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1. Introduction 

 Alpha-clustering in nuclei is one of the important subjects for nuclear structure and 

reaction study [1-5]. The α-clusterization of four nucleons before the emission is usually 

described by a preformation (or clustering) factor, which is defined as the probability of 

finding an α-cluster inside the parent nucleus. Consequently, this factor (or probability) 

should be less than or equal to one. Many attempts for evaluation of the α-cluster formation 

probability were carried out for a long time using different methods based on various 

theoretical approaches. For examples, the molecular viewpoints in nuclear structure [4,6‒8], 

one-body model [9,10], preformed α-particle model [11], α-cluster model [12], α-particle 

occurrence on the surface of a nucleus [13], α-particle formation through the spectroscopic 

factor [14,15] ratio of the nucleon-nucleon and nucleon-alpha interaction rates [16,17], 

classical formula for the assault frequency of an α-particle inside a nuclear potential barrier 

[18,19], cluster formation model [20], density-dependent cluster model [21], binary cluster 

model [22], exciton model [23] and microscopic cluster model [24,25] were used to study the 

α-clustering effect. Most of these studies were focused on the α-decay. Several methods were 

suggested to determine the α-particle formation factor in the (n,α) and (p,α) reactions [10‒12, 

16,17,23,26]. However, the results of these attempts are not consistent and up to now a 

common explanation of the α-clustering in a nucleus and an unified method to obtain the α-

clustering probability are not available.  

 Recently, from the unified viewpoint, namely, in the framework of the compound 

mechanism, using the statistical model we have determined the clustering factors for the 

resonance (En ≤ 5 keV), intermediate (En ≈ 24 ‒ 30 keV), and fast (En = 2 ‒ 20 MeV) neutron 

induced (n,α) reactions [27‒30].  

In this work we suggest a new method to derive α-clustering probability from the 

analysis of known experimental data of the fast neutron induced (n,α) reactions and total 

neutron cross sections for the 
4
He using the knock-on mechanism. The obtained α-clustering 

probabilities are compared with our previous results and those determined by other 

approaches.  



2. Method 

 The method suggested in this work for calculation of the α-clustering probability is 

based on the knock-on mechanism of nuclear reaction. In this case by analogy of Bohr’s 

postulate of the compound mechanism, we assume that the (n,α) cross section for fast 

neutrons can be expressed as two stages process: 
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Here, the (n,α) cross section is defined as the multiplication of the α-cluster formation 

probability on the surface of target nucleus, Фα, and total neutron cross section for the 
4
He, 
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n . From (1) the α-cluster formation probability can be obtained as following: 
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For evaluation of the α-clustering probability, the experimental data of the (n,α) cross 

sections and total neutron cross sections the 
4
He were taken from the EXFOR [31] and other 

references.  

3. Results and Discussion 

3.1. Light nuclei 

Energy dependence of the α-clustering probability obtained by formula (2) for 5 light 

nuclei of 
6
Li to 

20
Ne, for which fast neutron induced (n,α) reaction cross sections are available 

in the wide energy range, is shown in Fig.1.  

 

Fig.1. Energy dependence of the α-clustering probability for light nuclei. 

The threshold energy calculated by binding energy [32] for some cluster structures of these 

nuclei is given in Table.1 together with values from Ikeda diagram [8].  



Table.1. The threshold energy of some cluster structures for light nuclei 

Isotope 
Cluster 

structure 

Threshold energy Eth (MeV) 

Calculated values 
From Ikeda 

Diagram [8] 

6
Li 

α+d 1.47 - 

t+t 15.81 - 

10
B 

6
Li+α 4.46 - 

d+2α 5.93 - 

14
N 

12
C+d 10.27 - 

10
B+α 11.61 - 

6
Li+2α 16.07 - 

16
O 

12
C+α 7.16 7.16 

4α 14.44 14.44 

20
Ne 

16
O+α 4.73 4.73 

12
C+2α 11.90 11.89 

5α 19.17 19.17 

It is seen from Fig.1 that the α-clustering probabilities for given isotopes in the energy 

range of 1 to 10 MeV are varied not so much and with maximum value of Фα = 0.145 ± 0.011 

for the 
14

N at the neutron energy of 4 MeV.  Above 10 MeV the α-clustering probabilities are 

increased and reached Фα= 0.371 ± 0.031 at En = 16 MeV and Фα = 0.251 ± 0.004 at En = 14 

MeV for the 
16

O and 
20

Ne, respectively. At the same time, the α-cluster formation probability 

of the 
6
Li isotope with the lowest α-clusterization threshold energy (see Tab.1) among light 

nuclei has not the highest value and is varied in the narrow interval of 0.022 to 0.068. This 

fact shows that the α-clusterization threshold energy is not a single decisive factor in the α-

clustering effect for these nuclei.   

 

Fig.2. Energy dependence of average α-clustering probability for light target nuclei. 

However, essential increasing of the α-clustering probability for the 
20

Ne and 
16

O in 

the energy region of 14 to 16 MeV is perhaps caused by opening the two α-particle (Eth = 
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11.90 MeV for 
20

Ne) and four α-particle (Eth = 14.44 MeV for 
16

O) emission channels for 

these isotopes. Arithmetic mean values of the α-clustering probability averaged over all light 

isotopes at each energy point are increased nearly linearly depending on the neutron energy 

(see Fig.2). 

The α-clustering probabilities for odd-odd isotopes 
6
Li, 

10
B and 

14
N at the 1 MeV are 

decreased depending on the neutron (or proton) number (Fig.3a). At the same time, for these 

isotopes the α-clustering probabilities become nearly the same at the 3 MeV (Fig.3b) and are 

linearly increased at the 4 and 5 MeV (Fig.4) depending on the neutron number.  

 

 
a)                                                                             b) 

Fig.3. The dependence of the α-clustering probability on neutron number for light odd-odd 

target nuclei at the 1 MeV (a) and 3 MeV (b). 

 
a)                                                                             b) 

Fig.4. The same as in Fig.3 at the neutron energy 4 MeV (a) and 5 MeV (b). 

 

3.2. Medium mass nuclei 

Energy dependence of the α-clustering probability calculated by the formula (2) for 11 

medium mass target nuclei is shown in Fig.5.  



 

Fig.5. The same as in Fig.1 for medium mass nuclei 

Some increasing tendency of the α-clustering probability for all nuclei was observed in 

the beginning of neutron energy. Among these isotopes the highest α-clustering probability 

was obtained for the double magic even-even 
40

Ca. It can be seen that values of the α-

clustering probability for the medium mass nuclei are on average lower than those for light 

nuclei.   

 

Fig.6. The same as in Fig.2 for medium mass nuclei. 

Arithmetic average values of the α-clustering factor at each neutron energy for all 

medium mass nuclei are increased in the range of 4 to 14 MeV, except value at 10 MeV, after 

that are decreased, however they have wide dispersions (Fig.6).  

 

 



3.3. Heavy nuclei 

The (n,α) reaction experimental data base for heavy nuclei is very scarce for fast 

neutrons. In connection with this situation four isotopes of the neodymium and samarium are 

considered, only, for several MeV energy range. Fig.7 shows that the α-clustering 

probabilities for these nuclei are increased depending on the neutron energy. In addition, all 

values of the α-clustering probability for heavy nuclei are considerably lower than one for 

light and medium mass isotopes.  

 
Fig.7. The same as in Fig.1 for heavy nuclei. 

 
Fig.8. The same as in Fig.2 for heavy nuclei. 

The arithmetic average values of the α-clustering probability for heavy nuclei at 4.0, 

4.5, 5.0, 5.5, 6.0 and 6.5 MeV are increased linearly depending on the neutron energy (Fig.8).  



4. Conclusions 

 

1. The α-clustering probability in the fast neutron induced (n,α) reactions for light, 

medium mass and heavy nuclei was obtained using the knock-on mechanism. 

2. It was seen that the α-clustering probability at the same neutron energy is on average 

decreased depending on the mass number of the target nuclei. 

3. The α-clustering probability for light and heavy nuclei is increased with growth of 

neutron energy. At the same time, for medium mass nuclei the α-clustering probability 

is increased in the range of 4 to 14 MeV and from 14 to 20 MeV is decreased. 

4. The α-clustering probabilities found in the present work are on average in a 

satisfactory agreement with our previous results which were obtained in the 

framework of the statistical model using the comparison method of the (n,α) and (n,p) 

cross sections [30]. Our present values of the α-clustering probability are lower than 

those obtained by normalizing of theoretical (n,α) cross sections to experimental ones 

[27] and using the preformed α-particle model [11]. 
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