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We report measurements of cross sections for the reaétige,e’ K )Y, for both theA and>° hyperon
states, at an invariant mass\df=1.84 GeV and four-momentum transfers €6%<2 (GeV/c)2. Data were
taken for three values of virtual photon polarizatienallowing the decomposition of the cross sections into
longitudinal and transverse components. Thalata are a revised analysis of prior work, whereasXfe
results have not been previously reported.
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[. INTRODUCTION providing information on the elementary production reaction,
such data will also be a benchmark for future investigations
Electromagnetic production of strange baryons has lon@f hyperon-nucleon interactions with nuclear targets.

been of interest because of the fact that such data can provide In this paper, we present new cross section data on
unique information about the flavor dependence of nucleotthe reaction *H(e,e’K*)3° from Jefferson Lab experi-
excited states, eventually leading to a better understanding afient E93-018, which were acquired at values of the square
the theory of QCD. Unfortunately, progress in understandingf four-momentum transferQ?, between 0.5 and 2.0
the production mechanism has been slow, in no small paitGeV/c)?. At each value of)?, cross sections were obtained
because of the lack of high quality data. With the recentat three different values of the virtual photon polarizatin
availability of a high quality, continuous electron beam atallowing a separation of the cross section into its longitudinal
Jefferson Laboratory, precise new measurements are nofk) and transvers€l) components. Results for thiechannel
achievable over a wide kinematic rande2]. In addition to  were previously reported in Refl]. However, in order to
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t K FIG. 1. Examples of Feynman

diagrams for kaon electroproduc-

yV
K n{K*} tion considered in the isobaric
: :: models. The couplings in the
channel (k.. etc) are shown
p

explicitly. Note that thes-channel
Y processes involving A*  reso-

nances are forbidden by isospin

conservation forA production.

p Y

u-channel:

provide an internally consistent comparison between the two Theoretical models all attempt to reproduce the available
reaction channels, we also present a reanalysis oltbata.  data from both kaon production and radiative kaon capture,
The differences between the two analyses will be discussedhile maintaining consistency with $8) symmetry con-
in detail in Sec. IV: here we use a direct comparison of thestraints on the coupling constans,6]. The energy regime
experimental data to simulated yields in order to extract theaddressed by these models is low enough that they are for-
cross section. The result is a significantly smaller longitudi-mulated using meson-nucleon degrees of freedom. The most
nal contribution and a weak&? dependence than was pre- recent theoretical efforts can be divided into two categories,
viously reported. After a brief introduction and a detailedisobaric models and those that use Regge trajectories.
description of the experiment and analysis, the data will be The approach taken in the isobaric models is to explicitly
compared to isobaric models of meson electroproduction dezalculate kaon production amplitudes from tree-legied.,
scribed below. only one particle exchanggegrocesses. A typical selection
Exploratory measurements of kaon electroproductiorof diagrams considered is depicted in Fig. 1. For example,
were first carried out between 1972 and 1939]. In Ref.  Davidet al.[7] sum overs-channel nucleon resonances up to
[3] the longitudinal and transverse contributions tothand  and including spin 5/24-channel hyperon resonances of spin
3.9 cross sections were separated for three valu€’offwo  1/2, andt-channel kaon resonanck (892) andkK1(1270).
values ofe were measured for each kinematic setting withIn the Williams-Ji-CotancfWJC) model[5], a different se-
relatively poor statistical precision, and the uncertainties inection of s andu channel resonances is includésbth lim-
the L/T separated results were large. In Ref], the mea- ited to spin 3/2. Mart et al. [8] include the lowest lyinds-
surements were focused on pion electroproduction, but andP-wave resonances, plus an additional reson&ngdor
sample of kaons was also acquired, from which cross seahich there appears to be evidence from kaon photoproduc-
tions were extracted. These measurements provided the firson [9], although alternative interpretations of the data have
determination of the qualitative behavior of the kaon crosseen put forth in Refd.10,11].
sections and were the basis for the development of modern The various isobaric models share the property that they
models of kaon electroproduction. initially include only spin 1/2 baryonic resonanogithough
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the specific resonances diffesind determine the remaining
coupling constants from performing phenomenological fits to
the data. The coupling constants, which are the parameters of
the theory, are not well constrained due to the lack of avail-
able data. Because of this, one sees differences in the various
models for quantities such ag,n. One issue that these
differences reflect is that the various models disagree on the
relative importance of the resonances entering the calcula-
tion. Further details on the various isobaric models can be
found in Refs[5,7,12,13.

Models based on Regge trajectorjdg] were developed
in the early 1970s to describe pion photoproduction data, of
which there is a relative abundance. This approach has re-
cently been revisited by Vanderhaegen, Guidal, and Laget
(VGL) [15]. Here, the standard single particle Feynman g 2. pefinition of the kaon electroproduction reaction. Note
propagator 14— m?) is replaced by a Regge propagator thatihe azimuthal anglep between the scattering and reaction planes
accounts for the exchange of a family of particles with thewith respect to the direction of the virtual photon.
same internal quantum numbdis5]. The extension of the
photoproduction model to electroproduction is accomplisheditate, the approach to 0 is expected to be more rapid. Mea-
by multiplying the gauge invariarttchannelk andK* dia-  surement of ofo(2%/o(A) over a broad range ok

grams by a form factofthe isobaric models such as WJC may provide information about the intrinse content of the
also include electromagnetic form factors; however, theproton.

functional forms used differ between modgfs12]). For the
VGL model this is given as a monopole form factor,

K +
proton target

Reaction Plane

Scattering Plane

Elementary kaon electroproduction

The elementary kaon electroproduction reaction studied
—, (1)  here,e+p—e +K*"+(A or 39, is shown in Fig. 2. An
1+ Q%A s incident electror(e) with lab energyE scatters by radiating a
virtual photon (y,). The scattered electrore/) travels at a
whereA? .. are mass scales that are essentially free paranpolar angled, in the laboratory frame with respect to the
eters, but can be fixed to fit the high? behavior of the dlrectlpn of the |nC|dent_ beam, defining the scattering plane.
separated electroproduction cross sectiansand o . For ~ The virtual photon carries momentuqand energyv, and
both the isobaric and Regge approaches, precise experimgfieracts with a target proton to form a kaok () and a
tal results for longitudinalitransverse separated cross sectiofyPeron {f, here either a\ or 2. The kaon travels at a
are important for placing constraints on the free parameterBolar anglefqx in the laboratory frame with respect to the
within the models, hopefully giving insight into the reaction virtual photon direction and is also detected. The reaction
mechanisms. plane, defined by the produced kaon and produced hyperon,
An additional motivation for performing measurements of Makes an angle with respect to the scattering plane.
L/T separated cross sections in kaon electroproduction is to The exclusive fivefold differential electroproduction cross
determine theQ? dependence of th&* electromagnetic section can be expressed in terms of a virtual photoproduc-
form factor. If it can be demonstrated that is dominated tion cross sectiom®o/dQy multiplied by a virtual photon
by photon absorption on a ground state kaon,l{ﬁeform flux faCtOfrO [21] The cross section is written in terms of
factor can be extracted through a measurement ot thee  the scattered electron energy, electron laboratory frame
pendence of the longitudinal component of the cross sectiorsolid angledQ;=d cosfd¢,, and kaon CM frame solid
This technique has been used to determinestieelectro- angledQg=d cosa’(;quS as
magnetic form factor, including a recent new measurement
[17]. While it may not be possible to extract the kaon form d°c L d’o
factor from the data presented here, it is the subject of other m: o(E".Qe) dO*
e K K
recently completed measurements at Jefferson Laboratory
[18]. with
Finally, historically there has been interest in the ratio of
39/A transverse cross sections, which is linked to contribu-
tion of sea quarks to nucleon structyre9,20. Within the o X
| S To(E', QL)
context of the parton model, isospin arguments would lead 2
one to expect th&% A transverse cross section ratio at for-
ward kaon center-of-momentuf@M) angles to approach 0 Here the CM frame is that of thevirtual photon+ pro-
with increasing Bjorkerx if the kaon production mechanism ton) system, and the CM frame counterparts to laboratory
is dominated by the photon interacting with single valeance variables will be denoted with an asterisk superscript. In this
quark. When sea quarks are included in the nucleon’s initiaéxpressiong is the fine structure constant=(1/137), mj is

FK,K*(QZ):

2

(W-m)E" 1 1
2m, E Q?2(1-¢)°

3
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TABLE I. Kinematical settings measured in E93-018. Note that there are three settings of the virtual photon polarfeagach of the
four values ofQ?. Data were taken in thAd and=° channels simultaneously. For ease of discussion, the settings have been labeled as point
1 through point 12 in increasing order @, and with increasing order of within eachQ? setting. The quantitiesRys, fuvs) and
(Psos, 0509 are the central momentum and angle settings of the two spectrometers used for electron and kaon detection, respectively.

No. (Q% (W) (€) E Phms Onms Psos fsos
[(GeV/c)?] (Gev) (for A) (GeVv) (GeVic) (GeVic)

1 0.52 1.84 0.552 2.445 0.833 29.27° 1.126 13.40°
2 0.52 1.84 0.771 3.245 1.633 18.03° 1.126 16.62°
3 0.52 1.84 0.865 4.045 2.433 13.20° 1.126 18.34°
4 0.75 1.84 0.462 2.445 0.725 37.95° 1.188 13.42°
5 0.75 1.84 0.724 3.245 1.526 22.44° 1.188 17.62°
6 0.75 1.84 0.834 4.045 2.326 16.23° 1.188 19.75°
7 1.00 1.81 0.380 2.445 0.635 47.30° 1.216 13.40°
8 1.00 1.81 0.678 3.245 1.435 26.80° 1.216 18.20°
9 1.00 1.81 0.810 4.045 2.236 19.14° 1.216 20.78°
10 2.00 1.84 0.363 3.245 0.844 50.59° 1.634 13.42°
11 2.00 1.84 0.476 3.545 1.145 41.11° 1.634 15.67°
12 2.00 1.84 0.613 4.045 1.645 31.83° 1.634 18.14°
the proton mass)V is the total energy of thévirtual photon Il. EXPERIMENTAL APPARATUS

+ proton system,Q? is the square of the four-momentum
transfer carried by the virtual photon, alds the polariza-
tion of the virtual photon, given by

Data collection for experiment E93-018 took place in Hall
C of Jefferson Lab in 1996. A schematic top view showing
the relation between the spectrometers and the beamline/
target chamber is depicted in Fig. 3. The continuous wave

1 (100% duty factor electron beam delivered to Hall C con-
€= W (4) sisted of 1.67 ps micropulses spaced approximately 2 ns
1+2—tarf—
Q? 2

whereq is the virtual photon three-momentum.
Because the beam and target were unpolarized, and no

outgoing polarization was measured, the virtual photopro- N
duction cross section can be decomposed into four terms: *
d?c High Momentum
= O'T"f‘ EO'L+ \/2€(€+ 1)O'|_TCOS¢+ EO'TTCOS 2¢, Spectrometer

*
dQ K (electron arm)

(5 ’

where o is the cross section due to transversely polarized
virtual photonso is due to longitudinally polarized virtual Short Orbit
photons, ando + and o7 are interference terms between S('f;;rn‘);i:‘;r
two different polarization states. If one integrates the cross

section over all¢ € (0,27), the interference terms vanish

leaving only the combined contributions from the transverse §Yo@reet

i i : . (4 cm liquid hydrogen)
and Iong|tUd|naI Cross SECtIOI‘BT-I— €T . By measuring the (or 4 cm dummy target)

Beam Position Monitors

cross section at several values of the virtual photon polariza- _

tion €, the cross sections; and o can be separated. The '1‘22?'

experimental setup described here was such that at each of Fast (target) raster

the four values ofQ?, the full range in¢ e (0,27) was ac- Beam Current ! —

cessible at three different values of the virtual photon polar- I []

ization €, as listed in Table I. The data were fitted using the -

linear dependence betweea(+ €o| ) ande. The intercept FIG. 3. Schematic top view of Hall C spectrometer setup show-
and slope of the fitted line were used to extragtando| for  ing the location of the HMS and SOS relative to the target and
eachQ?, for both theA and3.° channels. incident beam.
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TABLE Il. Selected properties of the HMS and SOS. TABLE Ill. Systematic corrections and errors in the E93-018
analysis.
HMS SOS
) Property Typical Random Scale
Maximum central momentum 7.5 Gew/ 1.75 GeVt correction  erro%) error (%)
Momentum acceptance +10% +20%
Angular acceptancén plane +28 mrad +57 mrad HMS tracking efficiency 0.91-0.98 0.5
Angular acceptancéout of plang +70 mrad +37mrad  SOS tracking efficiency 0.83-0.93 1.0
Solid angle(4.36 cm LH targe} 6.8 msr 7.5 msr HMS trigger efficiency 1.0 0.1
Optical length 26.0 m 7.4 m SOS trigger efficiency 1.0 0.1
Coincidence efficiency 0.950-0.985 0.5
TOF B cut efficiency 0.96-0.99 0.7
apart arising from the 499 MHz rf structure of the accelera-HMS elec. live time 0.996-1.000 0.1
tor, with beam energies between 2.4 and 4 GeV. The primargOSs elec. live time 0.973-0.990 0.1
target was a (4.360.01) cm long liquid hydrogen cryotar- Computer live time 0.91-1.00 0.3
get with 0.01 cm aluminum end windows. Background fromCointime cut efficiency 1.0 0.1
the end windows, always less than a few percent, was meatms Cerenkov efficiency 0.998 0.2
sured (and subtractgdusing an aluminum target with ap- aerogel cut efficiency 0.974 0.3
proximately ten times the thickness of the target windowsyus acceptance 20
The integrated beam current (10-4A®) was measured t0 g5os acceptance 20
an accuracy of 1.5% using a pair of microwave cavities cali yariation 0.7-3.1
brated with a dc current transformer. In order to reduce targeg, oss section model 0.9-1.1 05 20
density flyctuatlons arising from beam heating, the beam wag _ jiative correction 10 10
rastered in a X2 mn? square pattern at the entrance to theCut variation fny) 05
target. . . Uncertainity iné 0.3-1.3
The scattered electrons were detected in the high momern- A
L cceptancradiative 1.2-14
tum spectromete(HMS), consisting of three superconduct- correction
ing quadrupole magnets in sequence followed by a supercon; absorption 0.94-0.97 05 05

ducting dipole, followed by a detector package situated neay

the focal plane of the optical system. The electroproduce aon decay 2.5-4.0 1.0 3.0

R
kaons were detected in the short orbit spectrom(g@g, ~ DScay produce®™ mimic  0.990-0.995 0.5
The SOS is a nonsuperconducting magnetic spectrometdf"9€t length/density 0.4
with one quadrupoléQ) magnet followed by two dipoledy ~ 'arget density fluctuation 0.992 04

= Target purity 0.998 0.2

andD) which share a common yoke. It was designed with aChar e measurement 15
short flight path in order to allow for detection of unstable, 9 '
short-lived particles, such as kaons or pions, with good effi—TOtaI 25-4.0 50
ciency. Selected properties of the two spectrometers are
listed in Table 1. beam energy to yield particle trajectories, momenta, veloci-
Both spectrometers were equipped with multiwire drift ties, energy deposition, and to perform particle identification.
chambers for particle tracking and segmented scintillator hoPhysics variablegsuch asQ?, W, 6., px , Ogk» - - - ) Were
doscope arrays for time-of-flighfTOF) measurement and determined for each event at the interaction vertex, and then
trigger formation. Additionally, the HMS had a combination yields of electroproduced kaons as a function of a given sub-
of a gas-filled threshold €&@enkov detector and a lead-glass set of these variables were calculated.
calorimeter fore/7~ separation, while the SOS had a dif-
fusely reflecting aerogel thresholde@nkov detector r( A. Kaon identification

=1.034) for the purposes df*/«" separation. A lucite In the SOS spectrometer, the velocities of the detected
Cerenkov detector was also in the detector stack. It was Nqfarticles were calculated using the timing information from
used in the trigger or in the present analysis, but was inyhe scintillator hodoscopes. Once the velocities were deter-
cluded when determining the energy loss of the kaons pasgyined, two additional software cuts were implemented to
ing through the detector. Detection efficiencies in both specze|ect kaons out of the proton and pion backgrounds: a direct
trometers were dominated by the track reconstruction ¢ on the velocity as measured from TOF information
e.fficigancy, with additonal gmgll losses QUe to the COi”CidenC‘?calledﬁTOF), which eliminated the protons and the majority
circuit and the data acquisition dead tirtsee Table I1]. of the pions, and a cut on the number of photoelectrons de-
tected in the aerogel&enkov detector which eliminated the
remaining pions. The cut oo Was implemented as a cut
on the quantity Bror—Bk), WhereBy is the velocity of the

The raw data were processed and combined with addidetected hadron as determined from the measured momen-
tional experimental information such as the momentum andum under the assumption that the incident particle was a
angle settings of the spectrometers, detector positions, arkhon, defined as

IIl. DATA ANALYSIS
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0,15
3s00 | Protons pions
0.1 -
3000
_0.05 -
b4
2500 “Q kaons
0 s O
= (<ol
Ezooo ~
=}
© -0.05 -
1500
=0-1 " protons
1000 Gl
" -0.45-
500 .
K 0 S S S S A
-15 -10 -5 0 5 10
b P L L . H H H
007 —015 —01 —605 0 o606 o o3 oe SOS corrected coincidence time (ns)
(Bror— Bg) SOS FIG. 5. Plot of (3tor— Bk) VS SOS corrected coincidence time.

Visible are three horizontal bands corresponding to protons, kaons,

and pions. The coincidence time offset is chosen such that the in-

time kaons appear at 0 ns. The correlation between coincidence

time and B1or— Bk) in the proton bands reflects the range of pro-

ton velocities that could create a random coincidence with the elec-
Ip| Ip| tron arm within the trigger timing window.

Bx="E NEET A (6)

The unshaded spectrum in Fig. 4 shows the quantit
(Btoe— Bk). In the analysis, a cut was placed |[@or
— Bk)|<0.04.

The second cut was on the number of photoelectrons d
tected in the aerogel&enkov detector. This eliminated most

FIG. 4. A typical Bror— Bk spectrum for the SOS, shown with
(shaded and without(unshadegla software aerogel cut. The data in
this figure and Figs. 5 and 6 are from kinematic point 2.

After applying the Bror—Bk) and aerogel cuts, the dis-
ribution shown in Fig. 5 reduces to that shown in Fi¢p)6
n Fig. 6(b) the one-dimensional projection of the upper half
is shown. The in-time peak dominates over the purely ran-
ed_om coincidences. The data were cut on the coincidence time

of the remaining background pions that the;e—Bx) cut 015
did not reject. The(very few) pions that survived both of o1r
these cuts were eliminated by the subtraction of the random __ %% [

background(see following section The shaded region in o« Of |:| |:| |:| |:| |:|
Fig. 4 shows what remains after applying a cut requiring less ~ ~0-05 [
than 3.5 photoelectrons in the aerogel detector. @ 0Th
~0.15

B. Coincidence cuts B T AN - S—

The relative timing between the HMS and SOS signals 250

was used to identify true kaon-electron coincidences. This i 7
coincidence time was corrected to account for variations in 200 |-

flight time arising from variations in particle velocity and g 150 |
path length through the spectrometers. An arbitrary offset 3

. . Qo
was added such that events in which the electron and kaon © 100 |-

originated from the same beam bunch would have a time of 50 [

0 ns. Figure 5 showsAroe—Bk) for the SOS plotted versus i " N n

the corrected coincidence time for a single run, without hav- e TR T Eaer - -
ing applied the previously described kaon identification cuts.
Three horizontal bands of electron coincidences with pro-
tons, kaons, and pions are clearly identified, with the in-time 1. 6. The upper panel shows{or— Bx) vs SOS corrected
pion and proton peaks offset from the in-time kaon peak bycgincidence time, after applying cuts ofor— 8x) and the aero-

at least one beam bunch. Random coincidences, resulting. The single boxed region to the right is the in-time peak, and the
from an electron and hadron from different beam bunchesive boxed regions to the left contain random coincidences. The

have a coincidence time that is offset from the in-time peakower panel shows the one-dimensional spectrum of SOS corrected
by a multiple of~2 ns. coincidence times corresponding to the upper panel.

SOS corrected coincidence time (ns)
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4000 ; ; result, a large fraction of the kaons created at the target decay
- ‘ ‘ into secondary particles before they can be detected. The
3500 survival fraction of the detected kaons is
3000 Ndetected Mg d
- N e~ ot )’ (8
E 2500 - at target K
3
2000 |- where d is the distance traveled to the detector and
~12.4 ns £€7~3.713 m) is the mean lifetime of a kaon at
1500 b rest[22]. The survival fraction varied between 0.25 and 0.4
for the range of kaon momenta detected here. Although the
1000 L mean kaon decay correction is large, its uncertainty is small
because both the kaon’s trajectory length and momentum
so0 L were acc_urately deter_mined event by event by the SOS track-
ing algorithm. An additional few percent correction was ap-
plied to account for the possibility that the decay products
Sl rrw I might actually be detected, mimicking an otherwise lost kaon

N U A S A N

105 1.075 1.1 1.125 115 1175 1.2 1.2251.251.275 1.3 ayent. This correction was estimated through the use of a
Missing Mass (GeV) Monte Carlo simulation of the six most likely decay pro-
cesses as listed in Rdi22]. Further details regarding the

FIG. 7. An example of a missing mass spectrum fordata analysis can be found in RE23].

'H(e,e’K™)Y showing theA and3° peaks and radiative tails. The
vertical dashed lines are located at the acceptethd>° masses.
Note that this spectrum has already been corrected for random and IV. MONTE CARLO SIMULATION
target endcap yields.

In order to extract cross section information from the data,
around the peak, gtointimgS09|<0.65 ns. The random a detailed Monte Carlo simulation of the experiment was
background was estimated by averaging over five bunches @eveloped. The code was largely based on that developed in
the left of the in-time peak, and then subtracting it from theref.[24], which used the plane wave impulse approximation
in-time yield to give the true kaon electroproduction yield. y model A(e,e’p) for various nuclei. The simulation in-
cluded radiation, multiple scattering, and energy loss from
passage through materials. It was updated with optical mod-

Once truee-K coincidences were identified, the missing els of the HMS and SOS spectrometers and compared in
massmy of the produced hyperon was reconstructed fromdetail with Hall C (,e") and (e,e’p) data. For the present
measured quantities as analysis it was additionally modified to simulate kaon elec-

troproduction as well as kaon decay in flight. In the discus-
my=— Q%+ mg+2vm,— 2E(v+m,)—2d-px, (7)  sions that follow, the term “data” always refers to the mea-
sured experimental data yields, and the term “MC” always

where € ,px) is the kaon four-vector, andy(q) is the refers to the simulated events and yields.
virtual photon four-vector.

Figure 7 is a histogram of the calculated missing mass,
showing peaks at tha and>° masses. The tail sloping off
toward higher missing mass from each peak is due to the In the MC event generator, a random target interaction
effects of radiative processes. A cut of (1.¥0®,<1.155)  point is selected, consistent with the target length and raster
GeV was used to identify events with/in the final state, amplitudes. The beam energy is then chosen about a central
and (1.188:my<1.230) was used for the® final state. The  (input) value with a resolutiom E/E==0.05%. Events are
fraction of events lost due to the cut were accounted for ifandomly generated in the phase space including the spec-
the data/Monte Carlo ratio used to determine the cross se¢tometer angles and electron momentum, from which the
tion. The 3° analysis also required subtraction of the laboratory quantitePe, 6e, ¢e, Ok, and¢ are computed.
events in the radiative tail under tB& peak. After applica- From the distribution of events, the phase space factor
tion of all cuts and identification of truéH(e,e’K*)Y  AVge=AE’'AQ/AQ, is also computed. Each event is gen-
events, the measured yields were corrected for losses due @sated with unit cross section, with limits that extend well
detection efficiencies, kaon decay, and kaon absorptioReyond the physical acceptances of the spectrometers even
through the target and spectrometer materials. A summary dffter the effects of energy loss, radiation, and multiple scat-
these corrections and their associated errors can be found i@ring. From the scattered electron laboratory variables, the
Table III. invariant quantitie®? andW can be completely specified, as

One of the largest corrections arose from the fact thawell as the kaon CM production anglﬁ,(, and the virtual
kaons are unstable and have a short mean lifetime. As photon polarizatiore.

C. Missing mass reconstruction

A. Event generation
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4000 F
3500 |
3000 |
2500 |
2000 |
1500 -

1000 -
500 . FIG. 8. Yield spectrum of missing mass com-

c1)409 1.1 111 112 143 1,14 {115 1,16 1.17 paring MC (solid line) to data (crosses for
'H(e,e’K™)A, on both linear(top panel and
logarithmic (bottom panel scales, normalized by
the extracted cross section. The data are from ki-
nematic point 9.

weighted yield
)

o
llllllN T T LTI

LEOJN PPN TRTTNE P00 AT NPUrITOrI TRTTTTIN AP
1.09 1.1 111 112 113 1,14 1,15 1,16 1.17

Missing Mass (GeV)

For the kaon side, the hyperofi=(A,2°) being gener- data is quite good. The missing mass cut used to defina the
ated is specified in the Monte Carlo input file. Because th€1.100<m,<1.155 GeV) was sufficiently wide that the ex-
kaon-hyperon production is a two-body reaction, the mo4racted cross section was insensitive at the level of 0.5% to
mentum of the outgoing kaon is fixed by knowledgémfln  variations in the cut.
the CM frame this relationship is Figure 9 shows the sequential effect of placing the cuts on
the experimental data from a single run. In the analysis, all of
the cuts were systematically varied and their effects on the

2

W2+ mg —mé
|p§|=\/($ —~mg. ©)

The remaining components of the kaon four-vector can be _
determined using the kaon CM anglegg,¢). In the = - 5
Monte Carlo code, the laboratory kaon momentum is insteads 115 g -
computed, from which CM quantities at the interaction ver- 3105'; =22 ? < £
tex are calculated. The Jacobian that relates the kaon CM& ol | = g B %;0 =
solid angleAQ§ to its laboratory counterpart is also speci- S; E = & ‘g s 2
fied since the reported cross sections are in the CM frame. & g § alrE | ~ g § -

The radiative correction routines supplied in the original 3 g sl5|5] u? 3 € 8§
(e,e’p) code of Ref[24] were based on the work of Mo and © (2 S < 5 g3 ¢
Tsai[25], extended to be valid for a coincidence framework. 10%F ‘§ £ (,EJ s(I21e S fg § 8% oo %D
Details of the corrections are documented in R26]. The 2 é) = é) =152 7 % %8 CICE-
procedure outlined in this reference was implemented for =
guasielastic proton knockout. In the present work, the same s k2=l a@
procedure was used with two modifications to consider kaon 2 RIZRIBIRICIISIRIEIS £ 5 T‘]‘
production: the mass of struck and outgoing particle was SRIFIFIFIRIFISIRRIS = 2 <k
changed tany . This is appropriate for the pole contribution 101— |_||_||_|
to the radiation, and better reproduces the data. In addition, ] AP 1 A A O A A )
the vertex reactions were modified to follow a parametriza- o 2 4 6 8 10 12 14
tion of the (e,e’K) cross sectioridiscussed below Events surviving consecutive cuts

Figure 8 shows the cross section weighted MC calculation
of its yield, including the radiative taisolid line), plotted on FIG. 9. Histogram showing the cumulative effects of applying

top of the measured datarosses on both linear and loga- the cuts(note logarithmic scale Shown are the number of counts
rithmic scales. Although the resolution of the MC peak issurviving after applying the cuts as indicated from left to right,
slightly narrower than that of the dafa result of the spec- resulting in a final yield of 77& and 25%°. The data are from one
trometer mode| overall the agreement between the MC andrun of kinematics 3.
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TABLE IV. Fiducial cuts placed on both the data and Monte
Carlo in determining the data/MC ratio. Additional cuts, as de-
scribed in the text, were placed on data quantities, such as the
number of aerogel and gasefenkov photoelectrons, coincidence

time, and kaon velocity.

SOS momentum

HMS momentum

HMS out-of-plane angle
HMS in-plane angle
SOS out-of-plane angle
SOS in-plane angle
Aerogel X (dispersion direction
Aerogel Y

Missing mass cutA only
Missing mass cuty, only
Bk cut

kin 1/2/3

kin 4/5/6

kin 7/8/9

kin 10/11/12

|AP /P <17%
|AP./P./<8%
|dx/dZ|,4us<0.08 rad
|dy/dz],;us<0.04 rad
|[dx/dz| 50s<0.04 rad

|dy/dZ 50<<0.07 rad

—49.0 cm<X<<46.0 cm
—14.0 cmxY<18.0 cm
1.100 Ge\kmy<<1.155 GeV
1.180 Ge\kmy<<1.230 GeV

10/11/12°
10/12/14°
10/12/14°
12/14/16°

PHYSICAL REVIEW C67, 055205 (2003

C d?c
1—‘IO(E 1‘Q‘e)

YMC:LHJ’

X

dO

A(d*V)R(d®V)dE'dQ.dOQ . (12

*
K
i)

In order to eventually extract cross sections by compari-
son with data, the MC yield was weighted by a cross section
model that combines a single global factey, representing
the cross section at specified values @f, W [denoted
(Qé, Wy)], and 0;K=O°, with a function representing the
event-by-event variation of the cross section across the ex-
perimental acceptance. Tif, behavior was represented by
a variation int, with 63,,=0° corresponding to the minimum
accessible value df denoted ,;,. The cross section model
was based on previous data. This procedure is equivalent to
replacing the cross section in EQL2) with the factorized
expression

fQ(QZ)fW(W)ft(t)

d’c
* EUOX 2 !
: - _ dQk fo(Qo) fw(Wo) fi(tmin)
cross section noted. The standard deviation of the resulting
cross sections was used as an estimate of the systematic e ore the various functions will be described below. The

on the quoted C';OSS section due o each cut. With Fhe EXC€ata constrain the choice of cross section models to those
tion of a cut ondy , the cut values used were not kinematic

(13

dependent and are listed in Table IV.

B. Equivalent Monte Carlo yield

with relatively little variation inQ?, W, or t across the ac-
ceptance. As a result, the extracted cross section is not very
sensitive to detailed behavior of the model.

The integral in Eq(12) is evaluated numerically via the
Monte Carlo simulation, with each Monte Carlo event being

The equivalent experimental yield given by the MC cangpiropriately weighted with the radiative corrections, virtual

be expressed as

YMc:LHf

X

*
K

dOy

d®c

dE’'d0.dO}

)A(dSV)R(dSV)dE'ngdQK, (10

photon flux, and the@®?,W,t) dependent terms of the cross
section model. The influence of the acceptance funcfion
arises through the fraction of generated events that success-
fully traverse the spectrometers and are reconstructed.

The MC equivalent yield then reduces to

(number of MC successggighted
number of MC tries

(14)

Yue=LyXopX Avge(

whereL , is the experimental luminosity is the acceptance and by adjustment ofr, such that the yields of MC and

function of the coincidence spectrometer setup, Brigl the

measured data are equaé., Yyc= Ypad, the cross section

radiative correction. The experimental luminosity is given by ; - at the specified kinematics is determined.

Ly=CesN beantht )

(11)

C. Cross section model

The previously existing data were used to account for the
cross section behavior across the acceptance. In Batalk
[3], where cross sections agK:0° were presented, the be-

whereC, is a multiplicative factor containing all the global hayior of the cross section was parametrized as

experimental efficienciegsuch as the tracking efficiency,
dead times, et andNpeamand N are the number of inci-
dent electrons and the number of target nucleons/aer

spectively.

Substituting the virtual photoproduction cross secfigg.

(2)] for the full electroproduction relation results in

2

o
NfQ(QZ)XfW(W)a (19

dQk

where

055205-9



R. M. MOHRING et al. PHYSICAL REVIEW C 67, 055205 (2003

450

(@)= —— (16 :

Q (Q2+X)2 a00 F

with X=2.67 for theA channel, an&k=0.79 for theX°, and 350 |

[ 300 |

fw(W)= ————-. 17 " i

W(W?—mj, RN

( p) % 250 2

In a recent analysis of another set of kaon electroproduc- © !

tion data[27], it was shown that data at values\&fnear the 200 ¢

production threshold for th& cross section were not accu- -
rately reproduced by the/ dependence in Eq17). In that 150 e

analysis, a function of the following form was proposed, _
motivated by the hypothesis that there are possible resonance %0 | ol
contributions to the cross section at lowa&fr s [ ! " E,

A?B? ; .

(18 o Luatitraa’ ) 1 1 1 P

2_ A2)\2 2R2 09 0925 095 0975 1,025 1,05 1,075 1,1

(W=A%)“+A°B . . .
fractional change in cross section

fred W)=C1f(,(W)+C,

with A=1.72 GeV,B=0.10 GeV,C,=4023.9 GeV nb/sr,
andC,=180.0 GeV nb/sr. This modified function was used
here for theA channel. In the channel, no such modifica- an
tion was found to be necessary to fit the existing data, so the
original Bebek parametrization was used.

The 6% behavior was estimated using the results oft-dependent function in E@23). Cross sections are thus pre-

FIG. 10. The cross section variation compared to its central
value for the three values efat Q>=0.52 (GeVt)? (points 1, 2,
d3.

Brauelet al. [4], sented not at fixed values bbut instead at,i,(Q?,W).
Figure 10 shows a histogram of the variation of the cross
s d%c el (19 section weighting factor about its central value, on an event-
dtd¢ ’ by-event basis corresponding to the three values aff the

o . Q2= 0.52 (GeVk)? setting. The variation is largest at this
where §=2.1 for the A, and §=1.0 for theX”, with the  |owest Q?, and is essentially always less thar8%. The
Mandelstam variable defined as dependence of the extracted cross section on various devia-

tions to this model was investigated in depth and the maxi-
t=—Q*+mg— 2% v* +2|g*|[pk|cost, (20 mum observed effect was 2.30/%. P

where E ,px) is the kaon four-vector in the CM frame, and
(v*,q*) is the virtual photon four-vector in the CM frame.
Using Eq.(20) one can relate thebehavior to thedgy be-
havior as As discussed in the Introduction, the cross sections for the
A channel which are presented here are significantly differ-
ent from the earlier published data of REf]. There are four

D. Differences from the previous E93-018 analysis

flog0=15_e 2lq*(Ipk)- @1 main differences between the two analyses, three of which
are somewhat trivial in nature. The first two have little influ-
At 0§K=O°, the variable becomed,,;, given by ence on the unpolarized cross sections but are epsilon depen-
dent and therefore do affect théT separated data. First, the
tmin= — Q%+ m&—2Ex v* + 2|q*||pi |, (22)  radiative correction factors applied in Rgt] were assumed
o ) to be constant for each kinematic setting at fixed,
resulting in a functional form of whereas they in fact vary by about 5% witgh Second, in

Ref.[1] it was assumed that the contributions from the inter-
ference structure functions + and o1t cancel within the
acceptance and so no cut.ﬂjK was applied. Since the ac-
(23 ceptance ise dependent, this assumption introduces an
e-dependent biagWith no 0;‘,( cut, the ¢ acceptance is not
Note thatt,;, is a function ofQ? andW through its depen- uniform, and the interference terms will give a net contribu-
dence onv*. tion to the cross sectionln the analysis presented here, such
In order to extract cross sections at the specific value o cut was applied, and for each kinematic setting it was cho-
ax="0°, each event in the MC was weighted by Béand sen as a compromise between optimizing the uniformity of
W functions [defined in Egs.(16)—(18)], and by the the ¢ coverage and minimizing the effect of the cut on the

ORI

= :eff(ltlf‘tminl):f t—tin).
fi(tmin) f(@a‘Kzo") il min)
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extracted cross sections. Since ihalependence of the ac- V. RESULTS
ceptance arises naturally in the MQ’ helependence Of. the The data and MC were binned i in order to study the
acceptance was mostly removed in the data/MC ratio, and : - .

effect of potential contributions from the interference terms

any re.3|dual dependenpe was attributed to the mterferen(;[% the extracted cross sections prior to carrying outlthe
terms in the cross section.

Finally, in Ref.[1], a Jacobian to convert kaon momentum separation. Cross sections were extracted by forcing the ratio

o . of data to MC yields to be unity through adjustment of the
to missing mass 1n the_ Iaboratpry sygtem was erroneouslxvera” normalization factowsy in the MC bin by bin. After a
applied. Th? ""?"“e of this Jacobian varied w@fi from 1.95 first pass through the analysis, both the data and MC yields
to 2.8, but its influence was largely cancelled by the fourtf\N s

difference which comes from how the phase-space accepgqyjated in each bin, yielding a zeroth order cross section
tgnce for the detected kz_aons was hand!ed. This last contribya, that bin. The procedure was then iterated, applying the
tion could have a bearing on comparisons of the data regyracted — 1)th order cross section as a weighting factor
ported here with calculations and with other kaonfor the yields in eachs bin using the generated values of the
electroproduction experiments. MC ¢ as the bin index. Typically the extracted cross section
In principle, in a simulation of the‘H(e,e’K)A reac-  stabilized to within 0.1% of its value in three iterations.
tion with the missing mass held fixed, and at fixed kaonThese final bin-by-bin values were fitted to a constant plus a
production angle in the laboratory, there are two solutions ttharmonic ¢ dependent function of the fornA+B cos¢
Eq. (9), corresponding to forward and backward going kaons+C cos 24 in order to extracA= o1+ eo| . Note that with a
in the CM frame. The analysis of Rdfl] made the funda- single ¢ bin, the ¢ dependence should naturally cancel if the
mentally correct assumption that either of the two found so- acceptance is uniform. This was true provided that the
lutions is possible. This is true in general, and is an approaccepted events are restricted to forward valuegjpt The
priate assumption for a kaon electroproduction experiment irextracted cross sections from a single bin¢gncompared
a large acceptance device. However, it is inconsistent withwith eight bins were unchanged at the level of 0.5% for the
the generally biased preference to detect the “forward”-A channel and at the level of 1.5% for thg channel.
going kaon due to the limited momentum acceptance mag- The choice of cut ing}« was kinematic dependent, and
netic spectrometer. The procedure used in Rdfto account the values used are in Table IV. Thg-dependent terms
for both kaon momentum solutions led to an increase in th&€ould not be quantitatively extracted due to the low statistics
assumed phase space by a factor of 2, and thus a reductionfgr bin and the poot) reconstruction resolution for these
the cross section of the same amount. This factor largelgmall values of 6gc. However, the amplitude of
cancelled the effect from the Jacobian. cos¢ (cos 2p) term was typically 10%5%) of the unpolar-
One might argue that an experiment carried out with lim-ized cross section.
ited acceptance detectors does not truly measure an exclusive The procedure for extracting the° cross section was
fivefold laboratory differential cross section, but rather aSimilar to that for theA, except that thes” y|éald was also
cross section solely related to the forward-going kaons in th&0rected for the\ radiative tail beneath the™ peak in the

center-of-mass frame. If one had perfect knowledge of th&"iSSINg mass spectrum. Thespecific MC was used to de-
ermine the number of backgrourtdcounts that were within

kaon electroproduction process, a simulated experiment tal%o o ) .
ing the “backward”-going kaons into account could be car- cuts. TheA-specific MC was weighted with the extracted
A cross section, binned in the same manner as the data, and

ried out, from W.h'Ch one could Obta".] experimental Iaborg-was subtracted from each data bin. The upper half of Fig. 11
tory cross sections that can be directly compared with

. . _ . O- g
theoretical calculations. Alternatively, additional experimen-ShOWS the combination of the-specific anc. *-specific MC

al p i id b h i h simulations plotted on top of the data missing mass. The
“a con 'g,l,”a lons  cou € chosen 1o measure &, e half of the figure shows the remainif data after
backward”-going electroproduction cross sections. Obvi- subtracting the\-specific MC, with theS.%-specific MC su-

ously, large acceptance devices do not encounter this prolyimnosed. Varying tha cross section in thg? extraction
lem and have an advantage here. However, even in a Comy|ysis by-10% resulted in changes of less than 2% in the
plete experiment, it would be necessary to separate out theo cross section. While thd cross sections were typically
forward and backward going kaons, which correspond to difyetermined to better than 10%, the contamination of th&
ferent CM angles, when converting from the measured labogyents in thes? yield comes from events that have under-
ratory cross sections to the desired CM values. gone significant radiation and therefore theyield in that

In the present analysis, backward-going kaons were simuregion is likely more sensitive to the details of the model in
lated and found to be well outside of the momentum accepthe Monte Carlo simulation. An additional scale uncertainty
tance of the kaon spectrometer, therefore taking only th@roportional to theA cross section uncertainty was thus ap-
forward-going solution was, in fact, the consistent way toplied to theX° results.
match the true experimental conditions. It should also be Typical values for all corrections to the data and/or the
noted that all previous electroproduction experiments with aMC, along with the resulting systematic errors in the cross
magnetic spectrometer setup have reported exclusive fivefolsection, are shown in Table Ill. The statistical errors for the
differential electroproduction cross sections with the samevarious settings ranged from 1.0-3.1 % for theand from
biased preference. 4.8—15 % for thex°. The systematic errors are broken down
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r TABLE V. Results for the unseparatetH(e,e’K")A and
3000 IH(e,e'K")20 cross sections used in theT separation: the un-
2500 certainties do not include the scale error of 5% for thehannel
2000 |- and 6% for theS° channel. Cross sections were extracted?@t
1500 | =0° and at thaV and Q? values in the table, using the procedure
1000 | outlined in Sec. IV C. Note that because a single experimental set-
o L 30 ting was used to acquire both and ° data, the results are at
g 200 different values of—ty;, for fixed 6% .
.5’ S T B B B VA I TR B TR B R T R o ; "
2 Missing Mass (GeV) (Q%) (W) —tmn (GeV)" e orteon
o (GeV)  (GeV) (nbfs)
()] F
B o0t 50 A channel
S0 E 0.52 1.84 0.22 0.552 3674612.0
400 £ + 0.771 3915123
300 £ 0.865 405.313.1
200 £ 0.75 1.84 0.30 0.462  329:710.8
1op ~ . N 0.724 357.410.8
17 TR T T 1 122 123 0.834 381.111.3
0.678 332.511.3
FIG. 11. Use of the MC to correct for the radiative tail below 0.810 340.311.8
the 3% missing mass peak. The upper panel shows the combinatiop g 1.84 0.74 0.363 184t8.0
of the A-specific and2 °-specific MC simulationgsolid histogram 0476 200.67.0

plotted on top of the data missing massosses The lower panel

shows the remaining.° data after subtracting th&-specific MC, 0613 202.8:6.4

with the 3.%-specific MC superimposed. The MC is normalized us- 2? channel
ing the extracted\ and3° cross sections. The data are from kine- 0-52 1.84 031 0.545  75#45.5
matic point 3. 0.757 87.34.6
0.851 86.224.0
into “random” and “scale” errors. Since random errors af- .75 1.84 0.41 0.456 54424.0
fect each kinematic setting in an independent manner, they 0709 64.73.3
were retained for the Iinear_ fit of thie/T separa}tior) while 0.822  63.0:2.7
the global errors that result in an overall multiplicative factor | 4 181 0.55 0375 37445

to the data were ignored for the fitting procedure, and applied’
as a scale uncertainty in the individualT cross sections.

The sources of the errors in Table Il are discussed in detai

in Ref.[23]. 00

0.663 43.6:3.3
0.792 42.42.4
1.84 0.95 0.352 17:2.8
0.461 16.222.5

A. A and 3° cross sections 0598  18.x16

The extracted*H(e,e’K*)A and *H(e,e’K*)° un-
separated cross sections are given in Table V. For the sake of The unseparated cross sections are plotted as a function of
comparison, the unseparated cross sections at the highesk in Figs. 14 and 15. A linear least-squares fit was performed
values(which were similar to those of the earlier date  at each value oRQ? to determine the best straight line (
also shown in Figs. 12 and 13 along with the previous world= o1+ €0 ) through the points. The resulting valuesaf,
data taken from Refd28,29 (also, see Ref23]). For the o7, andR=o /ot are shown in Table VI. Although only
purposes of this plot, the E93-018 results have been scaled statistical and random systematic errors were used in the lin-
W=2.15 GeV using the parametrization in R¢8] [Eq. ear fit, the errors on the extracted valuesogf and o1 in-
(17)] and include a 5%6%) scale error for the\ (2°) data. clude the scale errors added in quadrature with the random
The previous world data shown in this plot have been scaleérrors. The quantity is insensitive to scale errors.
to W=2.15 GeV ande;;K:0° using Egs(17) and (23). It The separated cross sectiansand o for the A channel
should be emphasized that the data shown are at varyingfe plotted as a function o®? in Figs. 16a) and 16b),
values oft, ranging from 0.05-3.0 G&Y/ so quantitative respectively, along with other existing data. The equivalent
comparisons between datasets should be performed witlots for the=° channel are in Fig. 17. Photoproduction
care. TheQ? dependent parametrization in R¢R8] and  points from Ref[31] are also shown in the transverse com-
shown here is for data @ =0°. Qualitatively good agree- ponents, taken at comparable values\bind 63 ~30°. For
ment is seen with previous data, and the new data do ndbese figures they are scaledwo=1.84 GeV g =0° [cor-
significantly alter theQ? parametrization derived from older responding to an upward adjustment of (13L) for A =9].
datasets. The third panel of each plot contains the rafle- o /o1 as
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1000

800

600

400

d?o/dQ°, (nb/sr)

200

"H(e,e’KH)A
A [28]
o [R9]
O [30]
® this analysis

o

FIG. 12. Previous world datdopen symbols: circleg29],
squareg30], diamondg 28]) with the addition of the highest-re-
sults of this analysigsolid point3 scaled toW=2.15 GeVﬂ;lfK

2 3
Q* [(GeV/c)?]

=0°, for the 'H(e,e'K ") A unseparated cross sections.

I I I
H(e,e'KMA -
400 A
%\300 £ /,/:::/E’/ -
o P
3 o
B
b.q ___________
©200 |- I SR _
SO
5 Q*
e 052
100 m 075
A 100
¢ 2.00
0 | | | |
0.0 0.2 04 0.6 0.8 1.0
€

a function ofQ?, along with data from Ref.3]. The curves

shown are from the WJC modgb] and from the unitary
isobar model of Martet al. with its default parametriza-

tions[8].

FIG. 14. Cross sections as a functionedbr the *H(e,e’ K *)A
process, shown with the linear fit to the data that allows separation

into the longitudinal and transverse components.

Finally, the ratio of$% A separated cross sectioms and

o are shown plotted versu®? in Figs. 18a) and 18b),

respectively, along with curves from the two models.

parallel with another experiment in which angular distribu-
tions of kaon electroproduction from hydrogen and deute-

rium were studied. In a few cases the kinematic settings were

very similar, and comparisons were made with cross sections
It should be noted that the data for E93-018 were taken iffxtracted from the analysis 27,32 They are in excellent

agreemen(within 2.5%), when scaled to the san@® andW
values using Eq9.16) and (18).

500

T T T T

T

Lo

T T T T

=

T T T T T T T T T T T T

"H(e,e'’K")x°
A [28]
o [R9]
O [30]
® this analysis

Lo T

0

2 3
Q* [(GeV/c)®]

120 | | |
QZ 1H<e’erK+)20
e 052
i 1007 w075 |
A 1.00 E i
—~80 - ¢ 200 E B i
< o
] Q
60 .- I
] S /’ﬁ
+ T
5 40 [ S i |
20 |- R
° 0 \ | | |
0o 02 04 06 08 10

FIG. 13. Previous world datésee caption for Fig. J2with the

addition of the highestresults of this analysigsolid pointg scaled
to W=2.15 GeVﬂgK=0°, for the 'H(e,e’K")3° unseparated

cross sections.

FIG. 15. Cross sections as a function af for
IH(e,e’K")2° process. The lines are the fit to the data, allowing

the

separation of the longitudinal and transverse components.
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TABLE VI. L/T separated cross section results from this analy- 100
sis for reactions'H(e,e’K*)A and *H(e,e’K*)2°, and for the

ratio of 3° to A cross sections.

Q%) (w) o (nb/sph ot (nb/spy R=o /o7
A channel
052 184  118.354.6 301.840.1  0.39"3%
075 1.84  131.3405 267.527.8  0.49°02
1.00 181 1124352 252.322.1 0.45712
200 1.84 66.8:40.4 163.820.7  0.41°53%
30 channel
052  1.84 36.322.2 56.9-16.8 0.64" 58
075 184 24.813.2 44.6-9.5 0.54" 532
1.00 1.81 10.£12.1 35.1-8.5 0.29°9%%
200 1.84 75125 13.76.6 0.55"233
Ratio of %A
UL(EO)/UL(A) UT(EO)/UT(A)
052  1.84 0.3:0.24 0.19-0.06
075  1.84 0.180.11 0.17-0.04
1.00 1.81 0.090.11 0.14-0.04
200 184 0.1%0.20 0.084-0.042
350 T T T T
300 "H (e,e’K*)A (a) -
4250 — WiC 1
}200 --— Mart et al. g

FIG. 16. Longitudinal(a) and transversgb) cross sections for
'H(e,e’K™)A as a function of?. The ratio is shown in panét).
The data are compared to calculations of RES$.(solid line) and
[8] (dashed ling The open diamond data are from Red], and the
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solid diamond photoproduction data point is from R&f1].
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FIG. 17. Longitudinal(a) and transverséb) cross sections for
H(e,e’K™)20 as a function oR?. The ratio is shown in panét).
The calculations are again from Refis] (solid line) and [8]
(dashed ling The open diamond data are from RE3], and the
solid diamond photoproduction data point is from R&fL].

B. Comparison with calculations

As described in the Introduction, several model calcula-
tions of A and 3° electroproduction cross sections, using
parameters fit to previous data, are available. We have cho-
sen to compare our data to the models in Rgfs(WJC) and
[8], for which calculations were readily available in the form
in which the data are presented here. The parameters of each
model were constrained by global fits to previously obtained
unpolarized photoproduction and electroproduction data,
and, through crossing arguments, to kaon radiative capture.

For theA channel, the WJC model reproduces reasonably
well the trends in both the longitudinal and transverse com-
ponents[Figs. 16a) and 1@&b), respectively, although the
transverse component is underpredicted. The calculation of
Ref.[8] qualitatively reproduces the transverse piece, which
is constrained by the photoproduction point, but not the lon-
gitudinal component. One possible cause for the discrepancy
could be the lack of knowledge of tl@? dependence of the
baryon form factors entering in thechannel[33]. In their
study of kaon electroproduction, Davét al. observed that
o /ot was sensitively dependent on the choice of baryon
form factors, while rather insensitive to the reaction mecha-
nism[7], whereas the unpolarized cross section alone did not
depend strongly on the baryon form factors.

For H(e,e’K*)30, the transverse component is under-
estimated by both models and thus the ratio is overestimated

055205-14



SEPARATION OF THE LONGITUDINAL AND . ..

©
o

PHYSICAL REVIEW C67, 055205 (2003

2.5 . . . . response is dominated lychannel processes.
(a) e this analysis We note that while Regge trajectory models are not ex-
LR0rF — wic § pected to work well at the rather low CM energies of our
© ~~ Mart et al data, which are still within the nucleon resonance region, our
g 15 . b highestQ? results are in reasonable agreement with the cal-
23 culation of Ref[34], both in the unseparated cross sections
o L0 and in theL/T components. At lower momentum transfer our
- data indicate a larger longitudinal component to ¥fecross
~ 05 sections than predicted by their model, perhaps indicative of

the larger number of resonance contributions toXAehan-

nel.

The ratio of the transverse cross sections38fA [Fig.
18(b)] shows a mild decrease abo@¥~0.52 Ge\f. How-
ever, the inclusion of the DESY photoproduction data on the
plot shows that there is likely a rapid decreasd&infor Q?
below 0.5 (GeVt)?. This lower momentum region may be
of interest for further study, particularly in the° channel.

(scaled) 1

VI. CONCLUSIONS

Rosenbluth separated kaon electroproduction data in two
hyperon channelstH(e,e’ K *)A and *H(e,e’K")2°, have
been presented. These results are the most precise measure-
ments of the separated cross sectionsand o, made to
date, particularly for th&° channel, and will help constrain
theoretical models of these electroproduction processes.
Such data allow access to baryon excitations that couple
strongly to final states with strangeness but weaklyrtdl
systems. They also allow the possibility of mapping out the
Q? evolution away from the photoproduction point, thereby
(see Fig. 17. The strong peak iR implied by the WJC providing a means to extract electromagnetic form factors
model is not observed in our data. The magnitude of thi@nd detailed information about the excited state wave func-
peak in the WJC model is very sensitive to the CM endhgy tions. Used in conjunction with _models, th_ey will allow one
of the reaction, indicating that there are strong resonanck learn more about the reaction dynamics of strangeness
contributions in the model. As in the case of thechannel, ~ Production.
it is likely that the form factors and the strengths of the
various resonances entering the model could be modified in
order to give better agreement with the data. In general,
models for the>? channel are harder to tune than for the The Southeastern Universities Research Association
because of the influence of isovectdbrresonancegof spin ~ (SURA) operates the Thomas Jefferson National Accelerator
1/2 and 3/2 in the modgin the 3° channel and because of Facility for the United States Department of Energy under
the lower quality/quantity of available data. Contract No. DE-AC05-84ER40150. This work was also
The ratio of the longitudinal cross sections B/ A [Fig.  supported by the Department of Energy Contract No. W-31-
18(a)] appears to mildly decrease with increasi@g. This  109-ENG-38ANL) and by grants from the National Science
could arise, for example, from differences in the behavior ofFoundation. We also acknowledge informative discussions
the gsnk(t) and g,nk(t) form factors, if the longitudinal with C. Bennhold.

Ratio X°/A o,

FIG. 18. Ratio ofS%A cross sections as a function f,
separated into longituding®) and transversé) components, com-
pared with the same two calculations as above.
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