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1. Introduction 

In the field theory virtual reactions and decays, connected with the appearance in their 
amplitudes of states of intermediate elementary particles, whose momenta and energies are 
not related by Einstein's relativistic formula and therefore lie outside the mass surfaces of ana-
lyzed processes, are well known. Such reactions include, for example, the Compton scattering 
of γ-quanta by free electrons [1]. 

The question arises whether there are in nuclear physics the class of virtual decays and 
reactions associated with the appearance in their amplitudes of virtual intermediate states not 
only various elementary particles, but also composite atomic nuclei lie outside the mass sur-
faces of analyzed processes. A positive answer to this question was given on the basis of the 
generalized approach to the description of multistage decays and reactions in chains of genet-
ically linked nuclei [2‒4] using the Feynman diagram technique involving Green's functions 
of intermediate nuclei. The formation of this class at the first stage was started with two-
proton decays of neutron-deficient nuclei, predicted by Goldansky [5], whose characteristics 
were successfully described using the concept of their virtuality [2‒4]. This class was later 
extended [6‒9] to include double β-decays of nuclei whose characteristics are calculated using 
the weak interaction Hamiltonian in second-order perturbation theory, which leads to the ap-
pearance of virtual states of intermediate nuclei. In recent years the characteristics of sponta-
neous and induced (with the participation of thermal neutrons) ternary and quaternary nuclear 
fission with the emission of prescission α-particles have been described [10] using the concept 
of virtuality of these types of fission. 

The purpose of this work is to demonstrate the possibility of describing the experi-
mental characteristics spontaneous and induced ternary fission of nuclei with the emission of 
prescission nucleons and light nuclei 2H, 3H and 6He on the basis of the virtual presentation of 
these processes. 

2. The mechanisms of spontaneous and induced (with the participation of  
thermal neutrons) binary fission of nuclei 

The binary fission of fissile nucleus (FN) (А, Z) is connected with its scission into light 
(AL, ZL) and heavy (AH, ZH) fission fragments with close values of charges and masses. The 
process of this fission can be described on the base of the generalized model of nuclei [11], 
which simultaneously takes into account the nucleonic and collective modes of nuclear mo-
tion taking into account the evolution of shape of FN, described by its collective deformation 
parameters βλ, from close to spherical through a prolonged spheroid to a dumbbell-like shape 
(see Fig. 1.). 
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Fig. 1. Sequential stages of binary fission of nuclei. 

For description of this evolution it can introduced the potential energy of deformation E(βλ) of 
FN by formula: 

( ) ( ) ( ),shE E Eλ λ λβ β β= +                                                (1) 

where  )(~
λβE  is the binding energy calculated in the liquid-drop model of the nucleus [12] 

and )( λβshE  is Strutinsky shell correction [13, 14]. Then the FN deformation potential

20( ) ( ) ( )V Е Еλ λβ β β= − , where β20 is quadrupole deformation parameter of ground state of FN, 
can be represented [11] by Fig. 2. 

 

Fig. 2. Deformation potential ( )V λβ  for actinide nuclei 

The spontaneous binary fission occurs if FN is in the ground state with the wave func-
tion 0 ( )JM

K λψ β , where J is FN total spin with its projections M, K, taking into account the zero 
collective deformation vibration of this nucleus, at which FN passes into the prescission con-
figuration through overcoming the potential deformation barriers shown in Fig. 2. This FN 
state with wave function 0 ( )JM

K λψ β  corresponds to the transition fission state [11] of this nucle-
us. The binary fission is induced if the compound fissile nucleus (CFN) (A, Z) is formed when 
capturing of thermal neutron with a very low kinetic energy Tn ≈ 0.025 eV by target nucleus 
(A-1, Z) in its ground state with the formation of excited state CFN with the excitation energy 
|Bn|≈ 6 MeV, where Bn is binding energy of captured neutron. For nuclear times T0 ≈10-22 s 
this excited state transits into the neutron resonance state of CFN, whose wave function JM

Kψ
is represented when using the Wigner random matrix method [15‒18] as: 

 0 0
0

( ).JM JM JM
K i iK K

i
b b λψ ψ ψ β

≠

= +∑                                     (2) 

In this formula the wave function JM
iKψ  corresponds to the i-quasi-particle excited state of 

CFN and the wave function 0 ( )JM
K λψ β  describes the collective deformation state of the CFN 

with the excitation energy |Bn| and corresponds to the transition fission state of the CFN [11]. 
The squares of coefficients bi and b0 in (2) have average values of 2( ) 1 /ib N= , where N is the 

 
 



total number of quasi-particle states participating in formation of wave function (2). The in-
duced fission of CFN occurs with a noticeable probability if the energy |Bn| exceeds heights of 
the internal and external fission deformation barriers of Fig. 2. 

3. The mechanisms of spontaneous and induced (with the participation of  
thermal neutrons) ternary nuclear fission with the emission of light  

prescission particles 

The spontaneous and induced ternary fission of FN (A, Z) with the emission of third 
light prescission particle p (Ap, Zp) is similar to the binary fission of FN beginning with the 
transition of FN to its prescission configuration shown in Fig. 1. Then particle p flies out of 
this configuration with the appearance of the state of intermediate nucleus (A-Ap, Z-Zp), which 
is further divided into light (ALF, ZLF) and heavy (AHF, ZHF) fission fragments. The angular 
distribution of particle p for spontaneous and induced ternary fission has anisotropic character 
with the maximum at emission angles θp in the equatorial direction to the direction of light 
fission fragment emission [19‒20], that allows to conclude that the emitted p-particles are 
formed in the neck of FN prescission configuration. The experimental energy distribution 
W(Tp) of particle p with kinetic energy Tp have maximum value at energies Tpmax, which no-
ticeably exceeds the heat A

pQ  of the p-decay of the ground state of FN (A, Z) having the form: 
 

                     ( , ) ( , ) ( , ),A
p p p p pQ E A Z E A A Z Z E A Z= − − − −                             (3)  

where E(A,Z) is binding energy of FN in liquid-drop model [12]. The indicated fact is serious 
argument for the justification of the virtual mechanism of the appearance of third light 
prescission particles p in ternary nuclear fission. 

Using the results of works on the theory of virtual decays of atomic nuclei [2‒4], can 
obtain a formula for the width A

pfГ  of the virtual spontaneous ternary fission with the emis-
sion of third light particles p:  
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where )( p
A
p TГ  is p-decay width of FN (A, Z) with the emission of ternary particle p (Ap,Zp) in 

its ground state and the formation of daughter nucleus (A-Ap, Z-Zp), ( ) ( )p pAA A AA
f p pfГ Q T Q− − − +  

is full width of binary fission of nucleus (A-Ap, Z-Zp) with the heat of this fission pA A
fQ − : 

              ( ) ( ), ( )., ,p
p p LF LF HF H

A A
f FA A Z Z AQ E E Z A ZE− −− −= −                      (5)  

Note that the width of the induced ternary fission of CFN (A, Z) nucleus formed during the 
capture of a thermal neutron into the ground state of the target nucleus (A-1, Z) is also deter-
mined by formula (4), since the CFN excitation energy, equal to |Bn|, is conserved in the cor-
responding prescission configuration of this nucleus and does not participate in the formation 
of kinetic energy рТ  of the p-particle. Now it is possible to introduce the yield of p-particles 
in ternary nuclear fission to the number of binary fission fragments, defined as 

/ ( )pA AА
f fpf pf Г Qδ A −= Γ : 
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From here it is possible to obtain the energy distribution of the emission p-particles, normal-
ized on the yield of p-particles: 
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normalized to the yield of p-particles δpf. Taking into account that the energy 4A
fQ −  for actinide 

nuclei reaches 170 MeV, which is much higher than the energies A
p pT Q−  and the proximity of 

the widths ( ) ( )p pA A
f

A A
fГ Q −−  and ( )AA

f fГ Q , formula (7) can be transformed into the form: 
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Hence the value of width ( )p pГ TA  can be calculated through values ( )pf pW T  (8): 

                              2(( ) )( .)2p p pp p
A

pT W T QГ TpA −=                                     (9) 

The value ( )p pГ TA  can be represented by Gamow formula: 
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where P(Tp) is the penetrability factor of the Coulomb barrier, close to one for Tp = Tpmax, mp 
is p-particle mass and ωp is the probability of the formation of p-particle in the neck of parent 
nucleus with radius rneck. Using the experimental values of the widths 

max( )p pГ TA  and the aver-
aged values of the radii rneck  [21], it is possible to calculate by formula (10) the values of ωp  
for such third prescission particles p as α-particles, protons, neutrons, and also light nuclei 2H, 
3H, and 6He, and compare their values with similar values calculated in the framework of the 
cluster model of the nucleus [22]. 

4. Spontaneous and induced ternary nuclear fission with the emission of prescission       
α-particles 

When using experimental data for spontaneous (sf) ternary fission with the emission of 
α-particles from nuclei 244Cm, 246Cm, 248Cm [23] and 250Cf, 252Cf [24] and for analogous 
induced (n,f) ternary fission of nuclei-targets 233U, 235U [20] and 239Pu, 241Pu [25] the 
characteristics of these processes were calculated. 

As can be seen from Table 1 for all considered CFN the yields of α-particles δαf as for 
spontaneous as well induced fission are close to each other: 1.7×10-3 ≤ δαf ≤ 3.2×10-3. The 
analogous situation is realized for the probabilities of α-particle formation ωα:                   
2.0×10-2 ≤ ωα ≤ 3.1×10-2. The noticeable positive values of differences max( )AT Qa a−  show that 
the analyzed process of ternary fission has the virtual character.   

  

 
 



Table 1. Characteristics of spontaneous (sf) and induced (n,f) ternary fission of CFN 
with the emission of α-particles 

Compound 
nucleus 

faδ  ×10-3 maxTa  (MeV) 
AQa  

(MeV) 
neckr  

(fm) aω  ×10-2 

(sf) (n,f) (sf) (n,f)   (sf) (n,f) 
244Cm 3.2 2.4 16.0 16.1 5.9 2.5 3.1 2.6 
246Cm 2.5 2.2 16.4 16.4 5.5 2.5 2.8 2.4 
248Cm 2.3 1.9 16.0 16.0 5.2 2.5 2.6 2.0 
250Cf 2.9 2.8 16.0 16.1 6.1 2.5 2.4 2.6 
252Cf 2.6 2.4 16.0 15.9 6.2 2.5 2.4 2.2 
234U - 2.2 - 15.7 4.9 2.5 - 2.9 
236U - 1.7 - 15.5 4.6 2.5 - 2.1 

240Pu - 2.2 - 15.9 5.3 2.5 - 2.4 
242Pu - 1.9 - 15.9 5.0 2.5 - 2.1 

 

As can be seen from Fig. 3 the energy distributions ( )A
fW Тa a

of α-particles for the 
spontaneous and induced ternary fission of the CFN 252Cf are close.   

 

 
Fig. 3. The energy distributions ( )A

fW Тa a  for the spontaneous and induced ternary fission of 
252Cf with emission α-particle. 

From Fig. 3 it can be seen that for both spontaneous and induced fission of CFN with 
emission α-particle such characteristics as width at half maximum FWHM and forms of ener-
gy distribution are close.  

Similar dependences ( )A
fW Тa a  are also observed for all CFN of Table 1.  

 
 



The experimental angular distributions of fragments of ternary fission of FN with 
emission of α-particles are close to the analogous angular distributions of binary fission frag-
ments due to weak influence of the emitted third α-particle on the angular distributions of ter-
nary fission fragments [18].  

The experimental angular distributions of α-particle for all CFN [19‒20] have  the 
equatorial character with the maximum close to θ = 90°, what could be related with the emis-
sion of α-particle from the neck of the prescission configuration of CFN. Confirmation of this 
fact can be found in [26] for the spontaneous fission of the 252Cf nucleus.  

5. Spontaneous and induced ternary nuclear fission with the emission of prescission 1Н 

When using experimental data for spontaneous (sf) and induced (n,f) ternary fission 
with the emission of p-particle as 1H from CFN nuclei 252Cf [27] and 236U [28] the 
characteristics of these processes were calculated. 

 
Table 2. Characteristics of spontaneous (sf) and induced (n,f) ternary fission of CFN 

with the emission of 1H 

Compound 
nucleus 

pfδ  ×10-5 maxpT  (MeV) 
A
pQ  

(MeV) 
neckr

(fm) 
pω  ×10-4 

(sf) (n,f) (sf) (n,f)   (sf) (n,f) 
252Cf 4.6 - 7.8 - ‒6.48 2.5 8.1 - 
236U - 4.0 - 8.6 ‒6.71 2.5 - 7.6 
 
As can be seen from Table 2 for all considered CFN the yields δpf of 1H are close to 

each other as for spontaneous as well induced fission: 4.0×10-5 ≤ δpf ≤ 4.6×10-5. The analogous 
situation is realized for the probabilities of 1H formation ωp: 7.6×10-4 ≤ ωp ≤ 8.1×10-4. The 
noticeable positive values of differences max( )A

p pT Q−  show that the analyzed process of ternary 
fission has the virtual character.  

 

 
Fig. 4. The dependence ( )A

pf pW Т  for the induced fission of the compound nucleus 236U with 
emission 1H. 

As can be seen from Figs. 4‒5 the dependences ( )A
pf pW Т  from Tp for the spontaneous 

and induced ternary fission of the compound nuclei 236U and 252Cf with emission 1H turn out 
to be close for all CFN considered. 

 

 
 



 
Fig. 5. The dependence ( )A

pf pW Т  for the spontaneous fission of the compound nucleus 252Cf 
with emission 1H. 

As can be seen from Figs. 4‒5 the dependences ( )A
pf pW Т  from Tp for the spontaneous 

and induced ternary fission of the compound nuclei 236U and 252Cf with emission 1H turn out 
to be close for all CFN considered. 

From Figs. 4‒5 it can be seen that for both spontaneous and induced fission of CFN 
with emission 1H such characteristics as width at half maximum FWHM and forms of energy 
distribution are close.  

The experimental angular distributions of 1H for all CFN [19‒20] have the equatorial 
character with the maximum close to θ =  90°, what could be related with the emission of 1H 
from the neck of the prescission configuration of CFN. Confirmation of this fact can be found 
in [27] for the spontaneous fission of the 252Cf nucleus. 

6. Spontaneous and induced ternary nuclear fission with the emission of prescission 2Н 

When using experimental data for spontaneous (sf) and induced (n,f) ternary fission 
with the emission of p-particle as 2H from CFN nuclei 252Cf [27] and 236U [28] the 
characteristics of these processes were calculated. 

 
Table 3. Characteristics of spontaneous (sf) and induced (n,f) ternary fission of CFN 

with the emission of 2H 

Compound 
nucleus 

pfδ  ×10-5 maxpT  (MeV) 
A
pQ  

(MeV) 
neckr  

(fm) 
pω  ×10-4 

(sf) (n,f) (sf) (n,f)   (sf) (n,f) 
252Cf 1.5 - 8.0 - ‒9.3 2.5 5.0 - 
236U - 1.2 - 7.9 ‒10.1 2.5 - 4.5 

 
As can be seen from Table 3 for all considered CFN the yields δpf of 2H are close to 

each other as for spontaneous as well induced fission: 1.2×10-5 ≤ δpf ≤ 1.5×10-5. The analogous 
situation is realized for the probabilities of 2H formation ωp: 4.5×10-4 ≤ ωp ≤ 5.0×10-4. The 
noticeable positive values of differences max( )A

p pT Q−  show that the analyzed process of ternary 
fission has the virtual character.  

 
 



As can be seen from Figs. 6‒7 the dependences ( )A
pf pW Т  from Tp for the spontaneous 

and induced ternary fission of the compound nuclei 236U and 252Cf with emission 2H turn out 
to be close for all CFN considered. 

 

 
Fig. 6. The dependence ( )A

pf pW Т  for the spontaneous fission of the compound nucleus 252Cf 
with emission 2H. 

 
Fig. 7. The dependence ( )A

pf pW Т  for the induced fission of the compound nucleus 236U with 
emission 2H. 

From Figs. 6‒7 it can be seen that for both spontaneous and induced fission of CFN 
with emission 2H such characteristics as width at half maximum FWHM and forms of energy 
distribution are close.  

The experimental angular distributions of 2H for all CFN [19‒20] have the equatorial 
character with the maximum close to θ = 90°, what could be related with the emission of 2H 
from the neck of the prescission configuration of CFN. Confirmation of this fact can be found 
in [27] for the spontaneous fission of the 252Cf nucleus.  

7. Spontaneous and induced ternary nuclear fission with the emission of prescission 3Н 

When using experimental data for spontaneous (sf) and induced (n,f) ternary fission 
with the emission of p-particle as 3H from CFN nuclei 244Cm, 246Cm [23], and 250Cf, 252Cf 
[24] the characteristics of these processes were calculated. 

 

 
 



Table 4. Characteristics of spontaneous (sf) and induced (n,f) ternary fission of CFN 
with the emission of 3H 

Compound 
nucleus 

pfδ  ×10-4 maxpT  (MeV) 
A
pQ  

(MeV) 
neckr  

(fm) 
pω  ×10-4 

(sf) (n,f) (sf) (n,f)   (sf) (n,f) 
244Cm 2.0 2.0 8.1 8.2 ‒11.1 2.5 0.9 0.9 
246Cm 1.7 1.9 8.1 8.4 ‒12.3 2.5 0.9 1.0 
250Cf 2.1 2.1 8.3 8.5 ‒9.8 2.5 0.7 0.8 
252Cf 1.9 2.2 8.6 8.5 ‒9.3 2.5 0.8 0.8 

 
As can be seen from Table 4 for all considered CFN the yields δpf of 3H are close to 

each other as for spontaneous as well induced fission: 1.7×10-4 ≤ δpf ≤ 2.2×10-4. The analogous 
situation is realized for the probabilities of 3H formation ωp: 0.7×10-4 ≤ ωp ≤ 1.0×10-4. The 
noticeable positive values of differences max( )A

p pT Q−  show that the analyzed process of ternary 
fission has the virtual character.    

As can be seen from Figs. 8‒10 the dependences ( )A
pf pW Т  from Tp for the spontaneous 

and induced ternary fission of the compound nuclei 250Cf, 244Cm and 246Cm with emission 3H 
turn out to be close for all CFN considered. 

 

 
Fig. 8. The dependences ( )A

pf pW Т  for the induced and spontaneous fission of the compound 
nucleus 250Cf with emission 3H. 

 
 



 

Fig. 9. The dependences ( )A
pf pW Т  for the induced and spontaneous fission of the compound 

nucleus 244Cm with emission 3H. 

 
Fig. 10. The dependences ( )A

pf pW Т  for the induced and spontaneous fission of the compound 
nucleus 246Cm with emission 3H. 

 
 



From Figs. 8‒10 it can be seen that for both spontaneous and induced fission of CFN 
with emission 3H such characteristics as width at half maximum FWHM and forms of energy 
distribution are close.  

The experimental angular distributions of 3H for all CFN [19‒20] have the equatorial 
character with the maximum close to θ = 90°, what could be related with the emission of 3H 
from the neck of the prescission configuration of CFN. Confirmation of this fact can be found 
in [26] for the spontaneous fission of the 252Cf nucleus.   

8. Spontaneous and induced ternary nuclear fission with the emission of prescission 6Нe 

When using experimental data for spontaneous (sf) and induced (n,f) ternary fission 
with the emission of p-particle as 6He from CFN nuclei 250Cf and 252Cf [24] the characteristics 
of these processes were calculated. 

 
Table 5. Characteristics of spontaneous (sf) and induced (n,f) ternary fission of CFN with the 

emission of 6He 

Compound 
nucleus 

pfδ  ×10-5 maxpT  (MeV) 
A
pQ  

(MeV) 
neckr  

(fm) 
pω  ×10-3 

(sf) (n,f) (sf) (n,f)   (sf) (n,f) 
250Cf 8.0 7.0 10.6 11.0 ‒5.91 2.5 2.6 2.4 
252Cf 7.7 7.6 11.2 10.9 ‒4.18 2.5 2.5 2.2 

 
 

 
Fig. 11. The dependences ( )A

pf pW Т  for the induced and spontaneous fission of the compound 
nucleus 250Cf with emission 6H. 

As can be seen from Table 5 for all considered CFN the yields δpf of 6He are close to 
each other as for spontaneous as well induced fission: 7.0×10-5 ≤ δpf ≤ 8.0×10-5. The analogous 

 
 



situation is realized for the probabilities of 6He formation ωp: 2.2×10-3 ≤ ωp ≤ 2.6×10-3. The 
noticeable positive values of differences max( )A

p pT Q−  show that the analyzed process of ternary 
fission has the virtual character.    

 

 
Fig. 12. The dependences ( )A

pf pW Т  for the spontaneous and induced fission of the compound 
nucleus 252Cf with emission 6He. 

As can be seen from Figs. 11‒12 the dependences ( )A
pf pW Т  from Tp for the spontane-

ous and induced ternary fission of the compound nuclei 250Cf and 252Cf with emission 6He 
turn out to be close for all CFN considered. 

From Figs. 11‒12 it can be seen that for both spontaneous and induced fission of CFN 
with emission 6He such characteristics as width at half maximum FWHM and forms of energy 
distribution are close.  

The experimental angular distributions of 6He for all CFN [19‒20] have the equatorial 
character with the maximum close to θ = 90o, what could be related with the emission of 6He 
from the neck of the prescission configuration of CFN.  Confirmation of this fact can be found 
in [26] for the spontaneous fission of the 252Cf nucleus.    

 
9. Spontaneous and induced ternary nuclear fission with the emission of prescission  

neutrons 

It is well known [11] that in the spontaneous and low-energy induced (by thermal neu-
trons) binary fission of actinide-nuclei the neutrons n with short characteristic escape times 
τ≤10-4 s appear. The number of these neutron, normalized by their yield δnf, are determined by 
the normalized sum evaporated neutrons neν emitted from fission fragments, fully accelerated 
by their mutual Coulomb field, and prescission neutrons npr, emitted from prescission config-

 
 



urations of FN at times close to the moment of its scission into fission fragments. The angular 
and energy spectrum n(Tn, θn) of indicated neutrons n, where Tn and θn are the asymptotic ki-
netic energies of the emitted neutron and the angle between the directions of neutron emission 
and light fission fragment, can be presented as 

 ( , ) ( , ) ( , ).n n pr n n ev n nn T n T n Tθ = θ + θ                                   (11) 

Experimental spectrum n(Tn, θn) are found for the spontaneous binary fission of the 
252Cf in [28, 29] and for neutron-induced binary fission of 233U and 235U in [29, 30]. Theoreti-
cal spectrum neν(Tn, θn) of evaporation neutrons can be calculated using the presentation [28]. 
The spectrum of prescission neutrons npr(Tn, θn) can be calculated using formula (11) with 
experimental values n(Tn, θn) and theoretical values neν(Tn, θn). The typical angular depend-
ence of npr(θn) for the induced fission of the nucleus-target 233U by thermal neutron with for-
mation of CFN 234U [29,30] shown on Fig. 13. 

 
Fig. 13. Integral angular distribution prescission neutrons for CFN 234U. 

 
As can be seen from Fig. 13, the values of npr(θn) for certain angles θ turned out to be 

negative, which is physically impossible. This testifies to the inaccuracy of the formulas [28‒
31] used to calculate the evaporation spectra of neutrons. Therefore, the angular distributions 
of prescission neutrons calculated using formula (11) were corrected by throwing away the 
negative values of npr(θn) obtained in the calculations [28‒31] and by conservation npr(θn) 
only for the angular range close to 90θ = ° . 

 
Table 6. Characteristics of ternary fission of CFN with the emission of npr 

Compound 
nucleus 

prδ  ×10-

2 
Angular range maxpТ  (MeV) 

 
A
pQ  (MeV) 

233U (n,f) 1.5 54.5o ≤ θ ≤ 107.8o 0.5 -6.8 
235U (n,f) 1.8 54.5o ≤ θ ≤ 107.8o 0.5 -6.5 
252Cf (sf) 2.0 72.2o ≤ θ ≤ 107.8o 0.6 -6.2 
 

 
 



As it can be seen from Table 6, where characteristics of spontaneous (sf) and induced 
(n,f) ternary fission with the emission of prescission neutrons npr from CFN nuclei 234U [29, 
30], 236U [29, 30] and 252Cf [28, 29] are presented, for all considered CFN the yields δpr for 
prescission neutrons are close for spontaneous and induced fission 1.5×10-2 ≤ δpr ≤ 2.0×10-2. 
The noticeable positive values of differences max( )A

p pT Q−  show that the analyzed process of 
ternary fission has the virtual character [4].    

Figs. 14‒15 demonstrate the corrected energy distributions of prescission neutrons npr 
for spontaneous fission of the 252Cf nucleus [29] and induced fission of 235U [30], 
respectively. 

 
Fig. 14. Experimental energy distribution npr(Tn) for spontaneous fission of the 252Сf . 

 

 
Fig. 15.  Experimental energy distribution npr(Tn) for induced fission of the 235U.  

 
From Figs. 14‒15 it can be seen that for both spontaneous and induced fission of CFN 

with emission npr the energy distributions are close.  
 

9. Conclusion 

Based on the results obtained in this paper it can be concluded that for spontaneous 
and induced ternary fission the emission processes for prescission particles 1H, 2H, 3H, 6Не 
and npr  are similar to the analogous process for prescission α-particles.  

 
 



 
Table 7.  Characteristics of spontaneous (sf) and induced (n,f) ternary fission of CFN 

with the emission of prescission particles 
Emitted 

particle p pfδ   maxpT  
(MeV) 

A
pQ  

(MeV) 
pω   

 (sf) (n,f)   (sf) (n,f) 
a 2.6×10-3 2.2×10-3 16 +6 2.6×10-2 2.4×10-2 

1H 4.6×10-5 4.0×10-5 8 ‒7 8.0×10-4 6.0×10-4 
2H 1.5×10-5 1.2×10-5 8 ‒9 5.0×10-4 4.5×10-4 
3H 1.9×10-4 2.05×10-4 8 ‒10 0.8×10-4 0.9×10-4 

6Не 7.9×10-5 7.3×10-5 10 ‒6 2.6×10-3 2.3×10-3 
npr  1.7×10-2 2.0×10-2 0,5 ‒6 - - 

 
From the Table 7, where the averaged values of yields δpf, of probabilities of formation 

ωp, of maximal kinetic energies Трmax of third particles p and of p-decay heats  A
pQ  of CFN (A) 

for spontaneous and induced ternary fission with emission of all analyzed previously prescis-
sion particles p are presented, it can be obtained the following conclusions. 

1. Birth processes for all prescission particles have virtual character, because differ-
ences max( )A

p pT Q−  have noticeable positive values: 10 MeV for α-particles, (15‒18) MeV for 
1H, 2H, 3H, 6He and 6.5 MeV for prescission neutron. These differences are subtracted from 
the kinetic energy of fragments the binary fission of intermediate nuclei. 

2. The values of energies Tpmax, yields δpf and probabilities of formation ωp  are close 
for each group of prescission particles in spontaneous and induced ternary fission of nuclei, 
since the excitation energy |Bn|  of CFN for the absorption of thermal neutron by the target-
nucleus does not participate in the formation of the kinetic energy of prescission particles, but 
transforms to the excitation energy of binary fission fragments.  

3. The yields δpf of prescission particles p have maximum values for prescission neu-
trons 1.85×10-2, and then decrease to 2.4×10-3 for α-particles, to 2.0×10-4 for 3H and then be-
come less than 1.2×10-5 for 1H, 2H and 6He. Similar changes occur for the formation probabil-
ities ωp calculated for all prescission particles, except for prescission neutrons. 
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