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Evidence for a (semi)direct component in the decay of the isoscalar giant monopole in Pb
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Branching ratios to the neutron hole states resulting from the decay of the isoscalar giant mono-
pole resonance in Pb have been extracted from our previously published data. The results are
compared to other experimental data. An upper limit for (semi)direct decay is obtained and com-
pared to recent calculations. Considerable discrepancies are found.

One of the important questions in the decay of giant
resonances is whether there is evidence for a nonstatisti-
cal (semi)direct decay component. Whereas for light nu-
clei such as Ca and Mg strong evidence for such a
component has been found, the data for medium-heavy
and heavy nuclei indicate that if such a (semi)direct com-
ponent is present, it is small, i.e., 10—15% (see, for in-
stance, Ref. 1, and references therein).

Of special importance is the study of the decay of the
isoscalar giant monopole resonance (GMR) in Pb,
since various groups have performed microscopic RPA-
type calculations on the GMR decay properties for this
nucleus (see Ref. 2, and references therein). In particular,
Bracco et al. have recently shown that diA'erent model
Hamiltonians which reproduce the energy and sum-rule
strength of the GMR result in quite di6'erent decay prop-
erties. They have also calculated the (semi)direct escape
width to the various low-lying hole states in Pb. Con-
sequently, experiments on the decay of the GMR, in
which the branching ratios of the decay to these hole
states are measured, allow us to discriminate between mi-
croscopic descriptions of the GMR.

Experimentally the decay properties of the GMR in
Pb have been studied by three groups using diferent

techniques to excite the GMR and to measure the hole
state population in the residual nucleus Pb. In Ref. 2
the calculations were compared with the experimental re-
sults of Bracco et al. In this experiment the GMR was
excited by inelastic scattering of ' 0 ions. The Pb
final-state spectrum resulting from the neutron decay of

the excited nucleus was determined by measuring the y-
ray spectrum after neutron decay in coincidence with the
scattered ' O. One of the drawbacks of this experiment is
that also the continuum under the GMR is excited, at
least as strongly if not more strongly than the giant reso-
nances. Since the continuum also decays to the hole
states, its contribution has to be separated from that of
the GMR proper. This was done by assuming that in this
experimental setup the characteristics of the decay of the
continuum in the excitation energy region of 15—16 MeV
were the same as those in the GMR excitation energy re-
gion of 13—15 MeV.

In the other two experiments * the hole state popula-
tion was directly deduced from a measurement of the de-
cay neutron spectrum. An important feature of our ex-
periments (Ref. 6) is that the decay properties of both the
GMR and the continuum under the GMR, which is also
strongly excited, were obtained separately from the same
measurement. This was done by measuring the neutron
spectrum at backward angles in coincidence with o. parti-
cles of 120 MeV inelastically scattered into the angular
range 0 ~ 0 ~

~ 3 and applying the spectrum subtraction
technique. The validity of this method is based on the
very steep angular dependence of the GMR excitation
cross section in this angular range and on the assumption
that the nature and excitation cross section of the contin-
uum under the GMR does not vary significantly in the
angular range under consideration. It turns out that in
the GMR excitation energy range of 12.5 —15.5 MeV,
only about 15% of the spectrum associated with GMR

39 2448 1989 The American Physical Society



39 BRIEF REPORTS 2449

excitation can be due to excitation of continuum corn-
ponents with a multipolarity LAO.

The purpose of the present paper is twofold. In the
first place, we will compare the experimental data of
Bracco et al. ' on the branching ratios to the hole states
to experimental branching ratios extracted from our
data. In order to obtain these ratios we had to analyze
our data in somewhat more detail. Such a comparison is
interesting, since these two sets of data are obtained with
quite di6'erent techniques. Moreover, these ratios can
then be compared to the calculated ones, thus making it
possible to compare in great detail calculated and experi-
mental branching ratios.

The experimental results on the decay of the continu-
um and the GMR are reproduced again in Figs. 1(a) and
(b) respectively. The spectra are characterized by a broad
bump at the higher excitation energies in the residual nu-
cleus Pb, while at lower excitation energies (high neu-
tron energies) the population of the hole states can be
recognized. The broad bump is presumably due to the
statistical decay process. For the lowest neutron ener-
gies, corresponding to highest excitation energies in the
residual nucleus Pb, the shape of the spectrum is
modified due to the energy-dependent eSciency of the
neutron detectors. The histograms are the result of a
statistical-model calculation folded with the efBciency
and energy resolution of the neutron detectors and the
shape of the relevant (a, a') spectrum. These calculations
were normalized to the data by normalizing to the total
number of counts in the neutron spectrum. This corre-
sponds to the assumption that the decay is entirely sta-
tistical.

As already discussed in Ref. 6 it can be concluded from
the comparison between the calculated and experimental
spectra that the decay of both the continuum and the
GMR is consistent with 100% statistical decay. The
discrepancies for the continuum [Fig. 1(a)] can be ex-
plained by assuming that also some J ~4+ strength is
excited in the (a, a') reaction. A similar conclusion with
respect to the GMR decay was obtained in Ref. 7 using
the data of Refs. 5 and 6. An upper limit for a
(semi)direct branch of the GMR to the low-lying hole
states was deduced from the fact that there were still
small discrepancies between the calculated, 100% statisti-
cal decay spectrum and the measured one, especially for
the population of the ground state and for the group of
data points around 4 MeV excitation. By lowering the
statistical decay contribution to the extent that the group
of data points at 4 MeV excitation energy was fitted by
the calculations [see Fig. 1(c)] it was found that, in that
case, the excess population to the low-lying hole states, if
identified with the (semi)direct decay branch, corresponds
to an upper limit of about 10% (semi)direct decay. It also
implies that, in that case, there should be a contribution
of a preequilibrium decay process in which, presumably,
states resulting from the coupling of hole states to surface
vibrations are populated. The ground-state population
in this case is still below the calculated one, but in view of
the large experimental uncertainties this discrep-
ancy is statistically not an impossibility.

The branching ratios for the decay to the various hole
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FIG. 1. Experimental (points) and calculated (histograms)
final-state spectra (Ref. 6) for the excitation energy range
12..5(E (15.5 MeV in 'Pb for the continuum under the
GMR (a) and for the GMR proper assuming 100% (b) and 60%
(c) statistical decay. The insets in (a) and (b) show the fits to the
experimental data from which the branching ratios to the low-
lying final states in Pb were determined.
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states were determined using a peak-fitting program to
disentangle the contributions of the different hole states.
The excitation energies of the states included in the fit
were kept fixed. In the fits the experimental energy reso-
lution of 500 keV was used. The fits are displayed in the
insets in Figs. 1(a) and (b). The peak contents were con-
verted to branching ratios by reconstructing the total
neutron decay spectrum from the data, taking into ac-
count the variation of the neutron detector efficiency with
neutron energy. The contribution of neutrons with an
energy below the detection threshold was estimated from
the spectrum obtained from a statistical-model calcula-
tion. This last step introduced a correction of less than
15% so that the final result is not very sensitive to the as-
sumed extrapolated shape. The decay is assumed to be
isotropic, which is of course true for the GMR. As has
been experimentally verified, it also holds for the contin-
uum. As an additional check, it was ascertained that the
contents of the reconstructed neutron spectra of continu-
um and GMR together, integrated over the total solid an-
gle, were within 10 /o the same as the total contents of the
singles spectrum in the corresponding excitation energy
range. Since we measured the total neutron spectrum the
branching ratios for the population of the hole states can
be obtained directly from the coincidence spectrum, in
contrast to the experiment described in Ref. 3 where only
the high-energy part of the neutron spectrum was mea-
sured and thus the ratio of coincidence to singles cross
section has to be determined.

The experimental results for the GMR and for the un-
derlying continuum are given in Table I ~ In some cases
the energy resolution is not sufficient to separate clearly
the contributions to neighboring levels. This is especially
true for the —', hole state at 2.34 MeV and the
doublet at 2.6 MeV, for which only the summed contri-
bution could be reliably extracted. Also given in Table I
are the branching ratios to the hole states for GMR de-
cay, assuming that 100% and 60% of the total number of
counts in the neutron spectrum are due to statistical de-

cay, respectively.
Since no branching ratios are given in Refs. 2, we com-

pare here the escape widths I,~ of the GMR to the indivi-

dual final states. For our data the E,~ values for the
GMR were extracted from the corresponding branching
ratios 8(i) by writing B(i)=(l,1+I;t)/I with I =2500
keV. This approximation is allowed as long as the direct
component is small, as is the case here. I,~ /I was taken
as the calculated branching ratio for "60%" statistical
decay which, as we have argued, is a lower limit: thus,
the extracted values for I,~ are upper limits.

Various comments can be made. First of all we find
that our values for the direct decay widths are in some
cases smaller than the values quoted in Ref. 2. This is
especially true for the fs/2 state. It probably also holds
for the f7/z state at 2.34 MeV since the summed contri-
bution of this state and the ( —', +,—'+ ) doublet at 2.6 MeV
gives as an upper limit a branching ratio about equal to
the value quoted in Ref. 2 for the f7/2 state alone. Also,
the value of (75+35) keV for the i&3/2 state, which is not
affected by the assumed contribution of statistical decay,
seems to be smaller than the one obtained in Ref. 2. This
might be an indication that in Refs. 2 and 3 the supposed-
ly pure GMR data are contaminated with high multipo-
larity contributions. It is well known that in the excita-
tion energy range of 13—15 MeV in Pb a considerable
amount of L ~ 4 strength is present, ' probably more than
in the range 1 5 —16 MeV which was used in Ref. 2 and 3
for the continuum subtraction.

Comparing our results with the calculated widths for
direct decay, there is qualitative agreement in the sense
that the total calculated direct decay width, I =X,.I, , is
not inconsistent with our upper limit. Quantitatively
there is agreement in the sense that the predicted direct
decay width of the p»2 ground state is very small, in
agreement with our data. However, there are also some
differences, the most notable being the direct decay
widths associated with the i,s/z and fs/z hole states. For
the i&3rz state the calculated value is much smaller than
the experimental one, while for the fs/2 and probably
also the f„/z hole states the calculated values are larger.
Note that if we would have taken the calculated statisti-
cal decay values listed under "100%"the discrepancy for
the i $3/p level would remain the same but the discrepancy

TABLE I. Experimental and calculated (in the statistical model) branching ratios for the decay of the GMR and the underlying

continuum in 'Pb.

Final
state E„(MeV)

Experimental
values {%%uo )'

GMR Continuum

Calculated
values GMR(% )

100'Fo 60%
This

work'

I;~ (ke V)

Expt.
Ref. 2

Theo r.

P 1/2
~ »rzf5/2

P3y2f7/z5++ 7+
2 2

0
1 .63
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3.9
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70+ 15
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5
6
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8
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'Values calculated from the spectra shown in Fig. 1.
Values deduced from a calculated statistical decay spectrum: 100% and "60%"mean that the calculated spectra are normalized to

the total number of counts in the experimental spectrum and to 60% of the total number, respectively.
'Values calculated assuming "60%%uo" statistical decay. Thus, they are upper limits except for the value of the i &3/2 state for which the

statistical contribution is, anyhow, negligible.
This value of (140+30) corresponds to the sum of the f7/2 and ( —'++

z
+

) states.
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for the f&&27&2 states would become even larger. It
should also be remarked that in our experiment the
discrepancy noted above for the i ]3/Q state cannot be due
to contamination of the GMR spectrum with high mul-
tipolarity components: as Table I shows, the experimen-
tal values for the branching ratios to this state in continu-
um and GMR decay are approximately the same, and
since the continuum contributes at most 15% to the
"@MR" spectrum its possible effect on the experimen-
tally observed i/3/p branching ratio of the G-MR ean only
be small.

ln conclusion we have extracted from our old data on
the neutron decay of the GMR in Pb branching ratios

to the various low-lying hole states in the residual nucleus
Pb. The (semi)direct decay widths associated with

these branching ratios are in some cases significantly
different from the experimental values quoted in Ref. 2.
Also, comparing our results for the upper limits of the
(semi)direct decay widths with the calculated ones of Ref.
2, we find for some specific hole states significant
differences. This is especially true for the high-spin i,3/2
hole state. It indicates the need for a further refinement
of the calculations. In this connection it is interesting to
note that recently we have also found that in the GMR
decay of Zr the only clear semidirect decay branch is to
the J =

—,
'+ high-spin ground state.
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