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Abstract

This is a re-submission of the Conditionally Approved PR94-108. The experiment will

measure exclusive kaon production cross sections in the H(e,e0K+)Y reaction. This experiment

will measure how kaons are produced { the electromagnetic structure and which to what

extent the various production mechanisms contribute. Three of the four unpolarized response

functions will be separated over a large range in Q2, W , and t.

The longitudinal and transverse response functions will be separated through the detection

of kaons along the direction of the virtual photon, where only these terms contribute to the cross

section. For each Q2 kinematic the longitudinal and transverse responses will be separated

at three di�erent points in t. By appropriately extrapolating the longitudinal term in t, the

electromagnetic form factor of the kaon will be determined. The separation of the longitudinal-

transverse interference term will also be performed for selected kinematics, forming a sensitive

test of the production model. The t-dependence of the cross section (and additionally of

the separated transverse response at small jtj) will also be measured to very large values of

jtj, covering the transition from a semiphenomenological description in terms of mesons and

baryons to a pQCD-based description in terms of quarks (or diquarks).

The square of the 4-momentum transferred by the electron will cover the range 2 � Q2 �
3 (GeV/c)2, the hadronic 4-momentum transfer squared will cover the range �0:3 � t �
�3:0 GeV2, and the invariant mass will cover the range 1:8 � W � 2:2 GeV. The measured

cross sections will be compared to both hadronic and subnucleonic reaction models. This will

considerably extend the present electroproduction data. Incident beam energies from 3.245 to

6.045 GeV will be utilized, along with the Hall A spectrometers. It should be emphasized that

with 520 hours, this experiment will provide a consistent data set in a wide region of Q2, W ,

and t, which cannot be accessed elsewhere at CEBAF.



1 Introduction

1.1 Physics Motivation

The past �ve years have seen the �rst new data on electromagnetic kaon production.[1, 2]

However the current situation for kaon photo- and electroproduction remains unsatisfactory, both

from the experimental and theoretical point of view. Measurements of the  + p ! K+ + Y and

e + p ! e0 + K+ + Y (Y = �;�0) reactions have been limited by short lifetimes (c � tK = 370

cm, c � t� = 8 cm), small production rates (an order of magnitude smaller than for pions) and high

thresholds [Eth(K�)= 911 MeV, Eth(K�0)= 1.05 GeV]. Knowledge from photoproduction data

(reviewed, e.g., in ref. [3, 4]) has not improved much in twenty�ve years. The unseparated cross

sections are known with an accuracy of about 10%. The single polarization asymmetries are only

recently determined and only for a few points, all in � production with errors of 25% to 50%. The

photon energy range is limited to 0:9 � E � 1:4 GeV (a few additional points were measured

[5, 1, 6] at a �xed momentum transfer t = -0.147 GeV2 in the energy range E= 1.05 - 2.2 GeV).

�-electroproduction data are more sparse[2, 7, 8, 9] with only one actual structure function

separation.[2] The experimental information on �0 production is even more scarce. In the following

we will focus on the � production, but all proposed measurements on the proton will also allow

simultaneous measurement of the �0 channel (with reduced statistics).

There are also theoretical problems in understanding the electroproduction process. In the

low energy region various semiphenomenological descriptions in terms of mesons and baryons have

been used. The hadronic �eld theories do not explicitly contain the quark degrees of freedom, but

provide an e�ective description of the dynamics in the low- and intermediate-energy range. The

semiphenomenological parameters of the theory (strong coupling constants, transition magnetic

moments) are �t to the available photoproduction data using transition amplitudes based on the

tree level Feynman diagrams.

In general, phenomenological �2 parameter �ts are not unique due to the large number of

coupling constants (up to 12 e�ective parameters are used; four of them enter the Born terms

and the rest are associated with the resonance terms[10]) and the experimental uncertainties and

limited kinematical region that has been so far explored. Hence, many sets of the parameters can

�t the data equally well in the photoproduction channel. The various �ts, however, di�er when

extrapolated outside the kinematics used in the �tting procedure (E � 1:4 GeV, virtual photons).

The �ts are also not equivalent from the point of view of the theoretical interpretation.

First is the disagreement between the values of coupling constants derived from the purely

hadronic processes and from the available photoproduction data. The value of the leading coupling

constant gK�p=
p
4� is in the range from -1 to -3 in most photoproduction models, while its accepted

hadronic value is about -4[11], in agreement with the broken SU(3) prediction[4]. This discrepancy

can be resolved by inclusion of the t-channel K1 resonance state with J = 1+ (M=1280 MeV, �=90

MeV) but only at the price of a very strong K1�p coupling[3, 4].

Thus, the situation in the theory of photo- and electroproduction of strange mesons is rather

complicated. A variety of models (see e.g. review in [3]) di�erring in contributing resonances and

coupling constants (including the leading ones gK�p and gK�p) �t the available photoproduction

data equally well - Figure 1[3].

The � polarization data are more selective in this respect. Here predictions of various mod-

els di�er signi�cantly; nevertheless, only the models based on the Born diagrams alone can be
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Figure 1: The photoproduction cross section calculated with di�erent coupling constants.[3]

rejected.[12, 3]

Philosophically, with the construction of a high energy, high quality, high duty factor, and high

intensity electron beam facility at CEBAF, it becomes possible and pertinent to investigate the

properties of quarks inside a nucleon in an exclusive (e,e0q) experiment similar to the (e,e0p) or

the (p,2p) studies for nucleons inside a nucleus.[13] Such an exclusive measurement samples (i.e.,

isolates) a speci�c channel of the deep inelastic inclusive cross section. However, before the struck

quark reaches the detector, it turns itself into color singlet hadrons. Study of the properties of

the hadron system produced following the deep inelastic scattering may give information on the

mechanisms by which the nucleon's partons rearrange themselves into the observable hadrons after

the primary scattering. These mechanisms must be related to the forces that bind partons into the

original nucleon, and may shed insight as to why no parton has yet been observed as a separate

entity.

Due to the lack of data, attempts to investigate the problem of electromagnetic production of

strangeness on a subnucleon (quark) level are only beginning. Only recently has the photo- and

electroproduction reaction been calculated in terms of the hard scattering model of Brodsky and

Lepage[14, 25], and of the diquark mechanism[15].

The electroproduction of kaons at CEBAF energies may also give insight about the transition to

quark degrees of freedom: In a naive quark-parton model, and assuming the string fragmentation

model, the production of a K+ can be considered to occur in two steps. First, a u quark is struck.

As the u quark moves away from the target remnants, the color string between the u quark and

the remnants breaks, producing an ss quark pair. If there is additional energy stored in the color

strings, more qq pairs will result producing more hadrons. Because of the \low" energy in the
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CEBAF beam and the \high" masses of the kaon and the hyperon which are produced, the particle

multiplicity will usually be low (as opposed to, say, pion electroproduction). For those events with

only two particles in the �nal state (a kaon and a hyperon such as the K+ and � for example),

the transverse momentum of the produced kaon with respect to the 3-momentum transfer should

be equal to the transverse momentum of the struck quark, or the primordial kT . In this sense the

dynamics of the struck quark are \preserved." As the incident electron energy increases beyond

the range available at CEBAF, the particle multiplicity will also increase, meaning the K+ and �

would only be part of the jet fragments.

1.2 PAC Concerns

TJNAF E93018 Very Preliminary
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Figure 2: The missing mass spectrum from the Hall C experiment.

The PAC gave the experiment conditional approval contingent on a realistic assessment of the

Hall A errors and a successful demonstration of the L=T separation in Hall C. The goal of the

systematic errors was 2% overall. PAC-9 wrote "the goal of achieving 2% systematic error is

ambitious". We have backed o� from this, and are now aiming for only 2.8% point-to-point and

4.4% overall scale systematic errors, as listed in Tables 10, 11. At the same time, by enlarging the

lever arm in ", we have REDUCED the error in the longitudinal cross section (as compared to our

earlier proposal) by the choice of beam energies.

We discuss the progress made on the systematic errors in Section 4.3 of this proposal. We

have included a parameterization of the cross section into MCEEP to estimate the e�ects of the

systematics on the response function separation. The PAC also questioned the particle identi�-

cation, pariticulary for K+=p separation. We have monte carloed the particle identi�cation, and

demonstrate in section 4.1 that we can meet the requirements of this experiment.

The Hall C experiment[2] has now been analyzed and shows: Firstly, clean particle identi�cation

is achieved with a setup similar to what will be used in Hall A (we will be at higher energies and
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Figure 3: The ratio of the longitudinal-to-transverse from the Hall C experiment.

therefore will use a slightly di�erent index aerogel) as in Figure 2[2]. The � and �0 peaks are

cleanly separated and have essentially no background under them. Second, that the longitudinal

contribution to the cross section IS in fact large as in Figure 3. Plotted is the ratio of the longitudinal

to transverse cross sections, versue Q2. Also shown is the previous attempt to do such a separation.

Finally, Figure 4 shows that the L=T separation can be accurately done. Plotted is the reduced

cross section versus the virtual photon polarization. The intercept gives the transverse part of the

cross section and the slope gives the longitudinal part. [Note that the scale in the vertical direction

does not extend down to zero.]
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Figure 4: The reduced cross section versuse ".
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1.3 Measurements

The proposed experiment can be divided in three parts:

i) The separation of the longitudinal and transverse response functions through the detection

of high momentum kaons along the direction of the virtual photon. For every Q2 kinematic, three

central settings in t (and W ) will be measured. [The data can be more �nely binned in t within

the acceptance of the spectrometers.] The main goal of this part is the determination of the

electromagnetic form factor of the kaon up to Q2 = 3:0 (GeV/c)2 from the the t-dependence of the

longitudinal term.

ii) The separation of the longitudinal-transverse interference term which, in a quark model

description, gives information on the magnitude of the transverse momentum of quarks. In hadro-

dynamic models, this observable has been shown to be extremely model sensitive, di�erent models

(and coupling constants) giving not only di�erent magnitudes but the opposite sign in the observ-

able.

iii) The t-dependence of the full cross section up to large values of jtj where the transition

from a semiphenomenological description in terms of mesons and baryons to a regime in which the

theoretical approach based on quarks or diquarks description of the elementary process is applicable.

[We also have the t-dependence of the transverse part of the cross section at lower jtj. The models
which incorporate some form of a kaon pole indicate that as we increase jtj the cross section should

become transverse.]

The experiment will provide a considerable set of data over a large kinematical region inW , Q2,

and t, placing severe constraints on the models used to reproduce the data. In particular, important
parameters such as the gK�p coupling constant used in semiphenomenological models based upon

hadron dynamic (QHD) formalism, can be much better established. Additionally the transition

region to a more fundamental description of the reaction in terms of quarks can be identi�ed, as

well as determining which among the various proposed \pure quark" or \diquark" models has better

reproducibility.

1.4 Comparison to Other Experiments

The accuracy of the HRS2 spectrometers in Hall A is ideal for these measurements since systematic

uncertainties are magni�ed in the extraction of the response functions. More speci�cally, good

angular resolution is required to accurately extract small amplitudes; the angular resolution and

momentum resolution both enable the accurate kinematics binning event-by-event. The spectrom-

eter acceptances are at to allow good binning of the data as a function of t. The HRS angular

resolutions have been shown to be better than 2 mr in the horizontal (scattering) direction and 6

mr in the vertical direction.

The long ight path of the HRS2 means that the kaon survival fraction ranges between 14{

36% for our kinematics, but the same ight path is responsible for the success of the time-of-ight

particle identi�cation. The missing mass resolution of the HRS2 will also cleanly separate �, �0

�nal states from the continuum or higher resonances.

The experiment can only be carried out in Hall A. Hall B, while tempting because it would

enable one to take a large volume of phase space in one bite, does not have the particle identi-

�cation capability at high momenta required by this experiment (in the CLAS identifying kaons

with momenta �2.0 GeV/c is challenging). This experiment, while mapping out a large area of
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phase space not previously measured, also concentrates on high momentum, high invariant mass,

and minimum jtj (i.e., the kaon-virtual photon angle=0), thereby focussing the kinematics on (rela-
tively) forward scattering angles. This means that the large solid angle a�orded by the CLAS does

not help much. Moreover, to do an L=T separation, a large number of statistics is required in a

very small kinematics bin, making Hall B a poor choice. However Hall B is still the best place to

separate the fourth unpolarized response function, as well as map out the general trends of the data

with W . This will be focus of two Hall B proposals, one on photoproduction {obviously an L=T

separation is not possible, and the other on electroproduction although at lower energies similar

to what has just been done in Hall C.[21, 20] The Hall A experiment is at higher energies, but is

basically complementary (not competitive) to these Hall B proposals.

Hall C has recently completed two very successful experiments.[22, 23] Because of the high kaon

and electron momenta, the SOS in Hall C is not suitable for this experiment. [Even switching the

SOS to the electron arm and the HMS to the Kaon arm would not work since both arms need

high energies to do the separation.] The physics here extends the kinematics. Hall C has clearly

demonstrated that the most eciting results come from the higher Q2 where tighter constraints can

be put on the models as well as the baryon electromagnetic form factors.

Hall A has a complementary experiment submitted to this PAC to measure the � polarization

in photoproduction (p! K+�) to try and understand the reaction mechanism involved. This is a

diferent (complementary) technique. The energies are also slightly higher (using 3-6 GeV photons),

but the PID issues are related. There is overlap among the collaborations.

The remainder of the proposal is split as follows: Section 2 de�nes the kinematic variables,

discusses the hadronic and quark models for the cross section, estimates the behavior of the cross

section as a function of Q2, W , and t, and provides physics details on the experiment goals. Section

3 lists the kinematics, rate estimates, cross sections and run times. Section 4 describes the particle

identi�cation and error analysis, and Section 5 summarizes the beamtime request and gives the

experimental runplan.
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2 Observables, Physics Models and Experiment Goals

2.1 Kinematical Variables and the Cross Section

The de�nitions of the kinematical variables are given for the reaction e + N ! e0 +K + X. The

�ve 4-momenta involved are:

e = (E;~e) for the incident electron

e0 = (E 0; ~e0) for the scattered electron

N = (M;~0) for the target nucleon

K = (EK ; ~k) for the produced kaon

X = (EX ; ~x) for the unobserved residual system:

A few Lorentz invariants and other kinematic variables are de�ned below as:

2v = (e� e0)2 = �Q2

� = E � E 0

� = [1 + 2�
2+Q2

Q2 tan2 �e
2
]�1

�L = Q2

!2
�

s = (v +N)2 =W 2

t = (v �K)2

xB = Q2=2M�
y = �=E

z = EK=�

M2
X = (e� e0 +N �K)2

The di�erential cross section can be expressed as:

d3�

dE 0d
e0d
K

= � � d�v
d
k

� is the virtual photon ux, given by:

� =
�

2�2
E 0

E

s�M2

2MQ2

1

1� �

The cross section for single kaon production by virtual photons is given by

d�v

d
k

=
d�T

d
k

+ �L �
d�L

d
k

+ � � d�TT
d
k

� cos (2�) +
q
2�L(�+ 1) � d�LT

d
k

� cos�

where � is the angle between the kaon production plane and the electron scattering plane, and

� is the virtual photon polarization parameter. The pieces correspond to the cross section for

unpolarized transverse (�T ), longitudinally polarized (�L), polarized transverse interference (�TT ),

and polarized longitudinal-transverse interference (�LT ) kaon production by virtual photons and

only depend on the variables Q2, s, and t. In order to separate all four pieces of the cross section

(�T , �L, �TT , and �LT ), a spectrometer with out-of-plane detection capability is needed to determine

the � dependence of the cross section. For the special case in which the kaon is detected along the

direction of the virtual photon, the interference terms vanish and �L and �T can be separated using

a minimum of two measurements at di�erent values of the virtual photon polarization �.
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2.2 Description and Analysis of the Models

In order to have clear information on the electroproduction process, a comprehensive data set of

cross sections and the extracted response functions are needed over a large range of W , Q2 and t.
The kinematic region of this experiment covers a transition between \traditional" nuclear physics

and the deep inelastic region. There are several competing pictures of the reaction. Two extreme

approaches are used here to provide guidance: semiphenomenological hadrodynamical scattering

and quark hadronization. Seeing whether the data can be reconciled with any of the models is

one goal of the experiment. Although obtaining data at very small xB would provide the most

information on the quark momentum distribution, the SLAC data[18] show that quark degrees of

freedom evidence themselves at values of Q2 as low as 1 (GeV/c)2.

The hadronic �eld theories (e.g., the quantum hadrodynamics QHD) do not explicitly contain the

quark degrees of freedom, but they provide a suitable e�ective scheme for description of dynamics

in a low and intermediate energy range. The QHD is properly relativistic and simply related to

the covariant S-matrix formalism. The semiphenomenological parameters of the theory (such as

the strong coupling constants and transition magnetic moments) are �tted to the available data,

making use of the transition amplitudes based on the tree level Feynmann diagrams (�gure 5).

b)a)

ΛK

p(N*, ∆∗,...)

t-channel

K Λ

pγ

K(K1,K*,...)

u-channelc)s-channel

pγ

γ p

KΛ

Λ,Σ(Λ∗,...)

Figure 5: Tree level Feynman diagrams in kaon electroproduction.

In the intermediate state the particles which can be present are: in the s-channel a proton (Born

term) or other strangeless nucleon resonances (�gure 5a); in the t-channel the K+ (Born) or kaon

resonances (�gure 5b); in the u-channel the hyperons � or � (Born) or other spin 1/2 hyperons

(�gure 5c).

A variety of models were examined which used such a diagrammatic approach; the di�erences

being mainly di�erent particles in the intermediate state and the values of coupling constants and

transition magnetic moments. The parameters used for all the models result from �tting to the

available photoproduction data (a few also include electroproduction data). A general code con-

sidered more than ten models[12] varying intermediate particles, coupling constants and transition

moments, as well as di�erent form factors. Beyond reproducing the cross sections provided by the

authors of the models, further analysis compared predictions for the exclusive electroproduction

reaction in the channel K-� extending the kinematical region (out from the region where the model

was �t to the data). The results show that the data is reproduced very well by two of the con-

sidered models (referred to as wjc2 and wjc4 coming from the parameters set II from [28] and [10]

respectively). While wjc4 is more complete from the theoretical point of view and has a good repro-

ducibility for di�erent reaction channels (namely p(e,e'K)�, p(e,e'K)� and p(e,e'K)�(1405), model

wjc2 more accurately reproduces the measured cross section in the exclusive channel p(e,e'k)�. For
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example, the existing data up to about Q2 = 4 (GeV/c)2[29] are reproduced by the model wjc2

while they are signi�cantly underestimated at high Q2 by wjc4. In addition, the K-� data reported

in [10] (where the wjc4 model is presented) are well described by wjc2 as well and, moreover, the

t-dependence of the cross section is in better agreement with the data which suggest a decrease

in the cross section with increasing jtj, as suggested by photoproduction data (and almost all the

models considered). Finally, �LT and �TT data[7] are better reproduced by wjc2 than wjc4. The

latter predicts rather large contributions of the interference terms not suggested by the data. Nev-

ertheless, when compared to the poor accuracy of existing electroproduction data, both models can

be considered consistent with the existing data even if for high Q2 wjc2 appears preferable.

Some of the models we have considered also include crossing (as do both wjc2 and wjc4) and

duality (also included in wjc4). The crossing constraint relates reactions with particles in the initial

or �nal state with reactions with antiparticles in the �nal or initial state (and vice versa) thus

making crossing a symmetry of the S matrix. The duality constraint, based on the dual role of

resonances in the s (u) and t channel, is used to restrict the number of resonances considered in

the intermediate states, resulting in a model which includes only the s and u-channel resonances

along with the usual Born terms (including the K+ exchange in the t-channel required by gauge

invariance).

2.3 The Kaon form factor

The separation of as many of the response functions as possible is essential in di�erentiating between

hadronic and quark degrees of freedom. In the quark picture, the interaction with the virtual

photons contributes mainly to the transverse cross section (see the discussion below). On the other

hand, an enhancement of the longitudinal cross section at small t (the squared 4-momentum transfer

to the unobserved residual system) could indicate the inuence of quasifree scattering from the kaon,

as has been seen in pion electroproduction. As in the case of the pion, the Q2 dependence of �L
can then be used to determine the kaon form factor.[23, 34]

Figure 6: The Kaon form factor, FK(Q
2), plotted as a function of Q2.
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The knowledge of the electromagnetic structure of any complex particle, made of charged sub-

structures, always has been essential in the comprehension of its structure in terms of the behaviour

of the more fundamental components. The electromagnetic form factor can be theoretically deduced

from models describing the way elementary components aggregate to form complex structures. It

depends only on the square of the four-momentum transfer to the particle by the electromagnetic

probe. Electron-positron colliding beam experiments measure the form factor in the time-like re-

gion, generally via the production of a particle-antiparticle pair. The measurement of the form

factor in the space-like region is straightforward for nucleons or nuclei as they can be used as free

targets; only in these cases are the cross sections directly proportional to the absolute square of the

form factor.

Particles (mesons and baryons) that can be produced in su�cient quantity to be used as sec-

ondary beams in large hadron accelerators can be scattered from atomic electrons to measure the

form factor, but due to the small electron mass only low values of momentum transfer can be ob-

tained. At large space-like momentum transfers, the only reaction that can give information on

form factors is the electroproduction process. The extraction of the kaon form factor from the

data requires e�ort both on the experimental and theoretical side, as in the case of the pion form

factor[29, 35].

The existing measurements in the space-like region come from K-e scattering [29, 36] and are

limited to a maximum Q2 of 0.1 (GeV/c)2. Figure 6 shows this data, along with a recent theoretical

calculation[37]. Determining the kaon form factor through the electroproduction reaction relies on

two things. First that the t diagram of Figure 5 has the kaon as the meson exchanged (kaon pole

diagram), and that this kaon exchange dominates all the other diagrams near the unphysical value

t = M2
K . Second it relies on this behaviour being strong enough at physical values of t to allow a

smooth extrapolation from experimental points to t =M2
K . Theoretical guidance is necessary in the

extrapolation to exploit model-independent constraints and analytical properties of the amplitudes.

Experimentally, precise measurements are required in kinematical conditions favourable for the

extrapolation (reaching as low as possible in jtj approaching the unphysical region). For a given

Q2 and a given W there is a minimum value for the variable t in the physical region (tmin) that

corresponds to the kinematical condition in which the kaon is emitted in the same direction as

the 3-momentum transfer. In Figure 7 the dependence of tmin on W for di�erent values of Q2 is

shown. We want to measure the longitudinal and transverse response functions with a Rosenbluth

separation at three values of Q2: 2, 2.5 and 3 (GeV/c)2 and a range of values of t for every Q2

measurement. In these measurements W varies between 1.8 and 2.2 GeV.

The models assume a form for the dependence on the invariant mass W . This experiment will

determine the dependence of the separated response functions onW , providing the theoretical mod-

els with an additional constraint. Extracting the kaon form factor from the longitudinal response

function is model dependent; extrapolation of the longitudinal response function in t is somewhat
less so. If the data can be described by the model then it gives some con�dence that the coupling

constants are correctly known. The success (or failure) of the model to describe the data can be

attributed in large degree to the knowledge of these coupling constants.

The kaon form factor is proportional to the square root of the longitudinal response function

extrapolated to the kaon pole[35]:

F 2
K(Q

2) = F 2
K(Q

2; t)jt!M2

K

=
(t�M2

K)
2�L

N(t)
jt!M2

K
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Figure 7: Locii of the minimum jtj reachable for a given W and Q2. Each curve refers to a constant

Q2 value shown in the �gure.

where

N(t) = (�t)8cg2KNY [k
2 sin2 �e

1 + � cos 2�

2
+ �

(qEK � �k cos �e)
2

Q2
]

According to some nuclear interaction models, the kaon form factor has been shown to dominate

the longitudinal response function at the kaon pole.[10] Assuming the kaon pole does dominate the

cross section for small jtj, then the kaon form factor can in principle be determined (if the coupling

constants are also known).

Figure 8 shows the kaon form factor Q2FK(Q
2), as a function of Q2,[37] in the region to be ex-

plored in the present experiment. Our actual experimental error bars will be 2-3 times smaller than

the errors assumed here meaning the kaon form factor will also have correspondingly smaller error

bars. Also shown are other simpler Vector Mesons Dominance Model predictions which consider,

the �- and �-mesons and predictions from the only available model based on a more fundamental

microscopic approach[37]. Due to the model dependence and the extrapolation to the kaon pole, a

prior analysis of the theoretical uncertainties in the kaon form factor is di�cult. To illustrate, the

extracted ratio (t�M2
K)

2�L=N(t) for two models has been extrapolated in t at Q2 = 1:5 (GeV/c)2

and < W >= 2 GeV. Figure 9 shows the t-dependence (along with the projected uncertainties)

according to model wjc2, along with the kaon form factor extrapolated to the pole (t = MK2). As

can be seen the longitudinal term is fairly at and below the \correct" value of the squared form

factor; i:e:; the kaon-pole diagram does not dominate at small jtj approaching the unphysical region.
The situation is better if the analysis is done in the wjc4 model. In this case, as can be

seen in �gure 10, the kaon pole diagram dominates approaching the positive-t region. A simple

extrapolation obtains a reasonable value of the kaon form factor with a reasonable uncertainty (being

half that of the SQUARED extrapolated form factor). The two extrapolations are di�erentiated

only by modelling the data in the physical region; further these are not extreme cases, meaning

that we also have analysed models more and less di�cult to extrapolate.
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Figure 8: Q2FK versus Q2. The actual error bars will be smaller than the ones shown here. Only

the points at Q2=2,0, 2.5, and 3.0 will be measured.

2.4 Transverse Momentum of the Quark

Measurement of �LT will shed light on the processes which contribute to the interference cross

section, as well as give information on the magnitude of the \apparent" transverse momentum of

quarks which could result from e�ects such as the primordial transverse momentum, the initial

and/or �nal state soft gluon radiations, and the initial and/or �nal parton showers. < cos� > is

measured by subtracting measurements made left of the direction of the virtual photon (� = 180)

from measurements made right of the virtual photon (� = 0), at the same Q2, W , and t. < cos � >

is de�ned as:

< cos� >=

d�v(�=0)

d
K
� d�v(�=180)

d
K
d�v(�=0)

d
K
+ d�v(�=180)

d
K

If an electron scatters relativistically o� a pointlike target, because of the helicity conservation,

either (i) �T = 0 and �L 6= 0 if the pointlike target has spin 0, meaning R = �L
�T
! 1, or (ii)

�T 6= 0 and �L = 0 if the pointlike target has spin 1/2, or R = �L
�T
! 0: A small experimental

value of R in the DIS region suggests that the longitudinal cross section is nonzero. Two possible

sources for the longitudinal amplitudes are: (i) the initial (primordial) transverse momentum of the

struck quark, and (ii) the higher-twist correction to the quark-parton model. The former is a pure

kinematic e�ect and was predicted to give a negative contribution to the longitudinal-transverse

(LT) interference asymmetry as:[38]

< cos� >� �(2kT=Q) � (2� y) � (1� y)1=2

[1 + (1� y)2]
:

The latter is a dynamic e�ect and was �rst predicted to give a positive contribution to the LT
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Figure 9: The t-dependence (along with the projected uncertainties) according to model wjc2, of

the kaon form factor extrapolated to the pole (t =M2
K).

interference cross section as:[39]

< cos� >� (kT=Q) � (1� y)1=2

More recently, realistic quark wavefunctions have been included which give the prediction of the

behavior going as:[40]

< cos � >� 1=2(kT=Q) �
(2� y)

p
1� yH3

xBy2H1 + (1� y)H2

Plotted in Figure 11 is the longitudinal-to-transverse interference asymmetry, < cos� > plotted

as a function of z, the fraction of the energy transfer which ended up in the kaon.[40] Although the

model uses more realistic quark wave functions, no intrinsic transverse momentum for the meson

constituents is introduced. By prescaling pion data as well, the importance of the meson intrinsic

transverse momentum can be estimated.

More conventionally, the LT -interference response function is a sensitive test of the vaious QHD

models as well. Plotted in Figure 12 is the LT -interference response function versus Q2. The heavy

solid line is the model of wjc2, the dotted line is the model of wjc4, and the dot-dashed line is the

model W2 described earlier. The long-dashed line labeled TH1 is a model due to Thom. What can

be clearly seen is that various models all di�er widely in magnitude, sign and behavior. This makes

the LT -interference an ideal tool to constrain the models before extrapolating to the kaon pole.

2.5 Tests of pQCD, large jtj kinematics

The study of exclusive reactions at large jtj provides a way to shed light on the interaction mechanism
which occurs at short distances in hadronic matter, selecting a hard scattering regime of the reaction

(in comparison with a di�ractive mechanism that occurs at small jtj values). Recently theoretical
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Figure 10: The t-dependence (along with the projected uncertainties) according to model wjc4, of

the kaon form factor extrapolated to the pole (t =M2
K).

predictions of exclusive photo- and electro-production reactions based on perturbative QCD[14] or

on a QCD semiphenomenological diquark model have become available[15].

The kinematical region in which computations based on the diquark approach are applicable

is within CEBAF capabilities [24] (W�2 GeV) and this experiment will measure the angular dis-

tribution to values of jtj �3.0 (GeV/c)2, covering the transition between small and large jtj where
di�erent descriptions of the reaction should be applicable. Separating the response functions (at

small jtj) and measuring the full cross section at large values of jtj will provide more observables to
compare with the theory and to give guidance if a discrepancy is found.

In the region where non perturbative e�ects are still present, an approach based on the idea

of diquarks is both appropriate and promising. Recently, such theoretical predictions of exclusive

photo- and electro-production of kaons based on QCD semiphenomenological diquark models have

become available [25]

The main ingredients of the diquark model are: i) the baryon is treated as a quark-diquark

system; ii) the use of phenomenological diquark form factors to take into account the composite

nature of diquarks; iii) the gluon and photon couplings to diquarks.

In its ground state a diquark has positive parity and may be an axial-vector (spin 1) or a scalar

(spin 0) boson. The baryon wave function can be written as

	B(p; �) = fS�
B
S (x1)�

B
S u(p; �) + fV�

B
V (x1)�

B
V

1p
3
(� + p�=mB)5u(p; �) (1)

where the two terms represent con�gurations consisting of a quark and either a scalar (subscript S)

or vector (subscript V) diquark and:

i) �B are the baryon distribution amplitudes, the valence Fock-state (consisting of a quark and

a diquark) wave functions integrated over the transverse momentum. The argument x1 is the

momentum fraction of the parent baryon carried by the quark (pq = x1pB). It is assumed
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Figure 11: The asymmetry < cos� > vs. z for Q = 2:5 GeV, pT = 0.5 and kT = 0 (solid line), 0.25

(dashed line) and 0.5 (dash-dotted line).

(collinear approximation) that it sums up to 1 with the momentum fraction of the diquark

(pD = x2pB = (1� x1)pB)

ii) f are the r = 0 values of the distribution amplitudes

iii) � are the avor functions and u(p; �) are spinors with helicity �.

Investigating the V + p ! K+ + � reaction, the hard scattering amplitude can be calculated

perturbatively taking into account all the possible tree diagrams contributing to the elementary

scattering process uD ! u�ssD where D is a u-d diquark. In �gure 13, only a few diagrams are

reported as an example, together with a blob representation of the process.

The avor functions �p;�S;V for the proton and the lambda hyperon take on the form :

�pS = uS[u;d] ; �pV = [uVfu;dg �
p
2dVfu;ug] (2)

��S = [uS[d;s] � dS[u;s] � 2sS[u;d]]=
p
6 ; ��V = [uVfd;sg � dVfu;sg]=

p
2 (3)

The simplifying feature of the speci�c process under investigation is that only scalar diquarks

contribute, since, from eqn. (4) and (5), only scalar diquarks S[u;d] are common to both the proton

and the � (while for the exclusive channel V + p ! K+ + �0 only the vector Vfu;dg diquark

contribute). As a consequence, the number of diagrams is reduced to \only" 63.

Figure 14 shows the available data near CEBAF energies (4 and 6 GeV photon energies) on the

� and �0 photoproduction reaction together with the predictions of the pQCD model. Plotted is

the cross section scaled by s7 versus the cos �K , the cosine of the opening angle between the kaon

and the photon which is proportional to t. The data is from Reference [33]. The long-dashed curve

(the lowest) is a \pure" quark[14] while the others are diquark-model predictions calculated with

three di�erent baryon Distribution Amplitudes[25]. The quark calculation[14] is a leading twist

calculation, using the Born approximation. The scattering is sensitive to the quark wavefunctions
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Figure 12: The LT -interference response function versus Q2.
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Figure 13: A few representative examples of diagrams contributing to the process u[ud]! u�ss[ud]

and assumes the scattering is from the valence quarks. The model calculates the hard scattering

in the s-channel with real photons. As can be seen, the data do not agree with the calculation. At

the forward channels, the t-channel can contribute (and at backward angles from the u-channel can

contribute).
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19



3 Kinematics, Count Rates and Runtimes

3.1 Kinematics

The kinematics for the longitudinal-transverse (L/T) separation are given in Table 1. The L/T

separations require measuring the cross section at di�erent values of �, the virtual photon's polar-

ization, while centering the hadron arm around �q, the angle of the virtual photon (�k = �q). In

this manner the contributions from the interference terms (�LT and �TT are averaged away. By

performing the separations as a function of W , the invariant mass, and t, the hadronic momentum

transfer, additional constraints will be put on the models which predict the kaon form factor. [The

kaon form factor, extraplated in t, should have only a Q2 dependence, not a W or t dependence.]

The range in �, the polarization of the virtual photon, is not always as large as might be desired,

the highest value limited by the 6 GeV beam and the lowest value limited by the the minimum

spectrometer angle (12.5 degrees). Energies of 3.6, 4.8 and 6.0 GeV were chosen as multiples of the

5-pass maximum energy. 3.245 and 4.045 GeV are standard 5-pass energies, making only 5.2 GeV

a non-standard energy.

The longitudinal-transverse interference response function �LT will be extracted using the kine-

matics given in Table 2. The electron angle and momentum will be kept constant (�xing Q2 andW )

while the kaon is detected left and right of the virtual photon. By moving left and right symmetri-

cally about the direction of the virtual photon, t was kept constant for this measurement. Subtract-

ing the left and right measurements will separate �LT from the combination (�T + �L�L + ��TT ).
Counting times were minimized by performing the measurements at the same electron settings as

the forward angle point of the L/T separation.

The t-dependence for the unseparated cross section will be mapped out from �3:0 � t � �0:3
by changing the kaon angle and momenta, at a constant electron angle and momentum. Table 3

gives the kinematics for the t-dependence measurements. Again, counting times were minimized

by performing the measurements with the electron arm at the forward angle point for the L/T

separation (as it was for both the L/T separation and the �LT -interference measurement) and

moving the kaon arm to larger angles, changing the angle between the kaon and the virtual photon.

However it is no longer possible to measure both left and right of the direction of the virtual photon

(as done for < cos� >) because the measurement would require a smaller spectrometer angle than

the minimum available to access the \left" kinematics.

The models predict that the transverse part of the cross section dominates at large jtj, meaning
that e�ectively �T is being measured. The L/T separations (plotted as a function of t) will test

this hypothesis. The full cross section (as opposed to the individual response functions) will be

measured in the hard scattering region.

3.2 Cross Section Estimates and Rates

Table 4 shows the singles and coincidence rates for the L/T separation. The electron single arm

rates were computed using the Monte Carlo code XSECDEEP[41] based on the SLAC deep inelastic

scattering data, and averaging over the spectrometer angular and momentum acceptances. The pion

rates were determined by using PIXSEC,[42] which averaged the single arm pion cross section over

the spectrometer acceptances. The code computes the point cross section based on a �t to deep

inelastic (e,��) data taken at SLAC. The (e,�+) rates were assumed to be the same as the (e,��)
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Table 1: L/T Separation Kinematics

Kinem. Q2 W E E 0 �e �k PK � t
GeV 2

c2
GeV GeV GeV deg deg GeV

c
GeV2

2a 2.0 1.8 3.245 0.922 48.27 14.65 1.625 0.402 -0.81

2b 2.0 1.8 4.045 1.722 31.08 19.08 1.625 0.636 -0.81

2c 2.0 1.8 6.045 3.722 17.15 23.79 1.625 0.856 -0.81

2d 2.0 2.0 3.645 0.917 45.51 12.50 2.186 0.376 -0.55

2e 2.0 2.0 4.845 2.117 25.51 17.26 2.186 0.674 -0.55

2f 2.0 2.0 6.045 3.317 18.17 19.67 2.186 0.805 -0.55

2g 2.0 2.2 4.045 0.869 44.31 12.50 2.724 0.333 -0.42

2h 2.0 2.2 4.845 1.669 28.79 13.37 2.724 0.557 -0.40

2i 2.0 2.2 6.045 2.869 19.55 16.03 2.724 0.736 -0.40

2.5a 2.5 1.8 3.645 1.055 47.54 14.87 1.790 0.412 -1.01

2.5b 2.5 1.8 4.845 2.255 27.67 20.20 1.790 0.691 -1.01

2.5c 2.5 1.8 6.045 3.455 19.92 22.83 1.790 0.815 -1.01

2.5d 2.5 2.0 4.045 1.050 45.11 12.69 2.379 0.387 -0.70

2.5e 2.5 2.0 4.845 1.850 30.62 16.16 2.379 0.592 -0.70

2.5f 2.5 2.0 6.045 3.050 21.22 19.03 2.379 0.756 -0.70

2.5g 2.5 2.2 4.845 1.403 35.31 12.50 2.934 0.462 -0.51

2.5h 2.5 2.2 6.045 2.603 22.99 15.57 2.934 0.678 -0.51

3a 3.0 1.8 4.045 1.189 46.52 14.97 1.952 0.421 -1.22

3b 3.0 1.8 4.845 1.989 32.40 18.60 1.952 0.614 -1.22

3c 3.0 1.8 6.045 3.189 22.75 21.67 1.952 0.767 -1.22

3d 3.0 2.0 4.400 0.756 58.20 12.50 2.569 0.385 -0.85

3e 3.0 2.0 4.845 1.584 36.43 14.76 2.569 0.504 -0.85

3f 3.0 2.0 6.045 2.784 24.37 18.13 2.569 0.702 -0.85

3g 3.0 2.2 5.200 1.491 36.24 12.50 3.143 0.455 -0.62

3h 3.0 2.2 6.045 2.336 26.65 14.83 3.143 0.615 -0.62

rates computed for the same kinematics (this is an overestimate by up to a factor of 2 of the (e,�+)

rates, making it a conservative estimate). Times were calculated for 104 counts for all kinematics

(except for the backward angle at Q2=2.0 and 3.0, some of which were calculated for 2:5 � 103

counts as marked).

The coincidence cross sections and rates were determined using the model of ref.[3] for � pro-

duction which �t the Hall C data taken last year. For L/T separation kinematics, where t is a

minimum, model wjc4 gives cross sections lower by 2{3 but, as already discussed, is less accurate in

reproducing the (few) existing data at high Q2. [In the case of the t-dependence kinematics, as con-
sidered before, the disagreement between the models relies on the opposite slope they are predicted

to have.] Additionally the �0 will fall within our missing mass acceptances. The statistics will be

somewhat worse due to smaller cross sections. Yields for a subset of the kinematics were checked

with the Monte Carlo code MCEEP which explicitly performs the averaging over the acceptances

of both the hadron and electron arms; the two approaches gave roughly comparable rates.

Tables 5 and 6 show the rates and times for the �LT and t-dependence measurements (respec-
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Table 2: �LT Separation Kinematics
Kinem. Q2 W E E 0 �e �k PK t �cm

GeV 2

c2
GeV GeV GeV deg deg GeV

c
GeV2 deg

2g 2.0 2.0 6.045 3.317 18.17 26.86 2.47 -0.87 38.76

2h 2.0 2.0 6.045 3.317 18.17 12.50 2.47 -0.87 38.76

2.5g 2.5 2.2 6.045 2.603 22.99 18.64 2.91 -0.57 12.41

2.5h 2.5 2.2 6.045 2.603 22.99 12.50 2.91 -0.57 12.41

3g 3.0 2.0 6.045 2.784 24.67 23.58 2.44 -1.08 28.31

3h 3.0 2.0 6.045 2.784 24.67 12.50 2.44 -1.08 28.31

Table 3: t-dependence Kinematics
Kinem. Q2 W E E 0 �e �k PK t �cm

GeV 2

c2
GeV GeV GeV deg deg GeV

c
GeV2 deg

2j 2.0 2.2 6.045 2.87 19.55 24.29 2.56 -0.70 30

2k 2.0 2.2 6.045 2.87 19.55 32.26 2.18 -1.40 58

2l 2.0 2.2 6.045 2.87 19.55 38.14 1.85 -2.00 75

2m 2.0 2.2 6.045 2.87 19.55 42.17 1.63 -2.40 86

3i 3.0 2.2 6.045 2.34 26.65 18.05 3.10 -1.40 18

3j 3.0 2.2 6.045 2.34 26.64 30.34 2.40 -2.00 63

3k 3.0 2.2 6.045 2.34 26.64 33.22 2.18 -2.40 73

3l 3.0 2.2 6.045 2.34 26.64 37.66 1.85 -3.00 87

tively). Count rates and cross sections were computed the same way as in Table 4. Shown is

the total time for each setting, taking into account the kaon survival fraction for each momentum

setting of the kaon spectrometer, for both the singles rates and the coincidence rates. [The kaon

momentum ranges from 1.4 GeV/c to 3.1 GeV/c, corresponding to 10{36% survival fractions for

the HRS ight path.] Count rates assume an incident beam current of 75 �A, on a 15 cm LH2

target, and a 6.0 msr solid angle for each HRS2 spectrometer.

Pions in the electron arm will be rejected by a combination of lead-glass and gas Cerenkov; a

combined rejection factor of 200:1 was assumed in calculations (the system has been shown capable

of performing with rejections of 500:1). A loose cut will be used to reduce electron-arm trigger rates

as well. Pions in the hadron arm will be rejected by the aerogel (and coincident pions partially by

time-of-ight also). Cerenkov rejection ratios of 50:1 were assumed (100:1 is the goal of the system).

To reject protons time-of-ight alone will be su�cient (both single arm and for coincident protons

double arm timing will be used). The signal-to-noise ratio was computed by computing the kaon

single arm (e,K) rates using the procedure suggested in [43], and using a 2 ns resolving time. The

kaon single arm rates were averaged over the spectrometer angular acceptances and the survival

fraction of the kaons was taken into account at each spectrometer setting. No cuts on missing mass

were assumed in calculating the signal-to-noise.
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Table 4: L/T Rates and counting times

Kinem. (e,e0K) (e,e0K) (e,e0) (e,��) (e,p) (e,�+) (e,K) S/N time

nb/GeV/sr2 s�1 s�1 s�1 s�1 s�1 s�1 hours

2a 0.19 0.02 0:57� 103 23:5� 104 1:25� 105 2:77� 105 6900 3 35?

2b 0.55 0.11 2:73� 103 16:8� 104 1:17� 105 1:87� 105 4600 4 25

2c 2.32 1.00 23:1� 103 13:1� 104 1:22� 105 1:43� 105 3500 6 3

2d 0.22 0.04 0:59� 103 13:1� 104 0:69� 105 1:53� 105 3800 9 17?

2e 1.02 0.42 4:77� 103 8:52� 104 0:61� 105 0:94� 105 2300 19 7

2f 2.39 1.56 16:1� 103 7:27� 104 0:61� 105 0:78� 105 1900 25 2

2g 0.20 0.05 0:54� 103 4:74� 104 0:31� 105 0:56� 105 1200 38 15?

2h 0.52 0.23 2:60� 103 7:23� 104 0:42� 105 0:80� 105 2000 22 12

2i 1.41 1.07 10:6� 103 5:70� 104 0:39� 105 0:61� 105 1500 31 3

2.5a 0.36 0.05 0:40� 103 20:0� 104 1:10� 105 2:30� 105 5700 11 52

2.5b 1.67 0.53 2:69� 103 11:9� 104 0:95� 105 1:32� 105 3300 30 6

2.5c 3.94 1.91 8:66� 103 10:0� 104 0:94� 105 1:09� 105 2700 41 2

2.5d 0.40 0.09 2:22� 103 11:1� 104 0:59� 105 1:27� 105 3100 7 29

2.5e 1.24 0.51 1:73� 103 7:10� 104 0:49� 105 0:78� 105 1900 77 6

2.5f 3.35 2.27 6:49� 103 5:26� 104 0:44� 105 0:57� 105 1400 125 2

2.5g 0.21 0.08 0:92� 103 5:96� 104 0:34� 105 0:66� 105 1600 27 33

2.5h 0.65 0.49 4:37� 103 4:09� 104 0:28� 105 0:44� 105 1100 51 6

3a 0.10 0.01 0:29� 103 17:1� 104 0:97� 105 1:94� 105 4800 4 15?

3b 0.69 0.23 1:05� 103 11:1� 104 0:83� 105 1:23� 105 3100 35 13

3c 1.80 0.94 3:66� 103 8:26� 104 0:76� 105 0:89� 105 2200 58 3

3d 5.84 0.48 0:30� 103 9:31� 104 0:50� 105 1:05� 105 700 1000 8

3e 11.9 4.66 0:67� 103 6:74� 104 0:43� 105 0:75� 105 1900 1800 2

3f 38.9 26 2:90� 103 4:23� 104 0:35� 105 0:46� 105 1100 4000 2

3g 0.07 0.03 0:63� 103 4:79� 104 0:27� 105 0:53� 105 1300 18 22?

3h 0.14 0.10 1:94� 103 3:30� 104 0:22� 105 0:35� 105 900 28 27

Times are for 104 counts except ? which are 2:5� 103 counts.

Table 5: �LT rates and counting times
Kinem. (e,e0K) (e,e0K) (e,e0) (e,��) (e,�+) (e,�+) (e,K) S/N time

nb/GeV/sr2 s�1 s�1 s�1 s�1 s�1 s�1 hours

2g 5.62 3.77 16:2� 103 7:27� 104 0:59� 104 0:36� 104 90 1300 2

2h 4.51 2.50 16:2� 103 7:27� 104 11:4� 104 28:9� 104 7200 11 2

2.5g 0.866 0.97 4:37� 103 4:09� 104 1:38� 104 1:53� 104 380 290 4

2.5h 0.510 0.82 4:37� 103 4:09� 104 5:85� 104 13:2� 104 1180 79 4

3g 0.49 0.59 2:90� 103 4:23� 104 1:47� 104 11:9� 104 2900 35 2

3h 0.42 0.51 2:90� 103 4:23� 104 11:9� 104 30:4� 104 7600 12 2
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Table 6: t-dependence rates and counting times
Kinem. (e,e0K) (e,e0K) (e,e0) (e,��) (e,p) (e,�+) (e,K) S/N time

nb/GeV/sr2 s�1 s�1 s�1 s�1 s�1 s�1 hours

2j 9.12 2.90 10:6� 103 5:70� 104 8:52� 103 6:21� 103 155 880 2

2k 9.90 5.56 10:6� 103 5:70� 104 4:73� 103 2:19� 103 55 4700 2

2l 13.2 5.66 10:6� 103 5:70� 104 5:41� 103 2:25� 103 56 4700 2

2m 14.2 4.76 10:6� 103 5:70� 104 7:05� 103 3:07� 103 77 2900 2

3i 0.30 0.34 1:94� 103 3:30� 104 10:1� 103 11:2� 103 280 300 13

3j 1.64 0.86 1:94� 103 3:30� 104 3:01� 103 1:42� 103 36 8000 4

3k 1.86 0.85 1:94� 103 3:30� 104 3:65� 103 1:59� 103 40 8000 4

3l 1.99 0.69 1:94� 103 3:30� 104 6:07� 103 2:57� 103 64 2700 4
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4 Detector Performance and Error Analysis

4.1 Monte Carlo simulation and Particle IDenti�cation (PID)

A Monte Carlo code has been developed to simulate the \results" of the proposed experiment.

Besides the reconstruction of the usual phase space variables, the simulation is based on the recon-

struction of the coincidence time spectra and the Missing Mass spectra as they will be reconstructed

in the actual analysis, when the data come from di�erent sources.

Here we have taken into account seven \event types":

1) (e; e0�+) RANDOM COINCIDENCES from singles (e; e0) 
 (e; �+)

2) (e; e0K+) RANDOM COINCIDENCES from singles (e; e0) 
 (e;K+)

3) (e; e0p) RANDOM COINCIDENCES from singles (e; e0) 
 (e; p)

4) (e; e0�+) TRUE COINCIDENCES in the continuum of the Missing Mass spectra

5) (e; e0K+) TRUE COINCIDENCES in the continuum of the Missing Mass spectra

6) (e; e0p) TRUE COINCIDENCES in the continuum of the Missing Mass spectra

7) (e; e0K+) TRUE COINCIDENCES with a bound state residuum

Di�erent sources of background are therefore taken into account, and the code is versatile enough

to allow for di�erent selection criteria on the particles, like, for example, PID. As an example, a

pion can be TOTALLY rejected or rejected only with a given factor (i.e. 5% is a reasonable number

with a threshold aerogel Cerenkov counter) or not rejected at all.

Events with particles other than electrons in the electron arm are not considered. This is due to

the excellent rejection for �� (and heavier hadrons) that can be reached making use of the CO2 gas

Cerenkov detector and the shower counter. Operated in the threshold mode, the Cerenkov counter

has been demonstrated [49] to give pion rejection ratios upto 103. The dominant background (knock-

on electrons) will be reduced another 2 orders of magnitude by the lead-glass shower counters, giving

a total pion rejection ratio of � 105 { higher than required for this experiment.

INPUT for the Monte Carlo are :

� Acquisition Time

� The kinematical settings

� (e; e0) , (e; �+) , (e;K+) , (e; p) single rates (in sec�1)

� (e; e0�+) , (e; e0K+) , (e; e0p) coincidence rates in the continuum (in sec�1)

� (e; e0K+) TRUE coincidence rates in bound states (in sec�1) and the Missing Mass positions

� Acceptances of the spectrometers
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� Resolutions (Beam, momenta, angles, coincidence{time)

A reduction of the random coincidences rates (coincidence events coming from singles such

as (e; e0) 
 (e; h) with h being any hadron) has been considered for the extended target case by

requesting that the two arms both point to the same vertex position along the target. In this case

the vertex reconstruction resolution comes into the game. A resolution of 3 mm in the direction

perpendicular to the spectrometers has been used. This resolution is then projected along the target

(thus depending on the kinematical settings) and on an event-by-event basis the position along the

target Z targ is extracted for both arms. The variable �vertex = Z targ ele� Z targ hadr is then

computed and the events are accepted only in the range �4�(�vertex). In such a way the random

coincidences rates are reduced by a factor 8�(�vertex)=Targetlength
In the following, the results obtained for the kinematics \2.5e" of Table 1 are reported. This kine-

matics can be considered as a typical case of our experiment. All the shown spectra already contain

a reduction of the random coincidence events for an extended target as just explained. Numerically,

such a reduction is, for this kinematics, a factor 8�=Targetlength = 8� (5:2mm)=(150mm) = 0:28

First, the results obtained without any PID selection will be shown. Then the improvements

achieved with a PID selection with e�ciencies (able to reduce to 5% both pion and proton rates)

will be shown. Then, results from our \worst" case (as far as the signal to noise ratio) will also be

shown (kinematic 2a of table 1). At last it will be discussed (next section) how a kaon/pion and

kaon/proton rejection at the level of 5% can be obtained.

The main assumption under which the simulation has been performed are:

� TOTAL COINCIDENCE TIME = 50 ns

� Resolution of the COINCIDENCE TIME = 1 ns FWHM

� Path Length from target to timing de�ning detector assumed = 25 m

� Target length = 15.0 cm

� Rates for REAL COINCIDENCES (e; e0�+) , (e; e0K+) and (e; e0p) in the continuum (of the

Missing Mass spectrum) are just estimates, since we didn't compute the cross sections for all

the participating processes. Moreover, in these cases the events are allowed to �ll the Missing

Mass spectra as if they were random coincidences. Such an assumption, i.e., a \smooth"

missing mass distribution, could for example come from quasi{elastic production and is true

in the data taken in Hall A in November 97, where (e; e0�+) events spread over the missing

mass spectrum according to the phase space acceptance. Of course, this assumption depends

on the kinematical choice.

Anyway, the main sources of background are the random coincidences (e; e0) 
 (e; �+) and

(e; e0) 
 (e; p) , which are, of course, distributed randomly according to the phase space

probability, and, as will be seen can be easily subtracted.

In �gures 15 and 16 the results from 1 hour of data taken at the luminosity of the experiment for

kinematics 2.5e of table 1, are reported. NO PID selection has been performed and the coincidence

timing spectrum (�g. 15(a)) shows the (e; e0K+) peak \hidden" in both the background of random
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Kinematic 2.5e - NO PID
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Figure 15: Monte Carlo simulation for kinematic 2.5e table 1. Random coincidence events reduction

for extended target already included. (a) Timing spectrum: solid lines select a cut for events \IN

the kaon peak", dashed lines select events \OFF kaon peak" used for subtraction. (b) Missing Mass

spectrum for all the events entering spectrum (a). (c) Missing Mass spectrum for events \IN the

kaon peak".

coincidences (at in coincidence time) and real (e; e0�+) events. However the �gure also shows that
when a cut in the kaon coincidence peak is considered, background events are spread all over the

missing mass spectrum according to the phase space acceptance, and the peaks of the exclusive

p(e; e0K+) � and p(e; e0K+) � transitions show up. From �g. 16(a) in the � peak, a signal to noise

ratio S=N > 4 is obtained and the background subtraction can be easily performed ( 16(c)). It has

to be noted that the missing mass spectrum actually acts like an e�ective PID tool.

Clean particle identi�cation of the kaon is anyway a big help for this experiment and the e�ect

of a PID selection giving a contamination of 5% pions and protons is shown in �gs. 17 and 18. The

�gures have been obtained in exactly the same way of �gs. 15 and 16, but for the cut on pions and

protons. From �g. 18(a) in the � peak, S=N > 20 is now obtained.

Finally the results obtained in the case of kinematic 2a of table 1 representing the kinematic

with the lowest S=N ratio of the proposed experiment are reported in �gs. 19 and 20. The spectra

simulate 10 hours data acquisition (our request is for 35 hours). The e�ect of PID is shown.

Reducing the errors of the background subtraction as shown passing from �g. 20(a) to �g. 20(b) is

especially crucial to identify the � production peak, which turns to be suppressed by the hadron

arm acceptance. In fact, since the � peak isn't placed at the \center" of the phase space acceptance,

meaning electron arm and hadron arm kinematics do not match and counting rates for the � are

(for this kinematic) suppressed by almost one order of magnitude with respect to the cross section

estimate.
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Kinematic 2.5e - NO PID
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Figure 16: Missing Mass: (a) selected events \IN coincidence time kaon peak"; (b) selected events

\OFF coincidence time kaon peak"; (c) Subtracted spectrum.
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Figure 17: Same as �g. 15 but with a reduction of � and protons by a factor 0.05 (from PID)
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Figure 18: Same as �g. 16 but with a reduction of � and protons by a factor 0.05 (from PID)

kinematic 2a

Time of coincidence (ns)

co
un

ts

Time of coincidence (ns)

Missing Mass IN ctime KAON peak (GeV)

co
un

ts

Missing Mass IN ctime KAON peak (GeV)

0

200

400

600

800

1000

1200

1400

1600

1800

-20 0 20
0

20

40

60

80

100

-20 0 20

0

50

100

150

200

250

300

0.9 1 1.1 1.2 1.3
0

25

50

75

100

125

150

175

200

0.9 1 1.1 1.2 1.3

Figure 19: Monte Carlo simulation for kinematic 2a table 1. Random coincidence events reduction

for extended target already included. In case of spectra (a) and (c) no PID selection has been

applied, while a reduction of � and protons by a factor 0.05 (from PID) has been applied for

spectra (b) and (d).
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kinematic 2a
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Figure 20: Missing Mass subtracted spectra for kinematic 2a table 1 without any PID selection (a)

and with PID selection (b).

4.2 Particle Identi�cation - Aerogel threshold Cerenkov Counters

The standard equipment of Cerenkov aerogel counters are used in the focal plane package detector

to discriminate pions from protons. Silica aerogel, with index of refraction n = 1.025, enables this

separation from 0.62 to 4 GeV/c. A prototype and the �nal detector have been tested [50, 51, 52].

The detector is of the reective type and consists of 13 sections made of two planar parabolic

mirrors, viewed by 26 5" BURLE 8854 photomultipliers [50].

The e�ciency measured in tests with 100 MeV electron beam was better than 99% (number of

photoelectron = npe = 6:9). These results have been con�rmed in tests performed at CERN PS

with beam of positrons, pions and protons [52]. The p.e. number as well as the e�ciency, evaluated

at an optimal threshold setting, were lower for pions (� 96%), with an estimated p=� rejection

ratio of � 5%. Improvements with respect to these results have been already obtained baking the

aerogel (i.e. removing the moisture and consequently improving the optical quality). Beam tests

performed with baked material show a signi�cant increase in the total number of p.e. detected for

pions. The analysis is still in progress [52].

Even better results have subsequently been obtained using a di�usion box detector. A prototype

box has been built, its dimension being 45 � 45 � 25 cm3, and equipped with six 5" Burle 8854

PM arranged in two rows of three phototubes opposite to each other, collecting the Cerenkov light

produced by a layer of aerogel, which is similar in the design to the Cerenkov detector now operating

successfully in Hall C.

The di�usion material used was millipore paper. A preliminary analysis of tests performed at

CERN demonstrates that using a 6 cm thick aerogel layer with n = 1:025 we can get an integrated

number of 7.5, and 11.0 p.e. for 5 GeV/c � and e, respectively. Aerogel of better quality is now

available and preliminary measurements with n = 1:015 have also been done with the di�usion

box prototype with cosmic rays. A npe = 7:0 has been measured [53] with only 6 cm of aerogel,
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Figure 21: PID with threshold aerogel Cerenkov counters

quite good for such low refractive index material. Of course increasing the thickness of the radiator

improves the performances. Further work is underway for a possible optimization of this detector

and an agreement to build such a detector in a joint e�ort between CEBAF and INFN has been

made.

Particle identi�cation for kaons in the momentum range 1.6 { 3.0 GeV/c can be performed using

two threshold Cerenkov counters with di�erent indices of refraction. In �g. 21 the velocity � vs

the momentum of pions, kaons and protons is reported. In the axis on the right n = 1=� is shown

which represent the index of refraction at threshold for a given momentum. The �gure shows that

with the choice of n = 1:05 it is possible to separate kaons (above threshold) from protons (below

threshold) in the range 1.6 { 3.0 GeV/c. Using n = 1:01 allows the separation between pions and

kaons so that the combination of the two allows to identify the kaons.

The tests we have performed with suitable extrapolation from the electron, pion and proton

case to the kaon case, show that the use of two aerogel Cerenkov counters with index of refraction

n = 1:05 and n = 1:01, either of the reective type (which is already existing) or even better, of

the di�usion box type (now under construction), will allow us to reach the required performances.

On the other hand a rejection factor at the level of 5% for particles below threshold is consistent

with what can be found in literature for this type of detectors (e.g. see ref. [55]).

The idea is to use the existing reective type counter already installed in the hadron arm, to

move out the Gas Cerenkov of the hadron arm (useless in this experiment), and to replace it with

the other aerogel counter which could be either the \standard" one being part of the electron arm

detector package, or the new di�usion box. The two detectors will be �lled with aerogel of index

of refraction n = 1:01 and n = 1:05 of the better quality now available on the market. In fact,

the recent development of a new production technique for aerogels [54], has improved the optical

quality of this material with respect to samples produced with the standard method.
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Table 7: L/T Separation Statistical Uncertainty

Kinem. Q2 �T ��T �L ��L
(GeV=c)2 nb/sr % nb/sr %

2a-c 2.0 79.6 4.7 53.0 7.0

2d-f 2.0 89.1 4.6 43.6 7.0

2g-i 2.0 89.8 4.5 25.6 7.0

2.5a-c 2.5 63.2 3.0 44.2 5.0

2.5d-f 2.5 70.6 3.1 35.5 5.4

2.5g-h 2.5 67.1 5.3 14.9 9.3

3a-c 3.0 51.9 5.6 36.9 8.7

3d-f 3.0 57.9 3.4 29.2 6.3

3g-h 3.0 46.0 10 4.8 19

Table 8: < cos� > Asymmetry Statistical Uncertainty

Kinem. Q2 A �A ��LT
(GeV=c)2 % %

2g-h 2.0 0.076 3.6 6.0

2.5g-h 2.5 0.079 3.5 5.8

3g-h 3.0 0.077 3.6 5.5

It has to be anyway emphasized that even a higher rejection ratios (i.e. 10%) for pions and

protons, allows one to carry out the experiment succesfully as has been demonstrated from the

simulations reported in the previous section.

4.3 Statistical Uncertainties

The fraction of the (e,e0 K+) �nal states which have only a single � in them ranges between

50{60% over our kinematics; the fraction of (e,e0 K+) �nal states which have only a single �0

in them are approximately 15% of the total number. The remainder are continuum states with

more than 1 particle or higher resonances. The statistics will allow the meaurement of (for the

(e+p! e0+K++�) channel) the full cross section with a 1{2% statistical uncertainty; the statistical

uncertainty on the extracted values of �L and �T is given in Table 7. [The (e+ p! e0 +K+ +�0)

channel will have statistical uncertainties approximately 3 times as large.] Tables 8 and 9 show the

uncertainties for the < cos� > and t-dependence kinematics, respectively.4.4 Systematic Uncertainties

The systematic uncertainties contribute di�erently to the three types of measurements. The sys-

tematical uncertainties which are most important however are the relative errors, not the absolute

uncertainties since the physics will be extracted by comparing measured cross sections. The absolute

normalization of the data set requires the absolute uncertainty.
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Table 9: t-dependence Statistical Uncertainty

Kinem. Q2 t d�v=d
k �d�v=d
k

(GeV=c)2 GeV2 nb/GeV/sr2 %

2j 2.0 -0.70 1.03 1.0

2k 2.0 -1.40 0.65 1.0

2l 2.5 -2.00 0.66 1.0

2m 2.5 -2.40 0.40 1.0

3i 3.0 -1.40 0.43 1.0

3j 3.0 -2.00 0.29 1.0

3k 3.0 -2.40 0.17 1.0

3l 3.0 -3.00 0.17 1.0

Table 10: Systematic Point-to-Point Uncertainties

Scattering Angles 0.3%

Target Density Variations 0.2%

Cell Walls 0.2%

K+ absorption 1.0%

Detector Ine�ciencies 2.0%

Kaon Decay 0.5%

Radiative Corrections 1.0%

Beam Current 0.5%

Acceptances 1.0%

Total 2.8 %

Table 11: Systematic Scale Uncertainties

Kinematics (angles,energies) 2.0%

Target Density Variations 0.5%

Cell Walls 0.5%

K+ absorption 2.0%

Detector Ine�ciencies 2.0%

Kaon Decay 1.0%

Radiative Corrections 1.0%

Beam Current 1.0%

Acceptances 2.0%

Total 4.4 %
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The errors which contribute to the general normalization are referred to as scale errors and will

raise or lower both longitudinal and transverse cross sections together. Examples are the overall

target density, the beam current calibration, spectrometer absolute acceptances, K+ absorption,

detector ine�ciencies, etc.

The errors which contribute to the separation of the responses are referred to as the point-to-

point errors and include any di�erences between K+ absorption at the forward and backward angles

(although the spectrometer is at the same central momentum, the phase space is larger at the higher

energy and populated di�erently), knowledge of the relative acceptance, relative luminosity, relative

detector ine�ciencies, etc.

To set the scale, the recent Hall C experiments[23, 22] had 2-3% point-to-point uncertainties

and an overall scale uncertainty of 5%. Shown in Table 10 are the contributions to the extracted

response functions of the RELATIVE point-to-point uncertainties between successive measurements.

We expect to do similar to the accomplished Hall C experiment, as we do also in the absolute scale

uncertainties shown in Table 11.

We have also investigated the e�ects of the Hall A resolutions using the numbers obtained last

summer during the 16O(e,e'p) experiment of focal plane positions of 200 microns, focal plane angular

resolutions of 0.4 mrad which translate to target resolutions of 2.0 mrad horizontal and 6.0 mrad

vertical, position resolution of 3.0 mrad and momentum resolution of 2�10�4. Plotted in Figure 22

is the forward and backward angle plots of the invariant massW versus the four-mometnum transfer

squared Q2. What is seen is that the overlap of kinematics is far from perfect, with the lower energy

angle having less phase space. This is taken into account in our count rate estimates. The angular

resolution a�ects our ability to bin in Q2, and therefore the missing mass resolution. However since

this is a hydrogen experiment, missing mass resolution of 2-5 MeV is �ne.
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Figure 22: The four-momentum transfer squared (in (GeV/c)2 on the x-axis) versus the invariant

mass W (in GeV on the y-axis) for backward (the narrow central band) and forward (the wide

band) angles.
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5 Runplan and Beamtime Summary

Table 12: Beam Time Summary

Set-up/Check-out 50 hours

DAQ for L/T separations 349 hours

DAQ for �LT 16 hours

DAQ for t-dependence 33 hours

Field Changes 38 hours

Empty Target 10 hours

Energy Changes 20 hours

Total 520 hours

The beam time summary is reported in Table 11. The additional time needed for overhead is

fairly small: spectrometer �eld changes are estimated to total 38 hours, 50 hours of set-up and check

out is required, and short empty target run at each setting gives another 10 hours. Added with

the 406 DAQ hours and 20 hours (5 energies at 4 hours per energy change) of time for accelarator

energy changes, the total beam time request of 520 hours as shown in Table 4. To minimize

overhead, it is assumed that all points at a given incident energy will be measured, moving the

spectrometer accordingly, before changing energies. In particular, the �LT response function and

the t-dependence will be measured before changing the electron angle or momentum to minimize

the systematic uncertainties.

As can be seen from Tables 4-6, the signal-to-noise is excellent at all kinematics. The rates

in the focal plane of the spectrometers are low, meaning we could run with higher luminosity if

it was available. [The taping rates vary from 100 Hz to 800 Hz. At the higher taping rates the

kaon cross section is also high and we can lower the current if desired for deadtime reasons.] The

cuts on the missing mass spectrum will be done in replay, not the trigger, enabling one to obtain

data on additional exclusive channels. [No estimates were given for the statistical uncertainties

associated with these additional channels because of the small yields involved.] The signal-to-noise

for a particular �nal state will be larger than for the entire spectrum.

Pion data will be taken in prescale mode. This is important not only to tell us the shape of the

backgrounds, but also because many of the physics arguments given are general to pseudo-scalar

meson production. The use of the pion �nal states will provide additional constraints on the theory.

The pion coincidence rates are considerably higher than the kaon rates; the statistical uncertainty

will be less important.
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