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ABSTRACT

I-

A polyisotepic scdium beam of 2 zsﬂc, produced ty spall

Al, wvas tillwmnated with a tunable cw dye laser. Thz atomic

R

by a stxpole magnet is shen icnized and detected ater a ma

Tha results arz : isotopte shifiis relacive fo ""Ja :

22y, = 95,5 mz, “va = +23.1 mk, Na = +44.6 mt ; . (ya) = +3.685 (22inz.

b-factor in the PS/Z state of 253 = -16 (8) MHz.

ANALYTIC SUBJECT INDEX : 17.4 ; 54.1

.



Half-lives 1. [IBTeRN Y 2, and other properties 3, nf short-lived

sodium isotopes hawe recently been determined using a masg spectrometer
on~line with an accelierator. A an extensicn of this work, we wishued o

determine other static preperiles of theme nuclei, ¥e have thus attempted to

} of the atenmic ©

measure the hyperfise structure (his) and isc
lines of sodium isctopes. The purpese of this paper {s to present the First
results that have teen obtainud uzing a newly developed methed that could
eventually extend cur knowledpe on the shope and magrevic properties of

nuclei far from stsbility.

The hfs of the greund stale of 28-2%y4s has already beer measured
by different methods " 3 recently a determination df the absolute value of
the magnetic moment of ZSNa has been published 5‘ 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 measurcment on @ series of Isctcpes can give Interestirg
indicaticns on nuclear shapes. The observation of irr.gelarities of the hfs
and IS of short lived Hg isotopes 8 has been especially fruitful in that
context. In the case of sodium, however, the same met:>d as in ref. 6 would
fail because of the Doppler breadening, and it is necessary to use one of
the new methads of the Dopsler free high resolution specirescepy 7-9.

The special recuirerents of our on-line experiment have in fact led
to the development of a variant of one 7 of these methods of derection of
optical transitions in an atomic beam 10. In essence tnis method rasts upon
the magnetic detection of the oprical pumping which occurs when a laser beam

is tuned to the frequency of one of the hyperfine compenents of the D lines.
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This optical purping chanpes the ragn slate (md =+ 1/?) of the atems of

an atomic beam and thin change o detectud by zeans of a rapnetic filter, a

the ater .owithonoo2 o3 1/2 and e fucus

J

six pole magrnt which foo

atoms with myoE - 1/72. .

In the actua! vxperis s the isotopes of sodium ure produced in the

spallation of aluminum Ly 150 MeV protons from the Orsay synchrocyclotren,
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Since this nuclea ixture of the different isctop
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and their cptica I3 Decessary 1o separate them
on-line by a mess spectircneter.

& highly efficient target has been developed in order to have the
best sodium isotopes precduction. We have used & molten metal target in a
graphite container. It was loaded with 10 g of high purity aluminum and
heated by altersating current up to 900° C. The yield of the 27Al (p, 3pxn) Fa
spallation reaction with 150 MeV pretoms was studied by directly connecting
the target to the thermoionic source of the mass spectrometer. The counting
rare after wmass separaticn is shown in Fig. 1. The diffusion delay time in
the molten metal is strongly temperature dependent and decreases from 1 mn
to 10 s between 850° C and 90C° C.

This target is used in the present experiment as the oven of the
atomic beam. A schematic view is given in Fig. 2. The ccliimation of the
beam is defined by a nitrcgen-cooled diaphragm to 30/1. The sodium atoms
effusing from the oven interact with the laser beam before passing the six-
pole magnet. The outgoing atems impi.ge on a hot rhenium surface acting as
the ion source of a small magnetlc mass spectrometer, ¥ass separated ilons
are counted after the exit slit with an electror multipiier. This device

detects equally well aycms of stable or shorc lived isotopas.
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The laser s a single tode wunable lye laser of high Llabitity
s N . . 11
which kas buen used in other experinents . A new frequency control and

5 oaf 7.% MHz

scanning system can provide a frequensy of mge by foce

{0.25 mK) initiated by pul.es fron | pilre eleck @ this ¢

" sipma~meter " will be describen eliewt are 1?. A small part of the laser

stem, c¢alled

. : . N N ivh 23,
light is used to chuerve the flicresce ¢ sigral from an auxiliary a
atemic beam which nerves as a referen.e,

For each isotope, tre hfs of its Dl line is recerded in a single
: . emendf g b 23, . . P
scan, together with the correspondisg line of ““Na. The scanning time is

about 10 mn. The signzls ave disestly monitored on a Z-channol

'

and fed simultaneously, by &
different subgroups of a wultichannel analyzer.

The total beam leaving the oven contains up to 10% avoms/s of ?ya.
Because of the different losses, the corresponding counting rate at the
detector is then 3000 per second. The backgrcund of the electron multiplier
due to nuélear rzaction is eonly 30-50 counts/s. It should ke noted howaver
that tailing of "3a lons at the mass 22 results in up to 1000 counts/s.
This could certainly be improved in the future by adding an electrostaric
deviation after the magretic mass spectrometer.

Fig. 3 shows the spectra cbtained. Qur results on the hfs of the
251/2 ground state are in agreement with the known values oftained by radio-

cop 21s 22, 29

frequency tecanigues fo: Na within the limits of the statistical

uncertainties cF the signal and accidental feregularities of the scanaing by
the sigma-mater. Jur value For the megnetic mement of 25Na is My = +3.685 (22)n.m..
The value [uI ]z 3,710 (70) given by M. Deimling et al. 5 is in agreement

with our number.



The measured values of the Jsotope shifts are given in table 1.

It appears that the weasured »alues follow the law of the uormal

i1 crrors. This type of

diinin the experin

plus specific m

1tien of the lear electric guadrupsle

experiment can aise jead (o a determi

2
moment if the hyperfi tructyre of the ‘P3/2 state can be measured with a

good precision. For that purpose, we have alse observed the four (2,2 - 2,3)

cet i s 25, N .
transitions in the D, tine of “"Ka, whicth were only partially
2

n of the atenie team. From this measurement we have

estimated the b factior Ior the 2?,/2 state to ke b = -16 (&)

the present coll

An experiment
with a better collimation for the measurement of b is in progress.
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TABLE 1

.

Relative isotopic enifts of 2 2Ka
Tsatapes Isatopic shif: (eK)
e - Pha - 53,5 (2)
“ha - Pna - 25,3 (2)
P - Pra + 23,1 (4]

25, . 23, P




FIGURE CAPTIGNS

P Copic ve g 27 - fait .
Figure % - Taotapic yield of the “TAl {p, lJpxr) La spalletfen reactlon with

150 MoV protop:.

Figure 7 - Schematic view of the experiment,

Figure 3 - hfs ang IS of Lhe D1 lines of

1rdividually relative %o 23

wavenurler scale,

21-2%
Na Isotopes. These lines, measured
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