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DECAY PROPERTIES OF Am
243 

AND POSSiaLE ROTATIONAL 
' ' 

BANDS IN THE ALPHA SPECTRA CF ODD-EVEN NUCLEI 

Frank Asaro and I. Perlman 
Radiation Laboratory and Department of Chemistry 

University of California, nerkeley, California 
January 8, 1954 

The principal aim of this note is to show the close similarity 

in the alpha spectra of Am 243 and Am
241 

insofar as comparison is 

possible and to suggest an interpretation for some of the observed 

levels. In earlier publications 
1

' 2 the similarities in the spectra of 

even-even alpha emitters were demonstrated and it now appears that 

alpha emitters with odd nucleons have points of similarity with each 

. other but have a distinctly different pattern than the even-even nuclei. 

The alpha-emitter Am243 was first prepared
3 

through neutron 

capture by Am242 and its presence detected by observing the growth of 

Np239 . From mass spectrographic analysis of the americium andthe. 

amount of Np 239 which grew, the half~life was estimated to be -10
4 ~rs. 3 

Th t . d' t' f 1 t . 0 • p 242 t A 243 e neu ron 1rra 1a 10n Q p u on1um conta1n1ng u crea es m 

throughthe intermediary Pu243 which is short-lived f3- -emitter 
4 

and 

uff . 0 t A .243 .1 ·. A 241 ld b d d .. tho . t s 1c1en m re ahve to m cou e pro uce 1n 1s way o 

measure the alpha-particle energy (5. 27 Mev) with an ionization chamber.
5 

The sample of Am243 used for magnetic analysis in the present 
'• ' ' 239 . '' 

study was prepared by plutonium (Pu ) irradiation. Only about 2 percent 

of the alpha activity was due to Am 243 and the rest was Am
241 7 

Nevertheless, the more prominent features of the Am
243 

alpha spectrum 

could be measured. Fro.rn the resolved alpha spectra and the isotopic 

abundance of Am243 in the sample, the half-life was calculated to be 

7.
6 

x 10
3 

years. The magnetic spectrograph has been described in 

earlier publications. 8 • 9 

Three alpha groups attributable to Am
243 

were observed with 

energies and abundances as indicated in Fig. 1. The alpha groups of 
241 ' ' 9 0 ' 

Am were used as energy standards. In companng the spectrum 

with that of Am 
241

, it will be noted that the main group of Am 
241 

10 
(84 percent abundance) populates a state 60 kev above the ground state 
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and the main group of Am 243 (84 percent ab~dance},leads to an 

excited state of 75 kev. The alpha -gamma qoinci.d~_p.ce:· ~ei=LSUrements · 

which established this decay sequence will be mentioned pr.t;)!;ently. , 

Each alpha emitter has a transition in about 14 percent abundance of 

some 40 kev lower ·energy than the main alpha transition and each has 

a low intensity group of about 55 ·kev still lowe~ energy. :It is' seen 

that the parallelism is close for those transitions which cari be compared. 

Th . d . . 1. h . . f A 243 . . t. b ' d · e groun state a p a trans1t1on or m was no · o serve • 

but the limit of detection was 2. 5 percent· and it will be noted that the 

corresponding tr.ansition.for· Am 241 is found i:ri OJ?.ly 0~'3percent abundance. 

Similarly, if there is a low abundance transition (energy level shown as 

a broken line) corresponding to that popula:ting -the 33 -kev state· of 
237 241 ·. ·. . . ; . 

Np from Am · decay, 1t wotild not· have been seen, Purer and more 

.. t f A 243 '11 b . . d t · "f th" t t . t 1n ense sources o m w1· e requ1re . o see 1 18 s a e ex1s s. 

A small amount of a sample was avaiiable which had about twice 
. h A 243 . . . . . ·. A 241 . d h.· . d'f . . . . d as muc .. m achv1ty as m an t 1s was use · or a gamm·a·-ray stu y. 

·A scintillation spectrometer triggereid by coincident alpha particles was 

employed in order to obtain the gamma.::ray energies and abundances. 

A single prominent peak was obtained at 75 kev which showed a hump 

on the low energy side presumably due to the 60-kev ga:tnma'ray of Am
241

. 

Since the Am 
241 

content was. known, its contribution to the gamma-ray peak 

could be subtracted, The result was that the 75-kev ga'im:ma-ra.ywas 

found to accompany 80 percent .of the total Arn 24,3 alpha partiCles~ This 

means that the ·conversion coefficient cannot be greater than 0. 25 and fixes 

th. t 't' El . . h f·. h 60 k. . . . : f A 241 ll 1s rans1 1on as Just as 1s t e case or t e - ev trans1t10n o rn . 

(The conversion coefficients of 75 -kev Ml and E2 transitions should be 10 
12 or greater. ) 

If we consider· those components of the Am
243 

spectrum which 

lead to the 75 -kev state and to the next two higher states, we note a 

marked resemblance to the ground state and first two excited states of 
,F 

1 h . l"k C 242 13 Th . .1 . . ~ d an even-even a p a em1tter 1 e m . . e s1m1 ar1ty llnCJLU es 

energy level spacings and the intensities of the afpha groups. In the 

case of an even-even nucleus this type of spectrum has been interpreted 

as a rotational band comprising the states 0+, 2+, and 4+. 13 
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According to the theory 'of Bohr ~nd .Mohelson, l~. the rbt<hidna.I 

states of an oddnucleon case shoulcl''liave the follo\ving energy ~nd 
spin sequence: 

) ; ' 

E I = 12 
'T [I (I + 1) - I 

0 
( !

0 
+ 1) ] ; I = I 

0
, I 

0 
+ 1 ~ I 

0 
.+ 2, 

I is the spin of the lowest state in the band. 
0 

If one has three adjacent states belonging to a rotational band it 

should be possible to calculate I ( and therefore I· + 1 and I + 2) as well 
0 0 0 

as the quantum oLrctation, -ii.
2/2'T. On this basis the spins of·the states 

. 241 . 243 . 
reached by Am a:

60 
and Am a 75 were calculated to be: 2. 3 and 

2. 8, respectively. Since the spins must be half integral, the closest 
- 241 ~ . -- ~- .--

value is 5/2. This same treatment of Am· · data was made by 
15 

Rasmu~sen who arrived at similar conclusions fo•r the spin numbers 

of the excited states. It should be mentioned that the calculated spin 

number is sensitive to the accuz:acy of the energies of the states. If. 

the ~ea·sured energy difference between Am
241

a60 and a 103 were 44 kev 

instead of 43 kev, the value obtained for I .would have been 2. 8 instead 
0 

of 2. 3. 

From shell model considerations, the ground states of Np
237 

and Np
239 

are assigned odd paJ:>ity. Since the 60 kev and· 75 kev · 

transitj.ons are El, the levels belonging to the rotational band have 
' even parity. The spin and parity assignments made on this basis 

are shown in Fig. 1. The spin number 5/2 for the ground state of 

Np
237 

is a measured value .. 
16 

.:. 

.. 
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