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'~\, /,,; ,The ~pin6 of three n~ut1ton<;-deticieB.t radi.ac~ive i,eoto,esof e$Sium~:6ve 
,j)e~'~fti~.sti~~4b'y'alOmiebeam me tho~ • Thf&'r;esults are: for': 6 ... hoti~CfJ12 7 ~ , 
t:_=-lli~:'f~r'31,,;,hour'C$'lZ9:. I -= 11'l.~ £oi-30:~mir.~te C~130".1 == L ' 
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SPINS OF CESIUM .. 11T, CESW.M ... 129. AND CESlUM-130· 

WilUam A.Nierenberg. ·Howa1'4 A. Sbulart, Henry B. Silsbee • 
an-cl Robert J. Sunderland 

·f 

Depa~tment of Phyaic8 and Radiation Laboratory 
Unlver.ity 'of Caltlorma. Berkeley, CaUfomla 

AUSUat 3, 1956 

Expepmental MatbOcl 

1'h. isotopes C. lZ? (6 hour), 1." c.129 ell hour'. 1 and C.l~O (30 mi.lult.a)2, ~. " . 

we:r~·pr.c:ed in the Berkeley 60-inch eyclolron by (c.,b., reaetiona O'b. io4ine. / .. ~ ~ .'. ' I 
. ':.", .. :. ,About 5 m8 of' Cel carrier. was aad.ed to a .olution of the BalZ tar,et ma~e riali 

J • '.~ t .. \ .( . l, '." th_n~ th~ barium was. eliminated by precipitation of it. carbonate, and ~,esee.. ',1. '.' • 

. .... . ; .: . ':" ~~ne ... aublimed. off a. NH.l. The HaUltina: Cal wa.' tran.terred to an, I ... 
k:' :', ',' .tomic ... beam oven and redu.ced by heatins with calci\ltn to form a beam. of·atomi .' ::~' 

• • , . , ' , • . • ' . !, ' ,'} '~. 
ce.tum. The beam cowd be obtained in a litn. mo~. Ihaa. all hour afte r the 'enA "'" ., 

,'" 

:." ~' l ~ 

',' l' .': :'\j' ot the bombal"4ment. ~ . \ '," 
- l'J ...... I ! " ~';- \ ", .... , lZ1 130 ..' )., '" 
~. ( :: .... <. , The 1 (0..11) C. reaction could be hiatlvely ellhat\ced by using ,~o~, . ~ " 

.:. ,', :":; . ·'bonibar4men1.,aIl4 placina aluminum font ill {:rOllt of the target material to/cut'. .: ,'; (; 
.. "'.'. " . . . 117 lZ9 ' . ...\. 
:'l;"::';;;"':/':'~. C1 .. ~am eoer,y to a.point where the 1 ' (at Zl1)C. . crn, section' would, . ':;;~'. \l{f 

! • '>~:, .. "',':'~':\' ,'be l~but the: 0.150 yield wo\tlc1 be "a.or1ablyhigh .. ~ '. , . ~ 1ll.J\.: .... ~: 
;' '. I ;-' '. • • • • " . . 121 lZ? ' '... , .. \:~.k'. 
' ... ' ~', '"~.. SimUarly the 1 . ~o., 4fl'C, production c:owcl be {~vored by ,-.ing a '. j.).":\ ~~" 

.. "1"' ... ' -. ~ .,J, ~. ,', . 

: .::.. ,'.4." . " c.rg.& .0 thin that thed. beam left the back of the material-·belore the, . " '1 '. ~ .. 

" " . ',' , ~'. l·lZ~( •• ~D)(:.ll9 cro ••• ection hec:am~ hiah. -'fbi. wa. lmpo~&ant, b:ee'~u~e .' ~:, . . ..•. J 

I.: ~: t ~ C.I.Z? ~e' Dot K-Clap~r. wlth hlah probablilty. ~ and benee the x-ray cou~~;~. :t' ::. 
"are relatively, {neaid.ot for tbi. l_otope. . . ,." ,~ ',' . . . -;i 

The .pia. of the three l.otope. werelnve.ugated tft an atomic .be~~ , ..... ': '. . ' 5 . . . ... 1. , ~ c 
re.onanc:e apparatu. by technique. p"vio~.l., cle.crlbect. ,,' ; c', . 

"J. 
,'. ~ 

,a 
• Re.ear~ ,upported jointly by the U. S. Atomic Energy Commia.ioD 

and the OUice of Naval Re.eareb. 
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Table 1 Compares th.ecounting rates obtained ~:t c;oncUtioiu; appropnate 

to several integral spitlvalues. , The rateehave peen .correcte-d.lor counter 

.backgr'ound. extrapolate4 to ,acd'mmon ti.me, al'ldnorma1i~ed {or ~aria,tiOQ • 
• ' - , c • • t • ."". • 

in. bea.m. int~n8ity (u indicated by the' resonance height observed for the carrie r 
,. .' .;" . "' ~ 

iaotope). " 

Table I 
, t. T 

1 , '2 '-, 3 4 

Couhting rate " -,1~ j; 7 
(al"~trary unttsl ' 

100. :# 13 ,1::t, ,5, 144:,6, ,9 .'1 
J', .-. 

, .. _. ~ _1 _ '" ,- ±$' 
, < Ai is ,. . 

]",. $ 

'Ther~ is a,ctearindicatio~' that :1 = I.' This wa~c~nl~ri-rted by'A 
. -' . 

", .repetition"of 'the experitnent. , ' 
, " 

'" 'Figure i ~ompare$ the'de'c.ay,ofthe 1 :;: 1 sample with that of a 'sample ' 

, ~f the "f~Ubealh ('~btained ,by tur~i'ng"oifthe de,fleeting iieids 'a~d't'e~o:nhg' the" . 
'.,: '" . - -,' ':- " " ' , ' " , " 130,,'" , " ..' ",' . 
, _top); The full .. beam 8a.:r'npleshow~the 30#,11lihute,Cs ,",c~mponen~ e'uperl~posed"" 

,on a ,31 .. houl" Ca,~29 backg~rout'id~~hel= "1' ~ample sh:Q.wsamarked enrlCb,m~nt . 
,'0: the 36':~inut~ ad~vitYJ i~dl~l!'tin.g thatO$l3~ is re:s-pontibt. '{orth~ 1 ::: 1 . 

. ~ignal. 
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Cesiwn-127 and Cesitim-129 Re .• ults 
• .. , . ~ 'f_ - - ~--.' ~ t - - - '. - - - ' * -

'. . .' . ( , 

. Table.I;t glvesthe results of a search at ha1i;"lntegral apin values .. 
• I. '. '.': 

. .. . '. 

Table 11 , • L : . 

. ' C~tin8 rate~ tor Cs,l1.7 and C.1i9• :hat£-lnteg,ral spin values . . . 
• t 

3/z ,5/1. 71z . 
!, - '-. 

. <;OuQtin; 'rae.;. . 
,';' '.":';. ',(arbitr~ry \1nits) . ·lOO :I: 1.3 

'f 

1.4 It .Z 't.91t.2 .. ;1.8 t!::.2 1...4 It .Z 
..... . 

. ·1~;;\;~~j(· .' . ." . ' .. ~. . 
. ';:'::<~'::(' A .8ignUi'Qantsigftal' ,appear.s only for I ::: 1/1.. 
:<::;~,.:<;,., " . '11fFiS; Z::tbe.de~ay Of the 1.= l/~sample ie 'compared with 'that~ithe 

f""il:·oea~-:. It i.cl~arthatbotb the·6 ... hour Ct l 1.7·and the 3i.hour ee ti9 are 

. ,. 
" '." . 
• r.·; ;'i'. " 

'.- . 

. . -
· preaent ift: both sample-. '-atl4 in thesatne raUo. The' same -r •• ult hatr be~'n 

, . . - -, -

obtained 1'n other rUBe . it, ~hich'the relative amounts 'of ·.thetWo isotopes w~r~ 
. II.ppreclablY different: The. conclusion is that both celaTa-rid Cs lZ~ 'have' , 

I '. . 

, t:= l/!; 
· ~:;~. , -. .' 

,.,' ',' 

Remarks 
~ .: 

. ~ '.~ '.. ~. 

-, . 
· " ". 

.. ',The. meaeured.:8·pin, 1 ·~·l_ 1(J~Ce 130 agrees ~th 'the p redlcti on by Sntith • 

. ,1t4it~heU,anci .cai:ra3 ~;d"ced i~orn' tbedeeay scheme. and''': ... asthey· point out- ... 

i·t i. ,con.hibtnt with a 8hell-~odel ~ie,ture 01 an unpai~ed(d5/2) ~~otonci)upled .. 

with. (~~lzl,Qeutl'on.,· ". .... . . ...".. 
A ·grOUn,~~state .. apin·of 1/2 for either C.121or.CI.~Z9 is h'ardiO(h il).to 

· the .• heUpic.tl1re:.lf the spin is due toa siagie pr.oton it mu.sto·ceu,Py'·8.n(tlI 1/i)} 
8,~te:. .which i. '~l'e"Q~med to lie at th~ top ·ofthe· s~ell,6 while the(g7/z)and':" . 

(dS/ l ) levels at ~the bottom of theahellare avai~~" Fllrthermore, no~oupUng, 
Icheme ~th the five protons outside the closeci ehell at Z = 50, aU 'in the 

. ' . 
· (g'/2) level or ~lln..the(dS/l} level. can give . 1= llzl nor can three protons 

' . 

,t .". 

" 

" .-c 
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in one of thea. leve\J and a canc:el1nl pair in th.' C)ther give 1 = 1/2. - Fiv. 
o •• • 

prooton. lotbe (h11l1) 1.~1 c-.o prod\1c~ t ::: l/Z. b~t coupUna~o_.uch, a \o"9lf 

-,' .pin value aeeme unlikely. It.is C:0r:'ceivable but improbable that the neu~'rOlla 

, : coatribute to' the .pin., 

- ,'The moat tUi:e1v ~o •• ibil~ty seem. to be that the o~.erved prope,rtie' 

~:z.~ tholia of anbomel'ic .tate rather than the ground atate. 

A meaeu.rement or the hypert'lnelt-ructure may throw Ught on ~e problem._ 

Preliminary re.ults ind\~ate that the hyperflne .plitting foJ' both isotope. it in , • ' o· . 

the neighborhood of 8000 to .9000 Me.. . -', . . - . 

'-': _ '. ·p-roton. live,. around-e,tate 'pino{l/~ forO. 1Z7 and C.1Z9, the~th. 
-':_Oblie~ed .pinol -l'{or C.l~ may \)0 aueto theieprotonl couplecl to an ,a l / Z) 

,neutron., ASain a measut"emeot'o! the bjperfine structure -woulclbe ,uletul • 

. " ·Thla WOl'k wa., done under ,the au.pices of the U. S •. Atomic EnerlY 

: ',Commheion. 



, , , 

• 4; 

UCRL~3481 . 

References' 

1. Fink,. ~y:nold ••• JlaT.mp~eton. Phy •• Rev. !!.,,614 (1950). 

'2. miser, and Smith, private commWll~ation from Lark-Horowits cited by 

Hollander.. Pe1'lmar1~ and Seaborg.' ReVI .. 'Modern PhY8~ 25, 469 (1953". 
, , -

';l.Sm!., Mitchelt, a~d 'Caird, Phy •. .Re:v. 87,454 (1951). 
. '. ........' 

'4. ~athul' and Hyde .. Phy •• Rev. ~ 708,(1954)., ' , 

S. H'ob.oB,et al~. 'Pby •• Rev. (to be pubU.~ed) 

, 6. 'Mayer 'and Jen.en.E1e~eQtary Theory of Nuclear Shell, Sh'u~ture.W,~l~,~ 
'NeW' York, 1955. 

. ',' 

Legend. 

Fig. 1. Deca, or 1 ,Ill l •• mpl~( C. lBO). 
. of"" 1/·', C' 12'7'1..~.JI c" ,.,lZ9)." Fig.!. Decay, J't;;' to. sarnp&e ( , .. ~i;;'f .. ~ 
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