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It is proposed that the differences in superdeformed band population observed in recent experiments
result from a modification of the compound-nucleus angular momentum distribution due to the presence
of low-lying vibrational states in the projectile and/or target nuclei. To test this hypothesis the nucleus
3Nd was studied with the reactionéGe + ®Ni and Mg + '"Cd. The *Ge-induced reaction
was found to preferentially populate high-spin states, including superdeformed states. Statistical-model
calculations are consistent with the present observations provided coupled-channel effects are taken into
account. [S0031-9007(97)03150-5]

PACS numbers: 21.10.Re, 25.70.Gh, 25.70.Jj, 27.60. +]

It has been observed that, in contrast to superdeformenf 2n to 3n cross sections as a function of compound-
rotational bands in nuclei with mags ~ 130 [1,2] and nucleus spin and noted fewer evaporated neutrons in
A ~ 190 [3,4], the population of superdeformed bands inthe %*Ni-induced reaction. The interpretation of the
theA ~ 150 mass region is enhanced for mass-symmetricesults for the latter two studies followed that given by
fusion-evaporation reactions [5,6]. The reason for thiKihnet al. [8].
enhancement is not yet understood. Sméhal. [5] The realization that fusion-barrier fluctuations [11]
suggested that it is an entrance-channel effect associatbédoaden the compound-nucleus spin distribution [12—14],
with an increase of the fusion time for mass-symmetrichus resulting in an increase of the rotational energy
reactions as compared to mass-asymmetric reactionand a reduction in effective temperature, provided an al-
However, a recent study reported no entrance-channétrnative explanation for the reduction of the neutron-
effects in they-ray decay of giant dipole resonancesevaporation probability noted to occur in mass-symmetric
(GDR) in the compound nucleu4°Gd [7], even though reactions. Haa®t al. [15] measured cross sections and
GDR are very sensitive to the above-mentioned timey-ray multiplicities for neutron evaporation channels in
delay. Furthermore, according to dissipative collisionmass-symmetric and mass-asymmetric near-barrier reac-
calculations [2,7], the time required to reach equilibriumtions. It was concluded that nuclear shape vibrations were
does not depend on the asymmetry of the reaction usatkcessary to explain measurgeray multiplicities of in-
in the A ~ 150 mass region. This suggests that thedividual exit channels for more mass-symmetric reactions
feeding enhancement of superdeformed bands is not and that, near the barrier, the average angular momentum
entrance-channel effect associated with increased fusiadnansferred greatly depends on the asymmetry of the en-
time for mass-symmetric reactions. Therefore, alternativérance channel. With calculations that incorporated cou-
explanations should be investigated. pling to inelastic channels, Lovet al. [16] were able to

The possible existence of entrance-channel effects iaxplain the observed neutron multiplicity for the reaction
the decay of a compound nucleus has been investigatédNi + °2Zr, and by studying the feeding pattern of col-
in the past. For example, Kihet al.[8] measured lective states concluded that trapping in superdeformed
neutron spectra and neutron multiplicity distributionsstates at low spin did not occur.
for the nearly mass-symmetric reactiétNi + °2Zr and In a recent study, Barretet al. [17] readdressed the in-
found that statistical-model calculations overestimated theonsistencies between the two interpretations in a study
multiplicity. It was suggested that this was due to trap-dealing with the decay ot®*Yb* formed in the reac-
ping in a superdeformed minimum and that the neutrortions '°0 + Sm and®Ni + '““Mo. Gamma-ray fold
multiplicity for a given spin interval should depend distributions of the various evaporation channels showed
on the mass asymmetry of the entrance channetifferences depending on the entrance channel. The re-
A later study by Jansseret al. [9] reported agreement sults were consistent with fusion models that predict
between statistical-model calculations and experimentan increase in the width of the compound-nucleus spin
observations of neutron multiplicities for the mass-distribution in the®Ni-induced reaction, thus agreeing
asymmetric reaction'>’C + '“Sm but not for the with a shape-vibration explanation.
mass-symmetric reactiotfNi + °2Zr. With these same The present work attempts to take this idea one step fur-
reactions, Ruckelshausest al. [10] measured the ratio ther by studying the relationship between the enhancement
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of superdeformed band population and modification of the 150 - - :
compound-nucleus spin distribution due to the presence of
low-lying vibrational states in the projectile and/or target
nuclei. The so-called entrance-channel effects observed 100 L
in the A ~ 150 mass region could possibly be explained
by this phenomenon. However, in order to properly study
coupled-channel effects, a matching of the classical angu-
lar momentum/,x [18], and the excitation energy*,
is essential for any two reactions being compared. In the
A ~ 150 mass region, such a matching occurs at angular
momenta where fission of the compound nucleus competes
with particle evaporation and a study of spin distributions
becomes difficult. Superdeformed bands in the- 130
mass region can, however, be populated at relatively low
spins without competition with the fission process. For 150 +
this reason, in a first study, it is more convenient to search
for coupled-channel effects in the ~ 130 mass region.
Reactions ideally suited for this particular study were 75+
74Ge + %Ni at 239 MeV E* = 50.5 MeV at midtarget)
and?Mg + "2Cd at 94 MeV E* = 50.7 MeV at mid-
target), where the nucled®Nd [19] is populated through 0 - - :
the 3n exit channel. The’*Ge and?*Mg beams were 0 10 ZOS " (h)30 40 50
provided by the Tandem Accelerator Superconducting P
Cyclotron (TASCC) facility at the Chalk River Labora- FIG. 1. Calculated compound-nucleus spin distributions. Up-
tories. The®Ni and !12Cd targets consisted of thin foils P€r panel: spin distributions when no coupling to low-lying

~ _ : vibrational states is included in the calculations. Lower panel:
of ~380 and ~500 ug/cn¥, respectively. Gamma rays spin distributions when coupled channels are taken into con-

emitted by the deexciting nuclei were detected with thesigeration. Target thicknesses were taken into account in the
87 Spectrometer [20,21] which comprises 20 Compton-calculations and the curves were normalized at their maxima
suppressed HPGe detectors and a 71-element bismufér each panel.

germanate (BGO) ball used asyaray calorimeter and

multiplicity detector. In order for an event to be recorded

on tape, two or more HPGe detectors and two or morghoyn. A large centroid shift between the two reactions

BGO elements had to fire in prompt time coincidence;g eyident for the2n channel and becomes less apparent

'6I;he_ numszéer ofy—ylgomudenc'es collected fortﬁég;e T when the neutron multiplicity increases; this feature has
Ni and6 Mg + "“Cd reactions totaled9 X 10° and  peen noted in earlier studies [10,15,17]. It should also be

11 x10°, respectively. _ _ _pointed out that similar centroid shifts have been reported
Shown in Fig. 1 are theoretical fusion cross sectiongq, other superdeformed bands [2,4].

as functions of the compound-nucleus spin calcu_lated To gain an understanding of coupled-channel effects
with the codeccrus [22]. Tne accepted deformation 4; high spin, nuclei exhibiting discrete superdeformed
pagﬁmettzis,.&z,ﬁ for the f{gt 2" and 3" excited stateés gate5 may be studied. Shown in Fig. 3 are background-
of "Ge, 'Ni, Mg, and "“Cd (see Table I) were used g hracted coincidence spectra for the superdeformed
as inputs tocCrus  Target thicknesses were taken panq inl35Ng, for the two reactions, obtained by summing
into account for all calculations by integrating over t_heclean coincidences. As predicted by coupled-channel
appropriate energy spreads. The upper panel of Fig. dg\cyjations, the superdeformed band is seen to higher
presents the cross sections when no coupling to lowépin in the Ge-induced reaction than in th®¥Mg-
lying vibrational states is included in the calculations,inquced reaction. More precisely, the band is seen up

illustrating the closely matched spin distributions. Havingiy the 1147 ke\32.5% — 30.5/ transition for the former
similar uncoupled spin distributions is essential for the

present investigation. The lower panel gives the cross

sectiqns when (;oupled Channgls are taken ir_1to aCCOUNEABLE I. Energies and deformation parameters for the first
showing a10% increase in spin for th€*Ge-induced 2+ and3~ excited states.

Uncoupled

— "Ge + “Ni
26Mg + IIZCd
50 E

225 L Coupled

Cross Section (arb. units)

reaction. . .

Shown in Fig. 2 are th& distributions, wher& is the N;deus pa: Encrgy (MeV) Ba: Energy (MeV)
number of BGO elements that fired, for the two reactions 64(3_6 0.29°: 0.60 0.16:2.54
studied and for exit channels leading to the residual 26N' 0'22f .34 0.23 356
nuclei **Nd, '3Nd, and '*Nd. For comparison, the mzlg (1).?2 I (1)'2 8'13 I g'ﬁf

K distribution for superdeformed states ifiNd is also
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FIG. 2. Total number of firing BGO element&,, measured . —
for the two reactions. Shown are the distributions cor- g:G. 3. Partial coincidence spectra for the superdeformed

. > and in '**Nd for the two reactions studied. In both cases
responding to transitions between normally deformed state . ; S
in 13Nd, 1Nd, and 1Nd, and for superdeformed states e spectra were obtained by summing coincidences of the 546,

in 35Nd 677, 749, 818, 882, 947, 1011, 1077, and 1147 keV lines.

reaction, whereas the last discernible transition for thef normal and superdeformed states (see, for example,
latter reaction is 1011 ke¥8.5% — 26.54. [25,26]). This level density difference is however known
The ratio of the intensity of a givery-ray transition to mainly influence the statistical spectra and most likely
measured for th&Mg-induced reaction to the intensity of does not affect the enhancement of interest here. With
that same transition measured for t&e-induced reac-
tion was determined as a function of spin and is shown in

Fig. 4. The intensities of the lowest spins measured, for gi:ﬁj
the various exit channels, have been normalized to unity @ Nd SD |
for both reactions. To illustrate the dramatic difference in ©"Nd

Simulation

1t1es
<
e}
T

the population of high-spin states between the two reacs
tions one can consider the results for the superdeforme
band. At spinl6.57, for example, the population intensity
of the superdeformed band iA3Nd measured with the
74Ge-induced reaction is enhanced by times relative

to the corresponding intensity observed”fivig-induced
reaction. At spir26.5% the enhancement is considerably
larger having a value of-20.

The theoretical spin distributions, shown in Fig. 1, were
used as inputs to the statistical caglenp [23].  With the 005 s 10 s ” Y 0 3
level density formalism of Gilbert and Cameron [24] and a Spin (h)
level density parameter af = A/9.0 MeV ™!, cross sec-
tions of various exit channels were calculated and comF!G. 4. The ratio of intensitiesMg-induced reactiof*Ge-
pared to values extracted from experiment (see Table ”mduced reaction: see text for details) as a function of spin;

Itis cl that the inclusi f led ch Is i here spin refers to the initial state of a givenray. The
IS clear that the Inclusion or coupled channels IS NeCeSzy4qth solid line is a theoretical simulation done with the code

sary. _TWO c!iffgrent level density parameters are USU@_\”)(EVAP. The coupled spin distributions calculated witltrus
used in statistical codes when modeling the populationvere used as input to the statistical code.
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TABLE Il. Measured and calculated relative cross sections (C.S.) for the various channels
observed. Note that the cross section for 3ihechannel has been normalized to unity. All
experimental uncertainties are within one percent of the stated relative cross section.

Residual Calc. C.S. Calc. C.S.
Reaction nucleus Exp. C.S. (uncoupled) (coupled)
“Ge + *Ni 13SNd 1.00 1.00 1.00
136Nd 0.45 0.13 0.45
134Nd 0.08 0.21 0.11
132Ce 0.11 0.18 0.17
Mg + '2Cd 13SNd 1.00 1.00 1.00
136Nd 0.25 0.10 0.17
134Nd 0.09 0.21 0.15
32Ce 0.12 0.17 0.16
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