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The reactionep—e’K™A(1520) with A(1520)—p’'K~ was studied at electron beam energies of 4.05,
4.25, and 4.46 GeV, using the CLAS detector at the Thomas Jefferson National Accelerator Facility. The
cosby+, P+, Q%, andW dependencies of (1520) electroproduction are presented for the kinematic region
0.9<Q?%<2.4 GeV and 1.95<W<2.65 GeV. Also, theQ? dependence of tha (1520) decay angular dis-
tribution is presented for the first time. The ds angular distributions suggesthannel diagrams dominate
the production process. Fits to tidg1520) t-channel helicity frame decay angular distributions indicate the
m,= i% parentage accounts for about 60% of the total yield, which suggests this reaction has a significant
contribution fromt-channel processes with eithi€i” exchange or longitudinal coupling to an exchangéd
The Q? dependence of th&(1520) production cross section is the same as that observe{1dr16) photo-
and electroproduction.

DOI: 10.1103/PhysRevC.64.044601 PACS nunierl3.75.Jz, 13.30.Eg, 14.20c

[. INTRODUCTION K*(892) meson, and not the light&(494) meson. A mea-
suremen{ 2] at higher photon energies also yields an expo-
Many important discoveries in nuclear and particle phys-nentialt dependence to the cross section. The lone electro-
ics, such a<CP violation, were initially observed in hadrons production measuremef8] concludes the variation of the
containing strange quarks. Current studies of strange quariross section with the virtual photon invariant mgssfrom
phenomena are motivated by such issues as the importan6el to 0.5 GeV is consistent with a simple vector meson
of the strange quark-antiquark sea within nucleons and thdominance model. These groundbreaking measurements
predicted abundance of strange quarks within the quarkwere difficult due to the limited data sample sizes.
gluon plasma. The strange quark also introduces a new de- There are several motivations for further study of
gree of freedom into the nuclear medium and thus provides a (1520) electroproduction. Theoretical modfds5] for the
unique new look at conventional nuclear physics through thelectroproduction of the lighteA (1116) predict large con-
study of hypernuclei. Studies of strange baryon electroprotributions from the longitudinal virtual photon cross section.
duction have been noticeably missing. Similar behavior inA (1520) electroproduction could result
During the 1970s there were two published measurements 4, enhanced (494) t-channel exchange relative to the

of A (1520) photoproductioft, 2], as well as one electropro- hotoproduction resuftl]. Such a possibility emphasizes the
duction measuremef8], and since then there have been no-p P [ P y emp

: : ! “importance of measuring the relationship betwe&@h and

further published studies of these reactions. The constructio :
of the Continuous Electron Beam Accelerator Facility 5i£:?§§)tr?;c:;2?eiczeocfegtelzil/’e;?pr?grfls(trzrrgéRrgez%;?r:;s
(CEBAF) at the Thomas Jefferson National Accelerator™ . L ) o
Facility (Jefferson Lap with its high duty cycle beam and W|th+3|gn|f|cant (~5%) branching ratios Into tha (1520)
modern detectors has provided a unique new opportunity K~ decay channel. Extending th@” range of the
to resume the study of strange baryon photo- and electropra? (1520) electroproduction measurement allows an addi-
duction. This paper reports the first measurement @520) tional examination of resonance contributions A¢1520)
electroproduction that used the CEBAF Large Acceptanc®roduction. Furthermore(1520) electroproduction from a
SpectrometefCLAS) in Hall B of Jefferson Lab. hydrogen target necessitates the creation of a strange quark-

One of the photoproduction measuremdnfsused beam antiquark pair. Although the kinematic regime studied in this
energies from 2.8 to 4.8 Gelfotal center-of-mass eneryy ~ work is typically associated with hadronic degrees of free-
from 2.5 to 3.1 GeY, and reports an exponential dom, it is nonetheless important to search for any evidence
t-dependence dominated bitchannel exchange of the of quark degrees of freedom in strange baryon production.
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start time and the hadron masses, Cherenkov detedt}s
to distinguish between electrons and negatively charged
pions, and calorimeters 2,13 to identify neutral particles,

Region3 - . ° . . -, .
' as well as to assist with the” /7~ separation.

The data presented in this paper are the accumulated total
for experiment E89-043 from more than 42 d of data taking
during the 1998 and 19981 run periods. Thes&1 run
periods used electron beam energies of 4.05, 4.25, and 4.46
GeV, incident on a liquid hydrogen target. The electron beam
current was typically 4.5 nA, which yielded a nominal lumi-
nosity of about 6 10*® cm 2s !, and a total integrated lu-
minosity of 5x10*° cm~2. 17 CLAS experiments ran con-
currently during these runs, which was accomplished by the
use of an inclusive electron trigg€t4]. Roughly 2 billion
events were recorded but less than 0.5% of them correspond
to reconstructed\ (1520) electroproduction events.

In order to study decay angular distributions of the
A(1520), it is necessary to detect the scattered electron, the
K*, and one of the decay fragments from a binary decay
channel of theA (1520). The final state™-K*-p, with an
undetected ~ reconstructed using missing mass techniques,
FIG. 1. A cross sectional view of the CLAS detector through IS best suited for study with CLAS for the&&l run periods.
During these runs the toroidal magnetic field was oriented
such that positively charged particles were bent away from
the beam pipe. Tha (1520)— pK™ decay channel accounts

In addition to new insight into\ (1520) production, the for 22.5%[15] of its total width. The main issues in identi-
current results represent a significant new step in the study ¥ing this decay mode of electroproducet{(1520)'s are
hyperon production phenomenology. For the first time, it will _brlefly discussed b_elow, and further discussions of these top-
be possible to make quantitative comparisons of@Rede-  icS are presented in Refgl6,17.
pendencies of the\ (1520), A(1116), andX(1193) cross
sections. Hopefully this information will stimulate theoreti-
cal efforts to modelA (1520) electroproduction, especially
since currently no published theory papers discuss it apart Reconstruction of CLAS data starts with the identification
from Ref.[6]. of the electron. Electron candidates create a shower in the

In the current experiment, the CLAS detector was used t@alorimeter consistent with the momentum of the track as
study the decay angular distribution of the electroproducediefined by the drift chambers, and also generate a signal in
A(1520), as well as the dependencies \Wh Q?, and the the Cherenkov detector. Once an electron is identified, its
center-of-mass anglegy+ and co¥+. The data span the path length and the TDC information from the time-of-flight
region ofQ? from 0.9 to 2.4 Ge¥, andW up to 2.65 GeV. scintillation paddle it traverses are used to determine the
The large acceptance and high multiplicity capabilities ofevent start time. This information is then used to determine
CLAS make it possible to study (1520) production over the flight time for the hadron tracks, which, combined with
this wide kinematic region. Details about the experiment andhe reconstructed hadron momentum, determines the mass
data analysis are discussed in Sec. Il. Section Il presents tHer charged tracks.
results from the current analysis. In Sec. IV the results are Figure 2a) shows the hadron mass spectrum for events
summarized and compared with previous measurementbat contain a proton track as well a&d candidate. Proton
and theoretical interpretations of(1116) andX(1193) andK™ tracks are selected by appropriate cuts on this spec-
production. trum. TheK* mass cut is a function of the momentum of the
track to compensate for the diminished mass resolution as
the speed of th& * approaches the speed of light.

Monte Carlo simulations of CLAS indicate that events in

The CLAS detectof7], shown schematically in Fig. 1, is which the K* decays prior to traversing the time-of-flight
a six sector toroidal magnetic spectrometer. This design descintillators are the largest contribution to the background in
flects charged particles toward or away from the beam linéhe K~ missing mass spectrum shown in FigbR TheseK *
while leaving the particle’s azimuthal angle unchanged. Sixdecays are properly modeled and accounted for in our Monte
wedge-shaped sectors surround the beam line. The three drifiarlo acceptance calculations.
chamber[8,9] regions per sector are used to measure the There also exists a fairly significant monotonically de-
momentum vector and charge of all tracks. Each sector alsereasing background under the peak in Fig. 2a). This is
contains 48 scintillator paddlg40] to determine the event due to high momentumr™ tracks that have a large uncer-

Z_ Cherenkov Counters

TOF Counters—

two opposing sectors. The direction of tae beam is from left to
right.

A. Particle identification

II. EXPERIMENT
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FIG. 2. (a) The hadron mass spectrum for events that contain a . 5 . ) . .
proton track and & " candidate(b) The K~ missing mass spec- FIG. 3. The reg!on_on versuswW _dlscusse(_j in _th'$ paper 1s
trum for events in which the K * missing mass is consistent with bounded by the solid lines. The data included in this figure are the

the A(1520) mass.(c) The hyperon mass spectrum for the sameA (1520) events presented in the other figures of this paper.
e -K*-K ™ -p final state. A cut on thé& ™ missing mass from 0.455
to 0.530 GeV was used to generate this hyperon spectrum. B. Backgrounds

Reactions that produce other hyperons, such as the
tainty in their reconstructed mass. These misidentified trackd (1405), 2 (1480), andA (1600), account for the majority
do not introduce a significant source of background to theof the background under th®(1520) peak, but the relative
A(1520) data set, since the events containing these track®ntributions from the individual processes are currently un-
seldom generate a missing mass consistent witliKthenass ~ known. A complete listing of the hyperons whose mass and
cut. The contribution from events containing misidentifiedwidth have some overlap with the(1520) peak is presented
'+ tracks in Fig. 2b) is less than 1% of the total yield. in Ref. [15].

The A (1520) centroid and width plotted in Fig(q are Another possible source of background in Fidc)2is
based on a fit to a Gaussian with a radiated tail for thérom theK"-K~ decay of¢(1020) meson production. How-
A(1520) peak, and a fourth-order polynomial parameterizaever, simulations[18] of the acceptance of CLAS for
tion of the background for the hyperon mass region from¢(1020) andA(1520) electroproduction indicate there is
1.44 to 1.70 GeV. Given the nominal full width at half the little overlap between these two processes. Ai{&¢520) re-
maximum (FWHM) of 15.6 MeV [15] for the A(1520) action is by far the dominant one, and the contamination due
mass, the measured FWHM of 42.8 MeV shown in Fig)2 to the ¢(1020) meson is at the level of 1-2 %.
indicates the intrinsic FWHM resolution of CLAS for this  The A(1520) background was studied as a function of
reaction is about 39 MeV. Therefore the width of the Q2 W, cosék+, and ¢y +. The only significant dependency
A(1520) peak in Fig. @) is dominated by the experimental in the background was for c@g+ (and correspondinglyt),
resolution. The parametrization of the background is indiin which the background ranged from 25% of the total yield
cated by the shaded region in FigcP for cosék+~1, to a 45% contribution for ca%+ close to

The resolution for reconstructinQ? andW is about 1%. — 1. The methods used to parametrize the background in the
The resolution for hadronic scattering angles varies fromhelicity frame decay angular distributions are discussed in
~0.2 to~ 1.2 degrees, depending on whether the scatterinec. Il B.
angle is a function of one or both of the reconstructed had-
rons. For example, the reconstructed electkon, and pro- C. Cross sections
ton are needed to calculate th€1520) helicity frame decay
angles, whereas only the electron &t are used to calcu-
late the center-of-mass angie +.

The region of Q? versusW included in this paper is
shown in Fig. 3. The lower limit 0?=0.9 Ge\* was cho- =
sen in order to have a common cutoff for the data taken with 4m E2M?
the 4.05 and 4.25 GeV electron beam energies. The upper
cutoff at 2.4 GeV is due to limited statistics for highep?. Here « is the fine structure constant, aMl and E are the

Cross sections were calculated using the following defini-
tion of the virtual photon flux factor:

a W 1
(W2 M2)—

Q? 1-¢° @
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proton mass and electron beam energy, respectively. Thi

; : . ()21 <W<22(CeV) 1 - (6) 2.4 <W < 2.5 (GeV)
and ¢, is the polar scattering angle of the electron in the ~ 45 [ @ <24 (cev + b L < 18 (ce

laboratory frame.

AL B B ] S I I I
o . L , ] 60 F@2 . .
transverse polarization of the virtual photen,has the stan- w0 L w:,iili:\’;) b I @ ;3:2“: ?Gi\:)(GeV) ]
dard definition L ’ + 40 [ ’
[ X/v=25 ] [ ¥/v=1.4
- 71 20 [ -1 -
o2 o ; ! iy
e= 1+2utanz—e , ) i v
Q? 2 R S , ey
BEUARRLERARUMEEE IS T LB LA B
260

(nbsr™)

The A(1520) cross sections shown in this paper are de-"%,, [ X/v=24 -2): Riad
rived from acceptance corrected, normalized yields in the @ 19%0r
hyperon mass region from 1.492 to 1.555 GeV. These yield<©. e e * JTE
are scaled upward to compensate for the tails of%t£520) ° r (c) 22 <we< 23(6;\,) 1% [ (f) s <w <25 (G'ev) ]
distribution that lie outside this interval. The acceptance of 60 [ " 4 ¢ 7 F @< 1.5 (Cev)
the CLAS detector was derived from a Monte Carlo simula- E 1 40 *
tion that folded theK ™ decay into the geometric acceptance. [ X/v=33 3 [ X/v=38
The cross sections are corrected for experimental dead time 20 F 20
track reconstruction efficiency, and contributions from the it PRI T
walls of the target cell. Radiative corrections were calculated -1 -05 0 05 1 -1 -05 0 05 1
following the Mo and Tsai approachl9]. The combined cosOy+ cosOy+

systematic error of the cross sections from these corrections
is about 9%, and is mainly due to the geometric acceptance FIG. 4. The cogk- differential cross section distributions for
corrections. The yields are also scaled downward, typicall)?ix regi(.)nslofW. The error bars are statistical.ungertainties only.
by 25-30%, to correct for the presumed incoherent back-rh‘? soll_d lines represent Leg_en_dr;e polynomlal_ fits that are de-
ground under the\ (1520) peak. The parametrization of the SCfibed in the text. The lower limi®=0.9 GeV* is used for all
hyperon background introduces an additional systematie™ distributions.
uncertainty in the A(1520) cross sections of approxi-
mately 10%. No significantW dependence tb is observed. Our electro-
production value fob of 2.1+ 0.3 GeV ? indicates a reduc-
. RESULTS tion of the interaction regiofl6] relative to a photoproduc-
tion measuremerjtl], which reports are(®% behavior fort
Details about the cog-+ andt distributions are the first from —0.65 to—0.25 Ge\’.
results presentEd. Section IIIB presents the main results of Since there is no evidence for cross section Strength at
this paper, the decay angular distributions of t€1520).  |arge ¢+ angles for anyW, there does not appear to be
Section 11 C shows plots related to the virtual photon crossappreciables-channel resonance contributions. Instead, both
sections and the scattered electron degrees of freedom.  the cosg+ and thet distributions are consistent with the
behavior expected fot-channel dominance. Therefore, the
A. cosé+ and t distributions A (1520) decay angular distributions will be presented in the
t-channel helicity frame. Théchannel diagram for this re-
action is shown in Fig. 5. Following the convention of Ref.
le], thet-channel helicity frame axis is defined to be anti-

The dependence of the cross section onégasfor six
regions of W is shown in Fig. 4. Throughout this paper
Cos+ is defined to be the center-of-mass angle subtende arallel to the direction of the incident proton in th¢1520)
by the outgoingK ™ and the direction of the incident virtual P L A P .

: : est frame, as is illustrated in Fig. 7, and thaxis is normal
photon in the rest frame of the virtual photon and the targeE the hvperon production plan
proton. The curves plotted in these figures are the results of € Nyperon production plane.
fits to the first four Legendre ponnomiaIE:ZSaiPi, and
the normalized fitted coefficients are summarized in Table I.
These fits provide a simple parameterization of the variation The A(1520) is alJ™=3" baryon, and it9-K ™~ decay is
of the costk~+ distributions withW. The coefficienf, slowly  a parity conserving strong decay mode. A straightforward
increases in strength &¥ approaches threshold. In addition, application of Clebsch-Gordon geometry demonstrates that
there is clearly som&V dependence ta,, the coefficient of for an m,=+3 projection the decay is characterized by a
the =2 Legendre polynomial, which is larger at high&t  sir?éc- distribution, while anm,=+ 1 projection has a
than near threshold, and the fit at the high@sbin only  +cosé distribution. These distributions are illustrated
qualitatively reproduces the data. It is possible both of these Fig. 8.
effects are due to enhanc&d (892) exchange at highaw. Thet-channel helicity frame cog- decay angular distri-

If the distributions are instead plotted versuthe squared butions for four regions ofQ? are shown in Fig. 9. Also
magnitude of the exchanged meson four-vector shown ishown in this figure are plotted curves that are described
Fig. 5, the data are fairly well parametrized by the exponenbelow. The analogous distribution for the photoproduction
tial e® for t from —3.7 to— 1.4 Ge\?, as is shown in Fig. 6. result[1] is shown in Fig. 10. It is clear from a visual in-

B. Helicity frame distributions
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TABLE I. The normalized coefficients of the Legendre polyno- L T A R IR R

mials for the fits plotted in Fig. 4. The coefficients are normalized I (c)
' e P n g ! zeC L 5=2.4+0.2 JO°F b21.840.2 -

such that they sum to unity. The uncertainty due to the parametri-> E 11
zation of the background under the(1520) peak contributes an 8 r X/v=1. *
additional uncertainty in the coefficients 6f0.004, which is neg- N "
ligible compared to the errors shown below. ‘8

S’ [

ao a; az as —~ 7

Na 10 )

w<2.1 0.60-0.02 0.31-0.06 0.04-0.07 0.05-0.05 o s

2.1<W<2.2 0.59£0.04 0.39-0.04 0.04-0.04 —0.03=0.03
2.2<W<2.3 0.55£0.04 0.42-0.05 0.05-0.05 —0.01*=0.05
2.3<W<2.4 0.49-0.04 0.370.05 0.19-0.03 —0.06+0.04 C
24<W<25 0.54:0.05 0.370.08 0.20-0.05 —0.11+0.04 [ e
2.5<W<2.65 0.40:0.04 0.370.06 0.21x-0.04 0.02-0.05 *

-
(=]
T

..X.
el

spection of these two figures that the current results represer y
a significant departure from what was measured in Réf. S
The photoproduction angular distribution possesses a greatl
enhancedn,= + 3 parentage relative to the electroproduc-

tion results presented here. All four of the distributions FIG. 6. Thet distributions for three regions of: (a) 1.95<W

shown in Fig. 9 demonstrate a lar§e- co$¢c- contribution, <221 GeV, (b) 2.21<W<243 GeV, and (c) 2.43<W
which indicates the electroproduced1520) hyperons are g5 Gev. The fitted value of the exponent of the exponertjal,
primarily populating them,=+ 3 spin projection. is indicated in each plot, along with the reducetiof the fit. The

If A(1520) electroproduction proceeds exclusively yncertainties indicated for the valuestfre due to statistical un-
throught-channel exchange of a spinless kaon, A{6520)  certainties only. The parametrization of the background under the
spin projection is alwaysn,= + 3, and the ratio of then,  A(1520) peak contributes an additional uncertainty-d.07 tob.
=+ 3 to m,= + ; populations is zero. On the other hand, if
the reaction proceeds exclusively through the transverse exhat reaction proceeds almost exclusively through transverse
change of al=1 K* vector meson, the ratio of the,= K*(892) exchange.
+3 to m,==*3 spin projections, if solely determined by  Each dashed line plotted in Fig. 9 is the result of a fit to
Clebsch-Gordon coefficients, is 3 to 1. Therefore the electrothe two A (1520) spin projection distributions with an addi-
production distributions shown in Fig. 9 could be evidencetional cost- term:
for a roughly equal mixture ok* (892) andK(494) contri-
butions. In contrast, the photoproduction regdlt suggests

F(Gev) | t(GeVd) | t(Gev?)

3 + Bsirflg-+ ycosbg-. (3)

f(Oc-)= a(E-FCOSZGK

These are the only fits that were used to analyze these dis-

tributions. The solid lines in Fig. 9 are the contribution to

each fit from just the twa\ (1520) decay angular distribution

terms. The spin projection parentages are derived from the

ratios of the fitted parameters and 8. Figure 11 plots the

spin projection ratios for these four regions@#, along with

the result from the photoproduction measuremdnt The

electroproduction ratios are summarized in Table II.
Roughly two-thirds of the known hyperoh&5] that over-

lap the A (1520) have spid= 3. Coherently combining the

angular distributions from @=3 background with theJ

=32 A(1520) decay yields several interference terms pos-

sessing cogk- terms raised to odd powers. The &qs con-

A(1520) tributions to the decay angular distributions could therefore
K P
FIG. 5. The generit-channel process fok (1520) electropro- \ Pm,get ﬁ
duction, for events in which thd (1520) decays into the+K™ ? ¢ 0.
final state. The exchanged kaon is denoteckAssince there are K A(ISZO)I(\-
several kaons that could be exchanged. The four-vector for this
exchanged meson tsas is indicated in this figure. FIG. 7. The definition of thé-channel helicity frame angléy-.
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FIG. 10. TheA(1520) photoproduction decay angular distribu-
tion published previously in Refl]. The sirf6x- curve included
with these data is the expected distribution if th€1520) decay is
entirely due to them,= i% spin projection, and is not a fit to the
data.

FIG. 8. The expected-channel helicity frame decay angular
distributions if theA (1520) hyperons were produced exclusively in
the m,= = 3 spin projectiongsolid line) or m,= =3 (dashed ling
projections.

be evidence ofl=1% background hyperons. The photopro- an even mixture of the two projections, sinceHcos'6-)
duction decay angular distribution shown in Fig. 10 also in-+(sirf6c-)=const. If some of the background under the

dicates the existence of a weak @Qs contribution. A(1520) peak is due td=3 hyperons, it will make equal

The J=3 hyperons possess flat helicity frame decay an-contributions to the two spin projections, and artificially shift
gular distributions. If a flat angular distribution is fit to the the measured spin projection ratio closer to one. This is true
two A (1520) spin projection distributions, the result will be regardless of whether the actual ratio for thé1520) spin

projections is greater than or less than 1. Additional informa-

tion about the physical processes that contribute to the back-

€ 25 T € 22pr . . . L.
S 2.25F (0) 0.9<0°<1.2 3L Lf (0 1.2<0<1.5 A ground is needed to estimate this effect more quantitatively.
R o2f  X/v=145 1R 1sE  X/v=069 +_ The t-channel helicity framepy - decay angular distribu-
T1.75¢ 1T 46t S A tion for W<2.43 GeV, summed over the entire range of
g 15E 2 g E 0k, is shown in Fig. 12. The fit plotted in Fig. 12 includes
c1'2:’§ £ E a cosgk- term, and indicates this term makes an important
§°75E 3 g‘ 3 contribution. An isolated =3 resonance does not possess a
= ;,'5§_ is = cos¢x- dependence, therefore, as was the case for the
:(,30‘25; 3 :(3 3 cosbk- term added to the fits in Fig. 9, this c@g- depen-
ob i L n b i3 b 10 dence could also be due to interference effects with other
e 18 ¢ 18— hyperons.
o E (e) 1.5<Q*<1.8 3.0 F (d) 1.8<Q%*<2.4 3
et 1.5: Xz/ =135 1% 1.6F E . =
R oraf v=rle +£ R.p  X/v=096 E C. ¢+, W, and Q? distributions
E g % E 1.2} The dependence o+, the angle between the hadron
'é 3 § 1k - and lepton scattering planes, is sensitive to the relative con-
= 3 bo‘sf AN 3 tributions of the longitudinal and transverse components of
o 1 O osf * E the virtual photon. This is illustrated in the following decom-
5 15 sk E position of the center-of-mass cross section:
- 1 e YT 4
<€ E 1< F ]
e I T B S Y- o(W,Q? b+, ¢px+) ~ o1+ 80 +£077C0S 2y +
cosOy- cosOy-
K K N e(e+1) 4
FIG. 9. TheA (1520)co%- decay angular distribution for four 2 o 7COSPk . (4)

regions ofQ?. These distributions are averaged over the region of
W from threshold to 2.43 GeV. The error bars are statistical uncerThe ot term is only an indirect measurement of the relative
tainties only. The plotted curves are explained in the text. contributions of the longitudinal and transverse cross sec-
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10

LA I L DL
C ] of W<2.43 GeV R
. * Ref. [1] _ c I
o I

- + Current work - £s

= i N
g oI
10 1 £ 4
£ o I
= L i c [
S >3
A o ]
E +— [ ]
= B (3.96+0.19)-(0.914£0.27)cosd- ]
R | | [ + 1
g0 : <

: T 1 : i X/v = 0.83

i { | ) I E A AN I S B A N

- n 0 50 100 150 200 250 300 350

| | | | | | | | | | ¢K- (deg)
0 0306 0'921'2 1'521'8 212427 3 FIG. 12. The ¢x- decay angular distribution forw
Q" (GeV’) <2.43 GeV. Also plotted is the result of a fit of the fork

. . L +B cosgx-. The error bars are statistical uncertainties only.
FIG. 11. The ratios|(m|=3/2)/(|m|=1/2) of the spin projection P steal U i 4

populations, based on the ratiBé« of the fitted parameters in Eq.

(3), for each region of)?. The point atQ?=0 is derived from Fig. most likely kinematic regime to obsergechannel contribu-

3 of Ref.[1]. The vertical error bars are derived from the uncertain-tions is for larger center-of-mass angles. There are some

ties of the fitted coefficientsxr and 8. The horizontal error bars structures in Fig. 14) that are absent in Fig. U4), but

denote the averaging intervals. better statistical precision is needed. As was the case with a
photoproduction measuremef20] of the A(1116) cross

tions. If it makes a large contribution, we expect that both thesection, than distribution for theA (1520) electroproduction

longitudinal and transverse couplings of the virtual photonprocess rises steeply near threshold. Theggoglistribution

are significant. Figure 13 plots thg+ distributions for the  for this region of W shown in Fig. 4 suggests at least two
same four regions dd? shown in Fig. 9. The range ef, the

transverse polarization of the virtual photon, for the data pre-

sented here is from 0.3 to 0.7 with a nominal value~d.5. g E (a) 0|'9<Qz|<1'2 | I 9E (@) 12<Q’<1.5 =
The fits shown in Fig. 13 are summarized in Table IIl. All ¢ 5 £ "y?/y=2.12 ic 8¢t X’/v=0.778 3
four fits suggest cogyg+ contributions, indicating contribu- ._g 6 L _g g 3 E
tions from both the longitudinal and transverse virtual pho- O s ¢ 10 g ¢ 3
ton spin projections. However, there is a larggt depen- Dy 2 4 F 3
dence to this term than to the ratios of the spin projections € 3 & 193¢ 3
shown in Fig. 11. This demonstrates that the virtual photong 2 ¢ § 2 3
L-T interference does not have a direct correspondence wittg (1) E LY g (1) I
the L-T decomposition of the helicity frame. >9 0 100 200 300 >9 0 100 200 300
The W distributions for cog+<0.6, and all cok+, are O g L (c)1.5<0°<1.8 iogtE (d) 1.8<0@*<2.4
shown in Fig. 14. The result of a power law fit to the 5 7 £ x*/v=1.02 P + X/v=1.01 E
dependence of the total cross section is also shown in thi:_é 6 E _é 6 F 3
figure. Since the co&-+ distributions shown in Fig. 4 are < 5 E + I<C 5 E E
forward peaked and consistent witchannel dominance, the ; 3 e ; g £
TABLE Il. The ratios of the spin projection parentages for the 2 F i 2 E
four regions ofQ? presented in Fig. 9. 1_|||_ 1|||_
0 0 100 200 300 0 0 100 200 A 300
Q2 range (GeV) Ratio (m,= = 3)/(m,=* 1) ¢+ (deg) ¢+ (deg)
0.9-1.2 0.806:0.125 FIG. 13. Thegy- distributions for the same four regions of
1.2-15 0.5340.148 kinematics shown in Fig. 9. The plotted curves are the results of fits
15-1.8 0.6140.108 of the form A+ B cos 2y + + C cos¢y+. The plotted error bars are
1.8-2.4 0.5580.108 statistical uncertainties only. The results of those fits, with the con-

stant term normalized to one, are summarized in Table III.
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TABLE Ill. Summaries of the fits shown in Fig. 13. The fits are i
of the formA+ B cos 2p++C cos¢y+, and the entries in this table 350 - 2
are the fitted values of the parameters witimormalized to one. r m? = 2.71£0.33 GeV*
2 300 -
Q? interval (GeVf) A B C :'g\ const/(m™+Q?)?
0.9<Q?<1.2 1.0:0.07 -023+0.10 059010  “Tpu I
1.2<Q?<1.5 1.0:0.08 —0.23+0.11 0.10-0.11 50‘ i
1.5<Q%<1.8 1.0-0.07 -0.16+0.10 0.270.10 % |t
1.8<Q2%<2.4 1.0:0.07 —0.25+0.10 0.46-0.09 200 ¢
150 |
partial waves are making significant contributions. This is i
not the expected behavior if this region\Wfwere dominated i
by a single resonance. 100 1
The Q? dependence of the cross section fok i
<2.43 GeV, and coég+>0.2, is shown in Fig. 15. Previous 50 [
measurementiS,Zl—aéS of the Q? depen%ence of the - W< 2.43GeV, cosO. > 0.2
A(1116) cross section studiedc+=0°, and the cut on b

cosfk+ used to generate Fig. 15 attempts to match the kine- 1 12 14 16 18 z , 22 24
matic regimes previously studied as much as possible, givet Q (Ge\ﬁ)

the current data set. Th@? dependence of the lighter hyper-
e P g yp FIG. 15. The Q? dependence of the cross section fof

nsi marily parametriz min 2)72 pe- o
ons is customarily parametrized assu g’rﬁfQ )" “be <2.43 GeV, and coéx+>0.2. The error bars represent statistical

havior, therefore this same function is used to parametrize S Lo . :
. A . -tncertainties only. Also shown in this figure is the result of a fit to
the cross section shown in Fig. 15. The fitted mass shown i, 2. N2y -2
. . I . e data of the formra+ Q<) ~~.
Fig. 15 is the saméwithin error9 as the mass term shown in

Fig. 16 derived from the\ (1116) cross sectiofi3,21-23 o
for Q2 ranging from 0 to 4.0 Ge¥ 2.65 GeV. TheA(1520) decay angular distributions were

presented for the first time in an electroproduction measure-
ment, along with the coé-+, ¢«+, andt dependencies.
Electroproduction of the\ (1520) appears to be domi-
The electroproduction of th&(1520) strange baryon was nated byt-channel processes, as does the photoproduction
measured fofQ? from 0.9 to 2.4 Ge¥, andW from 1.95to  measuremenitl]. The t-channel helicity frame angular dis-
tributions suggest longitudin&lchannel diagrams make sig-

IV. SUMMARY AND DISCUSSION OF RESULTS

350 £ (')' I 3 nificant contributions to electroproduction but not photopro-
_ F (@ u
0 F =
£330 ¢ ]
250 [ + 3 700_I"'I""I""I""I""I""I""I""I
= F + 3 O Bebek et al. [21]
G200 3 + + E X A Brown et al. [22]
150 | ' ¢ = 600 & Azemoon et al. [3]
100 E ¢ ¢ ¢ E i A Bebek et al. [25]
3 o ¢ 3 500 |- © Niculescu et al. [23] ]
0 E cosO < 0.6 ' 'S = , , ]
b by T ) [ _ - ]
453 E 2l 2l T Tl s 2le -\2 o & 1(Q"+2.67)" fit ]
00 £ (B) ~(6.1940.77) 5 T % :
L350 F w E ,\8 : ]
300 | + + l 3 T r % .
Easo | : ]
©200 £ t ) ' E [ ]
150 £ 3 200 - 7]
100 £ 3 [ ]
50 | All cosOy. E 100 | % \%\Eﬁ;
0= ‘211. - ‘212I - I21.'5I — I214I - ‘2[5. - I216. B § ]
W(GeV S I IR PR IR BRI B BT B

0 05 1 L5 2 25 3 35 4
FIG. 14. TheA(1520) production cross section as a function of Q’ (GeV?)

W for (a) cosf+<0.6, and(b) all cosé+. The curve plotted irfb)

is the result of a power law fit to the/ dependence of the total FIG. 16. TheQ? dependence of thA (1116) cross section for
cross section for 2&W<2.65 GeV. The error bars in both plots W=2.15 GeV. Some of the points have been scaled to the assumed
represent statistical uncertainties only. cross section for thisV. Further details can be found in R¢21].
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duction. The results presented here indicate the transition Some of these first attemgt&6—2§ to explain the differ-
between these two sets bthannel processes occurs in the ence between thd (1116) andX(1193) cross sections as-
region 0<Q?<0.9 GeV, and once the transition takes sumed hyperon production at high? is dominated by the
place there is littleQ? dependence to the reaction mecha-Virtual photon scattering off one of the quarks in the proton.
nism. However, it is important to keep in mind that the The remaining two quarks couple into either isospin-zero or
ranges of some other kinematic quantities do not overlap i#S0spin-one pairings, and a few general arguments were suf-
these two measurements. For example, the difference bdcient to show the isospin-zero pairing is preferred as the
tween the photo- and electroproduction spin projection@orkenx variable approaches 1.0. Therefore in these models
could be primarily due to differeniV ranges. Most of the &0 UpP qL_Jz_;lrk interacts with the virtual photon, and the isospin-
A(1520) photoproduction data of RéL] are from a higher zero pairing of the ot_her twc_) quarks leads to the prgference
region of W than is presented here, and it is not unusual foffo" A(1116) production. This framework also predicts the
the exchange of=1 vector mesons to make a larger con->(1193) cross section drops off much more rapidly vath
tribution for W well above threshold. The difference could than theA(1116) cross section, even for small valuesQsf

also be a consequence of differantanges, since Refl] at whichx is much less than 1.0. The fact tf¢ dependen-
studied a range of from —0.2 to —0.65 Ge\?, far above cies of theA (1116) andA (1520) cross sections are identical

the region oft studied in electroproduction. The CLAS de- is consistent with this model, and suggests the isospin of the

tector has recently been used to measuf&520) photopro- produzced hyperon is an |mportant.quant|ty in determining
duction over the region oV presented here, enabling a fu- the Q” behavior of hyperon production.
ture direct comparison of photo- and electroproduction. In
addition, once the analysis of data taken with 3.1 and 4.8
GeV electron beam energies is complete, the study of the \We would like to acknowledge the outstanding efforts of
spin projection ratios will be extended to smaller and largetthe staff of the Accelerator and Physics Divisions at Jefferson
values ofQ?. Laboratory that made this measurement possible. This work
It is interesting that th&? dependencies of th&(1520)  was supported by the U.S. Department of Energy and the
and A(1116) cross sections both yield fitted mass valueNational Science Foundation, the French Commissariat a
close tom~1.65 GeV, while theX(1193) cross section [I'Energie Atomique, the Italian Istituto Nazionale di Fisica
yields a substantially smaller value, namefy-0.89 GeV  Nucleare, and the Korea Science and Engineering Founda-
[21,24,23. Therefore, it might be the case that this largertion. We would also like to acknowledge useful conversa-
mass term is characteristic of al hyperons. Given this tions with F. Close, S. Capstick, and C. Bennhold. The
possibility, it is worthwhile to revisit some of the original Southeastern Universities Research Associai®idRA) op-
models, presented more than 25 years ago, that addressed #rates the Thomas Jefferson National Accelerator Facility for
qualitative differences betweer\ (1116) and X(1193) the United States Department of Energy under Contract No.
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