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Abstract,

The reaction p(e,e’K°)E* can play an important role in our understand-
ing of the mechanism of the electromagnetic production of strangeness, since
it would provide complementary information to that given by charged kaon
electroproduction and by charged and neutral kaon photoproduction. The
CLAS Large Acceptance Spectrometer provides a unique means to observe
this process for the first time through the two-pion decay modes of the K°.
K° events will be identified through reconstruction of the invariant mass of
the pion pairs and the missing mass of the undetected hypéron. Simulations
show that a cut to identify K° decay tracks which are well separated from the
electron vertex will inake it possihble to reduce multipion background further.
By measuring the cross section as a function of @2, we can test specific pre-
dictions of recent theoretical models for the K*°K°y transition form factor,

which enters in through the deminant f-channel diagram.



I. STRANGENESS PRODUCTION AT CEBAF

There has been a great deal of interest recently in charged kaon electroproduc-
tion as a means of testing theoretical models of strangeness production [1-5]. The goals are
to better determine the basic electromagnetic couplings of the nucleon and to gain insight
into the reaction mechanism of strangeness production. The electromagnetic production of
the neutral kaon will serve as an additional probe to broaden our knowledge of strangeness
degrees of freedom in hadrons. The additional isospin channels accessed through K° produc-
tion are complimentary to the K+ data, but to obtain this information significant additional
analysis will be needed, which we believe calls for this separate proposal. Also, new infor-
mation not available via K+ production will be obtained.

Only two published reports of the photoproduction of K° exist, (Figures 1
and 2) with very poor statistics. [6] No data at all are reported in the literature on the
electroproduction of K° at moderate energies, owing to the near impossibility of measuring
multiple particles in the final state using one- or two-arm spectrometers. We lack even the
most basic information about the cross section, the important resonant channels, and the
dependence on the four-momentum transfer, and can only use indirect methods to estimate
what to expect at CEBAF. Observation of p(e,e' K°)L* at CEBAF would fill this gap in
our understanding of the electromagnetic production of sirangeness.

The transition form factor Fg.g. would be an interesting quantity to study
not only because of its role in strangeness production, but also because of the analogy with
the non-strange transition form factor F,,, which theories have sought to understand for
some time. Just as the transition form factors of baryon resonances will tell us about the
internal structure of the nucleon, this mesonic transition form factor would clarify what
the best picture of the kaon would be at intermediate energies. We will describe how the

different theories lead to very different predictions about the Q% behavior of the cross section

for K° electroproduction.



II. THEORETICAL CONSIDERATIONS
A. Overview

Until fairly recently, the only models of kaon electroproduction used a quantum
hadrodynamic (QHD) framework seeking to describe the basic process in terms of a selected
number of tree level s, ¢, and u channel diagrams (Figure 3). The states which appear
in diagrams represent poles in the complex energy plane, describing effective degrees of
freedom of the underlying field theory. The output from the fits to existing data 7] is a set
of coupling constants which may be compared to SU(3) predictions. For the charged kaon
case, both A and ¥° hyperons appear in the final state and are respresented by two different
phenomenological coupling constants. The calculations differ in the selection of meson and
baryon resonances considered, the treatinent of the eleciromagnetic form factors and final
state interactions [2], and the incorporation of duality and crossing symmetries. [3]

Work is underway on extending the models to the case of K° electroproduction
where there is no data. Part of the interest is that the absence of A in the final state
changes the character of the diagrams which contribute (8], which is to say the resonance
structure will be quite different. The uncertainties in estimation of the model parameters
are greatly reduced if one is in a position to include data for both charged and neutral kaon
electroproduction. Also, in the t channel, the lightest meson which can contribute a Born
term diagram at Q% = 0 is the K*°, unlike the charged kaon case where the Born diagram
featuring a virtual K% is allowed. It is here where this experiment will have the biggest
impact.

In the last two years there has been a flurry of papers adopting a relativistic
constituent quark picture to understand kaon electroproduction and photoproduction. [9]
In general, the quark models show much promise for describing the electroproduction of
strange particles with fewer parameters than the phenomenological models, and possibilities

for relating features of the calculations to the actual physics. The predictions of these models



for the kaon forin factors vary widely, stimulating interest in a proposal to measure the kaon
form factor using a deuterium target. [10] In this proposal, we shall investigate the results
of one calculation {11] which has specific predictions for the K*°K°+y transition form factor,

comparing it to a QHD model. (4]

B. Transition form factors

The dominant t-channel Born term in K° electroproduction for small Q? is
virtual K™° exchange. It involves the same electromagnetic vertex responsible for the ra-
diative decay of the K", with the added feature that the vector meson is far off-shell. The
Q? dependence of this coupling can be described by a transition form factor which may be
calculated in a covariant quark model {11], a spectral model using dispersion theory [12],
or using naive vector dominance. (See Figure 4.) The diflerent treatments show different
magnitudes and asymptotic behavior.

Figure 5 shows.the effect of two of the forms of the transition form factor
on the differential cross section, as caleulated in a QHD framework. The “no form factor”
curve shows how the model behaves in a nonphysical way at higher values of @2, while
the other two curves show a more reasonable asymptotic behavior when a transition form
factor derived from a vector dominance model [4] or one from the covariant quark model is
inserted. In all cases, the cross section was calculated at a single hadronic center of mass
kaon angle (100 degrees from the virtual photon direction). The quark model calculation
reduces the cross section the most at higher values of @*. In addition, the model predicts
a W dependence rising up smoothly from threshold. It seems clear that high-precision data
on the K°L* channel from CEBAF will greatly iinprove our ability to choose among these

and other models.



C. Longitudinal and transverse amplitudes

The complete lack of data in K° electroproduction makes the measurement of
the differential cross section as a function of Q? and W a matter of primary importance for
the proposed experiment described here. Although we are concentrating on the cross section
here as an indirect probe of the K*°K°y transition form factor, we would like to mention
one additional piece of information we would expect to gain in addition which should shed
some light on the current models of strangeness production.

We have performed an extensive feasibility study of a measurement of the
longitudinal and transverse amplitudes ¢y and ¢z via a Rosenbluth-type separation of the

differential cross section. The general formula for the (e, e X) process is:

d
ﬁ = o + €ap + eopr cos 2¢ + Je(e + 1)opr cos ¢

where ¢ is the virtual photon polarization parameter. The theoretical interest lies in the
comparison of the amplitudes between the charged [5] and neutral kaon cases as an ad-
ditional piece of experimental information to constrain theory. We find that if one pays
proper attention to understanding all thefpossible sources of systematic errors, the statistics
should be adequate to impose meaningful limits on current theories when combined with

the analogous charged kaon L-T separation results.

D. Background due to multipion electroproduction

Figure 6 shows the relative cross sections for different exclusive channels. {13] If
we compare the photoproduction cross sections for the ne*a*#n~ and pr°n*#~ backgrounds
in this figure to those measured for K° photoproduction (Figure 2), we see that the electro-
production experiment must be able to reduce over an order of magnitude of background.
We plan to reject multipion events through cuts on the 7t~ invariant mass, missing mass
of the %, and kaon decay vertex position relative to the electron vertex. In the next few

sections we will give reasons to be optimistic that such measures can in fact reduce the
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hackground enough to allow us to make an accurate measurement of the Q2 distribution of

the K° signal.

III. EXPERIMENTAL CONSIDERATIONS

In the following sections, we shall describe the experiinental requirements of
the K° electroproduction measurement and results of simulations of the expected perfor-
mance of the CEBAF Large Acceptance Spectrometer (CLAS). For simplicity, we have taken
the approach of simulating our signal K'° events by an isotropic angular distribution in the
hadronic center of mnass frame, with K° and &7 decays also generated isotropically in their
own rest frames. To estimate the background, we have employed the CELEG event generator
[14] that uses empirical cross sections, masses, and widths to siinulate hadron electroproduc-
tion. In either case, to simulate the performance of CLAS we passed the generated events
through the parametric Monte Carlo simulation program FASTMC [15] which reproduces
the overall resolution, acceptance, and particle identification capability of the detector with-
out the detailed tracking of a full detector simulation such as GEANT. In our simulations,
we have chosen a magnetic field that bends negative particles in toward the beam axis. The
plots comparing signal to background distributions have all heen generated assuming a total
virtual photon cross section into K°EL* of 50 nb, simply scaling one estimate [5] for the
cross section into K*(A, X°) by the ratio of the photoproduction cross sections (Figure 2).
In future studies, we expect to model the physics in fuller detail using more elaborate event

generators and detector siinulation packages.

A. CLAS capabilities suminarized

The CLAS [16] is a toroidal magnetic spectrometer designed to enable exper-
iments which deinand good acceptance for coincident detection of multiple particles in the

hadronic final state. Three sets of drift chambers provide tracking with good momentum



and angular resolution for charged particles, gas Clerenkov detectors and time of flight coun-
ters provide particle identification, and electromagnetic shower counters provide sensitivity

to neutrals such as gammas and neutrons. (Figure 7)

1. Electron identification

To cover the entire range in Q% and ¢, one needs to detect and identify electrons
over a wide range of scattering angles. For angles less than 45°, the gas Cerenkov counters
are expected to be at least 99% efficient for electrons over their geometric acceptance [17],

providing excellent © — e separation.

2. Charged particle tracking and acceptance

In electron scattering with a known beam energy on a proton target, the
quantities Q? and W are determined fully by measuring the scattering angle and momentum
of the outgoing electron. The tracking chambers of CLAS are designed to reconsiruct particle
trajectories through the toroidal magnetic field. Errors in momentum determination come
from chamber resolution, multiple scattering, and dE/dz. Figure 8 shows the simulated
momentum error for tracking 2.21 GeV/c electrons at 20° through the drift chambers. The
rms of the distribution is 2.7 MeV/c, giving a FWHM resolution of hetter ;han 0.5%.
At larger polar angles and at lower settings of the overall magnetic field, the momentum
resolution is not as good because of the smaller value of [ B - dl. Our simulation takes this
into acco'unt.

The dominant limitations to accurate measurement of Q? will probably be the
systematic errors such as absolute calibration of the electron beam energy, acceptance of
the spectrometer, calibration of particle angles, and radiative corrections. To minimize sys-
tematic momentum errors, the drift chambers will undergo an extended period of alignment
relative to one another and to the target position, using survey measurements, cosmic rays,

angle-defining slits, and overconstrained reactions.
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Our preliminary study (section IIT A 4) reveals that there are still some poorly
understood aspects of the particle acceptance for tracks with do not start at the electron
vertex. We find that the pattern recognition requirements to deal with such tracks can in
some cases be quite different from those needed for tracking the prompt charged tracks which
make up the bulk of the data we expect from CLAS. These requirements are similar to what
we expect to encounter during real photon running with extended targets, and it is clear
that careful software development to meet the demands will be a high prionty item as we
prepare for detector commissioning. For the present investigation of K° electroproduction
to succeed, therefore, we will need to pay close attention to the way we develop the data

reduction software so that detached track candidates will not be lost before final analysis.

3. Invariant mass resolution

Figure 9 shows the distribution in invariant mass for 777~ from K§ decay
accepted into CLAS. Compare the peak to the data shown in Figure 1, which has a width
ten times larger. We propose to take advantage of this sharp peak as our primary cut to
distinguish K° electroproduction from the incoherent background.

Figure 10a shows the missing mass distribution for both signal events and
background (e,e'r*n"} events with no cut imposed on the reconstructed K° -mass. In
Figure 10b, we give the same comparison for events selected with an additional cut on the
K° mass. The ¥+ missing mass distribution is clearly separated from background. Because
this background study does not yet include much of the actual physies of multiparticle
production (such as correlations) and because it is still limited in statistics, the encouraging

results so far should be regarded as simply suggestive of the effectiveness of this primary cut

on data.
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4. Detached vertex identification

The clearest signature of K'g production would e the observation of the ¥ =~
vertex spatially displaced from the line of the outgoing electron track. This relies not only
on minimizing the amount of multiple scattering in the target and through the detector,
but also on accurate information of the position of the innermost Region 1 drift chamber.
Precise coordinate measurements of the wire positioning elements of Region 1 suggest that
individual drift cell positions can be known to an accuracy of 125 sun [18].

Conceptually, the detached vertex identification algorithm can be separated
into four parts: (1) Identification of particle tracks which are spatially separate from the
electron vertex. (2) Invariant mass reconstruction of the K° from the two pions to reject
background. (3) Const.rﬁction of the K° decay veriex from the point of closest approach of
the pion tracks. (4) Refinement of K° kinematics hy constrained fit of the the decay pion
tracks to the vertex position. Experience with K¢ vertex finding algorithms at CLEO and
at CDF suggest that this process can improve the momentum measurement of the kaon by
a large degree over a simple one-pass track fit through the tracking chambers.

We have studied the performance of the SDA tracking code with simulated
tracks displaced fromn the primary vertex to estimate how well we might be able to iden-
tify detached vertices in CLAS. To distinguish between tracks pointing to the vertex and
detached tracks, we computed the impact parameter, defined as the perpendicular distance
between the nominal target position and the extrapolation of the track back toward the
target. We studied two aspects of the problem as a function of impact parameter: (1) the
spatial resolution of the tracking for particles (Figure 11), and (2) the efficiency of the code
for finding tracks which do not point back at the target (Figure 12). The first of these is
important in determining how small a cut we can make on the K° vertex separation from
the electron track. The second plays a large role in determining the acceptance of the spec-
trometer for kaons which decay far from the target. Our simulation shows that the impact

parameter is a useful variable to use as a first pass cut to identify candidate K% decay pions.
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Based on the distribution of decay pion track momenta and impact parameters (Figure 13)
we chose a minimum impact parameter cut of 0.9 cm (3¢) and a maximum cut of 8.0 cm
on pion tracks. This gave a fairly respectable K detection efficiency 7, of about 40% for

all beam energies. More simulation is required to optimize the cuts for the best background

rejection.

B. Estimate of acceptance

Qur simulation requires the following:
1. that the scattered electron be identified by the gas Clerenkov detectors,
2. that the »* reach the scintillation counters,
3. that the 7~ be tracked through all three regions of drift chambers,
4. that the pions pass the impact parameter.cut described above.

(See Figure 7 for an event picture showing three longitudinal sections through CLAS.)

Table I gives 7., the efficiency of detecting electrons for various values for
the beam energies, @Q%, and W. This varies smoothly with Q® and W, as seen in the
comparison of the curves in Figuré 14. As either Q% or W increases, so does the electron
angle, affecting the azimuthal acceptance of CLAS. At electron angles greater than abont
45°, the requirement that the electron hit the one sector instrumented with the large angle
shower calorimeter cuts the acceptance by a factor of about six. Table II gives 5o, the
efficiency of detecting a #* 7~ pair once the electron has been accepted. As W increases,
the kaon momentum increases, making it more likely that the 7~ from its decay make it
through the spectrometer instead of going into the forward hole.

Table III gives the plan for allocation of approved beam time using a high-
pressure hydrogen gas target in Hall B, as outlined by the N* collaboration. The bulk of the

time is allocated at the beam energy of 4.0 GeV/c, at full magnetic field, with lower energy
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runs to be taken with reduced field to increase forward particle acceptance. This reduction
of the magnetic field clearly increases the kaon detection efficiency in our range of interest.
The luminosity limit is basically set by the rate the inner drift chamber can withstand; the
design of the Region 1 drift chamber was carried out with this in mind. Table IV takes
the heam time numbers, the CLAS acceptance, and the virtual photon flux factor I'r to

calculate total numbers of events. The rate formula 1s as follows:
Rate = L -Tr - a(Q*, W) AQ* AW . 5, “TKole * ot * B(K® — atr)

where T'r is the viritual photon flux, AQ? and AW are bin widths, and B is the branching
ratio to two charged pions. In the rate calculation we corrected the cross section given by
the model described in section II B for the variation in acceptance over kaon angle in the
hadronic center of mass.

Figure 15 shows the expected Q? distribution expected under the two models
for the transition forin factor. The width of the curves indicated the statistical error bars;
the irregularities in the curves reflect the finite statistics of the simulations. We see that
the two models predict very different event totals and Q? distributions, well beyond the

statistical uncertainties of our measurement.

IV. CONCLUDING REMARKS

We believe that the current theoretical interest in measuring the electromag-
netic form factor of pseudoscalar mesons leads naturally to the idea of measuring K° elec-
troproduction for the first time ever. Experimentally, we feel that cuts on the invariant
kaon mass and on the impact parameter of pion tracks will enable us to make an accurate
measurement of the Q7 distribution of this process. Theoretical calculations of the cross
section tell us that this would set significant limnits on the K"°K°~y transition form factor.
Additionally, the information we expect to gain on the longitudinal and transverse form

factors in K° electroproduction will be of great interest when combined with the results of
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the charged kaon electroproduction experiments. This K° electroproduction program would

be consitstent with the approved experiments in CLAS in terms of trigger configuration,

magnetic field configuration, and target design. Our investigations have already stimulated

detailed study of the software requirements for efficient detached track detection in the

CLAS reconstruction software, and we expect that the proposed experiment will benefit the

experimental programn as a whole in many other ways.
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TABLES

Eo

2.4

2.8

3.2

4.0

QZ

0.5

1.0 1.5

0.5

1.0

1.5

0.5

1.0 1.5

2.0

1.0 1.5

2.0

2.5

W=1.8
W=2.0
W=2.2

W=2.4

0.72

0.75

0.00

0.00

0.75 0.13
0.47 0.00
0.00 0.00

0.00 0.00

0.61

0.69

0.68

0.00

0.73

0.47

0.33

0.00

0.75

0.00

0.¢0

0.00

0.53

0.59

0.65

0.68 0.76

0.72 0.75

0.00 0.00

0.75

0.00

0.00

0.65 0.00 0.00 0.00

0.57 0.64

0.69 0.69

0.63 0.71

0.69 0.00

0.70

0.74

0.75

0.00

0.25
0.00
0.00

0.00

TABLE 1. Electron acceptance

for various values of E,, Q2, and W

2.4

2.8

3.2

QZ

0.5

1.0 1.5

0.5

1.0

1.5

0.5

1.0 1.5

2.0

1.0 1.5

2.0

2.5

W=1.8
W=2.0
W=2.2

W=24

0.33

0.33

0.00

0.00

0.28 0.23
0.32 0.00
0.00 0.00

0.00 0.00

0.33

0.33

0.34

0.00

0.28

0.32

0.32

0.00

0.26

0.28

0.00

0.00

0.34
0.33
0.35

0.35

0.30 0.26
.32 0.32
0.32 0.30

0.00 0.00

0.22

0.26

0.00

0.00

0.15 0.13
0.17 0.17
0.21 0.19

.23 0.00

0.11

0.15

0.17

0.00

0.09

0.13

0.00

0.00

TABLE II.

K*® acceptance for events where electron is accepted

18




Energy
(GeV)
2.4

2.8

3.2

4.0

B/B, Hours
0.5 250
0.5 96
0.5 96
1.0 800

Luminosity £
(10%*cm=*s71)
5

10

10

10

TABLE III. CLAS N~ run plan on hydrogen tar-

gets.
VMD transition form factor
E, 2.4 2.8 3.2 4.0
Q? 05 1.0 1.5 9.5 1.0 1.5 05 1.0 15 20| 1.0 1.5 20 25
W=1.8] 66100 13100 700| 43800 9600 3300| 38600 9300 1200 0}{11400 3900 1500 200
W=2.0{158400 24000 0|109500 17600 0| 93200 26300 10200 0|37400 13700 15900 0O
W=2.2 0 0 0]145300 17100 0140000 0 0 054000 21800 10400 O
W=2.4 0 0 0 0 0 0162700 0 0 0[75600 0 6 0
Total 262000 346000 484000 236000
Bonn transition form factor
E, 2.4 2.8 3.2 4.0
Q? 0.5 1.0 1.5 0.5 1.0 1.5 05 1.0 15 20/ 1.0 15 20 25
W=1.8] 34400 4000 100| 23000 2900 600, 22100 3100 700 200} 3700 800 200 O
W=2.0{ 82400 7200 0| 57400 5300 0{ 53300 8700 2100 0|12000 2800 800 O
W=2.2 0 0 0] 76100 5200 0} 79800 0 0 0117300 4400 1400 O
W=24 0 ¢ 0 0 0 0] 93000 0 0 024200 0 0 0
Total 128000 171000 263000 67000
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TABLE IV. Estimate of total number of events.
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FIG. 1. Photaproduced K% peak in #*7~ measured by LAMP2 collahoration.

FIG. 2. K photoproduction cross section measured by Erbe et al.
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Fig. 4. Kaon transition form factors calculated in a quark model (Bonn), a model based on dispersion

relations, and a naive vector meson dominance (VMD).
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BEAM REQUIREMENTS LIST

CEBAF Proposal No.: Date: 18 bec 95

(For CEBAF User Liaison Office use only)

List all combinations of anticipated targets and beam conditions required to execute the experiment.
(This list will form the primary basis for the Radiation Safety Assesment Document (RSAD) calculations that
must be performed for each experiment.)

Condition #| Beam Beam Polarization and Other Target Material Target Material
Energy Current Special Requirements (use muldple rows for Thickness
{(McV) (UA) (c.g., time structure) complex targets — (mg/em?)

e.g., wiwindows)

1 2400 0.1 (none) H2 ¢as E - 20
2 2800 0.1 (none) HZ2 gas 5 - 20
3 3200 0.1 (none) H? gas 5 - 20
4 1000 0.1 (none; H2 gyas 5 — 20

All runninli is conlcurrent with CLAS "el'" running period

The beam energies, E,,, . availableare:E;,, =Nx EjinacWhereN=1,2,3,4, 0r5. For 1995,E,, - =800MeV, i.e., available Ean
800, 1600, 2400, 3200, and 4000 MeV. Starting in 1996, in an evolutionary way (and not necessarily in the order given) the follov
additional values of E inac Will become available: E;, = 400, 500, 600, 700, 900, 1000, 1100, and 1200 MeV. The sequence
timing of the available resultant energies, E;..ms Will be determined by physics priorities and technical capabilities.



HAZARD IDENTIFICATION CHECKLIST

CEBAF Experiment:

Date:18 December 1995

Check all items for which there is an anticipated need—do not check items that are part
of the CEBAF standard experiment (HRSE, HRSH, CLAS, HMS, SOS in standard

- configurations).
Cryogenics Electrical Equipment Radioactive/Hazardous Materials
X beamline magnets X cryo/electrical devices | List any radioactive or hazadorous/
X analysis magnets capacitor banks toxic materials planned for use:
target X high voltage (none)
_ drift chambers exposed equipment
__ other
Pressure Vessels Flammable Gas or Liquids Other Target Materials
inside diameter (incl. target) - : — Beryllium (Be)
operating pressure type: HZ gas target — Lithium (Li)
window material flow rate: — Mercury (Hg)
window thickness capacity: > m! __ Lead (Pb)
—. Tungsten (W)
— Uranium (U)
—Other (list below)
Vacuum Vessels Radioactive Sources Large Mech. Structure/System

inside diameter
operating pressure
window material
window thickness

permanent installation
temporary use

type:
strength:

lifting devices
motion controllers
scaffolding or elevated
platforms
other

Lasers

type:

wattage:

class:

Installation
permanent
temporary

Use
calibration

alignment

Hazardous Materials

cyanide plating materials
scintillation oil (from)
PCBs

methane

TMAE

TEA

photographic developers
other (list below)

AR

with CLAS "el™

Notes:

All running concurrent

running period




LAB RESOURCES REQUIREMENTS LIST

(For CEBAF User Liaison Office use anly.}

CEBAF Proposal No.: Date:18 December 1995

List below significant resources —both equipment and human — that you are requesting from
CEBAF in support of mounting and executing the proposed experiment. Do not include items
that will be routinely supplied to all running experiments, such as the base equipment for the
hall and technical support for routine operation, installation, and maintenance.

Major Installations (either your equip. or new Major Equipment

equip. requested from CEBAF) Magnets

Power Supplies

Targets HZ2 gas

Detectors
Electronics
New Support Structures:
Computer
Hardware
Data Acquisition/Reduction : Other
Computing Resources:
Other
New Software: Concurrent running with CLAS

"el" running period




