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DtlUCCT MEASUJ\EMENT OF THE MAGNETIC 
MOMENT Olr PLUTONIUM•Z39f. . ',t, 

., J •• , .... 

i ;~ - ' 
. , .. . . 

. .. . · \ ·, ' . .foha Fauot. R.lcharcS Mai-ne, aad WWlnm A. Nlel'ellbei"IJ . . . . '. 

' ~ 

· · · J)eputmoat of Phyalce aad Lawl'eace .Radlatloa I.aboratoiT 
· ., . · University ol CAlifornia 

· ·.- ·· · Berkeley, California '. ' .. 

.~ . '. '·< March ZS, t965 
i. 

, ,, . ... •, .. 
. . . t \ . 'l ~ . 

* ' ' ... : .. ' ; ~ ... 1' 

The.mapetf.o m~m~at of Pu239 hao been tho oubject of eapel'lmental .-:~. 
,' .. . ' ' ~ 

~::·.> ·;; . work for abOut a decac!o. The ol'lgtDill moaouomoat wao po_l'formed by 
,. ' .·. :.· 

·:.\·.·':"~. , . Bleu~y c~_al.~) m.t954. ···They co~luded that pt'(Z39) eq~o ·~·4(Z) am on 

' '. ~ . •.' 

the baale·of paramaanetlc 'zoeooaance etw!leo. AD atomlc·boam meaeuremellt 

by Hub'bo et al. Z) of the· hyperftDe structure la the 3r
1 

l!ltate of the free atom 
~~~ ' 

yleldec! ·r.c·1(Z39) • •O.OZ am with tho aoeumptlon of'pure R.uoaell•Saundere 
I , " ' ·• ' 

. ' . . 

. eoupllq •. Suba~.quently oevorcl detol'mlDatlono baoed on optical hypertlne 

atructure were mAde, parUcululy by the .~elleV\10 group (Rota. 3; 4, and 6).: ·· ·, 
• 
The reaultc of all theee mea.ouemento are aammnrlseclla Table 1. It should 

> be emphaal&e_cl that all of· tbeuc valueo o_~ f&t(Z39) are lDfel'red. ll'om 
• • ! ' • • . • 

meacuremento ot mapetlc clipolo hypcal'flDO ccmotanto A accordl~a~ to the 

·: .,· .. ... 

. ·' ·.,, 

. l'elatloa. ,-~'(239) aU : , wher~ ~s lo ~ mapetlc flelcl at the nuelev.e,. ·1 · ·, _' .. 
z ' " . ' ' 

. le the nuclear· opla and equala t/Z, ~ 3 Ia ~ elocuonlc upal" mo.meatum. , 

Hence .e.U of thece c!etel"mlaatlons rest, oa aoe~mpdou coDCel'nlns the mnpeUc 

• I 

' ' ,,· I ' 

\ ' I 

. . lteeontly, aD analyolo ot tho hypcl'~ D~V.Ct\li'GO (bfo) of the ota.te& 

.adsf.q fl'om tho ~F level wAo \lll(kurtakon bf Bo.uche ucl3w!d. 7) Theoe 
• I 

· auth.ol'c showed that the A VQJ.ueo of tbe£Jo stctea coulcl be wuleretoocS if 

contl'lbutlons to H
8 

arlelns ll'om core polula~tf.oa aad the breakd.OWD of 

RuaeeU·SauDdere boupUna ~ote tak.n. into accowtt. The olae ol the Caolmlr . . . . 

,· 



(~ ;; ;:; -~~- / ... :.. .·· _ __;--:··< .. L.~,~; ;: ~:rt·. :.·. --- .;;,;:-;t~h~.··;·~~·c;:-~~- : :0 ,;~"-:-.;_ ~-,,E-
:.. ~~-· > · " .... ·r· ;; :: .· · ·~ .;· · · · · -...z·' -. · · · -~~~ :' .:~!:;'_. <.~}-: ;·,,.··:~u· .·c·. ~-.: •6o·os ·· · .:/l· 

;'·,~I,~ ~-t • i #. f.:"·, r·>·.~··· ..... o ,·I~ ~' '·'(~:' -~~.··.·""_:_::::' '.·~· .•' .:.· ~~ ,·;~ ... <·,, •, I -~ -~ ~ .,, .· ~-{'' ~ -~. • ...... ~ . '.-<~,1 :r;v!: _., :~·· .. .- ': -~ _·.. ...~~ .... : ~ .~, . ; ~ .. <"r-. .. ':·.!~ 
t; ~ ~-~ . ; ·, . -~-. ~ • .. . 1, < • • /, ·: ~-~ --~., ~·=. : •' _: ...... ~ . . .. . . . .. .. .. . . ., ·-~,- ..... 

:-·-?;':·: __ ~~~-., .. ·.-••. ·,;·. ::"_ .. .. ' _ .. , ... ~- .. • . ~ ~ . -~----~_1'.-r~ ·.;·-~---... ~- :.: __ .,.-•.. _,:; 
... .. - ~ . ,... .. . ':--' .:'"~· . . ._- .. - :" •. , . ... ;t _1. .-. ~ •"; ~J-~ • . ' ~ .. ~..... :J-;.-

\. :· .· .. ;·;, ··: · co"'lw!ecl that ptCZS9) a OeS1 (O.t'4) am. Al'mcuOIItJ~ft I'OCeJ:d calculatlou of·.:'-\..:·:<.·.:.;: 
:· ",; ~·. , ·• .' ' ./o • . ' ' " ' , • , ' • » I • '" ' . , .'• ~-, •, . ·.: ~ ~ \ ·•.: 

. :.... ·' ::,, .. l'el~UYlotlc ellecto lathe b.ypel'tlu otnctul'ca of thooo otntoo .lll'e baaed Oil a •• ·r'· .. ,~ ·~: . 
. . ~ . ' ~ • ' • .. . ~ . . ~ • • • . • ~ ~'!- ~ ~- ' ... ) -'-.• 

·~·:<:.'.--.:.' ··, ~~e~·Fock~~~~b'Gl.tle14.8) Ho oh~~·ihct thooo ou~cto.may be':tho . . , :J~:·.i·t:~~::··<·::i:· 
'.';~.,:,;·_.:;:':·.;..'.·.:-, •. • .•• ~: •.• ·•. . . :,I. •· ... 
. . - .. . ' ' . ' .. ,', ; •.:• . : ·:::-· ; . :\\ 
· · ,...... · · ,. clomlD&nt contributln to the hfo.·· H~evoa>. they hnve tho ·anme J clcapendenc:e: :· · · .. ·: .. }/()· <: ':. ... < . . ... . . {/ 

' · ,,.. , . ,, : : .. ao ~ co zoe polc.l'lantlon .Clld woulcl not lntel"fel'o ~th. tho ftt of Bc.ube aad .. · : · :.>.: · . .: .. : ·: 
·.··.~,:··:.·,:··.: ••. :~\-·:, .• ' •. 0 . •,. ·:·, , ~' I . ' . f .. ' ' 

-- • • ' 1 i . . ~ . • • • . • • ~ . ' ii : .I . •
1 

: ' J :, . .; . . 'l 

;,<·:-~::- · Judd. •. Oaly a mec.ouemcant.of tho hypo.-flno ~on:Wy coulcl declcle whethe~ .. ·;. > .. :· ~:>\. : . . 
-~~::;:--)" f -... • • < • • • 

o • ' o • J' 0 • o '• ' ' • o o 'o o ' 0 • ,' ' •' :· ;0 I o o -~.:, j : 

' .. ':\'.<: ·. . COI"G polt\.ria.Q~OD :1' l"~lc.tlvlGdC eUeCtCJ &U'G domlDADt.. . , : /-?:.:J> ... · 

:~?:t . . ·· ln Wo note .wo report the zoeoult o! n direct meaciurcnz~oDl o! V:1CZ.S9) by ~ .y '-' :· · · 
, .. ·.~. · .. . the method of tripl~ 'a-e~onmu:e ln • Atomtc beam.9) The ·n~mlc~bo~ ilop•lA ;·•'· ·. · . 
.'':'~:-.: · .. ·· .. :· ... method ~~o·e~pl~ed and.lo de·s~ribed eloowh~zo~. tO)· Foao a hypel'!me : .' -i··· .·:. ·. 
.. ·:_ 

. f 

. ' ~ ·~ 
. ' . , I , ' . I .; • : ;·~~ ~ ,., , 

.·. · . ·, etructu.-e system of t a t/Z, J a t, tho DOI'mnl flop·bl taoanoltlon, which wo . . >·_..~· .. 

· .. 
-.... ';. 

. ' .. 
'--;. 

. . 
I· 

.*"} • 

:. ::· de~o~ ao a, hno thea qWlntum nw'nbei'O Jr a 3/'1., mr a,t/'1. ... Fa 3/Z, m., ra ~3/i~·:::'.· : 
' • I_'' 

The end hall'pln"o wenre always oet at the frequency COI'I"eopon&a to the eentel' ., 
.-··' . . 

of the reoonance Une of a. The hypel'lhw conotanto detezommlng theae · . ·: . 
. ~ . . .. . . . _.· .. ' ' 

'· fl'eqv.enclee are aa.kea from the ·data of Hubbs et al. '1.) The two tl"tt~udtlou that : . · 
. . :· . 

' 

•--\ . ···: 

Fa 3/'1. mJ' a •3lZ..,. F ~ t/2 mF aof./'1., I'OOpectlvely. Theoc t1"81l0ltlou Bl"~ ' ·:• 

of the typo Arx; a A t ADd AmJ' D 0 la hlp tlelct. ~d la the hlah·ftold U.mlt the.:.:.: .. 
resonant frequencleo uo glwa by 

" a :t:A, + fit ~'0 H. o ... 
. · 

' 

whel'o .,;0 lo ·tho Bohr mnsnotoa nacl H lo tho b.pplto4 tlo14. Thorofore the 

ftolcl clependeace ot the l'oooac.D& ll"equeacy lo n pZ.octoe, dll•oct meAoaaoo o! the 

Whcna the frcitquDcy applied to tho celltel' hc.ll'pla col"aoooponcla to .the 

l'etJODADt frequency fol' elthel' o! theoo tl'nnoltloa.o, tho 4etectol' l'eglotel'o ca. 

lacreaoe lD olsDAl. 

... ··~ 

6 • 
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; f 

. · ..... ; 

.. 

' '. 

.. 

..... : 

. ,. : '; < · The data were aaalysecl u toUow11 we comblaecl the obaenrecl . ·. · ·. 

· . made a least-equ.ueo tlt acc~rcllas to the HamlltolllaD .. . ' . 
. ·.' ' ·, 

• ,ol • : 

. ,· ,. ' . (Z) 
, I ! I' II "1 

. • ~ .:· .'l .' · .... \ ; : • f _: > ··~; i ··' -~!.:·~.1 :,; :': 

The clata of Hubbe et al~ e1u'Jentlally. cletel'mine the wlus ot ·A aacl.lz . j- . . . 
: : .: .. · ; ~ .. 

wherea's OUJ' data flx the \'aluo of It• Tho w!ue obtallleclln thle way la ... ·. , .. : ... 
' • • j • • • • • •• ,\ ! 

t ·, I 

tatCZ39) a +O.Z00(4) lllft ., 
t ' '· • 

•• .... t -'.'.\" t 

. ' 
~ ' I ( ' , '. ; - • I I ' • l 

·,'-1 ,i 

' .. 
where a col'nctloa fort dlnmaaneuci ohlo14lag hao ·1Mtea. made. The data ftt la :. 

eho~ lD Table n. The results fo'lt the· triple rea~nance oDly ue glven • 
• , . . , . I 

oU value of JLt(Z39) to wl~ thellmlte of error eet by Bauche aD4 
I • 

: . ~ . 
Judd. We are currently tl'ylns to extend O\IJ' meaouements to tho tootope 

Pta2_4 t. U th~ h'1Potheolo of larie amounte ~f ~ore poiubsatloa.· la correct.· 

· . ·than a larse hypertlne aumaly. ohould exlat lD theee isotopes. 

The 'value of the f1l(239) has aleo been calculatecl_by Motteleon ud 

Nuaao~tt) on the baals of the Nlleeon model., to be •O.t lllft. Recently 

Raamueaen and ChiaotZ) have rcacaleulated thla morrieat uoing "quenched" 1 

. factors aad obtained •Oc.06 am. Heaee thoro la a cUocl'ep&ney ln alp between 

the theoretical BAd expel'lmental valueo • 

. . ' '' 

,' .· 
j • ' i . . ' . ""' .. ~· ·' 
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