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Abstract

The internal conversion electron and gamma-ray spectra from the decay

237

of U have been studied with use of a high-resolution 72 iron-free spectrom-

eter and solid-state gamma-ray spectrometers. In addition to the previously

. . : 2(—-
known transitions, several new lines were observed and fitted into the 5{Np

" level scheme. - Absolute conversion coefficients for most of the transitions

were determined. The presence of the previously undiscovered level at 281.35
keV, confirmed by the observation of a very strong 1%.81 keV M1-E2 transition
and a weak 221.8 keV crossover transition, establishes that the 267.54 keV

3/2- level is the lowest member of a K. = 1/2= bhand.
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1. Intrecduction

The continuing interest in the energy levels of ggng as an aid in the
development of a nuclear model for the heavy elements has been p01nted out in
the introduction of the previous paper ), and in that paper a new analysis of
the large body of data from Qg;Am alphé decay is presented. Some of th¢ many
257Np'levels seen in alpha decay are also populated by the beta decay of gg
and. tﬁese levels were the subject of an investigation iﬁ 1956 by Rasmussen,
Canavén, énd Hollanderg). Although 257U decay involves.many gamme. rays, most
of whicﬁ are too cloSely'spaced to be resolved in scintillation spectra, the
use éf high—resolutioﬁ rermanent magnet spectrographs allowed RCH to make

definite multipole assignments and to establish an unambiguous decay scheme.

Recently, two significant advances have made it worthwhile to re-study-

237T;

~the decay of U. One of these is the availability of lithium-drifted germa-

niuﬁ-andAsilicon detectors coupled to field-effect transistor preamplifiers
("fET"), with which gamma-ray line widths as small as i keV have been achieved.
With these devices the photon épectra can be much bétﬁer defined than was pre-
viously possible so that more accurate intensity measurements.cén be made and
new, weak gaﬁma réys can be identified. Also% in combination with high-resolu-
tion conversion electron specﬁroscopy, these detectors allow the determination-
of internal conversion coefficients for practically all transitions in the
spectrum.

The other advance has been achieved in the new study of 2ulAm by
Lederer,‘Poggenburg, Résmussen,'ASaro; and Perlmanl). Making.use of the most
recent advances in alpha decay theoryB) together with new measurements of the

gamma ray spectrum and alpha-gamma coincidenges they proposed a level scheme
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which involves a major feassignment cf the Np levels observed by Baranov,

4,5

2u
Kulakov, Zelenkov, and Shatinskii’~) from their detailed lAm alpha spectrum

- 2k
data. Although the alpha decay of 2 lAm involves many more levels than are

2
57U beta decay, the 251

I g}
. seen from

U data are involved in an imporfant vay as a
consequence of the fact that the 5/2- state at 267.5 keV, which receives most

of the'primary-237U beta decay, hés been assigned by LPARP as the I = 5/2 menmber
of an inve%ted K = 1/2 band, with the I = l/2vmember assumed to have been
unseen. From the known energies of the levels assigned By LPARP to the I = 5/2,
7/2, 9/2, and 11/2 members of this band, they predicted that-the.l = 1/2-level
lies at ~280 keV. A consequence of this-intérpretgtion is the prediction tﬁat
the I = 1/2 (280 keV) level is actually populated to a considerable extent from
257U beta decay, but because it lies so close to the I = 3/2 level (267 keV) it |
has thus far‘escaped detectionf A crucial test of this hypothesis is the

237

search in U decay for a strong low-energy- intraband (1/2 — 3/2) transition

(~15 keV) and also'for the weak intéfband transition of ~221 keV proceeding to
4the.59.5 keV level.  The experiment whose results are réportéd hére waS‘stim-'
ulated partly by this prédiction, and partly by the desire to make accurate
determinations of the internal conversién coefficients and mﬁltipole mixiﬁg

57

5 - . .
ratios for U decay. A preliminary report of the latter measurements had

' appeared6) prior to the work of LPARP and it is interesting that a weak 221 keV

153

gamma ray had already been reported in that note.

[

257U,

In this paper we discuss our measurements of the transitions in
made with several solid-state.gémma-ray spectrometers and the Berkeley 50-cm h A
iron-free Spectrometer} The predicted new level has been found, and its prop-

erties. are in conformity with the level assignments of LPARP. Conversion
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coefficients and multipole mixing ratios have been determined for most of the
transitions, including the well-known 59.5 and 26.3 keV "anomalous" El transi-

tions, and these are discussed in the following sections.

2. Source Preparation

237

U sources for gamma-ray and electron spectroscopy were produced
-2

The

by a high-flux (~5 % 102 n cm sec—l) irradiation of approximately 500 micro-

236

grams of U at the Savannah River Plant, Savannah River, 5. C. The integrated
21

neutron flux (nvt) was approximately 6.3 x 10 cm—z. After dissolution of the

target in a HC1-HNO, mixture and addition of Br,, water to keep the uranium in

>
the +6 oxidation state, the separation of uranium from neptunium and fission
products was effected by a procedure using three progressively smaller Dowex-1
anion exchange columns. With uranium loaded;on the column, washes were made

with 6N HC1-HNO,, 6N HC1-0.3N HF, and 4.3 N HCl. Removal of the uranium was

5}

done with 0.1 N HC1+0.06 N HF or with 0.1 N HC1.

Two sources were prepared for electron spectroscopy, by vacuum sub-
limation of the dried chloride.solution from a shaped ﬁungsten boat throughn
a1l xX10 mm2 platinum collimator onto an aluminumlfoil backing of surface
density =~3.5 mg/cm?. The first source deposit, practically invisible‘to the
eye, was used for the scans of the low energj region of the internal conversion
spectrum. The esﬁimated disintegration rate of this source was ~2 % 108 min-l.
The second source which héd avvisibleAdeposit and a strength about ten tiﬁes
greater than the first, was used for the study of the high energy (>60 keV).

conversion lines. Sources for gamma-ray spectroscopy were prepared in a

variety of strengths, on non-metallic (Teflon) backings.
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3. Gemma-Ray Spectroecopy

Gamma -ray measurements were carried out with three semiconductor spec- .
trometers, described in table 1. With spectrometer A, the best detector avail-
able when the measurements begen, the 332.L4 keV-335.L4 keV doublet was parfially
resolved. Subsequently, a new spectrometer (B), employing a field-effect tran-
sistor preamplifier7), was put into use, with sufficiently high reselution that
the doublet could be resolved almost completely. Not only is the resolution of
spectrometer B better but also 1t possesses higher efficiency than spectrometer
A, since it can tolerate a much higher bias voltage on the crystal without in-
ereasihg the noise level. figure 1 shows a gamma-rayvspectrum abo?e 150 keV -
© taken withlspectrometer B. In order to reduee the total counting rate a lead
absorber of hOO‘mg/cm? thicgness was used. A'number of repeated scans of the
gamma spectrum showed no evidence of ‘any gamma rays other than fhose ind%cated
in the figure.

Spectromeﬁer C, which consists of a 5 mﬁ¢’x~5 mm thick Si(Li) crystal
connected to an FET ﬁreamplifier,'was successfully-applied to ége measurement
of low-energy gamma reys and X rays. Figufe 2 shows a gamma-ray spectrum in
"the low-energ& regien taken with this Si(Li) spectremeter. Alse shown 1is é

237

ol : -
spectrum of t Am, by comparison with which the U spectrum revealed the

presence of a weak 51.0 keV gamma ray superimposed on the broad back-scattering
peak associated with the strong 59.5-keV line. In addition to the three prin-

cipal L x-ray groups the lowest member, L is seen at 11.9 keV.

1 J

The efficiency calibration curves for the three spectrometers were o A

obtained by using the following sources with known absolute disintegration

203

.rates: 2-)*slAm (59.5 keV), 2o (1k. 4 keV, 122.0 keV, 136.4 keV), " “Hg (279.2 keV)
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and -0 (411.8 keV), and by using radioisotopes with two or more radiations of

4

' 2k 2
known relative intensities, such as lAm, >

o7

Co. The relative intensity data used for the efficiency determinations

198Au’ 188Re} 16oTb) 1090d’

Hg,
are given in table’ 2. These efficiency calibrations demonstrated the superi-
oriﬁy df»the Si(Li) spectrometer over the Ge(Li) spectrometers for low-energy
gamma-ray spectroscqpy.> As tﬁe gamma-ray energy decreases, .the phoﬁopeak
efficiency of the Ge(Li) spectrometers starts to drop repidly at ~65 keV, whilé
that of the Si(Li) épectromeﬁer continues to incréage, as illustrated in fig. 3.
.The gamma-ray measurements from the three detectors are summarized in
table 3, and averaged vélues of tﬁese gamma-ray intensities are subSeQuently

used for the determination of internal conversion coefficients.

b, Conversion-Electron-Spectroséopy

Portions of the interngl conversion electron spectrum were studied withv
the.Berkeley 50-cm“ﬂ'J2 iron—freg spectrometerlo). This instrument, utilizing
a two-coil magnet system, is similar to the Uppsala instrument described by
Siegbahn et al.ll). Recently the focusing broperties of the Berkelgy spectrom~
eter were subsﬁantially improved by the addition of é set ofltrim4coils ).

The automatically contfolled cooling system, employing liquid Freon-11l
as coolant, maintains teﬁperature constancy within iO.5OC. The degaussing
system consists of a four-coil Lee-Whiting arraylﬁ) for the vertical component
and pairs.of Helmholz coiis for_the north-south and east-west components; with
this system'the'vertical component of the residual field is ElO_§ gauss along

the electron optical path. (The iron-free building that houses the spectrometer
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is loéatedusufficiently far frdm the Bevatron that the residual pulsing field
from this sourée is‘aiso < IO-)Jr gauss. )
The sﬁectrometer utilizes a transistor.rectifier and regulatof system ]
that prdvides very good current sﬁability, usually ~l:lO5. Scanning of: the o
electron spectrum is done automatically from-a prését starting currenf; both
tﬁe current steps and the counting times cén be varied over-a wide fange.
‘The output aata are recofded by én electric typewriter. Absoiuté values of
tﬁe spectrometer magnet current are monitored manually by measuriﬁg the voltage
drop across precision resistors with use of a Guildline ﬁype 91hhvpotentiometer.
The spectrometgf is eqdipped with a set of intérchangeable baffles to
permit variations in_thé instrumental resolution. In scanning most of the 257ﬁ
electron lines the.baffie permitting 0.06% momentum focusing aberration:(aperture.
'néuoi25%p.of Mﬁ) was used. Because df additional contributions to the line
v Qidtﬁ f?oﬁAthe finite squrce-and counter dimensions, most lines had measufed
ﬁomeﬁtum widths of OﬂO7-0.08%. Thg low~energy lines were additioﬁaliy bfbadened
,becguse Qf source-thickness up to 0.25% for the lowest energy line studied
(8.1 xev). |
For theAsﬁudy‘of low energy electrons, a pre-accelerator system was
used in an attempt to ayoid the uncertainties in inténsity measurements caused -
lu)-}

and is shown schematically in fig. L., The accelerating voltage, calibrated by

by counter window absorption. This system was described by Cooper et al.

‘direct measurements of the energy shifts of the 59.5 keV LII line and the

-3

- 33.2 keV LI

also to introduce an uncertainty into the intensity measurements because of

line, was 4.61%0.02 kV. Use of this system, however, was found

the focusing effect of the accelerating field, an effect that is evidently
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quite energy dependent. TFortunately, Jjust after the first scan of the low-

energy 25Ty lines, construction was finished on a "post-accelerator" G-M

‘counter, which does not affect the spectrometer transmission, and with this

’

detector it was possible to calibrate the intensity scale and make appro--
pfiate corrections to the intensity values measured with the preaccelerator
device. These corrections amounted, at most, to 35% for the lowest electron
energy studied (8.1 keV).

The detector.used for these measurements was a side window G-M counte£

. , _ 5
with a window aperture 1 X 38 mm , covered with a multi-layer formvar film of

' 2
~estimated surface density ~60 ug/cm . The counter background was l5-20/minu

vA'conﬁinuous scan of the electron spectrum was not made becauée photo-
graphic reéording spectrographs that covered the full énergy range were utilized
bj’RCH in their study of the 257U electron spectrum, and it is unlikely ‘that lines
of appreciéble intensity above ~15 keV would have been overlooked. Rather, an
effort was made to méasuﬁe with higher accuracy than had before been possible‘
the‘energies and intensities of selected, important lines, especially in qné
energy region below 25 keV. 'As internal standérds with which the momenta and
intensities of other lines could be compared, the K- and L-lines of the 208.0
keV transition were meaéured several times during thé course of ﬁhe experiment}
An absolute momentum scale was established with‘reference to the. K and LIII
198,,15).

lihes of the 411.795%0.009 keV transition from Calibration of the

spectrometer is facilitated by use of a source holder that accommodates two-

1"

sources so that the referenece and "unknown'" source can be moved alternately
into the electron-optical source.positics without removing the source holder

from the spectrometer.
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_Fér the measurément of internal conversion coefficients, the l98Au
sources also served as a calibration standard for the normaiization of the
electron intensities determiﬁed;with théiiron-free spectrometer énd the photon
intensities determined with the Ge(Li) spectrometers. This normalization is
discussed further ip'Sectiohvﬁ;

The conversion electron intensity analysis was done by plotting the
lineé initially on a linear scale, subﬁracting an appropriate backgroﬁnd
functlon, then replottlng the lines on semi-log paper. The line shapes on
the semi-log plot are, over small energy regions, 1ndependent of llne 1nten—'
sity, and thus the shapes of clearly resolved lines can be utilized to analyze
unresolved groups. Integration of the line areas consisted in summing the
counting rates down to 1% of the peak rate; assignment of errors in this pro-
cedure was doﬁe in the manner'ae5cribed“by Novakov and Hbllande:16).

Some examples of the measured conversion lines are shown in figs. 5

through 12.

5. Transition Energies and Electron. Binding Energies

237

Many of the same low energy transitions from

_ 2k '
occuriinsthe alpha decay of lAm. A study of the internal conversion spec-

'17j

U beta decay also

trum from the latter isotope has recently been reported by Wolfson and Park™ '),

t

and it is interesting to éompare the.results of the two inVestigations because
iron-free spectrometers were used in‘both casés, with comparable.instrumental

resoiutions and small limits of error. There are significant differencés, too.
For example, di%ferent methodslof caiibration were used; also, problems'caused

' . 2k, co . 237
by alpha recoil effects of Am are absent in the U study. -

Loy
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237

In our study of the 8] electron.spectrum, two independent methods
of spectrometer calibration were employed, each of which is capable of yielding

high accuracy. In the first, the momentum rgtios:of‘the K and Li“lines of the

208 keV transition were carefully de;ermined relative to the XK and LIIi lines of

‘ 198
the 412-keV transition of. 9 Au, and in the subsequent scans, which involved two
different sources and several removals of the source holder, the K- and LI-208
line were frequently remeasured as internal standards. With this mode of cali-

bration, the energy of the Ly 59.5 line was found to be 37.112 % 0.005 keV.

' Itvis also possible, with a completely internal calibration, to deter-

‘mine the energy of the LI 59.5 line, by utilizing the measured momentum ratio

of two conversion lines of this transition (e'g°"MII/LI current ratio) together

with the knowledge of the energy difference between the lines. As discussed by

8 .
Siegbahnl ), this method is capable of yielding high accuracy with iron-free

spectrometers provided that the atomic level.separation is known with suf-

ficient precision; the situation is favorable 1in this case, because the

L.-M__ level separation is given in the table ©f Bearden and Burrlg) with a

I IT
probable error of only 0.5 eV. With this calibration method, the energy of the
LI 59 line was found to be 37.114 keV. The agreement between the results of
the two calibrations is very good (deviation ~5:lO5).

From our conversion line data and the known cascade-crossover relation

involving the 59.5, 33,2, and 26.3 keV transitions, we can computé the absolute

energy of the 59.5 keV transition from the following relationship:

V59 Ty26 Y33

= By 50 = Bupss) 7 Bupsg - Fages)

’59.5h5io.015 keV
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The trangition:energy s0 obtained égrees very closely with the value 59.5u45 i;
0.031 obtained by Wolfson and Parkl7) from a "Siegbahn-method" internal calili s

2l ‘ ‘
bration in lAm decay. However Wolfson and Park chose not to use their own

value for the final spectrometer caiibration but rather to use'the bent-crystal

value of'DayQQ), 59.568i0.617'kev. Although the three values agree within the s
'féOmbinedwérrorsz we believe that the'pfobable error of Day’s value has'been-_g;_
underestimated. |

A summary of our.measured fransition energy, intensity,~ahd mult;pglarity
‘'data is presented-in table 4. The intensity values have been normali?edgto;an
abéblute ﬁercentage scale, as discussed.in‘thé following sections.

With use of the absolute transition energies and 6ur measured electron
line energies, we can.compute the atomic binding energies of electrons in‘the
K, L, M, ahd.N shells of neptuﬁium,(Z=95). ‘It is Qf interegt'to comparé the
values sO calculatea'with the result;_of Wolfson and Park obtained in a similar
manner from.eulAﬁ, and with the values ffom X-ray spectroscopy given-in thé
tables of Bearden and Burrl9) and of Hagsthm'et al.gl). This comparisoﬁ is
given in {;blé 5; It is séen.that the.agreement‘is generally quite good
between our results aﬁd those of Wolfson and Park, obtgined also from internal
conversion spéctroscopy,Abut that'a éoﬁparison of the X-ray resulﬁs With the
internal‘conversioh results shows only marginal agreement, the internal cén-
veggion results being systematically higher. This circumstance was also noted

L < _ ' 22
“in ‘the case of plutonium (Z=94), by Ewan, Geiger, Graham, and MacKenzie ).
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6. Level Scheme
237 237

Np that arise from U beta decay have been discussed

The levels of

-extehsively by RCH, and we shall not repeat that discussion here except to the

extent necessary to introduce new information obtained in this study. A level

257U decay

scheme incorporating all of our meésured energy and intensity data on
is shown in fig. 13. All observed transitions except that of 11k.1 keV are
placed in this scheme. In constructing the scheme, we noted that the balance

of transition intensities is very good for each of the first five levels, con-

sequently. we have normalized all the photon and electron intensities absolutely

237

to 100 U beta disintegrations. The intensities of table 4 are so normalized,

as are the photon abundances (given in parentheses) in the level scheme of

fig. 13.
237

The major change in the Np level scheme is the observation of the

new level which was predicted by LPARP to lie at =280 keV. The level was

readily established at 281.35*0.03 keV from the following sum and difference

information:

It

(221.80%0.04) + (59.54%0.015) = 281.34%0.0k

281.35%0.04

(208.00%0.023) + (59.54%0.015) + (13.81%0.03)

il

(332.36%0.04) - (51.0110.05)' 281.35*0.05

The knowledge of the multipolarities of the 13.81 (M1+E2), 221.80 (E2),

“and 51.01 (E1) keV transitirns (see sections 8-10) confirms their placement in

the scheme and also defines the spin and parity of the 281.35 keV level as 1/2-.
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We note that the two El transitions (51.01‘and 64.83) fhét depoﬁuiaﬁe
fhe 3%2.36 keV (D l/2+) level aré the only E1 transitions observed from band b.
Specifically, no El transitions are seen from levels D 5/2+ or D 5/2+. This
fact caﬁ be understood from the competitive de-excitation modes available to
these states. The higher levels, D 5/2+ and D 3/2+, can decay to band A &ia ‘ e
predominantly M1 transitions, while the lowest level, D l/2+} can decay to

band A only via an E2 transition, with which the EL transitions can compete.

7. Determination of Absolute Conversion Coefficients
From the data on the relative intensities of gamma rays:énd conversion
electrons one can derive the internal conversion coefficients (ICC) of all

transitions'provided that the iCC of at least one gamma ray is well known. In

237

the U study, the 208 keV transition makes an ideal c¢nversion coefficient

standard, because of its high intensity in. both the electron.and photon spectra.
We have used two independent methods to determine the absolute conversion coef-
ficients of the 208-keV transition. The first method is the comparison of the

electron-to-gamma ratio of the 208-keV transition with that of the L12-keV
198 '

transition of Au. Using the accepted value

v198Au) = o.o5deio.ooo5 ~ (Ref. 23)

O (b2,

- 237\ |
one can determine O (208, 5ZU) with use of the relation

1 (208, 22Ty) I (k12 198Au) v

K
198
I (h12,

198Au)

237 _
(208, U) = o, (k12, :
X o “x Au) Iv (208, 257U) .
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The relative KX line intensities were obtained with the iron-free spectrometer

and the relative gamma-ray Intensitles were determined by using the two Ge(Li)

-~ . 27 :
spectrometers. Our result:is: Ot (208, )7U) = 2.30%0.12. The error in this

value arises almost entirely from the uncertainty in the photoefficiency ratio
e(208)/ e(412) for the Ge(Li) detectors.

The second method makes use of the relation

I(Kx)

T, (208) = a0 (208)

where wK is the K fluorescence yleld. The use of this relation implies the

aésumption that all the observed K x rays are associated with the conversion of

.the 208 keV transition, a good assumption in this case because of the predomi-

nance of the 208 keV transition (see table M). Thé total K x-ray intensity is
obtained by summing the intensities of the individual groups given in table 3.
We obtain

- oy (208) = 2.50%0.25

The two values for Ok (208) agree within experimental error. Because of its
higher precision, we shall adopt the former value for the normalization of
electron and gamma-ray intensity scales. With this normalization, the cal-~

237

culation of ICC for all the other U transitions is straightforward, and the
results are tabulated in column 7 of table 4. The quoted errors in the cal-
culated ICC reflect principally the uncertainties of the gamma-ray intensities.

Conversion coefficient:. ratios obtained from the conversion electron data are

in general much more accurate, as can be seen from column 6 of the table.
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8. Multipolarity Assignments of the High Energy Transitions
Figure 14 illustrates the comparison of the experimental K-conversion -

coefficients, Qs with the theoretical values of Sliv and'Bandgu).

-

A}

The a (208)
agrees with the theoretical value for pure ML, with, of course, allowance for a
small E2 admixture. To determine the E2 admixture precisely, the L sﬁﬁshell , «
conversion coefficients are guite useful. Shown in fig. 15 are the theoretical
conversion coefficients for X, LI’ LII’ and LIII shells versus percentage  E2
photon admixture. The value (2.1%0.2)% E2 admixture is consistent with all
the experimental data for the 208 keV transition.

The experimental Oklvalues for the 335.L4-, 368.6-, and 370.9-keV trén-
sitions agree with the theoretical values for puré Ml. vThe'experimental errérs
are consistent with a méximum of 15% E2 admixture in each‘of these trénsitions.

The 552;4-keV transition is definipely assigned as pure E2. The 221.8-
keV and 337.7-keV transitions are required from the decay scheme to be EE; and
in fact, OiII (221.8) sﬂoWs.agreement with the theorgf;cal E2. value. :The—ak of
the 164.6-keV transition, also required from the level scheme to bé E2, is ap-
preciablyllower than theoretical, but on the othér hand, all the L sﬁbshell
conversion coefficients agfee with theoretical for pure E?. The O (l64.6),may. ;

237

be suspect because the "strong" U source was used to recérd these lines, and
at the energy of the X liné considerablyltailing.due to source thickness was
.observed. Thus the line shape analysis is less cerﬁain thaﬁ those of the higher
energy K—lines.i |

The comparison between the experimental and theoretical conversion coef-

ficlents for the pure E2 transitions is given in table 6. o _ ' .
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.7. The Sliv-Band L-subshell values are used except for LIII—26.55; for the L

-15- _ UCRL-16577

The K-conversion coefficient of the 23h.L-keV transition agrees with
the theoretical value for pure M2, which is consistent with the established

decay scheme. The 267.5-keV transition shows a very high K-conversion coef-

v

ficient compared to the theoretical value for pure El. Thié high experimental
K-conversion coefficient can be interpretéd in terms of a 20%1% M2 phptén ad-
mixtufe, if it is assumea thét the conversion coefficients of the E1l and M2
components are normal (Sliv and Band theoretical valﬁes). Alternatively, an
anomalously high’conversion coefficient bf the E1 componént could be responsible

for the experimental result. This point is discussed further in sect. 11.

9. Conversion Coefficients and Anomalies of EL Transitions
The 26.35-keV and the 59.54-keV E1 trénsitions, which de-excite the
59.5k-keV level (B 5/2-) to the 33.20-keV level (A 7/2+) and to the ground state

(A 5/2+), respectively, are well known because of their anomalously high con-

. verslon coefficiénts, as discussed in detall by Asaro, Stephens, Hollander, and

Perlman?5). The absblute conversion coefficients and subshell conversion ratios
obtained in the.present work are compared with the theorefical values in table
111
and M subshells of the 26.35-keV transition the quoted theoretical values were
obtained from the table of Rose26) and from ﬁhe threshold values arbund'BO keV,
given by O'Conhell and~Carrollg7). These values are for an unscreened, point
nucleusi Roses's theoretical values are also used for the M subshells of the
59.5h5keV transition. Our absolute values for the 59.54 L-subshell conversion‘

25)

coefficients agree with those obtained by Asaro et al.’ , as shown in the
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table, and the L-subshell conversion ratios are also in good agreement with the

17)

recent values of Wolfspn and Park . .One can say that the anoméliésvin the
26.4- and 59.5-keV traﬁsitions are now quantitativeiy well established: .(l)
for the 59.5 keV transition OiIII agrees with the theoretical valle within the ‘ i
experimental erro? éf.l5%. OMIIi also agrees witb theory for both 59.5‘and
26.h-keV.transitiohs, but there is an additional ﬁncértainty,in the ﬁheore%ical
M-shell values; (2) L1 (59.5) is higher than theoretical by the factor |
3.820.6, and Oy ¢ (59.5) by abou£ the same factor; (3) 01,1 (59.5) is nigher
than theoretical by the factor l.8iO.5 andvaMI (59.5) by about the same factorj
(L) O (26.L4) and O (26.4) are higher than theoretical by factors of about
2.2 and 1.6, réspectively; (5) the Nfsubshell/gﬁgzeriggalies similar to those
in the M— and L;subshelis.l |

Thé 51.01 and 6h.85 keV transitiéns are unambiguously placed in ﬁhe'
" level scheme from the enérgy-sum relationships; they proceed from the 3%2,36-
keV level (D 1/2+) to the 281.35 keV le&el (C 1/2-) and to the 267.54 keV
level (C 5/2—), respective;y. The ex?erimental conversioﬁ coefficients demon-
étréte that these are ElAtransitions, as expectéd.from the level écheme. It
was intergstihg to sée if any anomalies woula be found in théir‘cdnversion
coefficients; the data as summarized in table 8 show no significant deviations

" from the theoretical values, although Tthe experimental errors are large in

these cases.

i N
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0. E2 Admixture in the 13.81 keV Transition
It is of interest to derive the M1/E2 mixing ratio of the 13.81 keV
intraband transiﬁion, but there are no readily: applicable theoretical M-sub-
shell éonversion coefficientSJwith which to .do this. The tﬁeoreéical-M-sub-
shell_coefficients of RoSe26), calculated for an unscreened point nucleﬁs;

' 2
extend only down to 25.6 keV. Recently, O'Connell and Carroll 7) calculated

conversion coefficients near threshold (around 15 keV in Np) for an unscreened

point nucleus. With the aid of. these we estimated the theoretical M-subshell

coefficients, which are given in columns 3 and 4 of table 9. From the experi-

~mental MI, MII’ and MIII subshell ratios we obtain a fairly consistent value of

the mixing ratio, ~O.l5% E2. With the assumption of QO = 12 barns for this
band, wevcalculate from this mixing ratio |gQ-gR] x (1 + bo) ~ 2.2, where bO
is the decoupling parameter for the M1 traﬁsitiong8).4 This value is similar to
those from the other rotational bandseg).

The E2 admixtures of other intraband transitions are given in table L.

N
11. Interband Transitions and Band Mixing

In the wdrk of RCH, the bands A, B, and D were given Nilsson assign-

ments of 5/2+[642], 5/2-[523], and 1/2+[400], respectively. As discussed

~earlier, band C, thought to be K = 5/2 by RCH, has been reassigned by LPARP as

¢

the Nilsson state 1/2-[550], and this work has confirmed that assignment.

The de-excitaﬁion spectrum of the 267.54 keV level (C 5/2-) is inter-
esfing becaﬁsé the four multipocles El, Mi, E2, and M2 are all observed. Some
further comments should be made about thelr transition ratés because of the

level reassignments. Table 10 presents a summary of our data on the absolute
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rates of these transitions, calculated from our intensities and mixing ratiocs,

with use of the measured half-life of this state, 5.4 nsBO), Hindrance factors

are given for all six multipole‘components, and in the last column the squares
of appropriate Clébsch;Gordan coefficients are listed; the ratios‘of the hin-
drance factofs are expected to.berproportiOﬁal to the Clebsch-Gordan ragids if
the bands are ﬁure in ﬁhe K ‘quantum number.

The large reta;dation 6f the E1 and ML transitions is now readily
understood ‘in terms of the K-fofﬁiddenness of these tranéitions.

In the éase of(the E2 and M2 transitions, large discrepancies are found
”_be£Ween ﬁhe experimental hindrance factor ratios and tﬁe théoretical ratioé for

pure K. From our data we find

?[F208(E2)/F165(E2)]exp =0.08
whereas the theoretical ratio for Ky = 1/2 and K = 5/2 is
B [FEOS(EQ)/F165(E2>]theor = 1‘5?

E2 single proton trénsitions between the C and B bands violate the asymptotic

>

selection rule AA = %1, thus-we'may consider the possibility of contributions
to'the E2 transition rates from K = 3/2 admixtures, such as are necessary to

explain the K-forbidden M1l and El transitions.. If the E2 transitions.wére to

‘.take plaéenentirelnyiaQa.Coriolis:admixede = 3/2: component,. the trahéition;.gf

zmplitudes wduld be proportional to the Clebsch-Gordan coefficients multiplied

by the Coriolis admixing amplitude JT{I-K)J(I+K+1).. Then the theoretical ratio

“would be
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K, = 1/2, Kp = 3/2: [F208 E2 /Fl65 )]ﬁheor = 0.021 or
K; = 3/2, Ke =.5/2: FF208 E2 /Fl65(E2) theoyr = 0+ 75

»~
Al

depending on whether the admixture is in the final or initial state. The,
first alternative provides better agreement with the experimental value. Pos-
sible K = 3/2 Nilsson orbitals that have Coriolis matrix elements with the

5/2-[523] orbit are 3/2-[532] and 3/2-[521]. Unhindered E2 transitions can

 take plaée from the 1/2-[530] state to either of these states.

The situation'ﬁith the M2 transitions is not as readily>explaihed.

Our data indicate °

[F267 M2 /F25LF )] =3.7

whereas thé theoretical ratio is 1.33. This discrepancy is only made larger

by the admixture of Ki or Kf = 5/2. As pointed out by RCH, a possible explana-

tion for the high experimenfal value might be the existence of anomalously high

X conversion coefficient of the El component of V267' An anomaly.factor of 13

‘, would be réquired to bring the M2 branching ratio into agreement with theory.

It is interesting to note that the most anomalous El transition présently known,

v ' 1
the 84 keV transition in gi 25’5 ), takes place between two bands that have
been glven the same Nilsson assignments as bands C and A. In the case of 51Pa,

however, the 5/2+ 6&2] band is conSidered to be very highly admixed.

Table 11 summarizes the experimental relative photon hindrance factors
for the interband transitions from band D (K = l/2+). Since .dipole radiation
fr5m band D to band A (K = 5/2) is. forbidden by the K-selection rule, inter-v

i
i

pretations of the data must be sought in terms of state admixtures. The M1
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transitions from the 5/2+'member are comparable in strength to the 38.5L keV

intraband transition, and should therefore have lifetimes of the order of

10 0 s, or about lO—E-Single pafﬁiele units, fhis is surprisingly-fast, con-
51der1ng/gggge tran51tlons are K- fordeden, and 1mp11es a rather 1arge K 5/2
admlxture in band D or band A. The Nilsson band 5/2+ 651] has large Coriolis ;
matrii elements with the 5/2+ 6&2] ground state band (A), and is therelore |

likely to be respon51ble for the strength of the M1 trans1t10ns This band
237,
hes not yet been observed in Np.

The ML branching ratios from the D 5/2+ level do not themselves deter-

mine whether mixing into band A or band D is responsible for the ML transitions.
spin-dependent part of the
If we multiply the Clebsch-Gordan coefficients by the/Corlolls admixing ampli-

. tude V{I-K)(I+K+L1) to obtain the transition amplitudes, then

(Ml)/F = 0.40

569 355 heor

’

for both of K, = 3/2, Kp = 5/2, and K, = 1/2, K, = 3/2 cases, which agrees with

the experimental value

769<ML)/F555 )] 0.37

P -
'We note that the hlndrance factors of the (D —9A) E2 radiations are of

the same order of magnltude as those of the Ml radlatlons, thus the E2 transi-

tions must also be retarded. This is consistent with the fact that B2 transi- . .

tions.between these two bands violate the asymptotic selection rule Anz = 0,1..

'Although our experlmental relatlve E2 transition probabllltles are only approxi-'-

mate for the (D —aA) radlatlons, they appear to agree with the theoretical

values for K, = 1/2 and Kp = 5/2;
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237

12. U Beta Decay and Spin-Parity Assignment

On the basis of beta decay branching and log ft information, RCH assigned

2
spin 1/2 to the ground state of 57U. A definitive parity assignment was not

made, and it was noted that the properties of both the 1/2-[501] ;nd 1/2+[631]
Nilsson orbitals were probably éonsistent.with the experimental beta deééy;data.
Recently four members of the ground state rotational band of'257U have = -
been observed in the alpha spectrum of eulPu by Baranov, Gadzhiev, Kulakov, and
237U spin of 1/2 was confirmed, and the experimental valuves

v 2 :
of the rotational parameters were found to be H /2% = 6.4 keV and a = -0.4k.

Assignment of the band was made t0 the 1/2+[651] Nilsson orbital, which is also

2 oy 2
found as the ground state of. 59Pu and lCm. In the case of 59Pu, the rota-
. 5 : ' : oo the
tional parameters are % /2% = 6.25 and a = -0.58 "7). Evidence against/1/2-[501]
| 237

assignment, considered as an alternative for. U by RCH, is provided by thé‘
§bserved vélue of the decoupling parameter, =-0.4l4, which is considérably closer
to the theoretical value for state 1/2+{631], ~ -1, than to the value for state
1/2;[501], ~ *1 (see, for example, the systematic calculations of decoupling -
parameters of K = 1/2 bands presented by ValenfinBi)).

Further evidence favoring the 1/2+[631] assignment is provided by the

. . » 2l
alpha-particle intensities found by Baranov et al.52) from lPu decay. A

_strong alternation is found in the intensities of alpha groups populating the

-various members of the rotational bahd, which; according to the theoretical cal- )

2 B
culations. of Poggenburg?) for states 1n 59Pu, is a characteristic to be ex-

. pected to be much'more pronounced in thev[651] band than in the [501] band.

237

It 1s interesting to consider our U beta decay data with respect

237

U ground state assignment 1/2+[631]. The experimental log ft values
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for beta decay to the 1/2 and 5/2 membefs of band C (1/2-[550]) are essentially
equal (~6.5) and can be interpreted as first forbidden, unhindered, in accordance

ohy.

with the asymptotic selection rules of Alaga™ An important new piece of in- -,
formation, from the work of LPARP, 1s the knowledge of the energy of the 5/2-

member of band C (357 keV). Beta decay population of this state would be de-

tected by the observation of the intraband transition (5/2 — 3/2) at about 90 keV.

RCH did not detect this transition, in thelr photographilically recorded conversion
electron spectrum}but it is difficult to set a meaningful lower limit to the log

ft value of the corresponding beta transition from thelr data. It would be of

237

interest to search for this state in a future study of ~. U, as its observation

would be an important piece of corroborative evidence for the even parity as-

2 .
signment to 57U.

,

Beta decays to the 1/2+ and 3/2+ members of band D (1/2+[L00]) proceed
via alloved transitions, but these would bebexpected accordiné to the asymptotic
selection rﬁles to be highly hindered because of the.chgngevin-oscillator quan-
tum.pumber AN = 2, Tﬁe observed log ft values (7.3 and 7.8 Fespeétively) indi-
cate retardations of about a factor of 100 from the "normal" rates for allowed

transitions, which 1s consistent with the interpretaﬁion given.

: 2
In the de-excitation spectrum of 57U, the 5/2+,member of band D

| 237

(368.6 keV) is observed to be populated in about 0.25% of the U beta decays..

237

The direct beta decay from U would be second-forbidden and unobservable,
thus we musﬁ/assume that the 368.6 keV state arises entirely via an unobserved

2.3 keV intraband transition (D 3/2+ —D 5/2+).

PN

)

e o e T o g

iy m v ran amme
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_ Table 1
Gamma-ray spectrometers used in the

26

237

U measurements

UCRL-16577

- A

B C
Crystal Ge(Li) Ge(Li) N osi(ni)
Size 1em X2 cm lcmx 1 cm 5 mm¢'x'5 mm thick

X 5 mm thick

Bias (volt)

240
‘Preamplifier EC 1000
59 keV 2.k
Resolution
at : 122 keV 2.4
(FWHM) .
\ 267 kev 2.5

X 5 mm thick
900

FET

1.5'
1.6

1.7
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. Table 2
Relative-intensity standards used to calibrate the gamma-ray spectrometers

Isotope . Photon energyd V Relative : Methoda-
: ‘ (keV) ' intensity -
A . 119 W L, 2.2 PROP®
14.0 Np L 37.5
17.8 Np LB 51.2
20.8 Np L, 13.8
26.35 . 7.0
59. 5k 100
1994 22.2 Ag X 5.5 SSD é
2l.9 Ag K, 5.5 :
87.7 - . 1.00 ‘
5700 14,4 11 v : SSD
1200.1 _ 100 :
136.k - 13 ;
1885, : 63.00s K ohio _ ICC T :
L.k Os Kg 6.6
155.0 100
200ug 72.9 T1L K, 11.9 ICC
‘ 82.6 T1 K, S B.LL ;
279.2 100
198, . 70.8 Hg K, 2.2k Icc
' 80.3 Hg L 0.6L3
411.8 100
e 32.2 Ba K, ‘ . 6.85 ‘ Icc
%6.4 Bg Kg S 1.s4 '

661.6 | 100
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Table 2. Continued
Isotope Photon energyd Relative ' Methoda. '
(keV) intensity
180m; ¢ 55.8 HE K 25.2 ICC and DS
6%.2 HUf Kg 7.k
95.3 16.8
215.3 80.6
332.5 94,8
Luz . 6 83.0
501 .2 14.2
léomb U460, Dy K, 116 TCC
52.1. Dy K, 28.8 '
86.8 100
EQNa - 511.0 180 ps©
1274.6 100
0o 117%.2 100 ps®
1332.5 100
88, 898.2 93 s
1836.2 99 v
,guNa 1%68.5 100 DS°®
275%.9 100

ZAbbreviated as follows:
gtate detector epectrometry;

Reference 8

Reference 9

PROP-Proportional counter spectrometry; SSD—Solid-

ICC—Assuming X iInternal conversion coefficient
of & pure E2 transition from negatron emitter, and use of K- fluorescence yield;
DS-—Well established from decay scheme.

iIhe'quoted X-ray energles are Kal_and Kﬁi
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Table 3
U gamma-ray measurements

V_UCRL—16577

Ey Relative intensities
(kev) A B - . C " Adopted value
Ge(Li) Ge(Li) - si(nd) :

11.9 Np LE 6.5%0.7" 6.5%0.7

.1u.o Np L, 115%12 115412

17.8 Np LB 122%12 122412

20.8 Np Ly 3313 333

26. 4 - 10.5%1.1 10.5%1.1

33.2 0.5%0.2 0.5%0.2

38.5, L3.L <0.1 <0.1
.51.0 , 0.98%0. Lk o.98io.uu

59.5 155%16 158+16 155 155%16

6h.9 5.0%0. 4 5.4%0.5 . 5.9%0.6 5.4%0.6

97.0 Np Koy, 778 7648 768 76%8
101.0 Np Koy 99410 112%11 106%11 106311
113.5 Np Kgy L8+, 8 Lh=lh L. u6#u.6
117.5 Np KBQ. ;5.u¢1.5 14,0814 14.6%1.5
164.5 1 8.26%0.40 8.67%0.40 8.46%0.25 .
208.0 100 100 100 100-
221.8 0.08740.005 0.101=0.006 0.09L*0.006
23,5 0.092%0.005  '0.088%0.006 0.090%0.006
267.5 3,3%6%0.010. 3.27%0.06 3.29%0.06
292.7 0.010%0.002 0.01L4*0.003 0.012%0.003
330, L 5.80%0.30 - 5.48%0.22 5.550. 22
3%5. 1 0. k550, 0B 0. k0. 03 0.4h*0.0%
337.8 0.0%2%0.010 - 0.038%0.005 10.035%0.005
368.6 0.241%0.020 0.197*0.012 0.215%0.015
370.9 0.508%0.030  0.516%0.031 0.512%0.031
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Al 2 »
37 Table b , - o
Summary of U transition energies, intensities, and conversion coefficients 8
Transition Transition Photon®  Shell Electron® Electron® Internal Multipolarity  Remarks.
energy intensity energy intensity conversion
(keV) (percent) (keV) (percent) coefficient
C 1/2- -C 3/2- 13.81%0.02 My 8.0%1£0.03 32.9%0.3 : ML + 0.15% E2 c
Myy 8.4310.03 5.14%0.11 N ¢
Mrr 9.370%0.03 2.78%0.11 c -
Moy 9.95 <2.30 ) c.
M, 10.14 <1.bb . c
Ny 12.318%0.03 9.25%0.11 : ¢
' Npg 12.479%0.03 1.8720.11 : ¢ )
B 5/2- - A 7/2+ 26.348%0.010  2.k120.24 Lrrg 8.75%0.03 3.64%0,11 1.48#0.19 E1l ’ c ) ’
My 20.601%0.012 0.95220.070 0.38720.065 .
Mo 20,974%0.012 1.58%0.12 0.650.10 . T
Mo 21.904%0,012 0.8220.04k  0.335%0.050
Moy 22.49 0.18*0.02  0.074*0.01k4
My 22.67 0.34%0.02  0.137%0.022
Ny 24.83920.013 . 0.29%0.02 0.118#0.020
: Nop 25.017+0.013 0.57+0.02  0.231%0.030
Nopp 25.254%0.013 0.22%0.02  0.08920.018
A T/2+ - A 5/2+ 35.1950.011 ' Ly 10.76420,005 1#1.1 ML + 1.4% E2 ¢
Loy 11.59%0.03 3.1%0.1 . c
Litr 15.59%0,03 2.1%0.1 c
Miog 28.75%0.015 0.65%0.02
DI5/2+ —D 1/2+ 38.540.03 Ly 10.76 <0.04 E2/M1 >0.3
Log 16.93%0.015 0.31%0,10 . el
LrrpoMir . : e

+ +
MIII 34.10%0.025 .0.03—0701
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b

Table 4. Continued

Trensition = Transition - Photon®  Shell Electronb Electron® Internal Multipolarity  Remarks
. energy © intensity energy intensity = conversion -
(keVv) (percent) (keV) (percent) coefTictent
B 7/2~ - B 5/2-  L13.42320.020 ) LI 20.99 1.25%0.13 . M1 + 1% E2 T
. Lpg 21.8110.012 1.66%0.03
My 37.67 0.53%0.03
. i-
My 38.05 0.67%0.03
D 1/2+ -»C 1/2- 51.0120.03 0.22%0.10 Ly 28.59 0.059%0.016  0.26%0.20 El
: Lyt 29.41 0.075%0.016  0.33%0.23
111 33.40%0.02 0.080%0.011  0.35%0.18
B 5/2- A 5/2+ 59.54320.015 36.0%3.6 L 37.112%0.005 8.67%0.16  0.240%0.029 El
: : 1 37.9%1%0.006 16.96%0.17  0.468%0,047
111 41.926%0.008 4,7120.16  0.131%0.013
My 53.795*0.010 2,21%0.16  0.061*0.010
Mg 54,1730.010 1.3620.16  0.121%0.016
Mg 59.099%0.010 1.13#0.11  0.032%0.006
My 55.68 0.19%0.05 0.0053%0.0020

My 55.869%0.020 0.2420.05 0.0065%0,0020

D 1/2+ - ¢ 3/2-  6L.83%0.02  1.25%0.13 L. 42.39%0.015  0.125%0.016 0.098%0.023 El
- u3i22to.015 0.160%0.016 0.125%0.025
- k7.21%0.015 0.134%0.016 0.105%0.021
not placed in 114.09%0.05 Ly 91.67%0.05 = 0.021%0.004 g
the decay scheme Loy 92.47%0.05 0.021%0.00k g
111 96, 460,05 0.023%0.004 &
C 3/2- =»B 7/2-  164.6120.02 1.97#0.06 K 45.91%0.015 0.285%0.010 0.1L45%0.015 E2
L 142,1720.026 0.127%0.006 0.065%*0.010
Lyg 143,01%0.026 1.34£0,02  0.680%0.060
L

146.99%0.026 0.68%0.01  0.34820.030
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\ i w
Table h. Continued. .
. Transition Transition Photon‘rl Shell Electz-onb Electrona Internal Multipolerity  Remarks
: energy intensity energy intensity conversion
(xev) (percent) (keV) (percent) coefficient
€ 3/2- - B 5/2- 208.005%0.023 23.3 X 89.337+0.013 53.5 2.30%0.12 ML + 2.1% E2
Ly 185. 569%0.025 9.82#0.10 0.42%0.02
Log 186.%598+0.025 1.39%0.01 0.060%0.03
L 190 38%20.025  0.108%0.003 0.0047*0.0002
C 1/2- > B 5/2- 221.80%0.04  0.0219%0.001% K 103.13 <0.01 . <0.49 E2
: L 199.36 <0.0007 <0.0k
- 200.18%0.04 0.00k420.0006 0.200%0.020
! 2
Lirg 204, 1620, 0k <0.00k <0.09
C 3/2- —»A 7/2+ 234.L0*0.0% . 0.0209%0,0014 K 115. 7h*0. 0l 0.1400.006 6.73%0.h0 M2
C 3/2- —»A 5/2+ 267.540.0k4 0.76510.0114 K 148.8820.0k 0.596%0, 00k 0.776%0.038 El + 20% mat
D 5/2+ —A 9/e+ 292.7 *0.1"  0.00280.0007 . e23d
» ' !
: , D 1/2+ —A 5/2+ 332,36%0.0k4 1.29%0.05 X 213.70%0.0k 0.82%0.02  0.0635%0.0060 E2
D 5/2+ = A 7/2+ 335.38%0.04 0.10220.007 X 216.7240.04 0.059%0.002  0.575%0.060 ML + <15% E2
D 3/2+ oA 7/2+ 337.7 * 0.5h 0.00810.0012 K 219.0 <0.003 <0.37 ) 52d

D 5/2+ —A 5/2+ 368.59%0.0% 0.050%0.005 X 249.93%0,04 0.027£0.001  0.54520.060 ML + <156 E2

D 3/2+ - A 5/2+ 370.94%0.0k 0.119*0.007 X 252,2820.04 0.053%0.002  0.4k4620.050 ML+ <155 E2




,hThe energy was determined .from the gamma-ray spectrum.
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Table %. TFootnotes

27
BThe quoted intensities are absolute values in percent of total )7U beta decays, normalized according to the procedure

described in section 6.
b

The eledtron energy values quoted with errors are measured values, which were used for the determination of binding
energles and transition energies. The values given without errors are from calculated line positions, which were used

as an aid for the intensity determinations of weak lines. :

CMeasured with use of a preaccelerator. The quoted error in intensity does not include a possible systematic error of 10%.
d"I‘his line is part of an unresolved Auger group, and the quoted intensity may be too high.

®These lines are completely masked.

fLIhﬁ.h and M1726.3 are unresolved; the intensity of each was evaluated with use of LI/LIIhj.h from Wolfson and Park.

8Photon masked by K, X ray group.

2

iThe quoted mixing ratio is based on the measured K-conversion coefficlent with the assumption of theoretical values
for the El and 2 components. If, however, the El component is anomalously converted, the M2 component may be lower;
see discussion (sec. 11).

JRequired by the decay scheme.




-3k ) UCRL-16577

Table 5
Atomic electron binding energies in neptunium (Z = 93)
(binding energies in keV, errors in eV)

X-ray spectroscopy Cascade-crossover relations
(iron-free spectrometer)

Beal};ileilgr)ld : il:g:‘lc?grf) W‘gii}i%)&m This w:OI'k

K 118.674%33 118.660 - 118.663%31%

L 22.118%2 o lak 22.uu5i1u 22.L31413

Lip 21.596%0.9 21.596 21.618%1h . 21.612+1k
' LiII 17.606%0.9 17.606 ', 17.627%1k4 17.617%15

5.719%3.6  S5.72k  5.750%15 5. 748415

Moq 5.357%2.1 ‘ 5.55k 5.377+19 5.370%16

Mg b lpgt3 1 o bllee L. Lu6t1g ol ks

Moy 5.8u7io.9 - 3.847 a | 3.858%19 _—

My | 2.662%0.9 3.666 - %.670%19 %, 67hER)
' Ny 1.476418 1.490 1.506%23 1.509%16

Nop ' 1.3%08%18 1.318 1.33%34%23 _ 1.551#16

Nooq 1.079%18 1.076 1.093%25 1.094%16

Nyy. 0.812%0.9 0.812 0.831%30 e

Ny 0.766%0.9 0.768 0.786%30 __;

o-' , ——- 0.3k o ~0.290%30 - ---

P - e e 0.050%30 S

aObtained from the K-L

. energy difference of the 208 keV'tranEition and the LI
binding energy. : o

I
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Table 6
Conversion coefficients of the pure E2 transitions

Transition ' | Conversion coefficients
energy : . Y
(keV) Shell Exp . Theor Exp/theor
: ' (Sliv-Band) . :
16k.61 K ' 0.145%0,015 0.188 0.77%0.08
| L. 0.065%0.010 0.070 ©0.93%0.1k4
L.y . 0.680%0:060 0.72 0.95%0.08
Lor 0.348%0.0%0 0.38 0.91*0.08
' 221.80 L, 0.200%0.020 0.19  1.07%0.11
Lyry <0.09 0.087 <1.1

332,36 . K 0..0635%0.0060 0.063% - ~ 1.00%0.10

T A e i 3 ] e i, i e b, + e et e :



. Conversion coefficients of the El transitions from band B to band A

Table 7

Transition: Shell Experimental Theoretical Exp/theor
energy . :
(keV) This work Othersv_ Sliv-Band Rose®
26.35 . Liip 1.48%0.19 1.2° 1.75 0.82%0.10
(B 5/2- —A 7/2+) Mo 0.387%0.065 . 0.250 1.55%0.26
MII : 0.65%0.10 0.300 2.15%0. 32
Mot 0.3%5%0.050 o.uop 0.84*0.12
My 0.074%0.01k4 0.168 0.4k%0.09
M, 0.137+0.022 o 0.200 0.69%0.11
Mo /Mooy 1.16%0.12 1.2%0.2% 0.63 1.84%0,18
MII/MIII 1.93%0.19 ' 0.7% 2.60%0.26
Mo/ My 0.22%0.0% 0. 4h*0.13° 0.b2  0.52%0.07
MV/MIII 0.41%0.04 " 0.37%0.11% 0.50 0.82%0.08
N, 0.118%0.020 ‘
Nip 0.231%0.030
N1t 0.089%0.018 _
NI/NIII 1.32%0.28 1.00.35%
N /N 2.60%0.50 2. 40,82
59.54 | L 0.240%0.029 0.22%0.02° 0.13k 1079t0.21
- Ly 0. 146840, 0k 0.46£0.05° 0.124 3.80%0. 38
% Loty 0.131%0.013 o.12io.o3b 0.126 1.04%0.11
h Ly/Lrp 1.84%0.07 1.76*0.13% " 1:06 1.74%0.07
Lop/Trrg 3.60%0.1h 3. 3520, 242 0.98" 3.67t0.1k4

._9€_
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Table 7. Continued

Transition Shell Experimental Theoretical Exp/theor
energy ‘
(keV) This work Others Sliv-Band Rose®
M 0.061%0.010 0.045 '1.35iQ.25
1T 0.121%0.016 0.03%8 3.15%0. 41
M1y 0.032%0.006 0.043  0.74%0.15
Moy 0.0053%%0.0020 0.0078 = 0.68%0.25
M, 0.0065%0.0020 , 0.0097 0.66%0.20
MI/MIII 1.94%0.30 1.92%0.19% 1.05 1.9%0.%
MII/MIII %.85%0.39 3.73%0.37% 0.89 k.3%0. k
MM 0.17*0.0L 0.1%0.012% 1 0.18 0.95%0.22
M/ Mg 0.21¥0.0k  0.12%0.0147 0.23 0.91%0.18

8Reference 17.

bReference 25.

cPoint-nucleus, unscreened value. Interpolation was made by using the values for 25.6 keV and 51.1

keV, given by 08626):

and the threshold value around 30 keV, given by O0'Connell and Carr01127).

_Lg..

LLGoT-Td0Nn
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Table 8
Conversion coefficients of the El transitions from band D to band C

Transition Shell Exp Theor Exp/theor
energy - . _ (Sliv-Band)
(keV) : : :
51.01 - L, 0.2620.20 0.180 1.h%1.1
(D 1/2+ —C 1/2-) Lyp 0.33%0.23 . 0.188 1.8%1.2
Loqg 0.35%0.18 0.201 1.7*0.9
LT/LIII. 0.80%0.30 0.90 0.9%0.3%
'LII/LIII 0.91%0.20 0.9L 1.0%0.2
64.83 L 0.098%0.02% 0.122 0.80%0.19
(D 1/2+ —»C 3/2-) L’II 0.125%0.025 0.096 1.33%0.26
- Lrry 0.105%0.021 0.095 1.10%0.22
LI/LIII 0.92%0.15 1.29 . 0.71%0.12
LII/LI'II 1.20%0.15 S 1.01 1.19%0.15
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Table 9 .
M subshell conversion coefficients of the 13.81-keV transition -

Subshell Experimental ICC Theoretical ICCY Calculated *CC
Ml + 0.15% E

relative M1 E2 relative ’absoluue
MI' : © 100 6.9(2) 9.3(2) 100 691
Mo : 15.6%0.% 7.3(1)  h.6(k) 20.6 1k

' + ; ' .

Mo 8.5%0. L4 3.2(0) 2.6(4) 6.1 L2
My | <7.0 b 7.1(-1)  Lk.2(2) 0.19 . 1.34
M <k P 3.9(-1)  1.6(2) 0.09  0.63

aEstimatéd from threshold valuesg7); see sec. 10.

b
The M1y and My lines were incompletely resolved from the LBMMM and LzM Wr .
Auger lines and our measured electron intensities were giveh as” upper ilmlts only.




Table 10 ,
Photon transition probabilities from the 267.5k-keV state {rand C)

Transition Multipolarity Energy = Photon Partial half life {sec) Hindrance |0G|2
A (keV) intensity ) Single-taciticle factor F
+ BExperiment e T
estimate
- (Moszkowaki)
, ‘ : 8 mh
3/2- - B 5/2- : M1 208.00 23.0 . 2.2 X 10~ 1.9 % 10 1.1 x 10
' 1 ‘ . "6 "9 A "5
3/2- - B 5/2- E2 208.00 0.49 1.1 x 10 2.9 x i 2.7 x 10 0.571
C 3/2- —»B 7/2- : E2 164, 61 1.87 2.5 x 107" 9.5 x 10"9_ 3.8 x 1072 0.k429
3/2- - A 5/2+ £l . 267.5k 0.61 8.4 x 1071 3.5 x 07t k.2 x 1077
] C . -6 .8 -2
3/2- — A 5/2+ M2 267. 54 0.15 3.3 x 10 ~ h.3 x 1o 1.3 x 10 0.571
3/2- —A T/2+ M2 23l Lo 0.021 o.h % 1077 8.%5 % 10“8 3.5 X 107 0.k429

LLSOT-Ta0Nn



'Relative,photon transition probabilities from the K:l/2+ band D.

Table 11

Transition  Multipolarity Energy  Photon  DLUSIeTPAFEICLE gipgpance” Jca|?
' (keV)  intensity Co-tmave cor factor F -
half-life (sec) (relative)
(Moszkowski) -

D 1/2+ —»C 3/2- E1l 64.83 1.25 2.5 X 10‘15 8.4 x 10"5 0.667
D 1/2+ —C 1/2- El 51.01 0.22 5.0 X 10712 3.0 X 1070 0.33%
D 1/2+ = A 5/2+ E2 332.3%6 1.29 2.8 x 107 1{oo
D 3/2+ —A 5/2+ M1 370.9k 0.12 2.6 x 10712 1.00
D 3/2+ A 5/2+ E2 370.9%  <0.018% 1.6 x 107+ 8.8 571
D 3/2+ —»A T/2+ E2 337,72 0.0081 2.6 x 107+ 6.6 0.k429
D_5/2+ - A 5/2+ 'Mi %68. 59 0.050 2.8 x 10"15 1.00
D 5/2+ - A 7/2+ - M1 335,38 0.102 3.6 % 10712 2.8
D 5/é+ - A 5/2+ E2 368.59 50.008a 1.7 % 107H <0.84 0.214
D 5/2+ > A T/2+ . E2 335,38  <0.015" 2.6 x 107t <2.8 0.508
D 5/2+ —»A 9/e+ E2 292.7 0.0028 5.2 X 10'11 1.0 0.278

aObtained-by using E2/M1 <0.15 which is based on the measured K-internal conversion coefficients.

PThese are only relative because of unknown life times of the relevant levels.

L1S9T-TH0N
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Table 12 -

U beta transition rates

4

UCRL-16577

Forbiddenness

Final state Beta decay Branching Log ft
: A energy ratio -
Level energy - Spin and parity (keV) (percent)
 (keV)

59. 54 B 5/2- | Ls5 <5 >8.3 1h (Bij
267.54 c 3/2- 248 L3 6.6 1u
281.35 c 1/2- 235k 5% 6.5 1w
332,36 D 1/2+ 183 3.0 7.3 ah
368.59 D 5/2+ 146 <0.25 >8.1 2.
370.94 D 3/2+ 14k 0.5 7.8 ah

Ed
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Figure Ceptions
N 2 . ‘ )
1. Gamma-ray spectrum of 57U above 150 keV taken with the 1 cm x 1 cm
% 5 mm thick Ge(Li) spectrometer with FET preamplifier (B). A lead absorber

3

, ” | v
of 400 mg/cm™ thickness was used.
' 2 2k : '
2. Gamma-ray spectrum of 57U and lAm taken with the 5 mmé x 3 mm thick
Si(L1i) spectrometer with FET preamplifier (C). A bveryllium absorber of

2
50'mg/cm thickness was used to stop electrons. -

. 3. Relative photopeak efficiencies of the solid-state gamme-ray spectrom-
- . y p .

eters used in this.study.

4, Schematic view of the pre-accelerator systeﬁ.

5. L-subshell.cénversion electron lines of 208.00 keV transition, recorded
with 50 cm 72 iron-free spectrometer.
6. .Liﬁes of fig. 5 plotted on semi-log paper after remova} of‘backgrdund.
7. L-subshell lines of 164.61 keV transition.

8. Semi—log\plot of lines of fig. T after background subtraction.

9. M-subshell lines of 59.5L4 keV transition.
10. Semi-log plot of lines of fig. 8 after background subtractioﬁ..A
11. MI and MII lines of 1%.81 keV transition, observed with pre-accel-

ergtor system.
12. Electron spectrum in region of M 26.35 and L 43.L42, observed with

pre-accelerator system.

13. Decay scheme of 57U. Photon intensities normalized to 100 beta

disintegrations, are given in parentheses.
14. Comparison of the experimental K conversion coefficients with the
theoretical values of Sliv and Band.

and LI conversion coefficients of the

15. The experimental K, LI’ L 11
2k
)

Ir’

208 keV transition compared with theoretical values of Sliv and Band

calculated as a function of ML + E2 admixture.
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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.






