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ABSTRACT

The use of various ways to util ize lambda decays to obtain
polarized beams of protons and antiprotons is emphasized. Examples
described are the Fermi lab polarized beam, now under construction,
and the use of similar techniques at other energies. Beam trans-
port, spin precession and reversal systems, and polarimeters are
also discussed,

INTRODUCTION

The parity violating decays of hyperon and their anti-particles
are a potentially quite useful source of polarized nucleons, other
hyperons, and their anti-particles. The decay length and cm. mo-
mentum from lambda decay allow two simple and clean ways of select-
ing polarized protons (or antiprotoris) in a beamline. Exploitation
of these possibilities in the polarized beam at Fermi lab will allow
two-spin experiments in a new energy regime as well as untried or
improved single spin experiments. There is a plan for s similar
beam to be built at the future 3 TeV accelerator, UNK. Specific
techniques developed for the 200-400 GeV region can be approximately
scaled to other energies such as 3.9 GeV or 16 TeV with simple for-
mulas to determine their appropriateness at these energies.

BASICS

There are two simple ways to obtain polarized proton beams from
lambda decays by using properties of beam transport systems. We
call these the longitudinal and transverse nodes. The polarization
C lies from the parity violating decays of lambdas. Spin direction
is almost unchanged in transforming from the lambda center-of-mass
frame to the proton frame.

The simplest way to get a tertiary beam of polarized protons is
to use the high energy end point of the lambda production spectrum
as proposed at CERN in 1977.l"4 In this longitudinal mode, high
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momentum protons are chosen which necessarily come from forward
decays of lambdas near the end point of the lambda production spec-
trum. This is similar to the way a polarized muon beam is produced
by matching beam transmlttance to accept only decays which are for-
ward in the laboratory. This method does not work for "p from A0

because the spectrum does not fall off fast enough in Xp. The
proton polarization direction can be reversed or transformed to
transverse by systems of spin precessors (snakes), but only one
polarization direction at a time is available.

In the transverse mode, we are interested in a A°'s fA°'s)
which decay near 90s to their path in the laboratory. If we look at
p's t^'s) from decays some distance from the production target,
there is a correlation between polarization and effective proton
source position (see Fig. 1). There is a virtual source around the
target with large radially directed polarization farthest from the
center (approximately 1 cm) and no useable polarization in the
center. We use magnetic sweeping to eliminate both direct particles
from the target and particles from decays close to the target which
have a virtual source which is too small to deal with.

In a practical beam there is
a balance among total flux,
polarized flux, sweeping length,
target size, and chromatic abbe-

^ ' rations. The size and polariza-
y tion distribution within the spot

a r e opti1"11111 and most clearly
defined only for decays at a

> p~j - - - ~ fixed distance from the target.
"~ Although the flux is highest from

* - .Ucays closest to the target, the
image of the virtual spot will be
the smallest from these, and fur-
thermore will be smeared by the
production target size and chro-
matic abberations in the
beamline.

Fig. I Virtual source from
lambda decay.

A beam transport system (Fig. 2) can make a real image of this
virtual source at a focus. We can then use tagging or collimation
to select a particular polarization. The tagging has to deal only
with those products of A0 (X°) or K° decay which wil l be transmitted
to the experiment by a tuned beamline. In our case at Fermilab,
tagging has the advantage over collimation in that the useful beam
is doubled and opposite polarizations are available simultaneously
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which should reduce systematic errors. With a wide momentum band

beam (we may use •£ 7%), the focus of the virtual image will be at

different z for different i.omenta. This can be handled in the

tagging for every particle by using two tagging hodoscopes separated

in z, using some momentum tagging and encoding the correlations in

ECL memory look-up units.

Fig. 2 Arrangement of beamline.

TRANSPORT

A high intensity proton beam from lambda decay will have large

divergence, large effective source size, and large momentum spread.

A beam designed for reasonable intensity will have spin rotations of

up to 90s in the quadrupoles and up to 360° in the dipoles. It is

nossible to transport such a beam with very little depolarization.

The beam transport involves global cancellation of spin preces-

sion by quadrupoles (Fig. 3), and local cancellation of spin preces-

sion by dipoles (Fig. 2).

Fig. 3 Spin precession in quadrupoles.

ray is zero.

The field integral on any

The basic point In cancelling spin precession is that the field

integral must be zero. This means that a ray at the final focus

much have the same direction it had before entering the transport

system. The overalL transverse matrix is then (oi) in each



dimension. The beam we are building is mirror symmetric about an

intermediate focus with a transfer matrix of (O-l) at that focus.

In order for the global cancellation of precession in the quad-

rupoles to occur, the spin directions entering one set of quadru-

poles must be the same as the directions exiting the preceding set.

Precessions by bends must cancel between quadrupole sets. Net bends

between quadrupoles can lead to depolarization because rotations

about orthogonal axes do not commute.

SCALING

If we are building a beamline to use transverse mode at a parti-

cular momentum, we can scale the beam length to match the lambda

decay length. The spot size for tagging will be a constant, roughly

3. cm across, depending on the specifics. Once we have this scaling

in length and approximately constant p. distribution for lambdas, we

can use the same quadrupoles and transport dipoles at any momentum

(e.g. 8.9 GeV and 16 TeV). This ignores the facts that magnet

lengths are a fraction of the beam length at low momentum and that

we might not want a single-momentum beam.

The sweeping magnets do not scale in the same way at all. If we

assume the Fermi lab scheme and say that the primary beam must be

bent to an angle greater than lambda production angles in a distance

less than a lambda decay length, the field required in the sweeper

goes roughly as

(kg)
P , (GeV) • X%

pri F sec

in this example we need 1 kg at the SSC and 1500 kg at 8.9 GeV. For
a polarized f> source for a storage ring, we might not sweep but use
a careful acceptance at the image of the virtual spot to avoid the
primary beam and limit the source emittance. (The source emittance
is s t i l l too large for existing accumulators, approximately IOOIT MM-
MR vs. 20if MM-MR.)

POLARIMETERS

We are developing two new kinds of polarimeters for the Fermilab

beam. One based on the Priraakoff effect (Fig. 4) and one based
Q

on the Coulomb-nuclear interference. The analyzing power for pure-

ly hadronic elastic scattering at small t is too small to be useful.

Both of the new polarimeters use interactions at t * 10"^, and

require pi.else reconstruction of beam and outgoing tracks. The
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analyzing power for the Primakoff should be over 70% for a selected

sample of events, and about 5% for the Coulomb nuclear. Further

details are given in-the References.

Data exists in the s channel for

620 MeV unpolarized y on pola-

rized proton (M « 1.4 GeV).

We will use the t channel with

the photon from the Coulomb field

of lead.

Fig. 4 Measuring polarization using the Primakoff effect.
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