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Capture=formation of di-nuclear system
Partial capture cross section for given L is:

2 \ , _
Ty =TCA (2L+1) P E,., L)
2 2y The distance between nuclei in DNS system is
where A =h"/ | 2 4 E P } R_ =R +R+0.5fm

em. ‘;11_%‘43 lab

and

P_(E_.L)=(l +EXPQ2n(V (L)-E_  )ho )™

1s a capture probability given by Hill-Wheeler.

L. h= 2 2 b — impact parameter
ke ] p - momentum
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Nucleon transfer and decay Q/j

Time evolution of the system by nucleon transfer between DNS nuclei and DNS decay is

treated in the framework of transport approach with the system of coupled master
equations:
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Number of differential equations N is equal to the number of energetically possible DNS
configurations.

t

=AY J ()
YZ],Al,Zz,AZ_AZI,AI,ZZ,AZ OPZI,Al,Zz,AZ t)dt



Nucleon transition and decay rates

R, R, P’ pus
R+ R, Pbons

A, =2mk k=0.1 and has dimension 10%* 1/(fm s)

L.G. Moretto and J.S. Sventek, Physics Letters B 58, 26 (1975)
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Calculation of binding energies

Bi:Bmaw'(Z’A’ Bz)+6 Wgs(Z’A)*f(Bz’Exl)+6p*g(Bz’E‘x1)

/ /

Droplet Model of Myers and Swiatecki, SP=(—6((—1)"+(—=1)%))14"">
Annals of Physics, 84,186-210 (1974)

SW ,,(Z,A)=B.,—B,..(Z,4,B,,)—0P

mac

“RUB B, ) M d Swiatecki, Nucl. Phys. 81,(1966) p.1
1 2 Bl Ed yers and Swiatecki, Nucl. Phys. 81, p.1-
(B, Ex)=e T e < 0.

Ed=18.5 MeV, a=0.36 fm, r =1.16 fm



Interaction potential of DNS

_ | 2J(J +
V(R Z.A 51,02, J) =Ve(R.Z. A, B1.32) + VN (R.Z.A. 51, 32) + = " (..’Dr .

where F(ry — ro) = Cyl[Fin m"rﬂ —+ Fo (1 — —p[;"‘;;"'j]ﬁ(rl — ro) is the Skyrme-type density-

depending effective nucled }11—1111-:'1(_'-.{ n interaction, which is known from the theorv of finite

— = - N\ ) . - _ \ i - T Il\ Z‘Jf\rg—zgj S
Fermi systems [28], and po(r) = p1(r) + p2(R — 1), Finex = finex + fm X (NT ) (NaT 23 - Here.

p1(r1) and pa(rg), and Ny (Z3) are the nucleon densities of, respectively, the light and the

heavy nuclei of the DNS, and neutron (charge) number of the heavy nucleus of the DNS.



Survival probability Ws'" is calculated within transition state model

Particle emission width from excited nuclei:

P..
r, = 1 / ;.:.?,EE(E;‘-_.N B, — €)ede.
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Decay width for fission:

1 oo L
', = _ "(E., — B, — =)ds
zZ 27 p(Eoy) fﬂ p (Ee Z )

Final cross sections for multinucleon transfer products

=2, Oeap(L)* YR (L) W™ (L)



Results
Reactons Ei E.w Vo | Jomx

B 2ph | 236 (19172 173 | 7
ST+ 28ph (2428 | 1957 | 191 | 3&
Oare2m | 1943 | 16307 | 1595 | 28

Table 1: Inftial condrtons. of considered reactions. Energy unils are ghven in bdey
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Figure 1: Driving potentials for the reactions *Ar+®Bi(black lne) ®Ca+**Ph/blue line) and
1+ 2%Ph (red line).



Comparison of calculated and experimental cross sections

105 ; ; ; ——y 10% ; ; ; 108 ; ; ; ; ;
10k Bi 110%F 41104 ]
103k 1103k 110%k 1
102} " 1102} 1102} ]
10 P, 1101} {10} ]
100 | e g, {100} - {100k 1
107} e fotp N (1 1
102k {102F - {102} 1
10—3 L | L 1 1 10—3 | | | | 10—3 L L 1 1 1
210 211 212 213 214 210 212 214 216 206 208 210 212 214 216 218

10% prr ; : : : ; 10° . . . : ; 10° . ; .

%\104_ 110tk Fr 1104L Ra ]

~

€ 10} {10}

5 102 110%F

C

o 10" 410"k

- - 'jnx_\

@ 10°F POl TS T

» - ? h

@107} {10k

g 102 1102
10-3 i (1 1 | | 1 10-3 | | 1 1 1 10-3 | 1 1 1

, 210 212 214 216 218 220 222210 212 214 216 218 220 222 214 216 218 220
10 . . ; 10 ; : ; 10 : ; ; . .
10l Ac 110t Th 110t} Pa m %Ca(236.0 MeV)+2%Pb, ]
® 5%Ti(242.8 MeV)+*%Pb
103k {103k {103k S
A “OAr(194.3 MeV)+2%Bi
102k {102k {102k 1
10"k {101k {101k 1
10°k {10k {10k .
10"k - i _ {10k {10k .
102 S e J102) I {102} ]
103 . . . 103 . d . L 05 103 . . . . L
216 218 220 222 224218 220 222 224 226220 221 222 223 224 225

mass number /A



Conclusions

Dynamical description of the multinucleon transfer reactions 48Ca+208Pb, 50Ti+208Pb
and 40Ar+209Bi in the framework of DNS model is presented.

Calculated yields of above target nuclides up to 8 proton(plus neutrons) are in good
agreement with experimental data measured at FLNR JINR.

Calculations reveal that nucleon transfer from lighter magic nuclei are more suppressed.

The direct relation of transition coefficients and driving potential of dinuclear system provides a
simplicity and a high predictive power of the model.
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