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mch'r MEASUREMENT or m mam:‘rtc
MOMENT OF pw'romum-z”? -

John Fauot, Richard Marrus. and William A, Memuberg
Dep&rtmeht of Physico and Lawrence Radiation Laboratory
University of California ; -
- Berkelay, California o b

March 23, 1965

: P "".t'ﬁe,mgnotic méxixént of Pu??? nas been the éu&jece of eﬁporimental’» ;
A ‘. _work for about a decado, The original measuroment was performed by §
0 . Bleaney et al.d) in 1984, - They concluded that uy(239) equalo 40.4(2) nm on

the basis of parameagnetic ‘reuanance' studieo. An atomic-boam meaeurement

by Hubbo et al.z) of the hyperfine structure in the 3p. 4 otate of the free atom

g ,A ylelded p:‘l(z”) @ &0»02 =m with the aaeumpuon of pure Russell -Saunders
. 'coupllng. A Subaequently uevexal determinaﬁoao baoed on optlcal hyportine : L
otrucmre were made. part&culariy by the Bellevue group (Reto. 3, 4, and 6).
The results of au these meaouzemento are summarised in ’ro.ble L !t ahould
v be emphaaincd that n.n ol thene vnluen o! ,.x(zm are lnferred from k
b ‘ el measurements ol magmtic dipole hyperﬂno conotnnta A according to the —
' | relation ﬁ(zsv) s 13 ---. where la tho maguatic ﬁeld at the nucleum. 1 -  , L
‘ : .'le the nuc!ear opin and eq\wlo 1/2, an* J m M electronic angular momeatum
.+ % Hence.all of thece determinations rest on aoaumptiona eonce_rning the magnetle :
% fleld at the nucleus. o N -
. Reecently, an Myoio of tho hypozfis u&uctux;co (h!;n') of the otates
: * - arising from the 3!‘ level wos undartaken by Buuche and J'wdd.‘n These
o authoro showed that the A valuen of theso atatos could be understood if
‘contributions to H_ arising from core polar!anuon and the breakdown of N
| © Rusocell-Saunders ji!":c:‘up!,ingvm‘i'ca taken into account. The size of the Caeimir }A
o 'cotra&im; fastore indicated that relativiotic offects are nagugibleg. They



Hartree-!‘ock central neld.s_) He ohowo thnt theso etlacto may be tha -
L ao the core polarlantion oad would not hterlero with tho fit of Btmcho and

- eore polnrizntion or relativlotic effecto m'e dominant.

S vcwuoos{
. : eonelnded that pt( 239) 5 0.&7 (0.0&) um. Armntroag'a roeene ealeulat&ona o!
L relnﬂv&stﬂc eﬂccto tn the hypernnc otmeure of theoe atnzoo are baoed ona

‘ domime contrlbution to the hfo. Hawevor. they have tho omne : @mndenc e : PN\

J’udd. ‘ Only a meaouzement of the hypol'ﬂm anomaly could declde whether

!n thio noee we report the reoult of o direct moaaurcment o! l(?.39) by

" the method of triplo reoonance in an atomie beam.q) Tha atomlc -bemn nopoh\

S ‘method waa employed and 10 descr&bed olaewhero.‘ 9 ror a hypariine o

o atructure syetem of t=4/2, 7 o i. tho normnx nop-in eranaition. Which "’° 4

denoto a0 @, hag tho quansum numbern Fo3/2, mps 4/2 = F ns/z. my -s/z.

are censitive to the nuclenr moment wa denote by o and' b and have the -

- nuelear moment,

'fhe end haia'pino were always uet ot the trequency corrooponding to the center
: "'ot the resommce line of a. The hyperﬁne congtanto determining theoe |
freqmnciea are taken from the data of Hubbs at al, 2) The two trmmmens that kS

. quantum numbers Fa3/2 mF.n 1/2 oo F a3/ mrnS/z and |
o Fn3/z me a-a/z - Foi/2 my o -4/2, roopectively. 'rheue trmwmono m'e
“of the type Amycad and Amy =0 in Mgh ﬂeld. and i the high-field limit the

)

~

" . resonant lrequouieo are given by : R . .
- _ . . ' Lo

-

vu:!:‘A.égxp'oH.g

' where |.|.° ic the Bohr magnoton and H 1o tho nppliod tmld. ‘rhoratore the

flold depeadence of the raponant frequency to o proeloe. dlroct measure of the

When the lrequeney appued to the ceater hairpln correoponda to zhe
resonant lrequency for either of theoo trancitions, the daetector regicters on :

increase in olgnal.
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‘rhe dan were analysed as lonowm we combined the obsemd

&

L made a lcaat-oqmea fit accordlng to the Hamiltonian -
AL kel w) . g,,»os-u_ . a,»ot-ﬁ Ak . R
d | " The daza o{ Hubba ct al, esoenuauy determine the valv.es of A and 3: '“
. whereau our daea. ﬁ.x the vnlue of 8 The value obtalned in Ne way is y Co
e f‘ AR #(239) = 40.200(8) B , T . e
| where a correction foz dtamagnetic ohialding hao been made The dato. nt la
: ahown in ‘l‘able n. The results for tho triple reoomce on!y are glven. '
_ Our vnlue of 91(239) o wlthin the limito of error set bvy Bauche and R
B Judd. We are cnrrently trying to extend our meaourementn to the iootope
Puz'“ 1f the hypotheaio of large amounts of core polarisation 1s correct,
- ‘than a 1arge byperfine anomaly should exist in these isotopes,
The ‘value of the pl(z39) has also been calculated by Mottelson and
_ Nﬂsaon.‘“’ on the basis of the Nilsoon model, to be «0.4 am. Recently |
Rasmussen and Chiao‘z, havo recaleulated this moment using quenched" g |
factors and obtained -0.,06 nm, Hence thero ie a diserepancy in olgn between
" the theoretical and experimental values,

*
. L
o e

I,
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: f”-reamncen of Hubba et al, with eur triple-reaonaaeo data aad on the !BM-»?O%. ;A "
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_ Nuclear moment values (nm)
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