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New Measurement ofY, Beam Asymmetry for » Meson Photoproduction on the Proton
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We present nevi, beam asymmetry data fof meson photoproduction on the proton, using a novel
tagged, laser backscattered, linearly polarized photon beam up to 1.1 GeV. The data show large,
positive asymmetries, at all incident photon energies. In addition toSth@535) and D3(1520)
resonances necessary to reproduce the cross sedtigfs720) and D5(1675) “four stars” resonances
contribute to theX observable, but cannot reproduce the strong forward asymmetries measured at
energies higher than 900 MeV. [S0031-9007(98)06957-9]

PACS numbers: 13.60.Le, 13.88.+e, 14.40.Aq

The underlying substructure of the nucleon gives risenificantly reduce the model dependence in the separation
to a rich spectrum of excited states, many of which havef the entrance channel electromagnetic couplings from
been associated with the baryon resonances seetvin the strong meson-decay modes.
scattering [1] andr photoproduction. These baryon reso- Multipole analyses of meson photoproduction are nec-
nances and their associatedVN* electromagnetic cou- essary to extract resonance properties. These require a
plings form bench marks for models of hadron structureminimum of eight observables to avoid ambiguities: the
Quark models have been quite successful in accountingross section, the three single-polarization observables (po-
for the masses of most observed resonances, although lewrized beam, target, and nucleon recoil) and four appro-
some cases the electromagnetic couplings have presentedately chosen double-polarization observables [4]. Such
more of a challenge [2]. complete information is not available and the extraction

At energies above the first excited state of the nucleowf resonance parameters is necessarily model dependent.
[the P33(1232) resonance], the baryon spectrum is se-Polarization observables provide important constraints on
verely complicated by the presence of many broad overthis extraction. For this, one of the most important is the
lapping states, and this has limited the constraints thdteam asymmetrg, i.e., the beam polarization analyzing
can be placed upon theory. Several “missing resonancegower of a photoproduction reaction induced by linearly
have also been predicted which have so far escaped egeolarized photons. This asymmetry is very sensitive to in-
perimental identification, these being either unresolved oterfering multipoles of opposite parity and has frequently
only weakly coupled to therN channel [3]. Ther me-  been used to separate electric and magnetic excitations. In
son carries isospih = 1, and as a result can couple to this Letter, we present the first measurements ofitub-
both isospinl/2 and3/2 channels. However, since the servable for then meson photoproduction on the proton
n meson had = 0, the (y, n) process offers the very from threshold up to 1.1 GeV.
attractive possibility of being completely insensitive to Below 1 GeV, theS;;(1535) resonance which has a
all I = 3/2 resonances. In addition, comparatively fewbranching ratio ton N much larger than the other neigh-
baryon resonances have a significant decay branch into thmring resonances, plays a highly dominant role for the
nN channel. This reduces the complexity of the spectruntross section observable [5], while the Ropgi(1440),
considerably. Moreover, the comparison between amplithe D3(1520), and theDs5(1675) resonances give minor
tudes for resonances seen(in i) and(y, ) would sig-  contributions. Other® and D wave resonances can be
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ignored [6,7]. As will be shown in this paper, @l and central part at angles betwe2f® and155° with respect to
D wave resonances contribute significantly to theob-  the beam axis, pass through two coaxial cylindrical wire
servable, mainly through interferences with the(1535).  chambers, a barrel made of 32 plastic scintillators, that
Accordingly, it should be possible to better evaluate theprovidesAE information for particle identification, and
contribution of individual resonances as well as to underthe BGO ball made of 480 BGeO,, crystals each of
stand nonresonant mechanisms (Born terms including ve@1 radiation lengths. The BGO has cylindrical symmetry
tor meson exchange). Approaches as those of Ref. [7iround the beam axis with 15 segments in the axial plane
where the determination of thg,(1535) electromagnetic and 32 in the transverse one [19]. The energy resolution
coupling strengths from the availablg photoproduction  for y ray detection is 3% at 1 GeV [20].
data was attempted, will therefore provide more reliable The particles emitted in the forward direction at polar
results. angles less thafi5° pass two plane wire chambers that
For the photoproduction of the meson, the experi- provide tracking angular resolution 6f5° and a double
mental situation is extensive [8], while for thg meson, wall of plastic scintillators covering an area ®fx 3 m?
only differential cross section data [9] and four polar-and located3 m away from the target. This detector
ization points, corresponding to the recoil proton polar-gives an angular resolution di°, a measurement of
ization [10], all measured before 1974 using untaggedhe time of flight (TOF) with a resolution of 600 ps
photon beams, are available. The recently published r¢FWHM) and a AE information. It is followed by
sults concerning the differential and total cross sections shower detector consisting of 16 vertical modules
are devoted either to the study of the threshold behavdead/scintillator sandwiches) covering the same area as
ior [11] or to the investigation at energies above thethe double plastic wall, having similar time and angular
S11(1535) region [12]. For theX beam asymmetry ob- specifications and a limited energy resolution for photons.
servable, a few points exist above 1.39 GeV [13], but no An energy deposition in the BGO larger than 200 MeV
measurement has been done near threshold. Our presémtcoincidence with an electron in the tagging detector,
>, data complement the differential cross sections on thériggers the data acquisition. We have collected data
proton [11,14], on the neutron [15], and the recent targebn the photoproduction o#°, 7%, 2#° and . For
asymmetry data on polarized protons from Bonn [16], allthe reactionp(y, np), events corresponding to two or
measured from threshold to above 1 GeV, to provide nevgix photons fromn — 2y or then — 37° — 6y decay
information on theyn process in theS;;(1535) region. channels in the BGO, or one photon in the BGO and one
Our measurements have used the GRAAL [17] polarizegbhoton in the forward shower detector were collected and
and tagged photon beam obtained by the backscatterirgnalyzed. Recoil protons were detected either in the BGO
of laser light on the high energy electrons circulatingor in the forward detectors.
in the 6.04 GeV storage ring of the ESRF (European Figure 1 shows the invariant mass spectrum er
Synchrotron Radiation Facility) in Grenoble. The linearevents, reconstructed from the energy and angles of each
polarization of the beam results from the conservation oflecay photon hitting the BGO. With the tagger providing
the laser polarization in the Compton backscattering. Théhe energy of the incoming and all particles detected
energy dependence of the polarization can be calculated the final state, the reaction is overdetermined and the
by QED, from the laser light polarization at the collision events fromn photoproduction are easily identified using
point, and has been estimated by computer simulatiorkinematical constraints. The events for which one of the
taking into account laser and electron beams emittancephotons is detected by the shower detector have been
It varies from 0.98 at the maximum photon energy toanalyzed using a global kinematical fit. These events
0.69 at then threshold. In the measurements presentegrovide a statistically independent set of data. Empty
here, using a green line at 514 nm, theray energy target runs have indicated a contribution of the order of
spectrum extended from the maximum energy of 1.1 Ge\%, consistent with the target walls thickness.
to the lowest tagged energy of 550 MeV, well below For a photon linearly polarized in the vertical direction,
the n photoproduction threshold. The tagging detectorthe differential cross section faf photoproduction is
provides an energy resolution of 16 MeV (FWHM) which do do
is limited by the emittance and the energy spread of the — =
electron beam. The tagging rate was up t@ X 10° () dunp
photons per second for the integrated spectrum. It washere P is the polarization degree of the photon and
continuously monitored on line using a set of three thinis the angle between the reaction plane and the horizontal
plastic scintillators and a total absorption detector [18]plane. The cylindrical symmetry of the GRAAL detector
The liquid hydrogen target was contained in a Mylar cellallows this co®¢) dependence to be observed directly
of 3 cm length and 4 cm diameter. in the azimuthal distribution of events. By switching the
The 47 detector, for the detection of neutral and polarization alternatively between horizontal and vertical
charged particles, consists of a cylindrical central parstates, two independent sets of data were collected. The
and a forward detector. The particles emitted into thesum of the two yields normalized by the respective fluxes

[l + PXcoq2¢)], 1)

1798



VOLUME 81, NUMBER 9 PHYSICAL REVIEW LETTERS 31 AGusT 1998

106 . dict the yn channel. They include in their model, only
g the first N* resonances: RopeP;(1440), S;;(1535),
andD;3(1520). The corresponding predictions are shown
by the dotted curves. Although positive asymmetries re-
sult from this approach, the agreement is poor, except at
808 MeV. In Ref. [21], an effective Lagrangian formal-
ism, that contains Born terms and both vector meson and
nucleon resonance contribution®[(1440), S1;(1535),
D13(1520), andD5(1675)], has been developed and fitted
o 01 02 03 04 05 06 07 to recenty cross section data. The corresponding pre-
GeV dictions for the, observable follow the dashed curves.
FIG. 1. Upper curve: invariant mass foy events calculated The agreement is quite good at energies below 900 MeV,
from the BGO response. Two peaks are clearly visible atut the large asymmetries observed at higher energies are
the 7r_° and n masses before kinematical cuts. Lower curve:pot reproduced.
m\éa,;l?;$%§S5%)Qﬁe%ﬂ§w(ﬁnﬁrnancal cuts. The resolution on In an attempt to reproduce the large forward asymme-
tries, the “nodal approach” developed by the authors of
Ref. [22] was used. In this framework, the angular struc-
Nior and Ny provides the unpolarized cross sectiontyre of spin observables provides a powerful tool to find
dO'unp and the pOSSlblllty to correct for small anisotropieS()ut which angu|ar momentum quantum numbersl corre-
in the gzimuthal response of the detector. Figure 2 ShOW§p0nding to excited intermediate resonances, must p|ay
the ratio: a role in pseudoscalar meson photoproduction processes
do 2Nyer [23]._ Such an analysis, limited to resonances with in-
Qoo Nt New 1 + PXcod2¢). (2) trinsic angular momentad < 2, has been carried out for
e e o the target asymmetry observaliie[16] and has shown

The values o (E,, 0), whereE, is the photon energy that all “four stars”S, P, and D resonances must be
and 6 the polar angle of the outgoing, result from a taken into account [24]. A similar nodal analysis includ-
fit to the distributions obtained in this way. The resultsing our 3 data points, shows tha§;;, P13, D3, and
are shown in Fig. 3. The asymmetries are large and
positive. Below 900 MeV, the angular distribution is
fairly symmetric around0°, but at the highesy incident
energies, there is a marked forward peaking, with large
asymmetries, reaching values as high as 70%. The small
polarization loss of the fully polarized laser light, by
mirror reflections and window transmissions along the
beam optics, is the main source of-2% systematic error
on the data points.

Several predictions for th&, asymmetries can be de-
rived from the existing models that fit the differential
cross sections. The authors of Ref. [6] use a coupled
channel analysis based onr, 77, and7n data to pre- 01 ; ; ‘ ;
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FIG. 3. X observable, at different incident energies, corre-
sponding to the photoproduction of thgmeson on the proton
as a function of they angle® in the c.m. The full circles are

0.4 &

F the results when the 2 or 6 decay photons are all detected in the
0.2 E ‘ ‘ ‘ ‘ ‘ ‘ BGO ball. The open circles are the results for one photon in the
0 ™50 100 150 200 250 300 BGO and the other one in the shower detector. The error bars
o (deg) include statistical and systematic errors. The horizontal bars
indicate the angular resolution. Predictions from already pub-
FIG. 2. Azimuthal distribution atE, = 990 MeV and ¢ = lished approaches are dotted curves, Ref. [6]; dashed curves,
90°. The fitted curve [ + P coq2¢)] provides the value for Ref. [21]. Full curves, fit to our data resulting from the nodal
3 = 3(E,.0). approach, Ref. [25].
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