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Abstract. Meson photoproduction off the nucleon is a key tool in oraeunderstand the structure of baryons and their
excitation spectrum. Especially in the regime of high-tynesonances the photoproduction of multi-meson final siatef
increasing importance, given that the cross sections fir ptocesses exceed those for single-meson productiornitiédyddly

it gives a handle on sequential decays of such resonancesgvitheA(1232) or theS;1(1535 in the intermediate state. For

a complete understanding of the processes involved, thsuraaent not only of unpolarized cross sections but also of
polarization observables is mandatory. With the Crystat®@ATAPS experiment, located at the ELSA acceleratolifgén
Bonn, it was possible to determine such observables usimgarly polarized photon beam impinging on a liquid hydmge
target. The beam asymmetrisand|S are presented for the reactigp — prn. The latter is a feature exclusive to the
acoplanar kinematics of multi-meson final states and has leasured for the first time.
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INTRODUCTION

The photoproduction of pseudoscalar meson pairs off théenngields a great potential for gaining further insight
in the field of baryons and their properties. At present, mafchur understanding of the excitation spectrum of the
nucleon is based on constituent quark models [1]. While imegal quite sucessful in the description of the baryon
spectrum, these models exhibit certain shortcomings, proshinently the prediction of an abundance of states with
masses above 1.8 GeV for which little to no experimentaleavig exists fronmN scattering [2] fnissing resonancgs
The photoproduction of meson pairs not only avoids the expartal bias ofrN couplings, but also allows for the
study of sequential decays of such high lying resonances.r@ctionyp — pri°n is particularly attractive in this
context since the isoscalgr allows for the distinct study of excitel states via theiAn decay. Accordingly, the
investigation of this reaction has gained in importance tive past few years, both experimentally and theoretically
Unpolarized total and differential cross sections havenbaeasured by various experiments [3, 4, 5] as well as the
beam asymmetr [5, 6]. From the theoretical side, attempts to treatAi700) D33 as resonance that is dynamically
generated fron\-n interactions [7] have been made as well as attempts to uaderghe rapidly rising cross sec-
tion [8] by formation of intermediate resonances. A couptbdnnel partial wave analysis within the Bonn-Gatchina
framework (BnGa-PWA) [9] suggests the formation of, amotigecs, the established (three stA(L920Ps3 and a
not-well-known (one-starj(1940D33 resonance in this reaction [4]. These two resonances seéonntoa further
parity doublet. Such parity doublets have been related &storation of chiral symmetry at high baryon excitation
masses [10].

Experimentally, the main key to a good understanding of #irydn spectrum is the measurement of a complete set
of observables for a multitude of final states, only one ofahihis the unpolarized cross section. While in single-
meson production out of a total of 16 accessible observablegll chosen set of 8 measurements suffices for a
model-independent, unambiguous partial wave analgsimplete experimenfl1]), additional degrees of freedom
in two-meson production lead to a total of 64 possible oleteps. Here identities lead to a set of 15 independent
measurements which need to be taken out for a complete exgrar[12].

These additional degrees of freedom arise from the factw@meson photoproduction is not - like two-body reac-
tions - restricted to a single plane, but two planes, a reacnd a decay plane enclosing an angfleoccur as seen

in Fig. 2a. As a consequence, here polarization asymmaetsaiesalso occur if e.g. only the target is longitudinally
polarized or if only the beam is circularly polarized, whismot possible in single-meson production. The first mea-
surements of such asymmetries in double-pion productionyusrcularly polarized photons [13] have demonstrated
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their significant model sensitivity and revealed seriougtncies of most available models.

In the case of linearly polarized photons impinging on analagzed target two polarization observablésand|°
occur, for which so far no data has been published in any aafihe latter corresponds to the polarization observable
2 if the dependence on the angpé is integrated out. The cross section can be written in tha for

do do
— = —-—= 1 15sin(2 1€ 2 1
T~ (G, (wralesinze) +17cosz0)). )

[12] where(g—g)o is the unpolarized cross sectiofi,the degree of linear photon polarization, apdhe azimuthal
angle of the reaction plane with respect to the normal on therjzation plane. The occuring observahlgg €) can

be expressed as the imaginary (real) part of a linear cortibmaf bilinears formed from the helicity or transversity
amplitudes that describe the process. They are therefomhoparticularly sensitive to interference effects, also

to the relative phases of the amplitudes, which allows a nmugte precise extraction of resonance parameters than by
unpolarized data alone.

EXPERIMENTAL SETUP
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FIGURE 1. Setup of the CBELSA/TAPS experiment. The primary electrearb enters from the left. For details see text.

The data presented were obtained by the CBELSA/TAPS expetilocated at the ELectron Stretcher Accelerator
(ELSA) [14] in Bonn. The experimental setup is shown in FigTfie primary electron beam extracted from ELSA en-
ters from the left with an energy of 3.2 GeV. The linearly pizdad photons are produced via coherent bremsstrahlung
off a diamond radiator. Electrons undergoing the bremisktrey process are then momentum analyzed using a tagging
spectrometer consisting of a dipole magnet and a scimtilladsed detection system. The associated photons travel
further along the beamline, impinging on a 5 cm long liquiditogen target [15] in the center of the Crystal Barrel
calorimeter [16]. The Crystal Barrel consists of 1290 CBI€fystals in ap-symmetric setup covering the polar angle
from 30° to 168 and the full azimuthal range. In forward direction the TARffocimeter [17], comprising 528 BaF
modules in a forward wall setup, covers the polar angle dawst tIn front of each of these modules a 5 mm thick
plastic scintillator allows for the identification of chady particles. An additional means for charge identificateon
three-layer scintillating fibre detector [18], surrountle reaction target, covering the angular range of the drysta
Barrel calorimeter. For further details on the experimesgtup, see [19].

DATA ANALYSIS

For this analysis, two datasets were considered, both redaivith a primary electron energy of 3.2GeV. The
maximum degrees of polarization for these datasets weB84&tE, = 1300 MeV (setting A) and 38.7% at 1600 MeV
(setting B), respectively. The systematic error of the poéion was determined to lEP< 0.02 [20]. To guarantee

a sufficiently high degree of polarization for the data amaty; the datasets were subdivided into three energy bins,
W = 1706+ 64 MeV, 1834+ 64 MeV, and 1946 48 MeV respectively, where the low energy range consisislysol

of data taken with the polarization setting A, the high egeenge of data taken with setting B. For the intermediate
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FIGURE 2. (a) Angle definitions in the center-of-momentum frangg.is the angle between the reaction plane defined by the
incoming photon and recoiling particté and the decay plane of two final state partic(by Example of a measuregtdistribution.
Shown is thep-distribution of the final state proton in the regiorf60 ¢* < 120 for events in the energy ranié = 1834+ 64 MeV
(y-axis with suppressed-zero scale).

energy range, both datasets were combined.
The datasample was selected for events with five distincricagter hits since only they2decays of the final state
mesons were considered. To avoid possible systematid&ffae to scintillator inefficiencies, charge informatioaswy
not used to identify the proton. Events were retained if an@are combinations of four out of the five clusters were
compatible with a® and an, meaning the according two-particle invariant massessanéth the respective meson
masses within &. To ascertain the proton, the direction of the fifth clusted ko agree with the missing momentum
determined from the two mesons within°li® ¢ and, taking the angular resolution of the calorimeters atoount,
within 5° in 6 for TAPS and 15 for the Crystal Barrel, respectively. Also, the missing makthe meson system had
to be consistent with the proton mass withio.4
After this preselection, the data was subjected to a kinierfiaf21] imposing energy and momentum conservation,
assuming that the interaction took place in the target ceBtents were retained if they exceeded a probability
(CL) of 8% for theyp — prPyy two-constraint hypothesis and of 6% for thge— pr°n three-constraint hypothesis,
respectively. Events compatible with Ct 1% for theyp — pr®m® hypothesis were rejected. The proton direction
resulting from the fit had to agree with the direction of thetpn determined in the preselection within’2This led
to a final event sample containing a total of 6543 events with a maximum background contamination of 1%.
To extract the polarization observables defined in Eq. fBgkdistributions of the final state particles were fit with
the expression

f(@) = A+ P[Bsin(2¢p) + C coq2¢)], 2

with P being the polarization determined for each event indivilguend later averaged for each fitted bin. Fig. 2b
shows an example of an according distribution. The effetiodii beam asymmetries is clearly visible in the distinct
superposition of a cd2¢)- (I€) and a sif2¢)-modulation (5).

RESULTS

Figures 3 - 5 show the beam asymmetiig¢top) andI€ (bottom), extracted from the fits to thgdistributions as
described above for the three energy ranges (left to right) 1706+ 64 MeV, 1834+ 64 MeV, and 1946- 48 MeV

[22]. Depicted as filled symbols are the asymmetries obthinleen treating the proton (Fig. 3)° (Fig. 4), andn

(Fig. 5) as recoiling particle (see Fig. 2a). The open symbot obtained by performing the transitiph— 27— ¢*,
which is equivalent to a mirror operation with respect tordaction plane, and in the caseléthanging the sign of
the asymmetry. In case of linear polarization such a mirparation leads to the transitign— 27— ¢ and because

of sin(2- (21— @)) = —sin(2¢) (cog2- (21— @)) = —cog29)) to I15(2m— ¢*) — —15(¢") (1°(2m— ¢") — 1°(¢")).
These symmetry constraints are well fulfilled within stiédis indicating comparably small systematic uncertashti

An estimate of the systematic uncertainties is given by grgbaphs below the asymmetries in Figures 3 - 5. They have
been determined by once applying a 2-dimensional acceptamt efficiency correction as function of the variables
@ and @* for each energy bin and in addition, since effects due to twributing physics amplitudes have to be
considered, using the result of the PWA discussed belowttyshe acceptance and efficiency. The systematic error
shown reflects the maximal effect determined by these msthod

The data has been incorporated in the BnGa multi-channgapasave analysis which gives the opportunity to test
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FIGURE 3. Measured beam asymmetri€gtop) andl € (bottom) in the reactiofip — pr°n [22], treating the proton as recoiling
particle. Left to right: CMS energy ranges 17864 MeV, 1834+ 64 MeV, 1946+ 48 MeV. Filled symbolsi13(¢*) (1¢(¢*)),
open symbols=15(2rr— ¢*) (1°(2rr— ¢*)). Solid curve: Full BnGa-PWA fit, dashed curve: BnGa-PWA fitleding 3/2~ -wave.
Histograms below: Estimate of systematic errors due toptanee and efficiency.
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FIGURE 4. Measured beam asymmetrieis(top) andi ¢ (bottom) in the reactioyp — prPn [22], treating ther® as recoiling
particle. Notation as Fig. 3.

its sensitivity to certain partial wave contributions. Aepious fit [4], including data on the reactigp — pr°n but
without information onl s andI® presented here, had claimed evidence for contributioms fregative- and positive-
parity A resonances with spi= 3/2, namely the poorly establishéd1940Ds3 along with the well established
A(1700D33, A(1600Ps3, andA(1920Ps3. The result of a new fit including® and| € is shown in Figs. 3 - 5 as solid
curves. Removing the couplings of thg23 -wave to pn (which provides a small fraction of the total cross section
only) results in a fit tdS and|€ which is still acceptable; larger discrepancies are onlseoked in differential cross
sections. However, removing the¢ 3 -wave which includes the above mentioned resonaA¢2800 andA(1940
leads to fits, shown in Figs. 3 - 5 as dashed curves, in whictif&ignt discrepancies are observed.
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FIGURE 5. Measured beam asymmetrigs(top) andI® (bottom) in the reactioyp — pri®n [22], treating then as recoiling
particle. Notation as Fig. 3.

SUMMARY AND CONCLUSIONS

The two beam asymmetries accessible in two-meson produasiog linearly polarized photons and an unpolarized
target,|® andlS have been extracted for the reactigm— pr°n from data taken with the CBELSA/TAPS experiment.
While the former would correspond to the beam asymmgtifithe ¢*-dependence is integrated out, no information
about the latter asymmetry has been available as of yetwkh the framework of the BnGa-PWA demonstrate that
IS and|€ carry significant information on the contributing partiahwes. This observation underlines the importance
of polarization observables in general and demonstratesigmificance ofS and|® as new polarization observables
in particular.

This work was supported by thHgeutsche Forschungsgemeinsch{@feG) within the SFB/TR16.
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