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Abstract. Aiming to develop a systematics in the pre-compound emission process and to get its driving
parameters, a sensitive analysis of the measured excitation functions for (α, n) reaction channel on target
nuclei viz., 139La, 159Tb, 181Ta, 197Au and 203Tl has been performed with codes pace4 and alice at
low projectile energies, where the compound nucleus process is dominant. The code pace4 considers only
compound nucleus emission, while the alice code takes into account both compound and pre-compound
emissions. The observed enhancement in experimental excitation functions in the tail portion of energies
as compared to calculations performed with code pace4 may be attributed to the contribution from
pre-compound emission. Further, the calculations performed with the alice code confirm the significant
contribution of the pre-compound emission. The effect of various pre-compound parameters on measured
excitation functions has also been studied. The energy dependent yield of the pre-compound contribution
over the compound nucleus emission for neutron emission channels is deduced in terms of pre-compound
fraction “FPCN” which gives a good systematics on such process. The developed systematics in α-induced
reactions on target nuclei reflects that the pre-compound process is governed by the excitation energy
available with the nucleons at the surface of the composite systems. Furthermore, the mass number of the
target nuclei may also play an important role in the pre-compound process at low projectile energies.

1 Introduction

During the past few decades, the mechanism of pre-
compound (PCN) emission has been a topic of fundamen-
tal interest in α-particle induced reactions at low and in-
termediate energies. Earlier many of the theoretical and
experimental studies have triggered the observation of
such phenomenon at relatively higher energies. Recent
studies showing the observations of PCN emission even
at low incident energies where evaporation process domi-
nates, have renewed interest to carry out further research
in the aforesaid reaction mechanism [1–5]. The term PCN
mechanism refers to the process in which the emission of
particle takes place at any stage during gradual redistribu-
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tion of incoming particle’s energy among more and more
nuclear degree of freedom through a chain of particle-hole
excitations well before to the establishment of statistical
equilibrium [6–8]. The emitted particles in this process
are known as pre-compound or pre-equilibrium particles.
On the other hand, the process in which particle emis-
sion occurring through evaporation after statistical equi-
librium has been achieved is referred to either as com-
pound nucleus (CN) emission process or as evaporation
process. Hence, the key role of PCN emission in the reac-
tion mechanism is that it reflects the dynamics of decay
of an excited composite system through different quasi-
equilibrated states leading to the formation of a compound
nucleus.

Understanding the PCN reaction mechanism is one of
the most challenging problems in nuclear reaction physics
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as there is no sharp boundary between the above two pro-
cesses. Some times direct reactions, which are the ones in-
volving a single target-projectile interaction may also mix
with PCN emission contributing to make the data analysis
more complex, although, there are many other complex-
ities in PCN processes. Despite the overall complexity of
the PCN process, one can study these processes exper-
imentally using different techniques and looking to dif-
ferent physical quantities, through the following measure-
ments viz., i) estimating the difference in the flux of emit-
ted particles in the forward direction over the backward
direction, ii) measuring particle (n, p and α) spectra in
the time-of-flight experiments in coincidence with γ-rays
characteristic of specific reaction residues [9], iii) detecting
deviations from CN formation and decay in terms of PCN
process through γ-ray multiplicity measurements [10,11],
iv) measuring the recoil energy/velocity of residual parti-
cles left after particle emission, v) measuring the angular
distribution of emitted light particles, vi) comparing the
measured excitation functions (EFs) with theoretical pre-
dictions. These measurements help in characterizing the
PCN emission process.

Some of the important experimental characteristics of
the PCN emission over the CN process are i) the pres-
ence of a larger number of high-energy particles as com-
pared to the spectrum predicted by the statistical model
(CN) [12], ii) forward-peaked angular distribution of the
emitted particles [13], iii) observations of relatively smaller
recoil range/linear momentum of the reaction residues left
over the emission of PCN particles as compared to CN
particles [14], iv) observations of lower values of the spin
for the PCN process as compared to the CN process [14],
v) slowly decreasing tails of the EFs [1,2,5,15], etc.

Furthermore, the measurement and analysis of the EFs
are of primary interest because the features of the EFs at
the low, medium and high energies may give a direct in-
dication of the reaction mechanism involved [16–20]. The
low energy portion of the EFs is dominated by the CN
mechanism, however, with the increase in projectile en-
ergy, the strength of the PCN processes becomes rela-
tively larger [1,2,8,21–26]. Recently several authors [6,27–
34] have reported the data on α-induced reactions for the
study of the pre-compound emission process. Mohr [28]
performed the analysis of excitation functions for several
α-induced reactions over a wide range of projectile en-
ergies for a broad mass region by introducing a simple
reduction scheme based on reduced energy Ered and re-
duced cross-sections σred. Yigit and Korkmarz [29] have
measured the excitation functions of several reactions in
the fusion of α and proton beams with heavy target nuclei
181Ta. They have reported that pre-compound neutrons
are subsequently emitted during the thermalization of the
excited composite system. Suchiang et al. [30] have also
performed the analysis of measured excitation functions
by using a set of global parameters of code TALYS with a
view to study the pre-compound emission occurring in the
interaction of α beam with 181Ta target at energy ranging
from ≈ 20 to 80MeV. Mohan Rao and Chintalapudi [31]
have carried out the measurements and analysis of the
excitation functions for alpha particle induced reactions

on the targets 169Tm and 181 Ta up to 60MeV using the
stacked foil activation technique. The above studies sug-
gest that the pre-compound reaction mechanism is one of
the dominant reaction processes in alpha-particle induced
reactions. Though, a large amount of data on the PCN
emission is available in the literature, but not enough and
complete systematics are available on this complex pro-
cess.

With this motivation, we performed a systematic,
unified and consistent analysis of EFs for reactions
139La(α, n)142Pr [35], 159Tb(α, n)162Ho [36], 181Ta(α, n)
184Re [37,38], 197Au(α, n)200Tl [39], and 203Tl(α, n)
206Bi [40], respectively. It may be pointed out here that
EFs for reaction 179Au(α, n)182Tl has been measured ear-
lier by our group by using the stacked foil activation tech-
nique, while the cross-section data of other reactions has
been taken from the EXFOR data library [41]. The anal-
ysis of these EFs has been performed by comparing ex-
perimental data with simulations performed using both
the pace [42] and alice [43] codes. The code pace [42]
is a statistical model which describes the decay by an ex-
cited compound nucleus and calculates the fusion cross-
section based on the Bass model [44], while the alice [43]
code is a composite code which takes into account of both
pre-equilibrium and equilibrium phases. The CN calcula-
tions in the alice code are performed using the Weisskopf-
Ewing model [45], while the PCN component is simulated
using the Geometry Dependent Hybrid model [46]. The
work underlying this paper has been performed as part
of our ongoing program of measurements and analyses of
cross-section data in light and heavy ion induced reac-
tions. The present work is an attempt to get a systematics
of PCN emission at low projectile energies in α-induced
reactions, where the probability of the emission of single
neutron through the PCN process is quite greater as com-
pared to the reactions leading to the emission of more than
one particle through xn, xpn channels etc. To the best of
our knowledge no such attempt has been made to develop
systematics for PCN process so far. It may be pointed out
here that the target nuclei chosen for the present study
have odd atomic Z and odd mass A numbers in order to
wash out ambiguity, if any, arising due to the odd even
effect of the targets.

This paper is organized as follows. A brief discussion
on the experimental technique is given in sect. 2, while
sects. 3 and 4 deal with the analysis of the EFs with codes
pace4 and alice, respectively. Details on the systematics
on the PCN process are given in sect. 5. The conclusions
drawn from the above analysis are summarized in sect. 6
of the paper.

2 Experimental technique

The activation technique was employed for the measure-
ments of EFs for the reactions 139La(α, n)142Pr [35], 159Tb
(α, n)162Ho [36], 181Ta(α, n)184Re [37,38], 197Au(α, n)
200Tl [39], and 203Tl(α, n)206Bi [40]. In this experimental
technique, a stack consisting of several targets followed
by catcher foils is irradiated in the scattering chamber for
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several hours depending on the half-lives of the reaction
residues and their production yield. The most important
advantage of this technique is that the EFs of the produc-
tion residues at several energies have been measured in
a single irradiation. For the ready reference a brief discus-
sion on the experiment performed at the Variable Energy
Cyclotron Centre (VECC), Kolkata, India by the activa-
tion technique is given. A stack consisting of three pure
natural gold (197Au) targets was irradiated for ≈ 12 h by
a collimated α-particle beam obtained from a VECC of
maximum energy ≈ 40MeV. The beam current ≈ 100 nA
was monitored from the current integrator count rate. The
calculations for average beam energy on a given target of
the stack have been performed using the stopping power
program srim [47]. The activities induced in the samples
analysis have been carried out by using a high resolution
large volume (100 c.c.) high-purity germanium (HPGe) de-
tector coupled to a multi parameter CANBERRA system.
In the present work, a 152Eu point γ-source is used to de-
termine the efficiency of the HPGe detector for various
gamma energies ranging from 121 keV to 1408 keV. Dur-
ing the counting of the samples, the sample-detector dis-
tances are suitably adjusted in order to minimize the dead
time to < 10%.

The residual nuclei produced in the α + 179Au sys-
tem have been identified by their characteristic γ-rays and
the measured half-life. The pertinent decay data used in
the present work for the yield calculations has been taken
from ref. [48]. The cross-sections for the production of the
residual nuclei of interest have been determined from the
observed γ-activity after proper background correction by
using the standard formulations [20]. The overall experi-
mental errors in the present measurements are expected
to be < 10%. A detailed discussion on experimental errors
due to various factors viz., number of target nuclei, the
fluctuation of beam current, detector efficiency, the dead
time of the counting system, etc., is given in ref. [20].

3 Analysis of experimental EFs with code
PACE4

The calculations for the measured cross-sections of the
evaporation residues have been performed using code
pace4 [42], which is based on a statistical approach. The
de-excitation of the compound nucleus is followed by the
Monte Carlo procedure. In this code the angular mo-
mentum projections are calculated at each stage of de-
excitation, which enables the determination of angular
distribution of the emitted particles. The cross-sections
of evaporation residues are calculated using the Bass for-
mula [44], as given below.

For the compound nucleus formation, at a particular
angular momentum � and specific bombarding energy E,
the partial cross-section σ�, is given by

σ� =
λ2

4π
(2� + 1)T�, (1)

where λ is reduced wavelength and the transmission coef-
ficients T� may be given by the expression

T� =
[
1 + exp

(
� − �max

Δ

)]−1

, (2)

where Δ is the diffuseness parameter, while �max is the
maximum value of � determined by total fusion cross-
section,

σF =
∞∑

�=0

σ�. (3)

The optical model parameters for neutron, proton and
α-emission were taken by using the default option of code
pace4 [42]. The γ-ray strength functions for E1, E2 and
M1 transition were taken from tables of Endt [49]. The
present version of code uses the excitation energy de-
pendent level density parameter using the prescription of
Kataria et al. [50]. The level density used in this code
is calculated from the expression a = (A/K), where,
A is the mass number of the compound nucleus and K
is a free parameter known as the level density param-
eter constant. In the present work, a value of K = 8
is taken in the calculations, which is widely accepted.
The experimentally measured and theoretically calculated
EFs for reactions 139La(α, n)142Pr and 159Tb(α, n)162Ho
are shown in figs. 1(a) and (b), while for reactions
181Ta(α, n)184Re, 197Au(α, n)200Tl, and 203Tl(α, n)206Bi
are shown in fig. 2(a)–(c), respectively. The dashed curves
in these figures represent the best fitted experimental data
guide to the eye, while solid curves represent calculations
of the code pace4. It may be pointed out that in the liter-
ature [37,38], the meta stable and ground states of 184Re
are measured separately. As such, the cross-section for the
sum of both these states has been compared with model
calculations. As can be seen from these figures (fig. 1(c)
and fig. 4(c)) the theoretical calculations agree well with
the experimental data up to the peak portion. In the tail
portion of EFs, deviation of the experimental data as com-
pared to pace4 calculations has been observed. The higher
values of experimental cross-sections in the tail portion
of EFs for these reactions as compared to the theoreti-
cal calculations may be attributed to the PCN emission
process, which is a dominant mode of mechanisms in one
neutron emitting reaction channels at these energies and
is not considered in the pace4 calculations, which may be
confirmed by comparing the measured EFs with the cal-
culations done by the alice code and which are discussed
in the next section of this paper.

4 Analysis of experimental EFs with the
ALICE code

The alice code developed by Blann [43], has been used to
calculate the cross-sections for the CN and the PCN emis-
sion processes. The CN calculations are performed by us-
ing the Weisskopf-Ewing model [45], while, the CN+PCN
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Fig. 1. (Color online) The experimental and theoretical calcu-
lated EFs for reactions 139La(α, n)142Pr, 159Tb(α, n)162Pr and
181Ta(α, n)184Re, respectively. In these figures, the curves rep-
resent PACE4 calculations for pure compound nucleus, while
the dotted curves guide to the experimental data. The details
of the calculations are discussed in the text.

components are simulated by employing the Geometry De-
pendent Hybrid (GDH) model [46]. The emissions of neu-
tron, proton, deuteron and/or α particles are considered in
this code. The Myers-Swiatecki/Lysekil mass formula [51]
is used for calculating the Q-values and the binding ener-
gies of all the nuclei in the evaporation chain. The calcu-
lations for the PCN emission in this code are performed
assuming the equipartition of energy among initially ex-
cited particles and holes. The mean free path (MFP) for
intranuclear transition rates may be calculated either from

Fig. 2. (Color online) The experimental and theoretical calcu-
lated EFs for reactions 197Au(α, n)200Tl and 203Tl(α, n)206Bi.
In these figures, the curves represent PACE4 calculations for
pure compound nucleus, while the dotted curves guide to the
experimental data. The details of the calculations are discussed
in the text.

the optical potential parameters of Becchetti and Green-
lees [52] or from Pauli corrected nucleon-nucleon cross-
sections [53,54]. In the present calculations, the optical
potentials of Becchetti and Greenlees [52] have been used.
The differential cross-section for emitting a particle with
channel energy ε may be written as (cross-section per unit
energy to emit a particle of type ν)

dσ

dε ν
=

πλ2

4π2

∞∑
I=|0|

(2I + 1)TI(2Sν + 1)
∞∑

l=|0|
T l

ν(ε)

×
I+l∑

J=|I−l|
ρ(ε, J)/D, (4)

where λ is the de-Broglie wavelength of the incident ion,
TI the transmission coefficient of the Ith partial wave of
the incident ion, ρ(ε, J) the spin dependent level density
for the residual nucleus, D the integral of numerator over
all particles and emission energies, and ε the excitation
energy of the compound nucleus. Sν is the intrinsic spin
of the particle ν, T l

ν(ε) is the transmission coefficient for
the particle ν with kinetic energy ε and orbital angular
momentum l.
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In this code, the level density parameter a, the ini-
tial exciton number n0, and the mean free path multiplier
cost are some of the important parameters. The level
density parameter a mainly affects the CN component,
while the initial exciton number n0 and the mean free
path multiplier cost govern the PCN component. The
physical description of these parameters and their effects
on measured EFs is also important to be discussed. The
nuclear level density is defined as the number of nuclear
states per excitation energy interval, realized as a specific
pattern of single particle excitations, at a given excita-
tion energy. The value of level density parameter a may
be calculated from the expression a = A/K where, A is
the mass number of the composite nucleus and K is an
adjustable parameter [55]. In our earlier analysis it has
been observed that the value of K = 8 gives best fit to
the experimental data over the entire range of projectile
energies for α-induced reactions [5,56]. Further, in the ge-
ometry dependent hybrid model, the intermediate states
of a nuclear system are characterized by the excitation en-
ergy E∗ and the number np of excited particles and nh of
excited holes. The particles and holes are defined relative
to the ground state of the nucleus and are called excitons.

The initial configuration of the compound system de-
fined by the exciton number n0 = (np + nh) is a cru-
cial parameter of the PCN formalism that determines the
shape of EFs in the higher energy region. In order to get
the value of initial exciton number n0, the calculations for
different values of n0 ranging from 4 to 6 with configura-
tions (2p + 2n + 0h) for n0 = 4, (3p + 2n + 0h) for n0 = 5
and (3p + 2n + 1h) for n0 = 6, respectively, have been
performed for reaction 203Tl(α, n)206Bi and are shown in
fig. 3(a). It may be observed from fig. 3(a), that a value of
initial exciton number n0 = 4 fits the experimental data
satisfactorily over the entire range of energies. A value of
initial exciton number n0 = 4 for α-induced reactions is
justified [46]. The lower value of initial exciton number n0

gives larger PCN contribution. It is because of the fact
that the lower value of n0 means a larger number of two-
body interactions prior to the establishment of thermody-
namic equilibrium, resulting in larger PCN contribution.
The mean free path multiplier cost is another important
parameter in the alice code for the PCN formalism that
accounts for difference, if any, between the calculated and
actual mean free paths for two body residual interactions
and is used to adjust the nuclear mean free path in order
to reproduce the experimental data. The effect of variation
of parameter COST i.e., COST = 0 and COST = 2 on the
calculated EF for the reaction 203Tl(α, n)206Bi is shown
in fig. 3(b). As can be seen from this figure, a value of
COST = 2 along with K = 8 and n0 = 4 gives best fit to
the experimental data over the entire range of projectile
energies. These values of input parameters of the alice

code are considered to reproduce the data for α-induced
reactions on other target nuclei as well.

In order to get systematics in α-induced reactions on
various targets having odd Z and odd A in the mass region
139 to 197, the experimental data of one neutron channel
in reactions 139La(α, n)142Pr [35], 181Ta(α, n)184Ra [37,
38], 159Tb(α, n)162Ho [36] and 197Au(α, n)200Tl [39] has

Fig. 3. (Color online) The experimental and theoretically cal-
culated EFs for reaction 203Tl(α, n)206Bi using the alice code.
Figure 3(a) represents the effect of variation of parameter n0

from 4 to 6 in alice calculations. In this figure, the dashed
curve represents compound nucleus calculations obtained by
the Weisskopf-Ewing model [45], while, the solid, dotted and
dash dotted curves are corresponding to the values of param-
eter n0 = 4, 5, and 6, respectively, obtained by using the Ge-
ometry Dependent Hybrid (GDH) model [46] of code alice to
represent the CN+PCN components. Figure 3(b) represents
the effect of different values of mean free multiplier COST = 0
and COST = 2.0 in alice on the theoretical calculations. The
details of these parameters are discussed in the manuscript.

also been analyzed with the same set of parameters. The
theoretical calculations along with experimental EFs for
these reactions with K = 8, n0 = 4 and COST = 2 are
shown in fig. 4(a)–(d), respectively, with their experimen-
tal values. It may be observed that alice calculations with
the same set of parameters satisfactorily reproduce the ex-
perimental EFs for all the presently studied systems.

5 Systematics of the pre-compound process

In order to obtain the systematics of the PCN process,
the contribution of PCN in each reaction has been de-
duced in the form of pre-compound fraction (FPCN ) that
reflects the relative importance of the PCN process over
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Fig. 4. (Color online) The experimental and theoretical cal-
culated EFs for reactions 139La(α, n)142Pr, 159Tb(α, n)162Ho,
181Ta(α, n)184Re and 197Au(α, n)200Tl. The details of the cal-
culations are discussed in the text.

the CN process. The FPCN is deduced by the ratio of the
difference of the cross-sections for the (PCN+CN) emis-
sion and the CN cross-sections to the cross-section values
of (PCN+CN). The deduced “FPCN” values in percentage
are plotted as a function of the centre of mass energy ECM

for the reactions 139La(α, n)142Pr, 159Tb(α, n)162Ho,
181Ta(α, n)184Re, 197Au(α, n)200Tl, and 203Tl(α, n)206Bi
respectively and are shown in fig. 5(a). As can be seen
from this figure the “FPCN” for these reactions increases
with the centre of mass energy “ECM” for each target. The
small variation in ECM produces a large change in FPCN .
The values of ECM at which “FPCN” starts and attain
its maximum are different for different targets. As can be
seen from fig. 5(a) FPCN starts increasing at a lower value
of ECM for lighter mass target nuclei from 139La to 203Tl.
However, data collected for the target 197Au do not follow
the trend. Therefore, no clear systematic dependence on
ECM can be deduced for the studied systems.

Furthermore, looking for a systematic effect on the
PCN of the mass number as a function of the excita-
tion energy, the values of deduced “FPCN” are plotted
as a function of the excitation energy for the reactions
139La(α, n)142Pr, 159Tb (α, n) 162Ho, 181Ta (α, n) 184Re,
197Au (α, n) 200Tl, and 203Tl(α, n)206Bi and are shown in
fig. 5(b). The only observation which can be deduced in
this case is that the threshold value of the excitation en-
ergy at which “FPCN” begins is lower for the heavier tar-
get 203Tl. Beside the fact this is just opposite to the case
as discussed in fig. 5(a). We can just conclude that again
there is no evidence of any systematic trend of the PCN
and target mass with respect to excitation energy.

As a matter of fact in the PCN emission the partici-
pation of nucleons on the surface of the composite system
is more probable as compared to the nucleons well inside,
as such, the excitation energy per nucleon available at the
surface ES of composite system (ES = E∗/A2/3) may be
used as another parameter to influence the PCN process.
To get a systematic trend, the “FPCN” for the above sys-
tems are plotted as a function of ES and are shown in
fig. 5(c). As can be seen from this figure, a systematic
trend of the “FPCN” in terms of mass of the target nuclei
and the excitation energy per nucleon at the surface of the
composite system is observed for all the targets studied in
the present work. This may give support to the indication
that in the PCN emission all the nucleons of the composite
system are not involved in the PCN reaction mechanism.
As such, the PCN emission may have a significant effect
from the surface interactions. In other words, this may in-
dicate that particles interacting in the nuclear periphery
may have a better chance to be emitted as PCN particles,
where an average lower density is present, as compared to
the particles passing through the entire diameter of the
target and therefore underlying the effect of a higher den-
sity nuclear matter region.

In the present work, the conclusion drawn from the
above study provides a new systematics for the PCN pro-
cess in α induced reactions and has been shown in fig. 6.
This figure shows variation of the pre-compound fraction
(“FPCN”) with mass number of target nuclei (A) at five
different values of the excitation energy per nucleon ES
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Fig. 5. (Color online) (a) The deduced FPCN as a func-
tion of the centre of mass energy ECM for the reactions
139La(α, n)142Pr, 159Tb(α, n)162Ho, 181Ta(α, n)184Re, 197Au
(α, n)200Tl, and 203Tl(α, n)206Bi. Figures (b and c) represent
the dependence of FPCN on the excitation energy Eexc and
the excitation energy per surface nucleons E∗/A2/3 for these
reactions, respectively.

(= 0.300, 0.325, 0.350, 0.375 and 0.400MeV, respectively)
available at the surface of composite systems. As can be
seen from this figure, “FPCN” increases linearly with mass
number (A) of the target nuclei (in fig. 6 target 138La has
been shown by a dashed line with black solid squares,

Fig. 6. (Color online) Deduced pre-compound fraction
“FPCN” as a function of mass number of the target nuclei.
The pre-compound fraction “FPCN” linearly increases with the
mass of the target nuclei from A = 139 to A = 203. In this fig-
ure, deduced “FPCN” presently studied targets are shown by
different symbols with different lines (target 138La shown by
the dashed line with black solid squares, 159Tb by the dotted
line with red sold circles, 181Ta by the dash dotted line with
green up triangles, 179Au by the dash–double-dotted blue line
with blue down triangles and 203Tl by solid purple line with
purple stars).

159Tb by a dotted line with red sold circles, 181Ta by a
dash-dotted line with green up triangles, 179Au by a dash–
double-dotted blue line with blue down triangles and 203Tl
by a solid purple line with purple stars) at each value of
ES for the presently studied systems.

It may be observed from fig. 6, that fitted lines for dif-
ferent values of ES which guide the deduced “FPCN” are
not exactly parallel to each other hence, they have differ-
ent values of slope. The slope of the lines decreases with
increase in the excitation energy per surface nucleon ES .
It means that the probability of the PCN increases as the
mass of target nuclei increases at a fixed value of ES . At
higher values of the excitation energy per surface nucleon
ES , these lines start conversing which reflects that the
contribution of the PCN process saturates and becomes
maximum for each target for one neutron emitting chan-
nels. Further increases in the excitation energy per surface
nucleon ES , increases the probability of two neutron emis-
sion. As such, the systematics obtained from the present
analysis is interesting and allows additional insight in our
understanding of the PCN emission process.

6 Conclusions

The analysis of experimental EFs on heavy target nuclei
viz., 139La, 159Tb, 181Ta, 197Au and 203Tl in α-induced
reactions has been performed by the codes pace4 and al-

ice, respectively. The observed enhancement in the experi-
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mental excitation functions for reactions 139La(α, n)142Pr,
159Ta(α, n)162Ho, 181Ta(α, n)184Re, 197Au(α, n)200Tl, and
203Tl(α, n)206Bi as compared to pace4 calculations indi-
cates that these reactions do not independently proceed
through compound nucleus process and may have signif-
icant contribution to the pre-compound emission process
as well. It has to be reminded that at these energies the
contribution of direct reaction is negligible. Furthermore,
the calculations performed with the alice code have re-
produced the experimental data of the measured excita-
tion function for these reactions in the presently studied
energy region, satisfactorily. It has been concluded that
experimentally measured excitation functions could be re-
produced only when the pre-compound emission, simu-
lated theoretically by using the alice code, has been taken
into account for the aforesaid reactions. It has further been
observed that the same set of parameters of the alice

code satisfactorily reproduces the experimental existing
data for all the presently studied systems that have been
used to develop a systematics in α-induced reactions. The
systematics deduced in the presently studied mass region
having odd A and odd Z value of target nuclei indicates
that pre-compound fraction FPCN sensitively depends on
the excitation energy per surface nucleon (E∗/A2/3) of
the composite systems, mass number of the target nuclei.
Moreover, as the excitation energy per surface nucleon
(E∗/A2/3) increases, the pre-compound contribution also
increases in a systematic way and then tends to a satura-
tion point. The presently developed systematics may be
used to predict the PCN contribution more precisely and
can also be used as a new constraint for the further de-
velopment of theoretical models which describe the PCN
process.
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