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Introduction 

The isotope 
246 

Cf was produced in 1950 by Thompson, Street, 

Ghiorso and Seaborg /1/, by the reaction 242
Cm( a ,nl

246
Cf,' as the 

'/t . 

first isotope _ of· element 98, then was investigated by Chetham-Strode, 

Choppin and Harvey /2/. 

Their measurements led to the conclusion that 246 
Cf decays 

with a half-life of 44 minutes by emission of 7.11 ~ 0,01 MeV alpha

particles (30%) and by orbital electron capture (70%). 

The cross section for the production of californium isotopes 

244, 245 and 246 by the reaction 288 U ( 12 C , x n l Cf was investigated 

by Ghiorso and Sikkeland (unpublished) and by Volkov and co-wor

kers /3 /, 

The peak_ cross-section for the 
246 

Cf production according to 

-the results of these two groups amounts to 55 /l b at 75 MeV and 

80 /lb at 78 MeV, respectively. 

Californium 245, an isptope of an even number of protons and 

odd number of neutrons, is of interest since its alpha spectrum may 

provide a basis for determining one-particle neutron states in 241 
Cm. 

Da,ta concerning Nilsson states in the region of the transurani

um elements are incomplete and their importance for understanding 

the systematic of the heaviest nuclei is obvious, Stephens, Asaro 

and Perlman in 1959 /4 / published a compilation of known odd-neut-
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ron and odd-proton level assignments for heavy nuclei from Ra to Fm. 

As for neutron states, to date this list has been completed only with 

data for 261 Cl , obtained on the basis of alpha decay of 
265 

Fm /5/. 

The spin of the ground state of 
256 

Fm was also determined in their 

work. 

Table presentp that data which refers to the alpha decay of 

245 Cl 

The regularity of occurrence of the ground state of nuclei with 

147 neutrons in state 5/2 + [ 622] gives reason to expect· that the 

ground state of 245 CI is also characterized by 5/2 + [ ~22] Nilsson 

quantum number. Preferred alpha decay would then populate the same 

state which should occur in 241 
Cm as a neutron-excited state. 

Experiment 

In our experiment the 245 
Cl was produced by the reaction 

288 u ( 12c, 5n) 245 CI • A thick layer of U O · deposited onto a a a 

water-cooled support was irradiated in 1-hour cycles with 
12 

C ions 

from the JINR heavy ion cyclotron. A beam energy of 80 MeV was 

chosen, according to the results of the Dubna group /3/ and the cur-

rent was about · 20 p. A. 

The short lifetime of the isotope made it necessary to reduce 

the time of radiochemical operation to the minimum. After the target 

,was.'dissolved U, Np, Pu , and some elements of the forth, fifth 

and sixth groups were rejected by means of tri-n-butyl-phosphate 

and tri-n-octyl-phosphine oxide. Then Cl with rare-earths was 

extracted using bis ( 2-etyl hexyl' phosphate) in toluen. Final-

ly the extraction to water phase with the help of concentrated hydro

chloric acid was carried out. The solution obtained was neutralized 

and electrolitic deposition of. 

ing wa~ performed. 

Cl onto the polished platinum back-

The alpha spectrum was measured by means of one of two 

detectors ~ich differed in size: the small detector (o.5 cm2) of 
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19 KeV resolution with a standard 241 
Am 

one (2.0 cm2) of 25 KeV resolution • 

source and a bigger 

A charge preamplifier, a linear amplifier, a ·threshold amplifier 
• and a 256-channel analyzer were used in the experiment. 

Results 

Four 1-hour irradiations permitted spectra to be obtained for 

six series of measurements. The alpha activity of the source in the 

fourth irradiation was measured three times in succession in order 

to get information about the lifetimes. 

Figure 1· presents the results of measurement made with the 

small detector in the third series• whereas Fig.2 illustrates the data 

of series 4 obtained with the large detector. The results of all se

ries have been compiled in Table II. The figures in columns A , B , 

C and D specify the energy of the alpha peaks in relation to the 

principal peak, the intensity of which is given in Column III { 10 ). 

The letters S 

detecto.rs used. 

and L , respectively, denote the small and large. 0 

The structure seen in the ·figures did not, in every case, pro-

vide a basis determining the energy; the energy has been given 

only in the cases· when the individual peaks were measurable. Peak 

A occurs distinctly in all series. Only in series 1,3 and 6 does 

peak B appear distinctly enough for its energy to be evaluated 

while in the other three series it can be distinguished. Peak C did 

not occur in series 1 because of poor statistics and in the last 

series was too broad for its energy to be determined. Finally, peak 

D occurs only in series with sufficient statistics. The weighted 

mean energies of peaks A , B , C and D are respectively lower 

than the main peak by 52,6, 101, 154, and 251 KeV. The intensities 

of the individual peaks lend themselves only to a rough estimation. 
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Discussion 

The alpha decay of 
245

Cf should exhibit a similarity to that of 
243 Cm • If the ground - state of 245Cf was a 5/2+ [ 6221 state, then, 

of course, the dominant transition would populate that state in 241Cm 

but account would also have to be taken of possible alpha decay to 

the neighbouring Nilsson states. In the Table III the experimental tran

sition energies · are compared with those of rotational bands _built on 

the states 7/2 - [743], 1/2+[631], 5/2+[622], 7/2+[624] and 

9/2- l734l • The rotational formula with ma.ximal and minimal values 

of h2/ 2 J known from the expe_riment was used. Our data is dif-

ficult to interpret, assuming, that_ the 52.6 KeV energy corresponds 

to the spacing of the first two rotational members built on the_ one

particle 5/2+ [622] state, which seems to be rather puzzling. As can 

be seen from the table, higher spins are needed to explain the dif

ference, when , known values of h 2 / 2 J are taken into account. How

ever the second and the fourth energy values from the experiment 

do correspond to the values of the 5/2 + [ 622 l rotational members. 

It seems to be likely, that in alpha decay of 245c! 

bands at least are involved. 

two rotational 

The authors are grateful to Professor G.N.Flerov for permanent 

interest and valuable discussion. 
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Table I. Nilsson level scheme for isotopes with 145 and 147 neutrons. 

Jsotope 1/i-[743] t1-[63ll 5fp.[622] "½t[624] %-[1311] 
2.37 u N75J 0 fl,5 
2J9 Pu J92 0 286 5f2 
24

' Cm 0 
,2J9 ·u (0 J 
.241 f!. -'U 

\ 0 172 
-2~3 Cm 0 

. .215Cf 
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Fig.1 Alpha spectrum of Cf isotopes produced by the reaction 
283 U ( 12 C , .,. ) , , measured with the small detector. The beam 

energy 80 MeV. 
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