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ABSTRACT

We summarize activities concerning the Fermilab polarized beams. They
include a brief description of the polarized-beam facility, measurements of
beam polarization by polarimeters, asymmetry measurements in the it" production
at high p and in the A (2°), n~, i' production at large Xp, and Ao^(pp, pp )
measurements.

Introduction

The Fermilab polarized-beam program designated as E-581/704 initiated and

carried out by an international collaboration, Argonne (U.S.), Fermilab

(U.S.), Univ. of Iowa (U.S.), Kyoto Univ. (Japan), Kyoto Sangyo Univ. (Japan),

Kyoto Univ. of Education (Japan), Hiroshima Univ. (Japan), Univ. of Occup. and

Environ. Health (Japan), LAPP-Annecy (France), Northwestern University (U.S.),

Los Alamos Laboratory (U.S.), Rice (U.S.), CEN-Saclay (France), IHEP-Serpukhov

(U.S.S.R.), INFN-Trieste (Italy), Udine.

The physics objectives for the Fermilab polarized-beam facility up to 200

GeV/c are in part based upon the facts that there are already several experi-

mental indications that spin effects are significant at high energy.

Polarized Beam Facility

The polarized-beam facility was operated during the last TeV-II (fixed

target) period which ended 15 February 1988.
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An extracted beam from the Tevatron is delivered through the MP primary-

beam line to the Meson Detector Building where a 0.73 interaction length Be

target is utilized to produce A° and A0 at 9 = 0°. Protons and

antiprotons from the A0 and A0 decays respectively are brought to a final

target position in the MP hall through the MP secondary beam (200 GeV/c)

line.

Primakoff-Effect Measurement

The asymmetry of the nuclear coherent Coulomb it" production process

("Primakoff process"), was measured for the first time with the use of the

185-GeV/c Fermilab polarized-proton beam. The apparatus consisted of a lead-

glass calorimeter for it° detection and a magnetic spectrometer for the

scattered protons. A large asymmetry in the region of |t'j < 0.001 (GeV/c)

and 1.36 < MU°p) < 1.52 GeV/c2 was observed for the reaction p + Pb - p + it"

+ Pb, where the Coulomb process is predominant. The expected null asymmetry

was observed in the larger jt1 | region where the diffractive-dissociation

process is predominant.

The observed i(i-angle dependence of the coherent z" production process may

be expressed as 1 + (f T(8) Pfi) cos $, where the parameter f is a dilution

factor caused by the diffractive dissociation. The raw asymmetry at <f> is

obtained as

A(4>) = (U*U) - N*U))/(N+(*} + N+C*)) = f T(8) P B cos « = e cos *,

where N+(<t>) and N+((t>) are the number of events at « for the up and down spin

direction of the incident proton, respectively.
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The measured asymmetry for the Coulomb process is consistent with the

analyzing power (about -70%) of the i' production process deduced from

existing low-energy y + p -» n° + p data. The results demonstrate that the

Primakoff process is useful for the measurement of proton and antiproton

polarization at high energy.

Coulomb-Nuclear Interference Measurements

The analysing power, A N, of proton-proton, proton-hydrocarbon, and

antiproton-hydrocarbon scattering in the Coulomb-nuclear region was measured

with use of the 185-GeV/c Fermilab polarized-proton and polarized-antiproton

beams. For the elastic scattering at small |tj, a set of scintillation

counters was utilized to detect the recoil proton which stops within a very

short range in the scintillator. The results at |t| - 0.003 (GeV/c)2 show the

value AJJ = (2.4 ± 0.9)2 with the polarized-prcton beam, and A^ = (-4.6 + 1.9)2

with the polarized-antiproton beam both on a hydrocarbon target, and also A^ =

(4.5 + 2.8)2 of proton-proton scattering. These results are consistent with

predictions based on Coulomb-nuclear interference.

Single-Spin Asy—etry in p p • »*X at high x f

By using the newly installed Fermilab polarized proton and antiproton

beams at 185 GeV/c, the analyzing power, AJJ, for ir* production ((p+ and p )

hydrocarbon •• i>°X) was measured. The average values are AJJ (p ) = 0.10 ±

0.03 and A N (p ) = -0.26 ± 0.19 at <xp> = 0.52 and <p > = 0.8 GeV/c. This is

the first experimental result obtained with a polarized j> beam.

The prediction for the analyzing power for pion production, following the

assumptions of Ref. 8, was evaluated as



-4-

2 (E + e')
3 (1 + E E 1 ) ' *N

. ,~\ _ _ 1 (E + e')
3

where E and E 1 reflect the different spin-orbit couplings of slow sea partons

and fast valence quarks, respectively. They can be extracted from polariza-

tion measurements of A production from proton and kaon beams. The predictions

are expected to be valid at high xp, where the ratio of it
+ to iT production

follows the u- and d-quark structure functions. The resulting prediction is

AN (p -»• TT°) = 0.19 ± 0.02. (The error contains the statistical errors on the

measurement, but not the uncertainties of the model.)

The nonvanishing result for AN (ir°) suggests that fast quarks remember the

transversity of the incident proton. In addition, despite the simplicity of

the phenomenological description, we find an agreement in sign and in order of

magnitude between measurement and the expectation of the parton-recombination

o

model, based on the results of polarization measurements in hyperon

production. The same is true for lower-energy data on charged-pion

production.

We observe no Xp dependence in the analyzing power in p p •• •n°X (Ref. 7)

and p p -»• n X (Ref. 11). This is different from the polarization of inclusive

lambda production from protons, where it is found to have a strong Xp

dependence and little or no dependence on p above 1.0 GeV/c. On the other

hand, kaon-induced lambda polarization shows no Xp dependence, ' similar to

the positive pion data.
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Single-Spin Asymmetry in p p •» »*X at High p

This experiment is currently in progress at incident proton momentum of

200 GeV/c. Preliminary data shov that AJJ ~ 0 up to p = 3 GeV/c and then -

30% value in the region of p = 3 to 5 GeV/c.

Double-Spin Asymmetry ia p p •* n*X and p^p •* »*X

This is an ongoing experiment and preliminary data will be available soon.

Hadron Production on Hydrogen Target With Polarized Bean

p+p •* (ir*, A°, 2°) + X

Data are currently being analyzed.

Future Experiments

We have proposed the following simultaneous measurements using a polarized

beam and a polarized target.

1) Spin dependence in direct-gamma production at high p .

To understand the basic question of the origin of proton spin, we may

be able to determine the gluon spin distribution in the proton by measuring

the spin correlation parameter A ^ in the direct--? production at high p ,

with longitudinally polarized protons on longitudinally polarized target

nucleons.

A -
ALL ~
LL ~ ^'<-BrT' N(_) + N(<.) >

where PB is beam polarization, P̂ . is target polarization, and arrows indicate

the spin direction in the laboratory system.
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The QCD Compton effect, "gluon + quark •+ gamma + quark", is expected

to be the dominant mechanism for direct-y production at large p . The

parameter ATT is approximately proportional to the gluon polarization. '

Our plan is to carry out the A ^ measurements up to p = 5 GeV/c with

reasonable statistical accuracy- Our main detectors consist of lead-glass

counters and proportional wire chambers.

2) Spin dependence of x2 (3555) production.

We plan to measure the spin dependence of \2 (3555) production, which

will be simultaneously carried out with the above mentioned direct-gamma

measurements. The double-spin asymmetry, Aj^, in p p •• x2 (3555) + j/i|> + y

is also expected to provide a means to study the spin dependent gluon

structure function. The 15% decay branching ratio of y2 (3555) to J/ty + y

allows us to analyze the helicity of the charmonium state.

There is general agreement1" theoretically that the x 2 (3555) state

is mainly produced by gluon-gluon fusion as shown below and there are

promising experimental results suggesting that simple gluon fusion is

sufficient to account for the \2 (3555) production in proton interactions at

200 and 250 GeV/c.

X2 (spin 2)
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The measured two-spin asymmetries (as defined below) give information on the

initial gluon polarization, which can be used to reconstruct the gluon spin

distribution in the polarized proton. By considering the above diagram, if

the initial helicity state is (+-), that is (*), the Jz = 2 and the process

takes place; on the other hand for (++), that is (-•), then Jz = 0 and the

process is forbidden. Therefore, the two-spin asymmetry becomes A., = 100Z

when the gluon spin distribution in the proton is 100Z.

We anticipate that the measurement would yield AAj^ = ± 0.03 (statistical

accuracy).

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United Stales Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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