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Abstract. The study of the properties of baryon resonances can provide us intthth help us understand the structure of
non-perturbative QCD and the effect of a particular resonance amipation observables. The investigation of double-pion
photoproduction data is needed to discover higher-lying states and tbpérfies at and above W 1.8 GeV. Therefore, the
analysis of the helicity difference ipp — prrt 7~ will help us in our understanding of QCD.

The CLAS g9a (FROST) experiment, as part of Nvespectroscopy program at Jefferson Laboratory, has accumulated
photoproduction data using linearly and circularly polarized photons intiole a longitudinally-polarized butanol target in
the photon energy range 0.3 to 2.4 GeV. The FROST experiment g®waid important step toward a “complete” experiment
for the reactionyN — KY. In this contribution, the method to calculate the helicity difference for theti@ayp — prm—
will be described and preliminary results will be discussed.
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INTRODUCTION

The Quantum Chromodynamics (QCD) is the theory of how quaria gluons interact with themselves and each
other. Strictly speaking, in the area of quark confinemer,methods of perturbative QCD break down. Although
much information on these excitations has been researdteatis in 71N scattering experiments, many of the baryon
resonances are still not well established, and their paemn@.e., masses, widths, and couplings to various decay
modes) are poorly known because the excited states of tHearuasually do not exist as cleanly separated spectral
lines. In real measurements, they are found as broadly agyeirig resonances which may decay into a multitude of
final states involving mesons and baryons.

To better understand the properties of baryon resonanatessseffective theories and models have been developed.
Various Constituent Quark Models (CQMSs) are currently thstlapproach to make predictions for parameters of the
baryon ground and excited states. However, the excitedsstatggested by these models do not match accurately the
states measured by experiment, especially at high eneifiese models predict many more resonances than have
been observed, leading to the so-called “missing resofigmoblem. There are several reasons why the predicted
excited baryon states may not be realized in nature. Firallathe unobserved resonances may have small couplings
to 7iN. At the same time, they may have strong couplings to othef tages likeyN, nN, n’N, KY, 2riN. Secondly,
photoproduction data have been accumulated in recent,yaatrsnainly have covered masses up to 1.8 GeV. The
additional resonances are predicted to exist in the magsragjand above this value. Finally, most channels explored
until now include only one meson in the final state. Howeveanynhigh-mass resonances do not decay directly into
the ground state via single-meson emission but via a sei@lidatay populating higher-lying intermediate states.

The latest results in baryon spectroscopy suggest thatig-fimal states are very likely to be the key for discovery
of the higher-lying unobserved resonances. Especiakyptiotoproduction of double-pion final states [1] may give
us very useful data to investigate many high-mass resosareeause their cross sections dominate above 1.8 GeV.
Quark models predicyN — N* — A — Nt and yN — N* — Np — N7 as dominant resonant decay
modes leading top — pr™ . However, these modes are difficult to detect because desectth a large angular
acceptance are needed and a large non-resonant backgantnidutes to these decay modes. It is very effective to
use data taken with the CLAS spectrometer at Jefferson Latb§Jutilizing circularly and linearly polarized photans
and longitudinally polarized targets. - FROST experiment.
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FIGURE 1. A summary of photoproduction cross section

FROST EXPERIMENT AT JLAB

The experimental Hall-B at JLab provides a unique set of exmmtal devices for the FROST experiment. Firstly,
the CLAS spectrometer [2] housed in Hall B is a nearly-detector. This means that the sensitive region covers a
range of polar angles from 1@o 150 and the azimuthal range covers approximately 90 % at largkearmnd 50 %

at forward angles. Secondly, there is a broad range photwirtg facility [3]. The bremsstrahlung tagging technique,
which is used by the tagging system at JLab, can tag photagiesever a range from 20 % to 95 % of the incident
electron energy and is capable of operation with beam ez®igp to 6.0 GeV. The FROST experiment uses both a
linearly-polarized beam and a circularly-polarized beanthie energy range from 1.645 GeV to 4.599 GeV. A thin,
well oriented diamond radiator is used for the productioa bhearly-polarized photon beam and circularly-poladize
photon beam is produced using a beam of polarized electnoideint on the bremsstrahlung radiator.
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FIGURE 2. Schematic drawing of the CLAS Frozen Spin Target located inside a 5 Tizinlamagnet.

The remaining element which is indispensable for the dopblarization experiment is a frozen-spin polarized
target (FROST) shown in Fig. 2. This polarized target [4]apable of being polarized longitudinally with a minimal



amount of material in the path of outgoing charged particlds®e FROST target uses butan@;HgOH) as the
target material with a dilution factor of approximately %3%x. This material is cooled to approximately 0.5 K and
dynamically polarized outside the spectrometer using adg@meous magnetic field of about 5.0 T. Once polarized,
the target is then cooled to a low temperature of 30 mK, endogpreserve the nuclear polarization in a more
moderate holding field of about 0.5 T. The target is then mdask into the spectrometer, and data acquisition with
the tagged photon beam can commence.
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FIGURE 3. The vertex distribution of targets in the FROST experiment. The x axis m@niseam direction and the y axis
is made as the log scale. The red line is from the raw data. The green linal&s after comparing the difference between the
calculated velocities and the measured velocities. The violet line is compbgeeldata included im™ 1~ photoproduction. The
first peak of the blue line is the butanol and the second is the carbon. §ttenkais the polyethylene.

The experiment was conducted from November 2007 to Feb2@08. In this experiment, target polarization was
longitudinal with linearly and circularly polarized phats. The trigger required at least one charged patrticle in €LA
In addition to the polarized butanol target, we also had aaaiand a polyethylene target further downstream. The
corresponding vertex distribution for this experimenth®wn in Fig. 3. The additional targets are useful for various
systematics checks and for the determination of the shaffedfackground from bound nucleons in butanol.

PREVIEW OF THE DATA

For the reactionyp — pr™m without measuring the polarization of the recoiling nuclgthe differential cross
section is given by:

jg:ao{<l+m~3) +5@(|© +/T?-P_®’) + 5 [s‘nzﬁ(ﬁwTEﬁ) +cos%(|°+/ﬁﬁ)}} 1)
WhereP and | represent the polarization observables arising freenai polarized targets and beams, respectively.

Ai denotes the polarization of the initial nuclea@h, is the degree of circular polarization in the photon beamijevh

J is the degree of linear polarization, with the direction ofgrization being at an ang|@ to the x-axis. There are

15 observables which can be measured in the experiment. dindéisation of a circularly polarized beam and a

longitudinal polarized target allows us to measure thel8-lifferential observabl®® corresponding to the known

observable E in single-meson production.

A preliminary analysis of the helicity asymmetry in the réai yp — prr™ - was performed. As the first step, the
background events are excluded by comparing the measul@cities with calculated velocities. The effect of this is
indicated by the green line in Fig. 3. And then events with 77, and p detected are selected. Since the data have



FIGURE 4. Decay angles in a 3-particle final state: a means the recoil protoandb, denoterr™ and 1~ made after the
double-pion photoproductiorp indicates the angle between the production plane and the plane formed oy th final-state
particles.0 represents the angle between one of the final-state particles and z-aésmnoduction plane.

more than one charged particle required by the trigger oFfROST experiment, the reactigg — prr™ 7~ can have
four kinds of topologies : the reactiopp — prrt(17-), the reactionyp — prr (rrt), the reactionyp — mtm (p),
and the reactioryp — prrt . For those events, the missing particle can be calculatednigsing mass for these
topologies. Selected events were binned in photon eneog§; . , and@;, shown in Fig. 46;, andg;. are defined
as therr™ polar and azimuthal angles in the rest frame of thie 1~ system with the z direction along the total
momentum of ther™ i~ system.

In each bin of(Ey, cos6; . , ¢ ), the measured asymmetry is determined by:

N(—==)+N(—<)—-N(+—=) —N(—«)

A= N(—==)+N(+—<)+N(+—=)+N(—<)

)

Where N(~=) indicates the number of events with the circular beam préddion and longitudinal target polariza-
tion parallel to the beam,> and«— denote circular polarization of the beam in its two possig#tings,= and<
represent longitudinal target polarization parallel ofiquarallel to the beam. To get the helicity asymmegy, the
raw asymmetry was corrected by beam polarizatids) (target polarization/;), and effective dilution factor (f) [5].
The equation is given by: 1
O N

In FROST, only the hydrogen atoms are polarized longitutlin@hat is, the atoms of carbon and oxygen in the
butanol (C4HgOH) target remain unpolarized. The dilution factor is definedttses ratio between the polarizable
hydrogen and the full butanol contribution to the crossisectAt this stage of the analysis, very rough estimates
of polarizations and the dilution factor (f = 0.578) are usedcorrection. Very preliminary results for the helicity
asymmetry forrr™ 7 photoproduction are presented in Fig. 5. lgre [0.8, 0.9] GeV, the asymmetry shows a
sinusoidal shape for-0.8 < cos6;, < —0.7, but as6;, decreases, this shape disappears, and then reappears in a
reversed form onceos6;, > 0.5. Even in this early stage of this analysis, the behavione&tsymmetries can be seen.

& A ®

SUMMARY

The first part of FROST with a longitudinally polarized tardeas been completed. The experimental data on the
double pion photoproduction are being analyzed. The semmmt of the experiment is scheduled to run from March
2010 to July 2010 and will use a transversely polarized tadyier this second series of experiments, FROST can
almost satisfy the condition for a “complete” experiment.
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FIGURE 5. Helicity asymmetry for the reactiopp — 1~ (p) for E, = 0.8 - 0.9 GeV
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