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Decay of the excited compound system 56Ni∗ formed through various channels using deformed
Coulomb and deformed nuclear proximity potentials
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The total cross section, the intermediate mass fragment (IMF) production cross section, and the cross section
for the formation of light particles (LPs) for the decay of compound system 56Ni∗ formed through the entrance
channel 32S + 24Mg have been evaluated by taking the scattering potential as the sum of deformed Coulomb and
deformed nuclear proximity potentials, for various Ec.m. values. The computed results have been compared with
the available experimental data of total cross section corresponding to Ec.m. = 60.5 and 51.6 MeV for the entrance
channel 32S + 24Mg, which were found to be in good agreement. The experimental values for the LP production
cross section and IMF cross section for the channel 32S + 24Mg were also found to agree with our calculations.
Hence we have extended our studies and have thus computed the total cross section, IMF cross section, and LP
cross section for the decay of 56Ni∗ formed through the other three entrance channels 36Ar + 20Ne,40Ca + 16O,
and 28Si + 28Si with different Ec.m. values. Hence, we hope that our predictions on the evaluations of the IMF
cross sections and the LP cross sections for the decay of 56Ni∗ formed through these three channels can be used
for further experimental studies.
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I. INTRODUCTION

There have been extensive studies on the compound nuclei
(CN) formed in the mass region 40 � ACN � 80 through
low-energy reactions [1]. In these fusion-fission reactions,
these systems possess considerable fission components in
addition to the light-particle evaporation. Theoretically, the
deexcitation of the CN through the emission of light particles
(LPs) with A � 4 and Z � 2 (n,p,α) and/or γ radiation as
well as the intermediate mass fragments (IMFs) or complex
fragments have been studied in the past three decades using
various models [2–10]. Apparently, the decay process must
depend on temperature and angular momentum dependent
potential barriers [1]. In the past few years, there have been
several experimental and theoretical studies on the decay of
light compound nuclear systems formed through heavy-ion
reactions [11–15]. The presence of a shell stabilized, highly
deformed configuration in compound systems such as 48Cr∗

and 56Ni∗ has been indicated through the strong resonance-like
structures observed in elastic and inelastic excitation functions
of 24Mg + 24Mg [16] and 28Si + 28Si [15], respectively.

Experimentally, the 56Ni compound system was extensively
studied by using different entrance channels, namely, 16O +
40Ca, 28Si + 28Si, and 32S + 24Mg, and at various incident
energies ranging from 1.5 to 2.2 times the Coulomb barrier [1].
The incident flux is found to get trapped by the formation of a
compound nucleus (CN), which is in addition to a significant
large-angle elastic scattering cross section at such incident
energies. For somewhat heavier systems, such as 48Cr∗ and
56Ni∗, significant decay strength to A > 4 fragments (the
mass-asymmetric channels) is also observed, which could
apparently not arise from a direct reaction mechanism because
of the large mass asymmetry differences between the entrance
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and exit channels. The measured angular distributions and
energy spectra are consistent with fission-like decays of the
respective compound systems.

56Ni would decay only if it were produced in heavy ion
reactions with sufficient compound nucleus excitation energy.
Large structure effects have been shown to be important in
the 56Ni compound system through a strong resonance behav-
ior [16,17] of the excitation functions of large-angle 28Si +
28Si elastic and inelastic scattering yields [18,19]. Although
neither similar resonant effects nor orbiting processes [20]
have been evidenced in the 32S + 24Mg reaction [11,21,22], a
fully dynamical theory for more complete description of the
emission of both the LPs and IMFs within the framework
of the statistical model of the decay of such a hot and
rotating nuclear 56Ni∗ system remains highly desirable. In the
statistical Hauser-Feshbach analysis [8–10] the evaporation
residue has been understood as the equilibrated compound
nucleus emission for the production of light particles (A � 4).
In the statistical fission models [23,24], the phase space
available at the “transition” configuration, which is saddle
or scission, determines the fission decay of a compound
nucleus. In the saddle-point “transition state” model [9,18,25]
the intermediate mass fragments (IMFs) emission has been
treated as the binary fission of the compound nucleus. In the
present work a different approach has been adopted in which
we have considered the collective clusterization (formation)
of LPs, IMFs, etc. in the compound nucleus (CN) and the
penetration of these clusters through the barrier. The cluster
formation probability depends on the size of the cluster, and
in the fission model it is calculated as the penetrability of the
internal part (overlap region) of the barrier [26,27].

In one of the experiments [9,11] for the 32S + 24Mg →
56Ni∗ reaction, the mass spectra for A = 12 − 28 fragments
and the total kinetic energy (TKE) for only the most favored
(enhanced yields) α-nucleus fragments are measured at the
energies Elab = 121.1 and 141.8 MeV, or equivalently, at
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Ec.m. = 51.6 and 60.5 MeV, respectively. In another ex-
periment [28] for the 32S + 24Mg reaction the excitation
energy for only the symmetric channel 28Si + 28Si and near
symmetric channel 24Mg + 32S were measured at Ec.m. = 51.0
and 54.5 MeV, which on analysis indicate that specific set
of states in 28Si correspond to highly deformed bands. In a
recent experiment [29] for the same reaction 32S + 24Mg, the
incident energy used was Elab = 130 MeV and an enhanced
emission yield by a factor of 1.5–1.8 was observed for 8Be
over two α particles. Sanders et al. [30] determined the
inclusive cross sections for the 16O + 40Ca reaction leading to
fission-like fragments with mass 20 � Afrag � 28, and for the
16O + 44Ca reaction with 20 � Afrag � 30, at seven energies
with 69.3 � Elab(16O) � 87.3 MeV and for 30◦ � θlab � 60◦.
Beck et al. [19] undertook a high-resolution measurement of
fragment-fragment γ triple coincidence events in the symmet-
ric and near-symmetric mass exit channels from the 28Si + 28Si
reaction using the EUROGAM Phase II γ -ray spectrometer.
Gomez del Campo [31] experimentally measured the cross sec-
tions for the reaction 58Ni + 58Ni in their ground and excited
states at a bombarding energy of 630 MeV. Gary et al. [32]
measured the complete fusion or residue distributions for the
24Mg, 28Si + 12C, 24Mg + 24,26Mg, 28Si + 24Mg, and 28,29,30Si
systems with several experimental techniques for a wide range
of energies which spread from 1 to 3 times the Coulomb barrier
(21–42 MeV).

A recent attempt of dynamically treating the decay of a
hot and rotating nucleus formed in heavy-ion reaction was
made by Gupta and collaborators [33–38]. Gupta et al. [35,39]
studied the decay of 56Ni∗ formed in the 32S + 24Mg reaction
at two incident energies Ec.m. = 51.6 and 60.5 MeV using the
dynamical cluster decay model (DCM). Karthikraj et al. [40]
studied the decay of odd-A and non-α structured 59Cu∗ formed
in the 35Cl + 24Mg reaction at Elab = 275 MeV, applying
the reformulated dynamical cluster decay model. One of us
(K.P.S.), studied the heavy-ion fusion cross section and barrier
distributions for 12C, 16O, 28Si, and 35Cl on 92Zr [41] and
that of weakly bound 9Be on 27Al and 64Zn, tightly bound
16O on a 64Zn target [42], and 16O on spherical/deformed
144−154Sm targets [43] within the barrier penetration model,
taking the scattering potential as the sum of Coulomb and
nuclear proximity potential of Blocki et al. [44,45]. Within
the same model, the probable-target combinations for the
synthesis of the super heavy nucleus 302120 [46] also have been
studied. Recently, the decay properties of various even-even
isotopes of Ba [47] and the decay of the excited compound
system 48Cr∗ formed through 24Mg + 24Mg, 36Ar + 12C, and
20Ne + 28Si reactions was studied by Santhosh et al. [48].
In the present manuscript, we have performed an extensive
study on the total cross section, the production cross section
of IMF, and the light particle (LP) formation cross section of
56Ni∗ formed through the channels 32S + 24Mg, 36Ar + 20Ne,
40Ca + 16O, and 28Si + 28Si at various Ec.m. values using
Wong’s formula [49], the Glas and Mosel formula [50] by in-
corporating the temperature-dependent diffuseness parameter,
and the radius for the nucleus-nucleus potential taken from
Royer et al. [51], taking the scattering potential as the sum
of the deformed Coulomb and deformed nuclear proximity

potentials. Here, the total cross section, the IMF production
cross section, and the LP cross sections are calculated for all
the entrance channels using the �-summed Wong formula for
cross section, the approximated Wong formula for relatively
large values of E, and using the Glas and Mosel formula
for cross sections for the deformed nuclei. For the entrance
channel 32S + 24Mg, the experimental data [9,11] are available
for total cross section, LP and IMF production cross sections
corresponding to Ec.m. = 60.5 and 51.6 MeV. A comparison
of the computed values with the available experimental
data [9,11] is found to show good agreement. Hence we have
extended our studies and calculated the total cross section,
LP production cross section, and IMF cross sections for the
other three channels 36Ar + 20Ne,40Ca + 16O, and 28Si + 28Si,
which can help future experimental studies on 56Ni∗.

The details of the formalisms used for the evaluation of the
scattering potential, the sum of Coulomb and proximity po-
tentials, and formalisms used for the evaluation of production
cross section are presented in Sec. II. In Sec. III, we present
the results and discussion of the study, and a conclusion of the
entire work is given in Sec. IV.

II. THEORY

A. The potential

The cross section measurements were made by taking the
scattering potential as the sum of Coulomb and proximity
potentials of Blocki et al. [44,45]. A simple formula for
the nucleus-nucleus interaction as a function of separation
between the surfaces of the approaching nuclei is given by
the proximity potential. The formula uses measured values
of nuclear surface tension and surface diffuseness and is free
from adjustable parameters. The interaction potential energy
barrier for spherical fragments, which is the sum of Coulomb
potential, proximity potential, and centrifugal potential, is
given as

V = Z1Z2e
2

r
+ VP (z) + h̄2�(� + 1)

2μr2
, for z > 0. (1)

Here Z1 and Z2 are the atomic numbers of the interacting
fragments, the distance between the centers of the interacting
fragments is given by r , z is the distance between the near
surface of the fragments, and � is the angular momentum. µ is
the reduced mass which is given as μ = mA1A2/A where
m is the mass of the nucleon and A, A1, and A2 are the
mass numbers of the compound nucleus and the interacting
fragments respectively. The proximity potential Vp is given by
Blocki et al. [44]:

Vp(z) = 4πγ b
C1C2

C1 + C2
φ
( z

b

)
. (2)

Here, r = z + C1 + C2, where C1 and C2 are the Süssman
central radii. The nuclear surface tension coefficient is given
as

γ = 0.9517[1 − 1.7826(N − Z)2/A2], (3)
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where N and Z are neutron and proton numbers of parent
nuclei. The universal proximity potential φ is given as [45]

φ(ε) = −4.41e
−ε

0.7176 for ε > 1.9475, (4)

φ(ε) = −1.7817 + 0.9270ε + 0.0169ε2

− 0.05148ε3 for 0 � ε � 1.9475, (5)

with ε = z/b and the Süssman central radii Ci is related to
sharp radii Ri as Ci = Ri − b2

Ri
and b ∼ 1 fm is the surface

width. When effect of temperature T is included, the surface
width changes as [51]

b(T ) = 0.99[1 + 0.009T 2]. (6)

The Süsmann central radii [51] will be reformulated for the
inclusion of temperature T as

Ci = Ri(T ) − 0.99[1 + 0.009T 2]
2

Ri(T )
. (7)

The semiempirical formula in terms of mass number Ai for
Ri is given as

Ri = 1.28A
1/3
i − 0.76 + 0.8Ai

−1/3. (8)

For an excited compound system the semiempirical formula
can be written as

Ri(T ) = [
1.28Ai

1/3 − 0.76 + 0.8Ai
−1/3

]
[1 + 0.0007T 2].

(9)

The barrier penetrability P for an excited compound system
is given as

P = exp

{
− 2

h̄

∫ b

a

√
2μ(V − Qeff)dz

}
(10)

with V (a) = V (b) = Qeff , the effective Q value; Qeff is given
as

Qeff = Q + E∗. (11)

The excitation energy E∗ and the nuclear temperature T (in
MeV) [52] are related as

E∗ = 1
9AT 2 − T . (12)

The Coulomb interaction between the two deformed and
oriented nuclei, which is taken from [42] and which includes
higher multipole deformation [53–56], is given as

VC = Z1Z2e
2

r
+ 3Z1Z2e

2
∑

λ,i=1,2

1

2λ + 1

Rλ
i (αi)

rλ+1
Y

(0)
λ (θi)

×
[
βλi + 4

7
β2

λiY
(0)
λ (θi)δλ,2

]
(13)

with

Ri(αi) = R0i

[
1 +

∑
λ

βλiY
(0)
λ (αi)

]
, (14)

where R0i(T )=[1.28Ai
1/3−0.76 + 0.8Ai

−1/3][1 +
0.0007T 2]. Here θi is the angle between the symmetry
axis of the deformed nuclei and the line joining the centers of
the two interacting nuclei, αi is the angle between the radius

FIG. 1. Cold reaction valley plot of 56Ni.

vector and symmetry axis of the ith nuclei (see Fig. 1 of
Ref, [54]), and the quadrupole interaction term proportional to
β21β22, which is due to its short-range character, is neglected.

The deformation comes only in the mean curvature radius
for the proximity potential,VP (z) = 4πγ bR̄�(ε). The mean
curvature radius is defined as R̄ = C1C2

C1+C2
for spherical nuclei,

where C1 and C2 are Süssmann central radii of fragments. The
mean curvature radius R̄ of two deformed nuclei lying in the
same plane can be evaluated by the relation [54]

1

R
2 = 1

R11R12
+ 1

R21R22
+ 1

R11R22
+ 1

R21R12
, (15)

where the four principal radii of curvature Ri1 and Ri2, with
i = 1,2, at the two points D and E (see Fig. 1 of Ref [54]) of
closest approach of the interacting nuclei are given by Baltz
and Bayman [57] as

Ri1 =
∣∣∣∣∣

{
R2

i (αi) + [R′
i(αi)]

2}3/2

R′′
i(αi)Ri(αi) − 2[R′

i(αi)]2 − R2
i (αi)

∣∣∣∣∣, (16)

Ri2 =
∣∣∣∣∣Ri(αi) sin αi

[
R2

i (αi) + (R′
i(αi))

2]1/2

R′
i(αi) cos αi − Ri(αi) sin αi

∣∣∣∣∣, (17)

where, R′(α) and R′′(α) are the first and second derivatives of
R(α) with respect to α, respectively.

B. Decay cross section of the compound nucleus (CN)

The interaction barrier for the s wave, traditionally referred
to as the “Coulomb barrier,” has been of great interest, and
Wong [49] obtained a method to measure this barrier by
employing a simple analytic expression for the total reaction
cross section obtained in the ingoing-wave strong-absorption
model. Later, following Thomas [58], Huizenga et al., [59] and
Ramussen et al., [60], Wong, employing the inverted harmonic
potentials of height E and frequency ω�, approximated
the various barriers for different partial waves. Using the
probability for absorption of the �th partial wave given by
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the Hill-Wheeler formula [61], Wong arrived at the total cross
section by quantum mechanical penetration of the potential
barrier for an energy E�, which is given as

σ = π

k2

∑
�

2� + 1

1 + exp[2π (E� − E)/h̄ω�]
, (18)

where k =
√

2μE

h̄2 . Here E is the excitation energy of the
compound nucleus, h̄ω� is the curvature of the inverted
parabola, and E� is the interaction barrier for the �th partial
wave:

h̄ω� = h̄

[
d2V (r)

dr2

∣∣∣∣
R�

/
μ

]1/2

. (19)

Here, radial separation R� is obtained from the condition

d2V (r)

dr2

∣∣∣∣
R�

= 0. (20)

In the region of � = 0, using some parametrizations,

E�
∼= E0 + h̄2�(� + 1)

2μR2
0

, (21)

h̄ω�
∼= h̄ω0. (22)

Wong derived the cross section by using (21) and (22) and
replacing the sum in Eq. (18) by integration, which is given as

σ = R2
0 h̄ω0

2E
ln

{
1 + exp

[
2π (E − E0)

h̄ω0

]}
. (23)

For relatively large values of E, the above equation reduces
to

σ = πR2
0

[
1 − E0

E

]
. (24)

Lefort and his collaborators showed that for two complex
nuclei [62] to interact, not a critical angular momentum but
a critical distance of approach may be the relevant quantity.
To substantiate the finding of critical approach, it is necessary
to check the linear dependence of σ on 1/E in the region of
higher energies. The critical distance is given as

Rc = rc

(
A

1/3
1 + A

1/3
2

)
, rc = 1.0 ± 0.07 fm. (25)

Gutbrod, Winn, and Blann from their analysis of low energy
data [63], obtained the interaction distance as

RB = rB

(
A

1/3
1 + A

1/3
2

)
, rB = 1.4 fm, (26)

which is found to be larger than Rc by 40% and corresponds
to the distance of the ions at the barrier.

In order to understand the difference between the two
distances given by Eqs. (25) and (26), Glas and Mosel [50]
set σ as

σ = π -λ2
∞∑

�=0

(2� + 1)TiPi, (27)

where Pi gives the probability for reaction to take place once
the barrier has been passed (Pi = 1 for � � �c and Pi = 0
for � > �c) and Ti is the penetration probability through the
interaction barrier. Approximating the frequencies h̄ω� and
the position of the interaction barrier by constant values h̄ω
and RB respectively, and then replacing the sum in Eq. (25) by
integration, the expression for σ is obtained as

σ = h̄ω

2
R2

B

1

E
ln

{
1 + exp[2π{E − V (RB)}/h̄ω]

1 + exp[2π{E − V (RB) − (RC/RB)2[E − V (RC)]}/h̄ω]

}
(28)

For oriented nuclei, the decay cross sections σ depend on
the orientation angle θ , hence here in the present calculations
we have evaluated the decay cross sections for different orien-
tations, and we got σ (Ec.m.) on integrating over the angles θi .

III. RESULT AND DISCUSSIONS

56Ni, being a negative Q value system, should be produced
with sufficient compound nucleus excitation energy (E∗

CN )
by a heavy ion reaction for it to decay. The concept of a
cold reaction valley is related to the minima in the so-called
driving potential, which is defined as the difference between
the interaction potential V and the Q value of the reaction.
The driving potential of the compound nucleus is computed
for all possible combinations of projectile and target for
the touching configuration of the two. The most probable
combinations for the formation of CN are represented as the
minima in the driving potential which are due to shell closure

of projectile or target or both. The entrance channel 32S +
24Mg for the formation of the 56Ni compound nucleus has
been experimentally determined [9,11], but the other possible
projectile-target combinations for the formation of 56Ni were
found from the cold reaction valley plot. The cold reaction
valley plot of 56Ni is shown in Fig. 1, where the projectile mass
number A2 is taken along the X axis and the driving potential
V − Q is taken along Y axis corresponding to T = 0.0 MeV
and � = 0.

Figure 2 represents the plot of V − Qeff vs fragment mass
number, which corresponds to the exit channels for the decay
of 56Ni∗. The potential V is found to depend on the distance
between the fragment centers r , where r = z + C1 + C2,
where C1 and C2 are the Süssman central radii of fragments
and z is the distance between the near surfaces of the
fragments. The plot corresponds to two different experimental
Ec.m. values, 51.6 MeV (T = 3.327 MeV) and 60.5 MeV
(T = 3.541 MeV) with corresponding �c values. It can be
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FIG. 2. The driving potential as a function of the mass number of
one of the fragments, A2, for the system 56Ni∗.

seen from the figure that the structure of the potential remains
unchanged with the increase in Ec.m. values and with increase
in � values. The effective Q value, Qeff , is found to increase
with increase in Ec.m. value [from Eq. (11)] but the driving
potential V − Qeff is found to be larger for higher Ec.m.

because the interaction potential V depends on the temper-
ature dependent Coulomb potential, temperature dependent
nuclear potential, and temperature dependent centrifugal
potential.

The LP (A � 4) emissions are energetically more favorable
at lower energies (lower � values), i.e., σLP is the cross section
obtained by summing over the cross section from � = 0 to � =
�c. The emission of IMFs (A > 4) begins only beyond a certain
� value (where the cross section has the maximum value), and
the cross section σIMF is found to be maximum for � = �c.
The critical angular momentum value �c was calculated from
the condition that the effective radial potential V (r,�), which
is the sum of Coulomb, nuclear, and centrifugal potentials,
reaches a local maximum equal to the incoming center-of-mass
energy Ec.m.:

V (r,�) = Ec.m.,
∂V (r,�)

∂r
= 0, for � = �c, r = Rm.

(29)

Here Rm is the separation distance at which the radial
potential reaches a local maximum, corresponding to critical
angular momentum. The experimental values are available
only for the channel 32S + 24Mg, but the other channels for
the formation of compound nucleus have been chosen from the
cold valley plot (Fig. 1). For all the four channels 32S + 24Mg,
36Ar + 20Ne, 40Ca + 16O and 28Si + 28Si we have plotted the
variation of the interaction barrier with distance between the
centers of fragments, and hence the values of EB and RB

for the calculations of total cross section were determined.
The total cross sections, with the inclusion of deformations,

were calculated using the �-summed Wong formula, Eq. (18),
the approximated Wong formula for relatively large values
of E, Eq. (24), and the Glas and Mosel formula for cross
section, Eq. (28). The total cross section, IMF production
cross section, and light particle production cross sections were
calculated separately by taking into account the temperature
effects. Even though, the total cross section is theoretically
given by σTotal = σLP + σIMF, the values of cross sections
evaluated using our model show a slight difference so that the
total cross section σTotal is not exactly the sum of light particle
production cross section and IMF production cross section,
σLP + σIMF. The total production cross sections (σTotal) thus
obtained for various center-of-mass energies (Ec.m.) values
have been compared with the experimental data [9,11], as
shown in Table I. The behavior of LPs and IMFs are very
different. Also lower �’s contribute to LP cross section (σLP )
and higher �’s to fission-like IMF cross section (σIMF). The
experimental total cross section, IMF production cross section,
and LP cross section for the channel 32S + 24Mg corresponding
to Ec.m. of 60.5 MeV are 1125.64, 75.640, and 1050 ± 100 mb
respectively. The values computed using our formalisms for
the total cross section, production cross section of IMF, and
light particle formation cross section are 1244.648, 80.783,
and 1162 mb respectively for the entrance channel 32S + 24Mg
at Ec.m. = 60.5 MeV. Also corresponding to an Ec.m. of
51.6 MeV, the above cross sections have the experimental
values 1139 ± 142, 59 ± 12, and 1080 ± 130 mb respectively
for the same channel. Our calculations for the same channel at
Ec.m. = 51.6 MeV give the values of cross sections 1211.323,
52.550, and 1158 mb respectively. An analysis of the result
shows that the total cross section, production cross section of
IMF, and light particle formation cross section calculated using
the present model are in close agreement with experimental
values [9,11]. The experimental total cross section is found
to show close agreement with the values computed using the
Glas and Mosel formula. Hence we have extended our studies
and evaluated the total cross section, IMF production cross
section, and LP cross section for the other three channels
36Ar + 20Ne,40Ca + 16O, and 28Si + 28Si for various Ec.m.

values. The computed values are shown in Table I. The
first column indicates the entrance channel of 56Ni∗. The
second and the third columns gives the Ec.m. values and
the critical angular momentum �c corresponding to each
Ec.m.. The experimental total production cross section for the
channel 32S + 24Mg corresponding to the Ec.m. values 60.5 and
51.6 MeV are given in column 4. The total cross sections, with
the inclusion of deformations which were calculated using the
�-summed Wong formula, Eq. (18), approximated Wong for-
mula for relatively large values of E, Eq. (24), and the Glas and
Mosel formula for cross section, Eq. (28), are given in columns
5, 6, and 7 respectively. Column 8 gives the experimental
IMF production cross section for the channel 32S + 24Mg
corresponding to the Ec.m. values of 60.5 and 51.6 MeV.
The IMF cross section calculated using our model is given
in the next column. Columns 9 and 10 give the experimental
LP production cross section for the channel 32S + 24Mg and
the LP production cross section calculated using our model,
respectively.
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TABLE I. The computed cross sections σTotal, σIMF, σLP for the decay of 56Ni∗ formed through 24Mg + 24Mg, 36Ar + 20Ne, 40Ca + 16O,
and 28Si + 28Si channels and comparison with experimental data [9,11].

Entrance channel Ec.m. (MeV) �c (ћ) σTotal σIMF σLCP

Expt. Eq. (18) Eq. (24) Eq. (28) Expt. Theor. Expt. Theor.
(mb) (mb) (mb) (mb) (mb) (mb) (mb) (mb)

70.0 42 1962.889 1962.889 1270.869 264.361 1005
65.0 40 1875.196 1875.196 1258.024 191.256 1067
60.5 38 1125.64 1783.880 1783.880 1244.648 75.640 80.783 1050 ± 100 1162

32S + 24Mg 55.0 36 1651.979 1651.979 1225.327 60.830 1164
51.6 34 1139 ± 142 1556.376 1556.376 1211.323 59 ± 12 52.550 1080 ± 130 1158
45.0 30 1329.554 1329.554 1178.098 22.432 1022
40.0 26 1107.886 1107.886 1106.407 13.101 828

70 38 1497.368 1497.368 1285.573 212.919 1072
65 36 1425.661 1425.661 1275.401 237.142 1038
60 34 1342.003 1342.003 1263.533 258.587 1005

36Ar + 20Ne 55 32 1243.134 1243.134 1238.224 275.073 960
50 30 1124.491 1124.491 1124.491 242.603 885
45 28 979.484 979.484 979.484 162.281 815
40 26 798.224 798.224 798.224 13.751 785

70 37 1271.444 1271.444 1271.444 380.253 890
65 36 1213.076 1213.076 1213.076 348.579 865
60 34 1144.981 1144.981 1144.981 294.794 850

40Ca + 16O 55 32 1064.505 1064.505 1064.505 254.585 810
50 30 967.933 967.933 967.933 212.268 755
45 28 849.901 849.901 849.901 162.905 685
40 26 702.361 702.361 702.361 54.438 645

70 38 1045.619 1045.619 1045.619 280.254 765
65 36 977.129 977.129 977.129 298.258 680
60 34 897.225 897.225 897.225 312.731 585

28Si + 28Si 55 32 802.792 802.792 802.792 293.711 510
50 30 689.173 689.173 689.173 249.461 440
45 28 550.972 550.972 550.972 123.050 425
40 24 377.846 377.846 377.846 90.081 285

IV. CONCLUSIONS

The decay of 56Ni∗, formed through various entrance
channels 32S + 24Mg, 36Ar + 20Ne, 40Ca + 16O, and 28Si +
28Si has been studied using the �-summed Wong formula, the
approximated Wong formula for relatively large values of E,
and the Glas and Mosel formula for cross section. The total
cross section, the intermediate mass fragment (IMF) produc-
tion cross section, and the cross section for the formation of
light particles (LPs) have been evaluated for the deformed
nuclei. The computed results on the total cross section and LP
production cross section for the entrance channel 32S + 24Mg

have been compared with the available experimental data
and were found to be in good agreement. Hence we have
studied the total cross section, IMF cross section, and LP
cross section for the decay of 56Ni∗ formed through other
entrance channels 36Ar + 20Ne, 40Ca + 16O, and 28Si + 28Si
with different Ec.m. values. Hence, we hope that our predictions
on the evaluations of the IMF cross sections and the light
charged particle cross sections for the decay of 56Ni∗ formed
through the three entrance channels 36Ar + 20Ne, 40Ca +
16O, and 28Si + 28Si can be used for further experimental
studies.
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