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Fission Decay of the Isoscalar Giant Monopole Resonance in 233U
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The 28U(a,a’f) cross section was measured at E o= 120 MeV for the scattering angle
interval 0°-38°. By comparison of the fission-coincident inelastic alpha spectra in the
ranges 0°—1.5° and 1.5°-3°, it is possible to deduce the shape of the giant monopole reso-
nance in 38U, It was found to be located at E, ~ 774"1/3 MeV and to have a width T" (full
width at half maximum) ~ 6 MeV, If one assumes a fission probability similar to that of
the giant dipole resonance, it exhausts about 80% of the isoscalar E0 energy-weighted

sum rule.

PACS numbers: 24.30.Cz, 25.60.Cy, 25.85.Ge

In this Letter we present results on the fission
decay of the isoscalar giant monopole resonance
(GMR) in 28U. We are able to deduce from our
data the shape of the GMR in 2*®U which is impor-
tant in connection with the predicted*'® and ob-
served®”® splitting of the GMR in deformed nuclei.

For the giant dipole resonance (GDR) in the
actinide nuclei the observed fission probability® "’
is the same as for the compound nucleus. For
the isoscalar giant resonances the situation seems
to be different.®® In inelastic, noncoincident,
hadron scattering on #®U a bump located at E,
~11 MeV with a full width at half maximum of I
~3 MeV is clearly seen, which has been suggest-
ed to be due to L =2, 4, and 0 excitation.’ How-
ever, this bump has not yet been reproduced in
any fission-coincident inelastic hadron scattering
experiment. A small bump located at £, ~ 10 MeV
with I' ~ 2 MeV has been seen but its interpreta-
tion is not yet clear.'*™* The failure to reproduce
in the fission-coincident hadron spectra the bump
observed in the singles spectrum is in agreement
with recent results of an (¢,e’f) experiment'® in
which it was found that the fission-coincident
[B(E2) + B(EO0)] strength over the excitation ener-
gy interval from 7 to 11.7 MeV is, within the ob-
tained statistical accuracy, flat and featureless.
Thus from these experiments one may conclude
that some or all of the components making up the
giant-resonance-like bump in the singles spectra
have lower than normal (~0.22) fission probabil-
ity,'*'*% which makes it important to study the fis-
sion decay of the GMR in #2U,

The basic idea of the present experiment is
illustrated in Fig. 1, where for different iso-
scalar multipoles the angular distributions calcu-
lated'” with distorted-wave Born approximation
(DWBA) for 100% energy-weighted sum rule
(EWSR) at E, =10 MeV are shown. For L= 2,
standard form factors were used, while for L =0
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version I of Satchler'® and for L =1 the one of
Harakch and Dieperink'® were used. This figure
shows that if one finds a bump in a spectrum tak-
en over the angular range from 0° to, for in-
stance, 1.5° which is absent or much more weak-
ly excited in a spectrum taken over the range
1.5° to 3°, it is due to L =0 excitation. This is
true provided that the observed difference is not
due to a difference in the behavior of multistep
processes.?’ Such a multistep effect, however,
is not likely to result in bumplike structures.
Small-angle, including 0°, inelastic scattering
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FIG. 1. DWBA-predicted differential cross sections
for 238U(e,e’) at E, = 120 MeV for the various isoscalar
multipoles indicated, calculated for 100% of the re-
spective isoscalar EWSR strength located at an excita-
tion energy of 10 MeV; see text for more details.
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to locate EG strength has been extensively used
by the Texas A& M and the Grenoble groups; see,
for instance, Refs. 3 and 4, respectively, and
references therein. The main experimental prob-
lem for such measurements is to reduce as much
as possible the instrumental background due to
beam halo and/or slit scattering. In addition, for
a target like 28U, peaks due to oxygen and carbon
contaminants often prevent an accurate data anal-
ysis.® In the present fission-coincidence experi-
ment, this background is automatically elimin-
ated.

A 120-MeV analyzed alpha beam from the
Kernfysisch Versneller Instituut cyclotron was
used to bombard a 1.1-mg/cm® UQ, target on an
0.1-mg/cm? 2C foil. The inelastically scattered
alpha particles were detected with the QMG/2
magnetic spectrograph® which was at 0° with re-
spect to the beam. The beam was stopped in a
Faraday cup in the focal plane of the spectro-
graph. The solid angle was 10 msr, correspond-
ing to an opening angle of 6°. The detector sys-
tem covered the excitation energy range between
5.7 and 15.7 MeV and congisted of a sequence of
two two-dimensional position-sensitive detectors
and a plastic scintillator.?® With this system it
is possible to determine the horizontal and verti-
cal angles of incidence and thus by reconstruction
the scattering angles.?? In an off-line analysis
we are thus able to separate the data taken with
the full opening angle of 10 msr into two parts,

a core part and a lateral one, approximately cor-
responding to scattering over angular ranges 0°
to 1.5° and 1.5° to 3°, respectively —the limit be-
tween these two regions being defined to + 0.2°,
The fission fragments were detected in seven
parallel-plate avalanche detectors positioned at
the angles 6, =-45°, —65°, 105°, 125°, 145°,
—155°, and 165° with respect to the beam direc-
tion. Each fission detector subtended a solid
angle A2 =42 msr with a horizontal opening an-
gle A6, =+4°. The normal to the target made an
angle of —25° with the beam direction.

The technique described above for determining
EQ strength depends crucially on the capability
to divide the whole scattering interval of 0° to 3°
into a small-angle (core) and a large-angle (later-
al) part. We have checked this for the 2C and
160 0" states at 7.65 and 12.05 MeV, respectively,
which in the inelastic, noncoincident spectra
were, as compared to other (non-J"=0") states,
more strongly excited in the core than in the
lateral part in agreement with DWBA predictions.

Figures 2(a)-2(c) show the fission-coincident
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inelastically scattered alpha spectra. These
spectra were obtained by summing with the ap-
propriate weighting factors the fission-coincident
spectra of the individual counters. By this proce-
dure, np details are lost since it was found that
over the whole excitation energy range, including
the threshold region around £, ~ 6 MeV, the angu-
lar correlation of the fission fragments over the
interval 15°<6,<75° was approximately isotropic.
Especially for the barrier region this is in strik-
ing contrast with what was found**'!? in a similar
experiment at 6+~ 18°+ 3°, and shows that in the
present experiment only low multipolarities are
being excited.

Figure 2(a) shows the coincident inelastic alpha
spectrum over the full opening angle, Fig. 2(b)
over the core part, and Fig. 2(c) over the lateral
part, the last being obtained by subtracting the
spectrum in Fig. 2(b) from that in Fig. 2(a). The
difference in shapes between the spectra shown
in Figs. 2(b) and 2(c) is striking. Whereas the
spectrum of Fig. 2(c) is, for the region 7.5 MeV
SE,<12.5 MeV, approximately flat and feature-
less, the spectrum of Fig. 2(b) shows a slight
rise from about £, =9 MeV on. As argued above,
this difference can be attributed to L =0 strength,
that is, to the excitation and subsequent fission
decay of the GMR in 238U,

For a quantitative analysis of the shape and the
cross section of the GMR some assumptions have
to be introduced. The spectrum shown in Fig.
2(d) is based on the assumption that below the
giant resonance region (£, <8 MeV) very little di-
rect excitation of monopole strength is present
and that the cross section for fission induced by
inelastic alpha scattering for all other excitations
is constant for all angles 0°< 6,,<3°, It was ob-
tained by subtracting one-fourth of the spectrum
in Fig. 2(c) from the spectrum in Fig. 2(b), re-
sulting in nearly complete cancellation for E <8
MeV. The normalization factor 4+ would imply
that the angular range corresponding to the core
part would be 0°< 6, < 1.35°, which is very close
to the intended range 0°<6,-<1.5°. The dotted
line in Fig. 2(d) represents an eyeball average of
the data. The solid line in Fig. 2(f) shows the £0
strength distribution obtained from the fission-
coincident spectrum [dashed line in Fig. 2(d)],
with the assumption that the fission probability
P; for the GMR has the same shape as the one
for the GDR. The EO strength distribution peaks
at about E, =12.5 MeV (=774 3 MeV) and has a
width I'~ 6 MeV. If, in addition, we assume that
also the magnitude of P; for the GMR is the same
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as for the GDR®" (P, is ~0.22 from E,~ 7 MeV
to E, ~ 12.5 MeV and then gradually increases to
~0.39 at E_~ 14 MeV®) then the fission coinci-
dence spectrum of Fig. 2(f) corresponds to about
(80+20)% of the EO EWSR. The uncertainty of

+ 20% is estimated from the uncertainties in the
normalization factor of the angular range and in
the DWBA analysis. The excitation energy E,
corresponds to what may be expected from sys-
tematics, but its width is considerably larger
than the one for spherical nuclei.?® This broaden-
ing can be attributed to a splitting of the GMR
strength in deformed nuclei; in fact, a real split-
ting is suggested from our data in Fig. 2(f). Evi-
dence for broadening has been obtained before in
the deformed nuclei around A =150.%'* The shape
and magnitude of the GMR thus deduced are not
too sensitive to the choice of the normalization
factor used in the subtraction of Fig. 2(c) from
Fig. 2(b). For instance, Fig. 2(e) shows a spec-
trum which is obtained by using a normalization
factor of £ instead of +. The effect is that ap-
proximately the same fission-coincident GMR
bump is observed as in Fig. 2(d) but now super-
posed on an approximately flat continuum. Simi-
larly a larger normalization factor would result
in a fission-coincident GMR bump sitting on a
negative base line.

Finally, Fig. 2(f) shows our results obtained as
discussed above, together with the ones recently
obtained by Morsch et al.® from a comparison of
(a,a’) spectra obtained at E, =100 and 172 MeV.
The data of Ref. 5 suggest a clear splitting of the
GMR, while our data indicate that this splitting is
smaller, so that its main effect is only a broaden-
ing of the GMR in ®%U. A calculation on the split-
ting of the GMR in deformed nuclei has been per-

FIG. 2. (a) Fission-coincident inelastic alpha spec-
trum at 6y, = 0° for the full opening angle of the spec-
trograph, -3°<f,,<3°. (b) Same as (a) but for a core
opening angle of -1.35°<6, <1.35°. (c) Same as (a) but
for the remaining lateral angular part [spectrum in (a)
minus the spectrum in (b)]. (d) Spectrum obtained by
subtracting % spectrum in (c) from spectrum in (b)
(dashed line represents eyeball fit of the data; shaded
area represents error limits). (e) Spectrum obtained
by subtracting + spectrum in (c) from spectrum in (b)
(dashed line represents eyeball fit of the data). (f) Gi-
ant monopole strength distribution (solid line) as ob-
tained from our fission-coincident spectrum (d) with
the assumption of a fission probability similar to that
of the GDR. The dotted line is the monopole strength
distribution as expected from the data of Morsch et al.
(Ref. 5). (See text for details and discussion.)
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formed, for instance, by Abgrall etal.? For a de-
formation parameter 8 =0.3 their predictions cor-
respond closely to what Morsch efal.’ have found
experimentally for #2®U, Since the actual value of
B~0.23 in 2°°U, their predicted splitting would

be smaller than that found by Morsch et al.’ and

in better agreement with our results.

In conclusion, by measuring the fission-coin-
cident inelastic alpha spectrum over the angular
range 0° to 3° and making reasonable assumptions
for the fission probability, we have been able to
determine the shape of the isoscalar giant mono-
pole resonance in **U., The data suggest that the
GMR is located at E, ~ T7A" 2 MeV and has a
width I' ~ 6 MeV. Moreover the data are consis-
tent with an (80+ 20)% exhaustion of the EO EWSR
if a fission probability similar to that of the GDR
is assumed.

This work has been performed as part of the
research program of the Stichting voor Funda-
menteel Onderzoek der Materie with financial
support of the Nederlandse Organisatie voor
Zuiver-Wetenschappelijk Onderzoek.

(@) permanent address: Istituto di Fisica dell’Univer-
sitd di Bari, I-70126 Bari, Italy.

®)present address: Institut fir Strahlen- und Kern-
physik, D-5300 Bonn, West Germany.

1p, Zawischa, J. Speth, and D. Pal, Nucl. Phys.
A311, 445 (1978).

%y, Abgrall et al., Nucl. Phys. A346, 431 (1980).

3U. Garg et al., Phys. Rev. Lett. 45, 1670 (1980).

‘M. Buenerd ef al., Phys. Rev. Lett. 45, 1667 (1980).

1690

H. P. Morsch et al., Phys. Rev. C 25, 2939 (1982).

SA. Veyssiére et al., Nucl. Phys. A199, 45 (1973).

'J. T. Caldwell et al., Phys. Rev. C 21, 1215 (1980).

8M. N. Harakeh, in Dyramics of Nuclear Fission and
Related Collective Phenomena, edited by J. Zittartz,
Lecture Notes in Physics Vol. 158 (Springer-Verlag,
New York, 1982), p. 236; R. Vandenbosch and J. R.
Huizenga, Nuclear Fission (Academic, New York,
1973).

%J. T. D. Arruda Neto et al., Phys. Rev. C 18, 863
(1978).

03, T, D. Arruda Neto and B. L. Berman, Nucl.
Phys. A349, 483 (1980).

13, van der Plicht et al., Phys. Rev. Lett. 42, 1121
(1979), and Nucl. Phys. A346, 349 (1980).

2R. De Leo et al., Nucl. Phys. A373, 509 (1982).

137, C. Shotter et al., Phys. Rev. Lett. 43, 569 (1979).,

UE, Bertrand ef al., Phys. Lett. 99B, 213 (1981).

15H, Stroher et al., Phys. Rev. Lett. 47, 318 (1981).

16p, H. Dowell et al., Phys. Rev. Lett. 49, 113 (1982).

"The transition rates B(EA) for the various multipoles
were obtained from the multipole moments of the real
part of the optical potential; see, e.g., G.S. Blanpied
et al., Phys. Rev. C 25, 422 (1982), and references
therein.

3G, R. Satchler, Part. Nucl. 5, 105 (1972).

19\, N. Harakeh and A, E. L. Dieperink, Phys. Rev.
C 23, 2329 (1981).

WThe differential cross section of the isovector GDR
mainly due to Coulomb excitation is small in the angu-
lar range 0°—3° (not shown in Fig. 1) compared to GMR
excitation; see, e.g., T. Izumoto ef al., Phys. Rev. C
24, 2179 (1981); M. Buenerd and D. Lebrun, Phys.
Rev. C 24, 1356 (1981).

1A, G. Drentje, H. A. Enge, and S. B. Kowalski,
Nucl. Instrum. Methods 122, 485 (1974).

223, C. Vermeulen et al., Nucl. Instrum. Methods
180, 93 (1981).

237, Speth and A. van der Woude, Rep. Prog. Phys.
44, 719 (1981).




