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ABSTRACT 

New measurements on the Am 242  isomers show that the 16-hr 

activity is the ground state and the 152-yr activity the upper isomer, contraiy 

to earlier evidence By electrostatic collection techniques some 16-hr 

americium activity was separated from an aged sample containing the 152-yr 

is.orie . ......Careful study of the conversion electron spectrum of the sample 

containing 152-yr Am 
242m

revealed eleven conversion lines of a 48. 6-key 

transition converted in americium, and the relative M-subshell conversion 

intensities are only consistent with an EAassignnent. This information, 

coupled with the recent atomic beam measurement of spin 1 for the 16-hr 

activity, leads to a spin assignment of 5 for Am242m. 

The experimental information on these isomers is given a detailed 

analysis in terms of the Bohr-Mottelson model. The most surprising con-

clusion of this analysis is that the spin 1 ground state has a K-quantum number 

of zero, and hence a negative spectroscopic quadrupole moment. Data on 

166 	180 
levels and decay of the low spin isomers of Ho 	and Ta 	are also con- 

sidered and lead to the conclusion that there is generally an energy displace-

ment, between oldd and even spin members of K = 0 rotational bands in odd-

odd spheroidal nuclei. 
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I. INTRODUCTION 

When Am 24' is irradiated with slow neutrons, a pair of isomers 

242 	 . 	 1 
i of Am 	s formed having half lives of 16 hours and -'100 years. (A more 

precise half-life measurement of the long-lived isomer is 152 ± 7 years. 2) 

.3 Early measurement:s on the 16-hour isomer showed the presence of L xrays 

of plutonium, americium, and curium, indicating that the decay, included ap-

preciable branching. by three modes: electron capture, isomeric transition 

- 	 4 
and 3 emission. Later work showed that the It is ome ric t ransi t ion tt was 

probably spurious, since the americium x-rays could be.accounted for by 

self-excitation of the L-shell in Am 241  by its alpha particles. However, 

the 16-hour isomer was still thought to be the metastable state, since its 

beta spectrum was found to have an end point slightly higher in energy than 

that of the long-lived isomer. 

The most puzzling aspect of this work was the finding that the de-

cay schemes for beta decay of the two isomers were virtually identical (see 

Fig. la). For each, 3 decay led to the 0+ and 2+ states of the ground state 

This work was performed under the auspices of the U. S. Atomic Energy 
Commission. 	 . 
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Fig. la. Decay scheme of Am 242  isomers from previous work. 
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rotational band of Cm 242 , a situation quite out of keeping with a measurable 

- indeed, a very long - - lifetime for the isomeric transition. The electron-

capture branchings of the isomers were also apparently quite similar. 

The experiments reported here 5  resolve these discrepancies by 

showing that the long-lived isomer is the metastable state, and that it decays 

principally by isomeric transition (see Fig. lb); hence the beta-decay pro-

perties associated with both isomers are simply those of the ground state. 

The minor differences in 13/EC ratios for the isdmerè noted in the older 

work4  can be shown to have disappeared in the light of the newer measure- 

ments2' 
6 
 and only the apparent ;srnall discrepancy in beta-spectrum end points 

remains. 

It may be well to point out why it is difficult to observe the isorneric 

242n 	 242 
transition (152-year Am 	-"16-hour Am 	) unless one designs an experi- 

ment specifically with this decay sequence in mind. It happens that the long-

lived Am 242  isomer has a large neutron capture cross section, consequently 

a maximum concentration of only a few percent by activity can be built up in 

241 	 241 	 . 
the Am . Since Am 	has abundant low-energy photon transitions associ-- 

ated with its alpha decay, special pains must be taken to observe the isomeric 

transition in Am 242 , In addition, Am 243  is always present and its decay 

2Q 
product, Np', also obscures the picture. 

With the supposition, based on previous work, that the radiations 

associated with the isomeric transition might be difficult to find, it seemed 

that the most direct way to establish the relationship was to effect a separa-

tion of isomers and to show that 16-hour Am 242  is present long after conclu- 

sion of neutron irradiation. This experiment was successful and is described 
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below. The radiations accompanying the isomeric transition werethen 

found by employing high-resolution electron spectrometry. Part of the im- 

• 	 petus for this study and an aid in the interpretation was the recent measure- 

242 
• 	 ment of the spin of 16-hour Am 	by the atomic beam method. 7  

Although much progress has been made in the assignment of particle 

states in regions of high nuclear deformation8' ', little information has been 

available concerning the coupling of two odd particles in odd-odd nuclei. 

The information obtained here on Am 242  has proved to be of importance in 

handling the general problem and this report contains a discussion of the 

subject. 

II. EXPERIMENTAL 

242 
Am 	source. 

242 	 241 
The long-lived Am 	was prepared by neutron irradiation of Am 

Since weñow know that it is the metastable state s  we shall henceforth refer 

242m 242 
to it as Am 	and the 16-hour activity as Am 1. Both isomers are formed 

by slow-neutron capture and the overwhelmingly predominant activity soOn 

242 
after irradiation is 16-hour Am 	• However, the material used in the pre- 

sent experiments had aged for several years, so only long-lived activities 

(and their decay products) were present. Since Am 
242m

tas a much higher 

neutron capture cross section than does Am 241 , an effective steady state 

concentration of about 1% is the highest that can be achieved without resort-

ing to isotope separation. 

The pertinent neutron reactions and decay processes are summarized 

242m 152-year 	242 16-hour 
as follows: (The decay sequence, Am 	 IT 	

Am 
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is of course the one established by the present study and was not known 

previously) 

Am241(n, y)Am242m(n,  y)Am 243  -' 

241 	458 y 	23 
Am 	 Np - 

a 

84% 	Cm242 

AmZ4Zm l2.) Am242 h!_( 

Pu242  
EC 	 a. 

2ld 
a. 	

Np 

Am 
243 7950 y 	Np 239 2,1d 

CL
•   

242 
Separation of 16-hour Am 

In order to show that the longlived isomer of Am 
242

was the meta-

stable state decaying principally by an isomeric transition, it was necessary to 

separate the short-lived isomer from the equilibrium mixture. Two methods 

were considered: 

(a) Prepare the acpieous ion Am(IU) (or Am(VI)) and place it 

in an oxidizing (or reducing) medium in which thermal 

chemical reactions would be quite slow. The internal 

conversion process might rapidly oxidize (or reduce) the 

16-hour daughter as it was formed. A chemical separation 

of hexavalent (or trivalent) americium might then separate 

241 	24 2m 
the 16-hour isomer from the bulk of the Am and Am 
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(b) Prepare a thin sample of americium and collect "recoils' 1  

from the internal conversion of the isomeric transition. 

The latter method was tried first and worked sufficiently well so that method (a) 

was not attempted. Since the "recoil" collection efficiency was expected to be 

very poor, it would be manifestly necessary to perform a chemical purification 

particularly to remove the neptunium beta-emitters which would be collected 

with high, efficiency as alpha-decay recoils. 

A thin source containing l microgram total americium was prepared 

by vacuum vaporization of the chloride solution residue from a white- hot tung -

sten filament onto a cold platinum plate. The source thickness was probably 

< 1 microgram/cm and the isotopic composition was determined by Dr. Maynard 

C. Michel of this Laboratory to be 1, 07o Am 242 , 0, 6076 Am 243, and the re-

mainder Am 241 . A rough check on the Am 242  content was obtained by measur-

ing the alpha activity of the Cm 242  which had grown into the sample. 

Recoils from the source were collected on a clean platinum plate 

which was 3 mm distant from the source and maintained at a negative potential 

of 300 volts. After collecting for 17 hours the plate contained 400 beta-counts 

per minute measured in a windowless proportional counter and 25 alpha d/m. 

241 
The alpha activity is Am 	carried from the source as a result of the intense 

alpha emission. As mentioned, much of the beta activity might be expected to 

238 	239  be that of Np 	and Np 	so a chemical separation was made. All of the 

activity was removed from the collector plate with a few drops of 8 M HC1 

and run through a Dowex-Al.resin column, At this acid concentration, .neptun-

ium'is retained by the resin and americium passes through. The americium 

fraction contained 56 net beta c/m and 20 alpha d/m. 
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The decay of the purified americium fraction was measured carefully 

in the beta counter and found to have a half life of 15. 7 hours after subtracting 

the long-livedtail due to the Am 24 ' alpha particles. The decay curve is shown 

inFig. 2. The experiment was repeated and again a 16-hour half life was 

obtained. 

A different type of experiment was then tried to show conclusively 

242 	 242 
that the 16-hour period belonged to Am 	As Am 	decays, one of its. 

products, the 163-day alpha-emitter Cm 242 , should grow accordingly. How.-

ever, the ratio of half lives is such that the Cm 242  alpha activity from experi-

ments such as this should reach a level 'of only a fraction of a count per minute. 

Since several times this quantity of Cm 242  (see decay reactions above) would 

be expected to find i.tst  y to the collection plate, an americium-curium 

chemical separation would be necessary before the growth of the Cm 242  alpha 

groups could be observed. The actual experiment may best be visualized with 

recourse to Table I. Here it is shown that it was possible to isolate some 

16-hour Am 242, to free it initially from Cm 242  to a low.level, and to observe 

242 . 	 .,• 	
i the growth of Cm 	, In Table I (last two columns) t is seen that by the time 

the first measurement was made, 0. 30 d/m of Cm 242  was present of which 

. 	 . 

0. 17 d/m was Cm 
2. 

 .which had survived the chemical separation. The Cm 242 

grew over a period of days to the asymptotic value of 0. 85 d/m. The entire 

242 	 .•. 
growth curve showing the origin of Cm 	from an. l8 \5.hour. parent is 

shown in Fig. 3. Since the only possible source of the Cm 242  is through Am 242  

decay, the 16-hour isomer must exist in equilibrium withthe 152-year isomer. 
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Table I 

Data for the experiment showing growth of Cm 242  from 16-hour Am 242  parent. 

Americium fraction 

244 	 242 Recoil 	Cm 	 After Am 
Source 	 sample 	added 	Initial 	decay 

Am 241  5x10 7  (a) 110 (a) 

Am 242 m 6 LZxlO 

jIT 

Am 242 
 

1xlO 6  (ta) -'500 (3) 

242. Cm 6 lxlO 	(a) —'6 (a) 

Np 238  6000 z1XIO 3  () 

Am 243  1.7x104  (cL) 0.04 (a) 

a 

13 (a) 	40 (a) 	- 40 (a) 

-'1 

—170  

0,5 (a) 	0. 30± .05 (a) -'-0,85* .02 (a) 
(0.17± :01) 	(0.17 ± .01) 

0.01 (a) 	- 0,01 (a) 

Np 39 	1.7x104 (43) 	3x10 3 () 

Cm 244 	---- 	 ---- 	100 (a) 	2.6± .15 (a) 	2,78± .04 (a) 

Source - Approximate composition of americium source; all numbers 

refer to disintegrations per minute. Actual source consisted of 10 separate thin 

samples on platinum. 

Recoil sample - The HsourceTt  was fastened to the inner surface of an 

8-inch-diam aluminum hemisphere and recoils collected for 36 hours on a gold 

foil placed in a central position and maintained at -3000 volts. 

Composition: The Am 241  collected represents the small amount of 

cont. 
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Table I (cont. ) 

transfer always noted from a strong alpha source; the Am 
242m 

 and Am 
243 

 were 

estimated to transfer in the same proportion. The Cm 242  comes both from this 

mechanism and from P-recoils, The Np 
238 

 and Np 
239

were estimated from 

known ti- recoil efficiencies; accurate values are of no concern to this experi-

ment and in any case these isotopes are removed in subsequent steps. 

244 
Cm 	added - After removal of recoil sample from the gold foil 

with 6 M HC1, the solution was run through a Dowex-Al resin column to remove 

dissolved gold, after which the indicated amount of Cm 244  was added to serve 

as a monitor for the subsequent americium-curium separation. 

Americium fraction (initial) - Miscellaneous impurities were re-

moved by placing the actinide elements on a Dowex-50 cation exchange column, 

washing with 2 M HC1 and eluting with 6 M HC1. The americium fraction was 

then separated from curium and neptunium on a similar column using alpha- 

10 	
i hydroxy isobutyric acid as the eluant. 	The alpha emitters were dentified 

by alpha energy measurement using a grid iOnization chamber and pulse height 

analyzer. The amount of Cm 
244 

 served to show that 0. 17 d/m of Cm 
242

from 

the recoil sample had remained with the americium after the chemical separa-

tion. By difference, 0. 13 d/m Cm 242  (of the 0. 30 d/m meaured) had grown 

from Am 242  decay between the time of chemical separation and the first 

measurement. 

Americium fraction (final) - This column shows the asymptotic value 

242 242 
for Cm 	after Am decay. The entire growth curve is shown in Fig. 2. 
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Electron spectrum for the Am242m  isomeric transition. 

About 6 x 106  alpha d/m of the americium was vaporized onto a 

lOr-mil platinum wire. The wire was used as a source in two photographic-

recording permanent magnet beta spectrographs. Three exposures were 

made in a 100-gauss magnet -- for 4, 8, and 21 days. A fourth exposure of 

72 days was made in a 50-gauss magnet. The lines observed in the 21-day 

exposure are shown in Table IL Since Am 241  accounts for almost all of the 

activity in the sample, most of the spectrum consists of Np 237  conversion 

lines. However, eleven new lines were seen in low intensity which corre-

spond to a 48. 6-key transition converted in americium L, M, N, and 0 

subshells. All of the Np 
237 

 transitions were previously known although some 

new subshell lines were seen. Also seen were conversion lines of the E2 

242 	242 	238 242 transitions in Cm , Pu , and Pu 	arising from the beta decay of Am 

242 	 242 
electron capture decay of Am 	, and alpha decay of Cm 	, respectively. 

Fourteen Auger lines from Np 237 
	

i were also dentified but are not listed in 

Table H. 

Another exposure of 21 days was made on the same permanent mag-

net with a comparable Am 241  source containing less than 0. 01% Am 242  by 

mass. All of the lines assigned to Np 237  in Table II were observed, but none 

of the lines assigned to Am 242  or its daughters were seen. 

Of course, the information of primary interest here concerns the 

242 
48. 6-key isomeric transition in Am 	. The relative intensities of the vari.ous 

AmZ4Zm conversion lines and the pertinent theoretical conversion coefficientI' 12 

are listed in Table [II. Particular interest is attached to the four Am M-subshell 

conversion lines 
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Table II 

Electron lines from the 21 7 day exposure of the Am 241, 242, 243 

sample in a 100-gauss magnet 

Visual Electron Binding Gamma-ray 
intensity energy (key) Subsiiell energy energy (key) 

237 24fl 
Np 	Lines..(.Am 

' 	 1 

VW 8. 76 Np L111  17. 61 26. 37 

W 20. 66 M 5. 74 26. 40 

Obs cured by M11  
of 43. 44 

Obscured by M111  
L11 of 4344 

VW 22, 52 M1, 3.85 26. 37 

VW 22. 72 M./ 3. 66 26. 38 

w 88 N1  1. 50 26. 38 

W 25, 06 N11  1. 32 26. 38 

VW 29 N111  1. 08 37 

26.38kev 

W-M .10, 84 L 22.41 33, 25 

W-VW 11. 69 L Ii 21.59 33. 28 

W 15. 63 L111  
17, 61 * 33. 24 

• S 27.46 M1  5, 74 	- 33. 20 	• 

W-M 27, 83 M11  5. 36 33. 19 

cont, 
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T:ableIll((cont.) 

Visual Electron Binding Gamma-ray 
intensity energy (key) Subshell energy energy (key). 

237 
Np 	Lines (cont.) 

W-M 28. 78 M111  443 33, 21 

M-S 31.72 N1  1.50 33. 22 

VVW 31.90 N11  1.32 33.22 

VW 32.13 N111  1.08 33,21 

M-W 32.96 01 . 34 est 33. 30 

33.21 key 

M-S 21.03 L1  22.41 43.44 

M-S 21.85 L11  21,59 43.44 

M-S 25.85 L111  17.61 43.46 

Qscured by M 
of 59 58 / 	 and 

11 

M 3%02 M111  4.43  43.45 

Obscured by N1  
• L111  of 59. 58 

VW 42.17 N11  1.32 43.49 

W 42.37 N111  1,08 43.45 

W 43.23 0111 0.21est 

• 

43.44 
• 43.45 key 

cent. 
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Table II (cont. 

Visual. 
intensity 

Electron 
energy (key) Subshell 

Binding 
energy 	. 

Gamma-ray 
.. energy (key) 

Np 
237 L . 

ines (cont.) 

M-W 33. 12 L1  22,41 55. 53 

M-W 33.97 L11 
 

21.59 55, 36 

Obscured by 
L III L11 of 59.6 

W 49.88 M1 . 

W 50, 21 M11  5. 36 55. 57 

W 51,15 4,43 55.58 

55, 57 key 

VS .37,18 	.., ' 	 L 22,41 59,59 

VVS 38, 03 L11  21. 59 59, 62 

S 41.97 Lm 1761 	' 59.58 

S 53.. 84 M1 . 	. 5.74 59.58 

VS 54. 25 	
" 

M11  5, 36 59. 61 

S-M 55,1. 3 M111  4.43. :59,56 

WM 55 71 Miv 3.85 59. 56 

W--M 55.90 Mv 3. 66 59.56 

M-S 	' 58 25 N1  ] 	 32 	' ' 	 59.57 

M-S 58, 12 N11  J. 50 59. 62 

W-M 	' 58, 50 N111  1. 08 59, 58 

WVW 75 Niv .82 59, 57 

M 29 , 	 Oil 
 

.27 est 59. 56 

VW 59, 53 P11  .03 est 59.56 

59.58 key 

cont. 
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Table II (cont.) 

Visual Gamma-ray Electron S  B.nding 
intensity energy (key) Subshell energy energy (key) 

237 
Np 	Lines (cont.) 

VVW 76.56 L1  22.41 98.97? 

W-M 77. 37 L11  21.59 98.96 

W-M 81.41 L111  17.61 99.02 

VW 93.64 M11  5.36 99.00 

VW 94.54 M,111  4.43 98.97 

98. 98 key 

242 i242m 	242 
Am 	Lines(.Am  

25.70 AM L11  22.94 48. 64? Resolved 

from LIII 
of.43.4 

W-M 30.11 L111  1 8. 52 48.63 

W 42.88 M11  5. 75 48.63 

W 43.91 M111  4.70 48.61 

W 44.52 Miv 4. 11 48.63 

W 44.76 Mv 3.90 48.66 

W-VW 47.17 N11  1.45 48.62 

VVW-VW 47. 50 N111  1. 18 48. 68 

W 47.78 N . 86 48, 64 (could con- 

tain Niv) 
I VVW 48.50 0 

IV,V 
. 13 est 48.63 

B< 
VVw 48.32 0 29 est 48.61 

48.63 key 

cont. 
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Table II (cont. ) 

Visual Electron 	 Binding 	Gamma-ray 
intensity 	energy (key) 	Subshell 	 energy 	energy (key) 

• 	 238 	 242 
Pu 	Lines (Cm 	—Pu 

238 
) 

VW 38.61 Pu M11  5, 56 44. 37 

VVW-VW 39.. 57 M111  4, 56 44. 13 

Obscured by L II L11 ofNp434 

VW 26. 06 L111  I06 44. 12 May contain 
some 01 II of 

26. 38 

44. 14 key 

242 	 242 	242 
Cm 	1ine s (Am 	-p  Cm 	) 

VW-W 1S 54 Cm L11  23.63 	• 42. 17 

W 23,22 L 1899 42,21 

W 36,25 M 1  5,95 4220 

VW 37.40 M111  4.84 42, 24 Resolved 
from L1  of 

Np 59. 58 

42.20 key.  

242 •  . 	 242 	242 
Pu 	Lines çAm.—Pu 

VW 22.30 Pu .L11  22.25 	• 44, 55 

VVW 	. 26.53 L111  18, 06 

• 

4459? 

..............- 
44.55 key 

Symbols: B 	Broad 
..•... 

M 	Moderate 	• V - Very 

est estimated S 	Strong W Weak 

? 	 Questionable line 
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because their relative intensities define the multipolarity of the transition un-

ambiguously. These are cqxprdin Table III with theoretical M-subshell 

conversion coefficients (relativistic, point nucleus, unscreened) by Rose. 

The experimental ratios M1:M :Miii:Mi:M are <0.2:l,3:l,0:0,8:L0 within an 

accuracy of roughly 30%, and it is seen that only an E4 assignment is possible. 

For all magnetic multipolarities there exist subshell ratios which are different 

from the observed values bat-;least a factor of 50, and for electric transitions 

the closest other possible fit is for E5, but here MIV/MIII = 6, The M 1  line 

could not be seen and its maximum intensity could be set at less than 1516 of 

that of the M 11  line, 

The maximum amount of M5 admixture in the E4 radiation can be 

calculated from the subshell intensity ratios and the theoretical conversion 

coefficients. From the L 11/L111 ratio the minimum:half life for M5 radiation 

is 7 x 1010  years corresponding to 0. 3% admixture. From the M-subshell 

ratios the minimum half life is 3 x 10 years corresponding to a 0, 0616 

admixture, 

Decay scheme. 

With the information already discussed and summarized here, the 

partial decay scheme shown in Fig. lb results: (1) the 152-year isomer is the 

metastable state, (2) the isomeric transition energy is 48.6 key, (3) the transi- 

i 	
242 

tion s E4, (4) 16-hour Am 	has spin 1, (5) as a consequence of (3) and (4), 

the metastable state has the same parity as the ground state and probably has 

spin 5, and (6) the previous evidence on the direct beta decay of 152-year 

242  Am 	must be disregarded. The signs of the parities and the K quantum 
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number assignments will be explained in the following section on the inter-

pretation of these results 

The beta decay properties of Am 242  and 
Am242m 

 are of importance 

to the interpretation of their quantum states and are summarized in Table IV. 

The experimental data upon which the log ft values were calculated come 

from work other than ours as indicated in Table IV. However, our r!e.lnter-

pretation of the decay schemes and measurement of the isomeric transition 

energy have introduced substantial changes in the electron capture decay 

energy of 	
242 

Am 	and in the energy available for the unobserved beta 

242m 	

transi-. 

tions of Am 	. It may be noted that the K-capture log ft values for Am 242 

look much like those for the corresponding ..-decay modes. This is as it 

should be because the corresponding nuclear configurations of the daughter 

nuclides are the same. The data upon which the K-capture log ft values are 

based, however, are not as accurate as the 	-decay values and should 

be given less weight in any detailed interpretations. 

The limit which can be set on the 1 - decay of the 151-year Am 242m 

considers only the transition to the 4+ state of Cm 242 , From our knowledge 

of the level Structure of Cm 
242  and from the finding in the present study that 

AmZ4Zm undoubtedly has spin 5, this transition should be the one most easily 

discernJi.. By means of beta-gamma coincidence measurements Stephens 13  

obtained the information upon which is based the upper limit of beta decay 

which appears in Table IV. From this, the value log ft> 13 was calculated. 

Since the beta transition involves only a spin change of 1 unit, the large ft 

value is of great importance in the assignment of the states, 

The E4 isomeric transition turns out to be highly-hindered. The total 

I 
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Tab!1.e IV 

Relative 
Decay Product Decay intensity 

Isomer 	mode -state energy % Log ft 

16-r 	J- C 242 , 0+ 0. 667 34 7.1 
Am 

183 . 6% Cm 	, 2+ 0. 625 50 8 

Pu242, 0+ 0. 72 6 6 1E 6C7 (K-cap., 	4.4) 

242  Pu 	, 2+ 	0. 67 	'10 	 7. 3 
(K-cap. , —7. 6) 

152-year 
Cm242 , 4+ 	0. 578 	<2% of IT 	>13 

Am 

Decay energies: 	- 242 	- 	l. 	242 Am 	3 	decay 	- 	EC decay, values fromRef. 16 

corrected by our reinterpretation of decay scheme; 

Am242m i decay to Cm 242  4+ state, Q- taken as 

O. 667 + 0. 049 Mev andposition of 4+ state as 0.138 

Mev from Ref. 17. 

Relative intensities: 242 	- 	15 	242 Am 	3 	groups 	; Am 	EC to the 2+ level was 

taken from Ref. 15; the EC to the 0+ state was taken 

as the difference between this number and the total EC 

of 16. 476 (Ref. 	6). 	The K-capture intensities were cal- 

culated from the theoretical K/L and L/(1vI+N+. . 
242m ratios (Ref. 18), 	Am 	, the value was obtained from 

an upper limit on the intensity of any 100-kev radiation 

associated with the j3 decay of Am 242 " 	 .Oi%. 	(ReL1.3) and 

c ont. 
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TableLV (cont.) 

the theoretical E2 conversion coefficients (Ref. 11),, The 

ft values were calculated from the equation and graphs 

given by Moszkowski (Ref. 19). 

conversion coefficient can be estimated' 2  to be •l 3 x 	From this the 

radiative lifetime is 2 x 10 8  years,, which is 10 6  times longer than that calcu-

lated by.the single proton formula as given by Moszkowski. 14 

The minimum half life of 3 x loll  years for MS radiation as deter-

minedfrom the M-subshell intensities is about an order of magnitude larger 

than thevalue calculated from the single proton formula. 

IlL THEORETICAL INTERPRETATION 

24 Zm 
Beta decay of Am 

242 Am 	lies in a region of large prolate nuclear deformation; for 

nuclei in such regions, K, the projection of total angular momentum on the 

nuclear symmetry axis is very nearly a constant of the motion. K-selection 

rules operate on the deformed nuclei such as to impose on transitions one or 

two orders of magnitude retardation for each unit by which IKI: exceeds the 

total angular momentum associated with the radiation. 20 

242m Am 	with spin 5 probably has K = 5. For direct beta decay to 

the 4+ state in Cm 242 , 578 key of energy is available and AI = 1. Hence, the 

beta decay would be allowed or first-forbidden, depending on whether the 

i of Am 242m parity 	 s even or odd. We prefer odd parity, but even parity can 

not be ruled out on the basis of existing information. The normal log ft value 

t 

for Al = 1, yes, transition is around 7. 5, yet from Table' IV the log ft is >13. 



UCRL-9 047 

-26- 

The reason for the retardation is surely the violation of the K-selection rule, 

for here AK = 5, Beta decay via the unique Gamow-Tefler (I = 2, yes) 

matrix element would be retarded by 3 orders of K-forbiddenness. Accepting 

a value, of 8 as the normal log ft for this type of transition, we would expect 

a log ft value well above 11, perhaps nearer 14, consistent withthe experimental 

176 	 17 
limit. The decay of long-lived Lu 	(probably spin 7) to the spin 6 member 

of the ground state rotational band in I-if 176  (K = 0, I = 6) with a log ft of 18. 5 

presents a closely related..example. 

242 
Am 	beta decay and K assignment. 

Normally, one would assume the spin 1 ground state to have K = 1, 

but we were stimulated, mainly by atomic beam moment measurements, to 

consider also the possibility of K = 0 for this nucleus. 

The traditional test for the K-quantum number involves comparisons 

of branching ratios of beta or gamma radiation to different members of the. 

same rotational band, the reduced transition probabilities being proportionalto 

the square of a Clebsch-Gordan coefficient, <I. Lk.K -Ku. LI K > The . 	f 	ii. 	f 	f 

subscripts refer to initial and final states and L is the angular momentum 

associated with the transition. For the case of a spin-one odd nucleus, the 

beta decay to ground and first excited state should be predominantly L = 1, 

whichever the parity of the initial state. Thus, there are two possibilities 

to be tested, K. = 0 and K. = 1. In the former case the reduced transition 
i 

probability (reciprocal of ft value) favors the .2+ first excited state by a factor, 

of 	and if K. = 1, the reduced transition probability to ground is favored by 
3. 

a factor of two, The test in Am 242  may be applied to both the 3 and the 

electron-capture branches, 
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It is seen from Table IV that the K = 0 assignment is clearly mdi-

cated. The smaller log ft value applies to the 2-f state and the difference 

corresponds closely to a factor of 2 in reduced traisition probabilities. The 

electron-capture ratios are also in good agreemeiit with this interpretation 

Later in this paper we will discuss the theoretical implications of 

the surprising appearance of spin 1 as the lowest member of a K. = 0 band. 

Gamma-ray lifetime of the isomeric transition. 

As already pointed out, the E4 isomeric.transition. probability is 

a, factor of 10 6  slower than the Moszkowski single prton formula estimate. 

With a K change of 5 this transition is once K-forbidden. As mentioned 

earlier, one or two orders of magnitude retardation are generally associated 

with each.order of K-forbiddenness for the strongly deformed nuclei. This 

simple rule obviously does not account for the retardation observed. For 

further understanding of the retardation it will be necessary to consider the 

particular admixtures of K = 1 in the ground state wave function and of .  K = 4 

in that of the long-lived isomer. 

Single particle. orbitals of Am 242 , 

To make.any further progress in the theoretical consideration of 

the Am 
242

isomers we must consider the proton and neutron orbitals involved, 

in the manner of Gallagher and Moszkowski. 21 ', From the state assignments 

of odd-mass nuclei proposed by Mottelson and Nils son 8  and by Stephens, 

Asaro, and Perlman the most likely neutron orbital in Am 	is the 5/2+ 

[622] ground state of isotones Pu 	and Cm 	, The quantum designation is 
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the usual one, flir.[N, n ,J. appropriate to particles in spheroidal nuclei: 

Q is the projection of the:particle angular momentum on the. nuclear cylindri-

cal symmetry axis, 7r;  the parity; N,, the total oscillator quantum number; 

n the number of nodal planes of the wave function perpendicular to the 

symmetry axis; A, the projection of the orbital angular momentum on the 

symmetry axis. The intrinsic spin projection, 	which is ± 1/2 is simply 

-A 	For this neutron orbital E = +1/2. 

The most likely proton orbital is 5/2- [523],. for which M = -1/2,. 

the ground state of Am 241  and Am 243, The orbital 5/2+ [642], however, is 

rather near-lying and is also a possibility. 

The K-quantum number is the projection of the total angular mo-

mentum on the nuclear symmetry axis, and with two unpaired particles of 

= 5/2+-and 	= .5/2-, the values K = 0- -and K = .5- are possible.. Accord- 

ing to the Nordheim coupling rules modified by Gallagher and Moszkowski2:l, 

the intrinsic spins of proton and neutron prefer a parallel orientation; there-

fore the K .= 0- state should lie below the K = 5- state. This agrees with our 

assignments based on experiment. The choice of 5/2+ [642] for the proton 

orbital would lead to the opposite prediction, but in view of the curious dis-

placement of odd and even spin values of the K .= 0 hand, the 5/2+ proton orbi-

tal cannot really be ruled out on this basis. 

The classification of beta decay ft values.for odd-mass apheroidal 

nuclei has been quite successful. It seems reasonable to try to extend this 

classification to beta decay of low-spin odd- dd nuclei, at least for beta groups 

to and from the ground rotational band of even-even nuclei where there is no 

K-forbiddennes.s. Such beta decay, assuning that the paired orbitals do not 
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change, may be considered as proceeding by one of the odd nucleons transform-

ing itself intOthe paired partner of the other odd nucleon. That is, for decay 

the odd neutron must transform to the paired partner of the odd proton. 

For the I or electron-capture decay of the I = 'r K =0, isomer we 

would have the following changes in asymptotic quantum numbers (i, e, just the 

difference of numbers in odd proton and neutron orbitals): 

= 0, AN = -1, An = °A A= ±1,  A Z = -l. 

•There is no violation of the asymptotic selectio.n rules for first-forbidden beta 

decay, given first by Alaga. 	Thus, this beta decay would be classified first 

forbidden, unhindered, (lu). For 17 lu transitions in odd-mass nuclei with 

Z > 89 the average log ft is 6. 5 with average deviation ±0, 5 and extreme values 

of 5. 7 and 7. 3. 	The log ft values of 7.1 and 6. 8 f o r the beta groups of Am 242  

fall on the high side of the average. In fact, the log ft values for the same iiucLeon 

239 	241 	 239 
U 	, Pu 	, and Am 	are —5. 8, 5.9, and 5. 7, 

respectively. It has been suggested to us by Stephens 23  that the greater log Lt 

value in the Am 242  case may arise because there are certain beta decay matrix 

elements which can contribute in odd-A cases with Al = 0 but cannot contribute 

to Am 
242

decay where AI  =1, 

Nuclear moments. 

Atomic beam measurements 24  have fixed precisely the absolute value 

242 	241 
of the ratio of the magnetic moments of Am 	and Am , 0. 236, and also the 

absolute value of the ratio of their spectroscopic quadrupole moments, 0. 562. 

Furthermore, the measurements have established that either the magnetic mo-

mnt or the quadrupole moment of Am 242  is of opposite sign to the corresponding 
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moment of Am 241 , The optical spectrographic data of Manning, Fred, and 

25 	241, gi Tomkins •for Am 	ves ji +1. 4 nuclear magnetons (nm) and Qspec = +4, 9 

barns, Combining this information with that from the atomic beam measurements, 

we obtain :1or Am 242, = ±0:33 nm and Q spec = 2;75 barns, 

These nuclear moments may now be compared.with the theoretical 

expectations for the I = 1, K = 0 assignment. An abundance of evidence established 

the intrinsic quadrupole deformations of nuclei in the region of americium as pro-

late (positive). However, for nuclear states with K < I(i+ 10 the signs of the 

intrinsic and spectroscopic moments will be opposite The relation between these 

moments is as follows: 

3K 2  - 1(1+1) 

'spec (I + 1)(21+ 3) 	° 

Q 
for I = 1, K= 0, Q 0 

spec = 

If we assume that Q for Am 242  is the same as that for Am 241 , the K = 0 assign- 

'ment gives Q 	= -2, 74 barns, which is in excellent agreement with the value 
spec 

1-2, 75 barns obtained as mentioned above. If, on the other hand, we assume K = 1 

242 for Am 	, then Q spec should be +1. 4 barns. 

The magnetic moment mAy also be analyzed. For the K = 0, I = 

assignment the angular momentum is directed perpendicular to the symmetry axis, 

and there is no specific contribution to the magnetic moment kom the odd nucleons. 

in this case we would expect a magnetic moment = 	where 	is the yag- 

netic ratio for collective iñotion, usually estimated as +JZ/A, 	the fraction of 

protons in the nucleus. From this we get = +0. 39 nm, which agrees in sign and 

magnitude with the measured value 	= +0. 33nm) if the sign for Q spec  is taken to 

be negative in accord with our theoretical prediction. 
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If we consider the assignment I = 1, K = 1, we must first of all postulate 

some possible orbital assignments for the neutron and proton. The most likely 

are 5/2- [523] (or 5/2+ [642]) for the proton as before and 7/2+ [624] for the 

neutron. This neutron orbital appears as a state at 172 key in Pu 241 . If the mag- 

827 
netic moments are calculated from Nilsson wave functions, 	(with a deforma- 

tion parameter, il, of 4. 8)28  the values for 5/2- [ 23] and 5/2+ [642] proton 

orbitals are 0. 2 nm and -1, 2 nm respectively. Thus the measured magnetic 

moment is not consistent with a K = 1 assignment with proton orbital 5/2+ [642] 

but cannot be used by itself to rule out K = 1 with proton orbital 5/2- [523]. With 

the latter assignment, however, the ratio of /spec 
 would be positive, in dis-

agreement with the experimental results. It is seen, therefore, that not only is 

the magnitude of the measured quadrupole moment in better agreement with theory 

for K = 0 than for K = 1, but the sign of the ratioQspecas determined from 

theory) can only be negative for K = 0. Thus,the atomic beam measurements 

reinforce the K = 0 assignment. 

Measurement of the magnetic moment of the spin 5 isomer would offer 

the best hope for distinguishing between the alternative odd and even parity as-

signments discussed earlier. For the choice of odd parity proton orbital 

242m 
5/2- [523] the theoretical magnetic moment of Am 	is 0. 3 nm, as calculated, 

from the Nilsson wave functions for 11 = 4. 8. For an even parity assignment in- 

volving proton orbital 5/2+ 642t  the theoretical magnetic moment is +2. 6 nm. 

The quadrupole moment in either case should be about 7. 9 barns. 

Ho' 66 : For Ho' 66  one expects the proton orbital, 7/2- [523] and the 

	

- 	neutron orbital, 7/2+ [ 633]. 
21 

 The coupling rules of Gallagher and Moszkowski 

	

- 	predict the ground state to have K = 7- and an upper state, K = 0-. Isomers with 
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beta decay half lives of 27 hours and >30 years gre known, although the relative 

positions of the states are not clear. The 27-hour isomer has been assigned spin 

zero, odd,  parity, by spectrum shape of the beta group leading to the 2+ state of 

166 i 	
29 

Er . and by the beta-gamma angular correlation nvolving this group. 	Spin 

30 
zero has been, measured recently by atomic beam methods. 	Log ft values to 

the 0+ and 2+ states of Er 166  are 8.1 and 8, 0, respectively. For the long-lived 

isomer. all that can be said of interest here, is. that its complex decay scheme and 

long half life are consistent with a high spin and K-quantum number. 

166. 
It is obvious that for the Ho 	isomer with K = 0, the I = 1 rotational 

state does not lie at lower energy than the 1=0 state. Of great intere.s are re- 

	

. 	 .. 	 . 

cent independent studies of the' decay of Dy 
166 

 to Ho 
166 

 by , 
	q.raham 1 . and 

anj R. and by R. C. Helmer and S. B. Burson, 
32  who find evidence for a 

rotational band with level sequenc,e 0-, .2- (54.2 key), 1- (82. 5 key). In this case 

the even and odd spin members are also displaced, but the odd member is dis-

placed upward. This point will be returned to in the following section. There are 

no ft values (with AI = 2, yes or Al = 0, yes) for odd-mass beta decay with the 

166  
asymptotic classifications obtaining in Ho 	, so that a valid comparison of our 

absolute beta decay rates is not possible. 

180 . . 	 242 	180 
Ta 	A nucleus which seems to be analoW 	 i 

	

us to Am 	s Ta . The 

most likely orbital assignments from examination of neighboring odd-mass nuclei 

are either 7/2+ [404] or9/2 [514] for the proton and 9/2+ [624] for the neutron, 

4're are two isomers known: a very long-lived one whose decay has not been 

observed, and an 8. 15-hour isomer which decays by 3 emission and electron 

capture. For either of the proton assignments the coupling rules would predict 

that the high spin (K = 8 or 9)  would be lowest. The low-spin isomer decays to 
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the 2+ and 0+ states of W 180 , favoring somewhat the 2+ state, The correspond-

ing log ft values are 6. 5 and 6. 8 for the transitions to the 2+ and 0+, respec- 

33  
tively. 	This pattern suggests n IJ,= iK = 0 assignment, just as was the case 

for Am 242 , but it would be well to have a careful redetermination of the branch-

ing raios of beta decay and electron capture to the ground and first excited 

states. This assignment would call for the 9/2- [514] proton orbital and the 

9/2+ [624] neutron orbital. The asymptotic classification of the beta decay is 

thus first forbidden, unhindered, and the log ft values are near the average for 

the first forbidden, unhindered, beta decay of odd-mass nuclei. 

152m 166 
i Eu 	would fall n the same category as Ho , but there may be 

some questions as to its being of stabilized spheroidal shape. 

176. 	 242 	180 
The short-lived Lu 	isomer may be analogous to Am 	and Ta 

Ato -nic beam measurements 34  show spin 1, and the beta decay branching to the 

35 
first excited state is somewhat greater than that to growid. 

Displacement of odd and even rotational states. 

Let us summarize the evidence on displacement of odd and even spin 

members of probable K = 0 rotational bands in spheroidal odd-odd nuclei. In 

166 i 	
180 	242 

Ho 	the odd-spin members are displaced upward and n Ta 	and Am 	they 

are displaced downwarcl making I = 1 lower than I = 0. We may see how this dis-

placement can arise by writing out the wave function properly symmetrized to 

remain invariant with respect to a rotation of 180 about any axis through the 

center of the nucleus and perpendicular to the main symmetry axis, 

[XnpXnnDL Ki + 	P nXX.QD 	K(ei)] 



tJCRL-9 047 

- 34-. 

where ..Q + Q .  = K (:1nay be positive or negative here), and XIG is the odd 

proton wave function with respect tothe nuclear coordinate system, j is the 

proton angular momentum, and Q its projection on the symmetry axis. Sub-

scripts n refer to the odd neutron. Where j is not a good quantum number, the 

different components of the wave function must be separately symmetrized. We 

note when 2 = fl  n and K = 0 that the wave function may be factored as follows: 
p 

 in 421 + 1 
[x(P)X 	(n) + (-) 	p - xn(P)x (n)] D0( e) 

If we now consider a residual force iacting between neutron and proton, it will 

in general give rise to an energy term with sign alternating with spin, 1. This 

energy term is a cross-term connecting the first and second parts of the wave 

function and is essentially due to a component of the force which.scatters the 

proton and neutron into states with equal and opposite projections of the angular 

momentum. Whether the odd or even spins, are elevated in energy depends on 

details of the wave functions. Further theoretical study will aim to predict the 

sign and magnitude of the displacement. In the special case of K = 0 and 

= I1 I = 1/2 there will be an additional odd-even displacement energy 

due to a term (t2/)j ' j in the collective rotational part of the Hamiltonian. 

The combination of both proton and neutron = 1/2 orbitals may occur in the 

short-lived isomer of Pa 234  
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