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Abstract

We propose a coincidence measurement of Kt and ¢ from the
T — K ~A0 AY - g~ reaction, for photon encrgies from 3 to 6
GeV, and for Kt angies in the center of mass from 50° to 130°. The
polarized photons will he generated with o 25 g4 beamn of 80% lon-
gitudinally polarized electrons. The measurement of the recoil A
peHarization components I, %, and P, will be the first polarization
mcasurements in this coergy regime, and will have statistical aneer-
tainties € +0.1. Six existing cross section points for 8%, > 70 are
known with uncertainties ol about 50%; we overlap these points and
cxtend the angle range, measnring 18 points with uneertainties of 5 -
10%.

Our alm is to understand the exclusive reaction mechanism, in
particular to test the varicus quark-based reaction models that are
now available. Recent theoretical advances indicate that, with thesc
new experimental data, we should be able to:

s examine the role of spin in this reaction, sinee the spin of the A?
is believed to be carried by the s quark, and the AY polarization
ts predicted to be large,

s extracl information about competing reaction mechapisms, sinee
mechanizms such as kaon knockout, kaon production from the
quark, and *diffractive™ kaon prodnction are generally expected
to have ditferent spin structures,

» observe deviations from the Brodsky-Farrar constituent counting
rules, since estimates of deviations are now available, and the
cstimated deviations can be seen with the unceriainties of this
measurement, and

# learn about non-forward parton distributions, since within this
framework of “soft” physics, the power-law behavior of the cross
soction data can bo estimated.

1 Motivation

1.1 Introduction

Onr experimental knowledge of exclusive photoreactions for energies above
3 GeV is extremely Hmited. Data {1, 2, 3] mostly date from the 1970s. The
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Figure 1: Cross section date for vp — KTA® at f GeV (filled circles) andd 6
GelV (open circles). The cross sections have been multiplied by 5" te show that
the constittent counting Tules are followed approzimately. The perfurbative
QCD prediction is deseribed in the theory section of the tert.

few measured cross sections for K+ A" at large angles are shown in Fig. 1.
These data were measured at K+ center of mass angles up to 1107 at 4 GeV
and 90° at 6 GeV, corresponding to four momentum transfer Mandelstam
variable 7, of -1.0 and -4.9 (GeV /c)?, respectively. As is the case with other
photoreactions, these cross sections [3] approximately follow the constituent
counting rules of Brodsky and Farrar {4] :

ez
dt

Here s and ¢ are the standard Mandelstam variables. The constitnomt count-
ing rules can be derived for exclusive processes at large momentum transfer
from perturbative QCD. However, it is generally believed that pQCD should
not apply to these reactions at a few GeV beam energy [3]. Until recently,
however, no other model existed that could explain why the data apparently
follow these rules.

re gt " f(eos B, ).
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Figure 2: Induced A" polarization deta at 5 GeV pholon energy, compared Lo
a Regge theary calculation.



There are only a few iuduced polarization measurements [2;, most of poor
quality, and all at small scattering angles, for which the four moementum
transfer —f is tvpically < 1 {GeV/c}:. These data arc shown in Fig. 2. The
largest —t data point corresponds to a center of mass angle ol about 40°, The
caleulation shown, by Guidal, Laget, and Vanderhacghen [8], uscs o Regge
trajectory model, with an extrapolation that satisfies scaling laws at high
momentum transfers. This model is in generally good agreement with the
eToss section data at several energies, for —¢ < 1 (GeV/c)}?.

1.2 Reaction Mechanism

{Jur physics motivation is to test the predictions of quark-based models for
K+AY photoproduction. The motivation has two parts, an eéxploration of
spin physics to investigate competing reaction mechanisms, and an investi-
gation of deviations from the constituent counting rutes. Of course, the two
topics are interrelated, since one necds Loth cross section and polarization
ohservables to understand the physics underlying the data.

It is generally believed that K +AY photoproduction is an ideal test case
for quark-based models of spin phydies. This results from the observatien
that the spin of the A” is carricd entirely by the s quark in the constituent
quark model. While this is not exactly true in the parton madel, it should
be approximately true as sea guark contributions are reduced in exclusive
reactions.

Understanding the underbving reaction mechanism will require a number
of polarization measurements. Possible reaction mechanisims in this region
are illustrated in Fig. 3, and described below:

(a) “diffractive” process: In a vector-meson dominance picture, one expects
that the incident photon can quantum-mechanieally oscillate into a o
meson.  This ¢ meson can scatter from the proton through a quark
exchange mechanism, leading ta a K~A” final state. The cross section
will be largest when the exchange involves the cnergy transfer needed
to put the A+, and the AY on shell, but very little momentum transfer,
i.e. small t. Thus the K+ preferably goes in about the same direction
as the ineident photon. One can think of this as a “diffractive” pro-
vess, though normally this term is used to indicate the incoming vector
moson scatters through Pomeron exchange.

(b) K} production from a quark: When the transverse momenium transfer
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Figure 3: Ezampies of Feynman diagrams for three reaction mechanisins: fa)
“diffractive” process, {b) K™ production from a quark, und {c) virtual keons
in the nucteon. See fext for detauls.

pr. or the four momentun transfers —f and —w are large, one expocts
that reactions are dominated by interaction of the photon with a single
guark. In kaon photoproduction, a single quark ahsorbs the photon,
followed by meson production from the off-shetl quark, for example
4 — Kts. This process can be estimated within quark-hased models,
such as pQCD, diguark models, or in the framework of newly developed
non-forward parton distribution calculations.

virtual kanns in the nucleon: Part of the proton wave function involves
components with strange sea quarks. The s% sea guarks do not have
to be in a color singlet state, and one can picture that the uudss wave
function of the proton partly resembles a Kt A? state. Thus, the photon
mray add energy to put a preexisting KT AY virtual state on mass shell.
Though the topic of 5§ sea quarks in the proton is of great interest,
we do not concentrate on it in this proposal as we would expect that
its contribution is small, perhaps < 10%, because the diagram involves




disconnected quark lines and sea quarks,

These different mechanisms are generally expected to have different spin
strictures, and their interference could lead to dramatic effects in the polar-
ization observables.

1.3 Theoretical Models

Becent calenlations of polarization observables and cross sections in ¥p —
K ' A" have heen made within several quark models. We review some ol the
theoretical ideas and models below,

1.3.1 Helicity conservation

In quark-based madels, one usually assumes quark helicity conservation, and
neglects orbital angular momentum, which leads to hadron helicity conscrva-
tion. Assuming hadronic helicity conservation, ihe reaction can be described
in terms of twn non-zero complex helicity amplitudes.

There are three recoil A? polarization components. {See [7] for notation. )
The component normal to the reaction plane, Py, results from the induced
polarization: P, = P. The component in the direction of the A® momentum,
P, is a spin transfer component that depends on the photon helicity: Iy =
R, where A is the photon helioty and €, is the longltudmal apin transfer.
The in-plane component perpendicular to the direction of the A momentum,
P, is also a spin transfer component that depends on the photon helicity:
P = A7, where € is the transverse spin transfer.

If helicity s conserved, we expect:

P, =0

', and P result from a similar interference of helicity flip and non-flip am-
plitudes with one reservation: €y selects the real part of the corresponding
bilincar combination of the amplitudes, whereas P selects the inaginary part.
Therefore both € and P should be measured to draw conelusions about the
relative strength of helicity flip and non-flip transitions in kaon photoproduc-
tion.

Carlson and Chachkhunashvili {8) observe that constituent counting rules
generally work in photoreactions for photon energies above 4 GeV, and four
momentum transfers —¢ above 3 (GeV/c)®. but the related prediction of

[



helicity conservation has never been tested in this kinematic regime, where
it should be applicable, if the pQCD explanation is correct. In this proposal,
several of our kinematic points have photon energies and t that satisfy the
criteria of [8], and could provide the first such test.

If hadronie helicity is conserved, the polarization transfer €, can be de-
fined in terms of the two independent belicity amplitudes as:

I e T

Gz — TA g
|22 + | Se|?

and is equal to the beam - target asymmeiry E. The 5; matrix element has
total angular motmentum 1/2, and is given by

<A =LA = 1720k =0 A =1/25

where ¢ is the appropriate operator, and Ay, for example, is the helicity of
the ~. The S; matrix element has total angular momenturn 3/2, and is given
iy

<A =14, = =1/200Ak =0, 0 = -1/2 >

From pQCD scaling arguments, C, is constant at fixed 8¢, , but helicity con-
servation alone does not in general determine its value within the physically
allowed range between -1 and +1. Therefore, one needs a dynamical model
fur the reaction to predict the magnitude of C,.

1.3.2 Kaon production from a quark

Afanasev, Carlson, and Wallquist [3] have cstimated polarization observ-
ables in a quark-based madel. The meson production amphtude off a single
quark is factorized out, and using pQCD for v¢ — Ky, and neglecting mass
corrections, one pets the following predictions for the polarization observ-

ables:

&2 _

5%+ u?

P=C.=10

E:Cz:

anid
2su

&t 4oyt
Here 5 and u are the Mandelstamn variables, and X is the asymmetry between
linearly polarized photons polarized i and perpendicular to the reaction

8
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Figure 4: Celculation of C;, from a medel of kaon production from a single

guark.

plane. This prediction is shown in Fig. 4, in the high energy limit of massless
particles, and with exact values of s and n calculated for 4 and 6 GeV beatn
energies. At backward angles, only S, survives, leading to C. = 1. Since
the spin of the A is carried by the g quark, the A “remembers” polarization
transferred from the photou to the 3 quark.

1.3.3 pQCD calculations

A more desailed prediction of the spin-dependent and total differential cross
seetions within a periurbative QCD framework was provided hy Farrar,
Huieihel, and Zhang [10] by explicit caleulation of all lowest-order (o) Feyn-
man diagrams. The predicted differential cross section is compared to the
data of [3] in Fig. 1. Sensitivily to the distribntion amplitudes was not in-
vostigated in the case of kaon photoproduetion, but for pion production the
overall magnitnde of the cross section could vary by an order of magnitude
between different distribution amplitudes. Note that such a caleulation is
technically involved since a few thousend topologically different diagrams



contribute to the amplitude in the lowest order of perturbation theory, The
gpin observables 3, and € are assumed to vanish in this calculation. The
hehavior of € appears similar to that of Fig. 4, except that the range is
larger, from abort -1 at forward angles to 0 at 80°, and to nearly 1 at back
anglos. [t 15 difficult to make definilive comparisons, as these calculations
were only done at a fow angles,

1.3.4 IhMguark model

Calculations of eross sections and polarization observables for 5p — K + 0
have also been done within the diquark model by Kroll, Schurmann, Passek,
and Schweiger [11). This is a semi-phenomenoclogical moded, in which the
interaction is with a single quark, with the remaining vwo quarks as “speeta-
tors”. It has been applied successfully to, for example, moderate (22 nucleon
form factor data. Cross section calculations are compared to data in Fig. 5.
Two calculations for 4 GeV {dashed-dmible-dotted line} and 6 GeV (solid
line) are in rough agreemoent with the data. These calculations use guark-
diquark proton and A distribution amplitudes taken from previous works,
and an asymptotic form for the kaon distribution amplitude. Spin-flavor
SU(6) symmetry was used to derive the diquark model parameters for the
A, One sees from the comparison of the two that deviations from scaling of
about 30% arc expected. The short dashed curve at the top is a caleulation
[or 6 GeV unsing a CZ kaon distribution amplitude. The long-dashed curve
om the bottom indicates the pQCD result by [10].

1.3.5 Non-forward parton distributions

Recently there has also been much work in the framework of noo-forward
parton distributions (NFPD), originally derived by Ji and Radyushkin [12].
The NFPD are used to describe the probability of emission of an interact-
ing quark fromn an initial proton, and its re-absorption after the interaction.
These distributions may be thought of as generalizations of the unpolarized
and polarized gnark / parton distribution functions from deep inelastic scat-
tering.

Radyushkin {13] has estimated scaling power laws for real Compton scat-
tering in the framework of NFPD. Note that in this model the caleulation is
purely of “soft™ contributions; there are no hard glnon exchanges. He finds
that the scaling power increases with angle, and that it is s7%, the same as

10
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Figure 5: Diguark model caleulations of differentiol eross sections for vp —
K+AL

the PQCD power las, near 130°. It is abont one power of 3 slower at for-
ward angles. While experimentally this may be viewed as deviations from
the pQCD scaling, theoretically it iz unrelated “soft™ physics. Existing data
have uncertainties on the power of s of typically a fow tenths to one, and the
existing data for real Compton scattering are too uneertain to strongly favor
cither pQCD scaling or the behavior predicted by Radyushkin. Hadyushkio
has speculated that this pattern of “scaling vielation”, a faster fall-off in the
cross section at larger anples, will hold for other photoreactions.

Similar calculations in the framework of NFPD have also heen done for
meson electroproduction [143. It has been pointed out that these reactions
can be used to measure the NFPD. It is interesting to note that in pseu-
duoscalar meson photoproduction, the spin-dependent NFPD of a nucleen de-
tormine the reaction amplitude, whereas the spin-independent NFPD deter-
mine the amplitudes of vector-meson production and Compton seattering on
a nucleon. As a result, measuring pseudoscalar photoproduction gives us yet
another wayv to examine the nucleon spin problem.

Calculations [13] are now underway to estimate kaon photoproduction
cross sections and polarization observables within this framework. While

11



results are not available at this time, we note that within this model one still
has B, = 0. but one does nef expect in general that O =10,

1.4 Motivation Summary

(ur general aim in this proposal 18 to test several quark models through
the study of §p = K FAY at large s and ¢. For the first time, we now have
estimates, within the diquark model and the frammework of non-forward par-
Lon distributions, of what deviations to expect from the constituent counting
riles. Obtaining data that show such deviations would resclve a long stand-
ing puzzle: why data appear to follow pQCD scaling, in a regime where
pCD 15 not generally cxpected to be applicable.

A general conclusion frem these calculations i that one may expect a large
polarization transfer in kaon photoproduction, with the cxaet mapnitude
heing sensitive to the model and hadronic distribution aimplitudes. There are
now polarization caleulations within a model of kaco produetion ofl a quark, a
pQCD ealeulation, and within the diquark model. All these models conserve
helicity, an assutnption thal will be directly tested by our measurements of
EF, and ', which together measure both the imaginary and real parts of the
helicity-violating interference. Similar behaviors are predicted within these
models for the longitudinal polarization transfer £;; it may be that none are
correct, Caleulations in the framework of NFPD should be available soon.

By measuring this set of abservables, thers will be strong constraints on
the caloulation and on the underlying reaction dyvnamies. For real Comp-
ton scaltering, for example, Vanderhaeghen {16] has pointed out that the
calculation ecan be inverted, and one can use the data to extract distribu-
tion amplitudes. He finds that the cross section and polarization observables
allow a much more precise extraction than does the cross section alone.

1.5 Related Experiments

There iz no Jefferson Lab cxperiment of which we are aware which strongly
overlaps the current proposal, bt some approved experiments have potential
implications for the physics stndies proposed here.

Experiment §4-012 {Gilman, Holt et al) will measure cross sections and
polarizations for ¥p — Fa° up to 5 GeV. Ideas concerning the role of spin and
scaling violations can be addressed by this measurement, but spin predictions
are not as certain in pion production, the energy range is not as large, and

12



calibration of the polarimeter makes it difficult to extend the Fr” production
to higher energies.

Experiment 97-108 {Wojtsekhowski, Nathan, Hyde-Wright et of) will
measure cross sections for real Compton scattering, vp — pry. for 3 to 6 GeV
heam cnergy. Scaling violations can be addressed by this measurement, but
the experiment lacks polarization measurements, which will be very dithiculs
due to the much lower count rate.

Hall B experiment 83-004 {R. Schumacher ¢f al.) studies photoproduction
of K+A%, KT and KX+, at photon energies up te 3 GeV. Our proposed 3
GeV data will provide some overlap with this experiment, and the comparison
will allow a check between the experiments. While the first reaction is the
same as we propose to reasure, the physics interests and kinematics are
different fror the current proposal. It would be difficult to extend the Hall B
measurement to our kinematics, due to lower luminosity, difficulty in particle
identification, and poorer resclution in kincmatic reconstructions.

Kaon electroproduction experiments do not in general have mueh implica-
tion for the physics proposed here, with the possible exception of condition-
ally approved experiment 94-108 {Markowitz, Frullani, Iodice, Baker, Chang
et ul.). One aspect of that proposal is a measurement, of unseparated cToss
sections as a function of £, up to t = -3 (GeV/c)? for @7 = 3.0 (GeV/e)* and
W = 2.2 GeV. The aim is to search for the transition to pQCD / quark be-
havior. In contrast, our kinematics ate for £ from about -0.8 1o -6.5 (GeV/c)?,
at (2 =0 (GeV/c)? and /5 ~ W of 2.5 to 3.3 GeV. Because of the kinematic
differences, the differences between photo- and electro-production, and the
polarization measurements of this proposal, we and the proposers of 94-108
view these two propusals as more complementary than competitive.

2 Experimental Details

2.1 Kinematics and Uncertainties

QOur goal is to test several quark models through the study of ¥p — K +1% at
large s and {. These models show slow, smooth variations of cross sections
and polarizations as a luuction of angle. Thus we propose measurements for
beam energies from 3 to 6 GeV and angles from 50° to 1307 center of mass,
to provide the maximum possible kinematic range with a moderate number
of settings, and to be above the region of discrete resonances,

13



We propose to measure kaon cross sections to 5 - 10 % uncertainties
(statistical plus systematic) across the kinematic range, to be able to de-
tect deviations from the constituent counting rules of the size estimated by
[11, 13}. From the dignark model, we expect 30 - 0% variations frotn an
&7 scaling behavior, with bigger deviations al larger angles. Extrapolating
[rom Radyushkin’s results in Compton scattering, the deviations should vary
svstematically with angle, with the biggest deviations at forward angles. One
power of s slower cross-section fall-off corresponds to a factor of two increase
in cross section over the constituent counting rule estimate, for our range of
beam energies. Uncertainties of 5 - 10% allow determination of the power of
s in the exponent to uncertaintics of 0.1 - 0.2, and represent a major advance
over the current data which are known to 30 % at large —1.

We propose to measure the recoil AY polarization components to a sta-
tistical uncertainty < *0.1, typically £0.06. No polarization data exist in
these kinematics, and our projected uncertainties are better than existing
measurements at lower heam cnergies and smaller momwentum transfers.

2.2 Coincidence Measurement

We measure Jp — K™ A? by detecting in coincidence the X+ and the proton
from the A" = pr~ decay, as illustrated in Fig. 6. For the cross section
measnrement, the coincident proton, with kinematic reconstructions, allows
us to ideutify K tAY production. This avoids the ditficult problem of par-
ticle identification of Kt from a larper ¥ background prescnt in singles
measuremnents,

The proton is also used to measnre the A? polarization. The A® — pr~
decay has a 64.1 £ 0.5% branching ratio, and is self-analyzing with an angular
distribution in the A rest frame of 1 + AP, cos#. Here # is the angle between
the proton and the A spin direction, A is the analyzing power, equal to 0.642
+ {1013, and P, is the A" polarization.

Note that the three spin components of the A polarization can be ana-
lyzed indepenciently, by lorming cos § distributions with respect to cach of the
three axes, {. £, and 7. Determination of the helicity-dependent polarization
components I and £ is made particularly easy, as for cach kinematic setting
onc can form the helicity sum, for which the polarization and the asymune-
trv must vanish. Thus the sum determines the acceptance with respect to
these axes, and allows checks of Moate Carlo simulations and of acceptance
matching. For each individual setting one wmay also determine the helicity-
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reaction plane

decay plane <

Figure 6: Dasic setup for the vp — KTAY experiment.

difference asymmetry, given by 24P cosf. In the ratio of the difference
to the sum spectrum, the acceptance cancels, and the siope determines the
polarization directly from the data, with no leading order corrections. The
analysis with respect to the induced polarization component P, will require
Monte Carlo acceptance corrections.

2.3 Setup

‘The basic experimental techuique is shown in Fig. 6. The 25 pA, 80% lon-
gitudinally polarized electron beam strikes a copper radiator, produncing a
~0° cirenlarly polarized bremsstrahlung photon beam. with maximum en-
erpy essentially eqnal to the electron kinetic energy. The helicity of the high
energy photons can be calenlated exactly, and is essentially equal to thas of
the incident electrons. The target, located downstream of the radiator, is
irradiated by both the photons and wnscattered electrons. Radiator in / out
measurements are used to determine the electroproduction background.
The only non-standard piece of equipment in this experiment 1s the radi-
ator used to generate the bremsstrahlung beam. The radiator construction
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Background Kinematics
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Figure 7: Refative momentum of positively charged particles from other reac-
tions, as the relative difference from the yp —» K+ A" kaon momenta for the
same loboratory angles af an incident energy of 4 GeV. The calenloiions are

for the five reactions in the legend.

has just been completed by Rutgers University. The radiator has Cu foils up
to 6% of a radiation length thick, corresponding to ~1 mm thickness. The
radiator will be mounted immediately upstream of the scattering chamber,
about 90 ¢cm from the target center. The radiator is not directly seen by the
spectrometer.

The two Hall A spectromelers are used to deteet K+ mesons in coinci-
dence with pratons from the A" decay. We will determine all cross sections
and polarizations from the A g coincidence data. Both Hall A spectrom-
eters have been commissioned and used successfnlly in several experiments.
Some additional optics work may be needed for the current experiment, if we
run at mementum settings in which the spectrometers have not previously
heen operated.
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2.4 Singles Rates and Backgrounds

The spectrometers are operated near the endpoint of the bremsstrahlung
spectrum. This can be scen in Fig. 7. Since both spectrometers measure posi-
tively charged particles, and both are typically at about 85 % of the maximum
possible positive charged particle outgoing momentum, background singles
rates and random coinecidence rates are low. Some experimental indications
of this already exist. In Hall A E93-027 measurements of ep elastic scat-
tering. with kinematies similar to those of our 4 GeV, 90 degree center of
mass point, hadron arm singles rates were about 400 Hz ag 23 pA current.
Singles measurements from Hall C HMS [17], with kinematics overlapping
our 4 GeV, 70 degree center of mass puint, also indicate a singles rate for our
kaon spectrometer of about 400 Hz at 25 uA. Neither of these measurcments
included a photon radiator.

Because the singies rates are low, random coincidences are not a problem,
and ali true and random coincidences can be read hy the data acquisition
systern.  Particle identification information is not nceded in the hardware
trigper, but may instead be applied to the coincidence data in replay.

2.4.1 Random Coincidences

We assume the radiator approximately doubles the singles rates, leading to
singles rates of about 1 kHz at 4 GeV. At this rate, there will be 0.1 Hz
of randem coincidence triggers in the 100 ns hardware trigger coincidence
window: the truc coincidence rate at 4 GeV is about the same. In replay,
the 2 - 3 ns wide corrected time of flight true coincidence window reduces
the random background to less than 3 %, Kinematic reconstructions allow
further reduction of the random background, and the out of time data allows
a check of the method. For random coincidences, a simple estimate is that
the rejection factor for this technique is given by the ratio of spectrometer
motnentum byte to momentum resolution, a factor of order 1000

2.4.2 Particle identification

Analvsis of the coincidence data will use existing particle identification de-
tectors and information from the spectrometers.

s Measurement of proton time of flight between scintillators within the
detector stack determines the velocity 3 to about 5% on the electron
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arm, and 2.3% on the hadron arm, with scintillator 53. This provides
proten / meson scparation. '

» The Acrogel Cerenkovs, with 34 ~ 0.976 , have a momentun threshold
of 0.63 GeV /e for m, 2.211 GeV je for K, and 4.21 GeV /e for p. Separa-
tion of Kt from n™* is good for most of our measurements. Separation
of p from =% for good for all of our measurements.

o The corrected coincidence time of flight resolution is ~1 ns {FWHM],
This is sufficiens to casily rejeet all true coineidences ather than prolon
plus &~ or 7+ meson. The time of Hight difference for A and o~
ranges from 8 os at 1 GeV/e to 0.6 ns at 4 GeV/c. The peaks are 3o
apart up to 2.7 GeV /¢ momentum,.

Planned future improvemsents in scintillator timing and additional Cerenkoy
detectors will make these measurements easior,

2.4.3 True Coincidence Backgrounds

There are several other reactions that ecan lead to two positive charged par-
ticles, all of which have about the same cross section as vp = K tA?. These
reactions include;

(a) yp— ¢p; ¢ — KK~

() vp — KTEY B0 — AL, A 5 opr,
(€) 30 = w7AF AT o ¥,

(d) vp—» "pi A7 3wt

(0] vp = =A% AY o r7p

Reaction (a) is generally not in our coincidence spectrometer acceptance,
becanse the K~ / ©~ mass difference reduces the energy amd momentum
available to the p and K. Feor reaction (b}, one can see from Fig. 7 that the
outgoing K+ has lower energy than it would in the X' A channel. Reaction
(¢] is generally out. of our acceptance, since the p and 7% from the A% decay
go in generally the same direction, rather than into the two spectrometers.
Reactions (¢}, (d), and {¢) also have the wrong true coincidence time hetween
the two spectrometers. Finally, all these reactions can be rejecied by checking
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the kinematic reconstructions of the ~ missing mass (140 MeV) and of the
proton momentum in the A® rest frame [101 MeV /fc).

{Other reactions are possible, but generally these involve additional parti-
eles in the Aoal state, leaviog less kinetic energy; whus the reactious are not
i[l (T H(lﬂ.‘!!pﬁﬂﬂ(:{f.

2.5 Monte Carlo

A main feature of this experitnent is the coincidence measurement of the A
and proton from the A decay. Since <p — KTA" has two-body kinematics,
the measured X+ momentum and direction can be used to reconstruct the
photon energy {assuming the direction is along the beamline}, and thus the
A% momentum vector. Using the reconstructed AY plus the measured pro-
ton momentum and direction, the decay vertex kinematices are reconstrueted
along with the 7~ missing mass.

The A typreally travels 220 cm belore decaying, thus the proton trajec-
tory no longer points to the vp — K1A vertex. If not corrected for, the
vertical target offset leads to a contribution to the spectrometer resolution.
The measurement of scattering angles # and ¢, and of the position y, -
the proton trajectory horizontal position projected back to the target - are
unchanged.

The proton trajectory can be offset at the target by about 20(cm) x
0.03(r) = 0.6cm{r). The momentum resolution is made worse by about:

0.6{cm) x 1.8 - 107*(/em) ~ 1.1 x 107%(a)

The factor of 1.8 - 10 includes the magnification and dispersion of the
spectrometer. VWhile this resolution is worse than the resolution typically
obtained so far, 3 = 10" * {FWHM), it is sufficient for the purposes of this
experimeni. We also note that the range in y, will be increased by about 1
cm, so resolution will be alightly worse, and the ability to use vertex cuts on
the coincidence data is lost.

We have performed Monte Carlo simulations of the vp — K+A%, A” =
pr~ coincidence measurement. These simulations allow us to sindy our cov-
erage of the A decay cone, and our resolution in reconstruction of the A
decay. The simulation uses the experimentally determined spectrometer ac-
ceptances of about +£28 mr in horizontal angle, +55 mr in vertical angle, and
+4 % in momentum. Resolutions (rms) are 1 mr in horizontal angle, 2 mr in
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vertical angle, and 1074 in momentum. We also offset the momentum of the
detected proton, according to the prescription given above, for the individual
trajeciory of each event, The sirnulation alse inciudes target and radiator
energy loss and multiple scattering effects.

When the A” decays. the proton is within 37 of the A direction, for the
higher beam energies and forward A angles of this proposal. The size of the
decay cone increases to 10° at lower energies and backward A angles. Thus,
several kinematic scttings of the proton spectrometer are needed to smmple
the decay cone, to determine the A? polarization. This is confirned by the
Monte Carlo simulation, as shown in Fig. 8. The simple decay cone one
expects for the decay is not clear in these figures because the calculations
include the momentum and solid angle acceptances of the kaon spectrometer,
and a cut on the vertical angle acceptance of the hadron spectrometer, which
cannot be adjusted.

Some kinematic reconstructions are shown in Fig. 9. The good miss-
ing mass resolntion for the 7 - allows good background rejection, and the
good reconstructed pAY decay angle allows precise determination of the Al
rest frame decay angular distribution. We also find (pot shown) that the
photon energy can be reconstructed to 10 MeV {rms) even at 6 GeV. The
cosf distribntions demonstrate the independence of the three polarization
companents,

Further studies are underway to examine in detail the rejection factors
available with kinematic reconstructions of random coincidences and of real
coincidence reactions with two high energy positively charged particles.

3 Time Estimates

For the kinematics of this proposal, K cross sections are known to about a
factor of two. The time estimate in Table 1 assumes a 15 em (1.08 g/em®)
liquidd hydrogen target. For a point target, the solid angie is slightly greater
than 6 msr, and one does not have to consider cuts from the spectrometer
y-target acceptance of 10 em. We approximately account for the reduced
acceptance of the extended target by using a 6 msr solid angle with a 7 cmn
y-target acceptance: thus the rate is reduced at scattering angles greater than
about 30°, for which the projection of the target is longer than 7 cm. We
assume an 80% longitudinally polarized, 25 pA electron beam, with a 8%
radiator for photon flux caleulation. We also put in a particle detection /
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phase space for yp — KA, unpolarized
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Figure 8: Monte Carlo simulations of expected proton energies and angles for
wp — KTAY follomed by A® = pr~ decay. The limils of the distributions are
determined by the kaon spectrometer acceptance and the verfical ecceptanne
of the proton spectrometer. The left side panels are for 3 GeV photon energy
and 5(F center of maoss scattering angle. The right side panels are for & GeV
photon energy and HF center of mass scattering angle.
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Ee=4 GeV, 85"=90°, P=0.47, P,=0., P =0.16
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Figure 9 Monte Carlo simulations for resolutions and polurizations i yp —
K+AY af § GeV beam energy and 307 center of mass kaon scetlering angle.
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tracking cfficiency of 80%, and a K’ survival fraction for each kinematics.

Table 1 shows the kinematics for the =+p — KFAY reaction. The data
taking time request is smnmarized in Table 2. The time shown is suflicient
for detection of a minimwmn of 400 K ceincidence ovents. Because of the
width of the A decay cone, typically 4 to 10 angle / momentum sestings of the
proton spectrameter are needed for coincidence measurements, to sample the
decay cone sufficiently so that reliable polarizations can be extracted. There
are usually 1 - 2 angle settings and 3 - 5 momentumn scttings for the proton,
for cach kaon setting. The detection of 400 A” decay events will be sufficient
to determine coincidence cross sections to 5 % statistical uneertainties, which,
neglecting systematics, leads Lo an uncertainty of = 0.1 on the exponent of
the scaling power law. 1t also allows determination of the polarization to ==
+ N.1.

We assume & minimum data taking time per point of 20 minutes. The
time reguest of Table 2 includes time for radiator out and empty target
measurements. The time correspouds to 24 days at 100% beam availability.
The overhead time associated with confignration changes is about 3 days,
assuming an average of one-half hour for each setting. This leads to a total
of 24 + 3 = 27 days.

We have not asked for time in this proposal for commissioning work. As
indicated above, if the spectrometers are being operated in new momentum
settings, some optics commissioning work may be needed. Elastic ep scat-
tering data may be needed to setup the coincidence measurement and check
our ability to perform abwolute cross sections and particle identification. We
also plan to extract cross sections for the 77 meson production background,
and the K+p from X" decay, when possible.
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Table 1 Kinematics and counting time for 500 kaous {not K'tp coin-
cidences) from the yp — K tAY reaction. The rates are based on existing
experimental data, along with additional assumptions specified in the text.
Measurements are not possible at 6 GeV, 50° and 130°, due to the maximum
momentum measurable in the spectromoeters.

E, Fern B+ B+ tirne #, range P TADEL
[GeV] [deg] Ideg-lab] [GeV/e] [honrs [deg] [GeV/c]

3 . 18.47 2.251 0.01 433241029 0.89940.224
70, 27.14 1.913 0.03  36.44£730  1.27430.273
a10. 37.37 1.554 (.11 2910563  1.6560.327
110. oi.11 1.155 0.38 22044463  2.01610.382
130. 67.02 0.785 1.87 15404402  2.323£0.430

4 R 16.57 3.122 (.03  43.5048.41  1.10410.250
7. 24.46 2.637 (.10 35.51+5.81  1.605+0.320
90, 33.94 2.081 0.30 27.81£4.39  2.12640.399
110. 46.03 1.517 0.91  20.78£3.56 2.627+0.479
130. 62.60 1.06G3 3.86 14.39+3.06  3.057+0.549

D ol 15.12 3.954 0.07  42.84£7.18  1.29510.276
70. 22.40 3.321 0.27 34244486  1.920+0.367
0. 31.22 2.598 077 26.44+£3.62  2.582+0.472
110 42.68 1.867 206 1938200  3.223+0.576
130. 58.76 1.206 803  13.48x2.47  3.779L0.568

& 70, 20.76 4.001 0.63  32.95+£4.19 222740415
90. 29.05 3.109 1.76 0 2017308 3.030+0.544
110, 3993 2.210 446 18.52+245 3.813+0674




Table 2 Summary of beam time request. The times given are aimed for
the number of coincidence (K™, p) in the table. This incindes the factor of
63.9% AP decay into the 7 p channel. We assume a minimum data taking
for cach point of 20 minutes. We double the data time to allow for radiator
out and empty target sublractions.

T E, B cotne (K1) Ltime total time
[GeV] [deg] [hours] [honers]
3.0 30, 11006 3.3 6.6
V0. 2700 3.3 6.6
90. 1000 3.8 7.6
110. 1000 9.3 18.6
130. 1000 39.6 0.2
all 8 59.3 118.6
4.0 ol 3500 33 6.6
70. 1060 3.5 7.0
90. 1060 h.2 10.4
110. 106G 15.8 31.6
130. 400 27.1 54.2
all 8 55.0 110
5.0 30. 1306 © 33 6.6
70. 1000 6.6 13.2
90. 1000 134 26.8
110. 1004 36.4 T2.8
130. 400 44 5 39.0
all 8 104.2 208.4
6.0 0. 10060 13.2 26.4
90. 1060 25.0 50.0
110. 4003 25.0 5.0
all & 63.2 126.4
all £, all & 282 564 = 24 days
total configuration change(0.5 hrs/setting) 70.5 = 3 days




4 Summary

We propose a coincidence measurement of XK' and p from the §p — K —AM
A" — g reaction, for photon energies from 3 to 6 GeV, and for K™ angles
in the center of mass from 50° to 130°. The polarzation measurements will
be the first polarization data in this energy and angle regime, and the cross
seckion measurements are significant improvernents over previous data. The
uncertaintios in the data will allow a selection of quark-hased models for the
reaction.

Measureable deviations from the constituent counting rules are predicted
in the Famework of diquark models and non-forward parton distributions.
We may finally be able to resolve the long standing puzezle of wiy data appear
to follow pQCD sealing, in a regime where pQQCD is not generally expeeted
to he applicable.

Helicity conservation will be tested by measurement of the induced po-
larization P and polarization transfer ¢, which result [rom the imaginary
and real parts of the helicity-vielating interference, Since the spin of the A is
cardied by the s quark, the models predict a large polarization transfer .
The combination of cross section and polarization measurements provides
strong constraints on the underlyving reaction mechanisms.
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