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Introduction

= QCD gives rise to spectrum of
hadrons

« Many qgq and gqq states have

been observed
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... Baryons can now be
constructed from quarks by using the combinations
(aqq), (@gaqqd), etc., while mesons are made out

of (qd), (qqqq), etc. ...
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* main objective for GlueX:

¢ In quark model:

Hybrid mesons

Search and study of hybrid mesons

J=L +8 P=(-DI, C= (=S

— not allowed:

P00 0=

* “Exotic” quantum numbers are “smoking gun” for

something not being pure gg



Light quark mesons from lattice QCD

hadspec collaboration
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Hybrid mesons - evidence

Experimental evidence fora 17:
+ m;(1400): GAMS, VES, E852, CBAR, COMPASS
¢ 7,(1600): VES, E852, COMPASS

JPAC coupled channel fit to #z and 'z data from COMPASS
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1=+ hybrid from latice QCD

~ hadspec collaboration

hadspec, Phys. Rev. D 103, 054502
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+ LQCD indicates that b,z is the dominant decay mode
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+ Experimentally challenging
« Start with 5z, n'm
+ Smaller expected branching ratio but large statistics

* Narrow peaks and pseudo scalars



Towards hybrids at GlueX

v(p 0.0 =)

d
M 1
* Photoproduction complementary to M\~<d2

pion production

» Utilize polarization to understand

production mechanisms e

* Study production mechanisms to inform choice of wave sets for

PWA (beam asymmetries, spin density matrix elements)

* Reproduce previous results by COMPASS

» Focusonyrand n'w

* Work closely with theory colleagues to tackle model complexity
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CEBAF at Jetterson Lab
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GlueX experiment in Hall D
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GlueX, Nucl. Instrum. Meth. A 987 (2021) 164807

Photon Beam

Tagging

Magnet Forward Drift

Chamber

7/

* tag electrons to
Electron

determine photon Beam Central Drift

Chamber
energy

Radiator Solenoid

»  Acceptance: Gl =0y
+ Charged particles: o,/p ~ 1% —3 % (8% — 9 % very-forward high-momentum tracks)
+ Photons: op/E = 6% /\/I_Z D2%
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do

Towards a PWA in #nz" - a,(1320) cross-section

First look at PWA in #z"

Study a,(1320) cross-section

Positive helicity (natural exchange, e.g. p)

dominates

a, predominantly D, wave, consistent with
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7, (1600) upper limits
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Set upper limit on 7;(1600) using isospin separation, assume no [ = 2
+ o((wrm))_; = olwrtrn™) — 20(wn’x)

¢+ o((wrm)” ) = o(wn7°)

Fit o(wzr),_, using known shapes for a, (PDG) and 7; (JPAC)
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Only free parameter is z; normalisation!

mm upper limits similar in size to a, cross-sections




7] — 1z expected

to be very small

o= e
potentially
dominating the
spectrum

First limit on size

of

photoproduction

Cross-sections

Guidance for
amplitude
analysis
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A( 1405 ) liﬂe Shape measurement N. Wickramaarachchi

1
Excited A with JX = 5

4 s A(1405) > Zx
%/ /”O\{iiy -

K Previous measurements (e.g. COSY-
| Jilich or CLAS) show very clear non-

A(1405 y e :
p / ( )\ 0 { Breit-Wigner line shape
> T

AL + Interpretation under active investigation
P

A(1405) —» X%° (I = 0) is free
from 2(1385) background

’
’
<

Many theory models find two-pole
structure:
not just one state

Recent PDG addition: ** A(1380)
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A(1405) t-dependent line shape?

i +*+l _____ ’X +  Could support two-pole structure
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A( 140 5 ) line Shapﬁ measurement N. Wickramaarachchi
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Hyperon Spectrum for yp to K+ 5970
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+ Fit of two coherent Flatté
amplitudes, incoherent A(1520)
and backgrounds

*  Preliminary fit results support
two-pole structure



JIyp

« LHCDb sees pentaquark signal in
A} = JlypK™

*  GlueX can search for s-channel
production

VMD
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LHCD, Phys. Rev. Lett. 122, 222001
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» Updated measurement:
4x more stats

Dip at ~9 GeV has 2.6¢ significance
(with look-elsewhere-effect 1.40)

Improved model dependent P.
upper limits by ~30%
previous:

BR(P.(4312) — J/yp) < 4.6 %
BR(P_.(4440) — J/yp) < 2.3 %
BR(P_.(4457) — J/yp) < 3.8 %

GlueX, Phys. Rev. Lett. 123, 072001

measure leptonic decay arXi0:2304.03845
yp — Jyp — eTep

exclusive reaction

normalise cross-section to non-resonant
ee” production (Bethe-Heitler)
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M.-L. Du et al. Deciphering the mechanism of near-threshold J/y
photoproduction. Eur. Phys. . C 80, 1053 (2020)

« Flattening of do/dt in lowest
energy range

+ Indication of s- or u-channel
contribution?

* Need better understanding of
production mechanism
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JIyp

GlueX, Phys. Rev. Lett. 123, 072001
arX10v:2304.03845

Du et al. propose production
through A_D and A_D *

Generate cusp structures
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Further analyses

N. D. Hoffman, APS 4/2023 Hao Li, APS-DNP 2021 C. Akondi, GHP 2023
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* Start with studying production mechanisms
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Summary

* GlueX has a unique data set with
unprecedented statistical precision in its
energy range

ylp. o )

and develop PWA in parallel W d,
i =

» m;(1600) upper limits, guide for future searches
Romeo

» JI'¥ near threshold extends understanding of production

mechanism /\

. : . "
* Many more interesting analyses in the
3 2 2 Forward Calorimeter
pipeline and room for other physics: Time of Fight

Barrel Calorimeter

# . Start Counter
* Strangeonium, cascades, ALPs, ...
Target DIRC
* Future and outlook: Photon Beam—\
Tagging

o ‘ 7 Y
MagmeE = Forward Drift
: O . Gl X II Elect G Chamber
ngOIHg UEeA- " ée;omn gﬁntril o
\ amber
Radiator Solenoid

» HI-GlueX, GlueX-24 (?) 21
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