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Abstract. A quantitative understanding of fusion dynamics at high angular momentum is attempted employing
experimental fission cross sections as a probe and carrying out a simultaneous description of the fusion and
fission cross sections at above barrier energies. For this, experimental fission fragment angular distributions
for three systems: 16O+148Sm, 28Si+136Ba and 40Ca+124Sn, all forming the same compound nucleus 164Yb at
similar excitation energies, have been measured at four beam energies above their respective capture barriers.
A simultaneous description of the angle integrated fission cross sections and evaporation residue/fusion cross
sections available in literature for the systems is carried out using coupled-channels and statistical model cal-
culations. Fission cross sections, which are most sensitive to the changes in angular momentum, provide very
stringent constraints for model calculations thus indicating the need of precision evaporation residue as well
as fission cross sections in such studies. A large diffuseness (ao>0.65 fm) of the nuclear potential gives the
best reproduction of the experimental data. In addition, different coupling schemes give very different angu-
lar momentum distributions, which, in turn, give very different fission cross section predictions. Both these
observations hint at the explanation that depending on energy dissipation of the interacting nuclei occurring
inside or outside the fusion pocket, very different fission cross sections can result due to heavily altered angular
momentum and thus justifies the sensitivity of fission cross sections used as probes in the present work.

1 Introduction
Understanding fusion dynamics around the Coulomb bar-
rier remains a topic of continued interest, particularly,
due to a strong competition between compound and non-
compound nuclear processes, altering the evolution of
the compound nucleus (CN) formed by heavy interact-
ing nuclei. This is especially important in heavy ele-
ment (Z>100) synthesis where these competing processes
strongly suppress CN formation [1]. Another observation
challenging our understanding of the fusion process has
come from a systematic study of fusion cross section mea-
surements for a large variety of projectile-target combina-
tions [2]. Here, a large value of the diffuseness param-
eter of the Woods-Saxon form of the nuclear potential,
ao ∼0.7-1.4 fm, was found to be required to reproduce
the experimental fusion cross sections. This is in contrast
to the value of ao=0.65 fm generally used for describing
elastic scattering [3]. It was suggested in Ref. [2] that the
large ao values might be mocking up some dynamical ef-
fects not taken into account in model calculations for the
fusion process.
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A large diffuseness results in a barrier shifted to lower
radius values and a shallow fusion pocket [4]. In model
calculations, fusion is generally described to occur when
the interacting nuclei dissipate energy inside the fusion
pocket where they are trapped, thus forming a CN. How-
ever, the system might dissipate energy not just inside but
also outside the barrier. This might alter the flux of trajec-
tories reaching inside the barrier, leading to reduced fusion
cross sections and, as a result, different angular momen-
tum (l) distributions. Thus, the diffuseness parameter be-
comes an important parameter in such model calculations
and the origin and implications of its large value should be
investigated.

Dissipative effects are expected to be significant at
higher bombarding energies and angular momenta. The
effect of angular momentum in fusion could be probed by
measuring the fission fragments, as fission is highly sen-
sitive to the changes in angular momentum. This is be-
cause fission cross sections depend on the height of the
fission barrier, which is angular momentum dependent.
Previous works [5, 6] demonstrated a significant variation
in the fission cross sections when different l distributions
were used in the model calculations. In this work, we
test the sensitivity of fission cross sections on angular mo-
mentum by a systematic measurement of fission cross sec-
tions for the 164Yb CN populated through three different
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entrance channels, namely, 16O+148Sm, 28Si+136Ba and
40Ca+124Sn. Fission fragment angular distributions have
been measured for these systems at four beam energies
above their respective Coulomb barriers. Simultaneous
descriptions of fission cross sections from the present mea-
surement and the evaporation residue/fusion cross sections
available in the literature have been carried out using cou-
pled channels and statistical model calculations.

2 Experimental Details

Fission fragment angular distributions were measured sep-
arately for the three systems using the 14UD electrostatic
tandem accelerator at the Heavy Ion Accelerator Facility
at the Australian National University, Canberra. Pulsed
beams, separated by 107 ns, of 16O (laboratory beam en-
ergy, Elab

b =81-110 MeV), 28Si (Elab
b =130-152 MeV) and

40Ca (Elab
b =166-191 MeV) were bombarded onto 148Sm

(30 µg/cm2 + 40 µg/cm2 12C backing), 136Ba (40 µg/cm2 +

12 µg/cm2 12C backing) and 124Sn (17 µg/cm2 + 12 µg/cm2

12C backing) targets respectively, oriented at ∼30◦ or 45◦

with respect to the beam axis, at four beam energies above
their respective Coulomb barriers. Charged particles aris-
ing from the reactions, namely, the fission fragments fol-
lowing fusion of the systems, elastically scattered beam
particles and recoils were detected using the CUBE spec-
trometer [7] which consists of two large area Multi-Wire
Proportional Counters (MWPC) with an active area of 27.9
cm x 37.5 cm each. For all three measurements, one detec-
tor (MWPC 2) was placed at forward angle with respect to
the beam axis, corresponding to the detector center at po-
lar angle of θ2=45◦, giving an angular coverage from 5◦

to 80◦ and azimuthal angle of φ2=0◦. The other detector
(MWPC 1) was placed at backward angles with respect to
the beam axis, the angle depending on the expected folding
angle of the fission fragments from each reaction, and with
φ1=180◦. For the 16O+148Sm and 28Si+136Ba measure-
ments, MWPC 1 was centered at θ1=135◦, giving an an-
gular coverage from 95◦ to 170◦, while for the 40Ca+124Sn
measurement, the detector center was at θ1=90◦, giving
an angular coverage of 55◦ to 130◦. Both MWPCs were
placed 18 cm away from the center of the target. Two sil-
icon surface barrier detectors were also placed out of the
reaction plane at θlab

m ∼23◦ to serve as monitors.
Energy loss and time of flight signals with respect to

the beam pulse from each detector were recorded on an
event by event basis. The timing signals were taken from
the central cathode foils of each MWPC. A 2D plot show-
ing the raw timing signals from each MWPC obtained in
the 40Ca+124Sn measurement is shown in Fig. 1 where the
fission events are clearly distinguishable from the elastics
and recoils. For measurements of the other two systems,
only the fission events were collected in the coincidence
gate due to the thresholds set in the electronics for re-
jection of elastics. The position information from each
MWPC was obtained from the delay line readouts from
both ends of the X and Y anode wires (1 mm apart). Sig-
nals from MWPC 2 were always recorded in coincidence
with MWPC 1 to reduce the dead-time of the acquisi-
tion system. A pulser signal fed through the scaler and
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Figure 1. (Color online) Raw timing signals, from the central
cathodes of the two MWPCs, recorded in the 40Ca+124Sn mea-
surement.

data acquisition was used for the dead time corrections in
the fission data. For the position calibration, events were
recorded in singles mode, in which the entire active area
of the detector gets illuminated. Thus, from the known po-
sitions, in mm, of the detector edges, position calibration
was done. Time calibration of the delay lines was done
by inputting pulses separated by 10 ns from an ORTEC
time calibrator into the delay lines and recording the out-
put pulses. The solid angle normalization of the fission de-
tectors was done using elastic scattering measured at beam
energies much below the Coulomb barrier at 74.3 MeV
and 184.2 MeV for the 28Si+197Au and the 40Ca+197Au
reactions respectively.

3 Analysis and Results

The data analysis has three parts, (i) extracting the ex-
perimental fission cross sections from the measured angu-
lar distributions, (ii) coupled-channels calculations to get
best reproduction of the experimental fusion cross sections
and obtain the respective l-distributions (iii) using these l-
distributions as input to statistical model calculations for
fission cross section prediction.

3.1 Experimental fission cross sections

From the position information, the angles of the detected
particles and from the timing information, their veloci-
ties were estimated. These velocities were then converted
into masses using the kinematic coincidence technique de-
scribed in the Appendix of Ref. [7]. By putting gates
on the timing signals in Fig. 1, the fission events were
clearly selected and yields corresponding to 5◦ angle bins
were extracted. These were corrected for solid angle to
get the differential fission cross sections. The cross sec-
tions were converted from laboratory frame to the center of
mass frame assuming symmetric binary fission and taking
the kinetic energy of each fragment to be half of the total
kinetic energy (TKE), where TKE is estimated from Viola
systematics [8]. The experimental differential fission cross
sections thus obtained are shown in Fig. 2 by filled points.
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cathodes of the two MWPCs, recorded in the 40Ca+124Sn mea-
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data acquisition was used for the dead time corrections in
the fission data. For the position calibration, events were
recorded in singles mode, in which the entire active area
of the detector gets illuminated. Thus, from the known po-
sitions, in mm, of the detector edges, position calibration
was done. Time calibration of the delay lines was done
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time calibrator into the delay lines and recording the out-
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tectors was done using elastic scattering measured at beam
energies much below the Coulomb barrier at 74.3 MeV
and 184.2 MeV for the 28Si+197Au and the 40Ca+197Au
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3 Analysis and Results

The data analysis has three parts, (i) extracting the ex-
perimental fission cross sections from the measured angu-
lar distributions, (ii) coupled-channels calculations to get
best reproduction of the experimental fusion cross sections
and obtain the respective l-distributions (iii) using these l-
distributions as input to statistical model calculations for
fission cross section prediction.

3.1 Experimental fission cross sections

From the position information, the angles of the detected
particles and from the timing information, their veloci-
ties were estimated. These velocities were then converted
into masses using the kinematic coincidence technique de-
scribed in the Appendix of Ref. [7]. By putting gates
on the timing signals in Fig. 1, the fission events were
clearly selected and yields corresponding to 5◦ angle bins
were extracted. These were corrected for solid angle to
get the differential fission cross sections. The cross sec-
tions were converted from laboratory frame to the center of
mass frame assuming symmetric binary fission and taking
the kinetic energy of each fragment to be half of the total
kinetic energy (TKE), where TKE is estimated from Viola
systematics [8]. The experimental differential fission cross
sections thus obtained are shown in Fig. 2 by filled points.

The energies indicated in the figure which have been used
while extracting the cross sections have been corrected for
energy loss at the target center and converted to the cen-
ter of mass frame. Due to limitations on the angular range
covered with even such large area MWPCs, extrapolation
of differential cross sections to 90◦ and 180◦ is required in
order to extract the angle integrated fission cross sections.
For this, the experimental differential cross sections were
fitted with transition state model calculations for spin zero
nuclei as done in Ref. [9] and are plotted in Fig. 2 as lines.
The angle integrated fission cross sections thus obtained
are given along with their errors in Fig. 2 and are plotted
below in Fig. 4, 5 and 6 by filled squares.

3.2 Coupled-channels calculations

All coupled-channels (CC) calculations were carried out
using the code CCFULL [10]. In this, it is necessary to
constrain the potential parameters, the depth Vo, radius pa-
rameter ro and the diffuseness parameter ao. This was done
as follows: (i) Starting with an initial set of Vo=200 MeV,
ro=1.0 fm and ao=1.0 fm, the parameters were varied it-
eratively to fit the experimental fusion cross sections for
the systems taken from literature. In doing so, the uncou-
pled barriers quoted in literature for the systems, namely,
Vb=59.8 MeV [11] for 16O+148Sm and Vb= 118.6 MeV
[12] for 40Ca+124Sn, were also reproduced. (ii) Next, the
experimental fusion barrier distributions were extracted
from the fusion cross sections available in literature for
each system using the three point difference method de-
tailed in Ref. [13]. (iii) Inelastic states of the projectile
and target were added one by one and checked iteratively
to see coupling of which state gives a substantial change
in fusion cross section predictions and also simultaneously
fits the experimental cross sections as well as barrier distri-
butions. Once a satisfactory fit to both was obtained, these
couplings were used for final calculations and the potential
parameters fine tuned. The best fit potential parameters for
all three systems required ao>0.65 fm. Another set of cal-
culations keeping the best fit Vo and ao=0.65 fm was done
where the ro value was varied to get the same uncoupled
barrier as the set with the larger ao. Thus, in the following,
predictions of the CC and statistical model calculations are
always shown for two sets of diffuseness, one with the fit-
ted larger ao and the other with ao=0.65 fm.

As a representative of the above described procedure,
in Fig. 3, are shown the experimental fusion cross sec-
tions for the 16O+148Sm system (filled circles) taken from
[11, 14–16] plotted in the linear (Fig. 3(a)) and logarithmic
scale (Fig. 3(b)) while the barrier distribution extracted
from the data in the present analysis is plotted in Fig. 3(c).

For CC calculations, 16O was considered inert while
for 148Sm, a rotational coupling including static deforma-
tion with β2=0.18 and β4=0.05 was considered as done in
[11]. In addition, a 3− vibrational state in 148Sm (see Ta-
ble 1 for details) was also coupled. The best fit poten-
tial parameters which simultaneously reproduce the ex-
perimental fusion cross sections, barrier distribution as
well as the uncoupled barrier of Vb=59.8 MeV [11] are

Table 1. Details of the vibrational states used in the CC
calculations for the three systems studied in the present work.
All the B(E2↑) have been taken from [17] and B(E3↑) values

from [18].

Nucleus Jπ Ex λ B(Eλ↑) βλ
(MeV) (e2bλ)

148Sm 3− 1.161 3 0.2911 0.1418
28Si 3− 6.878 3 0.0042 0.4007

136Ba 2+ 0.818 2 0.410 0.1258
3− 2.532 3 0.155 0.1253

40Ca 3− 3.737 3 0.184 0.411
124Sn 2+ 1.132 2 0.1660 0.0953

3− 2.603 3 0.073 0.1056

Vo=294 MeV, ro=0.898 fm and ao=0.99 fm. For the set
with ao=0.65 fm using the same Vo=294 MeV, ro=1.076
fm. From Fig. 3, it is clear that the larger diffuseness of
ao=0.99 fm (solid line) gives the best fit to the experimen-
tal data as well as barrier distribution. The better agree-
ment is especially clear at above barrier energies. The l-
distributions obtained from above procedure were used for
the statistical model calculations.

For the 28Si+136Ba calculations, due to the unavailabil-
ity of fusion cross sections for the system, those corre-
sponding to a nearby system, 28Si+142Ce, taken from [19]
were used. In the CC calculations, the 3− state of 28Si and
the 2+ and 3− states in 136Ba, with the deformation param-
eters given in Table 1, were coupled as vibrational states.
While comparing the CC results for 28Si+136Ba with the
experimental 28Si+142Ce fusion cross sections, the geo-
metrical effects were effectively accounted for using the
reduction procedure described in [20], where σ f us →
σ f us/(A

1/3
p +A1/3

t )2 and Ec.m. →Ec.m.(A
1/3
p +A1/3

t )/(ZpZt).
Scaling factors for σ f us of 0.0147 and for Ec.m. of 0.0102
for the 28Si+142Ce and 0.0149 and 0.0104 respectively for
28Si+136Ba were thus obtained. The best fit potential pa-
rameters for this system are: Vo=194.5 MeV, ro=0.971
fm, ao=0.89 fm and for ao=0.65 fm, Vo=194.5 MeV and
ro=1.064 fm.

A comparison of the CC results with the experimental
fusion cross sections, showed that inelastic coupling alone
was unable to reproduce the experimental cross sections,
especially at below barrier energies (see Fig. 5 below).
Thus, in addition to the inelastic states, transfer coupling
was done for two different Q values, the 2n transfer with
Q=3.002 MeV and an effective Q value, corresponding to
the 2n+4n transfer with Q=5.133 MeV. These two sets of
calculations were carried out to investigate which of them
gave the biggest variation in the predicted cross sections.
To account for the re-normalization of the barrier intro-
duced due to transfer coupling, keeping Vo=194.5 MeV,
the radius parameter was tweaked for the two different dif-
fuseness. The strength parameter, Ft, was varied in steps
and a final value of Ft=0.5 MeV was obtained which gave
satisfactory reproduction of experimental fusion cross sec-
tions.

For the 40Ca+124Sn system, fusion evaporation cross
sections were taken from [12, 21, 22]. Similar to the pro-
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Figure 3. (Color online) Experimental fusion cross sections
taken from [11, 14–16] (filled circles) plotted in the (a) linear
and (b) logarithmic scale. The experimental barrier distribution
extracted from the fusion data is plotted by the filled circles in
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ao=0.99 fm while the dot-dash line are CC results for the same
coupling scheme but using ao=0.65 fm.

cedure done for the other two system studied in the present
work, the CC calculations for 40Ca+124Sn were done ini-
tially by coupling only the inelastic states, namely, the 3−

state in 40Ca and the 2+ and 3− states in 124Sn, included in
the vibrational coupling mode. The best fit potential pa-
rameters in this case were found to be with Vo=200 MeV,

ro=0.984 fm for ao=1.0 fm and ro=1.107 fm for ao=0.65
fm. Similar to the observations for 28Si+136Ba system,
coupling of inelastic states alone did not reproduce the ex-
perimental cross sections. This is in line with the results
obtained in [12, 21, 22] where the importance of trans-
fer coupling has been extensively shown. Hence, in the
present analysis, calculations were performed with three
different Q values: Q=3 MeV, Ft=0.5 MeV, Q=5.41 MeV
(2n transfer), Ft=0.7 MeV and Q=9.5 MeV (4n transfer),
Ft=0.8 MeV.

3.3 Statistical model fission calculations

Statistical model calculations for the three systems were
carried out using the code PACE [23]. The l-distributions,
obtained from the CC calculations done using different
coupling schemes (inelastic coupling only or inelastic +
transfer with different Q values), as described in sec 3.2,
corresponding to the larger and smaller diffuseness of the
potential, were given as input to PACE. The level density
parameter at equilibrium deformation an was taken to be
an=A/7.5, following the semi-empirical formulation given
in Equation A9 of Ref. [24]. The two other important ad-
justable parameters in PACE are, the ratio, a f /an, where
a f is the level density at the saddle point and the scal-
ing factor, k, for the fission barrier. For estimating k,
using a f /an=1.00, for the 16O+148Sm system, k was var-
ied in steps and for each k, the χ2 of the fit of the resul-
tant fission cross sections to the experimental values mea-
sured in the present work was determined. In this way,
the k giving the minimum χ2, k=0.997 for ao=0.99 fm and
k=1.084 for ao=0.65 fm was obtained and used for the fi-
nal calculations. This procedure was also carried out us-
ing a f /an=1.04 and although different values of k were ob-
tained, the resultant fission cross sections were very simi-
lar. Hence, in the following, results using only a f /an=1.00
are shown.

The results of the simultaneous analysis of fusion and
fission cross sections for the 16O+148Sm are shown in
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Figure 3. (Color online) Experimental fusion cross sections
taken from [11, 14–16] (filled circles) plotted in the (a) linear
and (b) logarithmic scale. The experimental barrier distribution
extracted from the fusion data is plotted by the filled circles in
(c). The dotted and dashed line are the results of the CC calcu-
lations without any coupling obtained by using ao=0.99 fm and
ao=0.65 fm respectively. The solid line corresponds to the best
fit obtained by including coupling of inelastic states and using
ao=0.99 fm while the dot-dash line are CC results for the same
coupling scheme but using ao=0.65 fm.

cedure done for the other two system studied in the present
work, the CC calculations for 40Ca+124Sn were done ini-
tially by coupling only the inelastic states, namely, the 3−

state in 40Ca and the 2+ and 3− states in 124Sn, included in
the vibrational coupling mode. The best fit potential pa-
rameters in this case were found to be with Vo=200 MeV,

ro=0.984 fm for ao=1.0 fm and ro=1.107 fm for ao=0.65
fm. Similar to the observations for 28Si+136Ba system,
coupling of inelastic states alone did not reproduce the ex-
perimental cross sections. This is in line with the results
obtained in [12, 21, 22] where the importance of trans-
fer coupling has been extensively shown. Hence, in the
present analysis, calculations were performed with three
different Q values: Q=3 MeV, Ft=0.5 MeV, Q=5.41 MeV
(2n transfer), Ft=0.7 MeV and Q=9.5 MeV (4n transfer),
Ft=0.8 MeV.

3.3 Statistical model fission calculations

Statistical model calculations for the three systems were
carried out using the code PACE [23]. The l-distributions,
obtained from the CC calculations done using different
coupling schemes (inelastic coupling only or inelastic +
transfer with different Q values), as described in sec 3.2,
corresponding to the larger and smaller diffuseness of the
potential, were given as input to PACE. The level density
parameter at equilibrium deformation an was taken to be
an=A/7.5, following the semi-empirical formulation given
in Equation A9 of Ref. [24]. The two other important ad-
justable parameters in PACE are, the ratio, a f /an, where
a f is the level density at the saddle point and the scal-
ing factor, k, for the fission barrier. For estimating k,
using a f /an=1.00, for the 16O+148Sm system, k was var-
ied in steps and for each k, the χ2 of the fit of the resul-
tant fission cross sections to the experimental values mea-
sured in the present work was determined. In this way,
the k giving the minimum χ2, k=0.997 for ao=0.99 fm and
k=1.084 for ao=0.65 fm was obtained and used for the fi-
nal calculations. This procedure was also carried out us-
ing a f /an=1.04 and although different values of k were ob-
tained, the resultant fission cross sections were very simi-
lar. Hence, in the following, results using only a f /an=1.00
are shown.

The results of the simultaneous analysis of fusion and
fission cross sections for the 16O+148Sm are shown in
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Figure 4. (Color online) Comparison of the experimental fusion
[11, 14–16] (filled circles) and fission (filled squares) cross sec-
tions from the present work with the predictions of the statistical
model calculations PACE. The solid and dashed line are the CC
results obtained by coupling the inelastic states in the projectile
and target (same inel. coup. results as plotted in Fig. 3 by solid
and dot-dash lines) for the two different diffuseness parameters
respectively. The corresponding fission cross sections estimated
from PACE are plotted as dot-dash line for ao=0.99 fm and dot-
dot-dash lines for ao=0.65 fm.

Fig. 4. The beam energy dependence of the fission calcu-
lations from PACE, corresponding to the larger diffuseness
parameter, ao=0.99 fm (dot-dash line) are in an overall bet-
ter agreement with the experimental cross sections.

Taking the same k values as for 16O+148Sm system
and a f /an=1.00, PACE calculations were carried out for
the other two systems as well. Results for the 28Si+136Ba
are shown in Fig. 5. Fission predictions obtained by in-
putting the l-distributions corresponding to inelastic states
only (Fig. 5(a)) is in disagreement with the experimen-
tal values, even though the experimental fusion cross sec-
tions at above barrier energies are reproduced satisfacto-
rily. Results corresponding to inelastic + transfer, shown
in Fig. 5(b) and (c) are well reproduced. Here again,
though the difference in the predictions for the two diffuse-
ness values is small, predictions corresponding to ao=0.65
fm show a steeper fall with decreasing energy as compared
to those for ao=0.89 fm and poorly reproduce the experi-
mental cross sections. Effect of different transfer Q values
used for calculations is not significant.

Results for 40Ca+124Sn system are shown in Fig. 6. As
for the other two systems shown above, the best fission
predictions from PACE are obtained for inelastic + trans-
fer coupling (Q=3 MeV) and once again the larger dif-
fuseness gives better predictions. As the transfer Q value
is increased, the corresponding l-distributions are also al-
tered giving very different fission predictions. This shows
the sensitivity of the fission cross sections to the type of
couplings used for the calculations.

4 Summary and Conclusions

To summarize, this work focuses on investigating the sen-
sitivity of fission cross sections in understanding the fusion
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Figure 5. (Color online) Similar to Fig. 4 but for 28Si+136Ba
system. The reduced cross sections have been plotted in order
to show the experimental fusion cross sections for 28Si+142Ce
[19] (filled circles) with predictions of model calculations for the
28Si+136Ba system. Results from PACE when l-distributions ex-
tracted from inelastic coupling only are used for the input in the
calculations are plotted in (a). (b) shows the results for inelas-
tic + transfer with Q=3.002 MeV while (c) shows the results for
inelastic + transfer with Q=5.133 MeV.
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dynamics at high angular momentum. For this, measure-
ment of fission cross sections for the CN 164Yb, formed via
different entrance channels has been carried out. A simul-
taneous description of the fusion as well as fission cross
sections has been done using the CC and statistical model
calculations.

Stringent constraints are put on model predictions by
requiring a simultaneous reproduction of fusion as well as
fission cross sections over the entire energy range of the
available data. The fission cross sections are observed to
be very sensitive to the shape of the l-distributions as well
as the type of couplings used in the model calculations.
With increasing projectile charge, the importance of trans-
fer channels is seen, which again alters the l-distributions.
A larger diffuseness of the nuclear potential used in the CC
calculations and the l-distributions resulting from the same
is required for the best reproduction of the experimental
fission cross sections measured in the present work, in line
with previous observations [2]. The present results pro-
vide support to the explanation for the requirement of the
large diffuseness to be due to energy dissipation of the sys-
tem possibly occurring outside the potential pocket thus
altering the flux of trajectories and ultimately the fusion
cross section. The present work emphasizes the require-
ment of precision absolute evaporation residue and as well
as fission cross sections and the procedure of simultaneous
analysis to understand the fusion process at high angular
momentum.
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