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The primary goal of the GlueX experiment at Jefferson Lab is to map the spectrum of light hybrid mesons. GlueX, which has a linearly
polarized photon beam and a large acceptance for both charged and neutral particles, has access to both te-reytr3p, and charged,

vp — nm~ AT, final states. These proceedings will discuss the amplitude analysis diannels at GlueX with a focus on the study of

the production of the2(1320) meson as function of Mandelstam
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1. Introduction These decay modes should contain the same physics, but can
) . ) ) have different acceptances and backgrounds. Showing that

the Thomas Jefferson National Accelerator Facility in New-mgges is important to show that the acceptance of GlueX is

port News, VA, which aims to study how hadrons are gen-ye|| understood.

erated from Quantum Chromodynamics (QCD). The main  The angular distribution of ther system can be de-

goal of GlueX is to map the spectrum of light-quark hy- scrihed in the Gottfried-Jackson (GJ) frame. In the GJ frame,

brid mesons, for which a broad spectrum has been predictefle mesond.g. the a,) is at rest, the-axis is defined along

in Lattice QCD calculations [1]. Many experiments have ihe photon beam’s momentum in the center-of-mass frame,

searched for hybrids in their decaysto andr'r flng)l-states and they axis is perpendicular to the production plane. The

[2-14]. One of the main benefits of studying the)w sys- anglef; is the decay angle of the with respect to the

_tems is that e_xot|c quantu_m numbeﬂs”(_j) naturally emerge ,_ayis. Figures 1a) and 1b) shaws s, as a function of

if the system is observed in an odd orbital angular momenturr,lm mass for the neutral (a) and charged (b) decay modes for

state. These exotic quantum numbers can not be created fragn ;- 3 ge\2 (not corrected for acceptance). The main

a traditional mesonqf) state. Recently, the Joint Physics featyres seen in the distributions are enhancements for the

Analysis Center (JPAC) CoIIabqratlon deter_mlned the resog (980) anda(1320). One interesting feature we can see

nance pole parameters for the lightest hyb”d*ﬁh‘elﬁoo)’ is that thecos 0 ; distribution of thea,, differs between the

by performing a coupled channel analysis on COMPASS datgharged and neutral channels. While this could be caused

for 7 andn’r [15]. GlueX will seek to confirm the pole po- y 5 difference in acceptance between the charged and neu-

sition of them; (1600) and determine its production mecha- 4| channels, these plots suggest that the neutral and charged

nism. _ _ _ _ay’s intensity have differenD-wave spin projection) con-
The GlueX experiment is summarized elsewhere and iqiptions.

these proceedings [16,17]. We are building the foundation for

hybrid searches by studying the photoproductiom©f —

nm, with a focus on studying,(1320) production as a func- 2. Results

tion of momentum transfer¢. Itis expected that the, and

T will be produced viar exchangel while the neutr@g and GlueX has measured beam asymmetries to determine the pro-
7% will be produced via naturalp{ w) exchanges. There- duction mechanisms of single pseudoscalar production and is
fore, understanding the production mechanism of the wellin the process of extracting Spin Density Matrix Elements
knowna, will be crucial to identifying hybrids decaying into (SDMES) for vector meson production [17-21]. The next
77(/)77 final states. Due to its |arge acceptance for neutral angtep isto StUdy the production mechanism of well established
charged final state particles, GlueX can access the charge@iesons, such as thg », that decay intoyr final states. It

a; — nm—, and neutralg) — n7°, final states. The charged is expected from Lattice QCD that the (1600) decay to

and neutral decay modes are complementary to each othgr final states is suppressed with respect to other channels
and are expected to have different production mechanism2]. Studying the production of th& > — 77 allows us to

that can be determined by using GlueX's linearly polarizeddevelop the tools and techniques needed to study other two
photon beam. Additionally, GlueX can measure different dePseudoscalar final states, sucmaswhere there is expected
cay modes of the), such as) — vy andn — 77«0,  tobeamuch larger;(1600) signal [22].
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FIGURE 2. Preliminary results of an amplitude analysispaf® for 0.1< — t<0.3 GeV? a) and0.3< — t<0.6 GeV? b).

JPAC has derived polarized amplitudes for two pseudoscalar production [23]. The polarized intensity is given by,

re) =2 S {0 - )| Sl Rz @ o) + )| S iz @, o)
k Lm
+(1+P, |Z LREZP(Q,®)]° + (1 + P, |Z mmZ( ch)]|} 1)

The basis is7)"(Q, ®) = Y;"(Q)e~**, where® is the polarization angle of the photon beam with respect to the production
plane,) are the decay angles of thén thenr helicity frame,Y,;” are the spherical harmonics, afidn are the spin quantum
number and its projection, respectively. The coefﬂc@ﬁ;g, ,; are fit to the data to extract the amplitudes for the corresponding
partial waves. The reflectivity, = +, corresponds to the naturalnzy P(—1)7, of the exchange particle at leading order in

the total energy. The starting wave ssgtg Do,1,2» DZ, 1) was chosen from a tensor meson decay model from JPAC [24].
The tensor meson decay model from JPAC accurately described thess-section measurements from CLAS, predifts
production to be dominated by natural exchanges, and provides us with a minimal starting wave set [24,25]. While this model
does not make any predictions for the charged channel, the same wave set was chosen for consistency.

2.1. vp—nr¥p

Figures 2a) and 2b) show the preliminary fit results for select partial waves in-twmins: 0.1< — ¢<0.3 GeV? (a) and

0.3< —t<0.6 GeV? (b). The black points represent the total intensity, the red points represdb{ tirgensity, the blue points
represent thé; intensity, and the green points representljeintensity. TheD; has the largest intensity for1 < — ¢<0.3

GeV? and theD; has the largest intensity for3< — ¢t<0.6. This suggests that natural exchange ¢) is the dominant
production mechanism for these twa bins. This agrees with the GlueX results for the beam asymmetries in the production
of n and=® [20,21].
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FIGURE 3. Preliminary results of an amplitude analysisqaf~ for 0.1< — t<0.3 GeV? a) and0.3< — t<0.6 GeV? b).
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2.2. yp —nr- ATT cay. Figure 4b shows the preliminary results of the amplitude
analysis for0.1< — t<0.3 GeV2. Like theyy decay mode,
Figures 3a) and 3b) show the preliminary fit results for selecthe dominating feature in the* 7~ 7 decay mode is the);
partial waves in the charged channel. The dominant partiaivave (blue points). As a first step, this agreement shows that
wave for0.1< — t<0.3 Ge\? is the D}, suggesting that the the acceptance of the GlueX spectrometer is being treated
dominant production mechanism is unnatural ¢xchange. correctly.
For0.3< — t<0.6 GeV?, the D] and D partial waves are
comparable in the region of the,(1320). The D wave,
which is not drawn here, also contributes about the same’

amount as these two partial waves. This result suggests thgfiyex is building the foundation for hybrid meson searches
natural p) and unnatural«) parity exchanges are equivalent by studying the decays af,, — 7. Establishing the pro-
in this —t region. These conclusions agree with what wasyyction mechanism as a function-ef will be crucial to iden-
seen in ther— beam asymmetries, which show that unnatu-tifying the 71(1600) — n)z. These proceedings presented
ral parity exchange dominates at these photon beam energig%"minary results of an amplitude analysisigrf andnr—
and small values of ¢ [18]. As—t increases, the beam asym- for two different—t bins. For the first time, we have used po-
metry transitions from unnatural to natural parity exchangqarized amplitudes to determine the dominant partial waves
dominance aroundt =0.5 GeV?. and production mechanisms. At lowt, we see that natural
An amplitude analysis was also performed on the- exchanges, w) dominate fora$ production and unnatural
ntr~ 70 decay mode as a cross-check. The different decayr) for a, production. As—t increases, natural exchanges
modes of the) should contain the same information abegit ~ continue to dominate fat9, while the natural and unnatural
decay, but they have different acceptances and backgroundsxchanges are comparable for thie. Additionally, we also
Figure 4a) shows theos 0 distribution as a function of observe that thé>-wave spin projectionr() for the a, de-
nm— mass for).1< — t<0.3 GeV2. Similar features are seen pends on-t. This work is part of a larger program at GlueX
when comparing they decay (Fig. 1b)) and*7~7° de-  to develop the amplitude analysis tools needed in hybrid me-

Summary
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son searches, and is a necessary first step to extracting théher two pseudoscalar final states, such’as
small 1 (1600) contribution. These tools can be applied to
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