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ABSTRACT
235

Np-have been studied-thfoﬁgh the alpha decay
' 235

The energy levels in

239

of Pu. A léVel was observed at

Am and.thé eleétron capture decay-éf
34,1 keV and'aésigned to the'groundvstafe rotationai baﬁd'wifh Nilsson

quantqﬁ numberfS/E + [6h2]; -Leveis at h9.0,:9l.6, and 146.8 keV were assigned
to the 5/2 — [5§3] rotational 5and. The lifetime of.therh9.0 keV statebwas

measured as 6.91nanoseconds, and the hélf—life_of the‘?3SPu was redetermined

to be 24.3 min.
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. INTRODUCTION

A conéiderable amount of work has been done in the detérmination of the

energy levels in 237Np and 239Np, l?2 however no comparéble bbdy of data exists
for 235Np.

e 235, S ; ' 239

The energy levels of Np are populated in the alpha decay of Am

235;

and in the electron capture'decay-of Pu._.Previous wprk3fh has shown.that

239 decays to a-h8—keV state in 23°

Np by emission of a 5.78 MeV alpha particle
and that this sﬁate de—excitesbtb the ground state by'an-El transition.

We have looked ét the alpha spectrum of 239Am'wi't'h a resolution of

18 keV full width“at,half_maxiﬁum (FWHM).uSing a surfaée"ﬁarrier Au-Si detector
and have 6b3§rvéd four alpha érouﬁs; | |

235py, deééys Bybelécfrgn captufe ( >99%) and éipha emissioﬂ (.003%).5’6
We have studied its decay using high.résoiutiOn (i -i2 kév FwHM) Ge(Li)
detectors in singies.and coincidence measu?ements. In fhe‘gamha singles
spectfum‘we obsefved éopiouS'K and L XArays and two loﬁ énergy gamma rays of
Bh.l‘and hQ;d‘keV; The iiféfimé'of the h9 keV sfate was measured and the half-

235

life of the “>’Pu was Fedetermined.

SOURCE PREPARATION

Americium-239 was prepared in a (d, 2n) reaction by bombarding ~ 300 mg
£ 239

o Pu fluoride with 18 MeV deuterons in the 88 inch cyclotron at the Lawrence

Radiation Laboratory, Berkeley. The americium was separated frdm'the plutonium

7

by passing the sample through an AG 1-X8 anion column in 10M HCl.' After adding

lanthanum carrier, the americium was taken through a-La(OH)3 - LaF3 cycle.  The
lanthanum carrier was separated from the americium on an AG 50-X12 cation column

with a 20% ethanol-saturated HC1
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solution.8 After s final purifiédtion'on an &G 50 catibn cleanup column,9 the

americium was vaporized onto platinum. Due to the presence of 2hlPu,in the

source material all of the sources prepared'contained 2“¥Am,

The 23°Py was prepared in an.(a, 4n) reaction by bombarding 235y metal

foil with 45 MeV alpha'parficlés in the 88 inch cycldtfdh.' The.plﬁtonium was
separated from the uranium by elution from an AG 1-X8 anion column with
10M HC1 - 0.1M HI solution.| ihe pluféﬁium:was‘furthéf purified by adding

lanthanum carrier and teking it through a La(OH)3 - L&F3

'cyclé.8 The'lanthanum
was removed on & AG 1-X8 anion column by elution with 10M HC1, and the solution

containing thévpiutoniuﬁ'was evaﬁbfated to dfynéss on & mwlar £film. The

chemistry was cohpieted in 2-3 hours.

o #3%\m ALPEA DECAY
The 239Am aipha spectrum obtained on the solid-state detector is shown

in Fig. 1. The spectrﬁm.haé been smoothed by a computerlovto make the smaller

peaks stand out more clearly above the background._ It can be seen that the

spectrum is almost_identicalfto ﬁhat of thAm. - The peak;at.5.38 MeV in the
spectrum'has.been'resolved intbvtwb alpha groups, one -of which is the G159 of
2k1 ' ' :

Am. The othér.is the firsf observaﬁion of.alpha deéay in 2hoAm and will be
the subject of another publication.?h

Table I lists fhe 239Am-alpha grdups,_with théir.intensitieé and
calculated hindrance factors.

- The theoretical alphe intensities for favored alpha decay can be

calculated using the éqﬁationgl’22

€
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=P (z E) }E: ‘ < I, LK KoK |I >12
P (Z E) is the tran51tlon probability calculated from simple spln—independent
alpha—decay theory,20 the subscripts i and f refer to:the initial and final
states respectiyely, and the fermdin.hrackets is the“Clehsch;Gordan coefficient.
The'parameter:Ciilsidétermined.empirically from known;alpha intensities and is
inversely proporpicnal to thelhindrance factor of the albha wave of angular -
momentum L, | | | |

The resulfs of such a calculation are:summariseddin.Table IT, where if
is seen that our measured alpha inten51ties agree qulte well with those pre-
dicted for favored alpha decay.v | 7 | _

The hindrance factor for the ground state alpha decay of 39Am (see

241

Table I) is large (1300); similar to ‘both Lam (1100) 5 and 2h3 (1900).5 This

highly hindered alpha decay is characteristic of decay between states with

dlfferent Nllsson quantum num'bers.25

2355, ELECTRON CAPTURE DECAY -

In the gamma singles spectrum of 23.SPu we obseryed the K and L X-rays of
Np, and two gamma rays of energy 49.0%0.1 and 34.1#0.1 keV. The intensities of
these gamma_rays were_determined'in both singles and coincidence‘measurements
and these are giyen in Table III, The decay was followed.for several hours and

the half-life was determined to be 24.3%0.1 min from measurements on the K X-rays.

THE HALF~LIFE OF THE h9 kéV STATE
The lifetime of the Lo keV state was determlned by the delayed

coincidence method using a 235py source. Two 3" x 3" NaI(T1) crystals were
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used; one’was gétéd on the K capturé X—fﬁys,rand the other on thé hé kéV
gamma ray. The"two‘outputs wéfé féd iﬁtoEaﬂfimé—to~pulsé—héigﬁt convértér and
~ the time delaj spectrum rééordéd inta‘Hdo'éhénnél puisé héight'anaiyzér; A

- prompt spectrum was obfained using a source of 182Ta.aﬁdvpéifﬁrming the
coincidenée betwéen thé.compfon diétribﬁtioﬁ of'thé 229 and 100 keV gammé rays

235

using the same low enérgy gate (49 keV) as for the Pu.

The siméiest method 6f detérmining the lifetiﬁe'pf 8 ié§e1 in a delayed
coincidence ekperiment isvto measure the sibpe of thé-deléyed curve. However,
this is not pdssible when thé half-lifé of thé r&diation is shorf'cohpared to
the time resoiutioh of.the eéﬁipﬁént; as it is iﬁ'this”pase. The data were
therefore subjected to a least sqﬁares aﬁélysis in which the delayed curve is
constructed ffcﬁ the promp% cuf&évby introducing a delay of mean life T = 1/A.

The sum of the.SQuares of the'residuals between the measured and calculsted

1

delayed curves 1s minimized with respect td A.l The result of the least

squares analysis“is shown by'the'soiidbcurve in Fig. 2.  The bést it corfesponds
to a half-life for ﬁhe 49 keVv state”of'6.9'nanoéecbnds._ Several other methods
of analysis were Also used ahdwthéy ére sﬁﬁm&rized‘iﬁ Table IV.

The best value §f'tne half-life of thé 49 keV level obtained as a

weighted average of the different methods is 6.9%0.3 nahdseconds.

ANALYSIS OF DATA
235

Np are very similar to those of

237

Np and 239

The energy levels of Np.

This is clearly seen in Fig. 3.-

From:the alpha and gemme spectra we placé energy levels in 235Np at

34,1#0.1, 49,0%0.1, 91.6%0.3, 146.8+0.T keV. By analogy with the decay of 21*lAm

a 243

an Am, the levels at 49.0, 91.6, and 146.8 keV likely belong to the same

rotational band. If we take the measured energy differences and substitute
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into the simple rotational formuls to'SOIVe for the spin of the band»heéd Io’
we get

E(I +1,I +2) I +2
: o) o) - _o
_ - = =2
BI,I +1) I .l

= 1.30%0.02
'_:199= 253310717

which is 5/2 w1th1n the experimental error.

Fitting to the h9 0 and 91.6 keV levels we obtaln a rotational constant
of 6.09+0.0k4 keV. Using this we would predict the 9/2 member to fall at
146.4+0. S‘keV vhich fits the lh6 8 keV level within'the experimental error.

In a coinc1dence experlment with the unresolved alpha spectrum we

vobserved a gamma ray of h9 keV energy. ‘Earlier work by Asaro gz_gl:h has shown

this to be an El tran51tlon The groun@ state of 235Np'has préviously been
1. 16 ,17,18

assigned the Nilsson quantum numbers 5/2 + [6L42 Th1s is consistent
with the assignment of spinMS/Z'and‘negatiVe parity to the h9’keV level. It
very likely has the Niléson éésignment 5/2 - [523] as:do.ahalogous levels in

237 239Np

Np and

Fig;_h~shows our proposéd decay scheme. |

The intensity of the 49 keV gamma ra& in coincidence with K X-rays is
1.7%. It had been previously_detérmined:ffom.239Am déca&h that-this.gamma ray
was El with.an.intensity of 0.5 ber alpha disinﬁégrafion;' The fheoretical
conversion coefflclent for an El1 transitlon of that energy is 1. Therefore
about h7 of the K capture populates the 49 keV state dlrectly or via higher
states. Approx;mately 96% of the X capture processes then-bypgss this state

and very likely populate the ground state rotational band.
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The energy levels of 235Np are similar to thoee of~237Np and 239Np.l’5
The first excited state in each -of these latter two nuclides lies at about

32 keV and decays to the ground state by predominantly ML fadiation with some
E2 admixture. If.we assume the same admixture as for - Np (1.4% E2) 2 4
theoretlcal conver51on coefflcient for the 3k.1 keV gamma, ray would be 195.

The intensity of the 34.1 keV gamma ray in coincidence w1th X X-rays is- O 2%
Therefore the intensity of the tran51t10n is estlmated_to be about 40%. Thls
intensity is'aufficiently_large that if caunot come frcm-de;excitation of the

e} keV state, and hence it very llkely represents K capture to the 34.1 keV

level. The remaining ~ 56% of the K capture very likely populates the ground

state.

Ll/K CAPTURE RATIO |

Using the equatious of Brysk and Rose5’19.it.is‘possible to calculate
the expected Ll/K.capture:fatio to the 49 keV state. *Aseumiug that it is a
 first forbidden non unique transiticu, and taking the_Q—value for electron
capture calculated from closed decay energy cycles as i.l3 MeV, the calculated
L /K ratio is 0.21. ,‘ | | o

Using the experimental data, the difference between'the singles and
vcoincidence measuremeuts represents the number_ofvgamuaxrays that are not in
coindidence with K X—fays, and hence the number that are:in coincidence with
L, M, N, etc. x-iays Therefore taklng EC(M + ¥+ ...)/EC(L) = 0452,
EO(Ly,)/BC(L,) = 0.1k, end BC(Ly,)) = 0, our measured L /K ratio is 0.31#0.10.

Although this fits the'calculated value within the experimental error, it is not

sufficiently precise to be of'siénificant use in determining the Q-value.
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The K capture prOcess,in'235Pu populates the 5/2 and 7/2 members of
| ' 355,

the ground étété rotational band; indicafing ﬁhatve Pu should have spin 5/2

or T/2. This gpin would be consistent with the K capture population to the

5/2 - [523] band also. By analogy to 233y which has the same number of

neutrons, the 235py ground state probably has the Nilsson assignment

572+ [633].
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Table I. 237 Am Alpha Groups

Alpha Particle Excited State Inténéity Hindrance
Energy (MeV) Energy (keV) (%) Factor
5.825+0. 00k 0 0.33%0.02 1300
5.776+0.002 49.0%0.1 83.7 0.4 2.9
5.73440.002 91.6%0.3 13.75£0.07, 10
5.6800.002 146.8+0.7 1.98£0.03 36

(W]

b




Table II.. Analysis of Alpha Decay of >239Am to Members-of the Favored Rotational Band i»n'A2'35Np..
FINAL STATES RELATIVE ABUNDANCE 4 - ENERGY CORRECTION = SUMMATION EXPERIMENTAL
o UNCORRECTED FOR ENERGY FACTOR P_(2,E) ¥ NORMALIZED - ABUNDANCE
SPIN.  RELATIVE L=0 L=2 L=4 (7). _ (%) _ (%)
(K=5/2) ENERGY (keV) : - T e
5/2 0 1.0 _{238 1.08x10F o s2.8 - o8hp S 83.7
T/2 o6 o 317 7.8k x 10'h © o 31.h ; 12.94 13.75
o/2 978 S 111 171 % 1073 1.8 231 1.98
, 238 . .20, ., o
Hindrance factors for L waves deduced from alpha decay of = Pu and = Cm, ‘(Ref. 5).
L=0 1 B
L=2 1.5 1
L=k 221

1'This is equal to the square of the Clebsch-Gordan coefficient for the transition, (Ref. 23), divided by the
' hindrance factor.

'.:FCalculatédi according to Hyde, (Ref. 20), p. 2b5

9W66T~THON
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Table III. Intensities of Gamma Rays in 235py per 100 X X-rays.

ENERGY (keV) - o SINGLES. . ... COINCIDENCE
k9.0t0.1  2.6720.07 : | 1.74£0.27
' : : , ' ' .
34.1+0.1 , : . 0.33%0.05 I . 0.20%0.05

* ~ : , : , :
Estimate using data from a separate coincidence run.

[¢]

W,




Table IV. Lifetime of keV State in
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235Np Using Different Methods of Analysis.

HALF-LIFE (nsec)

METHOD

Newton (12) 6.80.3
Laplace Trénsforms (13) L7¢3t0.3
Centroid Shift (11,14) .  6.3$0.3
(First Moment) '

Higher Moments (11,15) 7.2:0.4
Least Square Fit (11) 6.9:1.1
WeighteqvAverage  6;9¢0.3
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FIGURE CAPTIONS
239

Am alpha spectrum—--computer smoothed.

'Least.sqhéres analysis‘of lifétimé méaéurémenf on L9 kéV state in >
Pup. | ’
Comparison of énergy levéls in_23SN§; 237Np, aﬁa ?39Np.

Proposed decay scheme for 235N§. |
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