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The production cross section of the residual nucleus with certain mass number A4
and charge number Z is given as
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where o.,, 1s the partial capture cross section which
defines the transition of the colliding nucler over the
Coulomb barrier and the formation of the initial DINS
when the kinetic energy E. . and angular momentum .J
of the relative motion are transtormed into the excitation
energy and angular momentum of the DNS. The proba-
bility of the production of certain residual nucleus (£, 4)
from the excited entrance channel DINS 1n a distinct decay

ST

channel 1s described by WZ2"I (E. ., J).



Capture

Ocap(Bem. J) = TX° (2 + 1) Peap (Ecm., J).

where 3% = EE_;I(E;LEEJHLJ 15 the reduced de Broglie wave-
length and g the reduced mass in the enfrance chan-
nel. The transition probability 1s calculated with the Hill-
Wheeler f{:}rmula Peap(Eem.,J) = (1+exp2n(V(Ry, J)—
E.m)/Rw()])~ 1, where the effective nucleus-nucleus po-
tential V' 1s a,ppm:-:mla,t.ed near the Coulomb barrier at
R = Ry by the inverted harmonic-oscillator potential with
the barrier height V (R, .J) and frequency w(.J)

The maximum value of the angular momentum J  1s limited either by the kinematic

max

angular momentum J5" = [2u(Een - V(R,0)]V2Ry  or by the critical angular
momentum J dependlng on which one 1s smaller mu = mm{J kin Jm 3

max?



To calculate WZ"i(Ec . .J), one has to find the
formation-emission probability Wiz, 4 (E. ., . J) of a cer-
tain light particle or cluster (Z;..4;) from the excited
entrance channel DINS. Here. we consider the decay of
the excited nuclear syvstem as a sequential light particle
(£1 = 2) evaporation, which includes neutrons, protons.
deutrons. and tritons, and complex clusters (£ = 2). The
Wz, a4, (Eem . J) 18 caleculated as the product of the CN
or DINS formation probability Pz, 4, and the CN or DNS
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decay probability P70
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where the indexes 7] and A go over all possible channels
trom the neutron evaporation to the symmetric splitting.

I“I"rgl Ay [E:.m. : '-‘T)



The probability of the CN or DNS formation
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Potential energy of DNS

Driving potential:

U(R,Z,L)=B,+B,+Vy(R,Z,L)~B,~ V.

V(R Z,L)=V ooy (R.Z)+V (R, Z)+V (R, L)

Nuclear potential we take as double folding potential:
Vv R, Z}:f p 1) ps\R—r,) Fry—r,)dr,dr,
Where nucleon-nucleon forces depend on nuclear densities:
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P\ (Bom,J) ~ exp|-BY (Z1,A1,J)/ Tz, 4,(J)]
The probability of the DNS decay in R coordinate
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- Diriving potentials at different angular momenta J for
the 328 4+ °Nlo system. The value of U7 is normalized to the
eneregy of the rotating CN. The value of 4 is related to £ to
supply the minimum of I7. The staggering of the lines reflects

the odd-even effect.

AtJ>J some DNS configurations become energetically favorable with respect
to the CN configuration.



Table 1. The excitation energy E&pn of the CN at J = 0, the
maximum kinematical angular momentum JX.. the critical
angular momentum J., the angular momentum Jy., and the
capture cross section d.;p in the various reactions at incident
energies indicated.

Reaction Eun | Bty | JER A Jor | Jo | Tcap
MeV | MeV mb
S 4+ 1%Mo | 200 | 122 98 71 | 59 | 918
1216h +27TA1 | 905 | 135 | 105 | 71 | 66 | 925

121GL + 27A1 | 1030 | 157 118 | 71 | 66 | 813
WAr 4+ Ay | 247 128 118 | 82 | 63 | 857
WAr + ™ Ag | 337 193 160 | 82 | 63 | 628

WAr + %Dy | 340 191 175 | 81 | 69 | 498




Then, normalized probabilities for any given decay channels are:

R
PE-.AP;Z,A
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Cascade decay process )
of excited nuclear : E 2

system 1s generated
by Monte-Carlo method: ﬁ

IT":EHL ( E Ef N3 j ) =

A,
Eix:(EDW ([’7 _[Jmm))A

A,
E:=(EP-(U,-U, . )= ~

Nuclear temperature is determined as in Fermi-gas model as

T=v(E*/a) with a =0.114A + 0.162A42%3



Particle multiplicities for a given J

MEN(J) = NE¥() /Noiom,

*'1ILFF("’T\J o *'HH'ITQ.FF{J}/{*'H\’TEim:
where the number of emitted particles NSV(J) and
NfF(J] (i =n, p, d, t, *He, *He) from the CN and from
the fragments, respectively

N 1s the number of simulations.

Total multiplicities are obtained by averaging over partial waves

MF = Y25 Teap(Bem., J)ME(J)
3 ZJT[:]I ’-Tcap{ c.Im. 3 JJ |




Table 2. The calculated (theor.) and experimental (exp.) [2,3,6,17] production cross sections of the evaporation residues ogp

and complex fragments opp.

Theor. Exp.
Reaction Frp TER TFF TER TFF Ref.
MeV mb mb mb mb

28 + 1Mo 200 700 218 828 4+ 50 130 £13 [17]
iSh + 27Al 905 605 320 752 4 160 280 £ 60 [3]
1215h + 27Al 1030 473 340 690 + 130 395 4+ 100 [3]
YAr 4+ "Ag 247 425 432 620 + 80 550 + 150 (6]
WA + " Ag 337 238 390 455 + 50 520 4+ 150 (6]
PAr + %Dy 340 33 465 3146 1194 4 207 2]

17. E. Vardaci et al., Eur. Phys. J. A 43, 127 (2010).
3. W.E. Parker et al., Nucl. Phys. A 568, 633 (199%4).
6. R. Lacey et al., Phys. Rev. C 37, 2540 (1988).

2. D). Logan et al., Phys. Rev, C 22, 1050 (1930),

EPJA 54, 6 (2018)
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Results

Integrated evaporation residues, fusion-fission cross sections with corresponding

alpha particle multiplicities
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Proton multiplicities for a given reactions
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Table 3. Comparisons of the calculated (theor.) proton and a-particle multiplicities from the CN (M E Nand MSY, respectively)

and from the complex fragments (fl-fg Fand MEF | respectively) with experimental data (exp.) from refs. 2,3,6,17].
Theor. Theor. Exp. Exp.

Reaction | By | MEY | MEY | MIF | Mt | Mgy MY ME MEE | Ref
2§ 4 100NMo | 200 | 1.04 | 085 | 0.14 | 0.068 | 0.940.14 | 0564009 | 0.055+0.007 | 0.038 £0.005 | [17]
PASh 4 #TAL | 905 | 169 | 048 | 019 | 0.09 | 11564026 | 0.734£0.17 | 0.132£0.02 | 01344002 | [3
12Gh £ 27A1 | 1030 | 1.82 | 0.63 | 031 | 0.123 | 1.409£029 | 1.12240.23 | 0.256 £0.038 | 0.213+0.032 | [3
OAr+"Ag | 247 | 163 | 034 | 041 | 011 | 1.02£02 | 05+01 |0.1274£0015 | 0140017 | [§
OAr4"Ag | 337 | 188 | 056 | 095 | 035 | 21406 | 14+04 | 0438402 | 0437+0.044 | [§
YAr+'Dy | 340 | 034 | 017 | 051 | 0.2 0.4 0.14 0,69 08 2
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The calculated energv dependencies of

1:-r+::t,+:111 (r:';cnlid lines) and cv-particle ({dashed lines) multiplicities
from the CN and from the complex fragments for the 25 +

LOONfo reaction. Note that Jmee = Jo and Joar =

cr at Ela,h —

4.3 and 4.9 MeV /nucleon, respectively.



From the comparison of the calculated LCP multiplicities and experimental data,
we show the possible overlap of the decay products from different reaction
mechanisms. With increasing the bombarding energy the ratio of the LCP
multiplicity from the fission-like fragments to the LCP multiplicity from the CN
increases due to the increase of fission and quasifission probabilities.

The simultaneous description of the LCP multiplicities and of the production cross
sections of the evaporation residues and complex fragments gives us a chance to
distinguish the reaction products from different reaction mechanisms.

The calculated LCP multiplicities show weak dependence on the reasonable
variation of the level density parameter, and stronger dependence on the Coulomb
barrier heights.



Synthesis of light Xe 1sotopes in complete fusion reactions via xn decay channels
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Sh. A. Kalandarov et al., Phys. Rev. C 93, 054607 (2016).



Synthesis of '"Sn in complete fusion reaction via xn decay channel
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Sh. A. Kalandarov et al., Phys. Rev. C 90, 024609 (2014)



The model was applied to calculate the excitation functions for the production of
neutron-deficient isotopes '*''Xe and ''*"'“Ba 1n the fusion-evaporation reactions
638Nj+Fe and **°*Ni+°*Ni with stable and radioactive beams.

The predicted maximum production cross sections of '*Xe (''“Ba) are 63 nb (160
nb) and 1 nb (0.85 nb) in the reactions *°Ni+*Fe at 4.2 MeV/nucleon (4
MeV/nucleon) and **Ni+>*Fe at 4.6 MeV/nucleon (4.9 MeV/nucleon), respectively.

In the reactions *°Ni(4.4 MeV/nucleon)+°*Ni and **Ni(5.2 MeV/nucleon)+®Ni, the
production cross sections of '®*Xe are 23 nb and 0.32 nb, respectively.

Thus, using the **Ni+>*Fe reaction with a stable beam, one can study superallowed
a-decay chains '*Xe — '“Te — '"Sn and '""Ba — '"%Xe — '"“Te — '“Sn and the
nuclear properties of the doubly magic nucleus '’Sn with reasonable statistics.



Thank you for your attention



Summary

DNS model is applied to calculate the particle multiplicities in fusion-
fission and quasifission reactions. The calculated particle multiplicities
and integral cross sections are in good agreement with experimental data.

Calculations of energy and angular distributions of emitted light particles
in different reaction channels are going on.

We also trying to take into account the preequilibrium emission and
deep inelastic channel.
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