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Constituent Quark Model & Beyond

® Mesons are made of quark anti-quark bound system

JPC = 0++, 0+, 1=, 1+, 1+-,...
C = (_1)L+S q
P=(=1)t

® QCD predicts the existence of exotic states

JPC = 0, 0+, 0+, 0%, 1-, 1++, 1+, 1+,... e

= Manifestation of Hybrid and spin exotic Hybrid Mesons

@ Gluonic Excitation Models (Flux Tube, Bag Model, Constituent
Gluon,...)

and Lattice QCD Calculations predict exotic JPC states



_______________Hybrid Meson Mass Estimates
Lattice QCD predi
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Hybrid Meson Mass Estimates

. -
/p/\< p E p,
@ 7 beam (S = 0) @ Y beam (S =1)
® 1++, 1~ @0 t,0", 17t 11,27+ 2F
@ Exotic hybrids require spin flip ® No spin flip Required

® E852, Gams, KEK, VES, COMPASS @ CLAS, Omega-Photon Coll.,GL%
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Evidence for light-quark exotic meson
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COMPASS: PLB 740, 303 (2015)

% Extract resonance parameters with unitary reaction model
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A. Rodas et al. (JPAC) [arXiv:1810.04171]
Evidence for 11 in n't and prt P-waves (116k nrt and 39k n’m)

GLUE)(WW Expect 280k nrt and 52k n’rt from current dataset for a single decay mode



GlueX Hall D

® Thomas Jefferson Lab and the Continuous Electron Beam Accelerator Facility (CEBAF)
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Photon Beam production




The GlueX Detector

@® Acceptance: 1 - 120°
@ Charged particles: op/p ~ 1 - 3%
@ Photons: oe/E = 6%/\JE ® 2%
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The GlueX Detector
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The GlueX Detector
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The GlueX Detector
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The GlueX Detector

LUEww Detector in Hall D
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Azimuthal Beam Asymmetries

® Understanding production mechanism critical to disentangling JPC¢ of observed
states in exotic hybrid search

YJ_/” X NJ_/”(l + PJ_/”2C0S2¢)

2 X i FRYH
Y, + FRY”
y 0 £
= Exchange JFC 3
1+ LW, P o
i , 177 bk
t

proton

@ Beam asymmetry sensitive to nature of exchange particles
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Azimuthal Beam Asymmetries in m° and 1) production
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J/ Photo-production

® 70% of 2016+2017 data used
@ First observation of charmonium at CEBAF

@ Photo-production of J/ near threshold is experimentally clean

Yp — p6+6_
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J/ Photo-production

@ ldeal for studying gluon distribution in the nucleon (sensitive to production
through 2 or 3 gluon exchange)

@ Comparing with predictions for pentaquark production in the s-channel, and
Setting limits on the branching fractions of the Pentaquarks decaying in J/+p
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Y(2175) Photo-production

@ Hybrid meson candidate: Y(2175) [PDG: ¢(2170)]

® JPC = 1-- state observed in 3 experiments

® Goal:

= Search for: 7p — Y (2175)p

= Study the nature of this resonance
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@ Data : 45 pb-1 currently available data

® Simulation : 10 M signal events generated

19



Event selection

® TOF/RF AT: +0.135 ns (K2)

TOF AT (ns)
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Event selection

® TOF/RF AT: +0.135 ns (K) a8 ' 1200
- 0.5 -
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Event selection

® TOF/RF AT: +0.135 ns (K<)
@ BCAL/RF At: £0.4125 ns (K¢)
@ FCAL/RF At: +1 ns (K<)
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Event selection

® TOF/RF AT: +£0.135 ns (K¢

@ BCAL/RF At: £0.4125 ns (K2
@ FCAL/RF At: +1 ns (K#)

@ TOF/RF At: +0.15 ns (7<)
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Event selection

@ TOF/RF AT: +0.135 ns (K%) % M
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Event selection

mcC
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Event selection

® TOF/RF AT: +0.135 ns (K3) @ ?‘0-3 — |
® BCAL/RF At: +0.4125 ns (K3 3 23_ ]
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Event selection

3 mc
® TOF/RF AT: +0.135 ns (K#) *§ 10?'0' - ' ' R
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Signal MC
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(¢, 7+7-) invariant mass correlation

® ¢(1020) yields in z+z~ invariant mass bins
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(¢, 7+7-) invariant mass correlation

® ¢(1020) yields in z+z~ invariant mass bins
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(¢, 7+7-) invariant mass correlation

® ¢(1020) yields in z+z~ invariant mass bins

D
g~ 1.2 ( ata) 250 (Data)
§ - R 94.85/94
- P 0.6899
5 200 - p1 G " 1019
1.15 LUE
~ sof- 2 GuwXT o
£ 150 B pd Preliminary 1219
Ex 1.1 40- PS -521.1
100 . i :
1.05 PrOJectzo_ | 1,_“% |||||
| I
? : g T
0.4 0.6 0.8 1 ;__2 0 T 705 ‘1'-1- — .1.115. —,
m,..- [GeV/c] e [GEV/C?]
yield K
Data
= ><|10,3 """ T ( ; l) | I
Z 14GueY”  P77f) v -
1.9F = { * } B
-&f Preliminary * * f()? .
1= E
: it 5
o i H E
0.6:— HH +**§+ _:
04f . " :
TR & é{' i
[~ PTITL ]
0.2F M ¢ =
0_- ] | | | =

m.... [GeV/c?] 31



Beam energy & proton transfer momentum

@ Efficiency and cross section will depend on the beam energy & transfer momentum
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(¢, n+z-) mass correlation

@ ¢(1020) yields vs. #+z- invariant mass in beam energy and Proton momentum transfer bins
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Moving forward: GlueX phase I

PID Upgrade: DIRC (Detection of Internally Reflected Cherenkov light)

® Installation and Commissioning is currently ongoing
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Moving forward: GlueX phase I

PID Upgrade: DIRC (Detection of Internally Reflected Cherenkov light)

@ Limited separation between K and = up to p = 2 GeV/c
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Moving forward: GlueX phase I

PID Upgrade: DIRC (Detection of Internally Reflected Cherenkov light)

@ Separation between K and 7 up to p = 4 GeV/c

® Collect 10x more data

@ Extends reach for exotic hadrons containing strange quark __
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Moving forward: GlueX phase I

PID Upgrade: DIRC (Detection of Internally Reflected Cherenkov light)

® Installation and Commissioning is currently ongoing
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® The GuueX™ experiment has started mapping the conventional meson spectrum, as a first

step towards the search for hybrid mesons.

® GlueX Physics Analysis :

@ Production mechanism studies (beam asymmetries: #%,n, ==, p, w,...)

® Measurement of the J/{ cross section (paper coming soon)

® Y(2175) Photo-production: ¢(1020) observation, improve selection (Van Hove ,...)
@ ...

@ Data production:

® 2016: 10 pb-* — 80 hours of physics-quality commissioning data

® 2017: 45 pb? — used in the Y(2175) study

® 2018: 100 pb-' — end of GlueX Phase-|
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Thank you for your attention!



Hall-D Beam Line
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Event selection

proton (mc)

® TOF/RF AT: £0.135 ns (K%)

@ BCAL/RF At: £0.4125 ns (K¢)
@ FCAL/RF At: +1 ns (K%)

@ TOF/RF At: £0.15 ns (7%)

@ BCAL/RF At: £0.85 ns (z%*)

® TOF/RF At: +£0.27 ns (proton) proton (data)
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