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The study of the light quark baryon spectrum requires thesmmeanent of not only high reso-

lution differential cross sections but also of polarizatmbservables to isolate the contributing
broad and overlapping resonances. Without including botarized and unpolarized data into
a simultaneous analysis an unambigious partial wave asatygxtract the resonances from the
data is not possible.

The CBELSA/TAPS experiment at the electron accelerator AlsSdedicated to measure the
photoproduction observables needed to study the lightkqoaryon spectrum. New data mea-
sured in the photoproduction of the®) pn, pw, and p°rP final states show how the current
understanding can be improved with the inclusion of new olad#es. Recent results obtained
will refine the interpretations of previous data and ultiehatesult in the better understanding of
the well-known baryon resonances. In addition, this ddtavalto search for new and “missing”

baryon resonances.
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1. Introduction

The pattern of baryon resonances is a result of the nature of the #ttergction which holds
the quarks together. By analyzing the pattern of baryon resonanefwhenergy regime of
the strong interaction and its bound states can be studied. This fact is sua nehy the light
guark baryon resonances have been studied for many years m&iegms. However using &
beam depends exclusively on the resonances coupling ta theson. Predictions from quark
model calculations in [1, 2] show many resonances may not showm gtattering experiments.
Therefore to maximize the probability of detecting these states, experimentwiaie globe such
as those at ELSA, JLab and in Mainz have used photon beams and therakaptietic interaction
to excite the nucleon and to study the baryon resonances.

The current theoretical models and calculations show significant ditfesefrom the known
baryon spectrum. At masses below 1.8 Ge&Vthe curreniN* andA spectra show much similarity
with the general pattern of states predicted by the Constituent Quark M¢Zielsls), such as
[3, 4]. In addition, the most recent Lattice QCD calculations [5] confirngirgeral pattern of states
from the non-relativistic CQMs in this same mass range. However at higheesyabe number
of predicted states in both types of theory vastly outnumbers the known; $keiss supernumary
predicted states are sometimes called the “missing” baryon resonancesthélstmass ordering
of some of the lowest mass states such as’.\t(‘ilefMO)%+ andN(l535){ is not well reproduced
in the CQMs or in the Lattice QCD calculations. Measuring the properties affkmesonances
more precisely and searching for the existence of these higher magsguiesiates will help us to
understand the discrepancies between theory and experiment.

The known and predicteN* andA baryon resonances have widths which are in most cases
larger than the distance in mass to the nearest resonance, i.e. overlappengfore, resonances
must be deduced by analyzing the experimentally measured data by simutigreezmounting for
the resonances and contributing background, for example in a Partial Avelysis (PWA). How-
ever, one of the largest difficulties in isolating overlapping baryon rasces is the ambiguous
interpretations of the data. Experimental efforts therefore attempt to adievcomplete" exper-
iment [6, 7]. The "complete" experiment requires the measurement ofvaltdes with polarized
beams and polarized targets as well as, in many cases, detecting the spraporaof final state
particles and is required for unambiguous, model-independent dataréttgipns. Therefore, the
high resolution cross sections along with the corresponding polarizedwatides are critical to the
detection of baryon resonances in photoproduction experiments.

The recent results from the CBELSA/TAPS experiment consist of @ifieil cross sections
along with single and double polarization observables with the resolutioireedor the isolation
of baryon resonances. These measurements are making significgirgtgsrtoward the "complete”
experiment and the understanding of the baryon resonance spectrum.

2. Experiment

The CBELSA/TAPS experiment is located at the Electron Stretcher Actetera
ELSA (Bonn) [8]. In order to measure polarization observables, thentend target can be chosen
to have either no polarization, circular polarization or linear polarizationliefhe same measure-
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Figure 1: (Color Online) The polarized total cross sections ffpr— pri® [17] are plotted as a function of
the energy of the initial photon in the lab frame. The reddstifie is the prediction from the Bonn-Gatchina
PWA solution (2011-02) [18]. Two SAID PWA solutions are shovBN11 is the blue dashed line and CM12
is the blue solid line [19]. The solid black line is the prein from the MAID analysis [20].

ment, the target can be chosen to be unpolarized liquid hydrogen or polatzanol, GHgOH [10].
The polarizable protons in the butanol are the protons in the hydrogen atahtan be polarized
either transverse or longitudinal to the photon beam.

The most essential parts of the detector system are the electromagnetioesdos which are
optimized to reconstruct mesons decaying to photons. The calorimeter detéttgstal Barrel
Detector [11] and TAPS Detector [12], cover the whole azimuthal ramgefeom I to 156
in polar angle coverage, when the outgoing beam line is consideredféoemee. This coverage
allows the reconstruction of mesons over almost the whole angular rantpethé/CBELSA/TAPS
experiment, baryon resonances with masses up to 2.5 Gesficbe studied.

3. Recent Results

To study the lowest mass baryon resonaneeproduction was investigated and is believed
to be well understood through thebeam experiments. The differential cross sections for this
final state have been measured by many experiments in the past, includéngiyréc photopro-
duction [13, 14, 15]. However in the recently published paper [16] emtilarization observable
G from the CBELSA/TAPS collaboration, the differences which appetwden the data and the
latest partial wave analyses show how much still needs to be learnedrdhaiubtoproduction. In
particular, these data are sensitive to a discrepancy in the predictiomamigvavell-known, low-
mass resonances which contribute to thi2-3and /2~ partial waves. This data shows how new
observables can refine the understanding of the properties of evémwtimeass resonances, e.g.
masses, widths and decay couplings.

When a circularly polarized photon beam is scattered off of a target vidjoblarized along
the same axis as the photon beam, the observable measured (Helicity Asyminetny &ive
information on baryon resonances produced with different spin grojec Figure 1 shows the
recent results for the spin-projected polarized total cross section.pidtictions from several
analyses, which result from analyses of previous data, show diffesefrom the data and each
other. The differences in the second resonance refipre @00 MeV) in Figure 1 cannot be traced
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Figure 2: (Color Online) The Helicity Asymmetry foyp — pn [24] is labeled with its range in initial
photon energy measured in the lab frame. The grey shadednaeaah plot is the systematic uncertainty
for each data point. The red line is the prediction from theB&atchina PWA solution (2011-02) [18].
The blue line is from the prediction of the SAID PWA solutiddE09) [23]. The black line is the prediction
from the MAID analysis [25].
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to the same partial waves as in [16], but have a unique resolving powes. diEcrepancies in
the fourth resonance regiok(~ 1500 MeV) are in the lowest mass range where the “missing”
baryon resonances are predicted to be. The Helicity Asymmetry measuiisriather broken up
into angular distributions and is published in [17].

The photoproduction off mesons off the free proton is an excellent final state to find new
resonances which would not have been found in the previously stadiedm experiments. Also
since then is an isospin zero meson, tipg final state can only couple t8* (isospin one-half)
resonances; a final state like this is sometimes called an isospin filter. Maervables for this fi-
nal state have been measured and studied, including most recently in joltotogon [21, 22, 23].
However when the polarization observable Helicity Asymmetry E is considar&ijure 2, the
ambiguities in the interpretations of this final state can be seen. At low enetigeesielicity
Asymmetry is approximately one due to the dominance oﬂ\thﬁﬁBB){ resonance. At higher
energies, the predictions and the data disagree with each other and sheffett this data will
have in resolving the differences between PWA solutions and presumalilyding new reso-
nances.

The final state with oneo meson and one proton has been predicted to be a good state to
find baryon resonances [2]. Like thpg final state, thepw final state can only couple ft8§* reso-
nances. However due to the quantum numbers otdmeeson, there is known to be a significant
amount of background in photoproduction due to ttedhannel exchange of mesons. In order to
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Figure3: (Color Online) The differential cross sections fgr— pcw [26] are labeled with its range in initial
photon energy measured in the lab frame. The shaded areehiples is the systematic uncertainty for each
data point.

get a good handle on this background, a high resolution measuremeatdiffédrential cross sec-
tions is needed over the whole angular range along with polarization eltdesv In Figure 3, the
differential cross sections show a precise measurement of the whaleaarange up to 2.5 GeV
in incoming photon energy. The increase on the left side of each of therhggtergy plots is an
indication oft-channel meson exchange and is in agreement with earlier studies of #histéite.
At low energies, the distributions are nearly symmetric and is an indication wfisent baryon
resonance production.

The data in Figure 3 has been included in a preliminary partial wave analysielBonn-
Gatchina PWA group along with preliminapp — pw Helicity Asymmetry data [27] and the pub-
lished data in [28]. In their preliminary analysis, me1875)§_ andN(l?ZO)%Jr resonances cause
the low energy resonance behavior along with a significant amountidinnel meson exchange
of both pomerons an® mesons.

When two mesons are produced in photoproduction reactions, bargonamces can be
observed in direct formation from the photon-nucleon scattering or inadesdecays such as
yp — Ni — N;m® — pr®r®. The evidence for these cascade decays can be seen in the Dalitz
plots in Figure 4 (Left). This final state was explored recently by fitting lemped data in [29].
However, as before, the difficulties in interpreting data with an incompletefsabservables is
shown by considering the polarization observable T shown in Figure é.pdlarization observ-
able T is measured by taking data on a proton target with polarization traestethe photon
beam. This observable is shown at energies where the known basmrarees contribute and as
a function of the quasi-two body angle @fg’,, the cosine of the polar angle of ther® systemin
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Figure 4: (Color Online)Preliminary data opp — pri°r® [30]. (Left) Dalitz plot for events from 2000-
2100 MeV ininitial photon energy. The labeled resonancedta likely contributions based on preliminary
Bonn-Gatchina PWA fits. (Right) The Target Asymmetry is leldewith its range in initial photon energy
measured in the lab frame. The red solid line is the predidtiom the Bonn-Gatchina PWA solution (2011-
02) [18]. The solid black line is the prediction from the MAHDalysis [25].

the center-of-mass frame. The predictions show clear deviations frodatheand highlight both
the ambiguities in the interpretation and the resolving power of polarizatiomaides. Further
measurements of other polarization observables foptife final state at higher energies by the
CBELSA/TAPS collaboration are under analysis, which will continue to eefinr understanding
of baryon resonances and their decays .

4. Summary and Outlook

Recent data taken from photoproduction experiments around the woxtyding the
CBELSA/TAPS experiment, have contributed to the recent increase in thberwf baryon reso-
nances included in the RPP published by the Particle Data Group [32] ekeatrBonn-Gatchina
PWA paper [18], new resonances and star assignments were suljggsteanalyses of recent pho-
toproduction data and were adopted by the PDG into the 2012 RPP. Theatliss presented here
represent the next wave of experimental data which will increase alerstanding of the spec-
trum of baryon resonances and will hopefully lead to the observatiorwfbaryon resonances
in the future. These newly measured observables are refining outdahgsvof the known baryon
resonances and facilitating the discovery of previously unknown baiggonances.

For the CBELSA/TAPS experiment, the data shown in this paper is but the "tipeote-
berg". Work is being done on measuring the polarization observablesdoy photoproduction
final states, including 7°, pn, pn’, pw, and p°m°. These data will drive forward the understand-
ing of baryon resonances for years to come.

Supported by th®eutsche Forschungsemeinschaft (SFB/TR16) andschwei zerischer Nation-
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