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Hall D Apparatus
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Polarized photon beam
 
Large acceptance spectrometer for 
charged and neutral particles.
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Hall D Approved Program
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Experiment Description Beam Time 
(PAC days) 

GlueX-I Spectroscopy of light and hybrid mesons 
(low-intensity) 

80

GlueX-II Spectroscopy of hadrons with strange quark 
decays (high-intensity) 

220+

PrimEx-eta Eta radiative decay width 79

CPP Charged pion polarizability 25

JEF Rare eta decays concurrent
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Hadron Spectroscopy
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Confined States of Quarks and Gluons
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Can we observe explicit 
gluonic degrees of freedom 

in nature’s bound states?Smoking gun for hybrid mesons are exotic 
quantum numbers

Which color-singlet states exist in nature? 
What are their properties?  
Why are they so elusive?
Are gluonic degrees of freedom manifest?

Recent progress in studying QCD through 
spectrum of bound states 

New high-intensity experiments 
Renewed theoretical interest.

Motivated the Quark Model
“Constituent” quarks: flavor SU(3)

QCD: exact color SU(3) symmetry; 
asymptotic freedom; confinement; mass 
generated dynamically. 
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Light Quark Mesons from Lattice
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Dudek et al. PRD 88 (2013) 094505

Exotic 
quantum 
numbers

lowest-lying hybrid super-multiplet

C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.

E. The low-lying pseudoscalars: !, ", "0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

TOWARD THE EXCITED ISOSCALAR MESON SPECTRUM . . . PHYSICAL REVIEW D 88, 094505 (2013)
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best 
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Pattern suggests         constituent gluon
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            spectroscopy
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coupled channel fit to ηπ and η’π determine 
pole positions for a2, a2’, and exotic π1 

COMPASS: 
PLB 740 (2015) 303 
JPAC: 
PRL 122 (2019) 042002 



Mark Dalton JLUO Annual Meeting, June 2019Hall D 12 GeV Overview

)2) (GeV/c0πηM(
1 1.5 2 2.5 3

)2
 C

ou
nt

s /
 4

 (M
eV

/c

0

0.2

0.4

0.6

0.8

1

310×
            spectroscopy at GlueX

 7

Analysis of ηπ and η’π final 
states well underway
 
Several well-known mesons 
identified with 20% of GlueX 
Phase-I 

GlueX-I dataset competitive with 
COMPASS statistics
(different production mechanism)

Multiple final states available
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Strangeness program

 8

Experimentally infer quark flavor 
composition through branching ratios to 
strange and non-strange decays

Consistent with lattice QCD mixing angle for 2++

C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.

E. The low-lying pseudoscalars: !, ", "0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.
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C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.
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In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
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meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume
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commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.
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C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.

E. The low-lying pseudoscalars: !, ", "0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

TOWARD THE EXCITED ISOSCALAR MESON SPECTRUM . . . PHYSICAL REVIEW D 88, 094505 (2013)

094505-11
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Lattice predicts strange and light 
quark content for mesons 

Search for a pattern of hybrid 
states in many final states 

Requires clean identification of 
charged pions and kaons 

C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.

E. The low-lying pseudoscalars: !, ", "0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.
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Exotic quantum numbers

C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.

E. The low-lying pseudoscalars: !, ", "0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that
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FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.
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C. SU ð3ÞF point, m! ¼ 702 MeV, ð16; 20Þ3$128

In this case we take all three quark flavors to be mass
degenerate, with the mass we have tuned to correspond to
the physical strange quark. Here, because there is an exact
SUð3Þ flavor symmetry, we characterize mesons in terms of
their SUð3ÞF representation, octet (8) or singlet (1), and
compute correlation matrices using the basis in Eq. (5).
The octet correlators feature only connected diagrams
while the singlets receive an additional contribution from
a disconnected diagram. Since the strange quarks are now
no heavier than the ‘‘light’’ quarks, any splitting between
states in the octet and singlet spectra is purely due to the
disconnected diagrams and thus to ‘‘annihilation dynam-
ics.’’ In Fig. 13 we present the spectra extracted on two
lattice volumes.

D. Quark mass and volume dependence

Figures 14–16 show the quark mass and volume depen-
dence of the extracted isoscalar and isovector spectra.

In general, the extracted spectrum is fairly consistent
across quark masses. There are some cases, such as the
second level in 3þ$, that are not cleanly extracted at the
lowest pion mass.

We refrain from performing extrapolations of the masses
to the limit of the physical quark masses, since, as we have
already pointed out, we expect most excited states to be
unstable resonances. A suitable quantity for extrapolation

might be the complex resonance pole position, but we do
not obtain this in our simple calculations using only single-
hadron operators.
We discuss the specific case of the 0$þ and 1$$ systems

in the next subsections.

E. The low-lying pseudoscalars: !, ", "0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ! and " mesons are exactly stable and
"0 is rendered stable since its isospin conserving "!!
decay mode is kinematically closed. Because of this,
many of the caveats presented in Sec. III B do not apply.
Figure 17 shows the quality of the principal correlators
from which we extract the meson masses, in the form of
an effective mass,

meff ¼
1

#t
log

$ðtÞ
$ðtþ #tÞ ; (16)

for the lightest quark mass and largest volume consid-
ered. The effective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.
Figure 18 indicates the detailed quark mass and volume

dependence of the " and "0 mesons. We have already
commented on the unexplained sensitivity of the "0 mass
to the spatial volume at m! ¼ 391 MeV, and we note that

500

1000

1500

2000

2500

3000

FIG. 11 (color online). Isoscalar (green and black) and isovector (blue) meson spectrum on the m! ¼ 391 MeV, 243 & 128 lattice.
The vertical height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-
lying states having dominant overlap with operators featuring a chromomagnetic construction—their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.
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Strangeness Future
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Flash Talk: GlueX DIRC upgrade (Yunjie Yang)
GlueX-II to start in Fall 2019.

Flash Talk: Cascade Photoproduction (Ashley Ernst) 

Major PID 
upgrade
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Easy initial results: Need photon polarization, but most other factors cancel out.

Provides insight into production mechanism
Constrain Regge models

Collaboration Meeting 10.6.16 Justin Stevens,

JPAC Regge Model

2

1�� : !, ⇢

1+� : b, h

Exchange JPC

t

Mathieu et al. PRD 92, 074013 (2015)

Data at different 
beam energies

Beam asymmetry Σ provides insight 
into dominant production mechanism

No previous measurements for ɣp→ηp
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beam energies
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into dominant production mechanism
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Motivation
• Meson photoproduction: almost 50 years at SLAC, DESY, and Cambridge
• Provide constraints on “background” to baryon resonance extraction in the low energy regime
• Beam asymmetry Σ provides insight into dominant production mechanism

3

JPAC Regge Model

Physics Meeting 9.1.16 Justin Stevens,

JPAC Regge Model
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Data at different 
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into dominant production mechanism
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Collaboration Meeting 10.6.16 Justin Stevens,

JPAC Regge Model

2

1�� : !, ⇢

1+� : b, h

Exchange JPC

t

Mathieu et al. PRD 92, 074013 (2015)

Data at different 
beam energies

Beam asymmetry Σ provides insight 
into dominant production mechanism

No previous measurements for ɣp→ηp

See Vincent M. talk CC00002 

There are no previous measurements 
of the Σ asymmetry for ɣp→ηp 

with Eγ > 3 GeV

The high intensity, linearly polarized photon 
beam of GlueX/Hall D will provide

important new constraints on Regge models

SLAC: PRD 4, 1937 (1971)

 Photon 
Direction

    Photon 
Polarization

 Meson 
Direction

Recoil 
Baryon

φ−φlin
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Beam Asymmetry
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First JLab 12 GeV paper

GlueX: Beam Asymmetries

�p ! ⇡0p

�p ! ⌘p

Asymmetry of 𝜋− Production

QNP 2018 --- J. Zarling 13

Charge exchange reaction: 
• production changes with 𝑡
• restricts allowed isospin of exchanges

(my thesis analysis)

B.G Yu (Korea Aerospace U.),  PLB 769 262 (16 GeV)
J. Nys (JPAC), PLB 779, 77 (8.5 GeV)

�p ! ⇡��++

�p ! ⌘0p

E.Chudakov IWHSS 19, Aveiro, June 2019 Experiment GlueX 20 / 27

Data under review, 
publication expected in 2019

JPAC (8.5 GeV)
B.G Yu (16 GeV)

Phys.Rev.C 95, 142201(R)

https://doi.org/10.1016/j.physletb.2018.01.075
https://doi.org/10.1016/j.physletb.2017.03.070
http://dx.doi.org/10.1103/PhysRevC.95.042201
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Spin Density Matrix Elements (SDME)
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Measures spin transfer from linear 
polarized photon to vector meson

Obtained by fitting complex angular distributions

Linear beam polarization provides access to nine linearly independent SDMEs 

z

x

y

p�

⇢

p0

P�

�

�

⇡+

⇡�

1

Requires good understanding of detector acceptance.

Sensitive to the production mechanism 
(natural/unnatural exchange)

…etc.
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Spin Density Matrix Elements (SDME)
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• Spin-density matrix elements 
extracted for ρ(770), ω(782) and 
φ(1020) 

• Statistical precision increased by 
orders of magnitude

• Natural parity exchange dominates 
at Eγ = 9 GeV for t → 0

• General agreement with models for 
t ︎< 0.5 GeV2/c2 

• Analysis also used to tune and 
confirm MC simulation 

Example of 1 SDME for ρ(770).  
Systematics dominated.

JPAC [Phy. Rev. D, 97 (2018) 094003]  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.094003
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8 9 10 20, GeV            γE

1−10

1

10

p)
, n

b
ψ

 J
/

→
p γ(

σ

GlueX
SLAC
Cornell
Kharzeev et al. x 2.3

(4440)+
cJPAC P

incoherent sum of:
  2g exch. Brodsky et al
  3g exch. Brodsky et al

J/ψ Photoproduction at GlueX
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First J/ψ cross section measurement at threshold 

arXiv:1905.10811: Submitted to PRL 

Talk by Lubomir Pentchev yesterday

27% normalization uncertainty

3-gluon exchange needed to 
describe cross section at 
threshold
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J/ψ Photoproduction at GlueX
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s-channel photoproduction 
probes nature of 5-quark 
interaction! 

8 9 10 20, GeV            γE

1−10

1

10

p)
, n

b
ψ

 J
/

→
p γ(

σ

GlueX
SLAC
Cornell

 BR=2.9%-(4312) 3/2+
cJPAC P

 BR=1.6%-(4440) 3/2+
cJPAC P

 BR=2.7%-(4457) 3/2+
cJPAC P

Model-dependent upper 
limits at 90% CL: 
Br(Pc(4312) → J/ψ p) < 4.6% 
Br(Pc(4440) → J/ψ p) < 2.3% 
Br(Pc(4457) → J/ψ p) < 3.8%

Full Phase-I under analysis: 
additional 300% stats
unbinned analyses planned 
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Many Other Analyses Ongoing

 17

Hyperon Spectroscopy

Beyond Standard Model

Di-baryon production

Beam Asymmetry

Questions from collaboration meeting

Measured or kin. fitted variables?
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 - measured+upper vertex - K

 - measured-upper vertex - pK
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Peter Pauli ⇤(1520) photoproduction April 2, 2019 11 / 17

SDME

 η Di�erential Cross Sections

12

CLAS’ intervals:   50 Mev wide centered at 2.705 GeV, and 90 MeV wide centered at 2.795 GeV.

Errors are only 
statistical

Differential Cross Section
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Primakov Effect
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π± polarizability is directly related 
to “chiral-even” part of the ChPT 
Lagrangian. 

ELECTROMAGNETIC  POLARIZABILITY 

•

•

E=0 E>0
+ + + + + + + + + + + + + + + + + 

-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

p = - αΕ
μ =   βΗ

2

EM polarizability affects the 
Compton scaAering cross secBon 

EXPERIMENTAL ACCESS

4

Primakoff 
effect

=

= SIGMA
COMPASS

GlueX

Radiative pion 
photo-production

= MAMI
PACHRA

Light by light 
scattering
(by crossing symmetry)

=
PLUTO
DM1
DM2
MARK-II

Measurements of Meson Polarizabilities

EXPERIMENTAL ACCESS

4

Primakoff 
effect

=

= SIGMA
COMPASS

GlueX

Radiative pion 
photo-production

= MAMI
PACHRA

Light by light 
scattering
(by crossing symmetry)

=
PLUTO
DM1
DM2
MARK-II

Measurements of Meson Polarizabilities

Flash Talk: PrimEx-D experiment (Andrew Smith)
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Charged Pion Polarizability Experiment (CPP)

 19

GLUEX EXPERIMENTAL SETUP

FDC

Solenoid High Field Region

TO
F

FC
A

LTarget

Signal reaction

Beam polarization

• All occur via the Primakoff 
effect (interaction with the 
Coulomb field of nucleus)

• All result in very forward going 
particles

• Low t (-t < 0.005 GeV2)

μ/π Detector

Normalization

8
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The JLab Eta Factory (JEF) program 
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2cm x 2cm x 20cm
per module

π0γγ requires upgrade to FCAL
Replace inner blocks with PbWO4 crystals

Simulation of γp→pη, η→π0γγ 
for 1 day of running
Beam energy:  8.4-11.7 GeV
intensity N"~1x108/s

Study η decays 
with emphasis 
on rare channels
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Summary

 21

GlueX has started mapping the normal meson spectrum
First step towards establishing the hybrid meson spectrum. 
Phase I run is complete, program of production & cross section 
measurements well underway.
 
First limits on Br(Pc→J/ψp) constrain nature of LHCb Pc states

 
Phase-II High-luminosity running will begin this Fall, extend reach 
of strange-quark program

Future Experiments: PRIMEX, CPP, JEF are approved, preparations are 
underway and some data has been taken.

Flash Talk: PrimEx-D experiment (Andrew Smith)

Flash Talk: GlueX DIRC upgrade (Yunjie Yang)

Flash Talk: Cascade Photoproduction (Ashley Ernst) 




