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Beta Decay and Klectron Capture Branching to the Levels of Pu”g .
) by

Jack M. Hollander
Rediation laboratory
University of California

Abstract

The experimental log ft. values of the Mp>37 bete decay and Am3SY
electron capture are aaslysed smoording to the asymptotic selectiom rules
proposed by Alaga for dsformed nuclei. It is found that, vith a reascoable
choice of state assignments mmlﬂsmmgymw, .
oomsistent interpretation can be givea of the observed log ft. values.

All "allowed” transitions are retarded by at least an order of magnituds,
whereas the "first furbidden" trensitions cbserved here proceed with
pormal f£t. values. The interesting case of an “"alloved” tremsition
with log ft. > 8 ts discussed.



-2- UCRL-3626

Beta Decay and Electron Capture Branching. to the Levels of Pu239
' Jeck M. Hollander
Radiation Laboratory
University of California, Berkeley, Califormis

October 26, 1956

t Introduction

Studies of the beta-decay of Np->> and Am>’ have given information
about the energies, spins, and parities of the excited states of the Pu239

'1,2 With these data it has been posaible to mmke several tenta2 of the

nucleus
Bohr-Mottelson nuclear model vith regard to rotational level spacings and gamme
ray transition probedbilities within the rotational bands, the theoretical and
experimental results have been found to be in good accord, indieating the
applicadbility of the theoretical description in this region.

However, it vas noted in the preceding paperl that s consistent pic-
ture could not be obtained of the beta and electron capture branchings of Hpos2
and Am23? to the states of Pu’3) by means of ordinary spin and parity selection
rules., In particular, the slowness of beta .decay of Rp239 t0 the members of
the ground stete rotational band, and the slovness of electran-capture decay
of An®3 to the 391.8 kev state and to the ground-state rotational band, require
explanaticn. Ve shall here examine the Np°3 and Am“? log ft vaiues to see if
a consistent interpretation of the observed branching ratios can be given in

terms of the "asymptotic” beta decay selection rule: proposed by Ala@a.3

B Single Particle States in Pu->?

Ia the ordinary spherical shell model, the energles of individual par-
ticie statss heve been calculated by the use of an isotropic potentiel inter-
mofiate between a4 aguare well smd a harmonic oselllator; with the additional

appartion 27 beuny LpaneCedit couplingg, o ovder of levels 45 obtuined vhich
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reproduces the observed points of major shell clom.u‘es.h In regions of large

nuclear deformation such as the lanthanide and actinide elements similar cal~
culations must take account of the fact that the binding field is non-apherical
and 1s dependent upon the amocunt of deformation. This problem has been considered

6 but here ve shall use only the results of Hilssan.s

by several authors,’’
Nilason has calculated the binding states of nucleons in a modified spheroidal
harmonic oscillator potential including the spin-orbit interaction; Pig. 1 ie

a reproduction of part of the Hilsson ;:nergy level diagram, plotted as a function
of prolate Marmtion.7 In this reprecsentation, each level is designated by
the spin (Q) and p@rity (), the total oscillator guantum number K, and also by
the quantua nwdbers n and N which are "good" in the limit of large deformatica;
a_ and A\ are respectively the components of N and the particle orbital angular
somentun £ along the symmetry axis. The value of A is equal to 1 ¢ 1/2 and {s
even or odd as N - B, is even or odd. In additicn, each rotational band bas a
quantua number X which is equal to the spin (0) of the fundamental level of the
band.,

In order to use the Nilsson dlagram, one must have an estimate of the
deformation parsmeter appropriate to this region of elements. We shall use the
value § = +5 vhich results from the intrinsic quadrupole moment of 3p237 (‘?‘o =
11 barns). determined by lewtona from Coulomd excitation experimentas,

The following discusaion wui make use of informmtion :uwmmarized in
the level dlagram of Pu’s?, which is Fig. 1 of the preceding paper.

The availability of many close-lying orbitals in the regiom of 1h5
nucleons (neutrons) is reveaied by an examination of the Nilsson diagranm
{Mg. ). of this paper). Among these are two states of 0 « I = 1/¢ vhich might

corvaspond to the Pu preowd state,  Taesse nee the ostotes G, a1, B, B s .

A e e ctmEeTiIUe.L L. Suvamduaer” aes smede the.ret oo

e e y. -
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calculationa of the decoupling parmm s for each of these states and has con-
cluded that only state 1/2+ 6, 3, 1 gives a result consistent with the sz
value & = -0,58. Hence the ordit 1/2 + 6, 3, 1 will be assigned as the ground
state.

There is found neardy the state 5/2 4 6,2, 2 vhich probably corres-
ponds to the 5/2+ state found at 286 kev.

The next umsic state odierved experimentally is the 392 kev level
vhich has 0dd parity and a spin of 5/z or.7/2. A 5/2- state lying mear the 1/2¢
and 5/2+ states cn the Nilsson diagram ic that cme designated 5/2- 7, 5, 2. There
1s also & 7/2- state available, 7/2- 7, 4, 3.

The 512-kev level in Pu’3” has evea parity and spin 5/2 or 7/2. A
near lying 7/2+ state on the Nilsson diagram is the 7/2+ 6, 2, 4 state while
somewhat farther avay there is the 5/2+ 6, 3, 3 state,

States available to the parent isotopes Np-32 and Am>-2 can be found
on the diagram by counting up from the 82 proton shell. In the region of 93 snd
95 protons there are three states, 5/2+ 6, 4, 2; 5/2- 5, 2, 3; and 3/2- 5, 2, 1.
The first of these can be assigned as the ground state of Np>3~ while the second
1s probably the ground stets of Am>>0, The even parity 5/2 state is chosen for
#p°3? 1n enalogy to the ground state of Np23! vhile the odd parity ground state

of A-239 is analogous to the 5/2- ground state of Anzu. (The spin and parity

assigmments of §p237 and Au™ have been discussed by Hollander, Gmith, and
Rasmussen. )’ |

The spin valued 5/2 has been assigoed to the ground state of Np>>2 in
spite of its measurement as 1/2 by opt.icalr hyperfine st.mcturem beasuse of the
alfficulty in reconciling the latter value vith the Hp>3 beta decay dats. In
this gcomnection it is interasting to observe that ihere is nob Filsgson state

39

with 2 » 1/2 newr 93 provons. A recetermisation of the Kp"" gpin would be of

LA TR R R B L N S 12 A A S TR 31 R T S
~ -
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i Toe €age Selection Rulea

Seloction rules for beta decay of strongly Aeformed nuclei have bewn
given by Mm.3 Beta transitions are classified xs “unhindexred” or"hindered”
according to vhether they obey or violate the following rules:

Allowed transitions: Al = 0,1 no
LRe0,An =0, =0

Pirst forbidden transitions: (a) AI = 0,1 yes
AI-l,AB.OO,AA-l
ANel,An =1, AA=0

‘ (b)AI =2 Yes

Al-l,bn.-O,Aj\-l

T™he analysis by Alagnz of beta decay log ft values in the rare-earth
elemsnt region has indicated that those beta transitions which violate the
asymptdtic selection rules are in general retarded by adbout a factor of tem.
8ince these selection rules have not yet been tested in the heavy element regionm,
it 1is of interest to make such s comparison in the case of the beta and electron
capture decays to Pu239, vhere log ft values are known and also definite assign-
asnts of the asyaptotic gquantum nunbers have been made to some of the states by
use of the Nilsson dlagram.

Table I lists the experimental log ft values and the guantum number
changes whioh occur in the various deta transitions., The spin and parity changes
are listed first to demote the general classification of the transiticn as allowed
or forbidden. Then the changes in K, N, B, and /\ are given. A Aaiscussion
of these transitions follows: |
1  he transition to the grownd-state A is expected to be second forbid-
4mn and unobservable. Transitiocns to states B,‘C, and D are of the allowved type
dut are known tc be veryslow (log £t > 9.1). Mthmbe explained
b; the opsration of the strong K-selection rule, by vhich these transitions am
forhidden since A X exceeds the multipolarity,
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Table I
#p°%7 Beta Tramsitioms
Final Btate A1, Ax Type K, 8N, fn_, AN  Asymptotic Expt'l
Classification log ft
A 2 no, z%ﬁ ford., ——— - -
B 1 0o, allowved AK =2 K forb, >9.1
c 0 no, elloved AK =2 K forb. >9.1
D 1 no, allowed AK =2 K forb. >9.1
B 0 no, allowed 0,0, 2,0 hindered 1.0
4 1 no, allowed 0,0, 2,0 hindered >6.5
G 0 yes, 15% forb. 0,1, 1,0 unhindered 6.5
H 1, 0 no, alloved 1,0,2,2 hindered 6.8
0,0,1, 1 hindered 6.8
An°39 Electron Capture Transiticns

_A,B,C,D 2,1,0,1 yes,1*“forb, AK = 2 K forb. t
B 0yes, 1°® forv. 0,1,0,1 unhindered 5.9

r 1yes, %% forv. 0,1,0,1 unhindered ?

G 0 1o, alloved 0,2 3,1 hindered >8
H 1yes, 3°¥ forv.  1,1,0,1 unhindered 6.0

AK = 0; Ax =no, but are somevhat slov (log £t > 6.5).

Transitions to states B and F are of the allowed type A1 = 0, 1;

™is {5 consistent

vith the fect that the asymptotic rule in Aa_ is violated. The retardation

in this case is a factor of ~10-30,

(There can of cour:se be no unhindered

alloved transitions in this region with A I = 0 since these would have to be

‘mirror dbeta decays).
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RPX ?.‘eh oot ale v k& OF el LiomoenorbBidde: Lype o oo
ér L since state G cen have either spiu 5,2 or 7/2Z. Because the log T valw
' (6.5) seems rather low for 8 transition of the A I = 1 yes type, we prefer :pin
5/2 for state G. In either case the bets transition is ushindsred according to
the ssysptotic rules. |

State B can have spins s/a+ or T/2+. There are Filsscn states availa-
ble vith both these spins: 7/2+ 6, 2, b and 5/2+ 6, 3, 3. In either case the
beta tramsition, "allowed” by A I and A K selection rules, is "hindered” by a
viclation of the A n_ and AL rules. The hindrance factor sgain is of the
order of 10 to 30. »

A3, me ground-state spin of An°Y nas been assiged as 5/z-, for vhich
the Nilsson state designation 15 5, 2, 3.

A change of two occurs in the K value for electron-capture tramsitions
~t0 the ground rotaticnal band, hence only those transitions with A ] ?_ 2 are
expected to proceed normally. Since a “normal” A I = 2 yes transition exhibits
8 log r't valus in the neighborhood of 8.5, these transitions would be expected
to contribute caly a few percent of the AnZ3? decays. Unfortumately, the emact
sacunt of bramching to the ground state band is not known experimentally, but
it i3 surely wveak.

Electron capture to state E takes place vith a log ft of 5.9 (this 18
wmmaloml:unbecmemwmtorbrmmwmwmum: is
not known). According to the asymptotic selection rules this transition should
be an unhindered first forbidden type, which agrees vith the cbserved log fi
of ~b,

A very interesting situation occurs in the case of the electron-capture
to the odd perity state G wvhich vas assigned the spin value S/é- or 7/2-« In
either case this transition is expected to be "allowed”, with A I = O or 1, no.
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Bowever, experimentally it is found that this transitiom io very slow; in fact
1t has Dot been cbserved in An°3? decay and a lower 1imit on ite 1og £t has been
set at 8. Thus, ope has an "alloved” trensition in both I and K which has been
consideredly retarded, by at least a factor of hundreds. A natural explanatica
for this unusunlly large hindrance is perhaps at hand from the asymptotic selec-
tiom ruies because here the initial and final states in the transition differ
by two.in principal oscillator quantum numbers; the parent state 5, 3, 2 arises
from the £ifth cascillator shell vhereas the final state 7, 5, 2 (or 7, %, 3)
arises from the seventh shell. The lack of overlap between two such states 1s
evidently quite serious.

The electron-capture transition to state H is of the A I-0 or 1 yes
type, vith log ft ~6.0. In this case none of the aelécum rules are violated,
hence the transitiom 1s fast. A log ft value of 6 seems more reascoable for
an wmnhindered &I » O yes transition than for the slover AI = 1 yes type, 20
perhaps the assignmeat 5/2+ 6, 3, 3 is prefersdble to 7/2+ 6, 2, k for state H.

SIARY
Itmbeonshomthstthclogrbvaluuofth.hzwandlpzz‘gb‘ta

decays, anomlous according to ordinary A I and A K selection rules, can be
fitted into a consistent picture by means of the Alaga "asymptotic” selectica
Tules. Such a copparison helps to demonstrate the applicebility of these rules
and the lL‘E.uon energy level scheme to odd-A nuclei in this region. The large
hindrance of transitions with AN = 2 19 particularly interesting.
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Pigures end Tables

Pig. 1. Kilseson enerygy level diagram for prolate deformation.

Toble 1. Analysis of Np>32 and An°3° beta transiticms.





