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leta Decay &D4 Klectron Capture Brulch1na to the Levela ot Pu.
1». 

'by 

Jack M. Boll•Dder 
Bacliation X.boratory 

Vrd verai t;y o~ OILl.it'ornia 

Abe tract 

'lba uperiaent&l loa ft, ~·· ot t.be ~p239 beta decay &D4 a 139 

electron ~-- an ..:&pel ~ to tiM u,..totic aelec'tica n1ea 

PNJ0M4 by,, .. tor e.toliliiii4 ~W~Dla1. It 1• ro-4 tbat, with a rea..-l>l.e 

cbotoe ot 1tat.e ... 1..-ta ffta tbe B1•aca __.., leftl 41atra, a 

._.la'-' latei'J)nt&Uaal c.. be pvea ot the obaervect loc tt. ..al.••· 
All. • ., 1 a,..- "llllitticu we retuU4 by at l.eut aa Ol'4er ot -.u-., 
a.eu -.. "tir•t faftiMa" tJ:roeut \1ou obMneCl beJ"e proceed v1 th 

ltm!7 s' tt . .:L••· !be 1a.,._\1Da ~ ot u "all.oncl" tnDaitiaa 

vttll 1oc tt. ) 8 itt cUaeuHCt. 
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Stwllea ot tbe beta-dee~ ot B.P239 an4 AJD.239 have (Jiven information 

about the energies, apins, and parities of the elllCited states ot tile Pu239 
l 2 ~ 

JRICleu. 1 With tbese data it baa been posaible to IDBke several testa"' of the 

Bobr-tbttelaoD D11Cl.ev ID06el vi th regard to rotational. level. spe.ciDa£ aad ~ 

ray trau1 tJ.on pl"'be.'bUi ties vi thin the .rotational bands , the theoretical and 

a;pa-t.Dtal reaults bave been toun4 to be 1n 8004 accord, 1ncl1cat1ng the 

appl.1c:abU1 ty ot the theoretical description in th1~ region. 

l 
Jlc:Mn-er, it vas noted in tbe precedi..ne; paper that & conill1stent pic· 

ture coal.4 not be obtained ot the beta and electron capture brnnchinga ot Dp239 

aac1 .AJl·39 to the states ot Pu239 by mana ~ ordinary spin and parity &el.ect1on 

rules. ID part1cular, the slowness ot beta decay ot Np
239 to the .-mbers ot 

tM ground state rotat1onal ban4, an4 the slouneaa of electron-capture decay 

ot Aa239 to tM 391.8 kev state an4 to the ground-state rotational ban4, require 

239 239 41.1rpl BDBticm. We aball llere examine the Bp a.Dd Am lOt:> t't value a to see 1t 

a cona1ateDt !Rterpretation ot the observed branching ratios can be given in 

tetws ot t:be "as1111.)tot1c" beta decay &election rules proposed by Alaga. 3 

t1cle states have been cfll.culat.ed by the use or an isat.ropic potentitu inte:r-
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4 npro4Jaeea the ®aerve4 point& of major a.bell closures. In regiODa ot larp 

cul.&Uou IIISt take aceouut ot tM tact t.bat tJ:Mt bi.Dd.i.Dg field is oon-apblr1c&l. 

aD4 1& ~t upon the amount ot c!etorma.tJ.on. 'rhis problem has been cou1We4 
6 . 

"by aeveral &lRbors,51 but here ve aball wso only the reaults ot BUason. 5 

lllsSOA hu c:al.culated the billdiDg states ot nucleona in a B:>ditied sphero14a.l 

l'l&rma1e oacUlator potential 1nclu4ing tb.e sp1D-orb1t 1Dteraction; Fig. l is 

a reprodua'~ ot part ot tbe liUaaon ffllJergy level diagram, plotted as a function 

al prolate detoruation. 7 In tb.ia repressente.ticm, eacli level is clesigDated by 

the apin (n) and parity (n) 1 ~ total osc:illat.ol' quantum num.ber B, and also by 

D and~ are respectively the components ot 1'1 and the particle orbital angul..ar • 
..-atua 'al..oilg the s~try ads. The value of~ is equal to n t 1/2 and b 

eva or oc!4 as Jf - n• is even or odd. Ill a44ition, each rotational b<md has a 

quant\11 DUmber JC which is equal. to the spin (o) of the t\mdaraental level ot the 

band. 

ID order to use the Nilsson diagram, one mwt bave an esti..rmte ot tbe 

~tion parameter aan-opriate to this redion ot elements. We shall ue tbe 

2.)7 
va.l.a. q • +5 which results trom the illtr1ns1c quadrupole mment ot l9p ..~ ( ~ • 

11 barna).~ed by Bevton8 
troll Coulomb excitaticm ~iment:l. 

The tollovi.Dg discussion vlll t'll8lte use ot intonation .i.>UDII'Il!Lrized 1n 

the level 41agam ot Pu239 1 which iu Pig. 1 ot the preced.1ng paper. 

Tbe avaUabUi t;:r of any clon-l.yin.g orb1 tala 1n the r~gion ot 145 

ll\JCleaQJi.l (neutrons) is revi!IAled by an &Pudnation of t.be Bllsson dia.g;ru 

(ftg .. l of thia pa.per). .~ng these ~ ~..:o st!l.tes ot Q .. I • l/'1. 'IJhicl:l m.S)lt 

''~0 
eo.rroe);!O~d tt) t:h~t Pu: h ~:.x.·~,uud. st..,lte • 

. J .• 
.~- ~ . 
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c&l.cvJ.aUoaa ot t.be clilcoupl.iDti ~!tor each ot tAeae atate& an4 baa ccm

oluAecl tllat only state l/2+ 6, 3, l &ive• a real&l.t coojjiatet vith the upex1allltal
2 

va.lutt !. • ..0.58. llace the orbit l/2 + 6, 3, 1 vill be aaai8lecl aa the fP'0\1114 

atate. 

'1'bue 1• tOUDCl nearby the state 5/?. + 6, z, 2 wb.ich probabl.y corres• 

pmd.a to tM 5/2+ state tOUDd. at 286 av. 

'!be next 1Dtn.Da1c state obMrved u;periJielltally is tJae 392 Uv level 

vh1ch !au o44 parit;y and a spin ot 5/2 or'j7/2. A 5/2- at.at.e ly1.n& aear t.be l/2+ 

act 5/2+ atates on tbe IUaaon cliagram b tba;t one desigA&teKl 5/2- 7, 51 2. 'bre 

1a al8o a 7/2· state ava1l.able1 7/2- 7, 4, 3· 

!be 512-&ev level 1n Pu.239 baa evea parity aD4 spill 5/2 or 7/2. A. 

Dar l71D& 7/Z+ atate on tbe •uaacm cUauaa 18 tbe 7/2+ 6, z, 4 state wbUe 

ao.v!aat tartber away tDere 1a tbe 5/2+ 6, 31 3 state. 

States available to the paNDt.. isotopes .lpZ39 aD4 Aa239 can be toun4 

Oil t.M_ 41aar- b)' COUDtiD6 up troll tbe 82 protem shell. lD tbe re&ton ot 93 act 

95 protala tbwe are t.bree atatea, 5/Z+ 6, 4, 2; 5/C.- 5, z, ); act 3/2· 51 2 1 l. 

!be t1rst ot tbese cu 'b8 aaa1pe4 as the &\"'Ufld state ot _,2.39 whlle tbe aecon4 

1a ~ t.M &J'OUD«. ate.~ ot Aa239. D. eve parity 5/2 atate is eboae tor 

JtR239 1D aalogy to tbe gl'OUD4 state ot ~p237 wb.Ue tbe o44 parity arolm4 state 

ot Aa239 1a ual.oaou to the 5/2- gouact •tate ot Aa24l.. ('Die spin ancl parity 

aaaiaa-Dta ot ~p231 aD4 Aa
21U baw been 41acusae4 b7 Bo.l.lancler 1 Smith, and 

Baa•waa.)2 

'!he ap1D value. 5/2 baa beeD aas1&ne4 to the groun4 state ot Jtp
239 1D 

ap1te ot its ~t aa l/2 by optical hypert1ne at.ructure10 baauae ot the 

41ttic\llt.y 1n reeanc1l1Dg the latter value vith the •p2:39 beta cleeay data. In 

thia CODt'leCtion it b intereatins to obeerve teat there is no 1'1laaon atat,e 

witl\ n .. 1/? ntJtu• 9J pr.ct..on~:~. A l~t.'ilrmi.r..atSJ..'lll ot tbe llp;:.39 :t:pin vr.:nud b~ "::' 
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a ~ ~~iis!. ~ectiO~_!! 
Sal.eet.1on rule.s for beta d:eoa,y ot strongly ~rJICJ4 nuclei h&Ye been 

&1~ by AJ.aaa,. 3 Beta t.raDa1 t10DJO are cl4.sa1t1e4 as ''l~DA1D4ere4'' or"'bi.Ddere4" 

aceorcUDa to ~ tbey obey or viol.at.e tJ.ae tolloving rulea: 

Al.l.cNe4 tnDs1 t1ozuu AI • 0 ,l DO 

A I • 01 An • o, AA • 0 • 
Drat. torbfAieD t.r-.ms1t1ona: (a) A 1 • O,l l!• 

AB•l,Aa •01 AJ\.•l • 
A I • 1 1 A a • 11 A A • 0 • 

(b) A 1 • 2 zea 

A I • 1 1 A D • 0 1 b. ./L • l • 
'1bl aaal.Taia by Al.&pJ ot lMtta dacay log ft values ill the rare-earth 

eloJJ D~ ft&SGa baa 1D41cate4 tbat 1ohoae beta t.re.nsi t1ons which violate tlut 

u~tic Mlect10D rules are 1D general ret.ar'de4 by about a tactor ot t.a. 

SiDce tMM ael.ection rulea have DOt yet bee testecl 1D tbe beavy ea-at re&loa, 

lt 1a or 1Dtereat to ..U auch ,.. COIIpl.l"isoo 1n the eue ot tb.e bet& u4 elect.roD 

Oll'twe ~ to h 239, v1aere loa tt values are known and &lao definite aaaip

.at.a or tM u1111Jt0t1c qwmtum n'UIIbera bave been Jllflcie to some ot the states by 

'labl.e I l1ata tlut uperiMatal loa tt Y8l..uea aa4 the qUDt• l1l1JilJer 

claenl" *lob ocnr 1A the various beta trSDS1 t1 ODS. '.rhe spin aa4 parity changes 

.,.. llate4 tiret to denote tbe &eneral cl.aas1:t1cat1oo ot the tr&Da1t1cD u allove4 

Gl" ~. DaD the eh&Dgea 1D K, 1, n
8

, 8114 A are &iver.a. A 41seuaa1on 

ot tlaeM tra.a1t.1cma tollova: 

ciiiD aa4 ~ervalal.e. Trau1t1CDa to sta'tea B, c, an4 D ·are ot the al.l.O'we4 type 

lMt ...... Dow.D to 'be YerJ a1.ov (loa n. > 9.1). '1'h1& retartatioD -.y be ~1De4 

..,~, tiMt ..-.tloll ot the at.rong X-eel.ecticm rule, b7 vh1ch tbeM tnm&1t1ou_ .. 

~Mill a!Doe A X ucee4a tbe 11Ul.tip)l••1t3. 
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'labl.e I 

!1. 239 Beta 1'rtma1 t!Oits 

. ftDal State A I I A J( T;ype /$..1 l!iJ, .lm 1 4f\. AaYJIIltotic • • Clasa1t1cat1ora 

A z no, ~ 2 ••• torb. 

B l ao, al.love4 AE•2 X torb. 

c 0 no, allove4 AX•2 K torb. 

)) l ao, all.owe4 .6JC•2 lC f'orb. 

B 0 no, allove4 o, o, 2, 0 hindered , l no, al.l.ovecl o, 0, 2, 0 hindered 

0 0 yea, l 8 t torb. o, l, l, 0 w:ah1ndere4 

• l 1 0 DO 1 allowed l, o, 2, 2 hindered 

o, o, l, l hin4ered 

Aa239 Electron CaP1-ure 'l'ra.ns1t1ona 

. A1B1C1D 
lit 2,1,0,1 yea,l rorb. AK•~ IC torb • 

B 0 ,.., lat. tor'b. o, 1, o, l UDh1n4ere4 

p l yes, st l torb. o, l, o, l \\Dhindered 

G 0 DO 1 allowecl o, z, 3, l hin4er64 

B 
at l Jea 1 l torb. l, l, o, l UDhin4ere4 
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bpt'l 
lo& tt 

~.l 

~.l 

?!9·1 

7-0 

>6.5 

6.5 

6.8 

6.8 

' 

' 
>6 

6.0 

'fra1181t1ona to etates B &Del r are ot tba allowe4 tj'pe .6 1 • o, l; 

6. K • 0; A" • no, but. are SODIIINbat alov (log tt > 6.5). 'l'h1s 1s coaaistat. 

vltb the tact that tbe as~tic .1"\Wt in An 1s violated. 'a& retar4at1ca • 
1D th1a case 1.s a tactor ot ... 10-30. ('.t'bere can ot cour~e be no UlJhi.D.4erecl 

allwed tru.s1 tioDa in this regio.n 'iili th 6 I • 0 a iDee these ·would bave to be 
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(6 .. 5) HemS rather low for s tr .. -msition of the A I • 1 yes .t.vpe1 we prete2· t:piD 

5/2 tor atate G. In either ease the beta. transition io UDh1.114er&d o.ccorclJ.Dg to 

'tbe U1JI!Ptot1c rulea. 

State B caD have aplu 5/2+ or 7/2+. 'D1ere are lilsacn statee avaUa

ble vttb bot1l t.Mae spills: 7/2+ 6, 21 ~ aD4 5/2+ 61 31 3· In either cue tlle 

'beta ti"IIDaition, •aJ..l.owe4" by A I aa4 A 1t aelection rules, 1a ~n by a 

vtolatiGD ot the A n
8 

81l4 A A rules. !.be hinclrance factor aea1n 1s ot the 

order ot lO to 30· 

Aa239. Dae &l'CND4-state ap1n ot Aa239 baa 'beeD aaaipecl as 5/2· 1 tor vb.1ch 

tbe IS l•IQD state &taJ.aaatiOD ito 51 2 1 3. 

A chan&e ot two occurs 1n the 1C Vlllua tor el.ectron-capt,ure ~1Uoos 

. to t.be aro-4 rotatiaoal band., bece only thOse transitions withAl~ 2 an 

...,.ctecl t.o procee4 D01Wllly. Siace a "DOriBl" A I • 2 yee t.ramsition exbibiu 

& lo& tt value iD tbe DeiQbbOl"boocl Of 8. 51 these transi ti<m8 Voul4 be expected 

to CODtrilnate OAl1 a tev percent ot the Aa
239 decays. UDtortunu'ly1 the emct 

..,_t ot 'braacbS.ns to the sr'OUD4 state 'baD4 is not &Dow ~tally, but 

it 1a IIUl'el7 "*· 
KlectroD cqture to state B takes place v1tb a log tt ot 5.9 (tb.ia ia 

. 
UWA 117 a lover 11111 t because the S~~DWJt ot br .mcbing to the lover levela ia 

DOt lmowll). Acco1"cU.Da to tbe &a1D~Jtot1c eeleetion rules tMs tr&~US1tioa .aaoul4 

be 8ll ~ tint torbi4deo type, vhicb ~s with tbe observecl lo& tt 

ot -6. 

A Yer'7 iDtereatiDg si tuatiOA occura 1n the case ot the electron-capture 

to tM oM pu-ity atate G llbicb vu aeeipecl t.be q1n val• 5/2- or 7/2-. In 

e1tber eue this traaa1t10D 1s eqectte4 to be •allove4", vitb A I • 0 or l, no. 
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Jlowe•er, ~tally it 1a toua4 tbat tJUa t.rtma1t101D 1~ very slov; 1D tact 

'" ua DOt bela®~ 1D a 239 dectQ' an4 a lover llm1t on 1ts los tt.-.. beeA 

aet at. 8. '.lh1aa, ODe baa an ''a.ll.ove4" t.reu1t.1on 1A 'bo~ I aa4 K vhich !au bee 

~t.....-bl1 retar.Se4, by at leaat a factor ot mmclre4s. A utural explaaatioD 

tw tbls ~ larp h1n4razlce 1a perbapa at haD.4 tl"'OI tJ:ae asymptotic Ml.::

Uce nlee because bere the 1n1t1al aD4 tiDal st.atea in tAe t.ru•1 t1oD 41tter 

lQ' two ·ill priacipll oac1.1.lator quuatua Dumbera; tbe parent state 5, 31 2 art ... 

t:rca tM 1"Ut:Jl oecUlator shell ~ the tiDal st.ate 7, 5, 2 (or 7, Ia., 3) 

ariaea troa the aeventh shell. T.be l&<:lt ot overlap betveen t-wo such atatu is 

!be eJ..ect.rc:c-capture tnma1t1or& to state H is ot t1att A 1:::0 or l 
1
)"ea 

t~, with 10& 1't -6.0. lD this cue none ot the aelecti<ID rW..ea are v1ol.&t.ecl1 

t.aca tM tnzasiticm is tut. A log tt value ot 6 a.-a .,re reascmable tor 

tm uDtdn4ere4 A.:l • 0 J!e& trrma1t1on thaD tor the slower 6 I • 1 yea tn-, !CO 

~ tbe asa1gomeat 5/2+ 6, 3, 3 1s pret'erable to 7/Z+ 6, 2, 4 tor state B. 

S!JI!NARJ 
It has lae8D sbow'll tbat tba lOS tt values ot tbl All·39 u4 ~239 beta 

a._,., ._..lou aecor41Dg to or41Dary A I ad 6 JC select1'*1 rules, can be 

t1tte4 into a COD.Siat.eat picture by -.na or the A.lap "asYD~Jtot1e It seleetiQQ 

rules. &ai::JL a comparia;on belps to ckamstzoate the £Dlice.bU1ty ot tbeae rules 

8114 toM •u.eacm eDC'Q' level scbale to o44-A nuclei in thia region. 1he larp 

b1D.4reDcte ot tnms1t.1au vith A 11 • 2 1a particularly 1Dterest1us. 
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