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Kannalt'IHeBa P ., H np. 

Maccosoe pacnpeneneHHe ocxonxos neneHHH B peaKUHH 
2ospb + 48c8 

E7 - 10587 

OpHBOilH TCH :;~xcnepHMeHT&nbHbJe peaynbTaTbJ no H3MepeHHJO MaccoBbJX 
pacnpeneneHRA ocxonKOB neneHHH cocTasuoro Hllpa, o6paay10merocH B peaK-
BilK 208Pb+48Ca np11 :;~uepraH Boa6y>KileHHH 25 M<~B. 

B onbJTax acnonbaosanacb pallHOXHMH'!ecxaH MeTOilHKa. EbinH nony'leHbi 
M8CCOBble H H30TODHble pacnpeneneHHH OCKOnKOB neneHHH COCTBBHOrO RllPB 
256102. MaCCOBbie pacnpeneneHHH KMenH '!eTKO Bbipa>KeHHYIO BCHMMeTpHIO, 
npa'!eM aCKMMeTpH'!Hoe neneHHe c o6pa30BBHHeM TH>Kenoro ocxonxa B o6na
CTH Mace AH ~ 142-145 OKa3biBSeTCH B 1,5-1,7 pB3B 6onee npellDO'ITKTenb-

o HbiM CHMMeTpH'IHOMY pacnpeneneHHIO A H = A L = 128 . 
ACHMMeTpHH B MBCCOBOM pacnpeneneHHR OCKOnKOB CBHileTenbCTByeT 

0 COXpaHeHHH o6onO'!e'IHbiX 31jlcjleKYOB B Slllpe 256 102 OpR 3HeprHH B036y>Kile
HHH 25 M:;~B. 

Pa6oTa Bbmonueua B Jla6opaTOpKH HllepHbiX peaKuHII Ol15HI. 
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~ The Mass Distribution of Fission Fragments 
in the Reaction 208 Pb + 4Bca · 

The mass distribution of fragments resulting from 
the fi~sion of the compound nucleus produced in the 
reaction ~8Pb+ 48Ca at an excitation energy of 25 MeV 
has been measured. The asymmetric mass distribution 
obtained indicatesthe presence of shell effects in the 
nucleus 256 102 at such excitation energy. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JINR. 

Preprillt of tbe Joiat Institute for Nuclear Reaearcb. Dubaa lt'l'l 
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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. /l,2/, it is shown that the fusion 

10f "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-20-30 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. 

The 48
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 20BPh< 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 238 U < 22 Ne,4n)256 102 / 4/. The high 
yield of the element 102 nuclei in experi
ments using 48

Ca ions is conditioned by the 
fact that the compound nucleus 256 102 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 to 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 + 48 Ca . 

Experimental Procedure and 
Results 

Since the w8Pb 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 48 Ca ion beam was l.Sxl0 12 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" 208 Pb 
target, this projectile energy determines 
the 256102 maximum excitation energy to be 
equal to 25 MeV. The procedure of radioche-
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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 
10%. 

The identification of the isotopes 
and determination of their yields were 
performed by measuring the y-radiation 
of the samples using a Ge(Li> detector 
with an energy resolution of about 2 keV 
(at Ey = 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 

1 <Z-ZP)2 
W (Z - Z ) = exp [ - ] 

p -- 2 
..jTTa'} az 

and is related to the isotopic distribution 
in the following way 

2 2 
aN =a z 

azP -2 
[--] 

a At 

(ii) the relation Z <A£> satisfies the 
equal charge displacem~nt postulate, and 

(iii) the average number of the neutrons 
emitted by fission fragments is proportioRal 
to their masses. 

The values of a~ 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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distribution, which, is, by definition, 
a Gaussian of the form 

( 
0 2 

A f -AP> 
W(A 0

f -A ) - exp[- --- J. 
P a 2 

N 

Figure 1 shows the isotopic distribu
tions of I, Te (symmetric fission) and rare 
earth elements(asymmetric fission),which are 
characterized by practically the same 
dispersion, but differ in the number of 
fission neutrons, ;(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 foJ spontaneous 
fission of 252 102 is 4.2+0.3/6 • The mass 
distribution of fission-fragments is shown 
in fig. 2. Despite the spread of the experi
mental points, asymmetric fission involving 
t1e 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 1 "' 128. 

As the projectile energy increases, the 
fission cross section increases rapidly, and, 
as shown in fig. 2, at E18 = 250 MeV 
(E* = 53 MeV) the mass distritution becomes 
nearly symmetric. 

Therefore we think that the asymmetric 
fission fragment distribution observed in 
the fission of the nucleus 256 102 with a 
maximum excitation energy of 25 MeV is 
due to the shell effects that manifest 
themselves in the low-energy fission of 
P-ractically all actinide elements up to 
256Fm. 

6· 

l 
l 

~ 

.,, 

Table 
Isotope Production Cross Sections in the 
Reaction 208Pb + 48ca. 

Isotope 

126! 

130! 

131! 

132! 

133r 

135r 

131m.re 

132Te 

112Ag 

113Ag 

92y 

Tlf.! 

13d 

12.4-h 

8.04-d 

2.28h 

21h 

6.7h 

30h 

78h 

3.13h 

5o3h 

3o5h 

93y 9.6h 

133~ 38.9h 

135~ 28.7h 

14-0Ba 12.8d 

14-0r.a 4-0. 2h 

13708 9.0h 

139ce 137d 

14108 32o5d 

E (K )keV . y y 

389(0.35) 

536(1.00) 

364(0.82) 

773(0~75) 

530(0.87) 

a 
mb 

0.14 

0.56 

0.72 

0.52 

0.19 

1260(0.29) 0.045 

150(0.)6) 0.16 

228(0.88) 0.06 

617.4(0.42) 0.65 

259(0.014) 0.85 

943(0.14) 0.34 

267(0.072) 0.65 

176(0.183) 0.14 

268(0.16) 0.35 

537.2(0.34-) 0.22 

487(0.46) 0.81 

446(0.023) 0.10 

165.8(0.8) 0.46 

14-5.4(0.48) 1.05 

Isotope 

14308 

144ce 

14-7Nd 

1~ 

15~ 

151Pm 

153sm 

156sm 

14~ 

157Eu 

159Gd 

156Tb 

160Tb 

161Tb 

157ny 

171Er 

172Er 

173Tm 

Tlf.! 

35h 

284d 

11d 

5.4d 

2.68h 

27.8h 

46.4h 

9.4h 

106.d 

15.1h 

18.0h 

5.4d 

72d 

6.9d 

8o1d 

7o5h 

49.5h 

8.2h 

a E (K )keV mb y y 

. 293(0.1,i.6) 0.78 

133(0.11) o.8o 

911.0.15) 1.10 

550(0.26) 0.44 

334(0.74) 0.22 

34-0(0.21) 0.)4 

103(0.28) 0.09 

88(0.3) 0.22 

328(1.0) 0.04 

413(0.27) 0.10 

36)(0.10) 0.18 

534.3(0.7)0.05 

879(0.30) 0.16 

75(0.1o) 0.15 

326(0.95) 0.02 

308(0.64)0.025 

4-07(0.44)0.016 

399(0.189) 0.05 
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Fig. 1. Isotopic distribution of symmetric 
(upper'curve) and asymmetric (lower curve) 
fission fragments in the reaction 208 Pb+ 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. 
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Fig. 2. Experimental mass distributions of 
fission fragments from the compound nucleus 
256 102 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 256Fm /7/. 
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The position of the maxima of the mass 
distribution of the fission fragments from 
2 ~ro2 is in agreement with analogous data 
obtained on

1 
sJ}ontaneous fission of 256Fm 

and 252
102 

7
• • However, the mass distri-

bution dispersion with respect to the 
average masses of the light and heavy 
fission product· groups for the excited 
nucleus 256 102 is s.omewha t wider than in 
the case of spontaneous fission. This fact 
seems to be the main reason for the substan
tial decrease in the ratio Yasymm I Y s mm 

compared with the data obtained in ~xperi
ments on spontaneous fission of 256.Fm and 
252102. 

It is noteworthy that the integral yield 
of fission fr~gments at Elab = 220 MeV 
is about SO mb. This value constitutes 
a considerable portion of the total cross 
section for the reaction 208 Pb + 48 Ca and is 
in guod agreement with the cross section 
for the reaction 208 Pb< 48 Ca,2n) 254 t02, 

equal to 4 ~tb. 
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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