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THE sple OF NEPTUNIUM 238 v i L
" R. G Albndge, J C Hubbs .and R. Marrus' K '

Rad1atzon Laboratory and Department of Physxcs and Chemxstry ;
e Unwersn:y oi Cahforma, Berkeley, California

March 1, 1958 s

ABST RAC T

The atom1c—beam magnetic-—resanance method has beem :.sed to mvestx-...
gate 2. 10 day Np238

in the low-held or Zeeman regxon of hyperfine structure
. The spin. of this nuchde is found to be. 2 R PR |
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PEEET UCRLSZIG
THE SPIN OF. NEPTUNIUM 238* ISR
R G Albrldge, J. C Hubbs, andR Marrus- R R

Radiatmn Laboratory and Department of Physics and Chermstry
: ‘ Universzty of Cahforma, Berkeley, Cahforma

’ ﬂua,rch 18, 1953 T R ST

INTRODUCTION R et
The research reported here 15 part of a contmumg program lead;ng to )
nuclear Spms and mornents, and to the prcspertles oi 1ow 1y1ng electronic states
in the’ heavy element reglon.. The spm of this m*clide is partlcularly mterestmg,, o
) 'for Np 8 1s an odd-odd 1sotope for whmh the etates of the 1aet proton and- '
neutron are presumably kn.own from Np 239, and Pu2 9 ¢

 the observed spin is expected to yxeld mformatmn regardmg the couphng of

re spectxvely 1 “The refore

_ neutrons and protons in- deformed nuclez. g
Prevxous zreu:-xearch2 on sz 9
'mth J= 11/2 gJ L6551 0006 apparently ansmg irom the conflguration

(5f) (6d) . the ineasurements reported here are’ made in thxs level .

has dzsclosed dn electromc energy level

TARGET PREPARATION MATERIAL PRODUCTION
o AND BEAM DETECTION s

The sample is made by neutron actxvatwn of a. rmxture of 3 m1111grams '

 of Np237 and 10 mg of UZ 8 omdes for 72 hr at’ a flux of 2 X 101

| 'The target is prepared by co prec1p1tatmn of neptumum and uramum hydrox1des
. and subsequent decomposxtmn to- the ox1des by heatmg The U2‘38 is added for

carrier purposes only, the thermal activatlon cross Sect10n33 of UZ?’8 and Np239
’ arezss‘;mh that the product activﬂ:y is about 95 % 2 l day Np 238 , and 5% 2 36 day

neutrons/cm /sec.

‘ The neptumum is detected by allomng the atomic beam to fa.u on sman
' flamed piatimun £o1ls which are then counted m flow prOportional counters mth o
high detectmn efflc;ency for beta partlcles above ZS kev. _ Counter background is

ty;ncally 6 counte per mmute

A . . o N s

Ly e

- ?Work done under the auspices _p_f_’fthe"‘U'."S, "Atomvic _Ene’rg’j-Co&ﬁi'esio.n.'
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_' g The spm, . I of a nucleus interacbtmg thh an electronm system nf known ;
J and gJ.” can be established in the lo‘w-fxeld or Zeema.n regmn of hfs provzdmg
that the g values. gF,‘ of the vamous states of total angular mornentum, I + 3,

can be measured\te sufﬁcwnt premsmn. In the low-fzeld htmt F 13 a good quantum

number and if contrabutmns ‘from’ the nuclear magnetlc moment ‘are 1gnored the se

g values are gwen by the product of the electromc g vaiue, gJ, and the relatxve

‘_ prOjecth of the electromc angular momentuxn on‘ he d1rectmn of tctal angula.r -

i

.

momentum. ’

A

F(F+1) +304) - 1(r+1) "-'(,”
- ZrEay

e : [N B O .. . .'_1‘:_,'..'

R

Thus the observed trans1tion frequencxes, gF paH will be a functmn of 'but one

¥ . . ) - ’ Ty % S e

( unknown, | BT < ‘-. ST el T ‘t-' .

%

Departureﬁ from this sunple ﬂcheme a,rxse from m1x1ng by the external

'. magnetlc field of . states of dszerent F but the same pro;ectmn MF on the f1e1d

directwn ’I‘he terz‘n qua_dratxc in the f1e1d whxch is, in general the fzrst to .

S appear 1s in thls case about 0. 01 (ng.OH) /A where A i is the dipole hfs constant

L

' defmed by‘ 3< = A I J The J and- By observed in. neptumum Buggest that- the .

| electromc energy Ievel under consxderatwn arlses from the conflguration (Sf) (6d)

‘with the Sf and 6d. e'lectrons mdependently couphng to the several Hund g rule
ground states I and 2D3/2, such a sztuation would be: the consequence of a mutual

electroatanc mteractzon smaller than e1ther fme structure interactwn " On the

L assumption that this is the case a calculatxon has been made of A by using a sxmple

extensmn of methods prevaously enumerated, 4 and Sf and 6d- eletron wave functmns

obtamed from a Hartree relatwmnc calculatmn for uramum 5 The result for
the* ( I 3/2)“/2 state 1s A 4’70 gl Mc/sec Therefore W1th an apparatus _

X resoluuon of 20 kc:/cec one. expects the Zeeman regwn of hfs ,to extend to ‘

30 gauas (gI >0 1)

e



R

hxgh fleld quantum numbers mJ and mJ,. all such tranmtmng for whlch A F is 0
',are allowed in the Zeeman 11m1t. 8 *On the other hand the deﬂection m the magnet

'_ﬁ'system is. prOportionai to mJ. and the neptumum beam temperature and g J value

s v ‘,'gwe rather Smaller deflections than those f,;r whxch
‘. AmJ decreases. or in thas case as F ele"creeses (an 1)

B vfor Np

JRE T

‘1 "‘e_ apparatus was des1gned

o Therefore transxtion mtensines generally decrease as the max1murn value of

. f\,;

A beam of neptunium atoms 8 made by the same pfoceas as Le used

‘ H .',l ‘,f‘ o W . -
23,9, the neptumum and uramum _oxmdes are mixed w1th a 1arge excess of R

s "'graphxte powder, placed in- é small tantalum oven, and heated in the appara.tus

l"_v_-‘l,then predict Z+ for the ground state of Np

i 'ground state of U

The Omdes are ﬁrst reduced to carbzdes at a temperature of about 1300 C and
then the oven temperature is raised to about ZOOG C at which temperature a’

y beam of neptunium is made by decOmpos:txon of the carbides. e EE _

© AR 1mt1a1 search was made at a fzeld of o. 70 ga.uss at d1screte frequenc1es

238 g () 2 Tlus assignment has '

gwen by Eq. (1), 1t inchcated that the spm of Np
been veriﬁed by the, observatmn of at 1east four, nf the ﬁve F states at.a. fxeld of
13 4. gauss (Fxg 2) «where the resolutwn in Bp is about 0 2%, . Each state of ’
total angula.r momentum has been obaerved at ‘this hlgher f1e1d a rnmimum of
three times The resouance effect for the F = 7/2. state 15 no rnore than 0. 1%
'3 Observed and predzcted reSonance frequencies are gwen in Table B RUURNIEIS
h The beam matemal 1s 1dent1f1ed as essentlal‘ly pure Np 38 by half—hfe A _
anal\yszs e The half 11£e of the grosa sample (durect beam) is. found‘ to be 2 16 + 0. 1.:
days and that of the F 15/2 state 1s found to be 2. 1 i: 0 4 days -';__i«. e '
stc UssmN S Sk f.i -
'Ihe measure;i 'isgm of Np238 1s in. agreement Wlth all beta and gamma

_ that favor spins 2 or 3. L "
SR, _The last odd nucleons in Np 238, would most: reasonably be expected to ' ,
':be in the states (6424-) 5/2+ for the’ protonl as in sz 9 and (631 ) 1/2+ for the |

L. 239;. Moskowski's 3extensmn of the NordheimM rules would -

.‘neutron as in Pu v
2381 There are, hnwever, alternatiVe

spectroscopic studies

assxgnments for both the neutron and the proton states wlnch are not unreason» o

B -va,ble, namely the proton state- (52.3 ) 5/2* w}nch app«earsl5 only 60 kev above the

‘ ’._grcund state m sz:‘},_?, and- tho neutron state (501 ) I/Z-, observedlé asg the .f‘ ‘

237 ’I‘here m, .then, Lonmdera’ole uucertalnty ‘as to the panty

fof Np23s in addxtion, the reasonable Z*— asmgnment is in confhct w1th one




"-\;1 .~ j . * . ' ) (4 v ’
- f ?" Table I Summa.ry of observatwns L : = A _ o _
15/2 | 13/2 11/2 F 9/z 7
Observed frequehcy 9 OZQ t 0 025 9 912 i: 0. 025 ‘_*lt 39(} t 0 035, ' 13 562 ﬂ: 0 625 (17 790 * 0 050)
Predxcted frequency L 9. 035 Mc 9 903 Mc ; 17776 ng_;'



[
-

beta spectroscopic study u A measurement of the. magnetm moment would be of
little assistance in regard to the parity, for in the hmxt of large deformation, wh1ch :

is a reasoua.ble approximatwn in the ne1ghborhood of Np238, e1ther neutron state in

combmatioa thh a given proton state g:wes the same magnetxc momeat,

v

_ By use of the observed resonance frequenc1es in sz}S a recomputation of the
gJ values ‘of the observed levels can be made, y1eldmg gy = .0.6553 + 0.0010, .in
'good agreement thh the value obtamed from the Np239 re_search.f No change in

the beet value of gj is inchcated LR , S
The authors msh to express their mdebtedness to Jack M, Hollander for

st;mulatmg d1scusswn, partxcularly in regard to state measurements in, the v:cimty

of Np238._‘- .
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Fig ;1:

hfs obeymg the mterval rule
ated by arrows. oot

Observed transxtians in Np

238
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