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Outline

ÅPhysics motivation

ÅPhotoproduction and GlueX overview

ÅGlueX light spectroscopy program
o Focus: studying production mechanisms

o Final states of interest

ÅAdditional physics
oὐȾ‪threshold production

o Baryon sector
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Hadron Spectroscopy
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Tetraquark Pentaquark

Hybrid Meson Glueball

ÅMany QCD states allowed beyond 
observed mesons and baryons

o¢ƘŜƻǊƛȊŜŘ ǎƛƴŎŜ мфслΩǎ

ÅGrowing body of evidence for 
tetraquark, pentaquark candidates 
in recent years

Meson Baryon

LHCb collab., PRL 115, 072001 (2015)



Constructing Mesons
ÅStates are classified by quantum numbers ὐ

ÅUsing only ήήconstituents:
oὐ ὒ Ὓ

oὖ ρ

oὅ ρ

Åήήallows for numbers:
oὐ π ȟπ ȟρ ȟρ ȟς ȟς ȟȣ

Åήήcannot form states:
oὐ π ȟπ , ρ ȟς ȟȣȢ

o Detection of such ὐ implies non-ήήstructure!
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Lattice Predictions in the Light Spectrum
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PRD 88 (2013) 094505

Å Exotic states expected

Å Ideally, would like to establish spectrum of states



Candidates For Light Exotic States
ÅPotential search channels?

o A state decaying to “– in a P-wave would be exotic
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COMPASS Collaboration, PLB 740 (2015) 303

“ὴO “– ὴ

άbŜǿ Řŀǘŀ ŦǊƻƳ GlueXand CLAS12 experiments at Jefferson 
[ŀō ƛƴ ǘƘƛǎ ŀƴŘ ƘƛƎƘŜǊ Ƴŀǎǎ ǊŜƎƛƻƴ ǿƛƭƭ ōŜ ǾŀƭǳŀōƭŜΧέ

A. Rodaset al. (JPAC), arxiv:1810.04171

ὥ ρσςπ

“
ὥ ρχππ



Probes To Study Light Mesons

ÅὩὩ (BESIII, Belle)

ÅHadroproduction (COMPASS)

ÅPhotoproduction (GlueX, LEPS)
o Little data above Ὁ σ'Å6

o To do:
ÅUnderstand production mechanisms for well-established states 

at Ὁ ψȢυGeV

ÅStudy potential final states of interest

o Future: amplitude analysis of individual/coupled 
channels
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Features of Photoproduction

ÅDescribed by t-channel 
production at GlueX energies

o Meson, pomeron exchange

ÅPolarization: unique observable!
o Provides additional information on 
ŜȄŎƘŀƴƎŜǎ όǘƘƛǎ ǘŀƭƪΩǎ ŦƻŎǳǎύ

ᵼUseful probe in search for
exotic states!
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‎
ψȢυ'Å6

ὴ ὴ

ὢ

Exchanged:
“ȟ”ȟ‫ȟὖȟȣ



GlueX Detector

ÅLarge acceptance spectrometer for 
charged and neutral states

ÅPhoton beam E:
o 8-9 GeV polarized

o Polarization ὖ πȢσυ

o 3 GeV masses reachable
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More than 200billion events:

Á 2016: ~10 ὴὦ
Á 2017: ~45 ὴὦ
Á 2018: ~100 ὴὦ
Á Total hadronic cross section ~120 ‘b 

Located at Jefferson Lab,

Newport News, VA, USA



Production Asymmetry: ‎ὴO “ὴ

What is exchanged in photoproduction to produce a “ȩ
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ǇƻǎƛǘƛǾŜ άnaturalityέ

ƴŜƎŀǘƛǾŜ άƴŀǘǳǊŀƭƛǘȅέ

Polarization allows us to distinguish positive and 

negative ñnaturalityò contributions



Experimental Measurement of 
Asymmetry ɫ
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ɫ
‫ ” Ὤ ὦ

‫ ” Ὤ ὦ
If ɫ ρᵼpurely ”‫ȟ
If ɫ ρᵼpurely Ὤȟὦ

Distribution of “ events has ‰-dependence:

„‰ „ ρ ὖɫÃÏÓς‰ ‰

‰ ὶὥὨὭὥὲί



“ and –Photoproduction 
Asymmetries
ÅProduction mostly/all from natural 

exchange (e.g. ”or (‫
o No strongὸdependence

ÅFirst measurement for –meson

ÅFirst publication with data after
Jefferson Lab 12 GeV upgrade!
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Phys. Rev. C 95, 042201(R)



Asymmetry of “ Production
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Charge exchange reaction: 
Å production changes with ὸ
Å restricts allowed isospin of exchanges

(my thesis analysis)

B.G Yu (Korea Aerospace U.),  PLB 769262(16 GeV)

J. Nys(JPAC), PLB 779, 77 (8.5 GeV)


