
POLARIZED GAS TARGETS FOR STORAGE RINGS

» CONP-900726--1
R. J . HOLT

Physics Division, Argonns National Laboratory, Argonne, IL 60439-4843 USA D E 9 0 0 1 3 6 5 5

Resume - II est largement reconnu que les cibles de gas polarises dans les anneaux
de stockage d'tSlectrons representent un nouvel horizon pour des etudes plus precises
en physique nuclfiaire. De nouveaux developpements dans la technologie des cibles
polaris£es, sp6ci£iques aux applications aur cibles internes, seront discutes. En
particulier, l'utilisation des cibles de gaz polarises, dans l'anneau d'electrons
VEPP-3 4 Ndvosibirk. Une cellule de stockage simple a ete utilise* pour accroitre
1'epaiBBeur totale de la cible d'un facteur IS par rapport a une cible a "jets de
gaz* a partir d'une source de faisceau atomique Les resultats de la premiere phase
de ce projet seront reported. De plus, les ameliorations prevues pour augmenter la
luminosity d'un ordre de grandeur seront presentees ainsi que la possibilite de
l'application de ce travail aux cibles polarlsees d'hydrogene et de deuterium pour
l'anneau de HERA. L'influence de la depolarisation induite par le faisceau,
phenomene survenant lors des impulsions courtes des anneaux de Etockage d'electrons,
sera aussi discutee. Enfin, les tests des performances des sources produites par
des faisceaux lasers seront presentes.

Abstract - It is widely recognized that polarized gas targets in electron storage
rings represent a new opportunity for precision nuclear phyBics studies. New
developments in polarized target technology specific to internal target applications
will be discussed. In particular, polarized gas targets have been used in the
VEPP-3 electron ring in Novosibirsk. A simple storage cell was used to increase the
total target thickness by a factor of 15 over the simple gas jet target from an
atomic beam source. Results from the initial phase of thiB project will be
reported. In addition, the plans for increasing the luminosity by an additional
order or magnitude will be presented. The application of this work to polarized
hydrogen and deuterium targets for the HERA ring will be noted. The influence of
beam-induced depolarization, a phenomena encountered in short-pulse electron storage
rings, will be discussed. Finally, the performance testa of laser-driven sources
will be presented.

1 - INTRODUCTION

Although it is widely accepted that polarization studies in electron scattering are a
potentially powerful method for the study of nuclear structure, very little data exist. The
internal polarized target method in electron storage rings provideB new opportunities for
exploring polarization effects in viuclear physics. One of the key advantages is the enormous
dynamic electron energy range than the technique can bring to bear on long-Btanding iBsues in
nuclear physics. For example, the new NEP ring at 220 MeV in Novosibirsk is being designed
for low-energy experiments and a proposal exists to employ internal targets in the new 35-GeV
HERA ring at high energy. An assortment of electron rings at intermediate energies are being
developed for internal target work, e.g. construction of the MIT-Bates and NIKHEF rings is in
progress in order to provide electrons near 1 GeV and at the Saskatoon Accelerator Laboratory,
300 MeV electrons are available.

Presently, internal polarized gas targets are in use only at the VEPP-3 ring (2-GeV) at
Novosibirsk and the status of this work will be outlined. In addition, progress in the
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development of storage cells for polarized gas and novel polarized sources for internal
targets will be summarized. (Progress for the conventional atomic beam source will be
presented by E. Steifens in the next talk.)
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Fig. 1 - Schematic view of CERN experiment to measure the spin-dependent structure functions
of the proton.

As an example of the power of the internal target method, it is instructive to compare the
recent EMC experiment 111 at CERN with the experiment proposed for the HERA ring. In the FMC
experiment, the asymmetry for deep inelastic scattering of polarized muons from a polarized
hydrogen target was measure''., as indicated schematically in fig. 1 Everyone here is well
aware that this measurem- ... nas led to the so-called "proton spin crisis" as already discussed
by R. Jaffee at this conference. The measured asymmetry A is defined by
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where the two arrows refer to the helicity of the muon and proton, respectively. With the
assumption that the transverse-longitudinal interference term for the virtual photon is small
and further suppressed kinematically, one can deduce the virtual photon asymmetry for the
proton, Aj:
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where O1/2W3/2' refers to the virtual photoabsorption cross section when the projection of
total angular momentum of the photon-nucleon system along the incident lepton direct'.on is
1/2(3/2). The results for Aj from the EMC experiment along with previous data /2/ from SLAC
are presented in fig. 2 as a function of x, the Bjorken scaling variable. The data are
compared witu the theoretical curve from ref. /3/. The discrepancy between this theoretical
curve and the data at low x leads to the spin crisis. Of course, it is of great interest to
repeat this single measurement for the proton and to perform another experiment in order to
determine whether or not there is a similar effect for the neutron. The EMC experiment was
rather difficult: it employed two 0.5-m long polarized NH3 targets and consumed 120 days of
running time at CERN. Recently an experiment was proposed /4/ at DESY that would make use of
polarized hydrogen, deuterium and 3He targets in the 35-GeV HERA electron ring. For a target
thickness of 1X101* nuclei/cm2, polarization of 80Z and an elytron beam current of 60 mA,
polarization of 50Z, it was shown that the EMC experiment could be repeated to the same
statistical accuracy in only 10 hours 1 Approximately 400 hours of HEFA beam on a polarized
deuterium or 3He target would yield high accuracy measurements of the asymmetry for the
neutron. It is estimated that a similar accuracy for the neutron at CERN could be achieved
only after 20 years of beam timel Thus, the internal polarized target method is indeed a
potentially powerful technique.

Kot only has the internal target method rendered a new powerful technique for studying the
nucleon spin, but it has also opened up many new opportunities for experiments. Another
excellent example is a collaborative proposal /5/ between MIT, New Hampshire, Caltech, NIKHEF,
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Fig. 2 - Virtual photon asymmetry as a function of x for deep inelastic polarized lepton
scattering from a polarized proton target.

issues: (i) the quasielastic region, which will provide information on the charge and magnetic
form factors of the neutron, (ii) the 39e(e",e'p) reaction in the quasielastic region as a
probe of the mixed symmetry S1- and D-state of 3He, and (iii) the 3fte(i,e'ir±) reaction as a
probe of pre-existing delta components in 3He. Argonne and Novosibirsk have joined in a
collaborative effort /6/ to measure the T20 analyzing power in electron-deuteron elastic
scattering at the VEPP-3 ring in Novosibirsk. For this purpose, Argonntv has been developing
storage cells for polarized deuterium gas and a polarized deuterium source based on a spin-
exchange optical-pumping method. The results and progress of this collaboration will be
reported here. The groups at Leningrad, NIKHEF and Tomsk have joined this collaboration for
the purpose of measuring photodisintegration from a tensor polarized deuteron target and
studies of the 2fi(e,e'p) reaction. All these measurements are performed simultaneously with
the tensor polarized target.

Also at Novosibirsk, a 220-MeV electron ring (NEF) is being constructed for the sole purpose
of studying nuclear physics with internal targets. The NEP ring should be capable to
producing a circulating current of polarized electrons of 1 A. Typical experiments planned
for NEP are the measurement of the electric form factor /7/ of the neutron and unraveling the
magnetic multipole moments /8/ of transitions in nuclei, such as 39K.

2 - STORAGE CELL TECHNOLOGY

Thus far, all of the proposed polarized target experiments in rings hive relied on the use of
a storage cell for polarized gas to gain the necessary density. The basic elements for
storage cell technology were invented by several groups in the quest for a hydrogen maser /9/.
Basically, in the hydrogen maser work relatively high densities of polarized H atoms were
maintained in suitably-coated pyrex cells. The Madison group was first to demonstrate /10/
that this technique could lead to eyeful targets for nuclear physics studies. An example of
the first nuclear physics experiment, using a storage cell is illustrated in fig. 3. In this
experiment, polarized hydrogen 01' deuterium from an atomic beam source was injected into a
teflon-coated pyrex cell where a density of 3Xl()ll atoms/cm3 (target thickness: 1X1012 cm"2)
was achieved. The primary 12-MeV alpha beam entered and exited the cell through approximately
10-cm long, 1-cm diameter tubes. Recoil protons passed through thin teflon exit windows and
were detected by counter telescopes. Approximately 74Z of the maximum possible polarization
was observed even though the atoms went through about 900 cell wall collision on average.

Recently, the Madison group is more intensively investigating depolarization by surface
collisions in connection with the proposed HERA and FILTEX experiments. In particular, the
surface coating and temperature dependence are presently under investigation 111/. An example
of the temperature dependence of the effective target polarization is shown in fig. 4 for a
cell which has an average of 380 cell wall collisions (No) • The curve is the theoretical
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Fig. 4 - Hydrogen target polarization as a function of temperature for a storage cell coated
with teflon. The average number of cell-wall collisions for the stored H atoms in 380. The
data are from ref. /ll/.

expectation if the main depolarization mechanism depends on the residence time of the atom on
the surface of the cell. A surface binding energy of only 0.04 eV is deduced for hydrogen
atoms on teflon. More recently, the Heidelberg group is studying the effects of magnetic
field on the depolarizing mechanism and E. Steffens will discuss this work in the next talk.

3 - STORAGE CELL PERFORMANCE IN VEPP-3

The first use of a storage cell in a storage ring was demonstrated /6/ at, the VEPP-3 facility
in Novosibirsk. A storage cell, fabricated at Argonne, was employed in the 2-GeV electron
ring (VEPP-3). This storage cell provided a factor of 15 increase in total target thickness
compared with the free jet target from an atomic beam source. The use of this storage cell
provided valuable information on cell wall effects, cell wall lifetime and beam-induced



depolarizing effects. In addition, new data /12/ for the tensor analyzing power TJQ for
electron-deuteron elastic scattering were provided in the momentum transfer range of 2-3 fm"1.
Also, data were acquired for photodisintegration of the deuteron for a tensor polarized
target.

4 - TARGET POLARIZATION

The polarization for the phase 1 target at Novosibirsk was measured by comparing the asymmetry
at low momentum transfer, 1.97 fm~l, with that expected for the Paris deuteron wave function.
In this case, we achieved lpzzl = 0.57 ± 0.05 for the storage cell target, and we note that
|pzzl = 0.65 4 0.08 was achieved for the free jet target from the same atomic beam source and
the same measurement technique. Frcm these results and a Monte Carlo analysis of the storage
cell atoms we have deduced an average depolarization probability of 2ilXlO"3 per cell wall
collision for a drifilm-coated aluminum surface. It is expected that a teflon surface might
give better results *.han drifilm; however, there is considerable reluctance on the part of the
ring engineers at Novosibirsk to approve the use of teflon in the ring. Drifilm not only has
good depolarization and recombination properties [13], but also has good vacuum
characteristics. It is bakeable at high temperature (250° C) and alkali resistant.

A. major conce rn at the outset of the project was the cell wall lifetime in the electron
storage ring environment. As a test of the integrity of the drifilm surface, the asymmetry
for electrodisintegration of the deuteron was monitored during the course of the experiment
which spanned more than six months. This asymmetry is shown as a function of time in fig. 5.
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Fig. 5 - Asymmetry for the ficy.pn) reaction as a function of time during 1988 and 1989. The
storage cell exhibits no lifetime effects in the 2-GeV, 200-mA VEPP-3 electron storage ring.

Clearly, we found no significant change in the cell wall properties during this experiment.
It should also be noted that the total amount of accumulated charge which passed through the
fixed target cell during its installation was approximately 1 M Coulomb. This result gave us
the strongest impetus to continue with the phase 2 high-density storage cell development which
is described in sect. 7.

5 - BEAM-INDUCED TARGET DEPOLARIZATIOH

Shortly after the phase 1 cell was placed in the VEPP-3 ring, an unexpected depolarization
mechanism was discovered /6/. The source of this mechanism stems from two processes: an
adiabatic process in which the atomic electron is precessed by the intense-pulsed magnetic
field from the electron beam bunch in the ring and a resonant process in which a Zeeman
transition is induced when the frequency of the accelerator pulses is a harmonic of the Zeeman
splitting.



This effect can be demonstrated clearly by considering the experimental arrangement of fig. 6.
Here the deuterium atom can be polarized by preparing it in spin states 1, 2 and 3, for
example, sending it through the electron beam at an angle of 30° and observing the number of
atoms in spin states 4, 5 and 6 with a Rabi magnet as a function of electron beam current.
This beam-induced depolarization effect can be seen in fig. 7. Of course, since a frequency
transition unit was placed on both the atomic beam source and the analyzing polarimeter, the
effect can be studied for a number of spin states. Based on these studies, a Monte Carlo
program was developed for the H and D atoms in a storage cell and in the presence of a pulsed-
electron beam. The Monte Carlo analysis was used to determine the strength of a magnetic
holding field necessary to overcome these effects. For deuterium atoms in VEPP-3, a field of
approximately 0.9 kG is required and for hydrogen atoms in HERA, about 3.4 kG will be
necessary.
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Fig. 6 - Schematic diagram of apparatus to measure the beam-induced depolarization for a jet
of polarized deuterium atoms. The sextupole and first RF transition unit serves to prepare
the deuterium atoms in a given spin state, while the second RF transition unit and Rabi magnet
are used to analyze the deuterium polarization after the atoms pass through the electron beam.
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Fig. 7 - Typical results for beam-induced depolarization of the deuterium jet as a function of
beam current at VEPP-3. In this case, both RF transition units shown in fig. 6 are off and
one is merely studying the influence of the electron beam on the atomic electron polarization.
Clearly, the effect of beam-bunch depolarization increases with the electron beam current.
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The goals of the phase 1 target was to demonstrate the feasibility of using a storage cell in
an electron ring. However, it was also apparent that if the phase 1 cell was successful, then
a measurement of the analyzing power T20 could be measured in a region previously inaccessible
from other techniques, i.e. in a momentum transfer region of Q=2.3-3.0 fm"1. The importance
of measuring Tjo can be readily seen by considering the expression for the cross section for
unpolarized particles:

2 Q2) + B(Q2) tan 2 ( |

where (ty is the Mott cross section and 6 is the electron scattering angle. The quantity A(Q2)
depends on all three elastic form factors of the deuteron: Gc, GQ, G M - the charge, quadrupole
and magnetic form factors of the deuteron, respectively; while B(Q^) depends only on the
magnetic form factor. Thus, a polarization measurement is necessary to isolate the charge and
quadrupole form factors. The charge form factor is particularly interesting since the
location of the first zero in this quantity depends sensitively on the isoscalar meson
exchange current, a very poorly understood effect. The tensor analyzing power is the best
measure of the ratio of GQ/GQ since it depends on this quantity in first order. In
particular,

T2Q = ft [X(X+2) + Y/2]/[l + 2 (X
2 + Y)]

where

X = I T ( G Q / G C ) , Y = \ r (GM /G c )2 [ 1 + 2 (1+r) t an 2 ( 0 /2 ) ] ,

with r=Q2/4M§. Below a Q of 5 fin"1, the quantity X is the dominant contribution to T2o-

In this experiment, tensor polarized deuterium nuclei from an atomic beam source were injected
into a storage cell as illustrated schematically in fig. 8. Scattered electrons were detected
in coincidence with recoil deuterons or protons by drift chambers and scintillation counters
also indicated in the figure. Elastic events were identified by energy losses and correlated
trajectories of the particles. Four separate detector systems were used in order to minimize
false asymmetries. The electron detectors subtended electron scattering angles between 10 and
22°. The sign of the target polarization was reversed every 200 seconds and the direction of
the magnetic guide field (0.7 kG) was changed every 1-2 hours. The details of the detector
/14/ and the experiment /12/ are discussed elsewhere and only the results for T20 a r e shown
here in fig. 9. These results are in good agreement with the theoretical predictions at these
low values of Q. Plans are underway for increasing the target thickness and thereby extending
the measurements to high momentum transfer where there is considerable disagreement among the
theoretical calculations. The two left-most curves in fig. 9 are from ref. 1151, and include
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Fig. 8 - Schematic diagram of the phase 1 storage cell in VEPP-3.



deltas and isoscalar meson exchange currents. The remaining three curves are from ref. /16/
and are nearly indistinguishable for the Paris and AV14 potentials and the rightmost curve
represents the Bonn (Q) potential. The techniques described in the ensuing sections will
indicate how one can establish sufficient luminosity to make these kind of measurements at
high momentum transfer.
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Fig. 9 - Results for a measurement of tensor analyzing power in electron-deuteron elastic
scattering. The darkened diamonds represent the results from the phase 1 storage cell target.
The squares represent polarization measurements from Bates /17/, while the <-pen circles are
from polarized jet target work at VEPP-2 /18/.
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Fig. 10 - The operating principle of the phase Z target cel l . During injection of the
electron beam into VEPP-3, the storage cell is in the open position (upper half of figure).
After the electron beam has cooled, the storage cell is closed (lower half) ant1 fi atoms are
injected into the cell.



7 - PHASE 2 STORAGE CELL AT VEPP-3

Following the success of the phase 1 storage cell test at Novosibirsk, a high-density storage
cell /19/ was constructed at Argonne and installed in VEPP-3. The central new feature of the
cell is the relatively small aperture for the primary electron beam. The aperture size is so
restrictive that the storage cell must open while the storage ring is being filled and then
closed around the electron beam after it has damped to a small size. The principle of this
"clam-shell" storage cell is illustrated in fig. 10. The actual cell is in the shape of a
semi-elliptical tapered tube. The taper helps to self-shield the surface of the cell against
synchrotron radiation, while an elliptical shape is optimized to give the largest target
thickness per cell wall collision.

Two new issues become important with the advent of the high-density storage cell: (i) possible;
increase in background rate owing to the small aperture of the cell and a concomitant loss in
electron beam lifetime, (ii) reliability of the cell closure. As an illustration of the
sensitivity of the background rate to the beam position, the singles rate in the detector are
shown in fig. 11 as a function of both the vertical and horizontal beam position. Vertically,
a shift of only 1 mm can lead to a dramatic rise in the singles rate, while the horizontal is
not sensitive. The strong sensitivity to the vertical position could signal that the vertical
beam size has been underestimated.
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Fig. 11 - Upper: cross sectional view of
storage cell in both open and closed
positions. The detector acceptance in the
azimuthal angle is ^=60°. Lower: singles
counting rate as a function of horizontal
and vertical position of the cell with
respect to the electron beam.

Fig. 12 - Upper: schematic of experimental
set-up to measure the compression factor
of the storage cell in the VEPP-3 ring.
Lower: measurement of compression factor
as a function of cell closing parameter.

The second issue relates to how well one can close the cell. It is estimated that a small
opening or crack of only a 25 micron width over the full length (52 cm) of the cell will lead
to approximately a 20Z loss in target density.. The performance of this cell was determined in
the VEPP-3 ring by measuring the compression factor. The compression factor is defined



CF = (PC/PQ - 1) x 100%

where Pc/o is the closed and open back pressure of the cell as indicated by a vacuum gauge in
fig. 12. In the phase 2 cell, we have designed the feed tube and the beam inlet and outlet
tubes to have the same conductance C; thus, PQ ~ 1/C and PQ ~ 3/2C, and thus, we expect
CF=50Z. The results of in situ measurements for the phase 2 cell are indicated in fig. 12.
The results approach the expected ideal value and indicate that if one tries to close the cell
too tightly, the thin shell can defonr. slightly. Data acquisition with the phase 2 target is
expected to commence during October 1990. New detectors which can view a 15-cm long target
are being fabricated for this experiment.

8 - POLARIZED SOURCES

Recently there has been considerable effort in developing polarized sources for internal
target studies. Most notably, there are new results from laser-driven sources of H, D and
3He. Recent advances in the conventional and cold atomic beam sources have been discussed
already by Ninikosfci and will be discussed by E. Steffens. Thus, here I shall focus primarily
on recent advances of the laser-driven sources.

9 - HYDROGEN OR DEUTERIUM SOURCE

One can grasp the power of the laser-driven sources by considering that the intensity of
polarized photons form a 1-watt laser at 770 nm is approximately 3X1018 photons/s. If one can
efficiently convert this polarized photon intensity to polarized nucleus intensity, then
indeed a most powerful polarized source can be produced. Typical Ti-sapphire lasers ar» rated
at 3-4 watts at this wave length and one can begin to plan for a source that produces 1018

polarized nuclei/s. (At present, the atomic beam sources produce an intensity of
approximately 1-3X1016 atoms/s.) An efficient scheme for converting polarized photons to
polarized nuclei is the spin-exchange optical pumping method.

Spin-exchange optical pumping relies upon optical pumping of an alkali such as Na or K and
then spin-exchange scattering to polarize the H or D atoms. The nucleus becomes polarized if
several spin-exchanges with the alkali atoms occur in a low field and if the depolarization
rate compared with the spin-exchange rate is small.
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Fig. 13 - Schematic diagram of prototype optical-pumping spin-exchange source and Zeeman
polarimeter.



A spin-exchange optical pumping system is illustrated in fig. 13. Near the center of the
figure one can see that hydrogen or deuterium atoms from the RF dissociator enter a spin-
exchenge cell where K or Na, optically pumped by the laser system, interact with them to
produce ft or fi. The ratio of D to Na atoms is typically 0.1 to 0.3Z. The atoms emerge from
the spin-exchange cell through a spout where a chopper and quadrupole mass analyzer are used
to determinR the fraction of deuterium atoms in atomic form. The equilibrium polarization of
the atoms in the cell is measured by inducing Zeeman transitions (depolarizing the atoms) and
observing fluorescence with a photodiode as the alkali atoms are optically pumped again. This
method will give an overestimate of the alkali polarization, since only alkali atoms in the
laser beam are sampled; but it is expected to give the average polarization of deuterium in
the cell since the deuterium mean free path for deuterium alkali collisions is much larger
than the cell dimensions. Typical Zeeman si.jnals for Na and D are shown in fig. 14. It is
noted that the asymmetry between ff+ and ff" optical pumping light reverses as expected. From
the spin-temperature distribution modal, the population of the various states with total
magnetic quantum mp is expsctpd to t= ai-en by

N F a e
 r

where p is the spin temperature. The spin temperature deduced from the deuterium data in
fig. 14 is approximately 0.6 and thus the p z and pj,z for this target are 0.38 and 0.15
respectively. The intensity of the source is approximately 1X101' atoms/s and the fraction of
atoms in atomic form is 0.75. Thus far, the best results achieved from this technique is a
polarization of 48Z at 2.5X017 atoms/s.

In order to increase the polarization (p2Z) and intensity of this source for the experiment at
Novosibirsk, it is planned to perform the optical-pumping spin-exchange in a high field, use
RF transitions in a moderate field and employ a Ti-sapphire laser. In this scheme, we expect

P z z = e24f p e

where pe is the electron polarization of the deuterium, £24 is the efficiency for sequential
4*-*3 and 2<~»3 RF transitions and f is the fraction of atoms in atomic form. Of course, the
conventional 2<--»6 or 3«-*5 high frequency transitions could be employed instead of the moderate
field transitions. The 2<-+4 transitions are chosen here merely as a technical convenience.
In a high magnetic field, the pe for deuterium depends on the alkali polarization p A and the
spin-exchange efficiency e s e so that Pe
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Fig. 14 - Typical fluorescence signals from RF .induced Zeeman transitions for Na (left panel)
and D (right panel).
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where 7§E and 7L are the spin exchange and loss rates, respectively. Based upon previous
experience, we can expect ese = 0.8, f = 0-8, and p^ = 0.85; and from a Monte Carlo simulation
624 = 0-9. Thus, we expect TpZ2l = Q.49 from this technique and the sign of ?zz can be
changed by reversing the helicity of the• optical- pumpiiig light. By using the Ti-sapphire
laser we can expect a factor of 4 in laser power; and thus, a flow rate of 0.4-1X101° atoms/s
should be achievable. We expect to have tests of this new source by the winter of 1990. i-

10 - ULTRA-COLD POLARIZED SOURCE

A collaborative effort /20/ between the University of Michigan and MIT has led to a novel
polarized hydrogen source design. The central idea is to store ultra-cold atums at high
density in a high field. The magnetic field meets the requirement that /JeB»fcT, so that the
atoms in the lowest energy states are trapped; whereas atoms with two lowest spin states are
expelled. The other important factor is that two hydrogen atoms with their spins aligned
cannot recombine into a hydrogen molecule. The high-field "spin trap" is shown schematically
in fig. 15.

In order to create a jet of polarized atoms, a high-frequency microwave is £i ' in'̂ o the trap
to flip the spins of the atoms. After the spins are flipped, the high field causes the atoms
to be ejected from the storage cell. Typical results are shown in fig. 16 for atoms ejected
from the cell, when the high field is swept over the Zeenan transitions of first a-»d and b+c
and the reverse sweep. Although the absolute intensities are relatively low, 1X1016 atoms/s
instantaneous, these first results are encouraging. The goal of this work is to provide such
a high density polarized jet that the storage cell techniques will not be necessary. This
would require a jet intensity of at least two orders of magnitude higher than presently
demonstrated.
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Fig. 15 - Prototype ultracold jet apparatus.
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11 - POLARIZED 3He TARGETS

Dramatic advances /2z/ have occurred in the development of polarised 3He targets in the past
few years. The well-known method 12.2.1 of metastability exchange has benefitted from the
development of a YAP laser, which is capable of delivering ~0.5 w at the 3S 1+

3P 1 line (1.0B3/O
in 3He . In this method, the metastable 3He* atom is optically pumped and the atomic
polarization is transferred to the nucleus of another 3He atom by an exchange collision. A.
closed-cell target based on this principle has been employed successfully, recently in an
experiment /23/ at the MIT-Bates Laboratory where the reaction t + 3Se •* e' + X was studied.
(See fig. 17). For an internal target, the "pump-up" rat*» or polarized atom intensity is
important for determining the target thickness. Intensities of approximately 1X1017 atoms/s
appear to be possible and would lead to typical internal target thicknesses of
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Fig. 17 - Polarized 3He target based on metastability exchange.



1X101* atoms/cm'2. Targets of this type have been proposed for the new rings at MIT-Bates and
NIKHEF and also for the HERA ring. One of the main interests in these experiments is the
extent to which a 3He iiucleu3 can be treated as a free polarized neutron.

Another very successful and novel method /24/ for producing polarized 3He gas targets is based
on optically pumping Rb at relatively high density. The best way to understand the
polarization transfer from the alkali to 3He is to consider the Hamiltonian which is believed
to govern spin transfer in mixtures of alkali vapor and noble gases:

H = At»S + 7K»S + a*»S + g

where Al'S is the hyperfine interaction of the alkali electronic spin 3 and its nuclear spin
t, 7̂ *3 is the spin-rotation coupling between the alkali electronic spin 3 and the rotational
angular momentum ft of the molecule, a&«3 is the magnetic dipole coupling between the alkali
electronic spin S and the noble gas nuclear spin ft, and gs/*y}3*fi is the Zeeman interaction of 3
with an external magnetic field. (The Zesman interaction of the nuclear spins ft and t with fl
are small and are neglected here for the sake of improved clarity.) The spin transfer from
the Rb electronic spins to the 3He nuclear spin is governed by the j3'ft term in the
Hamiltonian. In the usual binary collision, this effect is believed to be v.vry small.

Thus, in order for this target to achieve a high density in a reasonable time (~8 hours), it
was necessary to optically pump a high density (I0I5 atcns/cm3) of Rb. Ordinarily, this
-tensity is several orders of magnitude above the threshold for radiation trapping ar.d it would
De impossible to polarize the Rb. However, a significant density of Nj ("̂ 50 torr) was
introduced into the cell and permitted the radiationless decay of excited RD atoms.

Table 1 - Comparison of 3He targets based on metastability exchange and
spin-exchange.

Metastability Spin
Target Parameter Exchange Exchange

Density (nuclei/cm3)

Thickness (nuclei/cm2)

Polarization (Z)

Background Density (neutrons/cm3)

A cell of this type (sae fig. 18) has also been tested /25/ at the MIT-Bates Laboratory for
the t+3He+e'+X reaction. A comparison of the two types of targets is given in table 1. It is
clear that higher densities, and perhaps a somewhat higher polarization can be achieved in the
spin-exchange target than is presently available from the metastability exchange target. On
the other hand, the spin-exchange target has relatively high density of nucleons from the N2
gas. This gives an additional dilution factor of 0.62 for a polarized "neutron" target. The
other disadvantage of the spin-exchange target is that it is presently difficult with
available laser power to make a large volume target; and thus, the small radius and length of
the target cell make it more susceptible to electron beam halo and target window background.
Nevertheless, it is generally believed that the metastability exchange target is better suited
to interns! target applications since there is less background gas load to the ring; while the
spin-exchange target is well-suited to external target experiments. Proposals exist at MIT-
Bates, IUCF and HERA to use the metastability exchange technique as an internal target; and a
oroposal has been accepted at SLAC to use the spin-exchange method for an external target.
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11 - SUMMARY

The development of polarized gas targets are creating new opportunities for precision nuclear
phyr :.cs studies. With the advent of new rings for nuclear physics, the development of
polarized target technology is accelerating.

The feasibility of operating a storage cell for a polarized gas target in a storage ring was
demonstrated in an Argonne-Novosibirsk collaborative experiment. Much valuable information on
cell-wall lifetime and beam-induced depolarization was learned during this experiment. In
addition, the tensor analyzing power, T20 in electron-deuteron elastic scattering was
measured, for the first time in the momentum transfer range 2-3 fm"1, during this feasibility
study.

Rapid improvements in laser technology have revolutionized the development of polarized gas
targets. Two types of polarized 3He gas targets of unprecedented densities have been
developed and used in experiments during the past several years. A polarized deuterium source
based on spin-exchange optical pumping now has attained a figure-of-merit comparable with the
best reports of conventional atomic beam sources. It is predicted that the laser-driven
source will exceed the figure-of-merit of the atomic beam source in the near future.
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