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High-statistics cross sections and recoil polarizations for the reactiems—K*+A and y+p—K*+30°
have been measured at CLAS for center-of-mass energies between 1.6 and 2.3 Ge\K*Ih tennel we
confirm a resonance-like structure n&¥dr 1.9 GeV at backward kaon angles. Our data show more consplex
and u- channel behavior than previously seen, since structure is also present at forward angles, but not at
central angles. The position and width change with angle, indicating that more than one resonance is playing
a role. Large positive\ polarization at backward angles, which is also energy dependent, is consistent with
sizables- or u-channel contributions. Presently available model calculations cannot explain these aspects of the
data.

DOI: 10.1103/PhysRevC.69.042201 PACS nunierl3.60.Le, 13.30.Eg, 14.20.Gk, 25.20.Lj

Characterizing the nonstrange baryon resonances is @y resonances. The most widely available model calculation
fundamental interest in nonperturbative QCD. The massesf the KA photoproduction, the Kaon-MAID codgt], in-
quantum numbers, and decay branches of the higher-masfudes merely three well-established resonances: the
baryon resonances have remained difficult to establish, botg (1650, the P;;(1710, and the P;5(1720. Thus it is
experimentally and theoretically. Experimentally, most infor-timely and interesting to have additional good-quality photo-
mation comes from the use of pion beams interacting withyoquction data of these channels to see what additional
nucleon targets, combined with detection of one or morgegonance formation and decay information can be obtained.

pions or the nucleon. For increasing masses, both the energ¥ere we report the global features of our resyswhich
overlap of resonances and meson produateg.,p) make it are new, and compare them to published reaction models.

Irgr?reIigltﬁlgfu'totgrlseggtr:kgﬁswee d r?ﬁ’?&?g&;ﬁ?gﬁﬁ;{%ghe Differential cross section and hyperon recoil polarization
9 poorly 9 ?ta were obtained with the CLA®] system in Hall B at

wfirgé%sl\;rgf/ p;%tgggtigﬂ;eé‘h;; tirsar;%eggzzr?r:??ggsgs%e Thomas Jefferson National Accelerator Facility. A beam

ly of baryons predicted in quark models, the so-calledOf tggged photons from a bremsstrahlung beam spanned en-
Pn){issing bgryonse problerf2]. Vgrious ways have been sug- rdies from threshold 4,=0.911 GeV(W=1.609 GeV up
gested whereby dynamical effects such as diquarks coultp 2.325 GeV(W=2.290 GeV. The event trigger required
reduce the number of states to something closer to what h#§! electron signal from the photon tagger, and at least one
been already observda]. charged-track coincidence between the time-of-flight “start”

Photoproduction of nonstrange resonances detected viounters near the 18-cm liquid-hydrogen target and the time-

decay into strange particles offers two benefits in this fieldof-flight “stop” counters surrounding the drift chambers. Ka-
First, two-bodyKY final states are easier to analyze than theons were identified using momentum and time-of-flight mea-
three-body7#N final states that dominate decays at highersurements to compute their mass, and were the only particles
masses. So, while the cross sections for strangeness produtstected in CLAS to obtain the cross sections. handX°
tion tend to be smal{on the order of 1 or b in electro-  Yields were separated from the background due to misiden-
magnetic production the energy and angular distributions tified pions using line shape fits to missing-mass spectra in
are simpler. Also, the recoil polarization observables areeach of over 900 kinematic bins of photon energy and kaon
readily accessible via hyperon decays. Second, couplings @hgle. The results are binned in 25 MeV step£ipand in
nucleon resonances Y final states are expected to differ 18 bins in the center-of-masg.m) angle of the kaons,
from coupling to 7N or 7aN final states[2]. Therefore, —0.9<cog#;™)<+0.9. Consistency among several varia-
looking in the strangeness sector casts a different light on thgons of kaon selection cuts and background shapes was de-
resonance excitation spectrum, and thus may emphasizeanded in extracting the hyperon yields, withalways less
resonances not revealed N\ scattering. Some “missing than 1.75 and signal-to-background ratios of greater than 2.5.
resonances” may only be “hidden” by the character of theA hyperon missing-mass resolution 6£6.1 MeV was ob-
channels studied previously. To date, however, the PDGained when averaged over all detection angles and photon
compilation[1] gives poorly knownKA couplings for only  energies. The estimated method-dependent yield uncertain-
five well-established resonances, and KB couplings for ties are included bin by bin in our results, and average 6%. A
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FIG. 1. (Color onling Angular distributions forA (left) and=° (right) hyperon photoproduction measured at CLA®Iid circleg at
W=2.01 GeV. The error bars combine statistical and estimated point-to-point systematic errors. Data from $3}RéfiBn trianglepare
also shown. The curves are for effective Lagrangian calculations computed by Kaon-MRA(blid) and Jansseat al. [12] (dashegl and
a Regge-model calculation of Guidet al. [9,10] (dot-dasheyl

total of 427 000K*A events and 354 00R*X° events were The A and3° hyperons have isospin 0 and 1, respectively,
accumulated. and so intermediate states leading to the production'sf

The acceptance and efficiency for CLAS were modelectan only have isospin 1/2N" only), whereas for the2%’s
twice, using two independent Monte Carlo models. One wasntermediate states with both isospin 1/2 and 8X2 or A)
a full GEANT-based simulation involving hit digitizations, can contribute. Figure fright) shows the data foE° pro-
while the other was a faster parametric simulation that modeuction at the sam&V as above, showing the more central
eled detector effects starting at the level of reconstructedtrength of thes° cross sections induced by differing reso-
tracks. The results were in good agreement overall, andance structure.
analysis of the remaining variations led to an estimated glo- The Regge-model calculatid®,10 shown in Fig. 1 uses
bal systematic uncertainty of 7 %. This was the dominanbnly K andK™ exchanges, with ne-channel resonances. The
systematic uncertainty in the experiment. prediction was made using a model that fit high-energy kaon

The photon flux was determined by integrating the taggeelectroproduction data well, and could be expected to repro-
rate. The rate was sampled by counting hits from accidentaduce the average behavior of the cross section in the reso-
photons in the tagger TDC’s. Photon losses due to beamance region. However, extrapolated down to the resonance
collimation were determined using a separate totalvegion, the model overpredicts the size of theross section
absorption counter downstream of CLAS. As a check on ouand underpredicts that of tf&. Since it is at-channel reac-
results, thep(y,7")n cross section was measured using thetion model, it cannot produce a rise at back angles as seen for
same analysis chain as tip¢y,K*)Y data. The pion cross the A, and illustrates the need fer andu-channel contribu-
section was found to be in agreement with the SAI)  tions to understand that feature. Two hadrodynamic models
parametrization of the world’s data between 0.6 andbased on similar effective Lagrangian approacf¥$1,13
1.6 GeV, albeit low by an overall scale factor of 0.92. In are also shown. Both emphasize the addition of a small set of
energy and angle the variation in the ratio of CLAS to SAID s-channel resonances to the nonresonant Born terms, and dif-
pion cross sections was sma#,+3%. This shows that the fer in their treatment of hadronic form factors and gauge
yield extractions, acceptance calculations, and photon flujavariance restoration. Both were fit to the previous data
determinations were all consistent, but the overall normalizafrom SAPHIR[8], and therefore do not agree well with our
tion of the kaon results was made relative to the world’s piorresults.
photoproduction data. The final global systematic uncertainty Resonance structure in tlsechannel should appear most
on our cross sections is 8.2% for thedata and is 7.7% for clearly in theW dependence of the cross sections. In Fig. 2
the 3° data. (top) we show theK*A cross section at our most forward

Figure 1(left) shows the differential cross section far  kaon angle, showing a sharp rise from threshold up to
hyperon photoproduction aWw=2.0 GeV. It is forward 1.72 GeV, a slow decline, and then a structure at 1.95 GeV
peaked, as has been seen in previous experinightslow-  with a full-width of about 100 MeV. The peak in the thresh-
ever, we also see a backward rise in the cross section for thi@d region is understood in model calculations as due to the
and similar high values ofV. This can be due either to knownS;;(1650, P14(1710, andP3(1720 resonances. At a
u-channel components of the reaction mechanism or to themoderate forward angle, shown in Fig. (&iddle), the
interference ofs-channel resonances. The agreement behigher-mass structure near 1.95 GeV is not visible. At a
tween CLAS and previous data from SAPHIR at Bdi®@  moderate backward angle, shown in Fig.(lbttom), we
varies: generally the measurements agree within the estagain see clear structure, but it is broader, centered near
mated uncertainties at back angles and near threshold endr90 GeV, and is about 200 MeV wide. These structures are
gies, but CLAS measures consistently larg§éA cross sec- prominent at forward and backward angles; for most inter-
tions at forward kaon angles. mediate angles the energy dependence near 1.9 GeV falls
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© [ 1 FIG. 3. (Color online Recoil polarization ofA hyperons as a
0.5 ) — function of W for the center-of-mass kaon angle of o™
S =-0.3(top) and cosdy™) = +0.3 (bottom). Vertical bars on CLAS
B ® CLAS (present work) 558 ;"'3-!' data (solid pointy combine statistical and systematic errors and
L A SPHIRTSI cmO=Oif0 g e horizontal error bars span regions of weighted averaging. The

16 1.7 1.8 1.9 5 21 2.2 2.3 curves and other data are the same as in Figs. 1 and 2.

W (Ge\/) of the imaginary parts of the resonant amplitudes with the
real part of other amplitudes, including the nonresonant Born
FIG. 2. (Color online Energy dependence of thecross section  terms. Unpolarized photons on an unpolarized target can
at the most forward angle measurg@dp), and at intermediate for- only produce hyperons that are polarized along the axis
ward and backward anglesiddie), (bottom). The error bars com- (3% K¥) normal to the production plane. The parity-violating
bine statistical and estimated pomt-to-pqlnt _systematlc errors. Thgaqk decay asymmetry in hyperon decays enables us to de-
curves and other data are the same as in Fig. 1. termine this polarization by measuring the angular distribu-
tion of the decay protons. The large acceptance of CLAS
smoothly. In contrast, our corresponding measuréalcross  made it straightforward to detect protons from the decay of
sections are featureless throughout this angle and enerdgwperons in coincidence with tH€" mesons.
range[5]. Figure 3 shows theé\ recoil polarization as a function of
Indications of the structure near 1.9 GeV were first seetW for representative kaon angles in the backward and the
in data from SAPHIR[8], which was interpreted by some forward directions. The data have been binned such that the
[11] as evidence for a “missing” resonance at this massstatistical uncertainty on each datum is less than +0.15. The
Based on theoretical guidance from one particular quarlerror bars combine statistical and estimated systematic un-
model [2], an assignment oD,3(1895 seemed consistent certainties arising from the yield extraction. Our results are
with the angular distributions. However, other groip2,13 generally consistent with a few older data points from
showed that the same data could be accommodated usiBAPHIR [8], but our energy binning is finer and reveals
u-channel hyperon exchanges, an eRraave resonance, or more structure. The data show negative polarization of\the
alternative hadronic form factors. CLAS data, which show ahyperons when kaons go forward in the center-of-mass frame
structure that varies in width and position with kaon angle,and a comparably strong positive polarization when kaons go
suggests an interference phenomenon between several redackward.
nant states in this mass range, rather than a single well- Of the three models tested here, only the model of Janssen
separated resonance. This should be expected, since maetyal. [12] (dashed ling predicts the large back-angle polar-
s-resonances occupy this mass range. The best modeling fation seen in the data near 2.0 GeV. This prediction is
the backward-angle structure near 1.9 GeV is given in Refstrongly influenced byu-channelY* contributions in that
[11] by incorporating @5(1895. We see, however, that the model which are added tol2y (1895 s-channel component.
resulting fixed position and width in this model is not con- At the forward angle, however, this model does not perform
sistent with the variation with angle seen in the data. better than the other hadrodynamic calculation or the Regge-
The hyperon recoil polarization provides another test ofbased model. The positive back-angle polarization arises in
reaction models. This observable is related to interferencethe Kaon-MAID [4] calculation from the presence of a
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D15(1895, but the strength is too small. The Regge-basedrom negative values at forward angles to positive for back-
model[9,10 can provide only very weak back-angle polar- ward kaon angles. Sincetachannel Regge model is unable
ization, since by construction it has only tchannel to explain the backward, positive polarization, it appears that
(forward-angle production mechanism, leading here to the additionals- or u-channel resonances are needed to explain
wrong sign. Near threshold energy the hadrodynamic modelgye gata. Our results show that hyperon photoproduction can
show the most structure due to interference of the knowne,ea| resonance structure previously “hidden” from view,
resonances cited earlier; but here our data have limited Pr'Shereby improving our understanding of nucleonic excita-

cision and cannot distinguish among these models. tions in the higher-m region where data ar rse. Com
In summary, we present results from an experimental in- ons € nigher-mass regio ere dala are sparse. L0

vestigation of hyperon photoproduction from the proton inPrehensive partial wave analysis and gmphtude modellng for
the energy range where nucleon resonance physics shoulgese data can therefore be hoped to firmly establish the mass
dominate. OuK*A cross section data reveal an interestingand possibly the quantum numbers of these states.

W dependence: double-peaked at forward and backward . .
angles, but not at central angles. For the first time we see that W€ thank the staff of the Accelerator and the Physics Di-
the structure near 1.9 GeV shifts in position and shape fron{iSIons at JLab. Major support came from the U.S. DOE and
forward to backward angles. This finding cannot be ex-NSF. INFN Italy, the French atomic energy agency, and the
plained by a-channel Regge-based model or by the additionkorean S&E Foundation. The Southeastern Universities Re-
of a single new resonance in tiseor u channel. Our polar- Search Associatio(SURA) operates the Jefferson Lab under

ization data show large values of polarization that changd).S. DOE Contract No. DE-AC05-84ER40150.
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