*83l)i|ioR] I0jRIS[RIIR
£310u5 yS1y Iof a[qe)Ms 9q P[NOM JJUBIIIUD Ue YONgG ‘sj[nsal jualind 1sayS1y 2y} J0] pasn st
I ¥1°0JO Py oijouew rezjuol we e peiur wur £(°g Jo (9406) #otrejsjua pazifeurion payeulnse
ue YjIM 19z[Uof J3jeurelp Wt g V ‘suopjerddo JNIYJL I0F Wur g1 03 pajruii] s1 Jajowrelp
Ioziuol ay3 pue ‘sduedadoe [fewus ® sey aufjureaq uonddful JWNTYL UL, °ddueitwa oy}
03 Teuonjiodord st ppay onpudeuwr paxy e 10f Yorm ‘ajrede [[20 Ieziuol dYyj jo eole 31) 0}
reuoryrodoxd osfe st jus1Ind SIdJO oY, “Aifeuorsrodord ui ssof ou Yim sarnyzade 661 se Auew
ge pall) aAey oM nq ‘uamiiadxa Aqwred ayy Sumuns uaym pasn st G 4 21njsade-1¢ € Aredtd],
*[192 Ieziuot 2y Jo aduejdadde ays ueyy IBrel yonur sduejws ue Suiaey wEeq o}f pezuejed
® uy sj[nsal joqureaq uojord Lreuxnad sainyiade yoed souls ‘sornjrade G J JO IAqUINU BY) 03
redorjzodod Areau st jusximd SIJJO 9YJ, ‘Jereurelp amyrade [[ed 1azjuol eN oY} 3uisedldus
pue sanjzade Jo raquinu ay3 Butsealdur £q [g] A[3uedal paurelqo sem 10joe] adre] ayjouy
*gj[ngal
snoraazd 1no 0} paredurod JualInd uf Juswasordurf g 1099¢) © UBY} DIOUI UI PIJ[NSaI sY ‘DA0QE
paqiosep se ‘sded pue juowuBire SHJ 03 se [[Pm se ‘yuourulire pue adeys ppey ofjpeudew
a1y} 03 uopualje [njare)) ‘adueurrojred g J apesdep jou op sroud urdyyed pud pue azis aIny
-1ade uf saouaalip JBifg paudipe A(yoajiad are waysks uoldRIIXS jo[WRI] YIBD Uf saInjtade
2213 9y} ey} os ‘anbiuydag uoysoto yreds e Aq paf[p st useyyed anjrade a3 pue yompues
Iofke[-2a11} & ul padwe are $oPOIIV? BY} InjoRjnuUew SuN( *Ipoul [9228-[330¢ Ul UNI aIe
$9POI1729[2 DY, "WIlI Z'T ST S9POI}IIe Usamjaq deld a3 uonyezruiiydo swos 193]y *uolyeInSYu0d
poyoed-asop AjfeuoBexay & ur saanjiade Jojowrelp wut ¢6'Q a[dinwt Juraey ‘sopoidde wnu
-apqAjow reue(d 221y Jo sysisuod (SHJ) WwelsAs uorydelixs ureaq uojord Arewnd ayg,
‘a0z YOI Moffeys pue 31oys K194 € sey 3] ‘T 2In1J ul umoys si uorjonpod
Juarind pazirejod 10} paziuriydo pyay onaudewr ayJ, °s3s93 snofaaxd ul'punoj sem aSejueape ou
asnedaq pasn sf play sjeudewr ajodynut oy *jusurulife plouajos Suyonpuodradns pue adeys
PieY 2112uSeul a1y} 03 BAT}ISUAS ST JUALIMD S[JJO 2YJ, ‘S221n0s Iayj0 03 paredwod a8re[ si g JO
olyel Joutur a3 pue J, T A[uo st py YO 2y3 ‘Kouanbaiy aremolonu 5| Y3 oydse( ‘[0
qy padund -A[resnndo aify ut pjoyy Teplouajos J, §'g & saxmbax uoryeziejod Y3ty SutureiqQ
*apIspno A} punose Suimoy sed uafoniu £q pajooa st pue sSul-Q)
wngput Aq spua 313 Je pareas st aqnj Ay, -swnjoA vurse(d ay} sauyuod sdnd pus aplIjiu uoloq
Y3M 19y3a803 Yora ‘aqni zirenb e y3noayy Ljaeo ewseld oYy ojul A[asIoAsURI} paONpOIIUL
SI pue 07e[12SO UONIBIIUL PAPUIXI Md ® Aq paonpoid st pA 008 03 dn Jo Jomod saemODIN
*1 21081 ui umoys st ureaq uojoxd Areurtd ayy seonpoid yey) a2inos uojord YOT YL,
+g=UID SWIOYE ¢ 0T X § — §'Z JO SsaWory3 Jodea qy ©
e peiw ww xg°0 Jo (%406) 9Uwe3 WL PazZi[ewrIon & UM weaq pazirejod 9468 Jo Y7 Og 21e
Juawradxa Kjrred oY) ur s1ajeurered adinos [eatdLy, ‘jio] wonpoelixe Surdduys moireu e pue
‘sy1ps pue sSep [eipel ‘1ayounq ureaq uoljdaful ou ‘1ajeurelp weaq uoi [fews ‘Aysusp lodea
qY Mol & Suisn £q paoyuoes aq 3snur A}ISUsjul 22IN0S Y3 JO sOW ‘sjuswraimbal 953y} 9w
0], *zP21eI0]0) 9q UeI JRY} 2IUBIFIWL pie £31aUd ‘JUaLIND Weaq uf soBUeYd paje[P1I0d-£1I[RY
Jo junowre ayj Suruiaduod sjusuralinbax a1eass L19A sey jnq ‘uoIjopAd d9Y) WO pajdelxe
JuazInd jo yrf g Ajuo sazmbar JWAIYL 1® (L6VE) juewnadxse uonyeioa Ljured ayyg,
-awy Juruunl uo130pP4I 23 Jo Y0p~ 10}
sjuomadxa Jo JoquInu e 03 ureaq SIAIPRP SIdJO JINATYL 343 jussard 3y “uolpnjosar swy
Io wmjuswour YSu[ Y3im sureaq paIjoelixe onpoid o) weaq aY) 99y Iayjiny srajuswiitadxe
pU® ‘JUalINDd JOMO[ J8 URI ST 22IN0S 2y} A[ensf) ‘uonezireod ui 1509 IUWIOS je J[qRUIR}IE aIe
SjUaIND JSYSIY ‘peIW W X80 JO (%406) 2IUe)}IW PIZI[EULIOU © UIYIIM JUalInd _Jf poziie]
-od %68 Jo 2p v 00g S! @dueuwrioptad ayj ‘sduejdedde uoljopAo [rewss s3I YIIM ‘JINATUL 1
suotjerado Iog °*suot _} pazurejod-Ieapnu Jo ureaq ® ajwaId 0y lodea €N WoIf uoIpap (pazt
-rejodun) ue dn yaid pue uoidax wonisuer) vuog e YSnoiyy ssed ‘rodea qy padund-Ajpeando
woi} uosya pazitejod & dn yord ssmos YHF ue wol suojold jse} ‘Ageuq A13p * A[snola
-21d paquosep uslq seq (SIJJQ) @9nos uot _H pezueed padund-A[eonndo ap ayJ,

N@
2

i
m NN ) ANIKNo0a sy 10 NOLLNGIH1S1G

*A815us pue uLNIND Wesq uy safuryd paje]d1202-A101[ay a[qissturaad uo syl
219A98 AI0A ey YoIym Juawitiadxs uoljealasuod-uou Lytied e up asn lof pado[aaap -ussq
osje sey SIJJO 9YJ, "siojeis(esve AB1ous yIiy 10§ s[qerIns ‘peiwl W £ Z JO SDUBIFIUID
pazijeutio € UM pasnpoid st uarmd _jf pazuejod 9p yw 9°] ‘aommos uojold Arewrtad

HOF 93 Jo uswdo[oAap jo J[nsa1 v sy ‘uonjo[d42 JWAIML, 43 32 suolyesado 10§ ‘peawt
urwx 2 g0 Jo (9406) 9oURIIWS PIZIBULIOU © Ul}M uonjezire[od ¢4Gg Je jualmd _H op

vl 00z s9onposd (SIdd Q) @2mos uot _ | paztaejod padwnd-Afjeatido op JWNTHL 2UL

1 £SO

Ge6l € | AON
ﬁm m > m ,..Mm 2 3 uodop G18 ceoaumﬂ.ﬂms.:mauam:b nysny

vissny ‘moosopy ZISLIT ‘s90uatog fo Awapooy uvissny ‘YNT
DSWIPZ "NV

£V L9A vpoun) “O°g “4a0noouvp Yopy yooiqsap foor ‘AWNAIYL
onnq "D PUe YIAM "M'D “ZPM 'L
‘g19() WeA "I, M ‘Iowyds ‘A ‘d ‘PrRUOII ‘W ‘euuewsfel ) 497 ‘3D
92anog o] [ pazire[od padumd-A[reondQ JNATHL °UL

8661 1dag 91-01 I2quajdag ‘Ia]IsIyA) ‘se2inog uof
£L-86-dd-T4L U0 92UII2JUOY) [RUOIJRUISIUT 3Y) j' pajuasaid laded

-~ CENRSH4NTY



Figure 2 shows H™ current and polarization for a 55-aperture PES and 20 mm diameter
ionizer. The optical pumping power is 3 W at 795 nm, or a power density of 14 W cm™2
across an overall beam diameter of ~ 9 mm in the Rb cell. For higher numbers of apertures
(and therefore larger diameter Rb columns) the required laser power to optically pump the
increased Rb volume naturally increases as well. This limitation could be easily overcome at
present using pulsed lasers, producing high current, pulsed polarization of 80-85% suitable
for high energy accelerators. The 1.6 mA dc H™ current was obtained at a Rb thickness
of 1x 10'* atoms cm~? from a 199-aperture PES having an overall diameter of 17.5 mm.
The next size up (253 apertures and 19.8 mm diameter) would give still higher currents. In
pulsed operation, the grid transparency could also be increased to 70% from the present 60%.
Clearly, the intensity limits on the ECR-based OPPIS have not yet been reached. It should
be noted that ten times greater polarized H* currents could be produced by replacing the
sodium vapor negative ionizer with a gaseous He ionizer.

A CKNOWLEDGEMENTS

. We would like to thank A.D. Krisch and Y. Mori for their encouragement and support
of high current OPPIS development. T. Sakae was supported by the international fund of
Kyushu University.

REFERENCES

uo.c.w.rméa.P.Z.Nm_m:mwrmm.u.&\wagnw.g.angp_z.w.N:mmm,w.s.mnwionwza
G.W. Wight, AIP Conf. Proc. 293, 179 (1994). :

2]. Birchall, A.R. Bardoz, J.D. Bowman, J.R. Campbell, C.A. Davis, N.E. Davison, P.W.
Green, A. Hamian, D.C. Healey, R. Helmer, E. Korkmaz, C.D.P. Levy, R.E. Mischke,
5.A. Page, W.D. Ramsay, G. Roy, P.W. Schmor, J. Soukup, G.M. Stinson, T.J. Stocki,
N.A. Titov, W.T.H. van Oers and A.N. Zelenski, Nucl. Phys. A553, 823c (1993).

3A.N. Zelenski, C.D.P. Levy, K. Jayamanna, M. McDonald, P.W. Schmor, W.T.H. van Oers,
J. Welz, G.W. Wight, G. Dutto, Y. Mori and T. Sakae, Proc. 1995 Particle Accelerator
Conf., Dallas (in press); C.D.P. Levy, K. Jayamanna, S.G. Kadantsev, M. McDonald,
P.W. Schmor, J. Welz, G.W. Wight, A.N. Zelenski and T. Sakae, Proc. International
Workshop on Polarized Beams and Polarized Gas Targets, Cologne (1995), in press.

FIGURE CAPTIONS .
1. Schematic of ECR primary proton source extraction system; 1) Quartz tube; 2) ECR
cavity; 3) Three plate extraction system; 4) Boron nitride end cups; and 5) Indium seal.

2. H- nuclear polarization and H- current dependence on Rb vapor thickness, for a 55-
aperture proton extraction system. The polarization was measured at 300 keV beam energy
using the °Li(p,*He)*He reaction. The H~ current is within a normalized emittance (90%)
of 2.07 mm mrad. '
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