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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 %3 U, *+Pu, *+Cm and *,Cf.

The capture cross sections of compound nuclei with Z; =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.

POJIb YTJIOBOI'O MOMEHTA B ITPOLIECCE 3AXBATA TSAXKEJIbIX SAIEP
P.A. Anoxun, K.B. ITaBauii
Hayuonanvnouii nayunutii yenmp «Xapvkosckuil pusuko-mexHudeckuti UHCmunymy
ya. Akademuueckas, 1, 61108, 2. Xapvkos, Yrpauna
Ha ocHoBaHMU TMHAMUKO-CTaTUCTUYECKOTO OIMCAHUS pacCMaTpUBaeTCs BIMSHUE YIJIOBOIO MOMEHTAa Ha TUHAMHUKY B3aUMOAEHCT-

BHUS TSOKEIBIX AACP B MPOLIECCE 3axXBaTa. I[I/IaHaSOH JIETKUX AA€p U 00J1acTh CTAOMIBLHOCTH YIJIOBOTO MOMEHTA I'I€ BO3MOXKEH 3aXBaT

OMpesIesieHbl MIPU aHATH3E SPO-AIEPHOTO MOTEHIMANA YISl PEAKIH ¢ TSKEIBIME SApaME 5 U, “sPu, “eCmu “;Cf. Bbuio pac-

CUYNTAHO CEUCHHUE 3axBaTa AJs COCTaBHBIX sfep ¢ Z, =120 u 126 u onpezneneHsl Haubosaee NEPCIEKTUBHbBIE PEAKIUU IS TTOTyde-

HUSI CBEPXTSKENBIX JIEMEHTOB.
KJIIOUEBBIE CJIOBA: yrioBoii MOMEHT, CHHTE3 CBEPXTSDKEINBIX JIEMEHTOB, 00JIaCTh CTAOMIBHOCTH, CEYCHHE 3aXBaTa.

POJIb KYTOBOI'O MOMEHTY B ITPOLIECI 3AXBATY BAXKKHUX SIJIEP
P.O. Anoxin, K.B. IlaBiii
Hayionanenuil naykosuil yenmp «XapkiecoKuil (i3uKko-mexHiuHuil incimumymy
eyn. Axademiuna, 1, 61108, m. Xapxis, Ykpaina
Buxonsun 3 TMHAMIKO-CTaTUCTUYHOTO OITUCY PO3TJISAAETHCS BIUIUB KyTOBOI'O MOMEHTY Ha AMHAMIKY B3a€MOJIT BaXKKHX sJep B IPO-
neci 3axBaty. Jliamas3oH JIerkux siaep i 061acTb cTabiIbHOCTI KYTOBOrO MOMEHTY Jie MOJKJIMBHH 3aXBaT BH3HAUCHI PH aHAJIi31 sapo-
A7IEPHOTO TIOTEHIANY /ISl PEAKILill 3 BAXKUMH spamu s U, “siPu, eCm i %, Cf. Byno po3paxoBaHO mepepis 3axBaTy JUTsl CKJIaje-
HUX s7ep 3 Z, =120 i1 126 Ta BU3Ha4eHO HANOUIbII IEPCIIEKTHBHI PeaKIii A1 OTpUMaHHs HaJBaXKKHUX €JIEMEHTIB.

KJIIOYOBI CJIOBA: kyToBHif MOMEHT, CHHTE3 Ha/IBaXKKHIX €IEMEHTIB, 00J1acTh CTaOIIbHOCTI, TIepepi3 3axBary

“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 Z; =112 (charge number) and Z, =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 Z, 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 A, and charge Z, numbers (i=1,2) SHE formation
cross section is calculated [6] as follows:

GER = zccap (Ecm’L).PCN (Ecm’L).Ws (Ecm’L) > (1)
L=0

where o, (E,,,L) — partial capture cross section of the incident nucleus capture by the target nucleus; Py (E,,,L) —

cm? cm?

probability of the compound nucleus formation after capture; W, (E,,,,L) — survivability of the compound nucleus with

cm?
respect to fission, L — angular momentum, E,, — 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 Z, = Z, +Z, equal 120 and 126.

© Anokhin R.A., Pavlii K.V,, 2013
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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: V_ (R,L)=V.,(R)+V,(R)+V, (R,L). V., (R)- Coulomb potential

rot

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

range forces (proximity potential) which has almost no fitted parameters [8]. V,

ot

(R,L) - centrifugal potential, where
the expression for the solid momentum of inertia of the nuclear system is applied:
W’L(L+1
-asD @
2uR
where R — distance between the centers of nuclei, 7#— Planck constant, |L— reduced mass, and L — system angular

Vl’Ot (R7 L)

momentum. Nucleus-nucleus potential allows to determine the following parameters influencing the dynamics:
Coulomb barrier B, quasifission barrier B, 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], Bsf >0 is required, i.e. the existence of potential pocket in

the nucleus-nucleus potential is necessary, otherwise 6. will be equal to zero. Fig. 1 shows the dependence of the

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

with heavy nucleus — *¢Cm. These calculations are made for heavy fragments % U, *:Pu, 5:Cm and *;Cf, 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.
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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 — ;28 Cm.
Dependencies of AV, on Z, (Fig. 1) are calculated at L=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 L, exists; if L>L_, then the capture is impossible and o, (L>L,)=0. Fig. 2 shows the

dependence of the interaction force (dV,, /dR =F ) on the distance between the centers of nuclei at different values of

cap

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

n max

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

(Fig. 3). The capture condition, from which L, is derived, can be written as follows:
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Fig. 2. Dependence of dV_ /dR =F_ on the distance between Fig. 3. Stability region depending on the angular momentum.
the centers of nuclei at different values of 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 L, 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:

dR() ,, (VA (R)Y =
h— +kR[ R jR(t)—Fm(R,u
: @)

dt

L (v, (R)Y .
m +ke( . ]L(t)—O

where k, =1-107 s/MeV and k, =0.01-10 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
R, =1.28(A}” +A}®) up to the momentum of capture, where the following condition is met:

cont
h
JAE_ -AR < . (5)
2-J2u
This condition is met in the minimum of the potential pocket of the nucleus-nucleus potential, when E_ — 0
(relative kinetic energy of interacting nuclei), and R — 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 R, , with a sharp decrease of the kinetic

energy (curves 1 —4), for 0<L; <72.
After overcoming the Coulomb barrier the system oscillates around the interaction potential minimum with decay
of the amplitude of E__, due to dissipative forces, Fig. 4. Then, the condition (5) can be rewritten as follows:

cm 2



105

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

VY mar < ©)
R 2-2u”

where j — number of steps in one oscillation. In the solution of system (4) and the evaluation of expression
(6)j=70;R™, RY™ — distance between the centers of interacting nuclei with E_ — 0 (see Fig. 5). The change in

lim

joe

oscillation period was determined by the change of sign JE_, /ot from minus to plus. The integral in expression (6) was
numerically calculated for each step according to At up to the change in the sign oE_, /ot.

Step by time was chosen (0.1+1)-107>, while the average change in distance between the centers of interacting
nuclei after the passage of the Coulomb barrier is equal to ~107* fm, the stopping of calculations was performed under
AE_ <0.3-10° MeV according to the expression (6). Fig. 4 shows the curve 5 for L, =80, the system does not
overcome the Coulomb barrier and is disintegrated with the increase in the kinetic energy if L, >80. In this case the

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

max

angular momentum and thus the centrifugal potential are principal in the determination of the capture cross section.
: 10" 4
50
R /"""—' E Ti+“Cf
R | e - 10° ] E_ =324 MeV

10° 2 %7 ,/x/j*_?cm 10'Z: ho~"
/o '~

10 251

\

3 5 4 kS
10 4 T
% 7// % ;_7/\
= il s a 1-L=0 || = 1 i
E : ’ 50,.,. 251 1 o= g 107 4 E
m { 7 Ele32:(1:§v[ y 2.-L,720 = 1 \( i//\
10 o oY T3 Lm0 10° ] R | Y
. 4.-1,=60 1 \f
10 el } Y
5.-L,=80 104 3
-5 | RZ
10 1
" 10™ 3+ T T T T T T
95 100 105 110 115 120 125 : L A s e e o
R, fm i .10-22’ 5
Fig. 4. Dependence of change in the kinetic energy on the Fig. 5. Dependence of the kinetic energy on the time in the
distance between the centers of nuclei. Dynamics of the area of minimum of the nucleus-nucleus potential.

process is shown from right to left. The arrows indicate the

regions of R maximum and R_;, minimum values of the

ax n

nucleus-nucleus potential.
Fig. 6 shows the dependence of change in the centrifugal potential on the time required for reaction *Ti+ *'Cf
with different values of L.
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Fig. 6. Dependence of the centrifugal potential on the interaction time for reaction OTi+ *'Cf. 1-Ly=80,2—Ly=60,3 —
L=40, 4 — Ly=20, 5 — Ly=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, V_, is reduced due to more strong exponential

rot
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. Dependence of the reduced angular momentum on the observation illustrates usefulness of condition (6).

relative distance between centers of nuclei. 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 UR* + j, + j,, where j, and j, - inertial momenta of light and heavy nuclei.

CAPTURE CROSS SECTION AND PROBABILITY
The expression averaged over all possible angular momenta L, which were involved in the reaction [9] was used

in order to calculate the capture cross section 6, for a fixed isotope configuration of interacting nuclei:

Tl:h2 1 L¢ (Egn>Loi)
: 2L, +1)P(E. L),
ZMECm Lmﬂx (ECm) LUIZ=0 ( o ) ]( . ) (7)

L,) — capture probability, E

GC (ECIT'I ) =

where P,(E
L (E
value of angular momentum.

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

. . . )
of interacting nuclei: E_ -V -V — Vo™ =uR* /2, where Vo, Vi and V" - Coulomb, nuclear and

rot n rot

. — kinetic energy, L=m, -m,/(m, +m,) — reduced mass of nuclei,

cm? ci

L,,) — critical (maximum) value of angular momentum, contributing to the capture cross section, L — current

cm?

centrifugal potentials at the contact point. The angular momentum is defined as [7]: |L|=uRRsin6, where

R=R,+R,, R — velocity at the contact point, O — angle between the axis of the beam and distances between centers
of interacting nuclei, which is equal to w/2 for determination of the maximum value, thus:

_2URP(E,, — Ve — V(A= 72)+ 28" 0577
e 1+7

L

>

if i* >0:

Lmax (Ecm) = (Rl + RZ) ' \/2IJ’(Ecm - Vézz; - VW"‘) . (8)

n
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]:
E_..(L)-AE (E_,L)
P- E ,L- =1_CX _ qf (i) i i cm i , 9
l( - l) p[ ei(Ecm’Li) ( )
where O,(E_.L,)= \/12E:(Ecm,L,.)/ A, - temperature of nuclei after dissipation of the kinetic energy into the
excitation energy E;(L,). E o (L) — energy which is required to overcome the quasifission barrier and is determined

L)= ET(i)(E L)- E;(i)(E
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 **Ti+ **'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

from the interaction dynamics. AE;(E

o s Cm,Li)| — difference between the excitation
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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 E__ is further increased, L value was reduced by the decrease of the energy required to overcome the

cm

quasifission barrier E ;. The capture probability is close to 1 with a relatively small E_ , but with energy which is

cm
sufficient to overcome the Coulomb barrier. With increase of E, the excitation energy is increased and E is
decreased, therefore, the capture probability is decreased. This process limits L, values in reaction. Changes in the

critical angular momentum for “*°Ti+ *'Cf reactions from the kinetic energy are shown in Fig. 9.
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Fig. 8. Dependence of the capture probability on the angular Fig. 9. Dependence of the critical value of the angular
momentum for different kinetic energy of the beam for momentum on the kinetic energy.

OTi+ P'Cf reaction.

It follows from the graphs that L_ is increased with increase of the kinetic energy due to overcoming the Coulomb
barrier by nuclei with higher angular momenta. Maximum L_ 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 E_

the system temperature rises, but it does not bring significant contribution to the capture cross section. Such
dependences were observed in all reactions.
1.6 s - Since the increase of E_ leads to the increase

/‘”ﬁ% of the excitation energy which is removed from the

(‘/\' Y ]
L4 / #%‘f '\ compound nucleus by the emission of nucleons and
12 iyl \\ 3. y-quants, thus reducing the probability of SHE
//;/ TN formation, experimental works should be carried out

at energies when 0<o, <o . 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
- BTier neutron number in the light nucleus the kinetic

N
S
w%wwe\\i\xﬁ
T

. /{/ W o a1 energy range is increased with increase of the
0.2 W - TrCr capture cross section from zero to a maximum value.

/ ///// - Tiler Growth of curves with increase in the kinetic
0.0 ‘ ‘

. S S S A energy (Fig. 10) is due to the 1nc}us10n of higher
values of the angular momenta which contribute to

E, MeV the reaction. In addition, the excitation energy
Fig. 10. Dependence of the capture cross section on the difference is increased and, consequently, the capture
kinetic energy. 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 L, is increased, L, values, contributing to the capture, are decreased and the system passes

into the quasifission channel upon disappearance of the quasifission barrier, where G, 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
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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 **Cr+***Cm reaction with Ly= 0 Byr=4.21 MeV, and with Ly= 70 By=
0.02 MeV. Consequently, the capture is impossible for angular momentum that exceeds a critical value.

Table 1.
Results of the calculations
Reaction E. /E™, MeV L. L o, mbn E'/E,,, MeV
Z,+2Z,=7,=120
9Ge+2Rn 366 —371/368.5 189 — 196 25 0.1 67.75—71.98 / 69.87
BGe+*Ra 355 —362/358.5 177 — 185 30 0.14 65.34 —71.59 / 68.47
"*Ge+*Ra 354 —364 /359 183 — 195 37 0.19 64.5 —73.58 /69.04
Ge+?*Ra 350 — 366 / 358 179 — 199 48 0.325 61.86 —76.58 / 69.22
“Gat+?* Ac 329 —349 /339 149 — 174 49 0.425 4743 —62.59/55.01
Gat+* Ac 329 —351/340 142 — 174 57 0.61 4544 — 65.48 / 55.46
4 7n+22Th 345 — 349 / 347 166 — 173 16 0.025 65.07 — 68.48 / 66.78
7n+2Th 341 —350/345.5 168 — 177 29 0.15 62.15—68.98 / 65.57
77n+>>Th 339 — 351 /345 171 — 183 36 0.23 60.68 — 69.78 / 65.23
87n+2’Th 338 —353/345.5 166 — 185 44 0.31 60.21 —73.27/ 66.74
07n+22Th 335 — 355/ 345 166 — 192 53 0.47 58.21 —76.27/67.24
SCu+>"Pa 334 —347/340.5 157 — 172 33 0.22 60.98 — 69.98 / 65.48
Cu+?'Pa 332 —349/340.5 159 — 180 45 0.385 58.58 — 73.58 / 66.08
*Ni+7*U (1a) 332 -336/334 157 - 162 21 0.09 62.1 — 6736/ 64.73
Ni+2*U (1b) 329 -339/334 161 — 173 36 0.235 60.23 — 69.5 / 64.87
*INi+*U (1¢) 327 -339/333 159173 41 0.33 59.6 — 69.98 / 64.79
©Ni+78U (1d) 327 —342/334.5 159 - 177 50 0.44 58.19 —72.42/65.31
¥Ni+7*U (le) 323 —343/333 160 — 186 57 0.62 53.93 — 74.96 / 64.45
>Co+""Np 319-336/327.5 151 -173 51 0.529 55.2-72.27/63.74
*Fe+**Pu (2a) 313 -324/318.5 144 — 158 39 0.405 56.07 — 66.25/ 61.16
Fe+**Pu_(2b) 309 —328/318.5 142 — 166 51 0.624 53.6 —71.55/62.58
"Fe+**Pu (2¢) 307 —324/315.5 142 — 163 48 0.71 51.74 — 67.84/59.79
Fe+**Pu (24d) 308 —331/319.5 148 — 177 60 0.82 52.41 —74.44 / 63.43
SMn+**Am 297 -326/311.5 136 — 173 59 0.892 48.73 —76.25/ 62.49
Cr+***Cm (3a) 292 —315/303.5 127 - 156 51 0.797 48.46 — 70.94 / 59.7
2Cr+**Cm (3b) 289 —319 /304 130 — 165 62 1.021 46.59 —76.03 / 61.31
SCr+**®Cm (3c) | 288 —1323/305.5 130 — 174 65 1.092 45.78 —79.83 / 62.81
ACr+*Cm (3d) | 286 —325/305.5 128 — 179 69 1.178 44.68 —82.83 / 63.76
v +24BK 280 — 318 /299 122 — 168 65 1.2 44.06 —81.14/ 62.6
Sy +2¥Bk 278 —320 /299 121 — 173 69 1.3 42.61 —84.24 / 63.43
Ti+2!CS (4a) 274 —305/289.5 116 — 154 58 1.24 43.56 — 74.62 / 59.09
YTi+2CE (4b) 273 -310/291.5 120 — 163 64 135 42.69 —79.82/ 61.26
BTi+2'CE (4¢) 271 -312/291.5 120 — 169 68 1.4 41.49 —82.53/62.01
PTi+2Cf (4d) 270 —315/292.5 121 — 174 72 1.5 40.84 — 85.93 / 63.39
OTi+2ICE (4e) 268 —318 /293 121 — 180 76 1.59 39.6 — 89.62 / 64.61
BSc+22Es 262 —306 /284 113 — 161 67 1.583 40.19 - 83.32/61.76
BCat*Fm 245-298/271.5 111173 82 2.13 33.36 — 86.8 / 60.08
Z,=126

O7n+*Cm 360 — 363 /361.5 185 — 187 16 0.033 66.5 — 68.56 / 67.53
ONi+21Cf 346 — 350 / 348 166 — 169 17 0.03 65.4 —68.24 / 66.82
ONi+2ICF 343 —351 /347 169 — 179 31 0.17 64.36 — 68.87 / 66.62
PCo+>*Es 339 — 343 /341 163 — 166 21 0.08 62.88 — 65.95 / 64.42
Fe+>"Fm 328 —335/331.5 153 — 162 26 0.15 58.5—65.14/61.82
'Fe+>"Fm 327 -337/332 158 — 171 35 0.245 58.08 — 67.34/62.71
SFe+>"Fm 326 — 340 /333 155 — 169 41 0.35 56.24 — 69.24 / 62.74
SMn+2Md 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 Z, =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

Z,=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 **Ca+*’Fm 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 **Ge+*’Rn reaction which has m, =0.43,L™ =25, Ogp =0.1mbn and for *¥Ca+”"Fm  reaction —

crit
n, =0.67, LG =82, o, =2.13 mbn. With decrease of mass asymmetry, where 1,

crit

= Const , the nuclear potential is

increased, and, therefore, the height of quasifission barrier is increased. For example, for *'Ti+*'Cf reaction with
n, =0.68, LT =64, 6m =1.24 mbn and for *’Ti+*'Cf reaction— m, =0.67, L% =76, 61> =1.59 mbn .

crit crit

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

max

to carry out experimental works at energies when 0 <G, <G

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 *Mn+>*°Md—>'"126 reaction these pa-

rameters are one =0.46 mbn, LT% =43, E"® =323.5 MeV, E, =5437 MeV. For *Cr+**Cm—’"120 reaction
these parameters are o,,* =1.178 mbn, LT =69, ET¥ =305.5 MeV E . =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.
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