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Abstract 

The ~-ray spectrum of 
241

Am from 80 to 850 keV was studied with a high 

resolution semiconductor ~-ray spectrometer; a-~- and a-electron- coincidence 

spectra were studied with semiconductor and scintillator detectors. From these 

' 
data and previous results) a decay scheme is constructed. Theoretical a-inten-

sity calculations aided in establishing the decay _scheme. 

Nilsson assignments 5/2+[642]) 5/2-[523]) and l/2+[400] for rotational 

bands based on levels at OJ 59-54, and 332.36 keV are confirmed. A new l/2-[530] 

band, whose lowest member is the well-knovm 267.54 keV 3/2- levelJ is positively 

identified, and a K = 5/2~ beta-vibrational band established. The latter band 

decays primarily by Ml transitions) in violation of the vibrational selection 

rule. A new level at 770 keV vlth a probable ITI = 7/2+ assignment is also of 

probable vibrational character. 

A brief study of 243Am decay reveals. a similar structure for 239Np. 

.. 

, 
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l. Introduction 

Although the energy levels of 
237Np have received much attention, they 

continue to be a fruitful medium for testing theories of nuclear structure and 

the interrelated theories of nuclear decay processes. The present paper re-

opens this subject in consequence of two major advances in technique. One of 

these is the use of the germanium ~-ray spectrometer which has given better 

definition of' known transitions and shown up a large number of transitions not 

previously observed. For the first time we can be reasonably sure that the 

details of the 237Np level spectrum up to an excitation energy of' about 0.4 MeV 

are characterized. The second major development is an advance in a-decay theory 

calculation of 
which permits/ theoretical intensities of a-groups from Nilsson wave functions 

of the constituent nucleons. One can now, with some confidence, use a-in-

tensity theory as a real aid in making state assignments. The pertinence of 

microscopic .a,rate 

on the a-spectrum of 

theory to the present· case is that detailed information 

241
Am is available. 

The levels of 
237Np have been identified mainly from the 13--decay of 

237 241 27-7 U and from the a-decay of Am. A J U decay scheme proposed by Rasmussen, 

l . 2 
Canavan and Hollander ) has recently-been refined by Yamazaki and Hollander ). 

Some information from the 13--decay process has also come from a study of 
237Pu 

electron-capture decay by Hoffman and Dropesk;?). Several groups have meas-

ured the a-spectrum of 
241

Am: Asaro and co-workers
4

' 5' 6), Gol'din and 
. 8 

.co,..workers \ Rosenblum and co-workers ) , Chin-Fan Leang9 ), and Baranov and 

co-workers10 ' 11 ). The last reference (BKS) reports more than 20 levels in 

27-7 . 241 
J Np discernable through detectlon of Am a-groups (see table l). Low 

12 
energy ~-ray and conversion-electron spectra have been studied by Day ), 
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8 13 . . 14 15 Rosenblum and co-workers J )). Baranov and ShlJ.agJ.n )J Magnusson )J Hollander 

and co-workers
16

)J Jaffe and co-workers 17 )J Beling and co-workers
18

), Turner19)J 

S . 20' l d 21) amoJ.lov )J and Wo fson an co-workers . The conversion electron spectrum 

22 
has recently been restudied at high resolution by Wolfson and Park ). 

241 
The many a-groups of Am bespeak a complicated level structure and 

complicated ~-ray de-excitation processes) but the low intensities of most of 

the transitions made it impossible to obtain high resolution ~-transition in-

formation. Some of the stronger transitions could be observed through their 

conversion electrons) but for the weaker onesJ only rough measurements using 

Nai crystals could be made. In the present study more than thirty new ~-ray· 

transitions have been observed. The elucidation of the level scheme was also 

helped by some new a-~-and a-e:-coincidence measurements. In the present study) 

coincidence measurements also were made on 243Am which decays to 
2

39Np. 

Before presenting the experiments and their results, we give a brief 

description of a microscopic theory of a-decay based upon Nilsson wave functions 

(sect. 2). This theory permits calculation of a-transition probabilities to 

the members of rotational bands assigned to specific single-particle configura-

tions. The theoretical predictions may be compared directly with measured a-

branchings and are useful in confirming and suggesting level assignments. 

' 

, 
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2. Theoretical Alpha Transition Rates 

The general development of microscopic a-decay theory is given by 

23 24 
Mang ) ) and we give here only a resume as it applies. to present calculations. 

. q• I 

The transition rate for a~decay from an initial state I.K. of parity (-) ~to 
~ ~ 

a final state I;<f of parity (-)qf is obtained by summing the contributions of 

allowed £-waves given by 

The two a-probability amplitudes 

I 
L 

G 
LKi-Kf 

(R = R
0

) arise from the two terms (<PKA' -K) 

and GLK +K 
i f 

(l) 

at the nuclear surface 

in the symmetrized strong-coupling 

wave function when K /= 0. -;-l'he B~~ 
f 

are elements of the FrBman matrix accounting 

for the anisotropic part of the barrier which scatters L-waves near the nuclear 

surface into outgoing .channels £ outside the barrier. The isotropic part of 

the barrier is contained in the penetrability factor P
2 

for the transmission 

of an a-particle with energy EI and angular momentum £ relative to the daughter 
f 

nucleus. The problem thus resolves into two parts) the formation of the parti-

cle at the nuclear surface) and its penetration through the barrier. We con-

sider these parts separately. 

The probability amplitude is conveniently calc.ulated by considering 

the contribution of protons and neutrons in specific Nilsson orbitals to the 

formation of an a-particle. The amplitude GLM is then obtained by summing 

over the contributions of the various orbitals) and it contains the effect of 
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intrinsic nuclear structure of parent and daughter. We calculate a factor r, 

which is the projection of an a-particle from specific Nilsson orbitals, given by 

(2) 

where ~D is the Nilsson single particle wave function, A is an antisymme-

trization operator, and Xa is the a-particle wave function. The geometric 

factor r must be multiplied by the probability amplitude that the orbitals are 

occupied (V) in the parent and vacant (U) in the daughter, leading to a factor 

i f i f 
VK UK VD UD , and by a factor close to unity accounting for overlap of the 

f i N N 
remaining orbitals in the parent and daughter. These occupation amplitudes 

are calculated by a variational method using BCS-type wave functions, and the 

details 
25 

of this method have previously been reported ). 

26 
The B-matrix is calculated by the method of Fr8man ) with the argument 

B = 0.9 which we use throughout the actinide region. The penetrability factors 

P£(E) are calculated using the WKB approximation with a Woods-Saxon nuclear 

potential. The details of these calculations are given in ref. 27. 

Since the calculations start from Nilsson wave functions and pairing-

force wave functions, both of which contain approximations, it is not sur-

prising that calculated absolute transition rates are generally lower than 

experimental. We apply to all calculated rates a single factor determined by 

normalizing to the ground state transition of·238Pu. With this normalization 

the a-transition rates to the various states frequently agree within a factor 

of two with experimental values. 

In ref. 27. the .. a-rate . theoretical values are compared with experi-

· ment for several well-studied odd-mass . ·.a-emitters. The reduced a-

' 

• 

-
~· 

' 
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the details of 
transition probabilities are extremely sensitive to/the wave function of the 

odd nucleon, and between different intrinsic states factors of 10
4 

or even 105 

appear. Thus, even though the theoretical calculations in some cases give 

t~ansition probabilities which differ from the measured values by an order of 

magnitude, they are·:still of great' value for the assignment. of Nilsson states. For 

transitions to different members of the same band, the internal consistency of 

the theory is much better. As confidence developed that theoretical intensities 

should check the measured values semi-quantitatively, larger disagreements be-

came grounds for questioning assignments. It was just this kind of disagree-
- 23'7 

ment for certain levels which led to a complete restudy of the 1Np level 

assignments. 

3. Experimental Methods.and Equipment 

3. l. GAMMA-RAY SPECTROMETER 

Gamma-ray spectra were measured with a lithium-drifted germaniQm 

detector
28

' 29 ) .coupled to a low-noise pre-amplifier and amplifier system
28

) 

and recorded on a 400 channel pulse-height analyzer. The detector was operated 

in vacuum at liquid-nitrogen temperature with a reverse bias of 240 volts. 

Resolution (FWHM) was 3.2 keV throughout the region studied. The photopeak 

efficiency of this detector had been carefully calibrated to an accuracy of 

±10%, or to ±5% over an energy range of several hundred keV. Energy calibra-

tions were made with the aid of ~-ray standards measured before. and after each 

spectrum was measured. 
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3.2. COINCIDENCE SPECTROMETER 

The detector housing and coincidence circuitry for the a-~-and a-e~­

coincidence measurements have been described elsewhere in detail30 ' 31). The 

a-detector is a phosphorus-diffused, p-n-junction silicon semiconductor with 

guard ring32 ). The ~-ray detector is a commercial 7.6 x 7.6 em Nai(Tl) scin-

tillator optically coupled to a photomultiplier. Electrons are detected by a 

lithium-drifted silicon semiconductor operated at room temperature; an anthracene 

scintillator was used in one experiment. The electronics consist of a fast­

slow circuit the a-side of which can operate at rates exceeding 105 a-counts 

per second. The resolving time (2-r) of the fast coincidence unit is 4 x lO-S s. 

Specific regions of the ~-ray or conversion spectrum can be used to gate 

the coincident a-spectrum, which is then recorded on a 100-channel pulse-height 

analyzer. Alternatively, one can gate on any portion of the a-spectrum and 

record the coincident ~-ray or conversion spectrum. The geometries of the ~-

and e--detectors are fixed. These geometries and the detector efficiencies 

are calibrated so that the intensity of a transition' relative to the total 

a-intensity can be calculated from the observed singles and coincidence counting 

rates. The energy and intensity calibrations are des~ribed in refs. 30 and 31. 

3.3. SOURCES 

A thin source for the coincidence experiments was prepared by vacuum 

flashing 241Am from a tungsten filament. The source backing was 0.013 
I' 

em thick polystyrene sheet. Total source strength was 6 X 10° a-d/m. The 

a- and ~- singles spectra of this source showed the presence of no· impurity 

activities. 

• 

• 

r 
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The source.for the-y-ray spectrmn was a single crystal of Amc1
3

. The 

americium had been chemically separated from purified plutonium containing 

241
Pu and carefully purified to remove all active and inactive contaminants. 

The -y-spectrum displayed no -y-rays which could be assigned to impurities, al-

7 241 . 
though above 130 keV a -y-ray more intense than 2 parts in 10 Am a-decays 

would be detectable. In particular, there were no known -y-rays of Pu or Cm 

. 243 
isotopes, or of common long-lived fission products. The Am content, as 

judged by the absence ~f 239Np daughter radiations, was less than l part in 

10
6 

by activity. 

A thin 
24

3 Am source ( l X 106 a-d/m), · was prepared in the same way as 

the thin 
241

Am source. Alpha- and-y- singles spectra showed that this source 

had the following composition by activity: 
24

3Am 71%, 
244

cm 17%, 
2

3
8

Pu + 
241

Am 
. 8 

12% (mostly 23 Pu). Coincidence experiments identlcal to the present ones have 

been performed30,3l) with 244cm and 238Pu; coincidences due to 243Am were found 

to occur at different energies, and were in all cases at least an order of mag-

nitude more intense than those expected from the other activities present in 

the source. 

4. Experimental Results 

4.1. GAMMA SPECTRUM 

The-y-ray spectrum (fig. l) is complex, as expected; we identify over 

t~irty new transitions. The spectra illustrated were taken through a 0.16 em 

Cd absorber. The Cd greatly reduces the intensity of the 59.54 ·1'>-eV -y-ray, 

which would otherwise overload the amplifiers and analyzer. For the spectrum 

above 550 keV a 0.32-cm Pb absorber was also used. Corrections for absorber 

transmission were determined experimentally and applied to the measured intensities. 
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Table 2 lists the energies and intensities of the ·y-rays. The in ten-

sities of the 98.7; 102.7j and l25.l·keV ~-rays are derived from a spectrum 

taken without the Cd absorber (not shown) and are normalized to Magnusson's 

intensiti5,33) for the 59.54-keV ~-ray, (35.9±0.7)%. All other intensities 

measured in this experiment are normalized to the sum of the intensities of 

_the 597.4; 618.9:, 6L~l.5j 652.71 662.3;, ·68o.o, 688.7;; 695.4) 709.8j 722.1} 737.0;. 

756.8, and 770.7- keV ~-~ays, (1.07±0.25) X lo-3%, as determined in the coinci-

dence experiment. The reliability of the intensities stated in table 2 does 

not include the ±23% uncertainty introduced by this normalization. 

Weak K and K x-ray lines are masked by the 98.7- and 102. 7-· keV 
O):r c:xr 4 

~-ray peaks. Their intensities were calculated3 ) from the measured intensity 

of the _K
13 

line, ·and small corrections applied to the intensities of the 98. 7· 

and 102.7-keV lines. 

Figure l shows weak peaks at 75 and 85 keV; these peaks were not observed 

in the spectrum t~ken without the Cd absorber and ·are probably spurious. The 

peak at 118 keV is caused by backscattering. 

Table 2 also lists some data from other measurements. Accurate energies 
2 •'. 237 

of numerous transitions are taken from the data of YH ) o~ · U. de.cay and of 

22) 241 Wolfson and Park on . Am decay; we adopt these energies and quote them in 

the following discussion. Multipolarity assignments are also taken primarily 

from these two papers. The intensities of low-energy photons are from refs. 

12 and 15. 

The intensities of transitions above 110 keV, listed in column 5 of 

. 2 table 2, are calculated from the photon intensities of column 3 and exper1mental ) 

or theoretical35) conversion coefficients. To obtain the intensities of prominent 

low-energy -transitions we .•have normalized the electron. intensities by use of the 

measured conversion coefficients ·of the 59.54-keV transition
2

). 

' 
• 
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4.2. COINCIDENCE MEASUREMENTS 

The spectrum of a-particles in coincidence with ~-rays of energy >500 keV 

is shown in fig. 2(a). A 0.16-·cm Cd absorber was placed between· the source and ' 

the ~-ray detector to absorb the intense 59.54·keV ~-rays. The absorber reduced 

"' both true and chance coincidence rates, and preven!-ed stack-up of the 59. 54 .. keV 

~-ray with other ~-rays in the scintillation detector., The a-peak in fig. 2(a) 

. 3 241 
at 4.838±0.010 MeV, intensity (1.0±0.3) X 10- % of the Am a;decays, defines 

a state in 237Np at 719±10 keV. A small shoulder on the low-energy side of this 

peak indicates the presence of additional unresolved a-groups to higher-lying 

levels. ·The same a-group occurs in coincidence with electrons of energy >380 

keV (fig. 2(b)) with an .intensity (1.1±0.3) x l0-
4%. The following discussion 

shows that these data argue strongly for the presence of an EO transition from 

·the z720 keV state (transition B' 5/2- ~B 5/2-). 

The spectra of ~-rays and conversion. electrons coincident with the 4.84· 

MeV a-peak are shown in figs. 2( c) and 2( d). The complex ~.,.ray peak which ap­

pears at 662 keVin the coincidence spectrum with an intensity (1.07±0.25) X l0-3% 

(fig. 2(c)) can be seen from the singles spectrum (fig. l) to consist of transi-

tions at 662.3 and 722.1 keV plus numerous weaker transitions from 597 to 770 

keV. These transitions define a level at 721.9 keV and two additional, weakly 

populated leveis at 755.8 keV and 770 keV. 

The electron spectrum coincident with the 4.84·MeV a-peak (i'ig. 2(d)) 

displays K and L+M+ ... ·lines of a 659±10 keV transition. ·This transition is 

identified with the 662.3·keV B' 5/2- ~B 5/2- transition. A small contribution 

from the 652.7 ·keV B' 7/2- ~ B 7/2- transition, which is 10 times weaker and 

should have a similar conversion coefficient, can be ignored in the following 

paragraphs. 

-----·--------------- --------·---



-10- UCRL-16414 

From the measured coincidence intensities, the apparent conversion 

coefficients of the 662.3-~keV transition are er)-y = O.l8±o.o4,K/L+M+ ... -= 4±1. 

The K-conversion coefficient is too high for a pure El, Ml, · · E2, or E3 transi-

tion. Observation of the 662.3-keV transition in prompt coincidence with ex­

particles limits the lifetime of the transition to $2 x 10-
8 

s, which rigorously 

excludes measurable admixtures of M3 and higher multipolarities. A pure M2 

assignment would be consistent with the measured valu~ of er)-y, but in this case 

the. 721·. 9 keV level would cer.tainly de-excite primarily by. faster transitions 

to· other levels. The only _alternative explanation is that the. transition con-

tains an EO component. 

Besides the EO component, the 662.3--keV transition must _contain either 

an E2 or Ml (or both) component. As discussed in sect. 5.5, there i~ strong 

evidence that the predominant multipolarity is Ml. If we assume that they-ray 

is a pure Ml, the K-conversion coefficient shows that 8±4% of the total transi-

tions are EO; the EO proportion is slightly higher if the transition contains 

an E2 component also. 

The coincidence experiments thus establish a state at. ::::720 .keV with spin 
. 4' 

and parity 5/2-. Similar coincidence measurements with the 
2 

3Am source estab-

lish a level in 
2

39Np at ~670 keV populated with an ex-intensity (l.6±0.5)xl0-3% 

in coincidence with-y-rays, and (7±3) X l0- 5% in coincidence with electrons. 

The same level has been observed at 666 keV in the q-spectrum of BKS. We de-

termine from the coincidence measurements that it decays primarily by transi­

tions to the ground state and the 31.14--keV first excited state of 239Np, with 

possible weak transitions to levels at 74.67.and 11'7 keV. The data are shown 

on the level scheme (fig. 3(b)). 

( .. 

' 

. .. 
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A recent paper by Michaelis36) reports the results of extensive coinci­

dence experiments on 
241Am, employing a semiconductor a-detector and a scintilla-

tion detector for ~-rays. These results are consistent with our ~-ray and coin-

cidence spectra. The marked difference between our decay scheme (fig. 3(a)) 

and the one which Michaelis derived can be ascribed to higher resolution in 

our ~-spectra, and to deductions which we arrived at by taking theoretical a-

transition rates into consideration (see sects. 5.3 and 5.4). 

5. Discussion of the Results 

From previous data and assignments and the present results we have con-

·. 241 
structed the Am decay scheme shown in fig. 3(a). In this section the level 

assignments are discussed in detail. 

5.1. LEVELS AT O, 33,20, 75.9, AND 130 keV: THE 5/2+[642] BAND LABELLED A 

The measured ground state spin of 237Np is 5/2 (refs. 37, 38, 39). 

4o 
Coulomb excitation experiments ) establish the next two members of the ground 

state band at 33.2±0.2 keV (spin 7/2) and 75.8±0.4 keV (spin 9/2). BKS assign 

an a-group to the spin ll/2 member at 129 keV. More accurate energies for these 

levels (fig. 3(a)) are derived from transition energies and energy differences 

measured by YH and by us. These energies agree with the simple rotational 

formula 

(3) 
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the rotational constant A is 4.74 keV. The band has been assigned a 5/2+[642] · 

. . . 16 J l 41 42 6 
N~lsson configurat~on . ' ' ' ) . .The ll/2+ state would be expected to de-

excite by intraband transitions and the conversion lines for these would be 

22 
too weak to have been seen by Wolfson and Park ). Other low energy transi-

tions involving this band have been well characterized as described in table 2. 

Alpha decay to this band is highly hindered. In table 3 the calculated 

a-intensities are compared with intensities measured directly in the a-spectrum 

by BKS. The agreement is remarkable, especially if one considers that nuclear 

3 4 . 
structure effects retard these transitions. by factors of 10 -10 as compared 

·with unhfnd~red transitions. 

As discussed in sect. ll of the following paper, the pand.A probably 

has a considerable Coriolis admixture of the 3/2+(65lJ band. This should not 

greatly affect the a-transition rates, since the calculated transition proba-

bilities are lower for the 3/2+(651] band than for the 5/2+(642) band. 

5.2. LEVELS AT 59.54, 102.96, 158.52, 226.0, 304.8, AND 395.2 keV: 

THE 5/2- [ 523] BAND LABELLED B 

The ground state spin of 241Am is 5/2
43, 44

,
4
5). 

cept of 
. 237 

favored a-decay the 59.54-keV level of Np, to 

According to the con-· 

'241 
which Am decays by 

241' 
a virtually unhindered a-transition, has the same structure as the Am ground 

46 47 
state ' ) ; The 5/2- [ 523 J configuration has been assigned to these states 

4 5 7 8 10 ll (refs. 16, l, 41, 42, 6). Alpha spectra ' ' ' ' ' ) reveal higher members 

of this band at approximately 103 keV (7/2-), 158 keV (9/2-), 226 keV (ll/2-), 

306 keV (13/2-), and 395 keV (15/2-). More accurate energies for these levels 

used on the decay scheme (fig. 3(a)) are deriv~d from ~-transition energies. 

f 

.. 

•· 
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The elctromagnetic spectrum (table 2) establishes cascade, crossover, 

and interband El transitions which de-excite the 5/2-, 7/2-, 9/2-, and ll/2-

members of the band .. The intensity balance between the .feeding and de-exciting 

radiation for these four lowest members is given in table 4. For the states 

labelled B 13/2- and B i5/2- we have only the a-intensity data and a single 

weak -y-ray de-exciting each level: B 13/2- ~ B 9/2- (11~6.3 keV) and B 15/2- ~ 

B ll/2- (169.2 keV). Each of these, as drawn in, is ·an intraband crossover. 

transition .. It is possible to estimate the intensities of the unobserved cas-

cade transitions from the B 13/2- and B 15/2- states if one assumes relative 

48 
intra band tr.ansi tion ·.rates given by rotational model formulae · ) . Based on 

these formulae, theoretical conversion coefficients 35), the measured int~nsities 

·of the 164.3 and 169.2-keV -y-rays, and the measurea. Ml-E2 mixing ratio for the 

. . 2 22 
43.42-keV B 7/2- ~B 5/2- transltlon' ), we calculate total de-excitation 

intensities for the B 13/2- and B 15/2- states which agree within a factor of 

2 with the a-group intensities of BKS. Placement of the 146.3. and 169.2-keV 

-y-rays as the intraband crossover transitions is thus consistent with their 

intensities. 

Energy spacings in the band can be described by the usual rotational 

formula with a second order term 

(4) 

with A = 6.249 keV, and B = -1:86 X 10-3 keV, as determined from the energies 

of the 5/2-, 7/2-, and 9/2- members. The calculated energies of the ll/2~~ 

13/2-, and 15/2- levels are then 226.0, 305.2, and 395.8 keV, compared to 

experimental values 226.0±0.1, 304.8±1.0, and 395.2±1.0 keV. 

~ . 
I 
I 
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Comparison of the theoretical and experimental a-intensities for this 

band (table 3) shows satisfactory agreement. Note that the total intensity for 

this band (99.6%) normalizes the theoretical intensity calculations for the other 

a-groups. This normalization could have been avoided, had we chosen to compare 

the transition rates or partial half-lives instead of a-branchings. The cal-

.culated partial half-life of the favored transition. to the 59.54 ·keV state 

differs by only 20% from the experimental value; we have therefore chosen to 

compare the more convenient a-branchings and ignore the 20% difference thereby 

introduced into the intensities calculated for weaker a-groups. 

YH fin:d evidence for.some K = 3/2 admixture in band B, alth~ugh the 

amount need not be large. 

) 
5. 3. LEVELS AT 332. 36; '368. 59, 370.94, 452.7, AND 459.8 keV: THE 1/2+[ 4oO] 

BAND LABELLED D 

From the study of 237u ~--decay RCH assigned 237Np levels at 332 keV 

(l/2+L 369 keV (5/2+), and 371 keV (3/2+) to a 1/2+[400] band. (Preference 

over a 1/2+[660] assignment is based on the magnitude of the decoupling param-

eter.) Re-examination of this decay scheme by YH confirms the spin assignments. 

241 
BKS assigned Am a-groups to these three states, and to additional members of 

the band at 456 keV (9/2+) and 463 keV (7/2+). 

Our -y-spectrum is consistent with the ~--decay results concerning the 

1/2+, 5/2+, and 3/2+ levels. In addition, we see transitions of 322.6, 376.8, 

383;5, 419.6, and 426.7 keV which de-excite levels at 452.7±1.0 and 459.8±1.0 

keV. We equate these levels to those at 456 and 463 keV observed in the a-

spectrum by BKS .. 

.I 

. ' 
~· 
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Table 5 9hows the intensity balance for the band; note particularly 

that the agreement for the spin 1/2 member is unsatisfactory. We consider 

that the ex-groups which populate the D 5/2+ and D 3/2+ states are too close to 

it be meaningfully resolved in the spec.tra of BKS, as are those which populate the 

D 9/2+ and D 7/2+ states, and have accordingly quoted only the total intensity 

of each doublet. It is assumed in table 5 that the i!).traband transitions which 

i. could de-excite the D 9/2+ and n 7/2+ states are weak compared to the observed 

interband transitions. This assumption is consistent with the agreement be-

tween the total intensity of the observed transitions and the intensity of the 

D 9/2+ -D 7/2+ 0:-doublet. For reasons discussed by YH in sect. 6 of the fol-

lowing paper, it is also assumed that these states do not decay substantially 

by El transitions to band C. 

The disagreement between 0:-feeding and de-excitation intensity for the 
. . ) 

1/2+ level cannot.be due to the existence of unobserved transitions or a known 

doublet. A clue to this problem is the measured energy of the 0:-group, which 

11 . 
places the level at 327±2 keV ), whereas the energy of the l/2+.level is 

332.36±0.04 keV
2

). This discrepancy and the intensity disagreement indicate 

that .there is an additional level near 327 keV, distinct from the known 1/2+ · 

level at 332.36 keV. 
. . -4of. 

Tentatively, we assign an 0:-feeding intensity of 5 X 10 1o, 

the total intensity of the de-exciting transitions, to the 332.36 keV level. 

Th " . " 8 -4of_ .e remaining intensity of the a:
327 

group, x 10 FJ we assign a new level 

at about 327 keV. In sect. 5.4 this level is assigned as the 7/2- member of 

a K = 1/2- band. The apparent absence of -y-rays depopulating this state is 

taken as evidence that it de-excites by.means of a low-energy intraband transi-

tion to the state at 267.54 keV. 

·. < 
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The energy spacing of a K l/2 band can be described by the expression 

+ A [I (I+ l) + a ( -l) I+ l/ 2 (I+ l/ 2) ] ( 5) 

Using the measured energies of the l/2+, 5/2+, and 3/2+ states, the rotational 

constant A is 6.195 keV, and the decoupling parameter a is +1.076. The pre-

dieted energies of the 9/2+ and 7/2+ members of the band are 454.4 and 458.6 

keV, only .in fair agreement with the observed level energies, 452.7±1.0 and 
. 2 2 . 

459.8±1.0 keV. The inclusion of a: second order [I (I+l) ] term alone does not 

.improve the fit. If we assume, however, that the decoupling parameter has a 

spin-dependent term as indicated by Nathan and Nilsson
49

), we obtain.satis-

factory agreement. 

The a-intensities predicted for band D are compared in table 3 with 

experimental values based on the de-excitati6n intensities; they are uniformly 

-about an order of magnitude low. The relative intensities predicted for dif-

ferent band members are in remarkable agreement witfi the unusual intensity 

pattern observed; note particularly that the alternating intensities are 

reproduced. 

In line with modern concepts, according to which states in odd-A nuclei 

may generally have admixtures of one- and three-quasiparticle character, we WBY 

speculate on other possible components in the band designated l/2+[400]. An 

obvious component to consider is the 5/2+[642] proton coupled to a ~-vibrational 

{Y22 ) phonon. The dominance of Ml over E2 in de-exciting transitions to the 

ground state band argues against such a ~-vibrational component being large. 

One might wonder if the l/2+ band contains an appreciable component of 5/2-[523] 
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coupled to a K = 2 octupole phonon. If the a-decay went mainly via such a 

241 
component, with the odd proton state of parent Am remaining unchanged, we 

would expect mainly L = 3 a-waves with projection M 2 on the nuclear symmetry 

axis. This would lead to an intensity signature with the decay to the 7/2+ state 

exceeding that to the 9/2+ state, in striking disagreement with the experimental 

intensities. The marked alternation in ex-intensities to l/2, 3/2, 5/2, 7/2, 

9/2 levels is a result of interference of M = 2 and M 3 alpha waves, as given 

naturally by the one-quasiparticle component l/2+[400]. Possibly the discrep-

ancy between theoretical and experimental absolute intensities arises from an 

underestimation bf nucleon radial wave functions by the harmonic-oscillator 

approximation. 

5.4. LEVELS AT 267.54, 281.35, 327, 357, 438, AND 485 keV: Trlli·l/2-[530] 

BAND LABELLED C 

The grouping of these levels as a rotational band is based upon sub-

stantial evidence, but missing are the many 'Y-ray transitions which aided 

identifi~ation of the other bands. The lowest-lying member of this band (at 
./' 

267.54 keV) has been well characterized as a 3/2- state
1 ) with a half-life 

of 5.4 nsec5°). The decay pattern of this state is interesting in that com-

l 2 
peting modes involving El, E2, Ml, and M2 transitions are all observed' ). 

It is sufficient for present purposes to say that the El and Ml transitions, 

in particular, are very slow and that this accounts qualitatively for the 

failure to observe corresponding transitions from the higher levels of the band. 

These apparently de-excite to the 267. 51+ keV state by fast low-energy intra-

band transitions which are highly converted, hence ,not seen in the -y-ray 

spectrum. 
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Of the levels grouped here, only the one at 281.35 keV has not been ob-

served in the a-spectrum of BKS. According to our assignment this is the 

l/2 member of the l/2-[530] band and the calculated a-intensity to this state is 

too low to be observed. Two of the levels (438 and 485 keV) plus a third (549 

keV) were assigned by BKS to a 3/2-[521] band. The corresponding rotational 

constant, 9.4 keV, is improbably high, and the calculated intensities of a-

groups to a band with this description are two orders of magnitude lower than 

the measured values. These assignments seem to be untenable . 

. The. level at 357 keV has been assigned
11

) to a 3/2+[651] configuration .. 

This also is likely to be wrong, for although the calculated a-intensity to 

this state agrees .with the. observation, the calculations also show that higher 

members of the band should be observed in comparable intensity. 

As discussed in sect. 5.3, the level at 327 keV which we assign to band 

- ll. ' 
C·is:seen in the a-spectrum ); the "a-group" a

327 
is actually a doublet which 

- -4 
feeds this level and the 332.36 keV D l/2+ level with intensities 8 X 10 % 

-4ot_ 
and.5 X 10. ~respectively. 

The 3/2- level at 267.54 keV has been variously assigned to a 3/2-[521] 
l 41. 42 

band,' ) or to a l/2-[530] band ) which is the assignment made for the ground 

state band in eertain protactinium isotopes. The calculated a-intensity for . 
. . 8 

either assignment is in satisfactory agreement. One of the pieces of evidence L 

fav6ring a K = l/2 assignment is that the 267. 54 keV transition (C 3/2- ~A 5/2+) 

l 2 
has an M2 component competing with _.El · .~ ) and this can best be explained by 

making the El transition K-forbidden. The positions of all of the levels 

grouped here can also be well explained as a K = l/2 band. The a-intensity 

pattern provides another essential clue to the identification of this band. 
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If we take the 267.54 keV state as the 3/2- member, one can obtain a 

self-consistent set of level spacings with the adjustable parameters A= 6.72 

keV, a~ -1.64 (see eq. (5)). For these the 3/2- state is taken to be at 

'• 267. 54 keV and· the others are 280 keY' ( l/2-), 326 keV ( 7/2-), 356 keV (5/2-) 438 

keV (ll/2-)) 486 keV (9/2-). Comparison with the levels shown in f'ig. 3(a) 

indicates excellent agreement. The agreement is not likely to be fortuitous 

because five energy differences are taken into good account with just two 

parameters. 

Prior to the work of YH, it was thought that 96% of the 237u ~--decays 

populate the 267. 54--keV C 3/2- state directly
1

). As discussed above, we assign 

this state as the lowest member of a K = l/2 band, in consequence of which the 

spin--l/2 member, predicted near 280 keV but not seen in the a-spectrum, should 

actually receive a sizable fraction of the total 237u ~--intensity. YH have 

obtained striking confirmation of this leve~ at 281.35 keV. It receives 53% of 

the direct ~--decays, and it decays, as expected, by a strong 13.81 keV intra-

band transition to the 267.54-keV C 3/2- state and by a very weak E2 transition 

to the 59-54keV B5/2- state. ·It is also fed weakly by an El transition from 

the 332.36 keV D l/2+ state. The l3.8l·keV transition had previously escaped 

detection because of its low energy, the other two because of their ·low inten-

sity. The 281.35· keV level should receive some indirect feeding from the C 5/2-

state in.
241Am decay, but the transitions by which it de-excites would be ex-

tremely difficult to detect. 

Because of the weakness of the interband transition from the spin ·l/2 

member, we assume that higher members of band C de-excite almost entirely by 

rotational transitions which eventually funnel through the 267.54-keV 3/2- state; 

: i 
\ I 

'·I 

. I 
I 

:' 

,I 
I 
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As a quantitative check on this assumption, the total intensity of transitions 

depopulating the 267.54·keV level is (2.4±o.4.) X l0-3%, of which 0.5 X l0-3% 

is accounted for by direct 0:-feeding and 0.3 X lo-3% by feeding from the 332.36 
7. 

keV level. The remainder, (l.6±o.4) X 10-J%, is in agreement ~ith the total 

. -3ot 
ex-population of higher-lying members of the bat:td, l. 8 X 10 1o. 

The strongest interband transitions from this band (except from the 

3/2- lowest member) should de-excite the states C 7/2- and C ll/2-, because 

these states receive substantial 0:-decay, and because the inverted level order 

permits only a single E2 intraband transition from each of them. No such inter-

band transitions from the C ll/2- state are observed. It ispossible that the· 

weak 221.5 keV ~-ray is the transition C 7/2- ~B 7/2-; it is also possible that 

a portion of the 267 -keV y-ray de-excites the C 7/2- state to the 59.54 keV 

B 5/2- state. From the intensity ratio W (267.54)/W (208.00) observed in 237u 
. . ~ ~ 

2 5 decay), one expects.an·intensity (1.8±0.3) X·lO-% .for the 267.54 keV ~-ray 

(C 3/2- ~A 5/2+), whereas the measured intensity is (2.7±0.7) X l0-5%. The 

intensity of a possible 267 keV ~-ray (c 7/2- ~B 5/2-) is <2 X l0- 5%. 

Comparison of the measured and calculated intensities of a:-groups (table 

3) shows ·quite good agreement. In particular, note the alternation in inten-

sities and the very low intensity calculated for the l/2- state which, as 

pointed out, has not been seen in the a-spectrum. 

The l/2-[530] band occurs as the ground states of 231Pa and 
23

3Pa 

(refs. 42, 6). The rotational constants and decoupling parameters are A = 6.34 

keV, a= -1.40 in 231Pa; A= 6.0 keV, a= -1.3 in 233Pa; similar to the constants 

obtained for the band in 237Np-A = 6.72 keV, a= -1.64. 
.... 
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5. 5. LEVELS AT 721.9 AND 755.8, THE 5/2- [ 523] (3-VIBRATIONAL BAND 

LABELLED B' 

As already discussed in sect. 4.2, the ~-ray spectrum and a-~- and a-e-

coincidence measurements establish a 5/2- state at 721.9±0.3 keV. There was 

also strong evidence that this state decays in part,by an EO transition to the 

59-54keV state (B 5/2-). This latter finding taken along with the low reduced 

* a-hindrance factor ( 4. 8) makes it tempting to characterize this level as a 

(3-vibrational state based upon the 59-54 keV state (B 5/2-) which receives the 

favored a-decay. Such a state would be analogous to the excited o+ states in 

. 30 J 31 neighboring even nuclel ). Although this is given as the assignment, 

further analysis shows that it is not a complete description of the state. 

Aside from the expected EO component, a (3-vibrational state should 

decay to the lower band by E2 transitions, whereas Ml transitions are forbidden 

. by the vibrational selection rules. This presumption can be tested by exam­

ining the branching ratios for the transitions B' 5/2- ~B 5/2-, B 7/2-, and 

B 9/2-. These depend strongly on whether the transitions are Ml or E2·
52

), the 

presence or _absence of the B' 5/2- ~B 9/2- having special significance, since 

·this transition must in any case be a pure E2. 

The comparisons are given in table 6, from which it may be seen that 

the agreement is much bett~r with an Ml assignment. It is well known that 

*Defined31) as the hindrance factor divided by the hindrance factor for the 

favored transition, where the hindrance factors have been calculated according 

. 51) to the method of Preston . 
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mixing of a vibrational band with the base band can cause deviations from the 

theoretical branching ratios. Such effects have been stud.ied for the case of E2 

transitions from -y-vibrational bands 53 - 55). We have performed a simple mixing 

calculation and it does not change the branching ratios in such a way as to 

permit E2 assignments. 

Another characteristic of the level at 721.9 keV is the de-excitation 

to the ground band (A 5/2+ and A 7/2+) by a pair of El transitions. Such tran-

sitions in which the particle state and vibrational quantum number both change 

should be forbidden. The existence of the El transitions implies impurities in 

the wave functions of one or both of the bandsJ as does the earlier cited 

evidence. 

BKS assigned a level at 758 keV as the 7/2- member -of the ~-vibrational 

band. We observe 5 transitions which define this level at 755.8 keV. Since 

_these transitions feed states of spin and parity 5/2-J 7/2-J 9/2-J 5/2+J aqd 

9/2+ (a possible transition to the 33.20 -k~V .7/2+ state is maskedL the spin 

of the level is almost certainly 7/2J although we do not determine the .parity. 

Assuming the K I TI = 5/2 7/2- ~ssignment we have calculated the branching ratios 

in table 6. The observed ratios clearly disagree with the predictions for E2 

transitions) while the agreement for Ml transitions is better. Taking mixing 

into account does not improve the agreement for E2 transitions. Thus both the 

721.9 -keV 5/2- and 755.8- keV 7/2- states decay predominantly by Ml transitions. 
reduced 

.The low/a-hindrance factor for the 755.8 keV state (25) strongly favors 

assignment to the same band as the 721.9 keV stateJ although the energy spacing) 

33.9 keVJ is surprisingly low compared to 43.42 keV for corresponding members 

of the lower-lying 5/2- band. 
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Whatever may be the accurate description of these states, it is likely 

from the low a-decay hindr~nce factors and from the EO component of one of the 

transitions that they have some collective character and some intrinsic likeness 

to the 5/2-[523] band. It is also likely that these two levels have been com-

pressed toward each other by interaction with other states not yet observed. 

Great difficulty exists in learning more about them by studying radioactive 

241 
decay, because. they can only be populated by the a-decay of Am, and the 

transitions here are extremely weak. 

5.6. THE STATE AT 770 keV LABELLED E 

Four weak· transitions define an additional level at 770±2 keV. If 

these transitions} which feed 5/2+J 7/2+, 5/2-, and 11/2+ states, are all cor-

rectly placed in the decay scheme, the only reasonable spin and parity assign-

mentis 7/2+. Possible· transitions to the 75;9-keV 9/2+ and 102.96-keV 7/2-

states are masked. 

If the level is indeed a 7/2+ state, the only available Nilsson band 

to which it could be assigned is 7/2+[631]. The calculated a-intensity is 3 

orders of magnitude too low, which rules out this assignment. The low value of 

the reduced hindrance factor for this state (55) suggests that it may be an 

octupole-vibrational excitation. The hindrance fastor and excitation energy 

are.quite.similar to those of K:=. 0 octupole states in neighboring even 

nuclei30,3l). Much less is known about octupole states with K rr = 1- or 2-. 

240 '31 236 
A recent study of Pu decay ) has disclosed a band around 700 keV in U, 

appearing to have a K = 2 octupole character} for which the a-decay hindrance 

factor (for the spin-3 member'(?)) is also about 60. 

.r. _.,. 
1: 
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On the other hand, an octupole vibration might be expected to decay 

by El transitions to the K = 5/2- band near ground, whereas the 770··keV state 

decays predominantly (assuming the 7/2+ assignment) by E2 (+Ml) transitions to 

members of the ground state band. This.preference for E2 de-excitation suggests 
~· 

that the 770~·keV state may also have an admixture of a (3-or )'-vibration built 

on the ground state. 

The possibility that the 7/2+ assignment for the 770· keV level may be 

incorrect raises one further point of interest: if it were instead a 7/2- state, 

~it could provide a conven.ient explanation for the compression of the nearby 

~-vibrational (B') band. 

5.7. THE 549 keV LEVEL 

BKS observe a doubtful a-group which defines a possible level at 549 

keV. Our measurements shed no light on the existence or the character of this 

level. 

5.8. THE DECAY SCHEME FOR 
24

3Am 

The 
243 

decay. scheme for Am is shown in fig. 3(b). The intensities of 

transitions 
. 239 

to and from the 666. keV level of Np.are deduced from our coin-

cidence experiments. Because of the low reduced hindrance factor (5.8) for 

this state, we assign it to the same ~-vibrational configuration as the 721.9 

kev level ·of 237Np. Th . . . f t· h th d h . e remalnlng ln orma lon s own on e ecay sc erne lS 

derived from the a-spectrum ( BKS) and from 
2

39U decay 56). 

56 
The ground band and the band based on the 74.67·keV level ) have been 

. 16,41 42 
. assigned 5/2+[642] and 5/2-[523] respectively ' )._ Alpha decay to the 

241 
latter band is favored, as in Am decay. The levels at 267, 327, 359, and 

. ' 
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438 keV have similar a~branchings and energies almost identical to members of 

237 the l/2-[530] band in Np, so we have tentatively assigned these levels to 

. that configurat.ion. Levels at 348 and 427 remain unassigned. 

·.' ·, 

' ' . 237 ' 
States ana:j,.q~ous to the 485, 755.8, and 770 keV states of Np have 

not been seen in 239Np 7 consistent with the expectation that a-branching to 

them should be very weak. The only other difference in the band structure of 

239Np is the absence of the l/2+[400] band. From the failure to identify this 

237 band, we conclude that it lies at somewhat higher energy than in Np. Some 

2L~3 
of its members may be fed by Am a-groups which are unassigned. 

6. Conclusions 

237 Much of the level.structure of Np is firmly established; of 24 known 

levels, 23 have been given definite spin and·parity ass.ignments. These levels 

belong to five rotational bands based on four single-quasiparticle states and 

one_"vibrational" excitation. The 770-keV level, which is probably a 7/2+ 

state, is probably also of vibrational-excited character. Alpha-decay branchings 

are consistent with the given Nilsson assignments for the single quasiparticle 

states, although the presence of some admixtures in at least the two lowest-

2 
lying bands has important effects on the de-excitation processes ). This struc-

t t f ll 
241

A- t "t" f • t "t t th 10-
4

d d ure accoun s or a ~n a- ransl lOns o ln-ensl y grea er · an ~' an 

very probably includes all rotational bands below about 400 keV excitation in 

237 
' Np. 

239Np has a very si..tilar structure, although our knowledge of it is 

more sketchy. 

A challenging problem for future work is to elucidate details of the 

admixture of vibrational-excited compor.ents (i.e., 3-quasiparticle components) 
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and pne-quasiparticle components in the bands of odd-mass deformed nuclei. A 

partial study of 13-vibrations in heavy nuclei
30

'
31

) has revealed irJ;egularities 

.from one nucleus to the next which are incompatible with a simple,macroscopic 

vibrational interpretation. In 237Np, the first odd-mass nucleus'for which 

transitions from a 13-vibrational band have been studied in detail, the predom-

inant Ml character of these transitions is strongly at odds with the vibrational 

model. The calculations of Soloviev57 ) using a microscopic model seem a prom-

ising approach toward explaining such failures of simple "vibrational" models. 

The a-decay calculations described in sect. 2 provided clues which 

revealed the existence of the l/2-(530] band. For this band and the three 

other Niisson bands known in 237Np, the predicted a-intensities are correct 

within an order of magnitude or less, and the intensity patterns within the 

rotational bands are also correctly predicted. 

The complexities of the level systems detectably populated in odd-mass 

a-decay are great enough that no single approach is sufficient. The combination 

of a-decay and 13-decay studies exploiting the high-resolution ~-spectroscopic 

capabilities of germanium,. coupled with theoretical estimates of relative a-and 

~-transition rates, can significantly extend our knowledge of many heavy nuclei. 

Inelastic scattering studies on 237Np would be a welcome addition to probe 

vibrational-excited components based on the ground state . 

. ··- -· ··------~·-· --~ 
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· Excited. state 
energy, keV 

0 
32.0 
59.6 
76.5 

103 
129 
158 
226 

270 
306 
327 

-32--

Table 1 
. 241 . ex- groups of . . Am 

Baranov, Kulakov, and Shatinsky (ref. 11) 

cx-intens i ty, 
% 

0.25 
0.12 
86.0 
<0.04 
12.7 
zO.Ol 

1.33 
0.015 

5 X 10 -4 

2.4 X 10-3 

1. 3 X 10-3 

Excited state 
energy, keV 

357 
369 
373 
395. 
438 
456 
463 
485 

549 
723 
758 

UCRL-16414 

ex-Intensity, 
% 

6 X 10-4 

9 X 10-4 

3 X 10-4 

7 x 10-4 

4 x 10-4 

4 
_LJ. 

~ X 10 
. 4 
~4 X 10-
4 -4 

1. X 10 
10-4 

-4 7 X 10 · 
8.6 X 10-5 

·,. 

( 

•. 
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Transition 
initial state -

final state 

C l/2- ~ C 3/2- a) 

B 5/2- ~ C 7/2+ 

A 7/2+ ~A 5/2+ 

D 3/2+ ~ D 1/2+ a) 

A 9/2+ ~A 7/2+0 'd) 

B 7/2- ~ B 5/2-

D 1/2+ ~ C 1/2- a) 

B. 9/2- -> B 7/2-

B 5/2·_, A 5/2+ 

D 1/2+ .. C 3/2- a) 

B ll/2- ->. B 9/2-

A 9/2+ ->A 5/2+ d) 

B 9/2- ~ B 5/2-

B 7/2- ->A 5/2+ 

not assigned 

Np Ktl x-rays 

B ll/2- ~ B 7/2-

B 9/2- ->A 7/2+ 

B 13/2- -> B 9/2-

B ll/2- ->A 9/2+ 

C 3/2- -> B 7/2-

B 15/2- -> B ll/2; 

C 3/2- -> B 5/2-

not assigned j) 

C l/2- .. B 5/2- a) 

C 3/2- .. A 7/2+ a) 

C 3/2- ->A 5/2+ 

D 5/2+ ->A 9/2+ 

not assigned 

D 9/2+ ->A ll/2+ 

D l/2+ _,A ,/2+ 

. D 5/2+ ->,A 7/2+ 

·o 3/2+ .. A 7/2+ a) 

D 5/2+ ->A 5/2+ 

D 3/2+ ->A 5/2+ 

D 9/2+ ->A 9/2+ 

2 

Transition 
energy_, keV 

13.81 
2

) 

26.35 
2

) 

33-20 
2

) 

38.54 2 ) 

42._6 35) 

43.42 2 ) 

51.01 2 ) 

55-56 
22

) 

59-54 
2

) 

64.83 2 ) 

67.5 
22

) 

76 39) 

98-7 ± 1.0 
99.00 22) 

102.7 ± 1.0 

106.3 ± 2.0 1 

113.8 ± 1.5 

122.1 ± 2.0 1 

125.1 ± 2.0 

146.3 ± 1.0 

150 ± 2 1 

164.4 ± 1.0 
164.61 2) 

169.2 ± 1.0 

2o8.2 ± 0.5 
208.00 2) 

221.5 ± 1.0 

221.80 
2

) 

234.40 
2

) 

267.2 ± 1.0 
267.54 2) 

292.0 i 1.5 
292.7 2 ) 

311.9 ± 1.0 

322.6 ± 0.5 

332,4 ± o.~ 
,~.,G ) 

335.3 ± 0.5 
335.38 2 ) 

33?-7±0.5
2

) 

~68.) ;!: 1.0 
368.'YJ 2 ) 

370-91• 
2

) 

376.8 ± o. 5 

-33-

Table 2 
241Am -y-ray spectrum 

3 5 

~~~tons per 100 Multipolarity Tr~rrsitions per 100 
Am a-decays (mixing ratios refer lAm ?-decays 

to photon intenei tie a j 

Ml + 0.1~ E2 

2.5 ± 0.2 15) El 2,22) 

0.014 15,12) M1 + 1.4~ E2 2) 21 ± 4 b) 

E2/M1 > 0.3 2) . .4 b 
<1.2 X 10 · ) 

(M1 + E2J, ., 
0.07 15) M1 + 14~ E2 2,22) 15 ± 3 f) 

E1 2) (7±2) X 10"5 b) 

M1 + 1~ E2 22 ) 1:4 ± 0.3 f) 

35-9 ± o. 7 15•33 ) E1 33,2) 76 ± 7 b) 

E1 2 ) (2.5±0.8) X 10"4 b) 

M1 + 1~ E2 g) (9±4) X 10"4 f) 

[E2) e) 

o.o24±o.oof h) 
0.023 5) E2 22) . 0.35 ± 0.07 f) 

0.019 ± 0.003 1 ) 
0.019 15) [E1) ., 0.021 ± 0.003 

<0.001 

(?±4) X 10"
4 

::_0.002 [E2) ., ::_0.013 

(5±2) X 10"3 [E1) ., (6±2) x·10·3 

(L6±o.6) x 10-~ [E2) ., (5.9±2.3) X 10"
4 

<2. 4 X 10·5 [E1) ., '5f!·9 X 10"5 

(4.1±2.1) X 10"5 J,l2 2) (1.1±0.6) X 10"
4 

(Lo±o.4) x 10"
4 [E2) ., (2.5±1.0) X 10"4 

(5.6±1.0) X 10"
4 

M1 + 2.1~ E2 (2.2±0.4) X 10·3 

(3.5±0.8) X 10"5 

E2 2) 

M2 2) (5±1) X 10"6 b) 

(2.7±0.7) X 10"5 E1 + M2 2 ) (5±2) X 10"5 b) 

(2.1±0. 7) X 10"5 [E2) ·e) (2.5±0.8) X 10"5 

(2.7±0.8) X 10"5 

(1.6±0.3) X 10"
4 [Ml] (3.o±o.6) x 10"

4 

(~.a•o.•> " ~o· 4 2) 4 
Ell (2.1tO.~) x J.O-

( 5. 7±1.0) X 10"
4 Ml, <1~ E2 

2
) (1.0±0.2) X 10"3 

(E2) ., <4 X 10"6 

(2.8±0.6) X 10"
1
' k) M1, <1'}f. E2 ·2 ) (4,511.0) X 10"

4 

<5 X 10"5 k) M1, <1~ E2 
2

) <8 ·X 10"5 

(1.6±0.}) X 10"
4 [M1) (2. 5±0, 5) X 10"

4 



... 

-34-

Table 2. Continued 

l 2 3 

Transition Transition Pllotons per 100 
initial a tate _,. energy, keV 2 lAm a-decays 

final state 

D 7/2+ _,A 9/2+ 383.9 l.O (2.910.8) X 10·5 

D 9/2+ _,A 7/2+ 419.6 l.O (3.6±1.0) X 10·5 

D 7/2+ ..., A 7/2+ 426.7 ' l.O (3-3±0.9) X 10•5 

D 9/2+ ..., A 5/2+ 454 ± 2 ?? <l. 7 X 10·5 

D 7/2+ ..., A 5/2+ (46o) not observed <.l.O X 10·5 
-----

B' 7/2- ..., B ll/2- (530) not~ <7 X 10-6 

B' 5/2- ..., B 9/2- ( 563) not observed <5 X 10-6 

not assigned 570.2 ± 2.0 (1.0±0.5) X 10-5 

B' 7/2- ..., B 9/2- 597-4 ± 1.5 (l.O±O. 5) X 10-5 

B' 5/2- _, B 7/2- 618.9 ± 0.5 (8.5±0.5) X 10-5 

E( 7/2+) _,A ll/_2+ 641.5 ± l. 5 (l.0±0.3) X 10-5 

B' 7/2- _, B 7/2- 652.7 ± 0.5 (5-510-3) X 10-5 

B' 5/2- ..., B 5/2- 662.3 ± 0.3 (5-3±0.3) X 10-4 

not assigned 676 :!:: 2 ?? <2.2 X 10-6 

B' 7/2- _,A 9/2+ 680.0 ± l-5 (5.}tl. 7) X 10-6 

B' 5/2- .., A 7/2+ 688.7 ± o:5 (4.3±0.5) X 10-5 

B' 7/2- ..., B 5/2- 695.4 ± l.O (1.0±0.2) X l0-5 

E(7/2+) ..., B 5/2- 709.8 ± l.O (9±2) X 10-6 

B' 5/2- ..., A 5/2+ 722.1 ± 0.5 (2.8±0.2) X 10-4• 

E(7/2+) .... A 7/2+ 737-0 ± l.O (1.2±0.2) X 10-5 

B' 7/2- ..., A 5/2+ 756.8 ± l.O (1.3±0.2) X 10-5 

not assigned 767.0 ± 2.0 (8±3) X 10-6 

E( 7/2+) ..., A 5/2+ no. 1 ± 2.0 (1.0±0.3) X l0-5 

"observed only in 237u 13--decay 

bCalculated with the use of 237u intensity data2 ) 

cObserved in 237Pu EC decay 

dObserved in Coulomb excitation of 237Np 

eRequired by the decay scheme 

4 

Multipolar1ty 
(mixing ratios refer 
to~ intensities) 

(Ml) 

(t4l) 

(m) 

(E2) e) 

(Ml) 

(E2) e) 

(E2) e) 

Ml 'J 
Ml 'J 

Ml [+EO) 1 ) 

Ml + 8% EO m) 

(El) e) 

(El) e) 

Ml 'J 

El e,n) 

(El) e) 

5 

Tra~sitions per 100 
2 lAm a-decays 

(4.4:':1.2) X 10-5 

(5.2:':1.4) X 10-5 

(!1.7±1.3) X 10·5 

<1.9 X 10-5 

<1.3 X 10-5 

<7 X l0-6 

<5 X 10-G 

(1.2±0.6) x lo-5 

(9-9±0.6) X 10-5 

(1.0±0.3) X 10-5 

(7±1) X 10-5 

(6.4±0.5) X 10-
4 

(5.3±1. 7) X 10-6 

(4.3=0-5) X 10-5 

(1.2±0.2) X 10-5 

(9±2) X 10-6 

(2.8±0.2) X 10-4 

(1.3±0.2) x w-5 

(1.3±0.2) x w-5 

(1.1±0.3) X 10-5 

fCalculated with the use of relative electron intensitiea22 ) normalized as described in sect. 4.1 

gRecalculated from the L1/LII ratio22 ) with use of theoretical conversion coefficients of Sl1 v and Band35J 

hA small contribution from Np !Carr x-rays has been subtracted 

1
A small contribution from Np Kcx_r x-rays has been subtracted 

jThis "(-ray is ~ orders of magnitude too intense to be the C 1/2- .... B 5/2~ transition 

k.rhe intensities of the unresolved ),68.59 and 370.94 keV -y-rays are apportioned by use of the intensity ratio 
W'¥(368.59)/W'¥(335.38) known from 231u decay2). 

l 
See sect. 5-5 

"'From the measured K-converoion coefficient (see sect. 4.2). The EO component is expressed as the fraction 
of total transitions. 

"The measured limit on the K-conversion coefficient (<0.02) is consistent only with an El or E2 assignment 
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Table 3 
Comparison of calculated and experimental a-intensities 

Level energy Spin a-intensity}. ojo 

Calculated Experimental 

.; K = 5/2+[642] band (A) 

0 5/2 0.23 0.25a 

33.20 7/2 0;10 0.12a 

75.9 9/2 0.028 <0.04a 

130 ll/2 o.oo6 "'O.Ola 

(191) 13/2 3.5 X 10-5 

(262) 15/2 2.6 x 10..:4 

K = 5[2- [ 523 J band (B) 

59.54 5/2 87.1 86.oa 

102.96 7/2 10.8 12.7a 

158.52 9/2 1.8 l.3a 

226.0 ll/2 0.020 O.Ol5a 

304.8 13/2 0.0035 0.0024a 

395.2 15/2 0.0004 
. a 

0.0007 

K = 1[2-[530] band (c) 

267.54 3/2 0.0015 0.0005a 

281.35 l/2 0.000035 

327 7/2 0.0016 o.ooo8b 

357 5/2 0.0005 o.ooo6a 

' 438 ll/2 0.00028 o.ooo4a 
' o.oool4a 485 9/2 0.00005 

( 6o6) 15/2 o.oooo6 
"~ (671) 13/2 7 X l0-7 

1 

.. 
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Table 3· Continued 

Level energy Spin ex-intensity, % 
Calculated 

K == 1[2+[ 400] band (D) 

332.36 l/2 0.00007 

368.59 5/2 0.00012 

370.94 3/2 0.000026 

452.7 9/2 o.oooo6 

459.8 7/2 0.000034 

( 589) 13/2 l.5Xl0-6 

( 595) ll/2 2.2 X l0-6 

~easured directly from the cx-spectr~~ by BKS. 

~See discussion of this level, sects. 5.3 and 5.4 

c ' 
Based on our )'-spectrum and the .decay scheme 

Experimental 

:o.ooo5c 

O.OOl5c 

<0.00020c 

o.ooo6c 
c 

0.00009 ' 

•· 
'! 

,l. 
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Level 

59· 54 B 5/2-

.... ·. 

102.96 B'7/2-

158.52 B 9/2-

226.0 B ll/2-

-37..: UCRL-16414 

Table .4 
Intensity balance for the K = 5/2-[523] (B) band 

a-group 
intensity) % 

(BKS) 

Total feeding 
of level) % . 

De-exciting ratiation 

Transition Intensity) % 

26.35 ~A 7/2+ [21±4]a 

59.54 ~A 5/2+ . 76±7 

86.0. 
.··.·.·. 

total 97±8 

43.42 ~ B 5/2- . 15±3 

102.96 ~A 5/2+ 0.021 --
14.1 total 15±3 

55.56 ~ B 7/2- 1. 4±o. 3 

99.00 ~ B 5/2- 0.35±0.07 

125.1 ~A 7/2+ (5±2) X l0-3 

1.33 1.3 total 1:75±0. 4 

67.5 -7 B 9/2- (9±4) X 10-3 

122.1 ~ B 7/2- <0.013 

150 ·~A 9/2+ 0 X 10-5 

0.015 .. 0.017 total >0.009) <0.022 

~he intensity of this transition is assumed equal to the intensity of the 
33.20 .. keV transition 

. ' 
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Table 5 
Intensity balance for the K = l/ 2+[ 4oo] (D) band 

Level 

332.36 D l/2+ 

368.59 D 5/2+ \ 
i 

l 
f 
I 

l. 
(· 
I 

370.94 D 3/2+ ) 

452.7 D 9/2+ 
\" .· 

l 
I 

> I 

. ) 
459:.8 D 7/2+ 

ex-group 
intensity, % 

(BKS) 

De-exciting radiations 

Transition 

55. Ol ~ C l/2-

64. 83 ~ c 3/2-

332.36 -~A 5/2+ . 

total 

292.7 ~A 9/2+ 

335.38 .~A 7/2+ 

368.59 ~A 5/2+ 

38.54 

33'J.7 

370'. 94 

total 

~ c 3/2-

~ A 7/2+ 

~A 5/2+ 

total 

intraband transitions 

322.6 

376.8 

419.6 

~A ll/2+ 

~A 9/2+ 

~A 7/2+ 

total 

intraband transitions 

383.9 ~A9/2+ 

426.7 ~A 7/2+ 

460 ~A 5/2+ 

total 

Intensity, % 
. -4 

0.7±0.2 X 10 

(2.5±0.8) X 10-4 

(2.1±0.5).x 10-4 

(5.3±1.0) X 10-4 

(~.5±0.8) X l0- 5 

( 1. o±o. 2) x 10-3 

(4.5±1.0) X l0- 4 

(l. 5±0. 4) X l0-3 

. -4 
<l. 2 X 10 

4 -6 < X 10 
<8 X l0-5 

. -4 
<2.0 X 10 

[ 0 J 

(6.o±o.8) x 10-4 

[0] 

(4.4±1.2) X 10-5. 

(4.7±1.3) X l0- 5 

<1.3 X 10-5 

\-

~-

·~ 
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Table 6 
Branching ratios for transitions between band B' a~d band B 

Initial state Final state 

( 59.54 B 5/2-

721.9 B' 5/2- ,~ 102.96 B 7/2-

. . ~158. 52 B .9/2-

{ 59:54 B 5/2-

j102.96 B 7/2-
-755.8 B' ?/2- \158.52 B 9/2-

226.0 B ll/2-

( 

Experimental 

(100) 

16 ± 2 

<l 

(100) 

530 ± 120 

100 ± 50 

<70 

Branching ratios 

Ml 

(100) 

33 

(100) 

153 

·--- 115 

E2 

(100) 

95 
21 

(100) 

3 
50 

18' 

·"' ·····'~ ... '·· 
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Figure Captions 

Fig. l. 
241 

Am-y-rays measured with the lithium-drifted germarr'ium detector. 

The spectrum shown is a composite of three measurements covering different .-

energy intervals. 

241 . . 
Fig. 2. Am co~nc~dence spectra 

(a) a-particles coincident with all "f-rays of energy >500 keV. 

(b) a-particles coincident with all conversion electrons of energy >380 keV. 

(c) -y-rays coincident with the 4.84 MeV a-peak. The width of the a-window 

used in (c) and (d) was great enough to include' the entire complex a-peak. 

(d) Conversion electrons coincident with the 4. 84 MeV a-peak. 

Fig. 3. 241 
(a) Decay scheme for Am. Energies (in keV) and spins are given in 

boldface type. Absolute photon intensities are given on the -y-rays) and 

relative photon intensities (normalized to 100 for each level) above the 

-y-rays~ all intensities being in lighter·type. Slant numbers to the right 

of the a-intensities are hindrance factors. 

(b) Decay Scheme for 
243

Am. See caption for fig. 3(a). 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, 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 behalf 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. 




