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Abstract

The TRIUMF OPPIS (Optically Pumped Polarized Ion
Source) provides the precision quality beam for the exper-
iment on parity-nonconservation in proton- proton scatter-
ing a 230 MeV beam energy. The results of recent devel-
opments and studies for the minimization of contributions
to the experiment systematic error due to the beam energy
and position modul ations correl ated with spin- reversal are
presented.

Studies of high current production have also been done
in collaborationwithINR, Moscow and BINP, Novosibirsk.
The feasibility of a 10 mA polarized H™ ion current was
demonstrated. The pulsed OPPIS application for the fu-
ture RHIC and HERA polarization facilities are discussed.
The polarization technique of the radioactive nuclide beam
is proposed for betaeNMR condensed matter studieswith a
new ISAC facility a TRIUMF.

1 INTRODUCTION

Collider experiments with polarized proton beams, ap-
proved at RHIC /1/ and under consideration at HERA /2/,
will providefundamental tests of QCD and the €l ectroweak
interaction. Polarized beams should allow better identifi-
cation of new objects produced in proton-proton collisions
and expand the limits of searches for possible manifesta-
tions of New Physics beyond the Standard Model. Such
experiments will require the maximum available luminos-
ity, and therefore polarization must be obtained as an extra
beam quality without sacrificing intensity. Typical currents
for unpolarized H™ ioninjectorsareinthe 20-50 mA range.
With alower current polarized source the use of multiturn
charge- exchange injection into abooster ring will partialy
compensate the loss, but only a 20-30 mA sourcewill com-
pletely solve the problem. A 1.64 mA dc polarized H™ ion
current was obtained at the TRIUMF OPPI S, withapromise
of further increases to the 2-3 mA range /3/. The ECR-
type primary proton source used a the TRIUMF OPPIS
has a comparatively low emission current density and high
beam divergence, which limitsfurther current increase and
givesrisetoinefficient use of the cw laser power for optical
pumping. In pulsed operation, suitable for high energy ac-
celerators, the ECR source shortcomingshave been avoided
by using an INR-type OPPIS with a high-brightness pro-
ton source situated outside the magnetic field /4/. Studies
performed in collaboration with INR, Moscow and BINP,
Novosibirsk have demonstrated thefeasibility of producing
10 mA polarized H~ ion currents using this scheme. Pro-
posals on pulsed OPPIS developments for future polariza
tionfaciliesat RHIC and HERA are considered bel ow.
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The TRIUMF OPPIS provides a precision quality beam
for studiesof parity- nonconservationin proton-proton scat-
tering at 230 MeV /5/. It operates very reliably and delivers
beam for about 40% of the cyclotron operational time.

Beta-NMR studiesof surfaces with polarized radioactive
nuclidebeams are proposed for the new | SAC (I sotope Sep-
arator and Accelerator) fecilities at TRIUMF /6/. The ap-
plication of the optical pumping polarization technique for
radioactive nuclidesis described for lithium-8 and neon-23
beams.

2 POLARIZED BEAM FOR
PARITY-NONCONSERVATION STUDIES

At present the TRIUMF OPPISisheavily used for the E497
"parity” experiment. The goa of this experiment is the
measurement of the parity- violating analyzing power A,
for the scattering of a longitudinally polarized 230 MeV
proton beam in ahydrogen target to an accuracy of £10~8.
Thisimposesvery severe constraints on the polarized beam
quality. From the very beginning, OPPIS development at
TRIUMF has been pushed by this very demanding exper-
iment. The initial expectation that spin-reversal-correl ated
modulations of the beam parameters should be smaller in
the OPPIS than in the ABS have been demonstrated ex-
perimentally, although it took some time to understand its
origins, develop the apparatus and find the optimal set of
source parameters. At present, the hdicity-correlated cur-
rent modul ationsare below the 10~° level and energy mod-
ulation can be reduced below 0.010 eV /7/. The correlated
beam position modulations are less than 20 nm. The op-
timum beam current required at the target for the parity
experiment is 0.20 uA, but to achieve very small helicity
correlated modulations, most of the beam intensity must
be sacrificed for beam quality. Therefore, high brightness
source performance is required, and the ongoing high cur-
rent OPPI Sdevelopment at TRIUMF isof benefit tothe par-
ity experiment. At present, polarized beam quality meets
the experimental requirements. The extension of the parity
experiment to 450 MeV has been proposed /8/.

3 PROPOSAL FOR A POLARIZED 800 GEV
PROTON BEAM AT THE HERA COLLIDER

Studies of the hadron spin-structure functionsin collisions
of polarized electrons with polarized helium-3 , hydrogen
and deuterium interna targets are in progress at DESY
(HERMES experiment). The proposal to significantly ex-
pand the kinematic range of these studies and measure the
gluon contributionto the proton spinin collisionsof an 800
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GeV polarized proton beam with a 30 GeV polarized elec-
tron beam was recently examined /2/. TRIUMF isa part of
the SPIN Collaboration, which isworking on aproposal for
polarized proton acceleration in HERA to 800 GeV and ex-
periments with the polarized beams.

The TRIUMF task is development of the high intensity
polarized H~ ion source. A polarized H~ ion current of
10-20 mA isrequired to provide sufficient luminosity of the
polarized beam for the above experiments. At present, the
design luminosity has not yet been obtained, even with an
unpolarized 50 mA injector.

The feasibility of 10 mA polarized H™ ion current pro-
duction in the INR- type pulsed OPPIS was demonstrated
in experiments with the atomic H injector at BINP, Novosi-
birsk and experiments at TRIUMF on optical pumping of
high density Rb vapor in the presence of a high-intensity
proton beam /9/. The 20-30 mA current may be feasiblein
the "combined” polarization scheme, where space-charge
compensation is easier to achieve /10/. The development
of apulsed OPPISisinprogressat TRIUMF. Theatomic H
injector is being constructed and tested on a test bench. A
16 mA pulsed H™ ion current of a6 keV beam energy was
obtained at the test-bench for the geometry which closely
reproduce the pulsed OPPIS layout. After optimization it
will beinstalled at the TRIUMF OPPIS setup , as shownin
Fig.1. Theoptica pumping of the high-density, largediam-
eter Rb vapor cell will be produced by a pulsed Ti:sapphire
laser. Nearly 100% Rb polarization has aready been ob-
tained in an experiment with a pulsed laser under devel op-
ment. The H™ nuclear polarization will be measured and
optimized using the powerful OPPIS diagnostic tools.

The high-current low energy polarized H~ ion beam
must be accelerated immediately after the ionizer to 20-
50 keV to prevent increase of the beam divergence due to
space-charge effects. This can be done by biasing of the
whol e source to a potential of 20-50 kV. After acceleration
in atwo gap system, which will aso provide the required
focusing, the beam will be deflected by a bending magnet

through 46.7 degrees to preserve longitudinal polarization.
Alternatively, a15 degree bend plusasolenoidal rotator can
be used to aign spin vertically. The beam will then be in-
jected into an RFQ accel erator.

4 OPPISINJECTOR FOR RHIC

The polarization facilities at RHIC will provide 70% po-
larized proton- proton collisions at the energy up to sqrt(S)
= 500 GeV and luminosity of 2x1032/cm?®s /1/. The po-
larized injector must produce in excess of 0.5 mA H™ ion
current during the 300 us pulse, within a normalized emit-
tance of lessthan 2 pi mm mrad. Thisisanidea application
for the TRIUMF-type OPPIS, where the 1.64 mA current
was obtained inthe dc mode. Therequired pulsed operation
will greatly simplify and reduce the cost of thelaser system,
whileprovidingthe best source performance dueto asurfeit
of optica pumpinglaser power. The possibility of the KEK
OPPIS upgrade for RHIC in a collaboration between BNL,
KEK and TRIUMF isunder consideration.

5 POLARIZED RADIOACTIVE BEAMSFOR
MATERIAL STUDIESAT ISAC

Implantation of severa beta-radioactive beams in a mate-
rial surface (high-temperature superconductors, and semi-
conductors are of the greatest interest) and observation of
the spin-precession due to the local magnetic field can be
auseful tool for surface studies, similar to the MuSR tech-
nique for bulk materials /11/. The polarization precession
can be detected by measuring the asymmetry of beta-decay.
For example, a®Lit ion beam intensity in excess of 10%/s
will be available from the TRIUMF ISAC facility for a 10
UA proton beam at the target. The polarization will be pro-
duced by direct optical pumping of 3Li atoms in the setup
shown in Fig.2. The 20 keV Lit beam will be neutral-
ized in a sodium vapor cell and then optically pumped by
acollinear 669 nm wavelength dye laser beam (2S; to 2P.
transition). The optical pumping region must be Shielded
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Figure2: 8Li PolarizationLayout. (1) Alkali Vapour Neutralizer Cell; (2) Optical Pumping Region; PM - Photomultipliers;

(3) Gaseous lonizer Cell; (4) Analyzing Chamber.

from external magnetic fields and a homogeneous longitu-
dina field of 10-20 G will be provided. The laser power
density required for pumping both F=3/2, 5/2 statesis about
0.5W/cm? for amultimode | aser with abandwidth of about
500 MHz, thelatter determined by hyperfinesplitting of 382
MHz in the 281 state and 44 MHz in the 2P1 state. Af-
ter polarlzatlon the Li beam isionizedto Li~ |n a second
akali cel with an efficiency of about 10%, or to Lit ina
gaseous argon cell with about 30% efficiency. Theionbeam
isbent and transported to the sample. The bending prevents
direct deposition of sodium vapor on the sample surfaceand
provides a convenient entrance for the laser beam. Theion
beam can be easily transported a few meters, thus simpli-
fying the obtaining of an UHV in the analyzing chamber.
It is estimated that about 10% of the primary beam can be
optically pumped to 70-80% polarization. Another choice
of probe is a Ne-17 beam, which can be polarized by se-
lective excitation of hyperfine substates in the metastable
Ne* (3P,) state. In the sodium neutralization cell about 10-
20% of the initia 20 keV Net beam is produced in this
metastable state ,which is easy for optica pumping using
3P, — 3Dg transition and 640 nm laser. Selective ioniza-
tion of the metastable atoms in a second charge-exchange
cell will produce a high of about 50% nuclear polarization
of the Net ion beam for implantation.

6 CONCLUSIONS

The powerful techniques of optical pumping and polariza
tion transfer collisions are very successfully implemented
in the high current OPPIS, which meets the demands of the
new generation of high-energy accelerators and colliders.
The OPPIS dso provides the high quality beam for preci-
sion experimentsat TRIUMF. We believethat devel opment
of new polarization facilitiesat RHIC and HERA will ben-
efit from OPPI S technology and will, in turn, boost the fur-
ther devel opment of polarized sources.
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