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Fusion-evaporation reactions induced by 110 ME® and radioactive!’C on 8Rb targets have been
studied by measuring evaporation residue—light particle coincidences. The protopatdicle ratio in each
reaction has been derived and compared with predictions from statistical model calculations. These calcula-
tions account rather well for the experimental data, when a small empirical adjustment of the emission barrier
is performed, in agreement with earlier results. No evidence is found for predicted temperature and isospin
modification of the binding energies. The possibility of a further study of isospin and temperature dependent
effects in fusion-evaporation reactions with radioactive beams is discussed.
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[. INTRODUCTION temperature, since it would have a strong impact on the
. actual knowledge of the supernova collapse and explosion

; N %R/namics. A consistent temperature parametrization of the
has been the subject of several studies in past ygirs nuclear mass in the framework of the Thomas-Fermi

Compound systems at high excitation energies, such as thog&, el has also been proposed by Pi, Vinas, and Barranco
populated in heavy-ion reactions, offer the possibility to eX1g] and used in modeling temperature dependent fission
plore changes in the basic properties of highly excited nuclej ;,riers.

with respect to their ground state. One of the interesting the- £, the experimental side, a simple observable, directly
oretical results in this field is the descrip_tion of the temperayq|ated to the binding energy variation through the tempera-
ture dependence of the nucleon effective mg&jsand its e gependence of the nuclear mass, is the multiplicity of
consequences on nuclear level densifigs Theoretical pre- e emitted particles. In this case, the measured particle mul-
dictions, showing the importance of this effect at high exci-jp|icities should deviate from standard statistical model pre-
tation energy(_|.e., aboutE,=2 MeV/nuc!eon for nuclei in dictions, in which the usual=0 MeV masses are used.
the mass regioh=160 have been confirmed by a number gjnce gifferences between experimental data and statistical
of experimental investigationgl—€]. Such excitation ener-  ,qqe| predictions may also result from intrinsic limitations
gies correspond to nuclear temperature values abbve i, ihe model accuracy, one possible way to assess the pres-
=4 MeV, when the relationship betweezn excitation energyance of such effects is to take advantage of its predicted
and temperature is assumed to Be=aT", with the level  gependence on the\-2)2/A ratio of the emitter, by study-
density parametea=A/K MeV™". More recently, the tem- ing the decay of isobars populated at the same excitation

perature dependence of the so-callkedeffectwe massm, energy. New possibilities in this field are now opened by the
has been calculated for some nuclei of astrophysical 'nteresﬁwesent availability of some radioactive beams

*Mo, #Zn, and64N| [7]. It was found th_at, n all cases), We report in this work a comparative study of light par-
decree_lses appreciably, already at excitation energies COIMficle emission from the two isobar&Mo and 8Tc, popu-
sponding to temperature values beldw2 MeV. The au- |5taq respectively, in the fusion reactions of 110 ME8
thors pointed out that this decrease should affect not only thgnd 11C beams on &'Rb target. The excitation energy of the
level de.nsi?y but also the symmetry ene@;mcontribution compound nuclei is in both cases about 110 MeV, which
to the binding energy, which is parametrized as corresponds to a nuclear temperatlire3 MeV, assuming a

Eoym= DoynfN = 2)%IA, level density parameter valee=A/8 MeV . _ o

Although the two beams used allow a relatively limited

whereA is the mass of the nucleus,its atomic number, and investigation of the isospin dependent effects, this experi-
N=A-Z the neutron number. We note that in this parametri-ment contributes to the progress in this research field which
zation the symmetry energy term exhibits intrinsically ais of primary interest for future radioactive ion bedRiB)
marked isospin dependence. The symmetry coeffidignt  projects. Moreover it has been specifically designed to search
value is 30 MeV atT=0 MeV. As discussed in detail in for isospin and temperature dependent effects in %o
Ref.[7], such a dependence is of particular interest at lowhucleus, because of its astrophysical interest.
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mission detectors are divided into seven strips that provide
angular distribution information.

In addition, three cylindrical BC501 liquid scintillators
(12.5 cm diameter and 12.5 cm lengttvere placed outside
the scattering chamber at 50 cm from the target position, to
detect the neutrons emitted in the reactions. Two of them
were placed a®,,=0° and the third one afj,,=45° with
respect to the beam direction. Pulse shape analysis was used
to discriminate against the ray background.

In the YXC -induced reaction, we collected<6l0° events
triggered by a single hit in one of the two evaporation resi-
due detectors. Since the goal of the experiment was the com-

$I2 RIGH parison of particle yields from the two isobaric nuctéiio
and %8Tc, a secondary'B beam at 110 MeV was also pro-
duced by using the inelastic scattering of the primary beam
on a hydrogen target and selecting the energy of scattered

FIG. 1. (Color onling Expanded view of the experimental setup. jons with MARS. In this way, the same experimental setup
The SI-BARREL elements are single detect(860 um thickness, \was used to study both reactions and the comparison of the
5X5 Cl'T'F area indicated as B1-B6. The two telescopes S1-M1 andexperimenta| results can be performed direct'y. In %F&_

S2-M2 are made of a transmissig800 um thick) detector backed  jnduced reaction, 8 10° events with the same trigger con-
by a 1 mm thick detector. The area of the telescope detectors is §ition were collected.

X 4 cn?. The two evaporation residue trigger detectors are indi-
cated as Sl1 and SI2 and are also 308 thick with a 25 cm area. IIl. EXPERIMENTAL RESULTS

In the data analysis, the first requirement was the dis-
crimination of the evaporation residues produced in the re-
The experiment was performed at the Cyclotron Instituteactions of theé"'C/*'B beams with thé’Rb nuclei from other
of Texas A&M University. products, in particular from the background of evaporation

The 110 MeV *'C beam was produced by charge ex-residues produced in the fusion reactions on Cl and C nuclei
change reaction of a primar{B beam at 18 MeV on a  contained in the target. This was achieved by using a TOF
LN, cooled hydrogen gas target. The primary beam was agvindow corresponding to 30—60 ns flight time and selecting
celerated by the K500 superconducting cyclotron. events having energies lower than 12 MeV.

The momentum achromatic recoil spectromgtdARS) The measured ~ 98 residue energies are below 12 MeV
was used to select th€C ions [9], suppressing unwanted because pulse height defects in silicon detectors are large. A
beam contaminations and defining the secondary beam chagmpical TOF versus energy scatter plot for evaporation resi-
acteristics in terms of energy and angular emittance. Aftetlue singles is reported in Fig. 2.
this selection, an average intensity 0k40° particles/s was To demonstrate that the right evaporation residues are se-
obtained on the target positioned at the MARS focal plane.|ected in this way, we present in Fig. 3 the energy spectrum

The target, prepared by evaporation, was H@Jcn?  of ER in coincidence with charged particles detected in the
thick rubidium chloride, 98% enriched ffRb, deposited on  packward part of the SI-BARREL. The experimental distri-

a thin (15 ug/cn?) °C backing. bution is compared in Fig. 3 with results of a simulation

The experimental setup used is schematically drawn irperformed by the Monte Carlo versi¢h0] of the statistical
Fig. 1. Evaporation residug¢&Rs9 were detected at forward model codecascaDe [11] (MCSM), where the geometry of
angles(6,,=9°—199 using two silicon detector@ndicated the present experiment was properly taken into account.
as SlI1 LEFT and SI2 RIGHT in Fig.)Jlof 5X 5 cn? active Standard input parameters have been used in these
area and 30@wm thick, placed at 25 cm from the target. The MCSM calculations, including the level density parameter
ERs from the!lC, 1B+87Rb reactions were identified by a=A/8 MeV!, as suggested from previous experimental re-
measuring their energies and times of flighOF) with re-  sults in this mass region and at the same excitation energy
spect to the cyclotron rf. In this way, discrimination against[12,13. The predicted ER energies were also corrected by
other reactions, such as fusion-evaporation on Cl and C nwubtracting the pulse height defects in the silicon detectors,
clei contained in the target, was achieved. calculated using the prescription from Refd4,15. The

The 8Rb target(indicated asT in Fig. 1) was positioned agreement between the simulation and experiment is fair,
at the center of a close-packed silicon detector afcajled  reflecting the difficulties in taking into account all energy
in the following the SI-BARREL for light charged particle losses and pulse height defects for the low-energy residues in
measurement. The SI-BARREL covered about 30% of thehe®Rb target itself and in the silicon detector. Nevertheless,
total solid angle and consisted of giB1 to B6 in Fig. )  the comparison in Fig. 3 provides a clear demonstration that
large area5x 5 cn?) Si detectors, 30@um thick, and two  the evaporation residues from the reactions Wifb nuclei
telescopes both consisting of a 3pén thick, 6X4 cn?  have been properly selected.
transmission detectofS1 and S2 in Fig. l backed by a Using the same ER gating conditions, the energy spectra
1000 um thick detectorM1 andM?2 in Fig. 1). The trans-  of coincident light particles were obtained. Due to the low

II. EXPERIMENTAL DETAILS
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FIG. 2. (Color onling A typical time-of-flight vs energy scatter e
plot for the reaction products from the bombardment of the 11C 87Rb
+

(7]
2
beam on the Rb@C) target. The expected regions for residues from § 350
the different target nuclei are also indicated. In the inset, the region8

of evaporation residues from the reaction on the Rb target is shown 300
Events at abouE=6 MeV, randomly distributed in time, are due to
a weak?>Cf source that was used to monitor the silicon triggers
during the data taking. 200

250

statistics, only two spectra were derived by summing all 150
events detected in the forwar®,,=28°—-809 or in the

backward (,,=99° —1529 parts of the SI-BARREL(in- 100

cluding the AE detector of the two telescopes S1 and),S2 50
respectively. Such spectra are reported in Fig. 4 for the twa Ceme 0L, 0 g e o
reactions. It is seen that most protons punch through the & 5 10 45 20 25

silicon detectors, while lower energy particles are fully (b) Energy (MeV)
stopped. As a result, the spectrum exhibits a well-defined

pgak due to the protons and a proad _dlstr|but|0n assqmated FIG. 3. (Color onling Typical ER energy spectra obtained for
with the « particles. The comparison with the MCSM simu- the residue-charged particle coincidence for ## beam (upper
lation is also shown, in which the angular distribution of the part and the!'C beam(lower par} detected in the backward part of

emitted particles and related angle-dependent energy l0ss {Re SI-BARREL for a TOF window corresponding to 30—60 ns
the detectors were taken properly into account. flight time.

The total predicted spectra reported in Fig. 4 were ob-
tained by separately normalizing the calculated proton@and only for the detector efficiency but also for attenuation and
particle energy distributions to the experimental data in sescattering in the reaction chamber walls. Because of the low
lected energy regions. This unfolding of the measured parstatistics of the experimental spectra, we chose to use the
ticle spectra relies on the predictive power of the MCSMneutron information in a simplified way. First, we derive di-
which is well documented at this bombarding energy. Therectly the average time of flight associated with the detected
possibility of contributions from nuclear species other thanneutrons and, from this value, the average neutron energy.
proton andw particles will be discussed in the following. The The experimental average energy of neutrons is about
agreement between the experimental and predicted distrib3 MeV, in good agreement with the value predicted from the
tions is rather good, taking into account that we have inteMCSM simulations. After this test, the MCSM simulations
grated over a large angular range. Predicted energy distribuwvere used to extract from the number of neutron events in
tions for proton andx particles were, in turn, used to unfold the detectors, the angle integrated yield. The relative normal-
from each experimental spectrum the yields for protonand ization factor between the two data sets fdB and *'C
particles and from that the angle integrated yield values. beams was obtained from the total yield of single events in

The number of neutrons detected in coincidence with resithe trigger detectors, thus allowing a direct comparison be-
dues was obtained by analyzing the events in the BC50fween the neutron yield in the two reactions without any
scintillators. In this analysis, pulse shape discrimination wagorrection for detector efficiency and scattering and attenua-
employed to reduce the ray background. Finally, events in tion in the surrounding materials.
all three detectors were summed, producing the neutron As a first test of the experimental results, we have com-
spectrum which is reported, as an example, in Fig. 5 for thepared the yield of charged particles detected in the two parts
¢ induced reaction case. The comparison between the exf the SI-BARREL. MCSM calculations predict that the ratio
perimental and MCSM predicted energy spectrum is mordetween the particle yield detected in the forward and back-
difficult in the neutron case, due to the need to correct noward parts of the barrel should be close to 1, as expected
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FIG. 4. (Color onling Spectra of the charged particles in coin- e suppression of theg background operated by means of the pulse
cidence with the ER for the 110 MeV for tHéB beam(upper part  shape analysis.

and the''C beam(lower pary on a®'Rb target.
- _nentis also already documented with light heavy ion beams
from the decay_ of_a fully equilibrated system cha_racterlzedat bombarding energies comparable to those of this work
by a low velocity in the laboratory frame. Deviation from [16-18. On the other hand, a recent measurement of the
this expectation might be due to contributions from otherg citation functions for the reaction®’Au(*'C xn) and
reaction mechanisms such as the incomplete fusion and/qgnAu(lzC xn) have been measured up to the’bombarding
projectile breakup reactions that are expected to depend both '

upon the projectile type and on the specific light particleenergy of this _work[ls_)]. The obtained gxperlmental results
detected. have been satisfactorily reprodqced using fusmn-eyaporatl_on

The experimental data reveal that in the case of'fie models assuming complete fu5|_0n. This latter fact is consis-
beam, the forward to backward ratio for protonsRiss~ 1, tent with our observa_non_that, with tHéC beam, there is no
in agreement with statistical model predictions. This is notevidence for contamination of the data from other reaction
the case for the particles, for which we foun®z=1.4. In ~ mechanisms.
the case of thé!C beam, the valu®-z~ 0.7 is found for Nevertheless, in the following analysis we have used only
both « particles and protons. The deviationsRy; from the  the data from the backward part of the SI-BARREL. Selec-
predicted value, as in thEC case, might be simply due to tion of these data is assumed to better reflect the decay of the
trivial experimental effects that decrease the yield of all for-compound nucleus populated in the fusion reaction and to
ward emitted particles. In the case of thH& beam, the dif- minimize the contribution from projectile break(ip0].
ference between proton and particle ratios does, on the Furthermore, we note that the statistical uncertainties as-
contrary, suggest that there is an extra yieldvgfarticles at  sociated with the experimental results are not negligible.
forward angles. We take this observation as evidence that th@onsequently we present the final charged particle data sim-
118 forward data are probably contaminated by incompleteply in terms of ratios between proton andmultiplicities for
fusion reactions initiated by the breakup of th#8 in a  each reaction, to avoid additional uncertainties associated
4He+'Li pair that cannot be suppressed by the gate used twith the absolute normalization of the experimental spectra.
tag the ER. This possibility was confirmed by performing The only additional uncertainties to be taken into account are
MCSM simulations in which several projectile breakup reac-then related to the possibility of a component in the spectrum
tions followed by complete fusion of part of the projectile due to the?H,®H, or 3He evaporation that cannot be evi-
were investigated. denced in our technique of spectral unfolding2# contri-

The issue of the incomplete fusion is rather complex. Orbution cannot, indeed, be disregarded, as documented from
the one hand, the presence of an incomplete fusion compahe results reported in Ref13]. This implies a further 5%
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IV. STATISTICAL MODEL CALCULATIONS

To search for temperature dependent effects, we have per- F!C- 8- (Color onling Comparison of experimental result for the
formed a systematic comparison between statistical moddlfoton to « particle ratio and predictions from statistical model
predictions and the experimental results. To study the sensf—alc.m‘f"t'ons. with different Ieve'.dens'ty parameters. The relative
L - . . deviationA is reported. For details see the text.
tivity of the statistical model calculations to the different
input parameters, the analytical version of 4»sCADE code ) _
has been used. To avoid ambiguities in the results of th&n(*'B)/Mn(*C) is very close to the experimental value
statistical model calculation, we studied the sensitivity of(A=8%) for all the level density values in the explored
predictions, and thus their deviations from the experimentalange.
data, by tuning one input parameter at a time. In particular, The results obtained are qualitatively in agreement with
we focused our attention on those parameters that are knov@xpectations based on the temperature dependence of the
to be effective in determining the particle multiplicities: the nucleon effective mass. It has, however, to be noted that the
level density parameter=A/K, the transmission coefficients Use of the parameter value arowsrdA/11 MeVis in con-

T,, and the binding energie& Several previous works were flict with past results foP®Ru compound nuclei populated in
devoted to the study of the properties of hot nuclei by comthe same excitation energy regifi8]. In that case, absolute
paring experimental particle spectra and multiplicities withp and a particle multiplicities and energy spectra were de-
CASCADE calculations in the same mass and excitation enscribed byCASCADE calculations in which the standawl
ergy range[12,13,18. These earlier results have been used=A/8 MeV parameter was employed. We stress the fact
as a guide in the present study. that the high-energy slope of the particle spectra are very
sensitive to the level density so that high statistics experi-
mental energy spectra can be used as in R to deter-
mine the best value of the level density parameter.

The first set of calculations was performed using standard Isospin dependent parametrizations for the level density
masses fof =0 MeV nuclei[21] and the so-called “spheri- have recently been proposgzB], suggesting values of about
cal” transmission coefficients derived from the optical modelK=9-10 for thenuclei of interest in this workCASCADE
potentials[22], but varying the level density parametar calculations including such a parametrization lead to multi-
=A/K in the rangeK=7-12MeV. In those calculations, the plicity values comparable to those obtained with a constant
level density parameter is assumed to be constant with exclevel density parameter=A/10 MeV* for all nuclei in the
tation energy and the same parameter was used for all thdecay cascade. A significant test of the proposed parametri-
nuclei in the deexcitation cascade. zations will need again a comparison with high statistics par-

As shown in previous workf4—6], the level density pa- ticle spectra.
rameter a decreases from its *“cold” standard value
A/8 MeV! as the excitation energy increases because of the B. The emission barrier
temperature dependence of the nucleon effective mass. SUCh The transmission coefficients are generally calculated by
a decrease has been experimentally evidenced even if a Coggnsidering the optical model potentials describing the in-
stant, average level density parameigr.=A/(K) is used in  yerse capture reaction on cold nuclei, with the assumption
the calculation along all the deexcitation cascglé?. The  that the emission barriers for cold and hot nuclei are identi-
results of our calculations, showing the comparison betweega|. |t is found that, in most cases, the reference calculations
the experimental charged particle multiplicity ratio and thosegre not able to describe the experimental d24j. In par-
of the calculations, are reported in Fig. 6. The deviation fromijcuylar, deviations between experimental and calculated spec-
the experimental valuesy=[(Calc-Exp/Calc], is A=30% tra at low particle energy have been taken in the past as an
(A=22%) in the *B(*C) case, when the standard level den-indication of significant differences in shape or size between
sity (K=8 MeV) value is used. The deviations decrease sighot and cold nuclei. Consequently, the parameters of the cal-
nificantly well below theA =10% level for calculations using culations are often adjusted to simulate changes in size
level density inverse parameters arouadA/11 MeVl.  and/or shape of the emitter that are assumed to be driven by
Furthermore, the predicted neutron multiplicity ratio the angular momenturi25].

A. The level density parameter
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S 24 . B Boron Beam further expected that such effects should depend oiNitze
< 22F e Carbon Beam ratio of the studied compound nucleus.
201 As a first step, the mass formula proposed by Pi, Vinas,
185 and Barrancd8] was introduced in the&ASCADE code. In
:2; ° & o this formula the binding energy is parametrized as a function
12E of the mass and atomic numbeia,Z) and of the nuclear
10F . temperaturer:
8k
oE g . B (o, +a,T) + (a+ aTHA L3+ (ay + T2)E
45_ | L T L A a, ta, as+ as Agymt Asym A2
1 1.05 1.1 1.15 1.2 1.25 32 72 12
f - [5;)(1 - Zczolgl> + CYcoul-rz] AT/3 + (st asst)AT/g-
FIG. 7. (Color onling Comparison of experimental result for the (1)

proton to « particle ratio and predictions from statistical model
calculations with different transmission coefficients. The relativeln Ref. [8], the numerical values of the parameters are pro-
deviationA is reported. For details see the text. vided to compute voluméa,, «,), surface(ag, o), Coulomb
(ag,ap), symmetry (asym asy), and surface symmetry

A simple way to adjust the emission barrier is to increasdass, s contributions as well as the paring correctigx)
the optical model radiu&yy by a multiplication factorf,  to the total binding energy. We stress the fact that this is
thus obtaining an effective radil®=f X Ry [26]. In the  the only formula available in literature that provides a full
present case, we have performed statistical model calculaemperature dependence of the binding energies for all
tions in which multiplication factors ranging frofr=1.00 to  nuclear masses. On the contrary, the predictions of Donati
f=1.25 were considered. In such calculations standard et al, reported in Ref[7], refer to specific nucle{e.g.,
=0 MeV masses and level density parameter vawe %Mo), and provide numerical results only for the symmetry
=A/8 MeV ! were used. The results are reported in Fig. 7. Itenergy contribution to the binding energy.
appears that a very good description of the protow foar- The Pi, Vinas, and Barranco formula was used to calculate
ticle multiplicity ratio is obtained with an effective radius the binding energies dt=2 MeV, i.e., the temperature value
R=1.15X Ryy. For thisR value, deviations between experi- that roughly corresponds to the average excitation energy
mental and calculated proton tomultiplicity ratio are again  along the deexcitation cascade for the reactions studied in
below A=10%. Also in this case, the neutron data are foundhis work.CASCADE calculations were performed using these
to be rather insensitive to the variation of the optical modelbinding energies together with a level density paramater
potential parameteréA=8% for all R values considergd =A/8 MeV™! and standard optical model transmission coef-
The 15% expansion of the optical model radius quoted irficients. Results of these calculations yield a deviation
this work is in agreement with past experiments=10% for the proton ta particle multiplicity ratio in case of
[12,13,26,27, in which nuclei at about 100 MeV excitation the 1*B induced reaction. This is much better than the devia-
energy were populated. tion obtained with the standard calculations in whith

It should also be noted that the comparison between ex=0 MeV binding energies are employed. However, follow-
perimental data and calculations reported in Fig. 7 seems tmg the same procedure for théC induced reaction, the
indicate the need of a slightly different optical model effec-description of the experimental results is very poor, being the
tive radius to fit the data obtained in the two reactions. It ha®bserved deviatioth=77%. This demonstrates how large is
been suggested, indeed, that the emission barrier for partictee effect of the isospin differences in such model predic-
evaporation would also depend on tRéZ ratio of the spe- tions.
cific decaying nucleus, because of the isospin dependence of We stress the fact that the Pi, Vinas, and Barranco formula
the nuclear radiug28]. This suggests that th¥Tc radius offers a detailed prediction of the temperature effect appli-
should be slightly larger than th#Mo one. However, the cable in the full mass range sampled in this experiment. In
above predicted nuclear radius variation for the two nuclei iontrast, Donati's predictions reported in Rgf] refer only
only of the order of 0.4%, whereas the comparison with theio °®Mo being not clear if this correction should be applied
experimental data would suggest a difference of about 5%.for all nuclei involved in our deexcitation cascade. More-
over, it is also not clear in this case how to handle the tem-
perature dependence of the other te@sulomb, surface,
and volumeé, which are also expected to be temperature de-

The last series of calculations was performed to explorggendent, as in the work of Re8].
the effects due to the predicted temperature dependence of As a final test, we have included in the calculations the
the nuclear binding energy. It is expected, indeed, that theorrection of Donatiet al. to the symmetry energy term of
change of the binding energy will modify the energetic costthe binding energy. This has been done using lifg(T)
for the emission of each particle, thus modifying the deexcivalue for the®®Vlo nucleus provided in Ref7] at the aver-
tation cascade. Since the temperature dependence of thge nuclear temperatufe=2 MeV and scaling the correc-
binding energy is predicted to be isospin dependent, it igion asESym:bSyn[(N—Z)ZlA] for the nuclei populated in the

C. The binding energy
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decay cascade. The temperature dependence of the othmedicted temperature and isospin related effects on the bind-
terms(i.e., Coulomb, surface, and voluineas disregarded. ing energy in the statistical model calculations.
Such calculations lead to very large deviations with respect We stress the fact that the level density parameter depen-
to the experimental data. In particular, the deviation is aboutlence on theN/Z ratio of the nucleus has been recently
A=80% when the correction is applied to all nuclei along thestudied[23]. Moreover, it has also been suggested that the
deexcitation cascade. This value decreases 4o barriers for particle evaporation from specific nuclei will also
=40%(50%) for 'B(*'C) case if this correction is applied depend on thé/Z ratio, because of the isospin dependence
only in the first decay step, i.e., emission frdfiMo(®®Tc)  of the nuclear radiug28]. It is worth mentioning that Charity
only. et al. [30] have recently reported on a detailed investigation
of the 92190 +8Ni fusion evaporation reaction. Also in
V. SUMMARY AND CONCLUSIONS this work it is not found necessary to employ an isospin
dependence of the level density. However, despite the results
The use of radioactive beams is now opening several neWptained in such investigations, the search NgZ depen-
possibilities in nuclear physics studied with heavy iondent effects is an interesting research field that needs to be
beams. Particularly appealing is the possibility to explorefyrther pursued experimentally, when more exotic projectiles
isospin related effects on the formation and decay of holith larger isospin differences become available at future
nuclei. In this respect, we have presented in this work resultfadioactive ion beam facilities. The possibility of the detec-
obtained in a comparative study of the decay of the twajon of isospin effects is strictly correlated to the selected
isobars %Mo and %Tc populated by fusion reactions of reactions, to the measured quantities and to the experimental
110 MeV "B and *'C beams on &'Rb target. accuracy. The latter point depends mainly on the intensity of
This work was motivated primarily by theoretical predic- the available radioactive beams. The selection of suitable
tions suggesting that the binding energy is a function noteactions and sensitive experimental observables is also of
only of the nuclear temperatufig but also of theN/Z ratio  paramount importance for such experimental investigations.
in a given nucleus. A consistent formula describing in detail particular, the use of light beams such 4B and 'C,
the temperature dependence of the binding energy was premployed in the present experiment, has the advantage of
posed several years ago by Pi, Vinas, and Barrd8EcRe-  populating the compound nucleus at relatively low spin, thus
cently, temperature effects in specific nuclei relevant forreducing angular momentum induced effects. On the other
nuclear astrophysics, were studied by Domdtal. [7]. Siz-  hand, in the case of light beams, a possible contamination
able variations of the symmetry energy were suggested. Sugfom incomplete fusion reactions and/or projectile breakup
predictions have been also confirmed by an independemMas to be taken into account.
study on the same nuclei by Deanal. using Monte Carlo Finally, it is important to stress that the different predicted
shell model calculationf29]. The dependence of the binding effects(i.e., changes of the binding energies, level densities,
energy on the temperature and isospin is expected to havegmd/or emission barriersnight be studied in future investi-
Significant effect in determining the de-excitation Cascadegations by |00king not on|y at the proton topartide mul-
particularly in the mUltlpllCltleS of the emitted partiCleS. As a t|p||c|ty ratioy as done in the present experiment, but also at
matter of faCt, standard statistical model calculations predicthe energy Spectra of the emitted partic|es_ It is known that
a sizable change in the particle multiplicities when the temyifferent energy regions in the particle spectra can be used to
perature and isospif8] dependence of the binding energy is get information on the barrigtow energy part of the spec-
properly taken into account, even when a modest isospifrum) and on level densityhigh-energy slope of the particle
change such as the one obtained in the present experimentg'gectrum_ The study of exclusive particle spectra in reac-
considered. tions induced by radioactive beams requires a substantial in-
The results presented in this work, consisting mainly ofcrease in the integrated RIB intensity and the availability of

proton tow particle multiplicity ratios for the two reactions, more powerful detection systems. Thus it will be more easily
are compared with statistical model calculations using botfyptained in the next generation of RIB facilities.

standard and adjusted parameters. In the comparison, back-
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