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The 'H(e,e'K+);1 and 'H(e,e'K+)C* reactions were studied as a function of the 
squared four-momentum-transfer, Q2, and the virtual photon polarization, E ,  thus en- 
abling the separation of the longitudinal and transverse parts of the cross section. The 
existence of a sensibly large longitudinal component for the ' H ( e ,  e'K+)A reaction seems 
to be sustained by these data. 

1. INTRODUCTION 

The availability of high intensity, medium-energy electron beams enables the system- 
atic study of the electromagnetic production of strangeness, whereas only exploratory 
measurements were achieved previously[l]. The (7, K )  and the (e, e'K) reactions pro- 
vide information complementary to that from hadronic reactions [i.e., ( K ,  r), (n, K ) ,  
and ( p , p ' K ) ] .  Since both the virtual photon mass and polarization can be varied ex- 
perimentally[2], the elementary leptoproduction process e + p -+ e' + K+ + A/Co yields 
additional information, impossible to obtain otherwise. Associated kaon leptoproduction 
is important not only for further progress in the field of hypernuclear production and 
spectroscopy, but for the improvement of the understanding of basic coupling constants 
needed in various nucleon/meson and quark models[3]. This paper is a brief report on 
the first e + p + e' + K+ + A results from experiment E93018, that took data in the fall 
of 1996 at the Thomas Jefferson National Accelerator Facility (Jefferson Lab., formerly 
CEB-4F). 

2. EXPERIMENTAL SETUP, MEASUREMENTS 

Experiment E93018 was among the first experiments to  take advantage of the excellent 
beam qualities of the CEB-AF accelerator combined with the precision magnetic spectrom- 
eters available in the experimental Hall C to perform an extensive study of the elementary 
kaon electroproduction process with comparatively high statistical and systematic preci- 
sion. In Fig. 1, the central Q2 settings are shown as a function of the virtual photon 
polarization, E .  
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Figure 1. Central kinematic settings measured in Experiment E93018. 

The circles are the seetings used to  perform an L/T separation, the triangles are the 
settings used for measuring the t-dependence for extracting the kaon form factor and 
the stars represent point where only the total cross section was measured. The focus of 
this paper will be the on the total cross section and the L/T separation for the e + p + 
e' + K+ + A reaction; the other topics will be addressed in subsequent articles. 

The experiment was carried out at Jefferson Lab in the Fall of 1996 utilizing the 100% 
duty factor (continuous wave) electron beam with energies between 2.445 and 4.045 GeV 
and currents between 10 and 30 PA. A 4.36 f 0.01 cm liquid hydrogen cell with a pro- 
ton abundancy of 99.8% was used. The scattered electrons were detected in the High 
Momentum Spectrometer (HMS, solid angle 6.7 msr and momentum acceptance 20 %) 
in coincidence with the electroproduced kaons detected in the Short Orbit Spectrometer 
(SOS, solid angle 7.7 msr and momentum acceptance 40 %). The detector stack in each 
spectrometer had four segmented plastic scintillator hodoscope planes used for trigger for- 
mation, time of flight (TOF) and energy loss information; two six-plane multiwire planar 
drift chambers used to perform track reconstruction: gas threshold Cerenkov counters and 
multi-layer, segmented Pb-Glass shower counter arrays (used for electron identification). 
For the specific purpose of identifying kaons before their in-flight decay, the hadron arm 
was equipped with a silica aerogel (for K+/T+ discrimination) and a segmented plane 
of lucite scintillators, operating as total internal reflection Cerenkov counters (for K S / p  
discrimination). Two-inch thick tungsten collimators with large octagonal apertures were 
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used to define the solid angle of each spectrometer. The electron beam current was mea- 
sured (to l % accuracy) using two resonant cavities and a parametric transformer monitor. 
All electron-hadron coincidence events, as well as prescaled electron and hadron singles 
were recorded. The background from the beam interaction with the aluminum walls of the 
target was measured separately with a replica of the (empty) target cell at each kinematic 
setting. 

The typical momentum resolution achieved with this system was 0.1 - 0.2 % while the 
angular resolution, at the target, was of the order of 2-3 mr in both the horizontal and 
vertical directions for both spectrometers. 

The time resolution of the hodoscope scintillators was between 110 and 130 ps, allowing 
for a resolution in particle velocity, ,f3, of Ap = 0.02. The aerogel and lucite detectors 
combined with the time-of-flight information allowed for r/Kf and p / K +  separation of 
better than 1 part in 800, on average. This enabled excellent kaon identification in all of 
the kinematic settings. 

3. DATA ANALYSIS 

As part of the setup/calibration of the experiment, several ‘ H ( e ,  e’) elastic scattering 
settings were measured using both HMS and SOS. Subsequently these measurements were 
compared with Monte Carlo simulation that included the spectrometer-detector accep- 
tance model and Gari-Krumpelman [4] parameterizations for the proton form factors. 
The absolute normalization of the hydrogen cross-section agreed with the simulation to 
fl - 2%, comparable to  the fluctuations between various parameterizations of the e-p 
cross-section. This comparison was an extremely useful test for the spectrometer accep- 
tance, reconstruction efficiency, dead time, and radiative correction procedures used in 
the experiment. In Fig. 2, the data to Monte Carlo comparison for the HMS spectrometer 
is shown (similar results were obtained for SOS). 

,4s expected, the raw data exhibits large pion and proton backgrounds; however, apply- 
ing the particle identification (pid) cuts for the electron (a combination of the threshold 
Cerenkov and Pb-Glass shower counter signals) and for the kaon (aerogel, lucite and TOF 
cuts) yields a clean kaon sample. Figure 3 shows a typical coincidence time between the 
two spectrometers. The “true” coincident kaon peak is defined well, as are the random 
(accidental) coincidence peaks corresponding to the 500 IvlHz microsctructure of the Jef- 
ferson Lab. electron beam. The resolution is of the order of 350 to 500 ps, allowing for 
an excellent real-to-random ratio for all kinematics. The in-time, coincident kaon events 
were used to calculate the missing mass spectrum. This is a crucial step in the analysis 
because it allows for the identification of the A and Eo reaction channels. ( Because of the 
low invariant mass choice, the production of higher mass hyperons is forbidden). Indeed 
in Fig. 4 one can clearly identify two peaks corresponding to the masses of A and Eo 
hyperons, respectively. As proof that the subtraction of backgrounds (target wall con- 
tribution, random events, etc.) is valid, note that the spectrum is very “clean”, with no 
events below the .I threshold. For further calculations, all events in the range 1.100 to 
1.175 Ge‘C-/c2 in missing mass were accepted as valid e + p -+ e’ + I<+ + ;I events. 
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Figure 2. lH(e ,  e') elastic data-to-Monte Carlo comparison for the High Momentum 
Spectrometer (HMS). Histograms of the focal plane quantities (a) x, (b) y, (c) IC', and (d) 
y' are shown. 

4. RESULTS 

Within the one-photon exchange approximation framework, the general differential 
cross section formula for electron scattering from a hydrogen target, where none of the 
initial or final spins are detected, is: 

where l? is the virtual photon flux; UT is the unpolarized (transverse) cross section; OL is 
the longitudinal cross section; a m  is the transverse-transverse interference cross section; 
OLT is the longitudinal-transverse interference cross section; s2,1 is the scattered electron 
solid angle; OK+ is the kaon solid angle; E,/ is the scattered electron energy; E is the 
virtual photon polarization parameter; 4 is the azimuthal angle between the scattering 
and production planes. 

The quantities O T , O L , O ~  and oLT are generally functions of the kinematic variables 
Q2,  the squared four-momentum-transfer of the virtual photon, the total energy of the 
photon-proton system 1.V = [fl, and t = ((I - I<)2, the squared four-momentum-transfer 
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Figure 3. Typical coincidence time spec- Figure 4. Typical missing mass spectrum 
trum for electron-kaon coincidences. Both for the lH(e, e’K+) reaction. Random 
the electron pid and the kaon pid are applied coincidence events as well as the target 
as explained in the text. wall contribution are already subtracted. 

No radiative correction was performed, 
thus the radiative tails projecting towards 
higher missing mass values. 

between the photon and the kaon. The separation of OT and OL is possible by the so- 
called Rosenbluth (L/T separation) technique. The last two terms of Eq. l vanish if one 
integrates over q5 between 0 and 27r. The integration has to  be performed keeping Q2, 
W, and t simultaneously constant. Note that in practice one needs to average over some 
region around 19 = 0 ( I 9  here is the polar angle between the virtual photon and the kaon 
directions) so that the available phase-space for the reaction is non-zero. Repeating the 
procedure for different values of E yields a very simple system of linear equations with the 
longitudinal and the transverse terms of the cross-section as the only unknowns. Solving 
this system (using a least square fit or similar technique) yields the values for UT and UL. 

Following this procedure in experiment E93018, three different E settings were measured 
for each Q2 value. For each kinematic setting, the sample of coincident e + p  + e’+K+++A 
events (identified as described previously) was used to compute the cross section in the 
laboratory frame. Using Eq. 1, the center of mass (CM) cross section was then com- 
puted. The unseparated cross-section is obtained from the CM cross-section integrating 
over 4 and averaging over 8. This was compared with the existing world data on kaon 
electroproduction (Fig. 5) [5-71, the agreement being quite satisfactory. 

The error assigned for this absolute cross section is 5-7% (depending on kinematic set- 
ting) and is dominated by the uncertainties in acceptance (4%), kaon survival probability 
(2%). and radiative correction (1.5-2%). The statistical uncertainty is between 1.0% and 
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Figure 5 .  All existing data for the center 
of mass cross section for the e + p + e' + 
K++A reaction. To make this comparison all 
data were scaled to  W = 2.15 GeV/c?. The 
Jefferson Lab data includes both systematic 
and statistical uncertainties. 

Figure 6. Unseparated OT+-EOL cross sec- 
tion as a function of the virtual photon po- 
larization E for different values of four mo- 
mentum transfer Q2. The error bars rep- 
resent the total uncertainties (5-7%). The 
point-to-point uncertainties are at the 4% 
level (due to the strong correlations exist- 
ing between settings). The line represents 
the best least-squares fit for OT and CTL. 

2.5% for all settings; however the point-to-point random uncertainties, which are the most 
relevant for an L/T separation, are smaller because some of the larger overall systematic 
error sources are correlated strongly between various E settings (such as survival proba- 
bility, kaon absorption, etc.). The point-to-point random uncertainties are estimated to 
be at  the 44.5% level which gives a systematic error in the OL/OT ratio, R, of 25 to 30%. 
Note that this is a factor of three better than the only other attempt to perform an L/T 
separation[l]. In Fig. 6, the unseparated cross-section as a function of E for various Q2 
values is shown together with the best least-squares fit for CTT and oL. 

The data support the existence of a large longitudinal component to the kaon elec- 
troproduction cross-section in this kinematic range for A production. This result is in 
general agreement with existing model calculations[8]. Ongoing analysis will lower the 
point-to-point uncertainties to 3-3.5 % which will reduce the error in R to the 15-20 % 
level. 
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5. SUMMARY 

The first results shown here for the process e + p + e‘ + K+ + A, represent a part 
of an extensive study of elementary kaon electroproduction performed during experiment 
E93018 at Jefferson Lab. The center-of-mass cross-section compares well with existing 
world data. The Rosenbluth separation of the transverse and longitudinal components of 
the cross-section was demonstrated. This measurement is at least a factor of three more 
precise than the previous measurements. The data indicate a strong contribution from 
the longitudinal part of the cross-section. Future work will continue to  refine the L/T 
separation shown here, aiming to minimize the systematic uncertainties for both the A 
and the Eo channels. The t-dependence of the cross-section will be studied also. Detailed 
comparison of these data with various available models is also underway, and will be 
presented in a separate paper. The authors acknowledge the support of the staff of the 
Accelerator and Physics Divisions of Thomas Jefferson National Accelerator Facility. 

This work was supported in part by the US. Department of Energy, Nuclear Physics 
Division under contracts W-31-109-ENG-38, DEFG0591ER40620 , and by the National 
Science Foundation. 
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