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ABSTRACT

Hard Quark-Quark Scattering with Exclusive Reactions *
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We have begun a program designed to study hard quark-quark scatter-
ing with exclusive reactions, focusing on quasi-elastic two-body reac-
tions wi-h all possible quark flavor exchanges. Examples are ir~p -»• ir""p,
p~p, ir̂ A™, K+E"", or KA. Of the two-body exclusives, only elastic scat-
tering had been measured at such large t previous to our experiment. By
comparing the relative importance of different final states, the energy
dependence of the production ratios of these states, the prominence of
resonances such as p~ over background in this region, and measuring po-
larizations where accessible, we have collected a large body of data on
hard scattering in a completely new domain. Previously, essentially all
short distance QCD tests have been for inclusive processes.

We have taken data with both negative and positive incident beam at
10 GeV/c on a hydrogen target and will present the first results, for Tr~p
•*• ir~p and p~p at 9cm= 90°, -t = 9 GeV

2/c2. The apparatus consists of a
magnetic spectrometer, with Cerenkov particle identification, which se-
lects stable charged particles (protons in this case) at high momentum
near 90° in the center-of-mass. A large aperture array of PWCs observes
the recoil particle or charged decay products. Cross sections are ex-
tremely lew, approximately 1 nb/(GeV/c)2 for elastic scattering. We will
report on a sample of more than 1000 ir~p elastic events, ami on p~p,
where the p~ decay distribution was observed.

We find a surprisingly large p~p cross section in this large mom
turn transfer region, with p~p about half the elastic cross section, and
striking spin alignment of the p~.

Alan S. Carroll - Speaker

*Research carried out under the auspices of the U.S.Department of Energy
and the Nntiinml Science; Foundation.

DISTRIBUTION Of THIS DGCIMNT IS



HARD QUARK-QUARK SCATTERING WITH EXCLUSIVE BEACTIONS

Exclusive two-body to two-body scattering at large momentum transfer

represents a new laboratory for the study of hard scattering processes.

In general, several types of quark diagrams may contribute, as shown in

Figure 1 for meson-baryon scattering. Elastic scattering may proceed via

any or all of the graphs, as can ir~p->-p~p. A reaction such as TT~p->K°A can

not occur via pure gluon exchange or quark interchange. Others, such as

TT~P->TT+A~ or K+E", require both annihilation and quark interchange. There

are a large number of two—body exclusive reactions experimentally acces-

sible with ir± and K± meson beams, and each is sensitive to different

mixtures of tne graphs shown in Figure 1. If the quark graphs are

flavor-independent, as expected for hard scattering where the asymptotic

quark masses are small on the scale of the momentum transfered in the

interaction, the amplitudes for each of the two-body exclusive reactions

can be written in terms of the same quark scattering amplitudes, with

corresponding relationships expected between the reaction cross sections.

In addition, for many possible two-body exclusive reactions polari-

zation may be measured for a final state particle through its decay, and

this can further constrain the quark amplitudes. For example, we report

here on the reaction ir~p~-*-p~p where the angular distribution of the n~

from the P~>TT~ITO decay analyzes the helicity state of the p~. If the

pure gluon exchange graph (Fig. la) were to dominate this reaction, heli-

city conservation at the quark level, a prediction of quantum chromody-

naraics, would require that the p~ helicity be the same as that of the

incident TT~, or zero. Helicity-flip amplitudes are expected to be sup-

pressed by a factor m /Vs~~ 10"^ for our case where Vs~~ 2 GeV and we
q

assume the asymptotically free quark mass of about 5 MeV. The other

graphs, quark annihilation and interchange, can give a p~ with helicity

±1.
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The momentum transfer above which one can successfully apply

perturbative QCD is debatable. However, many experimental phenomena

indicate that an asymptotic region sets in for PT>1.5 GeV/c or -t > 5

GeV2/c2. Examples are the Q2 dependence of the proton form factor

(constant for Q2>5)1, that fixed angle elastic scattering follows dimen-

sional counting predictions for -t > 52, and that elastic cross sections "

develop a flat central region at this value of momentum transfer. For

this experiment, -t = 9 GeV2/c2. Exclusive cross sections nay be calcu-

lable with perturbative QGD, but the calculation requires knowledge of

the wave functions and each quark must be accounted for. Farrar has

developed a computer code to calculate cross sections for such re-

actions.1* In addition, there are other theoretical madels for exclusive

scattering.5

We report on an experiment performed at the Brookhaven AGS with an

intense 10 GeV/c if" beam incident on a hydrogen target. The first

results, on elastic scattering and on the p~p final state, will be pre-

sented. The apparatus (Figure 2) consisted of a single arm magnetic

spectrometer which selected events with a positive particle with momentum

greater than 5 GeV/c at 22° in the laboratory or near 90° in the ir~p

elastic center of mass system. A large-aperture array of three propor-

tional wire chambers recorded track information on the opposite side.

With an event trigger for ir~p-> positive + X, and p > 1,9 GeV/c, events

were collected simultaneously for ir~p, p~p, K*T~", TT+A", and other exclu-

sive final states. For elastic scattering at 90°, p = 2.1 GeV/c.

The spectrometer arm was located in a building which could pivot

about the center of the target to select the scattering angle 6. The

analyzing magnet was placed on its side so that its gap of 18" defined a

small range of laboratory angles, A9=±2.5°. The magnet deflected

positives down with a transverse kick of 0.8 GeV/c. The vertical deflec-

tion decoupled the momentum measurement from the large horizontal projec-

tion of the 1 meter long target at 9=22°. Assuming a point target, a

momentum could be determined using a matrix trigger between drift cells

in DWC1 and DWC2 after the magnet. Ife also required a matrix trigger



between scintillator hodoscope elements in HODO 2 and HODO 3, which

reduced accidental triggers. All detectors downstream of the magnet were

mounted on a table which was tilted to match the central momentum for

elastic scattering, 8.1° for these data. Two threshold Cerenkov counters

on the tilt table, one with \hv&sh<yld= 21.5, the other with Ythreshold=

9.6, were used to distinguish between pions, kaons, and protons in the

spectrometer arm. The momentum resolution of the arm, with proportional

wire chambers upstream and narrow-cell drift chambers downstream, was

Ap/p = 0.5% at 5 GeV/c.

5 x 10^ events were recorded for 5 x 10*2 incident pions on target.

These priliminary results are based on an analysis of half the data.

Most triggers were caused by the more copious lower momentum particles

which were eicher accepted b> the trigger (there was some acceptance down

to p = 1.4 GeV/c), or which deflected from the magnet iron and fooled the

trigger. 4% of the events on tape had a single spectrometer track with

p > 1.8 GeV/c. Half the spectrometer tracks had no Cerenkov signal,

indicating a spectrometer proton. Of these, 7% had a single side track

which formed an acceptable vertex with the incident beam track and the

track in the spectrometer arm. The momentum of each beam TT~ was measured

by bending the beam vertically upstream of the target, with scintillator

hodoscope fingers in the beam to tag the particle position after the

vertical deflection. We obtained Ap/p = 1% (rms) for these data, which

gave A (missing mass)2 » .2 GeV2/c2 for the reaction fr~p->-p+X.

We show in Figure 3 the missing mass distribution of the elastic

sample, selected requiring coplanarity and opening angle cuts, and of the

non-elastic events. The cuts used to select ir~p->-p~p, p~̂ Tr~iT° are indi-

cated. The apparent width of the p mass is consistent with the resolu-

tion (as seen in the elastic sample). If we assume a linearly falling

background extrapolated from higher masses, there are approximately half

as many p~p events as elastic events. Our preliminary value for the

elastic cross section at 10 GeV/c, 90° CMF -t = 9 GeV2/c2 is da/dt = 1

nb/GeV2/c2, in reasonable agreement with previous work.3
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The angular distribution of the ir~ from p~ decay analyzes the

helicity of the p~. In the Gottfried-Jackson frame, after eliminating

parity-violating terms, the distribution of the TT~ is given by6

W(6,<j>) = 3/4TT p00cos
28 + ( p n - p1_1)sin

28 cos2<j>

+ (Pll + Pi_i)sin29 sin2<j> - 2 p10sin26 sin <j>

where 8 is the polar angle from the incident TT~ direction in this frame

and $ is the azimuthal angle, p.. is a spin-density matrix element for

helicity i, j p" amplitudes. A non-resonant S-wave TT~TT° background would

have an isotropic angular distribution.

In Figure 4a we show the angular distribution of events within the

p-cut, plotting events versus cos8 and $. Figure 4b shows the scatter

plot of an isotropic Monte Carlo distribution, filtered by our apparatus

and event selection criteria. There are two regions where the acceptance

is poor - near cos 8 = +1 where the elastics have been cut out, and near

cos 8 = -1, $ = 0° where backward decays toward the beam line miss our

side chambers. A sin2 6 sin2 <j> Monte Carlo distribution is shown in

Figure 4c and a cos2 8 distribution is displayed in Figure 4d. The data

appear to have little cos2 9, and show qualitivity the two lobes of the

sin2 8 sin2 <j> distribution, indicating the presence of helicity ±1 and

absence of helicity 0 p~. The higher mass data are consistent with

isotropy, or non-resonant S-wave ir~irc background.

As remarked on in the introduction, if pure glucr. exchange were to

dominate (Figure l.i), helicity flip should be suppressed and a large cos28

contribution would be expected. From the data, pure gluon exchange

graphs appear to be unimportant. The other graphs in Figure 1, anni-

hilation and quark interchange, may give helicity ±1 and 0. The strong

preference for helicity ±1 amplitudes may imply that just one mechanism

dominates and that a cancellation suppresses the helicity 0 amplitudes.

If so, then a relatively small number of two body reactions can over-

determine these amplitudes, leading to quite stringent QCD tests.
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a)
Purr gluon exchange n~p->-ir p,p p.

b) Quark interchange.

c) Annihilation TT p-*-AK.

d) Annihilation and ir.'.erchange n~p->K E~, IT"' A .

Figure 1. Quark diagrams for meson-baryon exclusive scattering.
Example reactions for the diagrams are shown. The
reactions listed in (a) can proceed via diagrams (b),
(c), (d). Similarly, ir~p-»-KA can proceed via (d).



•BEAM
HODO

UNPRESSURIZED
CERENKOV CTR.

H 2 TARGET

PWCS r SPECTROMETER r
MAGNET y \ / 7 0 PSIA

CERENKOV CTR.

HODOS 3 , 4

5 METERS

Figure 2. Plan view of experimental apparatus for measuring
exclusive reactions.
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Figure 4. Scatterplots vs. cos 8 and <j>, the decay angles of the TT"

and p~ ->-TT~irO decay, for data and three Monte Carlo
distributions.


