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Quantum Chromo-Dynamics

* Interactions of quarks through the exchange of e
gluons. G GQ
* Single quarks are not observed

* confined in hadrons. mesons baryons
* We detect combinations of quarks.

* States consisting of 2 or 3 quarks are well
described by QCD

* Other states are allowed to exist. tetraquark  pentaquark
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Quantum Chromo-Dynamics

e Certain sets of quantum numbers cannot be formed
from a quark and antiquark pair, such as:

JPC — 0~ 0t— 1—+ 2t ...

* These quantum numbers can be reached if excitations
of the gluonic fields contribute.

* These mesons are known as hybrid mesons.

e Lattice QCD predicts a rich spectrum of light hybrid

esons. hybrid meson
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Beamline and Polarization
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G ‘ U eX DEte Cto I | N H a ‘ | D e o forward calorimeter

calorimeter -flight —_
target

- Sensitive to photons and charged
particles.

* Linearly polarized 9 GeV photon beam
incident on LH, target.

* Nearly 4rt hermetic detector.

photon beam

e Collected ~200 billion events in 2017

and 2018. diamond forward drift
wafer chambers
central drift

\

\

chamber

\ l, electron
L — tagger magnet beam

beam tagger to detector distance
is not to scale

superconducting
magnet
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Exotic J°¢ in Photoproduction Meson X with

particular JC
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Non-exotic JP¢ in Photoproduction

| 2000 } . o 0
| w0 m — -
. % - — H > g
= 0| = Exchange JPC
§ > 1™ rw,p
= _

 Begin by understanding simpler production
mechanisms.

 Linear photon beam polarization critical to filter
out JP¢ of the exchange particle.
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Beam Asymmetry Motivation

Y 0
* 2 Beam asymmetry provides insight into the g Exchange JP¢
production mechanism for pseudoscalar mesons. ol
* GlueX asymmetry measurements will offer new ! - Wi P
constraints to Regge models. 17 b, h
p p

* Only measurement of 2 for yp » np at E, > 3 GeV
was made by GlueX.

o+ pf? = |h + b
o+ o2+ [+ B

* PARA yield: Yj o (1 + PXcos(2¢))

* PERP yield: YL (1 — P ¥cos(2¢))

A Y, — FRY) _ (PL+ P))Scos(2(¢ — o))
symmetry: Y, + FRY| 2 — (P — Pj)Xcos(2(¢ — ¢0))
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¥ and n Beam Asymmetries
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Y and n

1.4

beam asymmetries
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2® Fp—pyp - Additional asymmetry measurements
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% —JPAC[7.8]
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04E- ------ Goldstein [4]

* First 12 GeV publication!
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Pseudoscalar Asymmetries

e Statistical Errors only
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* Neutral pseudoscalars: 2 consisistent with 1, dominated by vector exchange.
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Pseudoscalar Asymmetries

B.G Yu (Korea Aerospace U.), arxiv:1611.09629v5 (16 GeV)
J. Nys (JPAC), arxiv: 1710.09394v1 (8.5 GeV)
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* Charged pseduoscalar: 2 more complicated t-dependence
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Spin Density Matrix Elements

 SDMEs measure the transfer of polarization p(V) — Tp(’}')T'r
from the incoming photon to the vector
meson. 1 1
p(y) = 5 I+ 5 P, o

* Describe the spin state of the vector meson
* Related to the density matrix of the : : .
. . * For linearly polarized beam:
photon by the production amplitudes.
* There are ongoing analyses for the p, ® and w P’}' — PW(_ COS 2(1)’ — Sl Z(I)a O)
mesons. | will focus on the hadronic decay of

the w meson: yp = pw, w - e, * @ isthe angle between the

polarization direction and the
production plane.
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Spin Density Matrix Elements

Model from '-E"g v(k, /\7) V(Qa )\V)

Phys.Rev. D97 (2018) no.9, 094003

* Model for photoproduction of a vector
meson at our energy.

* Measuring the SDMEs offers feedback
to theory on the strength of the
contribution of each exchange particle.
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Spin Density Matrix Elements

Angular Distribution

3
W(cosh,¢) = WP°(cosb, )+ Z Pf'yWi(cos 6, 0)

=1

* Example angular distribution:
3

'Llfif(RB()Eifg, qbﬂ ,)2:) — ‘17T

[\/5 Imp?, sin 20 sin ¢ + Imp?_; sin® @ sin 2¢]

* Measured in the “Helicity Frame”: In the w c.m. frame, Z
opposite recoil proton, ¥ normal to production plane.
X =yXZ

-3 -2 -1 1 2 3

0
¢ [rad.]

* Fit for one of the angles in the

' ' ' helicity f :
* With a linearly polarized beam we can measure 9 of the SDMEs SHERY TTame
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Results for yp - pw, w = rmrnd
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Results for yp = p®, d—>KK
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Summary

* The GlueX experiment is commissioned and the initial meson
program is well underway.

* Early measurements of polarization observables to gain insight into
production mechanisms
o Sigma beam asymmetry for neutral and charged pseudoscalars

o SDMEs for vector mesons

* Understanding the production mechanisms of these pseudoscalar
and vector mesons will be important going forward with our search
for the hybrid meson spectrum
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Lattice QCD Predictions
B 3000 } negative parity { positive parity f exotics
- - = =
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Dudek J J 2013 Phys. Rev. D 88 014501

* Rich spectrum of light hybrid mesons
* Primary goal of the GlueX experiment is to search for and ultimately map out the spectrum of light quark
hybrid mesons
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