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This document was prepared as an account of work sponsored by the United States 
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necessarily constitute or imply its endorsement, recommendation;or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ABSTRACT , . ' ~ 

" ·c. ' ,'" . 246' .. ' 248,,' 
,"'.The ,,:spontaneous fission half-J-ives of Fmand Fm were determined. 

The n~w nuclides 244Fm and 245Fm were identified and their ,decay studied. 

'In two recent papersl ,2) we presented a discussion of the available' 

data on the spontaneous-fission half-lives of nuclides near the 152-neutron 

sub-shell. These data, especially the reassignment of the 2.3 - second spon-

. taneous fission activity from 254
N03,.4) to ~~~~, suggest that the fission half-, 

lives of the even-even isotopes of the heaviest elements exhibit a sharp maximum ," 

at N = 152 and decrease rapidly at neutron numbers not only above 152 but also 

below it. The main purpose of this letter 1s to report new experimental evi-

dence for the latter trend in the case of three light isotopes of fermium. 

248 We have observed a spontaneous-fission branching in the decay ofFm 
": 

and 246Fm using mica to scan a rotating drum, recoil-collection device. These " 

nuclides wer~ produced by bombarding targets of 233u, 235u and 236
U with beams' 

,of 160 ions and targets of 239pu and 240pu with 12C ions. The targets were 

2 2 about 500~g/cm and,the beam intensities about 2 ~amperes over an area of 0.2 em • 
. 

The assignment of the ,fission activities to the above nuclides was made by 
. 

", comparing the half-lives and excitation functions with those of'the knmm alpha 

activities of 248Fm and 246Fm• 'The latter 'Were obtained 'With semi-conductor 
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detectors in the conveyor~gas system described in Ref. 2. In the case of 

246~'m the fission branching was large::enough to allm-r simultaneous meaSUreI:lEmt 

.1- " 

of the alpha spectrum and the fission events in' the conveyor-gas system. 

In the course of these experiments,,' a new alpha activity -of 8.15 MeV 

23-:t- 2~4 . 16 239, energy was observed in the bombard..rnents of -'U and - U 'nth 0 and Pu 

. with l2C. Fig. I shows the decay curve and half-life. obtained for this alpha 

activity. A co~parison of the experimentally observed excitation function 

for the 233u (160 , 4n) reaction ''lith -that co~puted for compound nucleus formation 

in a manner described else'trhere 5) is shoym in Fig. 2. The activity "ras assigned 

to 245Fm on the basis of its production in the cross-bombardr.:ents vrith the 

expected excitation functions ~~d from alpha decay 

Bombardments of 239pu and 240pu 'tTi th 12C ions 

- t. 2) 
sys"Ce~a lCS • 

and 235U and 236u ''lith 

160 ions showed the presence of tvTO distinct alpha activities of 8.18 and 

7.87 - HeV energy with half-lives of apprOXimately 5 and 30 seconds. These 

t . . t . , , b 1 t .247Fm t' t db' h D b 6 ) ac lVJ. les were asslgna _e 0 _, as recen _y repor e y"C e u na group • 

Finally, a short-lived fission activity T.vas observed in bOlllbardments 

of 233u 't' 16, Wl n lOnS. A decay curve and half-life for this activity is shoT~ 

in Fig. 1. The cross-section for production had the energy depe!1dence expected 

16 
for the ( 0, 5n) reaction as shown in Fig. 2. The activity was not produced 

in bombard!r.e:nts of the sage target vri th l4N ions. This was ta1(en as indicating 

the activity is unlikely due to an isotope or isomeric state of an element 

other than ferni~. The above ev:'d,=~ce suggests the assig;:~..raent 
244 

of fu to 

this 2.ctivi'::.y. 

A SlJ.",!,_I!Flry of the: observed ?roperties of these nuclides is given i!i 'l:able 1. 

Also sho':m is a co::.ps:rison of the ma:~imUl!l valu.es ir:: theprsducticn cross-sections· 
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·with those calculated according to Ref. 5. Included are'the energies at which 

the maxima occurred. In all cases, the experimental data is in reasonably 

good agreement with the calculated values. It should be pointed out that an 
'. 

excitation function in only a necessary. and not a sufficient condition for the 

correct mass assignment of spontaneous i'issicn activities and that further 

experimental work is being carried out.\ 

The systematics of the spontaneous-fission half-lives of the heaviest 

elements in the light of the present results is shOl-m in Fig. 3. The ne .... ' 

data on the fermium isotopes clearly provide further support to the crucial 

assigr.:nent of the 2.3 - second. fission activity to 25 2
No• They also serve to 

illustrate the dramatic effect of the 152-neutron subshell on the fission half-

lives of the isotopes of the heaviest elements. This effect is in marked 

contrast with the relatively .... leak effect of the subshell on the alpha decay 

energies and half-lives of the same nuclides. 

We are indebted to Tom BO\{ffian for his help in the target preparations 

and the Hilac cre~" for excellent machine operation. 
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Figure Captions 

D f t f ·· f 244Fm d 1 h d f ecay curves 'or spon aneous lSSlon 0 an a p a ecay 0 

245Fm . 

Experimental (points) and calculate~ (solid lines) excitation i\mctions 

for production of 244Fm ° and 245Fm from bombardment of 23.3uwith 160 ions. 

3. Systematics of thS! spontaneous-fission half~lives of the heaviest 

elements. 

\ 



~ 10-2 
L . 
('(J 
J:l 
o 
l.-
V 

~. 

C 
o 
:;:; 
~ 

III 
I 
III 
III 
o 
I.-
U 

-4 

-8- UCRL-17891 

233U + 160 
e 245Fm(4n) 

o 244Fm(5n) 

p 

10 ~----~------~----~~----~~ ____ ~ __ ~ 
70 

Oxygen Ion Energy (MeV) 

XBL67102105 

Fig. 2 

j 
I 

l 



~J 

ly 
100d 

10d 

ld 
10h 

lh 
10m 

1m 

lOs 

ls 

lOOms 

10ms 

lms I 

.~ 140 

I 
I 

I 
I 

I 

100 

-9-

I 

I 
I 

I 
I 

I 
I 

-.... 

/ 
/ 

/ 

--

/ 
/ 

/ 

I \ 
I N 254 

I 0, 
I \ 

\ 
\ 

\ 
\ 

\ 
Cf 252 \ , 

\ 

I \ 
/~0256 '\ 

I " 
I " t 

.. f:-m248 

~ 246 . 
1m, 

I I \ \ , 
JN0252 I \ \ ' I 

I 
I 

7 I, . \ 
I I \ ' " 

I I, \ 260 

102/ " , 'Pl04 ? 
I .. I \ tNo25 8 

,/Fm244 
I I , \ 

I 104,' \ \ 
1\\ 

Neutron number , 

UCRL-17891 

1014 

1012 

let° 

108 

10
6 I/) 

L-
eu 
Q) 

>. 

104 ~ .... ..... 
c 

10
2 0 

II) 
II) -II) 

0° 6 
1 Q) 

c 
eu 

-2~ 
10 0 

a. 
V) 

10
4 

-8 
10 

XBL 672 2016b 

Fig. 3 



This report was prepared as an account of Gov~rnment 
sponsored work. Neither the United States, nor the Com~ 
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




