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Abstract

The Y-ray spectrum of 2LLlAm from 80 to 850 keV was studied with a high
resolution semiconductor y-ray spectrometer; C~y- and O-electron- coincidence
spectra were studied with semigonductor énd scintillaﬁor detectors. From these
data and previous results, a decay scheme is constructed. .Theoretical O-inten-
sity calculations aided in establishing the decay scheme.

Nilsson assignments 5/2+[642], 5/2-[523], and 1/2+[L00] for rotational
N bands based on levels at O, 59.54, and 552.56 keV are confirmed. A new 1/2-[550]

| band, whose lowest member is the well-known 267.54 keV 5/2- level, 1s positively

identified, and a K = 5/27 beta-vibrational band established. The lattervband
decays primarily by M1l transitions, in Violation of.the vibratiénal selection

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

probable vibrational character.

2l 259,

A brief study of Am decay reveals a similar structure for
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1. Introduction

Although the energy levels of 251

Np have recelved much.attention, they
'qontinue to be a fruitful medium for testing theories 5f nuclear étructure and
the interrelated theories of nuclear decay processes. The present paper re-
opens this subject in consequence of two major advances in technique. COne of
these is the use of the germanium Y-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

237

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

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

. . calculation of L .
which permlts/ theoretical intensities of G-groups from Nilsson wave functions

of the constituent nucleons. One can now, with some confidence, use .Q-in-
tensity theory as a real ald in making state assignments. The pertinence of
microscopic ..O-rate . = theory to the present case is that detailed information
2kl . .
on the O=-spectrum of Am 1s avallable.
. 5 v v i
The levels of 57Np have been identified mainly from the B ~decay of

2 2% 4
57U and from the O-decay of 2hrlAm. APy decay scheme proposed by Rasmussen,

1 ' ' .2
Canavan and Hollander ) has recently been refined by Yamazaki and Hollander ).

‘ _ 2

Some information from the B -decay process has also come from a study of 57Pu

electron-capture decay by Hoffman and Dropesky5). Several groups have meas-
ok b

ured the . ~ O-spectrum of lAm: Asaro and co-workers ’5’6), Gol'din and

co—workers@, Rosenblum and co-workers8), Chin-Fan Leangg), and Baranov and

lO,ll). The last reference (BKS) reports more than 20 levels in-

2k X
Np discernable through detection of lAm C-groups (see table 1). Low

co-workers

237

12
energy Yy-ray and conversion-electron spectra have been studied by Day ),
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8, L
’13),~ Baranov and Shliaginl ), Magnussonls), Hollander

17) 19)

Rosenblum and co-workers

and co—workersl6), Jaffe and co-workers , Beling and co-workerslg), Turper 5
Samoilovgo), and Wolfson and co-workers?l). The conversion electron spectrum
has recently been restudied at high resolution by Wolfson and Parkzg).

The many CO-groups of 2LLlAm bespeak a complicated level structure and
complicated-v—ray de-excitation processes; but the low intensities of most of
the transitions made it impossible tO obtain high resolution'y—transition in-
formation. ©Some of the stronger transitions could be‘obéerved thréugh their
conversion electrons, but for the weaker ones, only rough measurements using

Nal crystals could be made. In the present study more than thirty new y-ray

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

helped by some new O-y-and O-e--coincidence measurements. In the present study,

2L3 239

coincidencé measurements also were made on “Am which decays to “Np.

Before presenting the experiments and their results, we give a‘brief
description of a microscopic theory of CG-decay based upon.Nilsson wave functibns
(sect. 2). This theory permits calculation of C-transition probabilities to
' the members of rotational Eands assigned to specific single-particle configura-
ticns. The theoretical predictions may be compared directly with measured O-

branchings and are useful in confirming and suggesting level assignments.
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2. Theoretical Alpha Transition Rates

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

23,24

Mang ) and we give here only a resume as it applies_to presenf_calculations.

. ‘ q . t
The transition rate for Q-~decay from an initial state IiKi of parity (-) *to

Q.
a final state Ifo of parity (-) L is obtained by summing the contributions..of

allowed I-waves given by

. j _ ’
KIiKiqi Sl e ) 12 1 } gBLKi e c
A 1701 -
B e A 2MRO2 T s LK; Kp

LXK + 2
+ (.)Ii e Bj?l “ i +K,§§ (1)
iy 1 f}?
The two a-probab;llty amplitudes GLKi_Kf and GLKi+Kf at the nuclear surface

(R = R_) arise from the two terms (®_,® ) in the symmetrized strong-coupling
o] : v - VKT

wave function when K £ 0. 'The B%? are elements of the Fréman 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 PZ for the transmission

of an O-particle with energy ei and angular momentum [ relative to the daughter
. £ : |
nucleus. The problem thus resolves into two parts, the formation of the parti- -

cle at the nuclear surface, and its penétration through the barrier.‘ We con-
sider these parts separately. ’

The probability amplitude is conveniently calculated by considering
tﬂe contribution of protons and neutrons in specific Nilsson orbitals to the

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

over the contributions of the various orbitals, and it contains the effect of



-l UCRL-~-16L1k

intrinsic nuclear structure of parent and daughter. We calculate a factor [,

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

K.K Q. -0
g1 INTN _ g3/

M IAW%%QAW%%Q)QQ)%WWd@@ ' (2)

N

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

trization operatbr, and Xa is the O-particle wave function. The geometric

factor I' 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

V; Ué Vé Ug ,
£ oW N

remaining orbitals in the parent and daughter. These occupation amplitudes

and by a factor close to unity accounting for overlap of the

are calculated by a variational method using BCS-type wave functions, and the
details of this method have previously been reportedes).

The B-matrix is caiculated by the method of Feran26) with the argument
B = 0.9 which we use throughout the actinide region. The penetrability factors
Pz(g) are calculatedJusing the WKB approkimation with a Woods-Saxon ﬁucleaf
potential. The detalls 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 calgulated absolute transition rates are generally lower than
experimental. We apﬁly to all célculated rates a single factor determined by
normalizing to the ground state transition of~258Pu. With this normalizétion
the Q-transition rates to the various states frequently agree within a factor
of two with experimental wvalues.

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

ment for several well-studied odd-mass -“a-emitters. The reduced &= |

o N
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. the details of
transition probabilities are extremely sensitive to /the wave function of the

0dd nucleon, and between different intrinsic states factérs'of lOLL or even lO5
appear. Thus, even though the theoretical calculations in some cases~give
transi£ion‘probabilities which differ from the measured values by an order of
magnitude, they are‘sﬁill of great value for the assignment. of Nilsson states. For
transitions to different members of the same‘band, the internal consistency of

the theorylis much better. As confidence developed that theoretical intensities
should check the measured Values semi-quantitatively, larger disagreements be;
came grpunds for questioning assignments; It was just this kind of disagree-

ment for:certain levels which led to a complefe restu&y of the 257Np level

assignments.

5. Experimental Methods.and Equipment
3.1. GAMMA-RAY SPECTROMETER
Gamma-~ray spectira were measured with a lithium-drifted germanium

28,29)

detector coupled to a low-noise pre-amplifier and amplifier system?8)

and récorded onva 400 channel pulse-height analyzer. The detector was operated
in vacﬁum at 1iquid-nitrogen temperature with a reverse bias of 240 volts.
Resolution (FWHM) was 3.2 keV throughodt the region studied. The photopeak
efficiency of this detector had 5een carefully calibrated to an accuracy of
£10%, or to *5% over an energy range of several hundred keV. 'Enefgy calibré-

tions were made with the ald of 7y-ray standards measured before and after each .

spectrum was measured.
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5.2. COINCIDENCE SPECTRCMETER
The detector housing and coincidence circultry for the O-y-and d—ef—

50’51). The

coincidence measurements have been described elsewhere in detail
Q-detector is a phosphorus-diffused, p-n~junction silicon semiconéuctor with
guard ring52). The y-ray detector is a commercial 7.6 X 7.6 cm NaI(Tl) scin-
tillator Opfically coupled to a photomuitiplier. Electfons are detected by a
lithium-drifted silicon semiconductor operated at room temperéture; an anthracene
scintillator wés used in one experiment. The electronics consist of a fast-
slow circult the (-side of which can operate at rates exceeding lO5 Q-~counts
per second. The resolving time (21) of the fast coincidence unit is 4 x 107 s.

| Specific regions of the y-ray or cqnversion spectrum can be used to gate
‘the coincident O-spectrum, which is then recorded on a 100-channel pulse-height
analyzer. Alternatively, one can gate on any portion of the Q-spectrum and
record the coincident Y-ray or conversion spectrum. The geometries of the vy-
and e--deﬁectorsvare fixed. These geoﬁetries and the detector efficiéncies
are~calibrated S0 thét the intensity of a transition‘relative to the total
.C-intensity can be calculated from the observed singles and coincidence counting

rates. The energy and intensity calibrations are described in refs. 30 and 31.

%.%. SOURCES

‘A thin source for the coincidence experiments was prepared by vacuum
el '
flashing - lAm from a tungsten filament. The source backing was 0.013
. < ’
cm thick polystyrene sheet. Total source strength was 6 X lOo a—d/m. " The

- and y- sing;es spectra of this source showed the presence of no impurity

activities.



isotopes, or of common long-lived fission products. Tﬁe

: ' : : L
had the following composition by activity: 2 5Am 1%,
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The source for the y-ray spectrum was a single crystal of AmCl3. The

americium had béen chemically separated from purified plutonium containing

2l : .
lPu and carefully purified to remove all active and inactive contaminants.

The y-spectrum displayed no <y-rays which could be assigned to impurities, al-
' ol ‘

though above 130 keV a y-ray more intense than 2 parts in lO7 lAm Q-decays

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

243

Am content, as
5 .
Jjudged by the absence of 59Np daughter radiations, was less than 1 part in
6 ' '
10" by activity. .

L
A thin e 5Am source (1 X 106 a—d/m)d' was prepared in the same way as

2k _ v
the. thin lAm source. -Alpha- and y- singles spectra showed that this source

EMMC 238 ehy

m 17%, Pu + Am

2
12% (mostly 58Pu). Coincidence experiments identical to the present ones have

238 243

been performedBO’Bl) with euqu and 5 Pu; coincidences due to Am 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.

L. Experimental Results
L.1. GAMMA SPECTRUM
,Thevy—ray spectrum (fig. 1) is complex, as expected; we identify over
tnirfy new transitions. The spectra illustrated were taken through a O.l6;cm
cd absorbef. The Cd greatly reduces the intehsity of the 59.54 keV Yy-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;tﬁe.engfgies.éﬁd inténsities of the.ﬁerays. The intén-
sities of the 98.7; 102.73'aﬂd 125.l:£eV y-rays are derived from a spectrum'
taken without.the Cd absorber (not shown) and are hormalized to Magnussonfs ’ -
intensityl5’53> for the 59.54% keV y-ray, (35.9%0.7)%. All other intensities '
measured in this experimenﬁﬁare nofmalized to the sum of the inteﬁsitieé of
the 507.4, 618.9;, 6L1.5; 652.7, 662[5, 680.05 688.7;, 695.4; 709.8, 722.15 737.0;
756.8, and T770.7-keV y-fays, (i.o7io.25) X 10‘5%, as determined in the coinci-
dence experiment. The reliability of the intensities stated in table 2_doés
not include the 125% uncertainty introduced by this nérmaiizétion.

Weak KQﬁI agd KaI x-ray lines are masked by tﬁe 98.?~and 102.7~ker
y—raybﬁéaks. Their intensities were calculatediu) from the measured intensity

of the K;3 line, and small corrections applied to the intensities of the 98.7-

and 102.7-keV lines.
Figure 1 shows weak peaks at 75 and 85 keV; these peaks were not observéd

in the spectrum taken without the Cd absorber and are probably spurious. The
i

peak at 118 keV is caused by backscattering.

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

237

- . . . 2 oo
of numerous transitions are taken from the data of YH ) on’ U.decay and of

2k
Wolfson and Parkgg) on .lAm decay; we adopt these energles 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_l5.

"

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 experimental”) ¢

3

or theoretical 5) 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 transitionz).
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L4.,2. COINCIDENCE MEASUREMENTS
The spectrum of O-particles in coincidence with.y-rays §f energy >500 keV

ié shown in fig. 2(a). A 0.16-cm Cd absorber was placedvbetween-the‘éource and
the y-ray‘detector to absorb the intense 59.5h~keV'y-rays. The aésorber reduced
béth true and chance coincideﬁce rates, and prevented stack-up of the 59.5MukeV
y-ray with other 7»rayslin the.scintillatibn detector.; The O-peak in fig. 2(a)
at h.BBSiO.ClO MeV, intensity (1.0%0.3) x 10-5% of the 2ul,’&m.Oé'decays, defines
. & state in 257Np at 719%10 keV. A émall shoulder on the low-énergy side of this
peak indicates the presence of additional unresolved G-groups ﬁo higher—lying
lévelsf .The same C-group occurs in coincidence with électrons of energy >§80
xeV (fig. 2(b)) with an intensity (1.1%0.3) X 1o'u%.‘ The following discussion
shows that these data argué strongly for the presenée of an EO transition from ‘
“the =720 keV state (transition B' 5/2- - B 5/2-). | |

| The spectravof Y-rays and conversion.electroﬁs coincident wifh the 4.8L4-
MeV CQ-peek are shown in figs. 2(c) and 2(d). The complex y-ray peak which‘ap;
.pea;s at 662 keV in ﬁhe»coincidence spectrum with anlintensiﬁy (l.07i0.25) X 10-5%
(fig; 2(c)) can be seen from the singleé spectrum (fig. 1) to consist of transi-
tions at 662.3 énd 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 levels at 755.8 keV and 770 keV.
| The electron spectrum coincident’with.thevM.8H~MeV a-ﬁeak (fig. 2(4))
displayg K and LM+ .. lines of é 659ilekeV transitlion. 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- transitioh, which is 10 times weaker and

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

paragraphs.
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From the measured coincidence intensities, the apparent conversion

coefficients of the 662.3-keV transition are eK/y = 0.18%0.0k, K/L+M+... = L1,

The K-conversion coefficient is toohigh for a pureMEl,A M1, - E2, or E3 transi-
tion. Observation of the 662.5"keV:transition in prompt coincidegce with o-
particles 1iﬁits the lifetime of the transition to <2 X 10_8 s, which rigorously
excludes measufable admixturesiof M?% and higher multipdlarifies. A pure M2
assignment_would be consistent with the measured valﬁé of eK/V, but in this case
the 721.9 keV 1level would certainly de-excite primarily by. faster transitions
to other levels. The only alternative ekplanation is,thét the transition con-
taiﬁs an EO component. o

Besides the EO component, the_662.5~kéV transition must contain either
an EE or ML (or both) component. As discussed in sect. 5.5, fhere is strong
evidence that the predominant multipolarity is>Ml. If.we assume that the'];{él

is a pure Ml, the K-conversion coefficient shows that 8*l% 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

. L"‘ )
~and parity 5/2-. Similar coincidence measurements with the e 3Am source estab-

lish a level in 259Np at ~670 keV populated with an G-intensity (l.6io.5)x10;5% _

in coincidence with y-rays, and (7%3) X 10-5% in coincidence with electrons.
The same level has been observed at 666 keV in the (-spectrum of BKS. We de-

termine from the colncidence measurements that it decays primarily by transi-

' 4 : 2
tions to the ground state and the 31.1Lk XkeV first excited state of 59Np, with

poésible weak transitions to levels at TL4.67 and 117 keV. The data are shown .

on the level scheme (fig. 3(b)).
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A recent paper by Michaeli556) reports the fesulté of exfensive coinci-
'dence.éxperiments on QulAm, employing a semicondﬁctor a—dete¢tof and a scinﬁilla-
tion detector for y-rays. These results are consistent with‘our ﬁ-fay and coin;
cidencé 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 Y-spectra, and to deductions which we arrived at by taking theoretical C-

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-
A ok '
structed the *am decay scheme shown in fig. 3(a). In this section the level

assignments are discussed in detail. ' : ' S :

5.1. LEVELS AT 0, 33.20, 75.9, AND 150 keV: THE 5/2+[6L2] BAND LABELLED A

The measured gréund state spin of 257Np is 5/2‘(refé. 37, 58{ 59){
: Coulomb excitation experimentsuo) establishithe 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). BEKS assigﬁ
an CQ-group to the spin 11/2 member at 129 keV. Moré accurate energies for fhese
levels (fig. 3(a)) are derived from transition energies and energy differences -
measured by YH and by us. These energies‘ag;ee with the simple rotational
formula | |

Ep =B, * A () S : (3)*l'
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‘the rotational constant A is L4.T7L keV. The band has been assigﬁed a 5/2+[6L2] -

6,1,k1,42,6
NilSson;configuration; oL, ,5e, ).

The 11/2+ state would be expected to de-

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

too weak to have been seen by Wolfson and Parkgg). cher low enefgy transi-

tions involving this band have been well characterized as described in table 2.
Alphé decay to this band is highlyAhindered. In table 3 the calculatéd

a—intensitiés are compared with intensities measured direétly in the a—spectruﬁ

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

3

v 4 : oo
structure effects retard these transitions by factors of 107-10 as compared

‘with‘unh{hdered transitions.

As discussed in sect. 11 of the following paper, the band A prbbably
has a considerable Coriolis admixture of the 3/2+[651] band. This should not
greatly affect the C-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-[525] BAND LABELLED B .
15,14, 15,

The ground state spin of gulAm is 5/2 According to the con-

’

: ’ 2 2l

cept of favored Q-decay the 59.5H-keV level of 37Np, to which lAm decays by
- 2l

a virtually unhindered O-transition, has the same structure as the lAm ground

L6,k E
state ’ 7); The 5/2-[523] configuration has been assigned to these states

4,5,7,8,10,11

(refs. 16, 1, b1, 42, 6), - Alpha spectra ) reveal higher members

of this band at approximately 103 keV (7/2-), 158 keV (9/2-), 226 keV (11/2-),

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

used on the decay scheme (fig. %(a)) are derived from ~y-transition energies.



‘with A = 6.249 keV, and B = -1:86 X ].O_5 keV, as determined from the energies. ‘
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_The elctromagnetic‘spectfum (tablg 2) éstablishesvcascade, croséover;
and interband El transitions which de-excite.the_5/2-, 7/2-, 9/2-, and 11/2-
members of the bandf, The intensity balance betﬁeenltheAfeeding and de-exciting
radiation for these four loyest members is given in table L. Fprvthe states
iabelled B 15/2- and B 15/2f wé have only the Q-intensity data and a siﬁgle
weak y-ray ae-exciting each level: B'15/2- - B 9/2- (146.3 keV) and B 15/2- -

B 11/2- (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 15/2- and B 15/2- states if one assumes relative '
kL

intraband transition rates given by rotational model formulae 8). Based on

55))

the measured inteénsities

these formulae, theoretical conversion coefficients

' of the 16L4.3 and 169.2-keV y-rays, and the measured M1-E2 mixing ratio for the

2,2 :
L3.42-keV B 7/2- - B 5/2- transition ’ 2), 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 Q-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 bvand can be described by the usual rotational

‘

formula with a second order term

e

By =B, + A I(I+1) + B IQ(I+1 ’ . (&)

of the 5/2-, 7/2-, and 9/2- members. The calculated energies of the 11/2-,
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.
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' Comparison of the theqretical and experimental O-intensities for this
band (table 5)vshows satisfactory agreement. Note that the total intensity for
this band (99.6%) normalizes the tpgoretical_intensity calculations for the other
a-groups.' This normalization could have been avoided, had we'chosen tO0 compare
the transition rates or partial half-lives instead of CO~branchings. The cal-
culated partial half-life of thé favored transition. to the 59. 54 - keV stdte'f
differs by only 20% from the experimental value; we have therefore chosen to
compare the more convenient Q-branchings ana ighore the 20% difference thefeby
introduced intolthe intensities calculated for weaker O-groups..

'YH find evidence for some K = 3/2 admixture in band B, although the

amount need not b¢ large.

AN

'5.5. LEVELS AT 332.36, 368.59, 570.9&,/A52.7, AND 459.8 keV: THE 1/2+[h0011
BAND LABELLED D ' |

From the study Sf 23'-(U B -decay RCH assigned 257Np levels at 332 keV
_(}/2+); 369 keV (5/2+), and 371 keV (3/2+) to a i/2+[MOO] ﬁand. (Preference
over a 1/2+[660] assignment is based on the magnitude of the decéupling ﬁaram-
eter.) Re-examination of this decay scheme by YH confirms the spin assiénments.
BKS assigned 2L”'Am O-groups to these three stgtes, and to additional members of
the band at 456 keV (9/2+) and 463 keV (7/2+). |

Our y—spectrum'is.consistent with the B -decay results concerning the
1/2+, 5/2+, and 3/2+ levels. In addition, we see transitions of 322.6, 376.8,
583;5,:h19.6, 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 -

spectrum by BKS.
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Table 5. shows the 1nLensity balance for the band; note partwcularly
that the agreement for the spin 1/2 member is unsatisfactory. We consider

that the O=-groups which poﬁulate the D 5/2+ and D 5/2+ states are too close to

" be meaningfully resolved in the spectra of BKS, as are those which pdpulate the

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

of each doublet. It is assumed in table 5 that the intraband transitions which
could de-excite the D 9/2+ and M 7/2+ states are weak compared to the observed
interband transiﬁions. 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 T/2+ o-doublet. For reasons discussed by YH in sect. 6 of the fol-

lowing paper, it is also assumed that these states do not decay sugstantially
by E1 transifioﬁs to band C. O | ' | -,

The diSagreement between G-feeding and de-excitation ietensity‘for the
1/24 ievel cannoﬁ.be due to tﬁe existence of anobserved transitions or a known
douBlet. A clue to thlS ~problem is the meaeured energy of the O=-group, which

places the level at. 527*2 keV ), whereas the energy of the l/2+ level is

332.36%0.0k KeV® ). This discrepancy and the intensity disagreement indicate

that,there‘is an additional level near 327 keV, distinet from the known‘l/2+‘
) v , n

o,
P>

level at 332,36 keV. - Tentatively, we assign‘an O-feeding intensity of 5 %x 10

the total intensity of the de excliting transitions, to the 332. 36 ‘keV level.

- The remaining intensity of the "o .. " group, 8 x 10~ %, we assign a new level

327
at about 327 keV. In sect. 5.4 this level is assigned as the 7/2- member of
= 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 267.5L keV.
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The energy spacing of a K = 1/2 band can be described by the expression

i+%/2 (1+1/2)] T (s)

Er =E_ * A‘[I(I+l) + a(-1)

Using tﬁe ﬁeasured energies of the l/2+, 5/2+, and 5/2+ states, the rotational
constant A is 6.195 keV, and the decoupling parameter a is +1.076. The pre-
dicted energies of the 9/2+ and 7/2+ members of the band are 4Sh.L and 458.6
keV, only in fair agréement with the observed level energiles, 452,7%1.0 and |
459.8%1.0 keV. The inclusion of a second order [IE(I+1)2] term ;lone does not
imp:o?e the fit._ If we assume, however, that the decoupling parameter has a
spin-dependent term as indicated by Nathan and Nilssongg), we oObtaln satis-
factory ggréement.

| The O~intensities predicted'for band D are compared in table 3 with
exﬁerimentai.values based on the de-excitatidn intensities; they are uniformly
about an‘drder of magnitude low. The relative intensities predicted for dif-
ferent band members are in remarkable agreement wifh ﬁhe unusual intensity
pattern ébserved; note parﬁicularly that the alternating intensities are
reprodﬁcéd.

In linevwithrmodern concepts, according toO which states in odd-A nuclei
may generally have admixtures of one- and three-quasiparticle character, we may
speculate on other possible compoﬁents in the band designated l/2+[MOO]. An
obvious component to consider is the 5/2+[642] proton coupled to a y-vibrational
: (Yégj phonon. - The dominance of Ml over E2 in de-exciting transitions to the
groﬁnd state band argues against such a <y-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 octupoleﬁphonon. If the Q-decay went mainly via such a
componént, with the odd proton state of parent 2LH“Am remaining unchanged, we
would e#pect mainly L = 3 (-waves with projection M = 2 on the nuciear symmetry
axis. This would lead to an intensity signature with the decay to tﬁe 7/2+ state
exceeding that to the 9/2+ state, in striking disagréement with the expe;iméntél
intensities. The marked alternation in a~intensities to 1/2, 3/2, 5/2, 7/2,
9/2 levels 1s a result of inﬁerfergnee of M = 2 and M = 3 alpha waves, as giveﬁ
‘naturally by the one-quasiparticle component 1/2+[MOO].> Possibly the discrep-
anéy between theoretical and experimental absoclute intensities arises from an
uﬁderestimation of nucleon radial wave functions by tﬁe harmonic—osciliator
approximétion.
5.&. LEVELS AT é67.5u, 281.%5, 327, 357, 438, AND U85 keV: THE.1/2-[53%0]

BAND LABELLED C

" The grouping of these levels as a rotational band is based upon sub-
. stantial evidence, But mlssing are the many y-ray transitions %hich aided
identifigation of the other bands. The lowest-lying member of this band (aﬁ/ﬂ
267.54 keV) has been wéli characterized as a 5/2— statel) with a half-life
ofv5;h nsec5o). The decay pattern of this state 1s interesting in that com-
. . . .
" peting modes invoiving El? E2, M1, and M2 transitions are all observedl’g).
If 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 bénd°
These apparently de-excite to the 267.5M~kev state by fast lowfenergy intra-
band transitions which are'highly»converted, henéevnot-seen in the y-ray

épectrum.

S L et e Al e O . s AL iy MR Y YR PS¢ e aerw R R - - e
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Of the levels grouped here, only the one at 281.35 keV has not been ob-
served in the -'a-spectruﬁ of BKS. According to our éssignment this is the
1/2 member of the 1/2-[530] band and the calculated O-intensity té this state is
too low to be observed. Two of the.levels (438 and h85vkeV) plus a thﬁrd‘(5h9
'~ keV) were assigned by BKS to a 5/2-[521] band. The corresponding rotational
constant, 9.4 keV, is improbably high, and the calculated intensities of Q-
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 assignedll) to a 5/24[651] configuration..
This also.is likely to be wrong, for although the calculated a%in£ensity to
this staté.agree$4with 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 gt 327 keV which we assign to band
C'ié:seen in the a;speqtrumll); the "Q-group"” 0327 is actually a doublgt which :
feeds this level.and the 332.36 keV D 1/2+ level with intensi£ies 8 x 1o'u%
and .5 X lO—F% respectively. | .

The 3/2- level at 267.54 keV has been variously.dssigned‘to a 3/2-[521]
band%’ulj or to a 1/2-[530] bandhg) which is the assignment made for the ground
state band in certain protactinium isotopes. The caiculated a—inteﬁsity for
either assignment‘is in satisfactory agreement. One of the pieceé of evidence );
favoring a K = ;/2. assignment is that the 267.54 keV transition (C 3/2- —A 5/2+)
has an M2 component competing with _.E1 ;f?) and this can best be'explained-by o
making’the El traﬁsition K-forbidden. The positions of all of tﬁe levels
grouped’hére can also be well explained as a K = 1/2 band. The CG-intensity

pattern provides another esséntial clue to the identification of this band.

(L]
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If we take the 267.54-keV state as the 3/2- member, one can obtain a
sélf-consistent sét 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 qthers'aré 280 keV' (1/2-), 326 keV (7/2-), 356 keV (5/2-) 138
. keV (11/2—)2 486 xev (9/2-). Comparison with the levels.sﬁown in Tig. 3(a)
indicates exceilent agreement. The_agreement is not likely to be fortuitous

because five energy differences are taken into good -account with Jjust two

parameters.

. v ’ 2 -
Prior to the work of YH, it was thought that 96% of the 5Ty B -decays

populate the 267.5L-keV C 3/2- state directlyl); As discussed above, we assign -
this state as the lowest member of a K = 1/2 band, in consequence of which the o o
spin-1/2 member, predicted near 280 keV but not seen in the Q-spectrum, should

. ) - ’
actually receive a sizable fraction of the total 57U B -intensity. YH have

obtained striking confirmation of this level at 281.35 keV. It receives 55% of
the direct Bf—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 99.54.-keV B,5/2‘ state. -It is also fed weakly by an El transition from

the 552.36~keV D l/2+ state. The 13.81 ‘keV tfanSition had previously escaped
detection because of its low energy, the other two because of their low inten-

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

2k
state in lAm decay, but the transitions by which it de-excites would be ex-

tremely difficult to detect.

e e iy

Because of the weakness of the interband transition from the spin 1/2
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.

T R e e g TG e

P SN
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As & quantitative check on this assumption, the total intensity of transitions
depopulating the 267.54 keV level is (2.4%0.L) x 16‘5%, of which 0.5 X 10'5%
is accounted for by direct O-feeding ana 0.3 X 10—3%_by feediné from the 332.36
keV levei. The remainder, (1.6*0.L4) X 10_5%, is in agreement with the total
- Q-population of higher-lying members of the band; 1.8 x 10—5%.

The strongest interband transitions from this band (except from the
.3/2- lowest member) should de-excite the states C 7/2- and C li/2-, becauée
these states reéeive substantial O-decay, and because the inverted level order
rermits only a sihgle'EE intraband transition from each of them. No such inter-
band transitions from the C 11/2- state are obser?ed.'ilt is possible that the
weak 221.5-keV y-:ay is the transition C 7/2- —» B 7/2-; it'is.also possible that
a portion of the 267wkeV Y-ray de-excites the C 7/2- sﬁate t0 . the 59.5& keV

251

B 5/2- state. TFrom the intensity ratio wy(267.5u)/wy(208.oo) observed in
decayz),one;expectsﬁan;inténsity (1.8%0.3) x-lO_5%‘for_the 267.54 keV y-ray
(C\B/Z- - A 5/é+), whereas the measured intensity is (2.7%0.7) X 10-5%. The.
intensity of a possible 267 keV y-ray (C 7/2- =B 5/2-) is <2 x 10_5%.

Comparison of the measured and caiculated intensities df a—groupé (table
_.5) shows -quite goqa agreement. In particular, note the alternation in inten-
sities and the véry low.inﬁensity calculated for the 1/2- state which, as
pqintéd out, hés not been seen in the CG-spectrum.

233

The 1/2-[530] band occurs as the ground states of 51Pa and Pa

(refs. 42, 6). The rotational constants and decoupling parameters are A = 6.3k

' 2 ' 2
keV, a = -1.40 in 51Pa; A=6.0keV, a =-1.3 in 55

237

Pa; similar to the constants

obtained for the band in ~~ Np—A = 6.72 keV, a = -1.6k,
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C 5.5, .LEVELS AT 721.9 AND 755.8, THE 5/2—[525] B;VIBRATIONAL.BANb'
LABELLED B' |

As already discussed in sect. 4.2, the y-ray spectrum and Q-y. and O-e —
coincidence measurements estabiish 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. 54-keV sﬁate (B 5/2-). "This latter finding taken along with the low reduced
Q-hindrance factor* (4.8) makesit tempting to dha%acterize this level as a
'B-vibrational state based upon the 59.5h-keV state (B 5/2-) which receives the
favored G-decay. ' Such a state would be analogous to the excitéd 0+ states in

50,31 C. o .
). Although this is given as the assignment,

neighboring even nuclei
further analysis shows that it is not a complete.descriptién of the state.
Aside frém the expected EO cdmponent, a B-vibrationél state should
'decay to the lower band by E2 transitions,»wheréas Ml transitions are forbidden
by the vibrational selection rulés. This presumption can be tested by exam-
ining the branching ratios for the transitions B’.5/2- B 5/2-, B 7/27, and
B 9/2—. These depend strongly on whether the transitions are MLl or E25?), the
fresence or absence of the B' 5/2- - B 9/2- having sPeEial 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 better with an M1l assignment. It is well known that

* 31 : ‘ '
Defined5l) as the hindrance factor divided by the hindrance factor for the
favored transition, where the hindrance factors have been calculated acéording

. 1
to the method of Preston5 ).

e e . = v+
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’

t

mixing of a vibrational band with the base band can cause deviations from the
theoretical branching ratios. Such effects have been studied for the case of E2

5555

transitions from. <y-vibrational bands We have performed a simple mixing

calculation and‘it.does not change the branching ratios in such ajway as to
permif E2 assignments.. —

‘Another charécteristic.of the level at T21.9 keV is the de-excitation
£o 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 vibratiénal guantum -number both change
should be forbiddgn. vThe existence of the El transitions implies impurities in
the wave functions of one or both of the bands, as does the earlier cited
evidencé.

- BKS assigned a level at 758 keV as the 7/2- member of the 6~vibratioﬁal
‘.band. We observe 5 transitions which define this levei at 755.8 keV. Since
these transitions feed stétes of spin and parity 5/2-, 7/2-, 9/2-, 5/2+, and
9/2+ (& possible transition to tﬁe 35.20~kéVj7/2+ state is masked), the spin
of the level is élmost certainly 7/2, altﬁough ﬁe do not determihe the,parity;
Assuming the K I 71 = 5/2 7/2- éssignment‘we have calculated the branching ratios
in table 6. The observed ratios cleariy disagree with the predictions for E2
transitions, while the agreement for ML transitions 1s better. ,Taking‘mixing
into‘acéount doeé not improve the aéregment fof E2 ﬁransitions, Thus Boﬁh the
721.9-keV 5/2- and 755.8-keV 7/2- states decay predominantly by Ml trénsitions.

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

assignment to the same band as the T721.9 keV state, although the energy spacing,
33.9 keV, ig 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 stétes, it is likel&
from the low O~decay hindrunce factors and from the EO coméonent of one éf'the'
tranéi£ions that they have some collective character and some intrinéic likeness
" to the 5/2-[523] band. It is also likely that ﬁhese two levels have been com-
pressed toward each other by inferac%ion with'other states not yét Observed.
Great difficulty‘exists in learning more about them by studying radioactive
decay, because they can only be populated by the O-decay of 2LL]'Am, and the

transitions here are extremely weak.

- 5.6. THE STATE AT 770 keV LABELLED E

Four weak~£réﬁsitions define an additional level at T70%2 keV. If
these transitions, which feed 5/2+, 7/2+, 5/2-, and 11/2+ states, are ail‘cor—
.rectiy_placed in the decay scheme, the only feasopable spin and.parity‘assign-
ment isf7/2+."Possible‘transitions to the 75.9-keV 9/2+ and 102.96skev 7/2-
étates are masked. .

 If.the levelvis indeed a 7/2+ state, tﬂevonly available Nilsson band =~
to which it could be assigned is 7/2+{6Bi]. The caléulated o-intensity is 3 -
orderé 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 factor and excitation enérgy
are.quite .similar to those 'of K:= 0. octﬁpole states iﬁ neighboring even
nucleiBo’Bl). Mucﬁ less 1s known about octﬁpole states with K m = 1- or 2-.

256U)

» ok 31 '
A recent study of OPu decay3 ) has disclosed a band around 700 keV in
. appearing to have a K = 2. octupole character, for which the (-decay hindrance

factor (for the spin-3 member:(?)) is also about 60.
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On the other hand, an octupole‘vibrafion might be expected to decay
by El1 transitibns to the K = 5/2— band‘néar gfound, whereas the 770-keV state '
decays predominantly (assuming the 7/2+ assignment) by E2 (+M1) transitions to i
members.ofﬁthe ground state band. This.preference fof‘EE de-exci%ation suggests |
that the 770-keV state may also have an admixture of a p-or y-vibration built '_' -
on the ground state.

The p@ssibility that the_7/2+ assignment for the 770 keV level may be
incorrect raises oﬁe‘further proint of interest: if it were instead s 7/2- state;

‘it could provide a convenient explanation for the .compression of the nearby

B-vibrational (B') band.

5.7. THE 549 keV LEVEL
BKS observe a doubtful a—grouﬁ which defines é possible lével at 549

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

level.

‘ ol
5.8. THE DECAY SCHEME FOR 3 A

ok :
The decay: scheme for Jam is shown in fig. 3(b). The intensities of

239

transitions 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 B-vibrational éonfiguration as the 721.9.

keV level of 57Np. The remaining information shown on the decay scheme is x
‘ 2 .
derived from the Q-spectrum (BKS) and from % decay56). : -
| 6 :
The ground band and the band based on the 7h.67 keV ’.]_evel'5 ) have been -
| 16,41, ko :

assigned 5/2+[642] and 5/2§[525] respectively ). Alpha decay to the

24 ‘
latter band is favored, as in lAm decay. The levels at 267, 327, 359, and
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438 keV have similar Q-branchings and energies almost identical to members of

237

the 1/2-[530] band in Np, so we have tentatively assigned these levels to

that configurapion, Levels at 348 and 427 remain unaésigned.

2 .
57Np have

States aﬁagogous to the 485, 755.8, and 770 keV states of
5 , .
not been seen in 59Np, consistent with the expectation that CQ-branching to

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

2
59Np is the absence of the l/2+[MOO] band. From the faillure to identify this
| 2
band, we conclude that it lies at somewhat higher energy than in 57Np. Scme
2 l; )
of its members may be fed by 5Am G-groups which are unassigned.

6. ‘Conclusions

Much of the level structure of 257Np is firmly established; of 24 known
levels, 23 have beeﬁ giveh definité spin and parity assignments. These levels
belong to five rotafionai bands based'on four single-quasiparticle states and
Qne‘"vibrétional" excitation. The 770-keV level, which is probably a 7/2+
state, is probably also of vibrational-excited characterT Alpha-decay branchings
‘ gfe consistent with the given Nilsson assignments for the single quasiparticle
states, although the presence of some admixtures in at least the two lﬁwest-'
lying bands has important effects on the de-excitation proéessesg). This struc-
ture accounts for all EulAm O-transitions of intensity greater than lO—h%, aﬁd
very probably includes all rotational bands below abdut 400 keV excitatioﬁ in

25Ty, 239

Np has a very siuilar structure, although our knowledge of it is
" more sketchy.

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

admixture of vibrational-excited comporents (i.e., 3-quasiparticle components )
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and. one-quasiparticle components in the bands of odd-mass deformed nuclei. A
v ' ' . 0,31 .
partial study of B-vibrations in heavy nuclei3 »3 ) has revealed irregularities
-from one nucleus to the next which are incompatible with a simple macroscopic
. 037 . .

vibrational interpretation. In Np, the first odd-mass nucleuvus- for which

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

inant M1 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 "vibratidnal" models.

The a—decéy calculations described in sect. 2 provided clues which
revealed the existence of the 1/2-[530] band. For this band and the three
other Nilssoﬁ bands known in 257N , the predicted O-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 apprgach is sufficient. .The combination
of Q-decay and B-decay studies expléiting the high-resolution y-spectroscopic
caéabilities of gérmanium,:coupled with theoretical estimates of rélative O~ and
y-transition rgtes, can significantly extend our knowledge of many heavy nuclei.
23Ty

Inelastic scattering studies on p would be a welcome addition tovprobe

vibrationalfexciﬁed components based on the ground state.
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Table 1

' O - groups of ?%lAm'

Baranov, Kulakov, and Shatinsky (ref. 11)

- Excited. state O~-intensity, Excited state O-Intensity,
energy, keV % energy, keV ' %
0 _ 0.25 N .

S 32.0 - 0.12 357 ‘ 6x 107"
59.6 | 86.0 : 369 9 x 1o“LL
76.5 <0.0L 373 3 X 1o'h

103 ' 12.7 395 . T % T

129 =0.01 . 438 . Lo 1o"LL

158 1.33 ~ bs6 o mheox 10'lL

226 ' 0.015 ' L6z - sh % 1o‘LF

270 5 X 10‘.lL L85 1.h % 10‘LL

306 2.4 x 1077 549 107"

327 : 1.3 X 1070 | 723 o Tx 10'“.

758 8.6'x 10~
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" Table 2
2y y-ray spectrum

1 . 2
Transition Transition
initinl state - energy, keV
final state
¢ 1/2- =C 3/2- %) 13.81 9)
B 5/2- o C 7/2% 26.35 %)
A T/2+ A 5/2¢ 355,20 2)
D 3/2+ - D 12+ &) 38.54 2)
A 9/2+ oA T/2+%%) ¥2.6 9%)
B 7/2- B 5/2- . us.52 %)
D 1/2+ 4C 1/2- ) . s 2)
B 9/2- o B /2 5.5 2%)
B 5/2-4 A 5/2+ © 59.54 2)
D 1/2+ wC 32 ®) 64.83 2)
B 11/2- 5 B 9/2- 67.5 22)
A 9fe+ A 52+ %) 7% %)
98.7 * 1.0
B 9/2- +B /2 99.00 22)
B 7/2- - A 5/2+ . 102,7 * 1.0
not assigned 106,35 £t 2,0 ?
Np K‘3 X-rays 113.8 £ 1.5
B 11/2- » B 7/2- 122,1 £ 2.0 ?
B 9/2- o A T/2+ 125.1 * 2.0
B 13/2- & B 9/2- 146.3 * 1.0
B 11/2. 4 A 9/2+ 150 t 2 2
16k, k£ 1,0
€ 3/2- »B 7/2- 1661 2)
B 15/2- o B 11/2-, 169.2 % 1.0
: 208.2 £ 0.5
C')/Q- - B 5/2- 208.00 2.
ot assigned °) 221.5 % 1.0
C 1/2- =+ B 5/2- %) 221.80 2)
C 3/2- oA 7/2+ ) 254,40 2)
' 267.2 £ 1,0
C 3/2- a A 52+ 267.54 2)
2.0 t 1.
R
not assigned ' 311.9 * 1.0
D 9/2+ 4 A 11/2+ 322.6 £ 0.5
" 3324 0.
‘ D 1/2% mA 52+ 598,56 Z)
‘D 5/e C 393t 05
D 5/2+ a4 A T/2+ 335,38 2)
D 3/2+ 4 A T/2+ B) 337.7 % 0.5 °)
D 5/2+ A 52+ 5"2(;)3_;)95?
D 3/2+ A 5/2+ 370.9% 2)
D 9/2+ A 9/2+ 376.8 £ 0.5

. 3 b
Sngtons per 100 Multipolerity
Am CG-decays (mixing ratios refer

to photon intensities)

5

Trsﬂiibions per 100

Am (-decays

ML + 0.1% E2
2.5 ¢ 0.2 J‘5) _ EL 2'22)
o.00b 1%y e g B
E2/ML > 0.3 2)
L+ £2) ©)
0.01 ) ML+ 1 B2 D72
B %)
ML+ 17% E2 29)
35.9 ¢ 0.7 12+2%) g ,2)
El 2)

ML + 10% E2 &)

(g2} ©)
h
0.024%0,00, ) 22
0.023 E5)) ® ")
R 1
ongsoed e o
<0.001
(7t4) x 107
<0.002 (E2) ©)
(5t2) x 107 (2] )
(1.6%0.6) x 10"‘. [E2] ©)
<.l x 107 (22} )
(k.1%2.1) x 1077 )
(1.0%0.4) x 107" (g2 )
(5.6%1.0) x 107" ML + 2.1% E2
(5.5%0.8) x 1077
2 3
M2 ?)
(2.70.7) x 1077 B+ M2 %)
" (2.120.7) x 1077 {e2] - %)
(2.70.8) x 1077
C(1.6%.3) x 107" o)
(1.8%0.4) x 107" B %)
4 2
{5.7%1.0) x 10 M1, <15%% E2 ©)
(2] )
(2.8:0.6) x 107" %) M1, A% E2°)
<5 x 1072 k) ML, <15 B2 2)
(1.620.3) x 107 M1}

(1.0%0.2) x 1077

214 Py

<1.2 x 10

1B23
(722) x 1077 P)
ERETEE

76t 7°)

(2.5%0.8) x 10
-4 £

-4 b)

(924) x 10

"0.35 ¢ 0.07 T)

0.021 * 0.003

<0.013
(622} %1072
(5.9%2.3) x 10'1‘

<2.9 x 1072
(1.120.6) x 10"*
(2.5%1.0) x 10']‘L

(2.220.4) x 107

6 b

(5%1) x 207 7)

(5t2) x 107 )

(2.5%0.8) x 1077

(3.pio.6) X 10‘h

(2:120.5) x n.o‘l‘

3

<h x 10'6

(4,5%1.0) x 10'1‘

“
<8 x 1077

(2.5%0.5) % 10"‘
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Table 2. Continued

1 ' 2 3 b _ 5
Transition Transition gﬁotons per 100 Multipolarity Traﬂiitions per 100
initial state -, energy, keV Am Q-decays (mixing ratios refer Am Q-decays
final state to photon intensitles) :

D 7/2+ - A 9/2+ 383.9 £ 1.0 (2.920.8) x 1077 ML) (4.521.2) x 10‘5‘ .
D 9/2+ 5 A T/2+ 419.6 * 1.0‘ (3.6%1.0) x 1072 {M1] (5.221.4) x 1072
D 7/2+ - A T/2+ b26.7 * 1.0 _ (3.3%0.9) x 1072 [11} (b 721.3) x 1072
D 9/2+ s A 5/2+ Lsh £ 2 27 . <1.7 x 1072 (Ee] ©) <1.9x107? . <
D 7/2+ » A 5/2+ (460) not obsérved 1.0 x 1077 M1 <13 x 1077
B' 7/2- 5 B 11/2- (530) not observed <7 x 10'6 (2] ©) <7 x 10'6
B' 5/2- - B 9/2- (563) not observed <5 x 1070 [g2] ) < x 107
not assigned 570.2 * 2.0 (1.0%0.5) x 1072
B' 7/2- » B 9/2~ . 597.k 1.5 ' (1.0%0.5) x 1077 ML ‘) (1.2%0.6) x 1077
B' 5/2- » B 7/2-' 618.9 £ 0.5 (8.5%0.5) x 1077 _ ML ‘) (9.9%0.6) x 1072
E(7/2+) - A 11/2+ 641.5 £ 1.5 (1.0%0.3) x 1077 ’ . (1.020.3) x 107
B' 7/2- 5B 7/2- . 652.7 % 0.5 (5.5%0.3) x 1077 m {+E0] f) (721) x 1077
B' 5/2- 4 B 5/2- 662.3 £ 0.3 (5.3*0.3) x 10'1* ML+ 8% E0 ™) (6.420.5) x 10'1‘
not assigned 676 * 2 77 <2.2 x 107
B' 7/2- 2 A 9/2+ 680.0 £ 1.5 (5.3%1.7) x 10'6 (E1] ) (5.321.7) % 10'6'
B! 5/2- oA 7/2+ 688.7 £ 0.5 (4.320.5) x 1077 (E1] %) (4.320.5) x 1072
B' 7/2- o B 5/2- 695.4 * 1.0 (1.0%0.2) x 1077 M 4y (1.2%0.2) x 1072
E(7/2+) - B 5/2- 709.8 £ 1.0 (922} x 10'6 (92) x 10'6
B' 5/2- » A 5/2+ 722.1 % 0.5 (2.8%0.2) x w0 El =" (2.8%0.2) x 1074
E(7/2+) - A 7/2+ 737.0 £ 1.0 (1.220.2) x 1077 (1.5%0.2) 1072
B' 7/2- - A 5/2+ 756.8 * 1.0 (1.320.2) x 1077 (E1] ©) (1.3%0.2) x 1077
not essigned 767.0 £ 2.0 (823) x 10'6
E(7/2+) A 5/2+ 770.7 * 2.0 (1.0%0.3) x 10”2 (1.120.3) x 1077
%0bserved only in 2 (U 8”-decay
YCalculated with the use of 221y intensity datae)

®Observed in 237

Pu EC decay

Gobserved in Coulomb excitation of =

eRequirecl by the decay scheme

£,

gReca].c\,tlated. from the LI/LII

h

rat1022

Calculated with the use of relative electron 1ntensicie522

A small contribution from Np KQ'II x-rays has been subtracted

A small contribution from Np KaI x-rays has been subtracted

) with use of theoretical conversion coefficients of Sliv and Band

) normalized as described in sect. 4.1

55)

"'I‘his y-ray is 2 orders of magnitude too intense to be the C 1/2. - B 5/2. transition

Kl‘he intensities of the unresolved )68 %9 and 370.9% kev y-rays are apportioned by use of the intensity ratio
W, (568 59)/W (335.38) known from 23Ty aecay?).

See sect. 5.5

Mrrom the measured K-conversion coefficient (seec sect. 4.2), The EO component 1s expressed as the fraction
of total transitions.

“The memsured limit on the K-conversion coefficlent (<0.02) 15 consistent only with an El or E2 assignment
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© Table 3

- UCRL-1641L4

Comparison of calculated and experimental CG-intensities

- . Level energy

33.20
75.9
130
(191)
- (262)

59. 5k
102.96
158.52
226.0
304.8

395.2

267.5h
281.35
327
357
438
- L85
(606)
- (671)

a-intensity,l%

Spin
Calculated

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

-5/2 0.2%

7/2 0:10

9/2 0.028
11/2 0.006
13/2 - 3.5 x 1077
15/2 2.6 x T
K = 5/2-[523] band (B)

5/2 87.1

7/2 10.8
9/2 1.8
11/2 0.020
13/2 0.0035
15/2 0.000k4
K = 1/2-[530] band (C)
3/2 0.0015
1/2 - 0.000035
7/2 0.0016
5/2 0.0005
11/2 0.00028
9/2 0.00005
15/2 0.00006
13/2 T % 1077

Experimental

0.25%
0.12%
<0.0k?
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Table 3. Continued
Lgvel energy . Spin. L O~intensity, %
Calculated Experimental
K = 1/2+[400] band (D)

332.36 | : 1/2 0.00007 10.0005"
368.59 5/2 0.00012 0.0015"
370.94 3/2 0.000026 <o.oooeo?
452, 7 . 9/e 0.00006 0.0006°
459.8 7/2 0.00003k 0.00009°
(589) 13/2" 1.5% 10'2 -

(595) 11/2 2.2 x 10

®Measured directly from the C-spectrum by BKS.
bSee discussion of this level, sects. 5.3 and 5.4

“Based on our Y~spectrum and the decay scheme




Inten51ty balance ‘for the K =

_57_ 

Table b o '
5/2-[523] (B) band

" UCRL-16L1L

De-exciting ratiation

4
¥

i
.
L
'

13

‘Level Q-group Total feeding
intensity, % of level, % -
(BKS) Transition Intensity, %
o 26,35 A 7/2+  [214)7
59.54 B 5/2- C 59.5% A 5/2+ _76%7
| 86.0 .- 99.6 total 9748
M Tl L3.42 5 B 5/2- _15%3
102.96 B'7/2- 102.96 A 5/2+ 0.021°
12.7 bk total 15%3
o 55.56 - B 7/2- . 1.4%0.3
158.52 B 9/2- 99.00 — B 5/2-  0.35%0.07
125.1° = A 7/2+ (5%2) x 1072
1.33 1.5 total 1:75%0.h
_ _ 67.5 —> B 9/2- (9th) x vlo'B
226.0 B 11/2- 122.1 - B 7/2-  <0.013
| 150 — A 9/2+ <3 x 1077
0.015 0.017 total | >0.009, <0.022

8The intensity of -this trans1t10n 1s assumed equal to the intensity of the

33.20.- keV trans1tlon
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Table 5
the K = 1/2+[4%00] (D) band

UCRL-l6hlh

O-group

De-exciting radiations

Level
, intensity, % - _
(BKS) Transition Intensity, %
55.01 —C 1/2- o.?io.e X 10'1L
332.36 D 1/2+ 64.83 - C 3/2- (2.5%0.8) x 1o'LL
332.36 — A 5/2+  (2.1%0.5) X 1o'LL
1.3 X 10'5. total \ (5.3%1.0) x 1o'h
o 292.7 A 9/e+ (2.5%0.8) x 1077
368.59 D 5/2+ \ 335.38 A 7/2+ . (1.0%0.2) x 1o‘i
| 368.59 oA 5/2+  (4.5%1.0) x 107
total (1.5%0.4) x 1070
) 1.2 x 1072 -
o ‘ 38.54 - C 3/2- <1.2 X 1o‘u
370.94 D 3/2+ / - 337.7 oA 7/2+ <h x 10'6
370.94% - A 5/2+ <8 x 10'5,
total <2:o X 1o”LL
intraband transitions [0]
- 322.6 oA 11/2+  (3.0%0.6) x lO~i
452,7 D 9/2+ 376.8 A 9/2+ (2.5%0.5) x 107
A . -
‘ 419.6 A T7/2+ (5.2%1.4) x 10 2
total (6.0%0.8) x 10'4
p 8 x 107" ' :

459,8 D 7/2+

intraband transitions

383.9 - A 9/t
L26.7 S A T7/2+
Léo - A 5/e2+

~ total

(L.bf1.2) x 107

(o]

(L.7%1.3) x 1077

<1l.3 X 1077

(9.12.0) x 1077

5.
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- Table 6 ,
Branching ratios for transitions between band B' and band B

IS

Initial state: Final statév _b Branching ratios
Experimental M1 E2

o | { 59.54 B 5/2- (100) | (100) © (200)
721.9 B! 5/é-4§102.96 B 7/2- 16 = 2 33 95

- {1%8.52 B'9/2- <1 | . 21

( 59:54 B 5/2- . (100) (100) o (100)

- ]102.96 B 7/2- © 530 t 120 ©o153 - 3

755.8 B 7/2f 158.52 B 9/2- 100 * 50 - 115 50
' 226.0 B 11/2- <70 - - - 18,
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Figure Captions

- 2k ;
Fig. 1. lAm Y-rays measured with the lithium-drifted germanium detector.

Fig.

Fig.

The spectrum shown is a composite of three measurements covering different
g

energy intervals.

2l

2. Am coincidence spectra

(a) o-particles coincident with all Y-rays of energy >500 keV.

(b) a-partlcles coincident with all conversion electrons of energy >380 keV.
(¢) y-rays coincident with the 4.84 MeV a-peak. The width of the Q-window
used in (c) and (d) was great,enough to include the entire complex O-peak.
(d)_Cogversion electrons coincident with the h.8h.MeV a-pea#.

3. (a) Decay scheme for EulAm. Energies (in keV) and spins are given in
boldface type. Absolute photon intensities are given on the 7y-rays, and
relative photon intensities (normalized to 100 for each level) above the
Y-rays, all intensities being in lighter- type. Slaﬁt numbers to the right
of the a-intensitieélare‘hindrance factors.

o3

(b) Decay Scheme for Am. See caption for fig. 3(a).

F
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,

" or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on 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.






