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A polyisotopis scdiun beam of 8c, produced by spallation of 

Alj vas illumncted with a tunable zi> dye lass:'. The atomic bear,, analyzed 

by a sizpole tszgnet- is zhen ionized and detected after a -TJJS spezzremvsr. 

The results or s : isotopù 

lia = -25 .3 IKX, .Va - +33,1 mKt "".Ha = +44.S mK ; yf 

25 
b-faator in the ? . ,„ state of .Va - -16 (8) MHz. 
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Half-liv^r. , m.u..:;f;; ', ,ioJ other properties s of short-lived 

sodium isotopes have recently been determined urging a fMsr; spectrometer 

on-line with an ac< eler.u.or. ,\y an extension of '.his work, we wished to 

determine ether r.t.ïtic pruper; les of there nurJeî. We have thus at'.tripled to 

measure the hyperf;:,e structure (hfs) and ir.o-.cpe shift (IS) of the atonic Z 

lines of sodium isctopps. The purpose of this paper is to prcsen' the first; 

results that have fcee:i obtained using a newly developed method that could 

eventually extend cur knowledge on the shape and magnetic properties of 

nuclei far fron stability. 

The hfs of the ground stats of 2 "lias has already beer measured 

by different methods ; recently a determination of the absolute value of 
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the magnetic soment of î$a has been published . However the hfs of the 

excited 3P states are unknown for the unstable isotopes and there are no 

data available for isotope shifts. 

This type of measurement on a series of isotopes can give interesting 

indications on nuclear shapes. The observation of irr-.guiarities of the hfs 

and IS of short lived Hg isotopes has been especially fruitful in that 

context. In the case of sodium, however, the same met:Jd as in ref. 6 would 

fail because of the Doppler broadening, and it is necessary to use one of 
7-9 

the new methods of the 9-oppler free high resolution spectroscopy 

The special requirements of our on-line experiment have in fact led 
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to the development of a variant of one of these methods of detection of 

optical transitions in an atomic beam . In essence this method rests upon 

the magnetic detection of the optical pulping which occurs when a laser beam 

is tuned to the frequency of one of the hyperfine components of the D lines. 



This optica: puxpitif, clur.i'c:-. thi1 r.u£r.'-". ic r;!..;'.<- (:; = _t_ 1/?) of the a ten:.; of 

an atonic hcim and :!iir. ch.'i::£i' i-, detected by "-.-a;:;; of- a nvi^ne! ic filter, -i 

six pole miigr-cït winch focuses', the .itcr . with n = t ]/2 ai;d d^f^cus;;;•:: ihft 

atoms with m. = - î/2. . 

In the acluni iixpori:::c-:r., the isotope of sodium û,rv produced in the 

spoliation of alunsini;^ by ISO HeV protons from the Ornay synchrocyclotron. 

Since this nuclear ro-xciior. recuits in a siixturo of the different isoiop^r. 

and their optical rescr-ar.ces might overlap, it is necessary to separate thcrs 

on-line by a nass spec*renter. 

A highly efficient target has been developed in order to have the 

best sodium isotopes production. We have used a molten metal target in a 

graphite container. It was loaded with 10 g of high purity aluminum and 
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heated by alternating current up to 900° C. The yield of the Al (p, 3pxn) Ka 

spallation reaction with ISO MéV prctor.s was studied by directly connecting 

the target to the tberrr.oionic source of the mass spectrometer. The counting 

rate after mass separation is shown in Fig. 1. The diffusion delay time in 

the molten tnetal is strongly temperature dependent and decreases from 1 mn 

to 10 s between 850° C and 900° C. 

This target is used in the present experiment as the oven of the 

atorsic beans. A schematic view is given in Fig. 2. The ccllisation of the 

beam is defined by a nitrogen-cooled diaphragm to 30/1. The sodiusa atoms 

effusing from the over, interact with the laser beam before passing the six-

pole magnet. The outgoing atoms impi .ge on a hot rhenium surface acting as 

the ion source of a small magnetic mass spectrometer. Mass separated ions 

are counted after the exit slit with an electron multiplier. This device 

detects equally well atoms of stable or shore lived isotopes. 



The l<iscr i s a -JI.-I^JJ r:.,<V- '.u:iaMi- !yf l.ir.or uf lii^h . / . ab i l i t y 

which has bu on used ir. o ther exper ii ,o:11r; . A now In-i\v.'iicy control ..ind 

scanning sysK-ra c.ih provMe J fr^q&ic:n~y ci mf,-: by inri *-•:.--ntc of V. !* KHz 

{0.25 mK) i n i t i a l e d by nuL-o:; fron . ; i i ] r t cJnok : T hi:; tyr.U'fn, c i l ^ d 

l i gh t i s u.ned to observe the f!jcr*;-^cc- c signal frsx an auxi l i a ry !>a 

For each iso'-O^-a, the hfs ci" i t s D l ine i s reccrded in a s ingle 

23 scan, together with '.he corresponding l ine of Na. The scanning t ine is 

about 10 rcr.. The s ignals ave di.-e'-'.ly nor.ito:vd on a 2-char.r,ol ch.irt recorder 

and fed simultaneously, by a spec i a l ly b u i l t rout ing device, in to the 

d i f fe ren t subgrau-js of a n.ultichannel analyser . 
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The total beam'leaving the oven contains up to 10 atoms/s of Na. 

Because of the different losses, the corresponding counting rate at the 

detector is then 300Û per second. The background of the electron multiplier 

due to nuclear r-îaction is only 30-50 counts/s. It should he noted however 

that tailing of ' Ma ions at the mass 22 results in up to 1000 counts/^. 

This could certainly be improved in the future by adding an electrostatic 

deviation after thq magnetic mass spectrometer. 

Fig. 3 shows the spectra obtained. Our results on the hfs of the 
2 

Sl/2 ground state are in agreement with the known values obtained by radio-
21 22 2t 

frequency techniques for * * ila within the limits of the statistical 

uncertainties cf the signal and accicental irregularities of the scanning by 

the signa-rceter. Our value for the magnetic niaient of Ma is u. = +3.635 <.22)n.i 

The value |u. |= 3,710 (70) given by M. Deimiing et al. is in agreement 

with our number. 



The measured valuta of the isotope :;Mft;; art,- given in UibJc Ï. 

It appears th.it the medr.urod «alucr. follow the law of the normal 

plus specific IT:.::--:, effect w.'thiu the oxj-orin- :;t.,iJ error:-.. This typf r-f 

expci'î c::-. can :uco joad to a dete-rrrir.at :o:i of the r.uclodr cU'Ctrlr quadruple 

marnent if the hyperfi:;e structure of the 'l\/-> state can be treasured with a 

good precision. For that purpose, we have also observed the four (?,3 ~ 2,3) 

25 
transitions in the D 7 line of i.'a, which were cr.ly partially received with 

the present coliir.^: ion of the atonic team. From this aeae-urcT-en- we have 

2 
estimated the b factor f?v the ?•>,,> state to be b = -16 (2) !<:iz. An experiment 

with a better colligation for the measurement of b is in progress. 
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Tsptopes satapic shift <rcK) 

53.5 (2) 

25,3 12) 

23,1 (4) 

44.6 (2) 



FIGURr CAPTIONS 

Figuie " - I&otopic yield c tNa Al (p, 3p*rO I,a upaH-i-ticn react Ian '*:tn 

150 f1r:V protein:.. 

Figure 7 - Schematic view of the expRrirncnt. 

21-25 Figure 3 - hfs and IS of the D lines of Na isotopes. Those lines, mer-sured 
23 irsdiuidually relative to Na are hero *nu.vn together or a zotr-ror, 

waver.un-^er scale. 
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