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C. M. Lederer’ J. M. Jaklevic. and S. G. Prussin’
Department 6f Nuclear Engineering and
Lawrence Radiation Laboratory
University of California

Berkeley, California 94720

February 1969

Abstract

A low-lying KIm = 22- state of 236U, first characterized in meésure—
ments of,ghoPu alpha decay, has been more thoroughly studied in the electron-
capture decéy of 236Np. Its eﬁergy is 687.70i0.i0 keV, its half-life is
(h.hiO.6)X1079 seconds; and it decays by M2 and El transitions-to members of
thevground—state band. It is populated with an intensity of l.5ib.3%:in the
decay of 236Np, and (2.li0.h)XlO-5% in the decay of 2hOPu,v_in the latter case
presumably via an alpha transition to the unobserved spin-3 member of the
.band; Besides having the lowest energy of any known 2- state in an even

nucleus, the state is characterized by fast M2 transitions and highly hindered

El tfansitions.

T o - s L
This work was performed under the auspices of the U. S. Atomic Energy

Commission.
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1. Introduction
The present investigation arose from apparent inconéistencies cbserved
in o~y and a~e coincidence studies of ehQPu decayl). Those measurements, made
in 1962-1963 showed that o decay of 2hOPu populates a state around 693(+20) keV

236

U. Gallagher and Thomas had previously observed transitions

236

excitation in
of 6&3 and 688 keV in the decay' of Np, which they assigned as transitions
from a 688 keV state to the ground and first-excited states of 236U’<ref-2); it
seemed iikely that this was indeed the same state.

Systematics of level energies and o~hindrance factorsl) would suggest
_ that this is the lowest member of the K = 0 octupole-vibrational Band.
However, the conversion-electron data obtained from the coincidence measure-
meﬁts, described in sec. 2, seemed to indicate that the ﬁultipolafity of the
688-keV ground-state transition from this state was M2. This would fequire
that the 688-keV state have a spin and pariﬁy 24,‘in which case direct o
feeding from the 0+ ground state of 2LLOPu would be forbidden by parity con-
" servation and tﬁérefbre unobservable. B |

This internal contradiction in the experimental results wbuld be
removeg if the 2- assignment were in erfor, or if one postulated that aldecay
feedsﬂnot thév688 keV state, but an additional level which lies slightly above
the'688-keV state and decays predominantly to it vié a low-energy, unobserved
'fran;ition.v The measured o énergy is consistént with this postulate if the
proposed additional level lies not much more than 30 keV above the 688-keV
state. However; the & energy is also consistent with the assumption that the
688-keV state is fed directly. Thus on the basis of these results, the 2-

assignment for the 688-keV state and the required corrolary postulate of indirect
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Va.feeding were open to doubt: The occurrence of a 2- state at such a iow
energy in an even nucleus in fh;S'région is also suspect on the groundé of
Systematics; for both reasons it sééméd désirablé to réstudy thé decayfof this

* state with high-résolution épéctrOSCOpic techniqués.

Feéding of.thé 688—kéV staté from 2hOPu décay is extremely weak'(aioﬂs%
of the total d decays), which makes it véry difficult to study the transitions

236Np, which was thought

which de-excite it. We therefore studied the decay of
.to pdpulate thé 688-keV state with an intensity on the order of one percent.
These measurements, performed in 1967-1968 with sémiconductor spéctrometers,
haveuénabled us to confirm thé 2- assignmént and té éstablish nore ﬁhoroughly
the properties of the 688-keV gtate. Thé multipolarities of the.6h2— and 688-
keV transitiong are well established by thé K- aﬁd L-subshell coﬁveréion
coefficients, and the state also decays by a weak third transition to fhe

236

second-excited (4+) state 6f U. A comparison of the gamma—ray and conversion-
: elec£ion iﬁtensities with those of K-X rays and B8~ particles allows us to

deduce the absolute branching and log ft for EC decay to the 688—kthleve1,

ABy mgasuring the time delay between K-X rays and the 6&2—kéV'Y fay, we have

also determined the half-life of the level. Together with thésé resﬁlts, we

include the previously unpublished results of the a-decay measurements.
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2. Thé-Alpha Decay of_ghOPu

Sources of ZhOPuvwere prepared from available material by vacuum-
evaporation.from a tungsten filament onto backing féils of either 0.013 cm
thick7polystyrene or 0.005 cm aluminum. Measurements were perforﬁed with a
coincidencé spectrometer employing a p-n junction silicon detector for o
particies, a NaI(Tl) scintillator for Y rays, and a Si(Li) detector forﬁ
elecfrons. Resolution of the fast coincidence circuit, 27, ﬁas hb nanoseconds.
Details of the detectors, the fasf—slbw coincidence circuit, and ﬁhe methods
of energy and iﬁtensity calibration are reported elsewherel’3).

Figures 1(a) and 1(b) show sPéctra'of dvﬁarticlés in coincidence
with.Y rays and conver;ion electrons, respectively. Both spectra show the
presencé of the same & group in true coincidence. Eight separate measurements
of the o energy yield excitation energies in the range of 673 to 707 keV for
the sfatebof 236U populatedvby this group. - The best value is 693*20 keV, |
the é}ror being approximately one standard de&iation.

Figures 1{(c) and 1(d) show the y-ray and electron spectra in coincidence
with the "d693” group. The Y spectrum of a strong 2hOPu source measured with
a Ge(Pi) detector (fig. 2) shows that the "650-keV y ray" in fig. 1(c) is
actuaily a doublet consisting of lines at 6&2.310.& and 687.8+0.5 keV. Partial
resolution of the electron lines from these transitions (fig. 1(4)) yields
some.conversion data which are summarized, together with the rest of the
g~-decay data, in Table 1. Although superseded by morevprécise measurements

236

" on "Np decay, these data do help to relate the a-decay data to the EC data,

and provide also the a-transition probability.
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As discussed in the introduction, these results suggest the presence
in 236U of a low-lying state of negative parity with K = I = 2, although it is
necessary to postulate that o decay feeds this state indirectly via a slightly

higher-lying level. A plausible assumption is that this level is the spin-3

member of the same band, which should decay to the spin-2 member by a fast

~10

(=0 s) MI+E2 transition. Our failure to observe direct transitions from

the 3~ state to the ground-state band implies that ﬁhe lifetime of the

interband transitions is much longer than lO_lOs. This inferrence is confirmed

by direct measurement of the half-life of the 688-keV state (see sect. 7).

The 3- member of the KT = 2~ band should be about 3k keV above the 2-

232 3hU.

state, as.in U and 2 If this state in fact receives the direct

feeding, the o energy which we measure is =~ 29 keV too low.

3. 236Np Sdurcés
236Np was produced by the 235U(d;n) réaction, by bombardment of
. enfiéhed 235U with 11 MeV deuterons in the Berkeley 88~inch cyclotron. ‘The
.low.bémbarding eﬁergy wvas chosen to minimize the production of 2§th._ Two

separaté experiments were performed: source I was studied in Juiy 1967, and

source II, prepared from a target material of much higher 235

U-ehrichmgnt, was,I
studiéd,in October 1968. Data on the target material, bombardment conéitions,
andvfesulting_activities after chemical separation are given in Table 2.

The taigets were dissolved in nitric acid and the neptuniumvcopre— '
cipitated on LaF

from a solution 2 M in HNO_, 2 M!in HF, and 0.16 M in

3 3

HESOM' An oxidation-reduction cycle eliminated some of the remaining

fission prodﬁcts,vand a final purification and removal of the carrier La was
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(d,p)(B )], and

! coﬁtained predominantly
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then done on an anion-exchange column. The column was washed with many
column volumes of 8 M;H01, which removed some, but not all of the remaining

Zr and Nb impurities. The activity was then eluted with 2 M HCl and sources

were prepared by vacuum. sublimation onto thin aluminum backings. The deposits

were almost‘invisible, and the electron lines from the sources showed ho

noticeable broadening or tailing even at the lowest energies observed (20 keV).

The collimators used during the source preparation served as y-ray sources.

s 2 ' . .
- In addition to 36Np, both sources contained considerable amounts of

238 239 3k 238U(d’n)’ 238

Np, and 2 Np produced in the reactions

235

Nﬁ’ U[(d,n§ +

U(d,3n). Because the cross sections for the first two of
235

these reactions are both much larger than the U(d,n) cross section, source

238 39Np. The proportion of these isotopes

38U in the

Np and 2
was ﬁuch lower in source II, due to the much lowef proportion of 2
target.' In addition, the sources contained on the order of one percent by

o7 97 95

activity of Zr and its daughter ~ 'Nb, and very small amounts of ~°Zr and

233Pa. The presence of other unknown activities was indicated by a few weak,

unéssigned Y rays.

L. Gammé*Ray‘Spectra
Spectra of source II were measured with a 13 mm thick x 8 cm2 planar
Ge(Li) detector operated at L750 voits bias. The resolution of this detector
system varies from 1.5 keV at 100 keV to 2.4 keV at 1 MeV, and it exhibits an

'6000). Source I was studied with a

excellent peak-to-Compton ratio (1b:1 for
35'cm3 U-drifted coaxial detector which had a resolution of about U4 keV at

1 MeV. Most of the results quoted below are derived from the source II
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measurements. Counting circuitry for both the y-ray and electron detectors
has been described elsewheres).
The spectrometers were energy-calibrated with standard sources. The

236

‘energies of thé two prominént Np Y rays wéré also récalibrated by simul-
taneéﬁs measurement with internal standards in order to corréct for small
drifts. TFor determination of rélativé intensities, the photopeak efficiency
functions of the detectors Weré measuréd with IAEA standard sourées.
The.half-livés of all buf the wéakest lines were measured by'observing

their decay for sevefal weeks following source preparation. These half-lives
help_tobéorroborate isotopic assignments based on comparison of eﬁergies and
energy differences with known level positions in the decay daughters.

"‘ In addition to uranium X rays, the Y-ray spectrum contains thrée lines

236

which we assign to the decay of Np*thé previously known transitions and
a néﬁ{weak Y ray at 538 keV. The data are summarized in Table 3, and relevant
portions of the spectra are shown in figs. 3(a).éhd 3(b). Satisfactory agree¥
‘mént between the energy differences and the known energies of transitions

236U (Table 3) support the hypothesis that

within the ground state band of
all three lines depopulate the éame state at 687.70£0.10 keV. It has also been
shown th;t the 6L42-keV transition is in coincidence with the h5.3kkeV 2+ > 0+
transition, but that the 688-keV transifion is not8). The present measure-
ﬁents redefine the energy of the L4+ member of this band as 149.45t0.15 keV.
Gamma rays from other activities in the source were examined‘primarily

36

Np. The intensities of

9-11

to ascertain that they should not be assigned to 2

239Np Y rays are in general agreement with published results

12
Y.

), as are

the énergies and intensities of 972r—Nb Y rays ‘The energy of the
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prominent transition in the decay of “'Nb is 658.16%0.10 keV. New data

obtained on the Yy spectrum of 238

L : ' v . : ,
stronger Yy rays of 23 Np, including all previously reported lines above 1 MeV,

Np will be published at a later date. The

were observed and their intensities found to be in agreement with valués

reported by Wapstrals) and by Hansen et al.lh).

5. Convérsiop Electron and Beta Spectra

Conversion-electron and B spéctra of thé sources were measuréd with
3 mm thick Si(Li) detectors. The detector uséd to study source II has a reso-
lution of 2.2 keV at 600 keV. Thé efficiéncy of this detector Was calibrated
relative to thé Y-ray detector with sources having Y rays with accurately known
conversion,coefficieﬁts (seé fig. L). |

Fig. 5 shows thé portion of thé spéctrum containing lines from:the
high-energy 236Np transitions. AllVCOﬁversion lines of the 642~ and 688-keV
Y rays and the L_(+L__) line of the 538-kéV transition are obserﬁed. We also

I II

observed the L and'LI

236 36

11 T lines from the low-energy 2+ - 0+ transitions in

U and 2 Pu which follow EC and B branching to the 2+vlevels.

Approximate LI/LII ratios for the 642- and 688-keV transitions:Were
obtained by computer-fitting the complex peaks with gaussians with exponentiai
low4eﬁergy tails. (Peak positions were fixed with reference to. the K~lines and
the ihtensities and shape parameters were allowed to vary.f The resulting fit
for the 6L2-keV transitioﬁ is shbﬁn in‘fig. 6. Although the presence of the LII
line ;is not ébvioﬁs from visual inspection of the figure, the LIfLII pegk is

found from the analysis to be too broad to fit with a single line. The LIII

line is well resolved, but its intensity has a large uncertain%y due to its



-8~ ‘ UCRL-18T7L4T

weakness. Similar analysis of the L lines of the 688-keV transitions gives

evidence for the existence of a wesk L. . line. The errors from these

T
fitting procedures are included in Table k.
By compafison of the conversion-electron and Y-ray intensities with

137

those from a Cs sourcé and corréction for the énergy dépendénce of the
detector efficiencies, the absoluté_convérsion coefficiénts were déduced.
Thes; and the subshell-conversion data are summarized in Table L. Comparison
with the theoretical values confirms the M2 assignmént for the 688-keV trans-
ition. Similar K-conversion data and X/L ratios for the 642- and 688-keV
transitions have p}eviously'beén méasuféd, though not publishéd8).

The L conversion coefficient of the 538-keV transition suppbrts

I+IT

an M2 assignment for this transition also. Thé bho-keV transition must then be
Bl + M2, from the K—copversion cééfficient thé M2 admixture is L42%5%, ;n fhe
assumption that the El and M2 conversion processes are 'normal'. However,
the greét retardation of the El cémponent, as discussed below, does give rise
to tﬂé possibility of anomalous El1 conversion. Takén'togethér with the
exisfence of 3 y-ray transitions to O+, 2+, and 4+ sfates, the Eonversion
data éupport an unambiguous o assignment for the 688-keV state.

Although we feel that the transition multipolafities are ﬁell estab—
lished, the measured K/L ratios are>about 15-25% lower than the theoreticai

.valuesls).

It is difficult to see how this could be due to an experimental
effect. A sharp rise in the detector efficiency with increasing energy is
both unlikely and inconsistent with the méasured efficiency calibration. An

alternative possibility, enhancement of the apparent L~line intensity by

summing of the K lines with K-X rays, can be discarded because 1t would have
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lines, and also because in the same

239

enhanced predominantly the wesk LIII

spectrum wé observe normal K/L ratios.for prominent Np transitions. With
due.cauéion fegarding the uéé of an unprovén méthod.for méasuring précise
relafive—elecfron intensities, Wé féél that thé disagréément is very likely

a real one.”‘Coupléd with thé'agréemént obtainéd with thé théoréﬁicalvk—
conversion coefficient of thé 688*kéV’M2 transition, the low K/L ratios would
'imﬁly that the LI+iI
“the 688—keV M2 transition, and probably also fbr the M2 component of the

coefficient is greater than the theoretical valueror

6h2e#ev tranéition. We have no éxplanation for this discrepancy.

.‘ For measurement of 8 continuum spéctra, thé sémiéonductor déﬁéctor
has the great‘disadvantage of an uncertain_b#ckground which results from
Compton distributioﬁs of vy rays,‘and'from partia;.response to eléctroné due‘to
backscattering; :Partially offsetting this disadvantage is the multi—channel
nature of the-éemiconductor spéctrometef, because the better stafistiéé thus
obtained permit a determination of thé endpoint and intensit& from a small
region near the endpoiﬁt.

By extrapolating a linear background from the region beyond thé end~
point, (see fig. 5), we obtain a 8 spectrum which yields the Kurie plot shown
in fig. 7. The endpoint of the spegtrﬁm, 53718 keV, is somewhat'higheﬁ than

16,17)

the values previously reported . The Kurie plot suggests the presence

of a Weak inner group. However, the intensity of this group'is'Smaller than

236

the "feeding of the hé—keV state of Pu, as deduced from the inﬁensity of the

LIII‘iine of the hS—kéV transition relative to the intensity of the outer
B~ group. Uncertainties in the background probably account for the under-

estimation of the intensity of the inner group. The data are summarizéd

in Table 5.
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6. The Decay Scheme of 236Np
The measured cohversion coefficients relate the intensities of the
conversion lines and B groups to the intensities éf the K-X rays and Y rays.
With the use of known fluorescence yields and theoretical electron-capture
shell ratios18), ﬁe have calculated the intensifies of primary EC and B~
branches in the decay of 236Np.' The reéuits are given in fig; 8. We have
" used the ratio (total EC)/(total EC + B ) = 50%5%, deduced from fhe ratio

236

of ppé K-X ray intensity from the decay of Np to the yield of the'u—emitting

daughter 236Pu-l7)

. This is in good agreement with the value which we derive
from the ratio of XK~X rays to B particles, 47t87%.
Log ft values were calculated by using the formulas of KOhopinSki and

19). The EC decay energy of 236Np was deduced to be 0.96+0.03 MeV from the

Rose
measured B_—decay enéfgy and closed energy cycles. Most of the uncertainty‘
in this quantity arises from the uncertainty in the B——decay.enefgy of

228Ac.

T. The Half Life of the 688—kév Level

The half—life of the 688-keV levél was measured by a K—X-raf—ylray
coinéidehce experiment. The dgta were taken simultaneously WithAthe Y-ray
.speétra by splitting the outﬁut of the amplifier on the Ge(Li) detector. The
Eho-keV v ray was detected bj the planar Gé(Li) detector, whose ﬁiming_char—
acteristic¢s have beéﬁ carefully studiedgo). K—X fays were detected by?a
S5-cm X 5-cm NaI(T1) scintillator. Leading—edge discriminators on the fast
smplifier outputs from each detectof produced start-stop signals to a time-
vto—aﬁplitude converter, the output of which was gated by single—chanﬁei

windows set at the desired energies.
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Response of the system to prompt coincidences was determined with the

following sources gated on the energy region indicated:

a) 22Na 511-keV photopeak [Ge(ILi)] - 100-keV Compton [NaI(T1)]
b) 6000 650-keV Compton [Ge(Li)] - 100-keV Compton [NaI(T1)]
c) (23h)Np >700 keV [Ge(Li)] =~ U K-X ray photopeak [NaI(T1)]

All three sources give approximately the same timing curve. The resolﬁtion was
li ns FWHM, most of which was due to the NaI(T1) detector. The "brompt” siope
on the Ge(Li) side corresponds to a half life of 1.3 ns. The time scale was
calibrated by inserting different delays up to 32 ns with a delay Box. The
uncertainty in this calibration is much émaller}than the statistical uncer-.
taint;es in thevdelay curve.

Figure 9 shows the 642-keV y-ray-K-X-ray delay curve with a prompt
curve obfained from the 60Co source for comparison. From the slope on the
Ge(Li) é;de one obbains a half-life of U.4£0.6 ns for the 688 keV level.
The:assigned error is larger than the statistiéal error to allowvfor possible
systematic errors, particularly those which might arise from gain shifts during

the 24 hour déta—taking period.
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8. Character of the 2- State

An assignmént of 2 for the K-quantum number of the 2- state in 236U
follé#s from the absence of any lower-lying member of the band. Such a level
would certainly have been populated by a rotatiohal transition within the
iifetime of the é— state. - Although the reduced branching ratios (Table 6)
are closer to those expecteé-for K = 2 than for’K ='O or‘l, the agreement is
poor. It is possible that our estimate of the M2 component of thé 2- > 2+
transition is high if the El component is anomalously converted. The high
intensity for branching to the h¥ state could be accounted for by a small
K =‘i'or K = 0 impurity, but the assumpﬁion of such an impurity w@uld lead to
serious difficulties in accounting for the large retardation'of the E1 transi-
tion rates, as discussea below. This discrepancy, as well as the high‘
r(2 + 2)/(2 » 0) branching ratio, may indicate the need for higher-order cor-
rectibns'to the Alaga rules21).

The 2- state of 230

U'is unusual in several respects. Its_energylis
low—in fact, it is the.lowest known 2- state in any even nucleus;. It is also
characterized by,relatively.fast M2 transitions and gréatly retarded El
transitions to the ground-state band. Although little is known about other

- 2- states in the deformed region, there are well characterized 2- states in

232, . 23k, gg-eu

), some properties of which are compared in Taﬁle T. A

~ trend toward lower energy, slower El's, and faster M2's with incréasiné
neutfon number is evident. There is presently no experimental inforﬁétion on
é; states in Th or Pu which might yield trends with respect to prbton number.

The hindrance factors for o decay to the spin-3 members of the bands are

comparable to those of the spin-1 members of the K = O octupole bands in this
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regionl), but are lower than the hindrance factors for spin-3 members of

the same K = 0 bandsl’28)

Calculated energies of X = 2 octupole states increase with ihcreasing

26,27)

neutron number As pointed out by Faessler and Plastin026), the cal-
culated energies depend mainly on the wellnestablished positions,of sipgle—
particle orbitals rather than on the specific form of the potential interaction.
Thus:the galculations fail to reproduce the trend in the energies.‘ The same
calcﬁlafions do reproduce the trend toward lower 2- states in Cm and Cf
isotopes.

29)

The calculations of Faessler and Plastino and of Donner and Greiner

also predict hindrance factors on the ordef of 100 for El transitions from the

K =1 and K = 0 bands. Since the hindrance factor for the 2--§l—> 2+ transition
in 236U is 2Xlo7, either the admixture of K = 0 or K = 1 in the 2- state is
<lO—SP which implies a surprising degree of K-purity, or there is a fortuitous

cancellation of K = 0 and X = 1 contributions tb the El matrix elements.

I.2 1
i

Ki Kf_Ki

U are close to the single-particlé estimate.

If one includes the statistical fa.ctor[c

2 ]
J ~ in the theoretical
236

estimate, the M2 transitions in
Such fast transitions must arise from major components of the wave functions

of the initial and final states. There is preséntly no direct information on

236

the structure of the 2- state in

in ?3hU is the two-neutron configuration 7/2-[T43] 3/2+[631]; from the

U. The major component of the 2- state

‘spectroscopic factor for this state in the reaction 235U(d,t), Bjﬁrnholm

et al;2h) deduced that the squared amplitude of this component isi0.58t0.10.

The ¢alculations of Soloviev and Siklos27) predict a value near 0.75 for the

2~ states of both 23LlU and 232U, with an additional component (*&5%)vof the
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two-proton configuration 1/2-~[530] 5/2+[642]. These two components cannot

by themselves account for the strength of the M2 transitions in 236U.

37

Transitions between the bands 1/2-[530] and 5/2+[6L42] in 2 Np sre hindered

by a factor of 162 30), The transition 7/2—[7L3] Me 3/2+[631] has not

been observed, but if it were hindered by less than a factor of 102, it
should have resulted in observable M2 transitions in the decay of the é— state
of 23¥U. |

| In the absence of any other probable strong component of the 2; state
: which éan be constructed from two Nilsson orbitals connected by allowed3l)
M2 trénsitions, it is interestihg to speculate that the M2vtransitions in
236U may result from a coherence effect. Such a "collective" M2 couid be
' ‘?related to the spparent collectivity of the state, as suggeéﬁed by its low
.energy. It would bé especially interesting to Coulomb-excite the 3- member
of the band,'iﬁ o?der to determine whether the B(E3) also exhibits a'high
value characteristic of octupole—vibfational states.

Wé would like to acknowledge the help of the cyclotron crew and

members of the Safety Services group at this laboratory for their help .in
prepération of the samples, Edgardo Browné for his assistance in preparing

~targets, and Drs. Gordon Struble, J. M. Hollander, F. Asaro, and Prof. I.

- Perlman for helpful discussions.
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TABLE 1

Weak o branches of 2240Pu ‘

o Groups

Alpha energy, MeV ‘ 4L.48 Lh.21 ¢ )
Excitation energy, keV 693+20 970%50
in£énsity, coinc. with Y rays (1.810.3)X10_5% 51X10_6% 2)

- Intensity, coinc. with (3.ht1.o)x10"6% 53x1of7%

el§ctrons

. Totalzintensity (2.1io.h)x10'5% _ <1J3X1o”6%

Hindrance factor b) ‘ 55 >8
Y rays coincident with q693

Gamma energy 642.3+0.4 ) . 687;8i0,5 )
Relative intensity 1.00 ©) 0.2740.02 )
Y rays/guOPu o decay (l.hiO.Q)XlO"S% (0.3810.10)X10—5%
e /Y 0.11%0.0k4 0.26%0.10
K/L+M+... : v 3.5%21.0 3.0%1.2

%)We obtain scant evidence (5 counts) for a Yy ray of ~860 keV in coinciﬁence ‘
with £his'a group -

b)Hihdrance factoré are calculated with the one—bod& equations of Pfesténh);
‘the ggclear radius -was chosen to make HF =1 forvthe ground state transition.

c)From the'y—ray singles spectrum.
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TABLE 2

Sources for 236Np studies

=

Target matérial:
Isotopic composition:
23k
235
236
238
Bombardment:
| energy at target
flpx
iength of bombardment

Composition of source
(by activity): @)

23k

Source I Source IT
uranium foils U308 packed powder
0.007%
93% 99.71 %-
0.022%
T% 0.26 %
11 MeV - 11 Mev
10 pA : 20 UA
3.3 hours | " 6 hours
1.5 not measured
100 100
56 3.1
12k 8.5
not observed O{OOM
0.8 1.9
not observed . »O.lT

: #)Intensities relative to the

" bombardment:

236Np disintegration rate at the end of the.
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TABLE 3.

Y rays of 236Np

UCRL-18T7kT

Half-life

E _, keV Relative intensity
Yl {(hours) A
[ #3
UK 1047+50 22,5+0.4
O(.2 .
UK 1712+85
%
UK, ! 599150
By
U KB ! not well resolved
©2
538.25%0.20 1.11%0.12 236
6L2.42%0.10 100 22.4%0.6
687.71%0.10 26.5%0.5 D00

Measured difference

687.71-642. 142

. 642, k2-538.25

Energy differences

Ground-state band transition

45.29£0.07

lOﬁ.lTiO.lS

%)

103.6 0.3 T)

L5, 28+0,06




Interpolated from

the tables of Hager and Seltzer
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TABLE L
o . L 236
onversion coefficients of Np Y rays
Coefficient and Experimental Theoreticala)
transition value v '
El E2 E3 M1 M2
o /; () 0.112+0.010 0.00950 0.0186 0.0451 0.109 0.251
L 688 0.22 +0.02 0.00598 0.0165 0.0394% 0.0908 0.207
er /Y 538 0.086+0.027 0.00156 0.00975 0.0532 0.0330 0.101
I+11 » : '
i 642 3.59 +0.11 5.73 2.79 1.48 5.29  4.19
688 3.27 %0.16 5.75 2.99 1.66 5.26 4.26
6h2 11l .2 1.24 0.61 8.1 6.3
L_/L ,
I""II 688 T+3 1.40 0.69 8.2 6.3
L ek 36tl$ 13.9 9.4 10.3 25k 43
L. ./L :
I+IT°711T :
688 h6t28 14.5 0.5  11.k4 256 48
a) 15).
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TABLE 5

2
Beta groups of 36Np

Present work Grayl7) O’Kellyl6)
s

E,(1), keV 53748 " 500%30 51810

E,(2), keV ” [492]%)

1(2)/1(1) 0.07 ®)

) c . b
ILM..l;‘(M"6 \()/IB ) 0.25%£0.09 ") 0.17

C

;LM...(h5.3 Y)/IB ) 0.1610.96 | 0.17

I6k2 )/, (2.0%0.6)x10™>

a)Th'e_~Kurie plot was fit with two components with the constraint that the dif-
féréﬁce between their endpoinfs be 45 keV.

b)Accérding to the decay scheme these numbers should be edual. The disérepancy
probably indicates an undereétimation of the intensity of the inner.beté group.
We have adopted the intensity of the LkL.6-keV transitions as the beta féeding
of the 2+ lefel of 236Pu. |

o :
)The intensities of the low-energy transitions are calculated from the

inﬁensities of'the LIII lines and the theoretical subshell ratios.

[ &8
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TABLE 6

M2 branching ratios in the decay of the 2- state

Transition Reduced branching ratio?)

Observed. . K=20 K=1 K=2
538 (2~ > L+) 14#2 250 115 7.5
Lo (2- » 2+) 22ht27b) 143 36 . 143
688 (2- + 0+) (100) (100) (100) ~ (100)
a)Thedretical estimates for K = 0, 1, or 2 are based on the Alaga rulesgl).

b)On the assumption that the El-component of this transition is not anomalously

converted.
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TABLE 7

Some properties offthe K = 2 negative parity bands in uranium ithdpes

observed ' 1017 990 688
E, keV ( calculated, ref. 26 1130 : 1150 | 1270

‘calculated, ref. 27 1100 » | 1300 -
tl/g"s | | <5Xlo"ll 22) ' zgxiO'lO b) ,h.MXIO-9
F(M2, 22- -+ 02+) %) g >100°) 8
F(El, 22- > 02+) %) <'_u><1o5 | zex1o6 ox10 7
HF (@, 00+ + 23-) v' L - <21 29) | 55

a)y-ray hindrance factors are relative to the Moszkowski estimates for a single
proton transitionzs); the statistical factor is omitted from the theoretical estimate.
b)Estimated from the competition between interband El and intraband transitionszh).

C)From the agreement of the K-electron line intensity with the Y-fay intensity

and the theoretical El conversion coefficientse3’2u); we estimate that the M2

23k 232

component of this transition is <1% in both U and u.

e



"Fig. 3. <Y-ray spéctrum of Np
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Figure Captions
s N 2ko
Fig. 1. Coincidence spectra of Pu
(a) o particles coincident with Y rays of energy >500 keV.

(b) o pafticles coincident with electrons of energy >U50 keV.

(c) Y rays coincident with the Ogg3 BrOUD. The source used in this meas-

239

Pu by activity. Sources used for other céincidence

urement contained ~2%
measurements contained <0.2%

(d) Conversion electrons coincident with a693.
L 2ko . . 2kl
Fig. 2. Y rays of a strong Pu source. The source contained O.7%_« Am

by activity.
236

(&) K-X-ray region. The Pu X-rays are due to 238

(b) Region of the 236Np Y rays.

239

Np and Np.

Fig. 4. Efficiency of the.Si(Li) detector. The standard sources were l09Cd,

Mg, 2971, 13Tcg, ana #np.

236

Bi,
Fig. 5. A portion df the Np electron spéctrum. ‘The background extra-
':polation is that uséd for énalysis of the B-.continuum spectrum.
Fig,f6. Computer fit of the L lines of the 6L42-keV transition. Thg péak
positiops vere fixed relative to the X line, and the intensities, shape

parameters, and the linear background were varied to produce a least-

squares fit.

Fig"'7. Kurie plot of the ?;6Np beta spectrum near the endpoint. F' is the
Fermi function, corrected for.screeninglg).
Fig. 8. Decay scheme of 236Np. The postulated indirect a feeding of the
236

' 688-keV state of U is also éhown.v Slanted numbers represent log ft

- values and o-hindrance factors.
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T

Delay curve for K—X-ray—6u2—keV Y-ray coincidences.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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