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THE SPIN OF NECN-2.1*. 

J. C. Hubbst and G . .M. Ciroso£ 

Department of Physics, Columbia University~ New Yo'rk. New York 

June 4i 1956 

The spin of neon-21. has been shown to be 3/2 by the atomic beam 
. ~ , 

magnetic re!lZonance rr•ethod utiliz.ing ·the metastable 2p"" - ~a JP2 stat~ of n-eon. 

'J;'b.e a.E>!lignrr:t;nt is made from a c0111parison of ?.eeman fre.qu.enc~es in neon-... 7..0 

and ne.on ... 21 at the sat:ne magnetic field. 

INT.RO DU ~TION 

The spin alld quadrupole rnoment of r.eon-21 >¥-rc of particular interest 

because of the "anorrjalous'' behavior of sl1diur.-l-23 in a region where protons 

and tleutronD are !ill ing the d 5 j;~ level and should the·refore. a<: cording to z,e1'0-

order ehell theoy·y, n&sult in spin 5/2. An e:tplanation for the observed spin 

.hae been a ( d 5/2) 3 cGn!igu..:.ation, but :t•ecent measurements 
1

• 
2 

ha. ve shown a 

relativ~ly large a.nd po9itive q1.1adr~pole moment entirely out of line wi.th such 

a. guadrupole-free assignment. A. se:des of e:xperinHmts deeignf:d t·:> obtain the 

spin. magn.etic rc.om:snt, and q'l.tadrupoli!! mornent of neon .. 21 ha.s therefore been 

undertake:n. 

'Th~ investigation by :o::en;:be.ra of the Colun:bia. i:"tiOlecular and atou~ic 

heams laboratory of the metas1:..able state:s o£ the rare gases- -especialiy the 
? 

work of. Hughes and Vlcinreich.;i' on heliurr:-3--ha.s provi'ded a basis £or there-

search. The pr\ncf.pal problen1 1 then. has been the exter-1-sion cf ~xhting tech­

nique:ll two order$ o£ ~agnitude farther in signal-to -noi.ae ra.tio so that obeer-
. . 

va.t_ions n!ight ba made on a single transition in m~cin- Z l. K. ClausiuG had 

kindly furnished u.s a 10 -cc sa.rriple of neon eutiched to 9 .. 8o/<~ in. n.eon· .. z 1. 

~----------------*This research SUI'Jpr.>:rted in part by the Office_ of Naval R..es~a·~ .. n.. 
lPreeent nddress: Uaiversity.of Ca~.lifornia. Radution Laboratory. Berkeley, 

Calitc:rnia. 
1

Perl, Ra.bi, a.nd Se.o..itz!;:y, Phys. Rev. 98. 611 ( i95S) . 
...., · .... -........ 

"Sagalyn. Phys. Rev. 94, 885 (1954). 
3v. W. Hughes and G. W~ir.reich, Phys. R_ev. 95, 1451 {195.;.}. 
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THEOP. Y .O:F THE Z.:XPERIMENT 

The 3 P, metastabh: e tate of neon is the lowest n1cmber of the config" 
s ... 

ur~.tion 2p · .. 3s, ·~vhich defines the first excited· states of neon. T!:e lHeti:n:.e 

of 'the l!itate hae been estim4ted to be r.:::ore than 1 ·second i11 a field-free :region. 

No known de.;tric or rr.aguetic fields utHized in this experi::nent could result 

in an enhancement by more than. a factor of ten of the decay :rat~.· Df.":tec.t:wn 

of the state is accon~plhhed by observation of the electron• that !-}.re eje•:ct:ed 
. ' 

from a metal mur£at::e by impinging n~:etastables. The p:robahi1H~/ of thi11 p-rocess 

is approximately l/2.. · 

An interpret<~tion-free detern:ination of the spitl of tH~On-2! m<'>y be 

rr1ade iron:. a comparhon of the Zect:nan frequencies in necn--20 s.nd neon-Zl 

a.t a magnetic field· which is ~J~utf!c:iently low so that the magnetic ~nergy of the 

· a.tcn-, is negligible in cpmparison with hyperfinc structure intervals in n~on .. 21. . . . . 
The effective g-value (g.F.) for the intera(;ting system of nucleu.s ar.d electrona 

is then the product of the Lande g J factor and the :t!elativn projection of the: 

electronic angular momentuu~ on. the direction of total angular morr.enturn, F. 

The ratio of Zeema~ frequencies in neon-21 to that in n"'oa-20, gF/gJ, is thc1:, 

j':Ast the relative projection factor, 

·APPARATUS 

The apparatus, a rnodification. of the aysten, uaed by Hug!tes and 

Tuck¢;r, 
3 

is Uluatra.ted in Fig. L .· 'the gas syetem consists of seve:ral rest'r­

v~:'lirs for storing the 10-cc sample "J enriched neon, a. titanhs.m 1netr..l ..::leaner 

ope:rating a~ ·t50° ... 1Q00°C to rer .. :•crve hydrogen, c:Kyi:en, an.J nitrogen fro:m th.e 

gas, the discharge tube, 
4 

and a mercury diffusicm pump which back!3 the oil 

pum.r,H; O:'l the can ar~d returns the neon to the die-charge tube at ope':attng p:res~HH'e • 

. .!!ipp;o: .. hr•ately J c::: o_f. circulating !;as is req,.lired to ~1·h1g th~ ~:Uech;a:r'g¢ tt.~be 
preastt.re to o: 3 nHr• hg. A Toeppler pump i~ us'ed to retun1 the .gae1 to th-e 

reservob."$ after condueioo:t of a tun. 

-------........ -~....-.-... -~~ 
4 . 

Gros·of and Hubbs, ftev. Sci. lnstr. To be published. 
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rv~etast~ble ato...-~H~ ieouc from a 0.003~by-O. 7~c~¥; elit in the wall {Jl 

the discharge tube. The direct bea.r.r' at the dete~tor contains approxf.rr;ately 

3 lS: 10 
7 

electrons per sec<)nd lib~rated by high-energy photons issuing frun1 

the som·ce and Z x 10 
6 

electrons per fH~ccnd !1·om rnfltastahle nopn~20 atoms. 

Thus appl:oximately 10
4 

el.cctrona pe:R' second S.l"!$ to be ~pected (TOJ:'f) a tra.n .. 

.e;ition l.H:tween two tr1agnetic. substates in neon-21. 

The p:dncip;:t1 modificatio.n to the apparatue waa the. introduction o{ 

an ac detection scheme r.tsi.ng an electron mulU.pHer, a tuned arnplifier at,30 

c/s,. <l:.U<l a lock-in detector havinz ~Ul OU~Ut thr.e COtUJtant from 10 .seconds 

to 1 minute. The beam is chopped <o\t a 30 c/s ratct,;;y pulsing the radio-,fre·~ 
. ,. . 

quency rr.agnetic field. All combined sources ofhoi.se in the elc<"tronic system 

a.:r.e smaller than the signaf obtain~'d tl'on·. a transition in neon~2 i by a factor 
. . 

cf lC _,:i. mora. Th~ signal-to-~oiee ratio obtained for Zeen•an t1·.a.nsitions in 

neon- ?-0 by use of the flop-ortt syuer.:, ·w·b.icb. permits the dir~ct beam to b.tt 

th.e det0ctor, p1·ov~d to b~ 7/l as compared to th.e e>..>e~:t®d 1000/! for s:atis~ 

tico..l p~·oc~ssee. 

THE RESONANCE METHOD 

A resonance n··ethod waa sought which wiluld con:bine the. discrin:.ination 

fJ! the flop-in method a.gain!ilt cowpunents of the b~a~ t!".~t do not O:i!:peri.~n<.·e :.!!. 

change of state wiih the spectr.c!'Jcc;pic advarJ.tagea of the Ih•? -cut syster.r:, par­

tic•1la.:rly the ;,.1pplicabHity of the latter system to aton'a wit.'St inte~:tal el~!dronic 

a.ngt:ll;u: ;rr;on-:entum. Several possibilities have been cr:.msidere,.,i: onfl f.or •.vhich 

the standard flop-out system is ul.ied but the central { :re!oc:u«te..ij heam h si.n1ply 

blocked and ev-erything that expedences a d:umg·e of state· i' captu1.·ed by a la.xge 

deter.::tcr to the rear of the stop, the O·the..r a scheme .which was adopted as fol· 
. . 

i r. •~H; < ';;" •\ ,.. ., ) 
- V' V1' ,.. '~ •t;. If..,~ • The coUirnator is replaced by a half-·pla.ne etop, :u1d ~n extended 

detector, abo half-plane, is placc.d in the sMdow of the coHim::Lt•:.i". stop. For 

a reft)cused beam the points of inter sectio-n of any traJectory with the source, 

collitr;ator, and detector plane defirH~!il a. atraight line. Thug a h·ansition which 

resulta in a change of the high~field magnetic ~1on1ent in one direction prozh.1c&6 

deflections. toward the detector. The deflection 1!0 experien~ed is given by 

..O.rr: 1 sa. £0/~.;. whc·.re so. = g:Juo dEl/d::: L 
2 

/4E
0

• so that the fraction of aton:a 

that e.xpe1·ience a deflection x o,ro greater is g-iven by 

;' . 
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'I'he etfe<:tive detector wi.dtb. i.e t_hus given by 
' ' ' 

' ' 

.. 
(CO 

. 'f: ·' 

p(x) dx = S Arr•y 
0. ' 

Since the ~ystem thrcwd away .mo:rte-nt changes of on€ sign, a traneit~cv. re~ult~ 

:tn an Ul.tensity equiya.lent to the ~up.1ber of approp~late at-oms ln the elbert beam 
·. · s 6n1J~ /z width . . . . . .· 
. Q. 

. · Applicatio.~ of this schen~e to the apparatus led *o a reduction of. thE: 

bac.kg~ound fro&-rl photons 'and' neon -lO by a factor of :3o to 40, aud. an improve:­

ri,;ent in the eignai~td:..no.ise r~ti9 ta a -~onsht.e-nt:· 1/l for a single·line transitio~ . . ~ . . . . 

in neon-21.' 

RESULTS 

,·.. . Zeema.:+ resonances in ~e~-21 h-a.\'e bee~ ·obee~ved foT n:agnetic fie:lcls 

,, 

t· . . . ' . . : ·. • . . . 

·:.b~t'o/e-eiLl,:J.nd lO gauss; a typi~a1 set of data is given in Fi,g. 3. Th~ '!Jtp.erirnentni 

· .. :·d.~t~-,shci.,; v.al~es for th~ rati(} of !.~ecm.~ f~equeneies in n~cn:.-21 to the reaonlttn<:c 

. f1~e<jUen~y of fl._eon-20 o£. ~· 57S; 0. 005. ·n.Q3 * 0. 01, a.ndO. 8-0'~ 0. 04. The:oretic;al 

.. v~iwe$ 9f gF/gJ for J = ~~ 1:; 3/l. ar~ 0~ 5714, o. 6285, o. soo. and 2. co !or 

.Ze~u1att transitions !n the 41tates F ::: 7/2 through_ F = '1/2 respectively~ The 

' . 

Ze~n .. ~n _resonan¢e .in th~ ·state :V = l/2 has n()~ bei:m obaeTvecl. · 

·lri additto.n to these dataa·l~rge tlu.r~ber of transitions in the inter:mediat.e 

.fi$1-d ·r~gioh ha.ve ~e~n oba{n·v~d.' .lnterpl'~U.tion ttf the data is ~0 equivoc~1. 
• • • •• . . i" .. 

bec·ause of the very-low ~igruu~to-noise ratio and the presence of IY~any rr;iultiple 

qu.arttu;. tl:'ansiti~ns,: tba.t cleter~:·ninat:ion of he :hyperfin~ structu.re in.t~x·~.;als .win . 
' . ·. )' ,·'' '• , , , • • I 

hav€ to await_ iu.:rther improveU~euts in the exp~rirnental t~chniqu.e. 
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FIGURE CAP'IIONS 

:fig. ' -... ~~~· 1;-.~~d:..E·:~~c. ;,tr•mi::: bt·n.r.:. ~.p;:>ar~tus. 

i'ig. ._: ;.; :.,. ; , :··at;:.". ""..;) 6 . .. : .:·t·::dut· i.U.':~:2.nger;· e:nt for th~ c-c sun.;;;n>.- e system. Re .. 

fou.:t~~'.C x:c·aject~ni,.t:. <'l.:.id 1.i'.:2.jectories for the approp-,:-ia.tc n10meut cha.n,ge 

are shown. 

Fig. 3A. Zeorna.n transitions in neon-2.1 !or a. I'l·lagnetic .f.it!ld of 6. 6 gauss. 

Fig. 
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