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The influence of angular momentum on the dynamics of the heavy nucleus interaction in the capture process is analyzed on a  
dynamic-statistical approach. The range of light nuclei and stability region for angular momentum, where capture is possible, are 
determined on the basis of analysis of the nucleus-nucleus potential for reactions with heavy nuclei 238

92 U, 244
94 Pu, 248

96 Cm  and 251
98Cf .  

The capture cross sections of compound nuclei with 0Z 120=  and 126 are calculated, and the most perspective reactions to obtain 

the superheavy elements are pointed out.  
KEY WORDS: angular momentum, synthesis of superheavy elements, stability region, capture cross section. 

 
РОЛЬ УГЛОВОГО МОМЕНТА В ПРОЦЕССЕ ЗАХВАТА ТЯЖЕЛЫХ ЯДЕР 

Р.А. Анохин, К.В. Павлий 
Национальный научный центр «Харьковский физико-технический институт» 

ул. Академическая, 1, 61108, г. Харьков, Украина 
На основании динамико-статистического описания рассматривается влияние углового момента на динамику взаимодейст-
вия тяжелых ядер в процессе захвата. Диапазон легких ядер и область стабильности углового момента где возможен захват 
определены при анализе ядро-ядерного потенциала для реакций с тяжелыми ядрами 238

92 U, 244
94 Pu, 248

96 Cm и 251
98Cf .  Было рас-

считано сечение захвата для составных ядер с 0Z 120=  и 126 и определены наиболее перспективные реакции для получе-

ния сверхтяжелых элементов. 
КЛЮЧЕВЫЕ СЛОВА: угловой момент, синтез сверхтяжелых элементов, область стабильности, сечение захвата. 

 
РОЛЬ КУТОВОГО МОМЕНТУ В ПРОЦЕСІ ЗАХВАТУ ВАЖКИХ ЯДЕР 

Р.О. Анохін, К.В. Павлій  
 Національний науковий центр «Харківський фізико-технічний інститут» 

вул.  Академічна, 1, 61108, м. Харків, Україна 
Виходячи з динаміко-статистичного опису розглядається вплив кутового моменту на динаміку взаємодії важких ядер в про-
цесі захвату. Діапазон легких ядер і область стабільності кутового моменту де можливий захват визначені при аналізі ядро-
ядерного потенціалу для реакцій з важкими ядрами 238

92 U, 244
94 Pu, 248

96 Cm і 251
98Cf .  Було розраховано переріз захвату для складе-

них ядер з 0Z 120=  і 126 та визначено найбільш перспективні реакції для отримання надважких елементів. 

КЛЮЧОВІ СЛОВА: кутовий момент, синтез надважких елементів, область стабільності, переріз захвату 
 

“Cold” and “hot” fusion reactions are used in the experimental study of mechanisms of synthesis of new 
superheavy elements (SHE). Increase of the charge number of the heavy nucleus enables synthesizes of new elements 
with accelerators. SHE with 0Z 112=  (charge number) and 0Z 113 118= −  [1-3] were obtained in the “cold” and “hot” 

fusion reactions respectively. The improvement of acceleration technology with increase of beam intensity is required 
in the course of SHE formation for the purpose of further promotion of experimental works on 0Z  scale, since the 

expected cross section of new SHE does not exceed several femtobarn [3]. In NSC KIPT acceleration structures are 
developed for the purpose of experimental study of heavy nuclei fusion characteristics [4, 5]. 

In the description of heavy nuclei fusion with fixed mass iA  and charge iZ  numbers ( i 1, 2= ) SHE formation 

cross section is calculated [6] as follows:  

ER cap cm CN cm s cm
L 0

(E ,L) P (E ,L) W (E ,L)
=

σ = σ ⋅ ⋅ , (1) 

where ( )cap cmE ,Lσ  – partial capture cross section of the incident nucleus capture by the target nucleus; ( )CN cmP E ,L  – 

probability of the compound nucleus formation after capture; ( )s cmW E , L  – survivability of the compound nucleus with 

respect to fission, L – angular momentum, Ecm – light nucleus kinetic energy. 
The aim of this article is to study influence of the angular momentum on the capture probability and cross section 

for perspective fusion reactions of heavy nuclei with 0 1 2Z Z Z= +  equal 120 and 126. 
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INTERACTION POTENTIAL AND DYNAMICS  
The main process determining the capture cross section is the dynamics of interacting nuclei from the moment of 

contact to the minimum of the nucleus-nucleus potential (interaction potential). The kinetic energy of the beam, which 
is almost completely converted into the excitation energy, decreases during the change of distance between the nuclei 
centers; in addition, the angular momentum of the interacting nuclei is reduced leading to the change in the nucleus-
nucleus potential. 

 
Interaction potential 

In describing dynamics of interacting nuclei, an important role is played by the choice of nucleus-nucleus 
potential, which is determined as follows: ( ) ( ) ( ) ( )nn Coul n rotV R,L V R V R V R,L= + + . ( )CoulV R – Coulomb potential 

which is calculated from the partial overlap of the nuclei volumes according to [7]. ( )nV R – nuclear potential of short-

range forces (proximity potential) which has almost no fitted parameters [8]. ( )rotV R,L  – centrifugal potential, where 

the expression for the solid momentum of inertia of the nuclear system is applied: 
2

rot 2

L(L 1)
V (R, L)

2 R

+=
μ


 (2) 

where R – distance between the centers of nuclei,  – Planck constant, μ – reduced mass, and L – system angular 

momentum. Nucleus-nucleus potential allows to determine the following parameters influencing the dynamics: 
Coulomb barrier CoulB ,  quasifission barrier R

qfB , distance between the centers of nuclei at the touch, at the Coulomb 

barrier (maximum) and at the minimum of the nucleus-nucleus potential. 
In determining capture cross section, according to [6], R

qfB 0>  is required, i.e. the existence of potential pocket in 

the nucleus-nucleus potential is necessary, otherwise capσ  will be equal to zero. Fig. 1 shows the dependence of the 

potential pocket depth nnVΔ  on the charge number of light nucleus for different isotopic configurations of light nuclei, 

with heavy nucleus – 248
96Cm . These calculations are made for heavy fragments 238

92 U, 244
94 Pu, 248

96Cm  and 251
98Cf , from 

which it follows that the depth of the potential pocket is deeper for more asymmetric reactions, while the capture cross 
section is higher [9]. With increasing the quantity of neutrons in the light nucleus, the depth of the potential pocket 
increases. Therefore, the choice of the target nuclei and the beam can be made in planning of experimental work on the 
accelerator. However, as the potential pocket depth is reduced, the probability of capture and, consequently, the capture 
cross section of the interacting nuclei decrease. Therefore, these characteristics are to be correctly calculated. 

 
Fig. 1. Dependence of the potential pocket depth in the nucleus-nucleus potential on the charge number of light nucleus with 

different numbers of neutrons, heavy nucleus – 248
96 Cm . 

Dependencies of nnVΔ  on 1Z  (Fig. 1) are calculated at 0L L 0= = . As a rule, a series of angular momenta, which 

contribute to the determination of the capture cross section, is involved in fusion reactions. A critical value of the 
angular momentum cL  exists; if сL L> , then the capture is impossible and сар c(L L ) 0σ > = . Fig. 2 shows the 

dependence of the interaction force ( nn nnV / R F∂ ∂ = ) on the distance between the centers of nuclei at different values of 

the angular momentum. 
As L increases, the potential pocket depth decreases and convergence of minR  and maxR  (point of minimum and 

maximum values of nnV ) takes place; it corresponds to nnF 0=  on the graph. When cL L= , nnF  becomes less than 
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zero. Consequently, the stability region, in which the capture is possible, is determined for each reaction by cL  value 

(Fig. 3). The capture condition, from which cL  is derived, can be written as follows: 

nn
Coul n rot

V
(V V V ) 0

R R

∂ ∂= + + ≥
∂ ∂

. (3) 

 

 
 

Fig. 2. Dependence of nn nnV / R F∂ ∂ =  on the distance between 

the centers of nuclei at different values of the angular 
momentum.  

Fig. 3. Stability region depending on the angular momentum. 

However, the angular momentum of the system at the point of capture depends on dynamic parameters, the 
influence of which cannot be disregarded, i.e. L L(t)= . For dynamic stability, when the angular momentum depends 

on the time, system of equations (4) is to be solved. Consequently, nuclei with different initial values of the angular 
momentum 0iL  are involved in the fusion reactions; this should be considered within the nucleus-nucleus potential 

from the contact point to the momentum of capture. 
In studies of the dynamics of interacting nuclei at the initial stage of formation of SHE (capture), the dynamics of 

change in the centrifugal potential and, therefore, of the angular momentum, as it makes a significant contribution to the 
capture cross section, and, thus, in the cross section of SHE formation, are to be taken into consideration. 

 
Dynamics 

For dynamic description of the interacting nuclei the following system of equations [7, 9] is used: 

( )

( )

2

n
R nn

2

n

V Rd R(t)
k R(t) F (R,L)

dt R

V RdL(t)
k L(t) 0

dt R

•
•

θ

 ∂ μ + =  ∂ 

 ∂ 
μ + = ∂  

, (4) 

where 23
Rk 1 10−= ⋅  s/MeV and 23k 0.01 10θ

−= ⋅  s/MeV are radial and tangential friction coefficients respectively [9]. 

This system was numerically solved on the range of R from the contact point of interacting nuclei 
1/3 1/3

cont 1 2R 1.28(A A )= +  up to the momentum of capture, where the following condition is met: 

cmE R
2 2μ

Δ ⋅ Δ ≤
⋅


. (5) 

This condition is met in the minimum of the potential pocket of the nucleus-nucleus potential, when cmE 0→  

(relative kinetic energy of interacting nuclei), and minR R→ . In the solution of the system (4), the step was chosen by 

kinetic energy – 1 MeV, and by angular momentum 1. Fig. 4 shows the dependence of change in the kinetic energy on 
the distance between the nuclei centers for different initial values of the angular momentum. The figure shows that the 
system enters the capture channel after overcoming the Coulomb barrier maxR , with a sharp decrease of the kinetic 

energy (curves 1 – 4), for 00 L 72≤ < . 

After overcoming the Coulomb barrier the system oscillates around the interaction potential minimum with decay 
of the amplitude of cmE , due to dissipative forces, Fig. 4. Then, the condition (5) can be rewritten as follows: 



105
physical series «Nuclei, Particles, Fields», issue 2 /58/ Role of angular moment...

min
1

min
2

R

cmj
R

1
lim E (R)dR

j 2 2→∞

 
  ≤
  ⋅ μ 



, (6) 

where j – number of steps in one oscillation. In the solution of system (4) and the evaluation of expression 
(6) j 70≥ ; min min

1 2R , R  – distance between the centers of interacting nuclei with cmE 0→  (see Fig. 5). The change in 

oscillation period was determined by the change of sign cmE t∂ ∂  from minus to plus. The integral in expression (6) was 

numerically calculated for each step according to tΔ  up to the change in the sign cmE t∂ ∂ . 

Step by time was chosen 23(0.1 1) 10−÷ ⋅ , while the average change in distance between the centers of interacting 

nuclei after the passage of the Coulomb barrier is equal to 4~ 10− fm, the stopping of calculations was performed under 
13

cmE 0.3 10−Δ ≤ ⋅  MeV according to the expression (6). Fig. 4 shows the curve 5 for 0L 80= , the system does not 

overcome the Coulomb barrier and is disintegrated with the increase in the kinetic energy if 0L 80≥ . In this case the 

solution of system (4) was terminated under conditions where maxR R≥ . Consequently, the role of change in the 

angular momentum and thus the centrifugal potential are principal in the determination of the capture cross section. 

  
Fig. 4. Dependence of change in the kinetic energy on the 
distance between the centers of nuclei. Dynamics of the 

process is shown from right to left. The arrows indicate the 
regions of maxR  maximum and minR  minimum values of the 

nucleus-nucleus potential. 

Fig. 5. Dependence of the kinetic energy on the time in the 
area of minimum of the nucleus-nucleus potential. 

Fig. 6 shows the dependence of change in the centrifugal potential on the time required for reaction 50 251Ti Cf+  
with different values of 0L .  

 
Fig. 6. Dependence of the centrifugal potential on the interaction time for reaction 50 251Ti Cf .+  1 – L0=80, 2 – L0=60, 3 – 

L0=40, 4 – L0=20, 5 – L0=5. 
The figure shows that at the initial instant the centrifugal potential increases due to the reduction of the distance 

between centers of nuclei. After overcoming the Coulomb barrier, rotV  is reduced due to more strong exponential 

dependence of the angular momentum on time and reduction of relative velocity of nuclei. This conclusion is supported 
by the fact that the change of L(t)  should be considered in the calculation of the capture cross section, since the change 

of the Coulomb barrier and the quasifission barrier leads to changes of energy, required for its overcoming, and, 
consequently, to change in the capture probability. 
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Fig. 7 shows the dependence of the change in the 
relative angular momentum for different 0L  on the 

time when initial kinetic energy cmE 324 MeV.=  

Curve 5, if 0L 80= , shows the decay of 

interacting nuclei, which have not overcome the 
Coulomb barrier; it also demonstrates the need to 
consider cL  in the calculation of the capture cross 

sections. Other curves show the entry of the system into 
the capture channel. With increase of 0L  the velocity 

of entry ( cmE R∂ ∂ ) into the capture channel is 

decreased; it is determined by the rate of the angular 
momentum change after the Coulomb barrier. This 
observation illustrates usefulness of condition (6). 

It should be borne in mind, that condition (6) 
limits the dissipation of the kinetic energy into the excitation energy at the capture momentum. Then the system inertial 
momentum is equal to 2

1 2R j jμ + + , where 1j  and 2j - inertial momenta of light and heavy nuclei. 

 
CAPTURE CROSS SECTION AND PROBABILITY 

The expression averaged over all possible angular momenta maxL which were involved in the reaction [9] was used 

in order to calculate the capture cross section capσ  for a fixed isotope configuration of interacting nuclei: 

c cm 0i

0i

L (E ,L )2

c cm 0i i cm i
L 0cm max cm

1
(E ) (2L 1)P (E , L )

2 E L (E ) =

πσ = ⋅ +
μ 

, (7) 

where i cm iP (E ,L )  – capture probability, cmE – kinetic energy, 1 2 1 2m m / (m m )μ = ⋅ +  – reduced mass of nuclei, 

c cm 0iL (E ,L )  – critical (maximum) value of angular momentum, contributing to the capture cross section, 0iL – current 

value of angular momentum. 
Maximum value of the angular momentum maxL can be easily obtained from the energy balance at contact points 

of interacting nuclei: cont cont cont 2
cm n Coul rotE V V V R / 2− − − = μ  , where cont

CoulV , cont
nV  and cont

rotV - Coulomb, nuclear and 

centrifugal potentials at the contact point. The angular momentum is defined as [7]: L R R sin= μ θ


, where 

1 2R R R= + , R
•

 – velocity at the contact point, θ  – angle between the axis of the beam and distances between centers 

of interacting nuclei, which is equal to / 2π  for determination of the maximum value, thus:  
2 2 4 2

cm Coul n
max 2

2 R (E V V )(1 ) 2 0.5
L

1

μ − − − + −
=

+
  


, 

if 2 0→ : 
cont cont

max cm 1 2 cm Coul nL (E ) (R R ) 2 (E V V )= + ⋅ μ − − . (8) 

Verification of expression (8) was carried out in the reactions below and confirmed the correctness of the chosen 
assumption. 

At the fixed kinetic energy of the beam and the initial angular momentum the capture probability is determined by 
[9]: 

*
qf (i) i i cm i

i cm i
i cm i

E (L ) E (E ,L )
P (E ,L ) 1 exp

(E ,L )

 − Δ
= − −  Θ 

, (9) 

where *
i cm i i cm i 0(E , L ) 12E (E ,L ) / AΘ = - temperature of nuclei after dissipation of the kinetic energy into the 

excitation energy *
i iE (L ) . qf (i) iE (L )  – energy which is required to overcome the quasifission barrier and is determined 

from the interaction dynamics. * * *
i cm i 1(i) cm i 2(i) cm iE (E , L ) E (E ,L ) E (E ,L )Δ = −  – difference between the excitation 

energies of heavy and light nuclei. With regard to the fact that nucleons are not transferred from one nucleus to another 
and there is no emission of nucleons prior to the momentum of capture, the excitation energy is calculated in proportion 
to the mass numbers of interacting nuclei. It follows from the above expressions that capture cross section depends on 
the angular momentum in a complicated fashion. 

Fig. 8 shows dependences of the capture probability for 50 251Ti Cf+  reaction on the angular momentum which 
were calculated by means of (9) for various initial kinetic energies of the beam. The calculations showed that with the 

 
Fig. 7. Dependence of the reduced angular momentum on the 

relative distance between centers of nuclei. 
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increase of the kinetic energy, at first, the contribution of values of the angular momentum in the capture reaction is 
increased, and as cmE  is further increased, L value was reduced by the decrease of the energy required to overcome the 

quasifission barrier qfE . The capture probability is close to 1 with a relatively small cmE , but with energy which is 

sufficient to overcome the Coulomb barrier. With increase of cmE  the excitation energy is increased and qfE  is 

decreased, therefore, the capture probability is decreased. This process limits cL  values in reaction. Changes in the 

critical angular momentum for 46 50 251Ti Cf− +  reactions from the kinetic energy are shown in Fig. 9. 

  
Fig. 8. Dependence of the capture probability on the angular 

momentum for different kinetic energy of the beam for 
50 251Ti Cf+  reaction. 

Fig. 9. Dependence of the critical value of the angular 
momentum on the kinetic energy. 

It follows from the graphs that cL  is increased with increase of the kinetic energy due to overcoming the Coulomb 

barrier by nuclei with higher angular momenta. Maximum cL  is attained after the maximum value of the capture cross 

section. Then the excitation energy is increased and the capture probability is decreased to zero. While increasing cmE  

the system temperature rises, but it does not bring significant contribution to the capture cross section. Such 
dependences were observed in all reactions. 

Since the increase of cmE  leads to the increase 

of the excitation energy which is removed from the 
compound nucleus by the emission of nucleons and 
γ-quants, thus reducing the probability of SHE 
formation, experimental works should be carried out 
at energies when max

cap cap0 < σ ≤ σ . Therefore, Fig. 10 

shows the dependence of capture cross sections on 
the kinetic energy of the beam in the range of the 
capture cross section growth. With increase of the 
neutron number in the light nucleus the kinetic 
energy range is increased with increase of the 
capture cross section from zero to a maximum value. 

Growth of curves with increase in the kinetic 
energy (Fig. 10) is due to the inclusion of higher 
values of the angular momenta which contribute to 
the reaction. In addition, the excitation energy 
difference is increased and, consequently, the capture 
probability is decreased (Fig. 4). Almost upon 

attainment of the maximum value, the capture probability falls due to the decrease of the quasifission barrier. As the 
initial angular momentum 0L  is increased, cL  values, contributing to the capture, are decreased and the system passes 

into the quasifission channel upon disappearance of the quasifission barrier, where capσ  becomes zero. 

 
RESULTS AND DISCUSSIONS 

Probabilities (9) and capture cross section (7) have been calculated while solving system (4), from the contact of 
nuclei to the capture moment which is defined by expression (5). The results of these calculations are shown in Fig. 11, 
12 and Table 1. 

Calculations showed that the angular momentum has significant effect on the capture process. The increase of the 

Fig. 10. Dependence of the capture cross section on the 
kinetic energy. 
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initial value of the angular momentum leads to the increase of the centrifugal potential and therefore, to the decrease of 
the quasifission barrier height. For example, for 54Cr+248Cm reaction with L0 = 0 Bqf = 4.21 MeV, and with L0 = 70 Bqf = 
0.02 MeV. Consequently, the capture is impossible for angular momentum that exceeds a critical value. 

 
Table 1.  

Results of the calculations 
Reaction avg

cm cmE / E , MeV maxL  max
critL  max

capσ , mbn * *
avgE / E , MeV 

Z1 + Z2 = 0Z 120=  
80Ge+222Rn 366 – 371 / 368.5 189 – 196  25 0.1 67.75 – 71.98 / 69.87 
73Ge+226Ra 355 – 362 / 358.5 177 – 185  30 0.14 65.34 – 71.59 / 68.47 
74Ge+226Ra 354 – 364 / 359 183 – 195  37 0.19 64.5 – 73.58 / 69.04 
76Ge+226Ra 350 – 366 / 358 179 – 199  48 0.325 61.86 – 76.58 / 69.22 
69Ga+227Ac 329 – 349 / 339 149 – 174  49 0.425 47.43 – 62.59 / 55.01 
71Ga+227Ac  329 – 351 / 340 142 – 174  57 0.61 45.44 – 65.48 / 55.46 
64Zn+232Th 345 – 349 / 347 166 – 173   16 0.025 65.07 – 68.48 / 66.78 
66Zn+232Th  341 – 350 / 345.5 168 – 177  29 0.15 62.15 – 68.98 / 65.57 
67Zn+232Th  339 – 351 / 345 171 – 183  36 0.23 60.68 – 69.78 / 65.23 
68Zn+232Th  338 – 353 / 345.5 166 – 185  44 0.31 60.21 – 73.27 / 66.74 
70Zn+232Th  335 – 355 / 345 166 – 192  53 0.47 58.21 – 76.27 / 67.24 
63Cu+231Pa 334 – 347 / 340.5 157 – 172  33 0.22 60.98 – 69.98 / 65.48 
65Cu+231Pa  332 – 349 / 340.5 159 – 180  45 0.385 58.58 – 73.58 / 66.08 

58Ni+238U (1a) 332 – 336 / 334 157 – 162  21 0.09 62.1 – 67.36 / 64.73 
60Ni+238U (1b) 329 – 339 / 334 161 – 173  36 0.235 60.23 – 69.5 / 64.87 
61Ni+238U (1c) 327 – 339 / 333 159 – 173  41 0.33 59.6 – 69.98 / 64.79 
62Ni+238U (1d) 327 – 342 / 334.5 159 – 177  50 0.44 58.19 – 72.42 / 65.31 
64Ni+238U (1e) 323 – 343 / 333 160 – 186  57 0.62 53.93 – 74.96 / 64.45 

59Co+237Np  319 – 336 / 327.5 151 – 173  51 0.529 55.2 – 72.27 / 63.74 
54Fe+244Pu (2a) 313 – 324 / 318.5 144 – 158  39 0.405 56.07 – 66.25 / 61.16 
56Fe+244Pu  (2b) 309 – 328 / 318.5 142 – 166  51 0.624 53.6 – 71.55 / 62.58 
57Fe+244Pu  (2c) 307 – 324 / 315.5 142 – 163  48 0.71 51.74 – 67.84 / 59.79 
58Fe+244Pu  (2d) 308 – 331 / 319.5 148 – 177  60 0.82 52.41 – 74.44 / 63.43 

55Mn+243Am  297 – 326 / 311.5 136 – 173  59 0.892 48.73 – 76.25 / 62.49 
50Cr+248Cm (3a) 292 – 315 / 303.5 127 – 156  51 0.797 48.46 – 70.94 / 59.7 
52Cr+248Cm  (3b) 289 – 319 / 304 130 – 165  62 1.021 46.59 – 76.03 / 61.31 
53Cr+248Cm  (3c) 288 – 323 / 305.5 130 – 174  65 1.092 45.78 – 79.83 / 62.81 
54Cr+248Cm  (3d) 286 – 325 / 305.5 128 – 179  69 1.178 44.68 – 82.83 / 63.76 

50V+247Bk  280 – 318 / 299 122 – 168  65 1.2 44.06 – 81.14 / 62.6 
51V+247Bk  278 – 320 / 299 121 – 173  69 1.3 42.61 – 84.24 / 63.43 

46Ti+251Cf (4a) 274 – 305 / 289.5 116 – 154  58 1.24 43.56 – 74.62 / 59.09 
47Ti+251Cf  (4b) 273 – 310 / 291.5 120 – 163  64 1.35 42.69 – 79.82 / 61.26 
48Ti+251Cf  (4c) 271 – 312 / 291.5 120 – 169  68 1.4 41.49 – 82.53 / 62.01 
49Ti+251Cf  (4d) 270 – 315 / 292.5 121 – 174  72 1.5 40.84 – 85.93 / 63.39 
50Ti+251Cf  (4e) 268 – 318 / 293 121 – 180  76 1.59 39.6 – 89.62 / 64.61 

45Sc+252Es  262 – 306 / 284 113 – 161  67 1.583 40.19 – 83.32 / 61.76 
48Ca+257Fm 245 – 298 / 271.5 111 – 173  82 2.13 33.36 – 86.8 / 60.08 

0Z 126=  
70Zn+247Cm  360 – 363 / 361.5 185 – 187  16 0.033 66.5 – 68.56 / 67.53 
62Ni+251Cf  346 – 350 / 348 166 – 169  17 0.03 65.4 – 68.24 / 66.82 
64Ni+251Cf  343 – 351 / 347 169 – 179  31 0.17 64.36 – 68.87 / 66.62 
59Co+254Es  339 – 343 / 341 163 – 166  21 0.08 62.88 – 65.95 / 64.42 
56Fe+257Fm  328 – 335 / 331.5 153 – 162  26 0.15 58.5 – 65.14 / 61.82 
57Fe+257Fm  327 – 337 / 332 158 – 171  35 0.245 58.08 – 67.34 / 62.71 
58Fe+257Fm  326 – 340 / 333 155 – 169  41 0.35 56.24 – 69.24 / 62.74 

55Mn+260Md  316 – 331 / 323.5 148 – 166  43 0.46 54.37 – 68.43 / 61.4 
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Fig. 11. Dependence of the maximum value of the capture cross 
section on the initial kinetic energy for perspective reactions of 

SHE with 0Z 120= . Reactions shown in the graph are 

specified in the Table 1. 

Fig. 12. Dependence of the maximum value of the capture cross 
section on the initial kinetic energy for some reactions of SHE with 

0Z 126= . 

Calculations of the dynamics of interacting nuclei showed that the value of the angular momentum is reduced to 
30% of the initial value, and therefore there is a potential well in the interaction potential, while it is absent at the 
momentum of contact. This means that greater number of the angular momenta contributes to the reaction. For example, 
the critical value for 48Ca+257Fm reaction is 68, but the value amounting to 82 takes part in the reaction. 

In case of the isotope configuration it follows from the obtained data that it is appropriate to use elements with 
high charge asymmetry and neutron-rich light nuclei. The charge asymmetry has an influence due to the fact that the 
Coulomb potential is reduced with increase of the asymmetry and accordingly the Coulomb barrier is decreased. For 
example, for 80Ge+222Rn reaction which has Z 0.43η = , max

critL 25= , max
cap 0.1 mbnσ =  and for 48Ca+257Fm  reaction – 

Z 0.67η = , max
critL 82= , max

cap 2.13 mbnσ = . With decrease of mass asymmetry, where Z Constη = , the nuclear potential is 

increased, and, therefore, the height of quasifission barrier is increased. For example, for 47Ti+251Cf   reaction with 

A 0.68η = , max
critL 64= , max

cap 1.24σ =  mbn and for 50Ti+251Cf   reaction – A 0.67η = , max
critL 76= , max

cap 1.59 mbnσ = . 

Number of the angular momenta due to which light nucleus overcomes the Coulomb barrier is increased with 
increase of the kinetic energy, as well as the critical value of angular momentum is increased. This leads to increase of 
the excitation energy and therefore, to the decrease of the capture probability. That is to say that smaller number of 
angular momenta contributes to the capture process and the capture cross section decreases. Therefore, it is appropriate 
to carry out experimental works at energies when max

cap cap0 < σ < σ . 

Increase of the compound nucleus charge reduces the capture cross section and the critical angular momentum, 
while the kinetic energy and the excitation energy is increased. For example in 55Mn+260Md→315126 reaction these pa-
rameters are max

cap 0.46σ =  mbn, max
critL 43= , avg

cmE 323.5=  MeV, *
avgE 54.37=  MeV. For 54Cr+248Cm→302120 reaction 

these parameters are max
cap 1.178σ =  mbn, max

critL 69= , avg
cmE 305.5=  MeV, *

minE 44.68=  MeV. In addition the parameters 

of mass and charge asymmetry are the same for the above reactions. 
 

CONCLUSIONS 
Effect of the angular momentum on the capture cross section and the excitation energy is shown on the basis of the 

dynamic-statistical description of the capture process in fusion-quasifission reactions of heavy nuclei. Based on this 
description, it became possible to determine the stability region where the capture and thus the SHE formation are 
possible. Consequently, effect of the angular momentum on isotope configuration of a target beam and on the collision 
kinetic energy should be taken into consideration during the planning of experiments. 

 
REFERENCES 

1. Oganessian Yu.Ts., Dmitriev S.N. Superheavy elements of D.I. Mendeleev periodical system // Successes of Chemistry. – 
2009. – Vol. 78. – P. 1165-1176. (in Russian). 

2. Oganessian Yu. Ts., Abdullin F. Sh., Bailey P. D. et al. Synthesis of a New Element with Atomic Number Z = 117 // Phys. Rev. 
Let. – 2010. – Vol. 104. – P. 142502. 

3. Hoffman Z. Synthesis of superheavy elements by the method of cold fusion // Successes of Chemistry. – 2009. – Vol. 78. – P. 
1211-1227. (in Russian). 

4. Bomko V.A., Zaytsev B.V., Kobets A.F. et al. Accelerating structures of before grinding section of heavy ion linear accelerator 
LUMZI // QAST. – 2012. – Vol. 80. – P. 20-23. (in Russian). 

5. Zaytsev B.V., Tishkin S.S., Shulika N.G. As the use of a combination of highfrequency focus in high-current heavy ion linear 



110
«Journal of Kharkiv National University»,  ¹1041, 2013 R.A. Anokhin, K.V. Pavliiv

accelerators // QAST. – 2010. – Vol. 54. – P. 85-89. (in Russian). 
6. Volkov V.V. Process of Complete Fusion of Atomic Nuclei. Complete Fusion of Nuclei in the Framework of the Dinuclear 

System Concept // PEPAN. – 2004. – Vol. 35. – P. 798-857. (in Russian).  
7. Fazio G., Giardian G., Nasirov A.K. et al. Formation of heavy and superheavy elements by reactions with massive nuclei // Eur. 

Phys. J. A. – 2004. – Vol. 19. – P. 89-104.  
8. Myers W.D., Swiatecki W.J. Nucleus-nucleus proximity potential and superheavy nuclei // Phys. Rev. C. – 2000. – Vol. 62. – 

P. 044610.  
9. Anokhin R.A., Pavlii K.V. Dynamic-statistical description of capture cross-section - initial stage of the fusion of heavy nuclei 

reactions // QAST. – 2011. – Vol. 56. – P. 16-23. 
 

 

Pavlii Konstantin Vsevolodovich - National scientific center “Kharkov institute of physics and technology”, 
senior scientist, candidate of physics-mathematics sciences. 
Science area: fusion-quasifission reactions of heavy nuclei, fission of nuclei, accelerators, radiation damage 
physics 

 

Anokhin Roman Aleksandrovich - National scientific center “Kharkov institute of physics and technology”, 
research engineer. 
Science area: fusion-quasifission reactions of heavy nuclei, fission of nuclei, astrophysics, artificial intellect 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


