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Abstract. Polarization observables, such as the beam asymrhgtsge vital to the study of the many* andA resonances
that decay to ther® final state. Beam asymmetries ii? photoproduction off the proton have been determined using the
Crystal Barrel CsI(Tl) calorimeter at ELSA, University of Bonn in @amny, in the energy rangg, = 920 to 1680 MeV

by analyzing the neutral decay moa® — yy. In this experiment, the BaFspectrometer TAPS was placed in the forward
direction increasing the solid angle coverage to neamadd serving as a fast trigger. For the first time, these measurements
include the most forward angles Bﬁom Additionally, this analysis provides new data points in the energy répge1510

to 1680 MeV where few measurements have previously been made.
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INTRODUCTION

Quantum Chromodynamics (QCD) in a perturbative approxonais successful at describing the dynamics and
structure of hadrons at high energies where the quark ar@hglanstituents are relatively weakly interacting. As
the energy of the probe is lowered, the strong coupling emtighcreases such that an energy regime is reached where
the perturbative expansion is no longer useful. This is thend state energy regime of QCD. Much can be learned
about hadrons in this energy regime experimentally. By rimegpput the excitation spectrum of a hadron, information
is gained about the effective number of constituents of tidrdn and the forces that bind these constituents within
the hadron.

A particularly challenging task is understanding the seof the excited baryons. Although constituent quark
models are good at predicting properties of the ground biatgons, there is a large discrepancy between the number
of excited states predicted by these models and the numdngnak been observed. Is there a physical mechanism that
can account for this discrepancy? Attempts at answerirsgatiiéstion have not thus far yielded a satisfactory answer.
Can these differences be explained by the fact that the higlass regions of the excitation spectra remain largely
unexplored and/or a limited number of production mechasibave been pursued? (Most known baryon resonances
have a mass less than 2 GeV and were discovered in ef¢cattering.) These are questions that are currently being
addressed experimentally.

Current efforts at the CBELSA/TAPS experiment in Bonn, Gamgnare using the photoproduction mechanism to
study baryon resonances. The experimental setup is ogtihfiar photon detection, allowing for the study of excited
baryons that decay to a nucleon and one or multiple neutrabnis) that decay(s) into photons. As well as measuring
differential and total cross sections, polarization obables, which allow for a more complete description of theage
amplitude of the resonance [1], are extracted. The barysonances have large widths and tend to overlap so that this
information, which includes the interference terms of thghtude, is often required for the identification of excite
baryons.

It is important to confirm baryon resonances in photopraduacthat were previously identified inN scattering
and even more important to find any resonances that wereookexd there. For this reason? photoproduction on
the proton is an ideal channel to work with.

There are still some angular regions where observables iatvieeen determined in® photoproduction off the
proton. In particular,® beam asymmetry measurements are missing at forward pofgesanf the pion in the
center-of-mass systeffy™ < 60°. Also, measurements are sparse above photon en&gred500 MeV (see [2]).
Observables measured over the full angular range reducetitefor model dependent extrapolations in a PWA. This
means that model dependence is minimized in the subsequeryrietation of the data.

Beam asymmetries are sensitive to interference terms idehay amplitudes of resonances [1]. Hence, they are
important in the discovery of resonances that couple wetakpy.
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FIGURE 1. Experimental setup of CBELSA/TAPS in Bonn. The electron beam deliby the accelerator ELSA enters from
the left side and hits the diamond crystal of the goniometer.

In the following, the extraction of the beam asymmelnin ° photoproduction will be described. First, the
experimental setup will be overviewed before moving on te piocedures used in event reconstruction and the
observable extraction. Lastly, the experimental resuilishe discussed.

EXPERIMENTAL SETUP

A 3.175 GeV electron beam was provided by the ELectron StegtAccelerator ELSA, in Bonn, Germany, by slow
resonant extraction. It was incident on a 500 micron dianradétor. Careful orientation of this radiator with a 5sxi
goniometer allowed the entire lattice to recoil when antetecunderwent bremsstrahlung. This fixed the plane that
these electrons were deflected in and resulted in the emis$iplane polarized photons. This process is known as
coherent bremsstrahlung. Electrons were deflected by dedipagnet into the tagging system where their detection
by scintillating fibers or counters allowed each photon gnéo be determined by taking the difference between the
incoming electron energy and the electron energy after s&athlung. Electrons that did not undergo bremsstrahlung
were deflected at small angles into a beam dump located b#tertdgger.

The linearly polarized photons continued along the beaetbtiard an unpolarized (liquid hydrogen) target located
at the center of the Crystal Barrel (see Figure 1). Some aftiphotons interacted with protons within the target to
produce a proton and multiple photons in the final state, tiwgms resulting from the decay of neutral mesons.
The photons were detected by the two EM calorimeters thatieg covered almost the full solid angle. The Crystal
Barrel consisted of 1290 Csl(TI) crystals and covered tHargngles from 30to 170 while TAPS consisted of 528
hexagonal Baj-crystals and covered the polar angles from®30. Both covered the full azimuthal circle. Forward
going protons were detected by plastic scintillators led&n front of each TAPS module, the other protons were
detected by a 3-layer scintillating fiber detector surrongdhe target.

EVENT RECONSTRUCTION

The data were taken during two separate run periods: March May 2003. The position of the coherent
bremsstrahlung peak was at 1305 MeV in March, it was at 161¥ MeMay. The maximum degree of polar-
ization was about 50% in March and 40% in May. A total numberdf 06 x 10° 1° events has been included in this
analysis.

The first level trigger was formed by the fast response of theS modules. The second level trigger determined
the number of clusters in the Crystal Barrel using a cellldgic (FACE). Data were recorded when at least two hits
were found in TAPS each above a low energy threshold, or whéast one hit was found in TAPS above a high
energy threshold in combination with at least two hits dietegin the Crystal Barrel.
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FIGURE 2. Invariantyy-mass spectra for the reactigm — pyy using data with the coherent peak at 1305 MeV (left) and at
1610 MeV (center); confidence level cuts were applied a?1The ° mesons are observed with very little background. On the
right, a mass spectrum for a forward bin is showiEat= 1097 MeV (bin width 33 MeV) and. m. = 25° +5°. The colored area
indicates the background.

Events were analyzed for which only the two final state phe{fmom° — yy) or all final state particlesayy) were
detected. Prompt coincidence between an electron in tlgetaqd a particle in TAPS was required to reduce time
accidental background. Proton clusters in the EM calognseire on average much smaller than photon clusters and
do not provide sufficient resolution for proton identificati A missing proton kinematic fit allowed the identification
of particles in the event. This fit was performed for each jpbsainique particle combination by shifting the initial
state photon tag through the initial state photon list amdaor tag through the final state particle list. The combaorati
with the largest confidence level was selected. Finallyy eménts with a confidence level greater than 1% were taken.
The invariantyy-mass of the two detected photons was required to be betvieer2al0 MeV£? to removen mesons
from the event sample without losing knowledge of the bagkgd shape.

Before obtaining the physical observable one must casefalhove all events that are npyy final states (back-
ground) from the event sample. Usually this is done by irgkaing the shape of the background in the signal region
based on the distribution of events outside the signal regind is known as side-band subtraction.

We decided to gain experience using a generalization ofitleetsand subtraction known as the Q-factor method so
that we can use it as a tool in an event based analysis (PWAgifuture. This method consists of finding a quality
factor (Q-factor) or signal 'probability’ for each eventh@ background can then be removed from any distribution by
simply weighting it with the Q-factors. The sample mass speia Figure 2 illustrate background subtraction by the
Q-factor method. A complete presentation of the Q-factathe can be found in [3].

BEAM ASYMMETRY EXTRACTION

The azimuthal symmetry of the final state particles is bro-
ken by the linear polarization of the photon beam such that
the differential cross section of pseudoscalar mesons has
the form

do do

G- (55) a-mzese). @

where(do/dQ)o denotes the unpolarized differential cross
section P, is the degree of linear polarization, afds the
azimuthal angle between the photon polarization vector and
the pion. Notice that this angle is related to the azimuthal
angle of the pionp by ¢ = a — @ wherea is the angle to

the polarization vector from lab x axia. = 0 corresponds  FIGURE 3: Sketch of theyp — pr® reaction in

to photons polarized in a plane parallel to the floor of the the center-of-mass system; the open (white) arrow
experimental hall (xz plane), whereas for= J the pho-  indicates the linearly polarized photon.

tons are polarized in a plane perpendicular to the floor (yz

plane). Because of poor horizontal beam emittance, these
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FIGURE 4. Typical @ distributions for forward-angle bins & = 35° andE, = 1229 MeV (left), 1295 MeV (middle), and
1625 MeV (right). We have chosen 18 bins in the azimuthal apglerresponding to a bin width of 20
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FIGURE 5. The photon beam asymmetries extracted from the data set with a copesdnposition at 1305 MeV. The filled
(red) circleq(e) denote this preliminary analysis, the (green) stay®ur previous CBELSA/TAPS analysis [4], and the open (blue)
circles(o) the GRAAL results [5]. The black solid line shows the recent solution of treBGatchina partial wave analysis [6] and
the grey solid line shows the SAID SP09 prediction [2, 7]. The width of tregnbins is 33 MeV, consistent with the published
earlier results. The energy of the bin centers is given in each distribution.

data only include photons with the perpendicular orieatathencep = 7 — @. The form of the differential cross
section allows us to obtaln by fitting the azimuthal distribution of the pions to

N(p) = A+ Bcos(2¢), 2

whereP, 2 is given by the ratio B/A for eackEg,,ngm~) bin. Some sample distributions are shown in Figure 4.
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FIGURE 6. The photon beam asymmetries extracted from the data set with a copesdnposition at 1610 MeV. The filled
(red) circleq(e) denote this preliminary analysis, the (green) stay®ur previous CBELSA/TAPS analysis [4], and the open (blue)
circles(o) the GRAAL results [5]. The black solid line shows the recent solution of theBGatchina partial wave analysis [6] and
the grey solid line shows the SAID SP09 prediction [2, 7]. The width of thegnbins is 33 MeV, consistent with the published
earlier results. The energy of the bin centers is given in each distribl@mnenergies below 1400 MeV, we have averaged the
results from both data samples.

EXPERIMENTAL RESULTS

Figure 5 and Figure 6 show the beam asymmetry as a functieﬁb’bfwith 33 MeV wideE, bins. This photon energy

bin width was chosen to facilitate a comparison with the GRAB] and previous CBELSA/TAPS [4] results. Small
energy shifts between the different data sets are stillgptefor some of the bins. The coherent bremsstrahlung peak
position is at 1305 MeV for the data in Figure 5. Notice tha finst seven energy bins of Figure & (200 MeV

to 1400 MeV) overlap with energy bins in Figure 5. Based oiirtheod agreement, the beam asymmetries for these
energy bins in Figure 6 are an average of the 1305 Mev and 1@&Mddherent peak position data sets. The remainder
of the incoming photon energy bins in Figure 6 include dath Wie coherent peak position at 1610 MeV.

The statistical errors of the beam asymmetries are verg larthe most forward angle bins because the differential
cross sections vanish at zero degrees. Additionally, fooriming photon energies below 1 GeV the data have low
statistics and the degrees of polarization are very smhlisTthe statistical errors are also large for these data$oi
The acceptance af® mesons is very small in the midd&flbm- angle region £ 65° to 115) because the trigger
conditions during data taking were optimized fpmesons. An acceptance cut of 8% was applied to remove these
points.

The results from this analysis have an overall good agreewmigin previous measurements and the model predic-
tions. The SAID model SP09 predictions [2, 7] describe otadary well. However, at largef, (E, > 1400 MeV)
and in the forward region the SAID predictions are slighttyadler than our measurements. The Bonn-Gatchina partial
wave solution [6] also has a nice overall agreement with atia,dout for photon energies between about 1000 MeV
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to 1400 MeV it significantly underestimates the data in thevésd region.

SUMMARY

CBELSA/TAPS results for the beam asymmetries in neutral piootoproduction off the proton have been presented.

These measurements cover the very forward angles for theifirs and increase the granularity of the measured

photon beam asymmetries at higher energies. The contirhears from the ELSA accelerator and the goniometer

setup of the experiment provided a plane polarized tagdedep beam for the coherent peak positions at 1305 MeV

and 1610 MeV. The results are in excellent agreement witlednker measurements at ELSA and also with previous

results from other facilities. The SAID model SP09 predict describe the data better than the Bonn-Gatchina partial
wave analysis results do at forward angles for the incomhm@gn energy range 1000 MeV to 1400 MeV.
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