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ABSTRACT

A high energy polarized proton beam which would utilize
lambda decays as a source of polarized protons has been proposed.
We discuss the operation of such a beam and related physics
experiments.

INTRODUCTION

Before I go into detail about obtaining a polarized beam from
lambda decay, I would like to briefly mention some physics motiva-
tion for such a beam.

Many spin effects at high energy and high pi have been dis-
cussed at this symposium. There are exciting new" results, both
experimental and theoretical, pertaining to the study of hadron
structure and interactions through spin effects.

Deep inelastic e-p asymmetry measurements done at SLAC with
longitudinally polarised electrons and protons indicate that the
leading quark of a proton may carry most of the polarization
information.

Tnere are predictions for the asymmetry ALL in inclusive pro-
duction of pions or jets by polarized proton beams on polarized
proton targets. The calculations have been done both for the
effective-gluon model2 and for QCD3>4 with various assumptions about
the spin structure of the proton.

We are proposing to measure this asymmetry to check the extent
to which such models give a quantitative picture of hadron structure.
Checking for fermion quarks and vector gluons could best be done
with longitudinal polarization, of both beam and target fermions.

It has been proposed that the sea quarks and anti-quarks in
a polarized proton are also polarized.5 It would be nice to check
this by measuring A L L (proton-proton) for di-lepton production.
Assuming a Drell-Yan mechanism, annihilation of quark and anti-
quark to give a virtual photon would have a much higher cross section
for spins aligned than for spins opposed.

Another problem that could be studied with a polarized beam
is the rise of the total cross section at high energies. One
approach to the problem is to consider it in terms of s-channel
helicity amplitudes. AaL is a linearly independent combination
of the amplitudes involved in the rising cross section.

I will now go through some of the basic ideas of obtaining
a polarized beam from lambda decay and give examples from a proposed
design.
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More complete descriptions of how to obtain polarized beams
and a proposed design are given in the proceedings of a June 19/7
symposium" and a prepr int ' is available from Argonne.

A Summary of Principles of the Polarized Beam

1. The polarization comes from the pari ty v io lat ing decays
of lambdas.

2. Spin direct ion is almost unchanged in transforming from
the lambda center-of-mass frame to the laboratory.

3. There are two simple ways to obtain polarized proton
beams from lambda decays by using properties of beam transport
systems. We cal l these the longitudinal and transverse modes.

a. In the longitudinal mode, high momentum protons are
chosen which necessarily come from forward decays of lambdas near
the end point of the lambda production spectrum.

Polarization reversal r^n be accomplished with minimal
disturbance of the beam by using a snake of 8 magnets, 4 of which
are reversable.

b. In the transverse mode, a correlat ion exists between
transverse polarization and position in phase space for a beam of
protons or anti protons from lambda decay for momenta below the
end point. This correlat ion is enhanced by a target system which
eliminates decay near the lambda production point. Collimating
of f part of the proton beam at a focus can predominantly remove
one polarization component while leaving the other.

The sign of polarization can be selected on a s p i l l -
t o -sp i l l basis. The direct ion of polarization can be transformed
with a 4 magnet snake of non-reversing magnets.

4. A high intensi ty proton beam from lambda decay w i l l have
large divergence, large effect ive source size, and large momentum
spread. A beam designed for reasonable intensi ty w i l l have spin
rotations of up to 90° in the quadrupoles and up to 360° in the
dipoles. I t is possible to transport such a beam with very l i t t l e
depolarization or chromatic abberation.

The beam transport involves -
a. Global cancellation of spin precession by quadrupoles

(Fig. 1) and
b. Local cancellation of spin precession by dipoles

(Fig. 2) .
The basic point in cancelling spin precession is that the

f i e l d integral must be zero. This means that a ray at the f inal
focus must have the same direct ion i t had before entering the
transport system. The overall transver matrix is then (J^) in
each dimension. The beam we are proposing8*9 is mirror symmetric
about an intermediate focus with a transfer matrix of (g-9) a t

that focus. £-
In order for the global cancellation of precession in the

quadrupoles to occur, the spin directions entering one set of quad-
rupoles must be the same as the directions exi t ing the preceeding
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.

To summarize, the operation of the beam in transverse mode
is as follows:

1. Downstream of a production target, all charged particles
including the primary beam and lambda decay products are swept awaj
for a distance of some fraction of a lambda decay length (about
6 meters).

2. Most of the remaining lambdas decay before the first set
of quadrupoles and the forward collimated neutral beam continues
through the quadrupoles to the neutral beam dump. The protons
are carried around the dump by a series of dipoles but with no
net bend and no momentum dispersion.

3. A vernier bend at a telescopic focus can displace the
beam spot further downstream at the intermediate focus for polari-
zation selection.

4. At the intermediate focus the momentum dispersed beam is
momentum selected in one transverse dimension and polarization
selected in the other. A hole collimator is used so that there
is no beam motion downstream.

5. The beam is momentum recombined with all bend field
integrals cancelled before the final two quadrupole triplets.

6. In order to transform the polarization direction to the
direction required in a particular experiment, precession magnets
may be used downstream of the final quadrupoles where the polari-
zation directions for various phase space elements are again
coherent.

Parameters of a proposed design are shown in Fig. 3.

REFERENCES

1. M. J. Alguard et al., SLAC-PUB-211O, April 1978.
2. Hai-yang Cheng and E. Fischbach, "Polarization Asymmetry in

High -p_L Inclusive Production, Purdue University preprint,
West Lafayette, Indiana.

3. J. Babcock, E. Monsay, D. Sivers, Argonne National Laboratory
preprint ANL-HEP-PR-78-39, September 1978.

4. K. Hidaka, E. Monsay, D. Sivers, Argonne National Laboratory
preprint ANL-HEP-PR-78-47, October, 1978.

5. F. E. Close and D. Sivers, Phys. Rev. Lett. 39_, 1116 (1977).
6. A. Yokosawa, Argonne National Laboratory conference proceedings,

ANL-HEP-CP-77-45, (1977).
7. D. Underwood et al., Argonne National Laboratory preprint

ANL-HEP-PR-78-O5, December 1977.
Earlier work on this subject includes:
a. 0. E. Overseth, "NAL 1969 Summer Study Report", SS-113,

Vol. I.
b. 0. E. Overseth and J. Sandweiss, "NAL 1969 Summer Study

Report, SS-120, Vol. I.
c. P. Dalpiaz, J. A. Jansen, and G. Coignet, CERN/ECFA/72/4.

Vol. I, p. 284.



d. CERN proposal SPSC/p. 87, July 1977.
I . P. Auer et a l . , "Construction of Polarized Beams and an
Enriched Antiproton Beam Fac i l i t y in the Meson Laboratory
and Experiments Using Such a Fac i l i t y , " Fermilab Proposal
No. 581.
I. P. Auer et al., "Measurement of the Asymmetry in High p>
Events Using a Polarized Proton Beam and Target, Fermilab -*
Proposal No. 582.



Q-10 11 12

Fig. 1

Diagram showing that there is no net spin precession for any off-axis

or large divergence ray. This diagram is for a beam with * ? transfer

matrix, syrrtretrically placed elements with spacing L, and idealized

thin quadrupoles. The strength of Q 1 2 3 is three times that of Q456«

The labels "D 1", "U 1*5", etc. refer to one unit of downward-bending

field integral, one and one-half units of upward-bending field in-

tegral, etc.
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Fig. 2 Beam Envelopes. The crosses (x) show the effect of a ± 5% momentum bi te.
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