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The development of a polar ized
electron storage r ing is of great
nuclear phys ics . [1 ] In order to
thickness," 1014 nuc le i /cm 2 , consi
the storage r ing environment, a f
provided. This f l ux exceeds the
sources by an order of magnitude,
a l te rna t i ve source based upon the
which the f l ux is l im i ted only by

deuterium target fo r internal use at an
interest for fundamental studies i n

achieve the maximum allowable t a rye t
stent with various constraints imposed by
lux of 4 x 10*7 polar ized atom/s must be
capabi l i ty of conventional atomic beam
,[2] We have been developing an

spin-exchanye opt ica l pumping method in
laser power.

In th is method, the nuclear po la r iza t ion of atoms with unpaired
electrons ( e . g . H,D) is achieved by successive spin-exchange c o l l i s i o n s
wi th polar ized a l k a l i atoms. The electron spin of the atom of i n t e res t is
i n i t i a l l y po lar ized by the spin exchange-process. Subsequently the
electron spin po la r i za t ion is t rans rerred to the nucleus via the hyperf ine
i n t e r a c t i o n . In our case, for a given a lka l i atom p o l a r i z a t i o n ,
approximately 5 spin-exchange co l l i s i ons (oSE- ~ 10"1 cm2) are required to
obtain the maximum po la r iza t ion of the deuteron. [ 1 ]

This requirement of several spin exchange scat ter ings dictates the
design of su i tab le containment vessel in which the " reac tan ts " ,
unpolarized D atoms and polar ized a l ka l i atoms, can successful ly i n t e rac t
mu l t ip le t imes. The addi t ional constraints imposed by the s t r i c t vacuum
requirements of the storage r ing environment d ic ta tes that the i n t e r a c t i o n
occur at r e l a t i v e l y low pressure (< 1U14 atoms/cm3). As a resul t of these
cons t ra in ts , two technical obstacles ar ise . F i r s t l y , at these low number
dens i t i es , the wa l l s of the container play a very important role since
wal l co l l i s i ons occur at least 100 times more often than spin exchanye
c o l l i s i o n s . [ 1 ] Therefore, the surfaces must i n h i b i t depolar izat ion of
both the a l k a l i and the 0 atom as wel l as D atom recombination. Secondly,
the opt ical pumping photon beam must cover the en t i re doppler p r o f i l e
( - 1 . 0 GHz) of the a l k a l i , since no buffer gas is allowed to induce
ve loc i ty changing c o l l i s i o n s . [ 3 ]

To address the f i r s t of these obstacles, we have invest igated the
propert ies of a d r i - f i l m surface [ 4 , 5 ] , suggested t o us by Swenson and
Anderson [ 6 ] . At low potassium dens i ty , the surface appears to be long
las t ing (> 100 hrs) and to have a spin relaxat ion p r o b a b i l i t y / c o l l i s i o n
fo r potassium of ~ 1/500. The second issue, that of doppler coverage, we
have addressed by using two standing wave lasers (CR-599), operating on
three adjacent lung i tud ina l modes. In add i t ion , the fo ld mir ror is
mounted one a fas t PZT (35 kHz) to smear out the laser spectrum.

The po la r i za t i on of the K, H, or D atoms can be measured by op t i ca l
detect ion of lagnet ic resonance t r a n s i t i o n s . In t h i s technique, op t i ca l
pumping of the a l k a l i in a weak B f i e l d produces a polar ized ensemble wi th
very unequal populations in the magnetic sublevels. When the a l k a l i spin
po la r i za t i on is decreased by applying a radio-frequency f i e l d at a Zeeman
t r a n s i t i o n frequency, the transparency of the sample to the opt ica l
pumping l i g h t i s decreased. This can be monitored also as an increase in
fluorescence from the sample. By scanning the appl ied RF frequency and
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o b s e r v i n g t h e i n c r e a s e d f l u o r e s c e n c e , t h e r e l a t i v e p o p u l a t i o n s i n t h e
m a g n e t i c s u b l e v e l s c a n be deduced u s i n g a s p i n t e m p e r a t u r e m o d e l . l_/J The
p o l a r i z a t i o n o f t h e s p i n e x c h a n y e p a r t n e r , H o r D, c a n a l s o be d e t e c t e d
s i n c e i t c o m m u n i c a t e s w i t h t h e a l k a l i t h r o ' i y h s p i n - e x c h a n g e . The
d e t e c t i o n i s made s i m p l e r by m o d u l a t i n g t h e a m p l i t u d e o f t h e a p p l i e d Rf
and u s e of a l o c k - i n a m p l i f i e r t o s e l e c t i v e l y d e t e c t o n l y t h e i n c r e a s e d
f l u o r e s e n c e o c c u r i n y a t t h e m o d u l a t i o n f r e q u e n c y . The a p p a r a t u s i s shown
i n F i y . 1 .
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F i g . 1 Schematic diagram of the experimental set-up to observe
po la r i za t ion of K, H, or D in a flow system.

The best resul t we have obtained to date has been a po la r i za t ion of 10%
wi th a f lux of 5.7 x 1016 H atoms/s. These resul ts were obtained using a
d r i - f i l m surface at ~ 300°C. We appear to be l im i t ed by the presence
of K on the surface of the spin exchange ce l l at high a l k a l i dens i t i es .
We are presently inves t iga t ing low K-density ce l ls i n order to minimize
the surface contaminat ion.
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