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Кьлпакчиева Р., и др. Е7 - 10587 
Массовое распределение осколков аеления в реакции 
2 0 8 РЬ - «"Са 

Приводятся экспериментальные результаты по намерению массовых 
распределений осколков деления составного ядра, образующегося в реак -
они 2 0 8 Р Ь + * 8 С а при энергии возбуждения 25 М э В . 

В опытах использовалась радиохимическая методика. Были получены 
массовые и изотопные распределения осколков аеления составного ядра 
2 5 * 1 0 2 . Массовые распределения имели четко выраженную асимметрию, 

прячем асимметричное деление с образованием тяжелого осколка в обла­
сти масс А „ - 142-145 оказывается в 1 ,5-1 ,7 раза более предпочтитель­

н ы м симметричному распределению Ац = A L - 128. 
Асимметрия в массовом распределении осколков свидетельствует 

о сохранении оболочечных эффектов в ядре 102 при энергии воэбужде— 
кия 2S М э В . 
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The mass d i s t r ibut ion of fragments re su l t ing from 
the f i s s i o n of the compound nucleus produced in the 
reaction 2 0 8Pb + 4eCa at an exc i ta t i on energy of 25 MeV 
has been measured. The asymmetric mass d i s t r ibut ion 
obtained indicates the presence of she l l e f f e c t s in the 
nucleus 2 S 6102 at such exc i ta t i on energy. 
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It is known that the problem of the 
artificial production of heavy nuclei is 
essentially the one of producing weakly 
excited compound nuclei, which deexcite 
by emitting a small number of neutrons. 
In refs. /'1,2/', it is shown that the fusion 
of "magic" nuclei such as lead isotopes 
with ions heavier than argon leads to the 
formation of compound nuclei having a very 
low excitation energy, sometimes-20-ЗО MeV. 
Due to this circumstance, the compound 
nucleus emits as few as 2 or 3 neutrons, 
thus increasing substantially the yield of 
the final product in the ground state. 

JO 
The Ca ions seem to be unique in this 

respect'3'- For instance, it has been esta­
blished experimentally that the cross sect­
ion for the reaction 208Pb(48Ca,2n) 254102 is 
equal to about 4 /*b , i.e., a factor of near­
ly 100 larger than the cross section of the 
known reaction 2 3 8U < 2 2 Ne,4n>256102 / 4 /. The high 
yield of the element 102 nuclei in experi­
ments using Ca ions is conditioned by the 
fact that the compound nucleus 256102 has an 
excitation energy of 18 MeV in the vicinity 
of the reaction Coulomb barrier, and, there­
fore, competition between fission and 
neutron evaporation exists only at the first 
two stages of the neutron cascade. 
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At the same time, we believe that at such 
a low compound nucleus excitation energy 
the fission process itself may show some 
structural effects similar tc those involv­
ed in fission of uranium or plutonium at 
low energies /5/. 

Therefore, the purpose of the present 
work was to measure the mass distribution 
of fission products formed in the reaction 
208Pb + 4 8Ca. 

Experimental Procedure and 
Results 

208 
Since the Pb and adjacent nuclei 

producible in multinucleon transfer reac­
tions have a high fission barrier, a radio­
chemical method has been used to separate 
reaction products and determine the mass 
spectrum of the fragments produced as a re­
sult of fission of the compound nucleus 
256102. . 

208 
A target was prepared of a Pb (en­

riched to 98.3%) layer, 0.8 mg/cm2 thick 
deposited onto a thick Al catcher foil. 
The admixture of heavy metals and rare 
earth elements in the catcher foil was not 
greater than 10 ppm. The target was placed 
at 30° with respect to the beam direction, 
and was water-cooled. The intensity of the 
48Ca ion beam was 1.5xl012 part/s, the 
ion energy was chosen to be 220 MeV, i.e., 
8 MeV higher than the reaction Coulomb 
barrier. In the case of a "thick" 2 0 8Pb 
target, this projectile energy determines 
the 256102 maximum excitation energy to be 
equal to 25 MeV. The procedure of radioche-
4 



mical separation of the isotopes of I , Te> 
Ag, Ba and rare earth elements took two 
hours. The accuracy of the determination 
of the chemical yield was not poorer than 
104. 

The identification of the isotopes 
and determination of their yields were 
performed by measuring the у-radiation 
of the samples using a Ge(Li) detector 
with an energy resolution of about 2 keV 
(at E y = 660 keV). The cross sections for 
the formation of different reaction pro­
ducts are presented in the table. 

On the basis of the data obtained we 
have plotted the isotopic and mass distri­
butions of fission fragments under the 
following assumptions used commonly in such 
cases, i.e., 

(i) the isobaric distribution of fission 
fragments is described by the Gaussian ! ( Z-V 2 

W(Z-Z) = .. x—.. e x p [ ] 
P ,/*o* °l 

and is related to the isotopic distribution 
in the following way 

(ii) the relation Z <Af) satisfies the equal charge displacement postulate, and 
(iii) the average number of the neutrons 

emitted by fission fragments is proportional 
to their masses. 

The values of o\ and v are the parame­
ters calculated in such a way as to obtain 
the best fit to the points of the isotopic 
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d i s t r i b u t i o n , which, i s , by d e f i n i t i o n , 
a Gaussian of the form 

<Af-A / 
W(A? - A ) - exp[ — ] . 

f p 2 
CTN 

Figure 1 shows the isotopic distribu­
tions of I, Te (symmetric fission) and rare 
earth elementsCasymmetric fission),which are 
characterized by practically the same 
dispersion, but differ in the number of 
fission neutrons, v (these values are 6.5 
and 8.5 for symmetric and asymmetric frag­
ments, respectively). These v values lie 
within reasonable limits as the experimen­
tally obtained value of v for spontaneous 
fission of 252102 is 4 .2+0.3 / й /. The mass 
distribution of fission fragments is shown 
in fig. 2. Despite the spread of the experi­
mental points, asymmetric fission involving 
t le formation of a heavy fragment with 
mass lying between 142 and 145 proves to 
be predominant over symmetric fission to 
fragments with masses A h = A] = 128. 

As the projectile energy increases, the 
fission cross section increases rapidly, and, 
as shown in fig. 2, at E I a f e = 250 MeV 
(E* = 53 MeV) the mass distribution becomes 
nearly symmetric. 

Therefore we think that the asymmetric 
fission fragment distribution observed in 
the fission of the nucleus 256102 with a 
maximum excitation energy of 25 MeV is 
due to the shell effects that manifest 
themselves in the low-energy fission of 
practically all actinide elements up to 
2 5 6 Fm. 
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T a b l e 
I s o t o p e P r o d u c t i o n C r o s s S e c t i o n s i n t h e 
R e a c t i o n 2 0 8 P b + 4 8 C a . 

Isotope T * Ey(ic y )keV a 
mb 

Isotope T * Е Л ) к е У »ь 
126j. 13d 3 8 9 ( 0 . 3 5 ) 0 . 1 4 ™ 3 C e 35h 2 9 3 ( 0 . 4 6 ) 0 . 7 8 
130] . 1 2 . 4 h 5 3 6 ( 1 . 0 0 ) 0 . 5 6 

1 П : е 284d 1 3 3 ( 0 . 1 1 ) 0 . 8 0 
1 3 1 ] 8 . 0 4 d 3 6 4 ( 0 . 8 2 ) 0 . 7 2 ^ l . d 11d 9 1 i . 0 . 1 5 ) 1 . 1 0 
132]. 2 . 2 8 h 7 7 3 ( 0 . 7 5 ) 0 . 5 2 1 а д Р т 5 . 4 d 5 5 0 ( 0 . 2 6 ) 0 . 4 4 
1 3 3 r 21 h 5 3 0 ( 0 . 8 7 ) 0 . 1 9 •'5°Рш 2 . 6 3 h 3 3 ^ ( 0 . 7 4 ) 0 . 2 2 

1 3 5 J 6 . 7 h 1 2 6 0 ( 0 . 2 9 ) 0 . 0 4 5 
1 5 1 р « 2 7 . 8 h 3 4 0 ( 0 . 2 1 ) 0 . 3 4 

1 3 1 * T e 30h 1 5 0 ( 0 . 3 6 ) 0 . 1 6 1 5 3 S b 4 6 . 4 h 1 0 3 ( 0 . 2 8 ) 0 . 0 9 
1 3 2 ? e 78h 2 2 8 ( 0 . 8 8 ) 0 . 0 6 1 5 б 8 ш 9 . 4 h 8 8 ( 0 . 3 ) 0 . 2 2 
1 1 2 A S 3 . 1 3 h 6 1 7 . 4 ( 0 . 4 2 ) 0 . 6 5 1 4 9 E U 106d 3 2 8 ( 1 . 0 ) 0 . 0 4 
1 1 3 A 6 5-3h 259(0.014-) 0 . 8 5 1 5 7 E U 1 5 . 1 b 4 1 3 ( 0 . 2 ? ) 0 . 1 0 
9 2 y 3 . 5 h 9 4 3 ( 0 . 1 * ) 0 . 3 4 

1 5 9 u d 1 8 . Oh 3 6 3 ( 0 . 1 0 ) 0 . 1 8 
93y 9 . 6 h 2 6 7 ( 0 . 0 7 2 ) 0 . 6 5 1 5 6 T b 5 . 4 d 5 3 ^ . 3 ( 0 . 7 ) 0 . 0 5 
1 3 3 * B e 3 6 . 9 h 1 7 6 ( 0 . 1 8 3 ) 0 . 1 4 1 6 0 T b 72d 8 7 9 ( 0 . 3 0 ) 0 . 1 6 
1 3 5 " ^ 2 8 . 7 h 2 6 8 ( 0 . 1 6 ) 0 . 3 5 1 6 1 T b 6 . 9 d 7 5 ( 0 . 1 o ) 0 . 1 5 
1 w B a 1 2 , 8 d 537 .2 (0 .34 - ) 0 . 2 2 157ру 8 . 1 d 3 2 6 ( 0 . 9 5 ) 0 . 0 2 
1 а д Ь в 4 0 . 2 h 4 8 7 ( 0 . 4 6 ) 0 . 8 1 ' 7 1 E r 7 . 5 h 3 0 8 ( 0 . 6 4 ) 0 . 0 2 5 
1 3 7 C e 9 . Oh 4 4 6 ( 0 . 0 2 3 ) 0 . 1 0 1 ? 2 E r * 9 . 5 h 4 0 7 ( 0 . 4 4 ) 0 . 0 1 6 
1 3 9 C e 137d . 1 6 5 . 8 ( 0 . 8 ) 0 . 4 6 "•"n. 8 . 2 h 3 9 9 ( 0 . 6 9 ) 0 . 0 5 
W C . 3 2 . 5 d 1 4 5 . 4 ( 0 . 4 8 ) 1 .05 
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Fig. 1. Isotopic distribution of symmetric 
(upper curve) and asymmetric (lower curve) 
fission fragments in the reaction 2 0 8Pb+ 48Ca. 
The compound nucleus excitation energy is 
25 MeV. The distribution dispersion a§ 
is equal to 12 in both cases, while v is 
6.5 and 8.5 for symmetric and asymmetric 
fragments, respectively с 

8 



1 О Г — I — т — i — ' — i — ' — i — i — i — г 

о 
> • 

80 100 120 140 160 180 
Mass Number, A 

Fig. 2. Experimental mass distributions of 
fission fragments from the compound nucleus 
256102 at two excitation energies: 25 MeV 
(circles) and 53 MeV (triangles). The dash-
dotted lines are drawn through experimental 
points to guide the eye. The histogram and 
dashed line show the mass distributions of 
spontaneous fission fragments from 252102/8' , 
and 256 FIJI / 7 / 
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The position of the maxima of the mass 
distribution of the fission fragments from 
256102 is in agreement with analogous data 
obtained on spontaneous fission of 2 5 6Fm 
and 252102 / 7 , e y. However, the mass distri­
bution dispersion with respect to the 
average masses of the light and heavy 
fission product • groups for the excited 
nucleus 256102 is somewhat wider than in 
the case of spontaneous fission. This fact 
seems to be the main reason for the substan­
tial decrease in the ratio Y„„__ / Y .„„_ 
compared with the data obtained in experi­
ments on spontaneous fission of 2 5 6Fm and 
2 5 2102. 

It is noteworthy that the integral yield 
of fission fragments at E U b = 220 MeV 
is about 50 mb. This value constitutes 
a considerable portion of the total cross 
section for the reaction 2 0 8 P b + 4 8 C a and is 
in good agreement with the cross section 
for the reaction 2 0 8Pb( «Се, 2n) 2 S* 102, 
equal to 4 ph. 

The data obtained indicate that similar 
reactions may be used to study nuclear 
fission from low-lying states. It is of 
certain interest to investigate fission of 
superheavy nuclei, the mechanism of which 
may differ qualitatively from that of 
transuranic elements. 

The authors are grateful to S.Zaikin 
and Z.D.Pokrovskaya for their assistance 
in data handling, the U-300 staff for 
providing intense 48Ca ion beam, and L.Pash-
kevich for preparing an English version 
of the paper. 
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