studied by several authors3-6. The numerical
analyses are, however, accomplished with wave-
functions of incorrect asymptotic behaviour and
may not give quantitative correct results.

In a previous paper?, further referred to a I, the
cross sections of the reaction 9Be(y, n)8Be were
studied in the energy range from threshold through
the Pygmy resonance. The nuclear model applied,
was a core possibly with internal excitation and
an outher valence neutron approximated to be in
a spherical-symmetric field. In the present work
it is intended to extend this model to the 13C case,
and to calculate within this frame the electric-
dipole cross sections of the reaction 13C(y, n)12C.
As in I the radial wavefunctions in initial and
final states are of the Saxon-Woods type.

In Section 1 the formulae from I are, without
mathematical rigour, adapted to the actual pro-
blem. In Section 2 the obtained results, depicted
in Fig. 1, are discussed and analysed. Section 3

3 8. Fuuir, Progr. Theor. Phys. 21, 511 (1959).

4 F. C. BARKER, Nucl. Phys. 28, 96 (1961).

5 D. F. MEaspay, A. B. CLEGG, and P. S. FisHER, Nucl.
Phys. 61, 269 (1965).

6 B. R. EasLEa, Phys. Letters 1, 163 (1962).

7 T. AURDAL, Z. Naturforsch. 24a, 1188 [1969].

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
@ ® @ in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
BY ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fiir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*“) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



1362

includes a general discussion of the (y,n) cross
section and conclusions.

1. Mathematical Survey

The symmetry character of the 13C ground state
wavefunction is deduced from that of 9Be by
inserting the third o«-cluster as an additional 4-row
in the Young diagrams. The 13C ground state wave
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function is then characterized by the quantum
numbers.
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Using the formalism applied in I, the state-

function (1) can be decoupled into products of core

and valence nucleon wavefunctions. We obtain:
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The core angular momentum L’ can take the values L'=0 and L’'=2. The summation over (r’)
extends over all allowed Yamanouchi symbols ob tainable from the Young diagram [A1'] =[4 4].

Due to the spin-independence of the electric-dipole operator the symmetry of the final state wavefunc-
tion is fixed. The summation over (') then turns out as a multiplicative factor equal to the dimension

of the representation [4 4]. The result is:
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The actual final state wavefunction can be written:

Pr(13C) =
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Following the procedure in I the general equation
of the integrated cross section is established.

07(El) = K-> {(Auyai + Byola3 + Cyua3)- I2}.
©=0,2
(1.5)

The symbols used in Egs. (1.3), (1.4) and (1.5) have
all the same significance as in I. The constants,
however, have different values as the fractional
parentage coefficients as well as some Clebsch-
Gordan coefficients are different. The channel spin J
can have the possible values J = 4, §, 3.

2. Results

Although the nuclei Be and 13C are assumed to
be of comparable structure, there are certain
dissimilarities of some importance as regarding
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(y, n) reactions. Presumably due to the additional
a-cluster, the (y, n) threshold energy in 13C is found
to be about 3.3 MeV higher than the exceptional
low energy-limit for such reactions in 9Be. As a con-
sequence the first two positive parity levels, which
structures are assumed to be equal in the two nuclei,
in the 13C nucleus are below the (y, n) threshold 8.
Consequently the two maxima of the (y,n) cross
section found in 9Be in the vicinity of the threshold
energy, are not present in the reaction 13C(y, n)
as the corresponding states only can gives rise to
scattering effects.
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In the present work we attempt to account for
the data of GREEN et al.? and EpGgE10 in the low
energy region, and the Pygmy resonance data of
Cook 1. The low energy data of the latter experi-
ment are not indicating the resonance peak at
7.7 MeV recently found by GREEN et al.9, but as seen
from Fig. 1, the two data sets are not inconsistent.
The best fit obtained was with the following
potential parameters:

In the low energy region the initial states are
characterized by a radius parameter ro = 1.25 fm,
a diffuseness parameter ap = 0.65fm and a potential
depth V' ~40 MeV fixed by the neutron binding
energy. The final state parameters are constrained
to give the elastic scattering phase shifts of the
12C 4 n system as found by WiLLs et al.12 (Fig. 2).
The D32 phase shift is found by adding the tangents
of the phase shifts of the two individual Dg,s re-
sonances at 7.68 and 8.33 MeV, to give the tangent
of the resultant D3,» phase shift, shown in Fig. 2.
The actual final state parameters are then: an
unchanged radius parameter, a slightly decreased
diffuseness parameter and an increased, state depen-
dent potential depth.

1363

In the energy region where the 2+ core state is of
importance the initial states are described by
slightly increased parameters, i.e. r9=1.30 fm,
ap=0.75fm giving V a~45MeV. The difference
between initial- and final state parameters have to
be made a little larger than in the low energy region
in order to get the resonance maxima at the right
energies.

The effect of a final state spin-orbit term is
approximated by applying different potential
depths.

The results of the calculations, shown in Fig. 1,
can be summarized as follows.

The 6.90 MeV resonance. This resonance which
maximum corresponds with a narrow 5/2+ level at
6.86 MeV , is probably due to E 1 transitions between
the states.
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The symbols used have the same significance as in I.
The 7.7 MeV resonance. At 7.68 and 8.33 MeV,

respectively, there are two positive parity levels
both with spin assignment 3+/2. It is therefore
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Fig. 1. Upper part: Electric-dipole cross sections for the 13C(y, n)12C
reaction calculated with Saxon-Woods radial wavefunctions. Solid

Neutron energy (MeV)

Fig. 2. Phase shifts calculated for elastic
neutron scattering on 12C using Saxon
Woods wavefunctions.

line represents total photo-neutron cross sections. Dashed lines re-
present contributions from different reaction channels. The curve-
numbers correspond to bracketed numbers written in the text besides
the indicated transitions. — Lower part: Experimental energy levels®.
No. (1)—(6) in the figure belongs to Egs. (1)—(6) from Sec. 2.
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natural to consider the reported 7.7 MeV resonance
actually as two separate resonances, one due to the
narrow 7.68 MeV level and one due to the broader
8.33 MeV level. Both resonances can be explained
as E1 transitions of the type.

(=1,L=0,J7=1})

—-(=2, L=0,J7=}+). (2, 3)

The shape of the resonances is very sensitive to
small changes in the parameters. It may therefore
be possible to get a better fit especially to the very
narrow resonance at 7.7 MeV by slightly different
parameters.

The Pygmy resonance. The main part of the
Pygmy resonance is due to a group of positive
parity levels at about 13.4 MeV, assumed strongly
excited by electric-dipole y-rays. In addition there
is a narrow, positive parity level of spin 1/2+ at
11.02 MeV. The Pygmy resonance is then to be
considered as the resultant contribution from these
known positive parity levels.

The 11.02 MeV resonance may be explained as
E 1 transitions between the states.
l=1,L=2Jr=1%)

>(l=1,L=2 Jr=4}4. 4)

From the spin assignment it is forbidden as S-wave
transition.

The supposed spin assignments of the group of
levels at about 13.4 MeV are 3/2+ and 5/2+13. The
resonance with maximum at this energy can there-
fore by explained as E 1 transitions

(=1L=2 J7=1})

—(1=2,L=2,Jn=3% (5)
and
l=1,L=2,Jt=1%")
(=2, L=2,J%=3"). (6)

There is made no effort in splitting the resonances
by simulated spin-orbit effects, as the spin assign-
ments of the levels are not definitely verified.

In the energy range here considered the S-wave
crosssections calculated with the relevant parameters
are vanishing, in good agreement with the sum-rule
calculations of OpaT14. The non-resonant S-wave
phase shifts have their strongest variation for
energies lower than 1.5 MeV where the bound s;
level certainly has some effects.

13 J. R. RISSER, J. E. PrICE, and C. M. CLass, Phys. Rev.
105, 1288 (1957).
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3. Discussion

In contrast to the situation in 9Be where only a
few levels were within the energy range considered,
the 13C nucleus has in the same energy region a large
number of excited states of which the majority are
of unknown structure. The total, theoretical (y, n)
cross section shown as a solid line in Fig. 1, is the
resultant contribution from only a few positive
parity levels reached by E1 transitions. It is there-
fore not expected that the calculated cross section
can account for the whole area under a curve drawn
through the experimental points.

In the low-energy region (£, < 9 MeV) there is
reason to believe that the levels of unknown spin
are all normal parity states. Assuming these to be
reached by M 1 or E 2 transitions, it is from order
of magnitude considerations, probable that these
levels can account for the remaining area under the
experimental curve.

In the energy region 9 < E, < 13 MeV only one
of the reported levels is assumed to be of positive
parity. The most probable structure of this level is
(I=2,L=2,J7=1/2%) as levels decaying to the
0+ core state would in this energy region, contribute
very little to the total cross section as their channel
widths (fractional parentage coefficients) are smaller.

At energies beyond 13 MeV there are besides the
,,dipole,, group at 13—14 MeV, broad levels at
15.25 MeV and 16.1 MeV, respectively, which spin-
and parity assignments are not yet verified. These
levels are probably able to account for the relative
large gap between the experimental- and theoretical
values in this energy region. In addition the Giant
dipole resonance certainly has some influence on the
high-energy part of the region.

The conclusion drawn from the present work is
then that the Pygmy resonance or at least the main
part, is due to E 1 transitions to positive parity
levels all decaying to the first excited 2+ core state.
Due to lack of experimental evidence about the
implied nuclear states, further characterization of
the Pygmy resonance is so far not possible.
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