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The'H(e, e’K™)A reaction was studied as a function of the squared four-momentum tra@sfexnd
the virtual photon polarizations. For each of fourQ? settings, 0.52, 0.75, 1.00, and 2.(0BeV/c)?,
the longitudinal and transverse virtual photon cross sections were extracted in measurements at three
virtual photon polarizations. Th@? dependence of the; /o ratio differs significantly from current
theoretical predictions. This, combined with the precision of the measurement, implies a need for
revision of existing calculations. [S0031-9007(98)06954-3]

PACS numbers: 25.30.Rw, 13.40.Gp, 14.40.Aq

Flavor degrees of freedom provide qualitatively newto name only a few. The use of virtual photons (electro-
tests of our understanding of baryon and meson structur@roduction) as opposed to real photons (photoproduction)
The electromagnetic production of kaons is importaniffers access to a much richer body of information be-
for further progress in many fields and subfields ofcause both the virtual photon mass and polarization can
physics such as hypernuclear production and spectroscojme varied independently [4].

(providing information complementary to that from This Letter is a report on the first results of a study
hadronic reactions such &%, ), (7, K), and (p, p’K)  of associated kaon electroproduction on hydrogen us-
[1,2]), and some aspects of QCD model buildifiipe ing the medium-energy, high-intensity, electron beam at
(y,K) and the(e, e'K) reactions are important for an the Jefferson Laboratory (formerly CEBAF). The excel-
improved understanding of the basic coupling constantient beam qualities of the CEBAF accelerator combined
needed in various nucleon-meson and quark mode)s [3lwith precision magnetic spectrometers allowed a detailed
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investigation of the reaction with high systematic and(Gg,) [6]. The absolute normalization of the hydrogen
statistical precision, whereas the only prior measuremerdross section agreed with the simulation within 1.5%.
[5] provided virtually no constraints for the available At each kinematic setting, data were partitioned into
theories. several runs; the run-to-run variation of various quantities
Experiment E93-018 was among the first experimentgi.e., dead time, efficiency, etc.) was used as a consistency
performed in experimental HALL C at Jefferson Lab utiliz- check. The variations found contribute insignificantly to
ing the 100% duty factor electron beam. The beam energthe systematic uncertainty quoted below.
was varied between 2.445 and 4.045 GeV with a beam Figure 1 shows a typical electron-kaon coincidence tim-
current betweeri0 and 30 wA. The beam current was ing spectrum. The true (real) coincidence peak is defined
measured (to 1% accuracy) with two resonant cavities andrell, as are the random (accidental) coincidence peaks cor-
a parametric current transformer. Tungsten collimatorsesponding to the 499 MHz microstructure of Jefferson
(2 in. thick) with large octagonal appertures were used td.ab’s electron beam. The real-to-random ratio is typi-
define the solid angle of each spectrometer. The target wally 10 to 1 or better for all kinematic settings. Informa-
a4.36 = 0.01 cm liquid-hydrogen cell with a proton abun- tion from the true coincident kaons was used to calculate
dancy of 99.8%. The background from the beam interacthe missing mass spectrum. Two peaks, identified clearly
tion with the aluminum walls of the target was measuredn Fig. 2, correspond to the masses/of(1115) and=’
separately using a replica of the (empty) target cell. Th€1192), respectively. Because of kinematical restrictions
scattered electrons were detected in the High Momenturim this experiment, the production of higher mass hyperons
Spectrometer (HMS, momentum acceptancé%, solid is forbidden. Subtraction of random coincidence events
angle ~6.7 msr) in coincidence with the kaons detectedand target wall contributions yields a clean missing mass
in the Short Orbit Spectrometer (SOS, momentum accepspectrum with virtually no events below the threshold.
tance*=20%, solid angle~7.5 msr). The detector stack in For the purpose of this work, all events with a missing mass
each spectrometer had four segmented-plastic-scintillataralue between 1.1 and 1.175 GeV were accepted as valid
arrays used for trigger formation, time-of-flight (TOF),ande + p — ¢/ + K™ 4+ A coincidence events and used in
energy loss information. Two six-plane multiwire planar subsequent calculations.
drift chambers were used to perform track reconstruction In the one-photon exchange approximation, the cross
in each spectrometer. Gas thresh@ldrenkov counters section for the scattering of an electron from a hydrogen
and segmented lead-glass shower counter arrays providéatget, where none of the initial or final spins are detected,
the signals needed for electron identification. can be reduced, in parallel kinematics [7] (appropriate for
For the specific purpose of kaon identification, theour experimental setup), to
hadron arm was outfitted with a silica aerogel=€ 1.034)

detector fork " /7 * discrimination and an array of Lucite do do \M
total internal reflectiorCerenkov counters:(= 1.49), for dE.dQ.d0c  \dOg =I'(or + &0y),
K*/p discrimination. o Q)

Recorded for each run were all electron-hadron coin-
cidence events and prescaled electron and hadron singléherel is the virtual photon fluxg 7 is the unpolarized
events. Typical momentum resolution achieved with thigtransverse) cross sectiom; is the longitudinal cross
system wad).15%(o), while the target angle resolution section,{). is the scattered electron solid ang{ex- is
for each spectrometer was approximately 2—3 mr in bothhe kaon solid anglek,, is the scattered electron energy,
the horizontal and vertical directions. The time resolu-ande is the virtual photon polarization.
tion of the hodoscope scintillators varied between 110 and The quantitiess7 and o, which can be separated by
130 ps, allowing for a resolution in particle velocitg,  varying e with measurements at different beam energies,
of AB = 0.018. The aerogel and Lucite detectors yieldedcompletely describe the parallel kinematics cross section
over 14 photoelectrons (on average) for pions and protongehavior. Generally they are functions of the kinematic
respectively, resulting i ™ /K* andp /K" separation of
better than 1001 each. When combined with the time-of-
flight information,7* /K™ andp /K™ separations of bet- o b T T
ter than 1 part in 800 were achieved. This was more than : :
adequate for good kaon identification in all of the kine- wlOO 3 E
matic settings. £80¢

To verify the accuracy for the spectrometer acceptance,S 60 ¢
reconstruction efficiency, dead time corrections as well as 40 f

the radiative correction procedur8(e, ¢’) elastic data 20 | _
(measured in both HMS and SOS) were compared with  § Elroe /0 T i)y Mf\n_

; ; R ) -0 -8 6 -4 -2 0 2 4 6 8
Monte Carlo simulations which included the spectrometer Coincidence Time (ns)

detector acceptance model and best available parametrizaG. 1. Typical coincidence time spectrum for electron-kaon
tions for the proton magnetic (electric) form factGf;,  coincidences ap? = 0.52 (GeV/c)>.
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variablesQ?, the squared four-momentum of the virtual previous measurement, the scaleRihad to be extended
photon, the total energy of the photon-proton sys#ém to unphysical negative values.
andt = (¢ — K)?, the squared four-momentum transfer Two theoretical predictions for; /o7, by Williams,
between the photon and the kaon. HgrendK denote the Ji, and Cotanch [4] (WJC), and the Saclay-Lyon model
four-momenta of the virtual photon and kaon, respectivelydescribed in [11] are included in Fig. 5. Both calcula-
For each kinematic setting, the sample of coincidentions use phenomenological fits of previous world data
e+ p—e + K" + A events was used to compute the sets to extract coupling constants and relevant form fac-
laboratory cross section. Then from Eg. (1), the centertors. The estimated uncertainty in these quantities is indi-
of-mass (CM) cross sectidd o /dQ g+ )M was computed cated by the height of the shaded areas. Both theoretical
(Fig. 3). The uncertainties in these kaon electroproductiomodels predict that the rati® increases with momentum
cross sections are at the same level or smaller than thosmnsfer whereas our data indicate a flat behavior over this
in the existing world data set [8—10]. In order to facilitate range ofQ? for the given kinematic settings. This dis-
comparison of data at different valuesWfand¢, all data crepancy may be partially explained by a difference be-
were scaled t&V = 2.15 GeV as outlined in Refs. [9,10]. tween the true kaon electromagnetic form factor and its
For the cases where more than engetting was measured, parametrization, as used in the models. In this kinematic
only the highest value of the cross section is quoted forange forA production, the data support the existence of
comparison with older data sets. a large longitudinal component to the kaon electroproduc-
The systematic uncertainty assigned to these absolut®n cross section which is expected to be dominated by
cross sections is-5% and is dominated by the uncertain- kaon exchange. In general, the L-T current separation is
ties in acceptance~(3%) and kaon survival probability sensitive to the prescription for establishing current con-
(83%); however, the point-to-point random uncertainties servation in electroproduction models, especially the com-
which are the ones relevant for the L-T separation, ardination of the non-gauge-invariant terms involving the
smaller because some of the larger overall systematic comlectric proton and kaon form factors. The precision of the
tributions (such as survival probability, kaon absorption,present data indicate that existing prescriptions for the pro-
etc.) are correlated strongly between varieusettings. duction of even the simplest hadronic system with strange-
The point-to-point random uncertainties are at the (2.1-ness are inadequate. This shows a need for revision of the
3.0)% level. The statistical uncertainty varied betweenrexisting kaon electroproduction models and will constrain
0.8% and 2.0% (depending on kinematical setting). Usinduture models.
these values the uncertainty in tlg /o ratio (subse- The first results from measurements of elementary kaon
quently referred to asR”) is 17% to 45%. These un- electroproduction cross sections performed during experi-
certainties are substantially smaller than errors of the onlynent E93-018 are reported. The center-of-mass cross sec-

previousR determination [5]. tions reported here for the reactien+ p — e’ + K+ + A
In Fig. 4, the unseparated cross section at e@éhs
shown as a function of together with the best least- 1 T —
squares fit folrr ando .. Table | presents the summary i Bebek et al ]
of the extracted transverse and longitudinal cross sections I A CEA ]
the ratioR, as well as their associated uncertainties. 600 - % Desy Electroprod.
In Fig. 5, the calculated values & from this experi- [ A Harvard-Cornell ]
: o ) - — 1/(Q*+2.67)* fit 1
ment are compared with the only other existing data [5]; ~ s00 |- . .
the two sets of measurements agree reasonably well, a £ Y + this work ]
though in order to properly show the uncertainties of the £ a0 [ <1
g
F T T T T T ém
1400F A 3 B 300
1200F 3 i)
2 10005 3 0 b
5 800F 3
o E
O 600F 3
400F 50 3 100 -
200F = [ i
O:....LLJ_J.l ol o 7 & PPN AR EPESPIPE APEPENEPI EPEPEPE BN PSR BTN
1 1.05 1.1 1.15 1.2 1.25 1.3 0 05 1 15 2 25 3 35 4
Missing Mass (GeV/é) Q* (GeV/e)

FIG. 2. Missing mass spectrum for thel(e,e’K ™) reaction  FIG. 3. Summary of the world center-of-mass cross section
after subtracting random coincidences and target wall contribudata for thee + p — ¢/ + K™ + A reaction. All data are
tions. Because no radiative corrections were performed herescaled to the sam& = 2.15 GeV as explained in Ref. [10].
radiative tails are seen projecting towards higher missing mas&n eye-guiding, simple dipole fit to our unseparated data is
values. also provided.
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FIG. 5. The ratioR = o, /0o; as extracted from these data
and Ref. [5]. This is the world’s complete set of data for
the 'H(e,e’K™)A reaction. The calculations are as outlined

; 5 5 o
squared four-momentum transf@?. The error bars represent n I?eefs.w[gél].ffAth = 2.0 (GeV/c)*, the WJC prediction
the point-to-point uncertainties (2.1-3.0)% added in quadra'[urcgOr Is ~3.5 (off scale).

to the statistical uncertainties (0.8—2.0)%. Additionally there is
a scale uncertainty of-5%. The lines represent the best least-
squares fit foror ando;. The units used are GeV for energy

and (GeV/¢) for momenta.

FIG. 4. Unseparatedrr + o cross section as a function
of the virtual photon polarizatiore for different values of
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