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Abstract

Color transpsxency offers an interesting experimental test of our understanding of hadronic
polarization effects which have been seen at high energy. Large polarization effects have been seen
for exclusive high momentum transfer reactions which are incompatible with lowest order pQCD.
It is proposed to filter these reactions by scattering inside a nucleus. We expect that only color
transparent hadrons would survive, and that these should be products of "hard" scattering. If the
polarization arrises from a non-perturbative "soft" effect, the nucleus should filter these reaction
products away. We should see no polarization remaining after the reaction is filtered by a large
nucleus.

1 Color Transparency

If certain physical processes give rise to abnormally small hadrons, these colorless objects can pass
through a thick nucleus. This is the idea of color transparency.[2] It is expected that hard exclusive
hadron scattering (Q2 > 5(GeV/c)2) gives small hadrons. This expectation is based on the scaling
behavior of fixed large angle exclusive scattering. It is observed that, for example, proton-'proton
elastic scattering at 90o CM falls with energy as s -lD, and this power is predicted from dimensional

counting.[3] Dimensional counting presumes that the reaction takes place in a small region of space,
and, therefore, the participating hadrons are small at the time of the interaction. These hadrons
would remain small for some period of time, since they cannot instantaneously expand to the normal
hadronic size. If the interaction took place in a nucleus, the nucleus would be transparent to these
colorless hadrons. In this picture a hadron is seen as fluctuating in size, and the hard exclusive scatter
can only take place between hadrons which happen to be small when they collide. Scaling for fixed angle
scattering has been established for many different processes (pp, x'p, ep, etc.), the observed power agrees
with the e]imenRional counting prediction, and the onset of scaling is generally for Q2 > 5(GeV/c)2.
For lower Q2 the cross sections fall exponentially with energy. This Q2 onset of scaling corresponds
to a distance of 0.1 Fermi, and the reaction Q2 is the predicted size of the interaction and, thus, the
participating hadrons. These small hadrons are expected to remain small for a distance of 5-10 Fermi
at AGS energies.

An experiment on color transparency was done at the AGS and it reported a large change in
transparency with energy (a factor of 3).[5] An analysis of the data was discussed by Rahton at this
workshop (see the Dynamics Section). He and Jain conclude that the effective cross section for p-
nucleus _cattering depends on Q2 and is about 15 mb for the Q2 range of the experiment, compared
to the "normal" 36 mb for p-nucleus scattering. There are two new experiments: one on ep scattering
at SLAC which has taken data (NEl8), and a new AGS experiment on color transparency which will
take data this summer (EVA).
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2 Filtering

We havejustarguedthatonlysmallhadronswillsurvivefilteringthrougha nucleus,and thatsmall
hadronsaretheproductofhardexclusivescattering.Therefore,we canusea nucleustofilterreactions,

leavinguswithonlythehardscatteringpartofthereaction.Ingeneral,afterfiltering,reactionsshould
lookmore "asymptotic".

Thereareseveralphenomena inexclusivelargeanglescatteringwhichappeartobe non-asymptotic.

The pp crosssection,althoughitagreeswellwiththescalingexpectations,appearstooscillateabout
the s-l° fall-off.[4]Largepolarizationeffectshavebeen seenforseveralreactions.Can we filterout

thisnon-asymptoticbehavior?Data from the AGS experimenton pp elasticscatteringand color

tranparencycan be used to testwhethertheoscillationsin crosssection(abouta factorof 2) are
reducedwhen theprotonsarefilteredby a nucleus.Heppelmann has discussedthistestinhistalkin
theDynamics Sectionofthisworkshop.There appearstobe lessoscillation,but theresultsarenot

conclusive.The new AGS experimentshouldgivea clearanswer.

3 Polarization and Color Transparency

The first example of a non-asymptotic polarization effect which would be interesting to study with
a nuclear filter is large angle Ifp _ pp scattering. An experiment at the AGS observed that, for
_r-p ---, p-p scattering at 90° CM, -t - lOGeV 2, the p- ---, Tr-Tr° decay plane has a large azimuthal
dependence.[6] This azimuthal dependence implies either angular momentum (something that was
pointed out at the workshop by Myher and Ralston), or the helicity flip of participating quarks. Both
explanations imply a larger interaction region, and larger interacting hadrons. Can we filter azimuthal
dependence out ?

The data are shown in Figure 1, where we see the fitted dependence (solid line) and phase space
(dotted lines). The azimuthal dependence is seen for the p mass region, but not in the higher mass
data. It is also seen in a smaller data sample at higher energy. The dependence corresponds to an

off-diagonal spin-density matrix element r1-1 - 0.32 + 0.10.
It is experimentally dii_cult to study this reaction filtered by a nucleus. The problem is that the

target proton has Fermi momentum, and we would need to observe the. lr° from p- _ lr-_r° decay.
A better reaction is _r+n --_ pOp, where all final state particles are charged. We have studied this
reaction and have designed the EVA detector to be sensitive to this reaction, particularly the lower
energy pions. We expect to collect data on this reaction this summer, using targets ranging from light
to heavy nuclei.

A second large "non-asymptotic" polarization effect is pp elastic asymmetry with one proton polar-
ized transversely, AN. Data from an AGS experiment[7] is shown in Figure 2. For (pr) 2 > 6(GeV/c) 2,
the asymmetry is large. It is expected to be zero from lowest order pQCD. One can do this experiment,
filtered, by scattering the AGS polarized proton beam from protons in nuclei. The EVA experiment
will propose to do this.

*Work performedunder theauspicesof the U. S. Department of Energy,the NationalScience

Foundation,and theBasicResearchFoundationadministeredby theIsraelAcademy ofScienceand
Humanities.
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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
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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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FIG. I. coso and 4., projections of the decay rr- for the
8,- - reaction n--p--p + X, X--" _'-rr °. The angles are in the

,_ 8
,,, o c.m. helicity frame of X. The projections are shown for six
6 6 - missing-mass bins (m,_). The dots superimposed over the

• ,,_" 4 '_ i data represent a Monte Carlo simulation of the acceptance6 and the solid lines are results from the maximum-likelihond

o fit,
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" : , , Fig. 2. The analyzing power, A, is plotted
, , , , , againstp2_, for spin-polarized proton-protonr

elastic scattering at 24 and 28 GeWc.
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