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Introduction

i The AGS ran with polarized protons towards the end of 1985 and through the
f i r s t two months of 1986. This comprised commissioning periods interleaved with
two runs for physics at 13.5 GeV/c with beam polarization of 50-60%, and 18.5
GeV/c with an average beam polarizat ion of 40%. Later, the AGS polarized beam
reached peak energy of 22 GeV/c and polarization of 46%.
i

! This article describes the various spin related experimental efforts since
Che VI Symposium at Marseille. These will be grouped into those using unpolar-
ized beams and the rest are the polarized proton beam users. Afterwards I shall

BOK (mn -iaHa-c^escri':^e t n e ^ u t u r e o r t n e program from my point of view as extensions of cur-
, « rent experiments in addition to other measurements that are yet to be proposed.

These results are presented in more detail in the respective parallel sessions.

: Experiments Using Unpolarized AGS Beams

Hyperon, and particularly A°, polarization has been measurement by a large
number of experiments at FNAL, AGS, ISR, and KEK. (See K. Heller article in
these proceedings.) Produced A's fall into two categories: prompt production
and those resulting from E° decays into Y A ° . The polarization of inclusive
lambdas is thus diluted because of the low integrated analyzing power of Z"
decay. This effect could be greater if the E° polarization is opposite to that
of the A°. A (Massachu8etts/BNL/Michigan/Minnesota) group measured the E°/A°
production ratio/1/ to be 0.278 ± .011 ± .05% at beam energy of 28 GeV/c. This
ratio was independent of V^ (Fig. l(a)). In addition the Z" polarization/2/ was
found to be + 0.28 ± .13 at P± of 1 GeV/c and XF~.6 (Fig. l(b)). This leads to
a prompt A° polarization 24% higher than that measured for inclusive A°s.
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Fig. 1. (a) The ratios of E° to Lambda production vs Pj_. The open circles de-
note the E° to prompt A° and the closed circles represent the Z" to all A°. (b) j
The measured I" and A° polarization as a function of P^ and Xp ~ .6.

I Work performed under the auspices of the U.S. Department of Energy.
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!A surprisingly large spin alignment of p mesons produced in exclusive two-body
^scattering at 90° in the center-of-mass system is seen by a group from (BNL/
[Minnesota/Southeastern Massachusetts).

' Figure £ (a ,b ,c) shows the folded $ decay d is t r ibu t ion of the p~ mesons
from iT~p • p~p at 10 and 13.5 GeV/c incident pion beam momenta. The sin2<|> de-
pendence seen in the 10 GeV/c ir~ data leads to a substantial he l i c i t y noncon-
serving amplitude of .32 ± 0 . 1 0 / 3 / at large t ~ 10 GeV2/c2. The 13.5 GeV/c *"
data supports the same conclusion but the s t a t i s t i c s are lacking for extracting
an amplitude. The p+ d is t r ibut ion while not f la t in <)> certainly does not ex-
h ib i t the cos2<i> behavior predicted by Anselmino and Predazz i , l h l who had also
'predicted the sin2<f> behavior of the p~ decays. Comparing these amplitudes at
large t to those measured15 at t ~ 1 GeV2/c2 one finds a remarkable consistency,
suggesting the persistence of some long range effect .
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2. The folded $ decay angular distr ibut ions in the he l ic i ty frame of ex-
clusive p production: (a) p~ at 10 GeV/c, (b) p+ at 10 GeV/c and (c)
P~ at 13.5 GeV/c respectively.

The (Michigan/BNL/Maryland/Notre Dam>;/Tr-:.*s A&M/ETH, Zurich) group added
signif icant ly to thei r data on k^ in pp elas : scat ter ing at P2 of 6.6 GeV2/c2-
Their previous value of 51 ± 111 came down tn '.'••' ± 8, s t i l l unexpectedly high.
Their data are shown in Fig. 3, along which is a new prediction from a model by
Bourley and Soffer / 5 / where they f i t the d i f ferent ia l cross section with con-
tr ibut ions from the di f t ract ive and hard scattering amplitudes. The asymmetry
A»j ar ises from a maximum interference between the hard scattering amplitudes
which are real and the imaginary part of the d i f t rac t ive amplitudes.
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Fig. 3. (a) AN, the analyzing power to pp e las t i c scattering measured at 28
peV/c. (b) The predicted Afj for the same reaction at various energies .
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r These A» results along with the P helicity nonconserving measurement and the1

r6Q% A™» measurements in pp elastic scattering at 11.75 GeV/c led Farrar
/fa/ to

iconclude that higher twist amplitudes could amount to ~30% of the leading terms.
Helicity nonconservation results from interferences between the leading and

nonleading twist terms.

Experiments Utilizing the Polarized Proton Beam

The same group of the pre-
vious A™ measurements used the
polarized beam at 18.5 GeV/c and
measured ANA

7/ at Pj of 4.7
GeV2/c2. The new data point of
-2 ± 16 was unexpectedly low
compared to the value/8/ of 55%
measured at 11.75 GeV/c and

"' the same P^. This gave fuel to
the various models/^/ that predict
an oscillatory behavior of AJJN.
Figure 4 shows all the A ̂  mea-
surements to date.

Since inclusively produced
lambdas are polarized, it would be
interesting to measure the amount
of spin transfer from the polar-
ized beam to the Lambda. This
was the goal of a group from
Rice/BNL/Houston/SE Massachusetts/
Johns Hopkins that used the
multiparticle spectrometer to
measure the A polarization, A^
being the left right asymmetry in
A production, and D N the depolar-
ization parameter. Their results
:are are shown in Fig. 5.

Fig. 4. A^ in pp elastic scattering
vs. momentum P^ and center-of-mass
angle 6.
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Fig. 5. Data on inclusive A production vs. Xp. (a) Polarization at 18.5 GeV/c.
Kb) Asymmetry at 13.5 and 18.5 GeV/c and (c) the depolarization parameter at
•13-5 and 18.5 GeV/c. The dashed lines are the predictions of ref. 11 with 1°
polarization.
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p- - While the A polarization data-at 13.5 and 18.5 GeV/c respectively-are~con--
[sistent with previous measurements at the same Xp and P^, both their Â  and DJJ
[data are approximately zero. This result is not unexpected since i t is hypoth-
jesized that the A polarization is due to the s quark that is picked up from the
isea while the ud quarks that are transferred from the beam proton are in a sin-
Iglet state: thus, the minimal sensitivity to the beam polarization.

A group from (BNL/Minnesota/SE Massachusetts) used their single arm spec-
trometer to study the asymmetry AJJ of inclusive production of protons and pions
in the hard scattering region, i . e . low X? and high Pĵ . Data were collected at
J13.5 and 18.5 GeV/c. Figure 6 shows their preliminary 13.5 GeV/c data. While
ithe inclusive proton asymmetry is low, ~ 5% over the P^ range, the pion data
!show a high 25% positive asymmetry in ir+ production and practically zero asym-
metry in it"". This is unlike the ZGS/10/ data on inclusive pion production at
:large XF showing equal but opposite asymmetries in TT+ and IT" production.
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JFig. 6. Assymetries in inclusive ir
jPj^. The data has an average Xp ~ .25.
i
j

! The s ta t is t ical accuracy of the last three experiments is impressive, con-
isidering that the runs with polarized proton beam at 13.5 and 18.5 GeV/c were
jabout 1 week each. The inclusive pion data were taken with a hydrogen target.
flhese should be compared with data resulting from polarized target experiments
jwhere the dilution could be as high as a factor of ten.

i The Future

It is quite obvious that the polarized proton beam at the AGS is a unique
facility that needs to be utilized to its full potential. All of the three
experiments are looking forward to the next polarized proton beam run.

The spin transfer experiment plans to extend their measurements to E° pro-
id uction by the addition of a lead glass calorimeter. The sensitivity to beam
[polarization is enhanced since the (ud) quarks transferred from the beam to the
|Z° are in a triplet state. Large effects in A»T and D,
jquark fragmentation and recombination''lly> mode
(measurement should shed some light on the quark dynamics that mediate such

N are predicted from the
of DeGrand and Miettinen. This

(reactions.
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The Afljr measurements will be extended to 22 GeV/c and P| of 4.7 (GeV/c)2. '
is to test the validity of the oscillating models. Certainly most inter- j

jesting would be a series of measurements at 90° in the CM and high energies;
however, due to the low cross sections, these will have to ^aaic higher polar-
ized beam intensities that are expected from the AGS booster which is under
construction. ;

Inclusive pion production asymmetry is a puzzle; more systematic data span-'
ning the whole Xp and Pj_ range are necessary. These could be done at any energy
18 GeV/c or higher.

A in pp elastic scattering has been measured to high P2 of 6.6 GeV2/c2.

These data will be extended by one more unit of P2 during the next running
period. It should be noted, however, that unlike pp, A™ in pn elastic scatter-
ing is not bound to be zero by the identical particles condition at 90°. A raea-
surement'' 1 2 / at 6 GeV/c showed large (40%) and negative asymmetries at high t~8
GeV2/ These measurements should be carried out at higher beam energies.

The polarized proton beam presents a great opportunity to measure the
parity violating asymmetry

fftot<->

.IBHOCTb 3COTC

nepe

in hadrtinic reactious. The ZGS measurement''13/ of a large positive asymmetry AT
= (25.5 ± 6) x 10"~7 at 6 GeV/c is still unexplained compared to the lower energy
measurements. This certainly calls for a new experiment at higher energies.

Finally there has been one A polarization measurement from a negative plon
beam that yielded little or no polarization^1 unlike production from protons.
This is not consistent with the hypothesis that the A polarization arises Erom
;that of the s-quark. I urge that this measurement be repeated.

Our theoretical understanding of these spin related phenomena is still
lacking. The hope is that new experiments provide a wider and more systematic
jbody of data to help pave the way for better understanding of the underlying
taechanisms. The present results seem to defy the current wisdom that spin ef-
fects should get smaller as the energies get higher and reactions more violent.
|To probe further presents great technical and conceptual challenges to experi-
ments and theorists alike.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States 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 tirade 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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