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Abstract
2 OPPIS FOR RHIC

The TRIUMF OPPIS (Optically Pumped Polarized lorfhe polarization facility at RHIC will provide 70%
Source) provides high quality polarized ien beam for polarized proton-proton collisions at energies up to
studies of hadronic structure via the parity-violating weasdrt(S)=500 GeV with luminosity ofxa20” /cnT s [6].
interaction. High-current polarized "Hion source This luminosity will be obtained with 57 bunches of
development is now underway at TRIUMF for the newolarized proton beam havingxZ0" particles/bunch in
generation of polarization facilities at RHIC and HERAgach ring. The polarized source must produce in excess of
The required 2107 /s cnf luminosity in RHIC can be 0.5 mA H ion current during a 30Qus pulse, or
obtained with a 0.5 mA injected kbn beam intensity. currenkduration 2150 mA ps, within a normalized
Such an intensity was already produced in dc operation&ittance of less than 2Zr mm mrad. This current
the TRIUMF OPPIS, and a similar KEK OPPIS is beingorresponds to >80" particles/pulse. Assuming 50%
upgraded at TRIUMF for future installation at RHICbeam losses in the LEBT, RFQ, LINAC, and injection to
Much higher 10-20 mA polarized idn beam intensity is the AGS Booster, that gives 4B polarized protons
necessary for the proposed polarized proton-electrdgr booster bunch and finally x20" particles for the
collider at HERA (DESY). The feasibility of such pulsedRHIC bunch. The polarization preservation during
current has been proven earlier and the first results agceleration is described in a talk by T.Roser at this

polarization measurements are presented here. conference.
The first ECR-type OPPIS was constucted at KEK [7].
1 INTRODUCTION Polarized beam is not presently required at KEK , and the

KEK OPPIS is on loan to BNL to produce polarized H

) . , ion beam for RHIC. The source is now being upgraded at
production was developed in the early 80's at KEKp i MmE to meet the RHIC requirements. Table |.

(Japan), INR Moscow (Russia), LAMPF (USA) and.,.,,ares the RHIC requirements and the KEK OPPIS

TRIUMF (C_a_nada). This technique is base_d on SpllB'arameters with what has been obtained at TRIUMF.
transfer collisions between a proton or atomic hydrogen

beam of a few keV beam energy and optically-pumpefable |.
alkali metal vapors [1,2]. The modern technology

The OPPIS technique for polarized™ Hon beam

involved -- a super-conducting solenoid, a 28 GHz KEK | TRIUMF RHIC
microwave generator and high power tunable solid statB€ak current1(mA) | 0.1 0.5-10 | 0.5-15
lasers -- is essential for this development. Achievement|dfulse duration i) | 100 dc 100-300
0.55 mA dc Hion current with 85% polarization and 1.Q Charge/pulse (mA 10 150 (in 2150
mA current with 75% polarization (limited by the| KS) 300ps)

available dc laser power) was reported at PAC95 [3] ap&olarization (%) 75 75-85 >80

in excess of 20 mA pulsed kbn current was obtained in| Normalized emittancg 21 27 <27
experiments with the atomic hydrogen injector [4]. At(mm mrad)

present, OPPIS development is continuing only pRepetition rate (Hz) 25 dc 7.5

TRIUMF where the OPPIS is heavily used for parity, q
violation studies in pp collisions at 220 MeV. The source
operation is very reliable and spin-correlated currenfy 28 GHZ ECR source is used at TRIUMF vs. 18 GHz at
position and beam energy modulations are very smaflEK. In the KEK OPPIS the protons are produced in a
meeting the stringent requirements of the parit§.4 kG field and extracted at a 27 kG field which is
experiment [5]. necessary to obtain high polarization. With the 28 GHz
frequency at TRIUMF the resonance field is 10 kG. It is
believed this gives a factor of 2-3 current gain, other

ECR primary proton source upgrade
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conditions being similar, for the TRIUMF OPPIS. In ddiameter of the proton beam and extraction system is
operation, the extraction grids are hot which prevents Rhnited by the ionizer cell because the laser beam must
deposition and provides practically spark-free operatigrass through the ionizer cell. The neutral atomic beam
(sparking was a serious problem in the pulsed KEHBnters the ionizer, and kbns produced in the cell can be
source operation). After modification to 28 GHz daccelerated to 35 keV energy (which is required for
operation, a 0.6 mA Hon current was obtained with ainjection to the RFQ) by ionizer biasing to -31.0 kV. A
120 hole extraction system (and 1.0 mA with 199 hole&rge cell aperture is essential for this purpose because the
within the specified emittance. The same extractiomeutral beam collimated to 2.0 cm in diameter before the
system produced twice as much current in the TRIUMEell must not touch the biased cell parts, otherwise
OPPIS. The difference is partly due to the longer distansecondary emission will cause sparking. A new jet-type
between the ECR source and the ionizer (the KEK OPPRiI&izer cell with transverse sodium flow was developed to
superconducting solenoid has a room temperature yokiéow large apertures (see Fig.1). Sodium- and lithium-jet
and the TRIUMF OPPIS has a cold yoke). In addition theells with apertures up to 200 cnf were originally
large hole in the KEK solenoid yoke disturbs theleveloped by D'yachkov [8]. In our case the aperture
magnetic field symmetry and might be responsible for giameter is 20 mm. The reservoir is loaded with 100-150
transverse field component which missteers the protgnof sodium and heated to 480. At this temperature the
beam. The displacement was observed by diresvdium vapor pressure is about 5 torr and the vapor
measurements of the atomic H beam profile, produceensity is about T0atoms/crih The vapor is delivered
after proton beam neutralization in a Rb cell. The biggestrough a hot transport tube to the nozzle assembly, which
problem was the degradation of the source performanpepduces a horizontal vapor jet having an effective
within 12 hrs, to 50% or less of the initial current obtainethickness of about 80" atoms/crf) sufficient for Hion

with the fresh grids and cavity assembly. After systematjgeld saturation. A nozzle slit 0.2 cm wide and 2.0 cm
tests the explanation has been found in the ECR dga#f was used in initial tests ( a Laval nozzle with an
composition. With the fresh source assembly there éxpanding cone is prepared for the next test). The
water vapor contamination to the hydrogen in thgansport tube and nozzle temperatures are maintained at
discharge tube. Water desorbs from the boron-nitride cuf35° C.

which isolate the plasma from the copper cavity walls. As
the cavity dries out by discharge and cryopumping, the
ECR current goes through a maximum (in a few hours)
and then drops after about 12 hrs. of operation. A
controlled water vapor supply was set up , comprising a
water reservoir at © C , needle valves and bypass
pumping by an oil-free diaphragm pump. Optimal ECR
operation is quite sensitive to the hydrogen:water ratio.
When properly tuned, the kbn current recovered to its
best value and remained stable for hundreds of hours of
operation. Another remarkable feature was very quiet
ECR operation. Similar behaviour was previously
observed in ECR sources of multiply-charged ions. It was
speculated that an oxygen admixture helps to activate the
wall surface for better electron emission to the ECR
plasma. We also observed current recovery with an
oxygen admixture to the hydrogen supply.

Figure 1. Sodium jet ionizer cell: 1-nozzle;
2-collector; 3-return line; 4-sodium reservoir.

) S The sodium vapor condenses at the collector walls,
2.2 Sodium-jet ionizer cell which are air-cooled to about 20Q. At this temperature

. . . , the sodium vapor density isx20” atoms/cry and the

The polarized Hion beam emittance is completely . . . L .
. L . sodium viscosity is low. Liquid sodium flows down the

determined by the ionizer cell aperture diameter an .

S L . ; return tube and back to the reservoir. The return tube

ionizer magnetic field. A field of 1.5 kG is necessary t

reduce polarization losses during ionization to belo\%mperature Is kept at about 200-23D by an attached

2.5%. Therefore, the specification for beam emittance 89ol|ng Ilne.' The l:.)a'ckstream vapor flow through the
2.0 T mm mrad gives the limit for the sodium CeIIreturn tube is negligible due to the low conductance at
a. erture diameter of 2.0 cm. The sodium vapor flow anzcg)0> C. Sodium in the jet-cell circulates along the path
cgrres ondina sodium .consu.m tion. de ositicF)’n and morreeservoir-nozzle-colIector-return line-reservoir and the
im ortgnt gnetration into t?le I’ow pfield e ior11 issystem provides continual, stable operation for hundreds
portant,  p . ey of hours with 100-150 g of sodium. Without the
proportional to the cube of the cell diameter in an oven

type cell. The laser beam diameter and correspondiﬁﬁcmaﬂon the cell works for only 3 hours, measured in a
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test with the collector water-cooled t0°29. The frozen The use of Cs vapor instead of Rb, or a Cs-Rb mixture
sodium in the collector had a volcano shape perfectith the pumping of both is also promising due to the

confined within the 10 cm collector length. The sodiurexpected large spin-exchange cross-section and higher
flow outside the cell was much less than with an ovemadiation trapping limit of Cs vapor. The expected charge-
type cell. The whole ionizer assembly including thexchange polarization with the He-ionizer is reduced
solenoid magnet is attached to the rest of the OPPIS dignificantly in the 10 kG field. The experimental results
5.0 cm thick Delrin isolation flanges, and is ready for thare to be compared with the dashed curve in Fig.2, which
biasing tests. is reduced by a factor 0.65 compared to the solid line
calculated neglecting depolarization. This neglect is valid
3 PULSED OPPIS FOR POLARIZED for a magnetic field in the Rb cell higher than 25 kG. The
HERA COLLIDER polarized Hion current is reduced to 6.0 mA with the He

L i _ionizer in operation because of nonhomogeneity of the
Polarization of a 820 GeV proton beam in HERA, ifhagnetic field in the cell.

addition to the existing longitudinally polarized electron

beam, would signficantly expand the kinematic range for 1.0

proton spin-structure studies and will allow measurements

of the gluon contribution to the proton spin, provided that 0.8

the luminosity of the polarized beam is the same as the c

unpolarized beam [9]. The bunch intensity should be 206

1.0x10" protons/bunch, i.e. half that in RHIC , but the IS

capture time to the DESY Il booster ring is only|B3at = 0.4

the 50 MeV linac energy. This pulse is split into 10 a

bunches which eventually become HERA bunches. 02

Therefore, the peak polarized tn current out of the i 30 keV Beom Energy
source must be almost 100 times higher than for RHIC. 5] RN I SR M
At least 20 mA current in a 50 pulse within 2.Gtmm 0 02 04 06 08 10
mrad is required from the polarized HERA injector. A Rb thickness (10°atoms /cm?)

pulsed Hcurrent in excess of 20 mA was demonstrated in. . o ,
experiments with an atomic hydrogen injector in an |NRE|gure'2: Solid line . expected polgnzatlon n the.h|gh 25
type OPPIS . At present, the atomic H injector is installed KG field; Dashed line — polarization for 10 kG field.

at the extended TRIUMF OPPIS test-bench. The ECR

proton source is replaced with a pulsed He ionizer cell, 4 ACKNOWLEDGEMENTS
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