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The fully energy-damped yields from tH&CI+ °C reaction have been systematically investigated using
particle-particle coincidence techniques af*&| bombarding energy of-8 MeV/nucleon. The fragment-
fragment correlation data show that the majority of events arises from a binary-decay process with rather large
numbers of secondary light-charged particles emitted from the two excited exit fragments. No evidence is
observed for ternary break-up events. The binary-process results of the present measurement, along with those
of earlier, inclusive experimental data obtained at several lower bombarding energies are compared with
predictions of two different kinds of statistical model calculations. These calculations are performed using the
transition-state formalism and the extended Hauser-Feshbach method and are based on the available phase
space at the saddle point and scission point of the compound nucleus, respectively. The methods give compa-
rable predictions and are both in good agreement with the experimental results thus confirming the fusion-
fission origin of the fully damped yields. The similarity of the predictions for the two models supports the
claim that the scission point configuration is very close to that of the saddle point for théighbmpound
system. The results also give further support for the specific mass-asymmetry-dependent fission barriers needed
in the transition-state calculatiof50556-28186)02407-1

PACS numbegps): 25.70.Jj, 24.60.Dr, 25.70.Gh

I. INTRODUCTION strates that in each case the compound nuclgN) is
formed after a complete equilibration of the mass asymmetry
The 3°Cl+ 1C binary-reaction channels have been stud-and the shape degrees of freedom. Further, the properties of
ied over the past few yeafd—3] at several relatively low the binary-decay channels are in agreement with the expec-
35CI bombarding energiesE(,;<200 MeV), in the frame- tations of the transition-state modgd] and thus suggest a
work of a more general investigation of tHév composite  fusion-fission(FF) origin. The occurrence of FF rather than
system[3-5]. It has been established that entrance channeirbiting in certain systems, such as tA& dinucleus, has
effects do not play a significant role in binary-decay pro-been the subject of large number of discussi@s9]. These
cesses of thé’V nucleus as populated by the three studiedhave led, in most cases, to the conclusion that the FF process
entrance channels3CI+%C [1,2], 3P+1%0 [4], and has to be taken into account when exploring the limitations
ZNa+2"Mg [5]) at comparable excitation energies of the complete fusion process at large angular momenta and
(EEu=59-64 MeVj and angular momenta. This demon- high excitation energies. This is in accordance with the
qualitative expectations of the number of open channels
model[10].
*On leave from the Faculty of Textile Science and Technology, N this paper we report on further inclusive measurements
Shinshu University, Ueda, Nagano, 386, Japan, as an Overseas Féd FF yields of 3*CI+'C at a bombarding energy

search Scholar of Japan. E.p(3°Cl) = 280 MeV. This significantly extends the known
"Present address: Department of Chemistry, University of Rocomplete FF excitation function for this reaction. In addition,
chester, Rochester, NY 14627. fragment-fragment correlation data have been collected to
*Permanent address: partement de Physique, Universite  check the relative importance of mechanisms other than sec-
Nice-Sophia-Antipolis, F-06034 Nice, France. ondary particle emission for the high excitation energy
SPresent address: Faculies Sciences I, Universitdlassan Il,  (E¢y = 85 MeV) in the compound system reached by this
Casablanca, Morocco. reaction. Light-fragment emission from the reaction frag-
'Present address: GANIL, F-14021 Caen Cedex, France. ments can lead to a “charge deficit” between the observed
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and entrance-channel charge. The charge deficits in the
present measurement are extracted from the coincidence data 26 |

in order to verify that they follow the systematic trend that 24 F .
has been found with previously published results, thus con- 2 F .
firming the binary nature of the reaction. No evidence is seen 20 F .
for the onset of ternary processes for incident energies lower I8 F .
than 10 MeV/nucleon. i6 F i

It is known that the secondary and sequential light- 4k .

charged-particle emission from the fully accelerated binary- N 5 |
decay fragments increases with energy. Nevertheless, the 0k
properties of the primary fission fragments can be deduced, 8 bsecond kinematic
even at energies as high as 280 MeV, by using the coincident ¢ L Soturion b
data. As found at the lower energies studjée-3] the hy- 4k
2
0

First Kinematic =
n, Z8 Solution |

pothesis of CN formation followed by a statistical decay is
supported by the present data. Further, the measured FF ex-

Vo COS (©)

citation function for each fragment atomic number is found 0 1 2 3 4 5 6

to be compatible with the choice of mass-asymmetric- V(em/ns)

dependent fission barriers used in the transition-state model

calculationg 6]. FIG. 1. Two-dimensional charge vs velocity contour plot of the

A brief description of the experimental techniques isfragment invariant cross sections measured f5€I+'%C at
given in the next section. The experimental results of theE,,,=278 MeV at6,,,=—7°. The dot-dashed line corresponds to
single and coincidence measurements are presented in Séte CN recoil velocity whereas the dashed line is the velocity of the
IIl. These results are then discussed in Sec. IV within theprojectile. The solid lines have been calculated using the Viola
framework of two distinctly different FF pictures based uponsystematics as discussed in the text.
whether the saddle poif®] or the scission poirit7,8] deter-

mines the fission decay rates. normalization of the measured differential cross sections was
determined from an optical model analysis of the elastic scat-
tering measured at the more forward angles using potential
parameters found to fit accurately the lower energy data for
The investigation of the®*Cl+*°C reaction has been the same reactiof2].
achieved at the Strasbourg 18 MV MP Tandem and the A typical two-dimensional chargeZ) versus velocity
Saclay Booster Tandem facilities by means of kinematica(v) contour plot of the fragment invariant cross sections is
coincidence techniques. Further details of the experimentajiven in Fig. 1 foré,,,=—7°. The velocityv has been de-
methods can be found elsewh¢3,5] in the experimental duced by using the empirical mass formula of Charity and
descriptions for the lower energy measurements. The expereollaboratorg13] on the basis of an event-by-event analysis.
ments at the highest energy were performed with the 278 Fhree distinct zones can be clearly identified. The first,
280 MeV pulsed beams, provided by the Saclay postaccelvhere Z is close to that of the projectileZ=17), corre-
erator, focused onto a 10@g/cm? thick, self-supporting sponds to the quasielastic group having a mean velocity
12C target mounted at the center obtB m wide scattering close to that of the projectilevg). For higherZ (Z=18) the
chamber “chambre 2000.” Some data which will be pre-fragment velocities are well centered around the CN recaoil
sented in the discussion were also recorded with a 25%elocity (vcy) and thus correspond to fusion-evaporation
wglem? thick 2*Mg target for a study of the®®Cl+2*Mg  residues(ER’s). The third class of events is distributed on
reaction[9]. During the course of the experiment at 280 two, well-separated velocity branches which merge together
MeV the reaction products were detected, in a singles modesZ is increased, as expected for binary-decay processes in a
either with four small size\E-E telescopeglocated in the reverse kinematics reaction. It is observed that the two
10°-35° angular range with a 2° step incremgeach con- branches which correspond to the two allowed kinematic so-
sisting of a gas ionization chamber followed by a 50t  lutions overlap gradually as the detection angles are in-
thick Si(SB) detector(IC), or with a large size, movable, creased. The two groups belonging to the second solution
Bragg curve spectrometéBCS) [11] covering the 2.5°-12° arise  either from asymmetric-fission = components
angular range with 1° steps. The experimental setup for th€6<7Z<10) or from symmetric-fission components which
coincidence experiment &,,=278 MeV was very similar are mixed with deep-inelastic(DIl) collisions events
to that used for the inclusive experiment and consisted of11<Z=<15) with large mass transfer.
seven ionization-chamber telescopes in the reaction plane be- In the following, the properties of the binary fragments
tween—37° and+85°. belonging to this last class of events will be discussed in
The energy calibrations of the BCS and IC’s were ob-detail. These fragments arise from fully energy-damped re-
tained using elastically scatteré@Cl| projectiles from a 100 actions. This fact is illustrated by the solid lines drawn in
wglem? thick Au target and from the C and Mg targets, Fig. 1 which have been calculated by using the Viola sys-
combined with measurements @fsources and a calibration tematicq14] for symmetric-fission fragments. The velocities
pulser. On an event-by-event basis, corrections were applieef the non-symmetric mass fragments have been corrected by
for energy loss in the target and IC’s window foils and for the following asymmetric factof15,3): 4Z,Z,/(Z,+Z,)?,
the pulse height defect in the Si detectptg]. The absolute whereZ, , are the charges of the outgoing fragments.

Il. EXPERIMENTAL PROCEDURES
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ll. EXPERIMENTAL RESULTS The centroids of the first kinematic solution have been

ﬁxtracted for eaclZ in order to deduce their total kinetic
energy(TKE) values assuming two-body kinematics in the

E,.,=278 MeV and presented in Fig. 2 fék,,= —7°. The center-of-masgc.m,) frame. The results are shown in Fig. 3.

heaviest fragments belonging to the second zone, discussg@e.mdependence of the TKE’s and of t_he differential cross
in the previous section and displayed in Fig. 1, have typicaP€ctionsdo/dé (not shown on the scattering angle for each
ER energy spectra arising from the statistical decay of th&Xit ghannel indicate thgt the lifetime of the dinuclear com-
fully equilibrated CN formed in a complete fusion process.Plex is longer than the time needed to fully damp the energy
This is confirmed by the excellent agreement found for ERIN the relative motion of FF and DI processes. The average
with Z=18 with the expectations of the Monte Carlo code TKE values, also plotted in the inset of Fig. 3 as a function
LILITA [17] as shown by the black histograms of Fig. 2. It is of Z, are found to be very close to the values extracted at
worth noting that, according to the fusion systematics oflower incident energiefsl, 2|, with only small variations with
Morgenstern and collaboratof$6], less than 5% of the ob- the incident energy, in contrast to what can be expected for a
served ER vyield is expected to arise from an incomplete fubl orbiting mechanisnj18]. The dashed line is the result of
sion process. The ER components of thes¥4<17 energy a calculation of the equilibrium model for orbitifd8] with
spectra have been extracted from other binary-reaction conthe parameter set used previously at lower bombarding ener-
ponents(yields have been generated by a model to be disgies[2]. The large discrepancies are essentially due to an
cussed in Sec. IVwith the aid of theLILITA simulations at  overestimation of the TKE rotational term induced by ne-
each angle. The energy spectra of the lightest of the fragglecting diffuse-surface effects in the calculations performed
ments (5<Z<12) are dominated by the third class of eventswithout corrections for secondary light-particle emission. On
discussed in the preceding section and have typical charathe other hand, the results of FF model predictignkich
teristic Gaussian shapes whose centroids correspond to bill be discussed in the following sectipnincluding both
nary breakup with full energy damping, consistent with thethese effects, are shown by the solid line to be very close to
Viola systematic$14]. The increasing yields at low energy, the mean values of experimental data. Furthermore the aver-
near the experimental energy threshold, arise from the se@ge TKE value corresponding to symmetric mass splitting is
ond allowed kinematic solution. close to the prediction of Violdal4] and to that of more

Inclusive kinetic energy spectra were measured for eac
Z fragment produced in the3Cl+%C reaction at
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- T T T ' T T T scattering, whereas the second and smaller peak at 55° might

correspond to a fast neutron transfer process. Similar narrow
30} peaks are observed at comparable angles in other correlations
0L B Sghgggy st with (Z,=17 andZ,=5) and ;=16 andZ,=6) that may
L be attributed to quasielastic proton stripping or pickup pro-
30 - cesses. More fully damped processes have larger width cor-
0L € ooccecc o8 ¢ relations which are peaked at smaller angles. The role of
Z secondary light-particle emission will be to broaden these
30 3 distributions, but without significantly affecting the centroids
T o[ N wgsitiE @ : of the correlations.
s P 35ey 4 12¢ In previous experiments using projectiles of mass
~ 30} E =280 MeV Aproj= 32—-40 on various targets, events corresponding to the
Yool o0 geeezde emission of three heavy fragment&*5) have been found
— & to occur significantly(at a 10% level only at higher bom-
30 S DR barding energie$10—15 MeV/nucleoh[23—25. More re-
0L F i3 itd < 1] . cently, however, there has been evidence cited in the litera-
P 2 ] ture[26,27) for three-body events if?S induced reactions at
30 - 5 M 3 lower energieg4—6 MeV/nucleoin
0L Ne 282 §3f = L. E In the following we investigate this possibility of three
7 2°§ fragment emissions in the present exclusive data through the
30 { SE 7o e 0T analysis of theZ,-Z, coincident yields which have been en-
20 Na §iig t z ergy integrated foZ, ,=5. TheZ,-Z, correlation results are
’; L 1'0 L 2'0 ' 3'0 L 4'0 displayed in Fig. 6 for the indicated angle settings. The di-
agonal lines given by, +Z,=2Z 4 Zizger= Zon= 23 COI-
@lob (deg) respond to binary reactions with no light-charged-particle

evaporation. The majority of events are found to occur near
FIG. 3. Laboratory-angle dependence of the center-of-mas€twt=20—21, regardless of whether the exit-mass partition is
TKE values for the fully damped fragments from tReci+22c ~ Symmetric or not. Thus the most probable missing charge
reaction as measured Bf,,= 280 MeV. Averaged TKE values are AZ was found to be around 2 charge units, which is most
plotted as a function of the atomic number in the inset along withlikely lost through particle emission from either the excited
the DI model(dashed lingand EHFM+cascapE (solid ling) cal- ~ composite system or a secondary sequential evaporation

culations discussed in the text. from one of the binary-reaction partners. In order to perform
a more quantitative analysis of these processes we have plot-
recent systematics well suited for light heavy igag)]. ted in Fig. 7 and Fig. 8 the coincident yields as a function of

The experimental elementZl distribution (full points) of ~ the missing charge for the chosen angle settings. These re-
the integrated fully damped yieldfor Z<12) and ER cross Sults are discussed in the next section.
sections are plotted in Fig. 4 with two statistical model cal-
culations (histogramg which will be discussed in detail in IV. DISCUSSION AND CONCLUSION
the next section. Because of the potential mixing with large
DI componentgwhich might be composed of either partially ~ The spectra of the summed missing charge, displayed in
or fully damped yields no attempt has been make to extractFig. 7, have typical Poisson-like distributions with most
the FF yields forZ=13 and 14. The total FF and ER cross probable value\ =(AZ):
sections arerpe=25.0=4.5 mb andogg= 763+ 100 mb, re-
spectively. The corresponding critical angular momentum is P(AZ)x\4%e M AZ!.
L¢it=27.5=2.51 as calculated by using the sharp cutoff ap-
proximation. This value is taken as an input parameter for The corresponding fits by using this expression are also
the statistical model calculations discussed in the next seaiven in the figure. The angular dependence of the maxima
tion. gives an estimate of the energy transferred into the fragments
The possible occurrence of ternary processes that involvaccording to the two-body kinematics. It should be noted that
three massive fragments in competition with the binary-a nonstatistical emission, such as a three-body breakup
decay mechanisms has been searched for in the fragmemechanism, will produce enhanced yields superimposed on
fragment coincidence experiment. The angular correlationthe exponential decrease of the Poisson-like shapes at large
obtained are displayed in Fig. 5 for the indicated charge parAZ values as shown previously fdfS induced reactions at
titions and angle settings. They are found to peak at well10 MeV/nucleon bombarding energig28]. The data of the
defined angles betweeh =30° and 50°, independent of the individual missing charges of Fig. 8 are furthermore reason-
charge partition, indicating that the fragments have a domiably well reproduced by a statistical model calculation that
nant two-body nature as expected for energies lower than 1@ill be presented later in this section.
MeV/nucleon[20—-22. The peak positions in the correlation ~ An average charge-deficit value ¢AZ)=1.74 is then
functions are a measure of the reacti@rvalue for the pri- obtained when only the fully damped events are taken into
mary decay. As an example the large and narrow peak foaccount. This value is appreciably larger than the one mea-
Z,=17 andZ,=6 has the position expected for the elasticsured for the same reaction &,,;,=200 MeV [2,3]
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FIG. 4. 3Cl+ 2C elemental distributioripoints measured aE,,,= 280 MeV compared to two statistical model calculations discussed
in the text. The open and solid histograms correspond to EHEMCADE and TSM calculations, respectively.

(AZ)y=0.96. This result confirms that the charge deficit in-statistical evaporation from equilibrated nuclei. To illustrate
creases linearly with the c.m. bombarding energy and thuthis the average charge-deficit values obtained in the present
with the total excitation energy available in the compositework along with a collection of other data taken from the
system[22] and indicates that the emission process is thditerature [21,22 have been plotted against the c.m. bom-
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FIG. 6. Cross sections for coincidence events between two L L1

heavy fragments with charg®, andZ, measured, respectively, for 0 2 4 6 8100 2 4 6 810

35CI+1°C at E|,,=278 MeV for the indicated angle settings for
which 6,=—7°. The size of the squares is linearly proportional to AZ = ZCN - (ZI + Zz)
the relative intensity of the pair. The solid lines correspond to bi-
nary reactions without light-charged-particle emission from the

FIG. 7. Summed charge deficits as measured3fa@i+ 1°C at
fragments.

E.,=278 MeV for the indicated angle settings for which

. - ) #,=—7°. The solid lines are Poisson distribution fits as explained
barding energy in Fig. 9 as proposed by Winkétral. [22]. inlthe text. P

The two 3°Cl+ 1%C data points are shown as stars, whereas
the point measured for th&°Cl+2*Mg reaction[29,30 is  the proposed systematics for this behavior quite well, in con-
shown as an open cross. The linear dependence is fitted Igast to the data df26,27]. The absence of ternary events in

the following relationship: the present measurement is consistent with results fttsn
induced reactions where evidence of three-body processes is
(AZ)=0.048 (E.,—37.12, only seen at incident energies higher than 10 MeV/nucleon

[28]. It can be surmised that, in the present experiment, the
where the c.m. energy is in units of MeV. This behavior isinclusive cross sections measured for the light&strag-
shown as a straight line in Fig. 9. An energy threshold ofments £=<12) arise from a fully damped binary process,
about 37 MeV is found for the emission of light-charged such as FF, followed by a sequential emission of light-
particles and an excitation energy increase of 21 MeV igharged particles and neutrons. In the subsequent discussion
required on average for the emission of one unit of particleve will consider these fragments as FF fragments.
charge in qualitative agreement with previous analyses In Fig. 10 the strongest FF channels for tFRCI+ °C
[22,28. Similar conclusions have also been reached fronreaction measured &,,,=280 MeV in this work are pre-
inclusive measurements of ER mass distributif®%] and  sented individually for each element along with the previ-
from exclusive measurements on the decay of projectilelikeusly published datél,2,33 betweenE,,;,=150 MeV and
fragments in the intermediate energy domi@@]. These re- 200 MeV. This provides experimental elemental excitation
sults suggest that the emission occurs as a statistical evapfamnctions to which statistical-model calculations can be com-
ration from equilibrated nuclei. pared.

In summary, the present charge-deficit results are consis- The FF cross sections rise rapidly with increasing bom-
tent with a statistical decay of binary fragments and followbarding energies and then more slowly at higher energies.
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FIG. 8. Individual charge deficitsolid histogrampas measured fot°Cl+ 2C atE,,,=278 MeV for each charge with the chosen angle
setting. The dashed histograms are the results of the EHEAMcADE calculations discussed in the text.

This behavior is a characteristic signature of a statistical CNparticle (h, p, and a) evaporation and FF as the possible
emission. Therefore it is not surprising that the experimentatiecay channels in a single and equivalent way. The extended
elemental excitation functions are very well explained in theHauser-Feshbach meth@BHFM) assumes that the fission
framework of statistical model calculatiof6,7] as shown

by the results given in Fig. 4 for two types of models.
The first model is based upon the transition-state theoryypothesis and then follows the system by first chance binary

[6] for which the fission width is assumed to depend on thission or light-particle emission and subsequent light-

available phase space of the saddle point. The second modgl ticie and/or photon emission. In the following the full

corresponds essentially to an extension of the Hause
Feshbach formalisrf7,8] which treatsy-ray emission, light-

probability is proportional to the available phase space at the
scission point. Both calculations start with the CN formation

Brocedure of EHFM, including secondary emission, will be
called EHFMt-cAscADE. For instance it is clearly shown
from the EHFM calculations of Fig. 8 that the sequential
emission plays an important role in the deexcitation scheme.

- 1 1 I 1
6 ® = 5.5 In the transition-state model the geometry of the saddle
sboac gy - point, including the role of the fragment deformation, is fully
m=seYca e determined by macroscopic energy calculations. The mass-
A 4F o=Usams " asymmetric fission barriers are calculated following the pro-
N & = Cle¥utg o cedure outlined in the liquid drop model of SiefB4] in
< sk x=%as2c Al i order to incorporate effects resulting from finite range of the
v o nuclear interaction and the diffuseness of the nuclear surface
2k 0. i [35]. Both FF and ER yields are calculated using a modified
_______ e version of the codecAscaADE [36]. The effect of light-
i+ * 0 . particle emission from the fission fragmer@gnificant at
............ high excitation energy as shown previoyshn the observed
U 4'0 5'0 6'0 7'0 8'0 9'0 1(')0 ];0 ];0 1;0 element distributions was smul_gted using the bmary—decay
option of LILITA [17]. The transition-state model is aab
E, , (MeV) initio calculation based on our current best understanding of

the macroscopic energies of light systems. This calculation

FIG. 9. Systematics of the measured charge deficits. The dotte§@ds to certain results which appear to agree well with ex-
line is the result of a least-squares fit procedure discussed in tHeeriment[6]. In the following the full transition-state model
text. The stars and open cross symbols correspond to the data pi@dlculations with sequential decay will be labeled TSM.
sented in this work, whereas the other symbols are results taken The EHFM is an alternative approach using the phase
from other works.

space at the scission point to determine relative probabilities.
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pected, to be negligible in this mass region and, therefore,
prescission emission was not taken into account in the decay
process. The results of the calculated postscission emission is
illustrated in Fig. 8 by a comparison with the experimental
data. EHFM+CASCADE is capable of predicting not only the
fission fragment and ER vyields, but also the FF kinetic-
energy distributions and their TKE mean values as shown in
Figs. 2 and 3, respectively.

The input parameters of the two models are basically the
same. In each case, the diffuse cutoff approximation has
been assumed for the fusion partial-wave distribution using a
diffuseness parameter df=1# andL; values as calcu-
lated from the experimental total fusion cross sections given
in the previous section or taken from previous measurements
[1-3] at the lower bombarding energies.

The predictions of both approaches can be compared to
fully damped yield data in Figs. 4 and 10. A disagreement
between the model calculations and the experimental results
as seen in Fig. 4 corresponds to a too large observed mass
asymmetry. However, the predictions of EHFMASCADE
and TSM displayed in Fig. 10 provide a quite satisfactory
agreement of the general trends of the€l+ 1°C experimen-
tal data over the whole energy range explored. This might be
a good indication of the validity of the hypothesis that the
saddle-point shape almost coincides with the scission point
configurations in this mass regi¢6—8|.

The mass-asymmetric-dependent fission barriers of Sierk
[34], which are central to the success of the TSM calcula-
tions[6], appear to be appropriate in a first-order analysis of
the experimental®Cl+%C FF excitation functions. Al-
though more detailed theoretical approaches to the fission
barriers will be needed in this mass region along with other
excitation-function measurements for “subthreshold” bom-
barding energies, the extracted “fission thresholds” appear
to be quite well understood within a systematic framework
which has been recently establisfd®|. Experimental stud-

ies are being currently undertaken in order to precisely de-
termine the angular momentum dependence of the mass-
asymmetric fission barriers of light nucleus in this mass
In the EHFM calculations the scission point can pe viewec{eg-:-oon'summarize, the measured yields of fully energy-
as an ens_emble of two, near-touching spheres which are Co%;amped binary fragments from tH&CI+ 12C reaction at 280
nected with a neck degree of freedom. The value of the nec Iy L .
length parametefor separation distanges=3.0=0.5 fm is eV have bee_n analy_zed as arsing from a f|ss_|on Process, in

gih p p
chosen, as is commonly adopted in the literafi@@7—39 accordance vy|th_ previous findings at lower |nC|.dent energies
for the mass region of interest. The large values aised for [1-6]. The coincident data do not ShO\.N any evidence for the
the neck length mimics the finite-range and diffuse-surfac@ccurrence of three-body processes, in contrast to recent ob-
effects[6] of importance for the light-mass systeffi®,35 servations fc.)r.a similar system at a comparable energy. The
and, as a consequence, this makes the scission configuratiorfd12rge deficits” found in the measurement are well de-
closely resemble the saddle configurations of the Siericribed by a complete extended Hauser-Feshbach statistical-
model[34]. A systematic study of a large number of systemsmOde| calculation which takes into account the postscission
[7,8] allows the parameters of the model to be fixed so as tdight-particle evaporation and, thus, can be well understood
achieve good agreement with the experimental results. Re&s the result of the sequential decay of hot binary fragments.
cent studie$8] in the framework of EHFM have led to sciss- This is in agreement with the systematic behavior that has
ion configurations being deduced for the lighter systems bebeen established for other reactions studied at bombarding
ing studied[8]. energies below 10 MeV/nucleon. The experimentaT|+

In EHFM+CASCADE the calculations are performed by %C elemental FF excitation functions have been successfully
assuming first chance fission which is then followed by adescribed within the framework of the statistical model
sequential emission of light-charged particles and neutronbased on either the saddle-point picture or the scission point
from the fragments. Second chance fission is found, as epicture. The mass-asymmetric-dependent fission barriers

FIG. 10. Experimentaf°Cl+ 2C FF elemental excitation func-
tions (pointy compared with the TSM calculatiorisolid lines and
EHFM+caAscADE calculations(dashed lines respectively.



54 35Cl+12Cc ASYMMETRICAL FISSION EXCITATION ... 235

needed in the transition-state model calculations are found tsupport. S. Leotta and S. Reito from Catania are also warmly
be appropriate in this mass region. thanked for their assistance during the setup of all of the
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