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Do gluonic degrees of freedom 
manifest themselves in the bound 

states we observe in nature?
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Mesons in the quark model
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P = (�1)L+1

C = (�1)L+S
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JPC = 1−−

Allowed  for  mesons:JPC qq̄
JPC = 0�+, 1��, 1+�, 0++, 2++...
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Excited gluonic field coupled to       pair 


Rich spectrum of hybrid mesons predicted by Lattice QCD


Gluonic field with JPC = 1+- and mass = 1-1.5 GeV


“Exotic” JPC : not simple       from the non-rel. quark model 

qq̄

qq̄

Hybrid mesons and gluonic excitations

5

hybrid meson

q
q

g



CNUGS 2026 Justin Stevens,

Excited gluonic field coupled to       pair 
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Lattice QCD
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PRD 88 (2013) 094505
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 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.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems 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 Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective 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 vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.
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Note:

ss̄
uū+ dd̄

! =
��uū+ dd̄

↵� = |ss̄i

⇡0 =
��uū� dd̄
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Lightest hybrid 
mesons
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Heavy quarks Light quarks

Light quark experiments
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Compass: Diffractive πp scattering
Long history of hadron 
spectroscopy in pion 
production experiments


Rich structure in π-π+π- 
spectrum, modeled as 
intermediate resonances X- 
and π+π- Isobars

12

Compass: PRD 95, 032004 (2017)
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Long history of hadron 
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Compass: PRD 95, 032004 (2017)
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Double Slit Experiment
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Particle physics “many slits”

15

Step 1: Create particles 

a, b and c in some collision

Probe: particles a, b and c which 
can form heavier particles X, Y or Z

Goal: determine properties 
of X, Y, and Z

Physical System Under Study: 

intermediate particles X, Y, and Z Detector: Measure mass of abc 


system for each collision

Step 2: For each collision record 
the mass of the abc system

X

Y

Z

X
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Intermediate  
Particles
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Amplitude Analysis
Goal: Identify JPC of X → π+π-π+


Model the intensity of events at the level 
of QM amplitudes (allow for interference)


5-dimensional problem: two new angles 
at each decay step (X and I)

16~10% ~5% 

Example Intensity:

X(1++)
! ⇢⇡� (S wave)

⇢ ! ⇡+⇡�

⇢⇡+ (S wave)

X ! ⇢⇡+
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Amplitude Analysis

17

~10% ~5% 

X(1++)
! ⇢⇡� (S wave)

~10% ~5% 

! ⇢⇡� (D wave)
X(2++)

⇢ ! ⇡+⇡�

Example Intensities:

Expand set of possible amplitudes over 
many X and I, and determine Vα via 
maximum likelihood fit


Good angular acceptance critical for 
disentangling JPC

⇢⇡+ (D wave)

⇢⇡+ (S wave)

X ! ⇢⇡+
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Early evidence for 1-+ exotics: π1(1600)

18

PRL 104, 241803 (2010)

COMPASS: ⇡�p ! ⇡�⇡+⇡�p

1-+ intensity π1(1600) 
Background

t’
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Compass: PRD 95, 032004 (2017)

19

Compass: PRL 104, 241803 (2010)

Compass πp amplitude analysis

Unprecedented  
statistics: 

~50M exclusive 
events

Decompose into 88 
amplitudes representing 
X-, Isobars, L, and M 


Extract amplitude 
intensity and phase in 
bins of π-π+π- mass

a2(1320) ! ⇢⇡
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Compass: PRD 95, 032004 (2017)

20

Compass: PRL 104, 241803 (2010)

Unprecedented  
statistics: 

~50M exclusive 
events

Decompose into 88 
amplitudes representing 
X-, Isobars, L, and M 


Extract amplitude 
intensity and phase in 
bins of π-π+π- mass

a2(1320) ! ⇢⇡

Compass πp amplitude analysis
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Compass πp: example amplitudes

t’arXiv:1802.05913

X(1++)
! ⇢⇡� (S wave)

! ⇢⇡� (D wave)
X(2++)

Interference
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a2(1320) ! ⇢⇡

Compass: 1509.00992

22

Compass: PRL 104, 241803 (2010)

Unprecedented  
statistics

Compass πp amplitude analysis
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a2(1320) ! ⇢⇡

Compass: 1509.00992

23

Compass: PRL 104, 241803 (2010)

Unprecedented  
statistics

Compass πp amplitude analysis

t’

Also bin in t’
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Evidence for 1-+ π1(1600) in ρπ
Low t’ High t’

t’

Need to work with theorists on better  
models for resonant and non-resonant: 
    Joint Physics Analysis Center    

arXiv:1802.05913
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PLB 740 (2015) 303

COMPASS: ⇡�p ! ⌘(
0)⇡�p

⌘(
0)

η’η

Evidence for hybrids:  spectroscopy η(′￼)π



Justin Stevens,CNUGS 2026 26

1-+ intensityη’

η

η

η’

COMPASS: ⇡�p ! ⌘(
0)⇡�p

⌘(
0)

Need to work with theorists on better  
models to describe broad structures: 
    Joint Physics Analysis Center    

PLB 740 (2015) 303

Evidence for hybrids:  spectroscopy η(′￼)π
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        : coupled channel fit to  and  determine 
pole positions for ,  and single exotic 

ηπ η′￼π
a2 a′￼2 π1(1600)

27

COMPASS: Phys. Lett. B 740, 303 (2015).
JPAC: Phys. Rev. Lett. 122, 042002 (2019).

Evidence for hybrids:  spectroscopy η(′￼)π

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

a2(1320)
<latexit sha1_base64="SoYY4kTm6eaDQ3FAFW7LNAm6qgY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCZDm3dFd24rGAf0g4lk2ba0ExmSDJCKf0KNy4UcevnuPNvzLQVVPTAhcM593LvPUHCmdIIfVi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/M49lYrF4lZPE+pHeCRYyAjWRrrDA7fsVFx0PiiWkH1Rr7peFSIboZrjOhlxa17Fg45RMpTACs1B8b0/jEkaUaEJx0r1HJRof4alZoTTeaGfKppgMsEj2jNU4Igqf7Y4eA7PjDKEYSxNCQ0X6veJGY6UmkaB6YywHqvfXib+5fVSHdb9GRNJqqkgy0VhyqGOYfY9HDJJieZTQzCRzNwKyRhLTLTJqGBC+PoU/k/aru1UbPfGKzUuV3HkwQk4BWXggBpogGvQBC1AQAQewBN4tqT1aL1Yr8vWnLWaOQY/YL19Ath0jyM=</latexit>

a02(1700)
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⇡1(1600)
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Summary
Hybrid mesons provide unique 
access to gluonic degrees of 
freedom in bound states


Lattice QCD predicts a rich 
spectrum of hybrid mesons, 
some with exotic JPC


Significant evidence for exotic 
JPC = 1-+ in the literature, but 
interpretation is murky


The search for a coherent 
pattern of gluonic excitations 
continues… 

28
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JLab 12 GeV running since 2017: 
programs in hadron spectroscopy, 
nucleon and nuclear structure, etc.


Photoproduction process provides access 
to many proposed exotic decay channels 


Orders of magnitude higher statistics than 
previous photoproduction experiments
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Linearly polarized photon 
beam from CEBAF 12 GeV


Large acceptance 
detector for both charged 
and neutral particles

31

in Hall D
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Photon Beam and Tagger
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Construction (~5 years)
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“Typical” ɣp→π+π-p event

34
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Exotic JPC in photoproduction

exotics

JPC

Production through t-channel  
“quasi-particle”exchange

Meson X with  
particular JPC

ρ,ω,φγ

p N

X

π,η,ρ,ω,P,...
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 spectroscopy at         ηπ
Broad overlapping resonances requires 
amplitude, described by decay angles 


Polarized photon beam provides new 
information on production mechanism, 
collaborating with JPAC on amplitudes 

θ, ϕ

a2(1320)
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t
�++

 spectroscopy at ηπ

37

Broad overlapping resonances requires 
amplitude, described by decay angles 


Polarized photon beam provides new 
information on production mechanism, 
collaborating with JPAC on amplitudes 

θ, ϕ

a2(1320)
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 spectroscopy at ηπ
Broad overlapping resonances requires 
amplitude, described by decay angles 


Polarized photon beam provides new 
information on production mechanism, 
collaborating with JPAC on amplitudes 

θ, ϕ

38

a0 a2 γp → ηπ−Δ++
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 spectroscopy at ηπ
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Δ

interference of even and odd (spin-exotic!) waves

GJ < 0
P -wave at GlueX? M(η’π-) [GeV/c2]
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Promising  channel with 
similar forward/backward 
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even (  D-wave) partial waves
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COMPASS: PLB 740 (2015) 303Mη′￼π = 1600 MeV
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Exercise #3: amplitude interference

Play with parameters of 
S, P, D waves and 
observe effect on 
predicted intensities

41

https://drive.google.com/file/d/18pVtJdHmjbs3756HBjXq7zYM-rVXCGNh/view?usp=sharing
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Unique  dataset from only a portion of CLAS12 
beam time to compare with observations of  
signal from COMPASS

π+π+π−

π1(1600)

42

Another example:  at CLAS12π+π+π−

Small 
 

signal
π1(1600)

COMPASS 
PRD 105, 012005 (2022) 
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exoticspositive paritynegative parity

JPC

Mapping the meson spectrum

Already studying polarization observables for “simple” final states  

Beginning to identify known mesons in multi-particle final states
43
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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

44
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 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.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems 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 Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective 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 vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.
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to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,
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SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
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ss̄
uū+ dd̄

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


Consistent with lattice QCD 
mixing angle for 2++, and 
predictions for hybrids 


Need capability to detect 
strange and non-strange to 
infer hybrid flavor content

45

Strangeness program: decay patterns

ss̄
uū+ dd̄B(f2(1270) ! ⇡⇡)

B(f2(1270) ! KK)
⇡ 20



CNUGS 2026 Justin Stevens,

Strangeness program: Y(2175)

Y(2175) JPC=1-- state observed by 3 experiments


Decay pattern similar to Y(4260) in charmonium


Is it a supernumerary state in the strangeonium 
spectrum?  Possibly a hybrid?

46

Belle: BES III: 

Y (2175) ! �⇡+⇡� Y (4260) ! J/ ⇡+⇡�

e+e� ! �⇡+⇡�(�) J/ ! ⌘�⇡+⇡�

PRD 80, 031101(R) (2009)

PRD 91, 052017 (2015)
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Strangeness program: Y(2175)

Don’t observe the Y(2175) in photoproduction!


Instead find structure at ~2.24 GeV

47

GlueX: γp → ϕπ+π−p
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JLab strange quark program upgrades 

Strange hadron spectroscopy

48
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Charged particles traveling faster than the 
speed of light in a medium emit Cherenkov light


Wavelength dependence:


Cherenkov angle:


Determine β = v/c, separate kaons from 
pions by difference in mass

Charged particle identification

49

Nuclear Reactor

cos✓c =
1

�n(�)

N� ⇠ 1

�2
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Particle Identification: DIRC
DIRC: Detection of Internally 
Reflected Cherenkov Light 


Pioneered for BaBar 
detector at SLAC PEP-II


Image photons to measure 
Cherenkov angle 

50

Fused silica 
radiator bar

hni = 1.473
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Particle Identification: DIRC

51

BaBar DIRC Event Display

DIRC: Detection of Internally 
Reflected Cherenkov Light 


Pioneered for BaBar 
detector at SLAC PEP-II


Image photons to measure 
Cherenkov angle 
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Particle Identification: DIRC

52

DIRC: Detection of Internally 
Reflected Cherenkov Light 


Pioneered for BaBar 
detector at SLAC PEP-II


Image photons to measure 
Cherenkov angle 

BaBar finished data  
taking in 2008
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                DIRC

@GlueX_DIRCFollow the trip:

Shipped from SLAC -> JLab in 2018

https://twitter.com/GlueX_DIRC
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Photon hit patterns: kaons

Hit patterns from 1000 identified kaons tracks with p = 3.5 GeV/c 


Good agreement between beam data and simulations

54

GlueX-II 
Data

Geant4 
Simulation
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Summary

The                experiment is 
commissioned and the initial 
meson program is well 
underway


Early measurements aimed at 
understanding the meson 
production mechanism through 
polarization observables


Cherenkov detectors provided 
access to strange quark sector 
enhancing the discovery 
potential for hybrid mesons

55
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Further Reading

Light isovector resonances in  
Compass Collaboration                                      
[arXiv:1802.05913] 


Searching for the rules that govern hadron 
construction 
Matt Shepherd, Jozef J. Dudek, and Ryan Mitchell 
Nature 534 (2016) 487 

Hybrid mesons 
Curtis A. Meyer and Eric S Swanson, Progress in 
Particle and Nuclear Physics 82, 21-58 (2015)
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⇡�p ! ⇡�⇡�⇡+
<latexit sha1_base64="qJhaqXnAH0A6uPwLmQ3Y59ljFNM=">AAACCnicbVDLSgMxFM34rPU16tJNaBEEscyIoO6KblxWcGyhM5ZMmmlDM5mQZJQydO/GX3HjQsWtX+DOvzGdDqKtB+7lcM69JPeEglGlHefLmptfWFxaLq2UV9fWNzbtre0blaQSEw8nLJGtECnCKCeeppqRlpAExSEjzXBwMfabd0QqmvBrPRQkiFGP04hipI3UsSu+oLeHAvqS9voaSZncw1z6aQcdu+rUnBxwlrgFqYICjY796XcTnMaEa8yQUm3XETrIkNQUMzIq+6kiAuEB6pG2oRzFRAVZfssI7hmlC6NEmuIa5urvjQzFSg3j0EzGSPfVtDcW//PaqY5Og4xykWrC8eShKGVQJ3AcDOxSSbBmQ0MQltT8FeI+kghrE1/ZhOBOnzxLvKPaWc25Oq7Wz4s0SmAXVMA+cMEJqINL0AAewOABPIEX8Go9Ws/Wm/U+GZ2zip0d8AfWxzdQMJol</latexit><latexit sha1_base64="qJhaqXnAH0A6uPwLmQ3Y59ljFNM=">AAACCnicbVDLSgMxFM34rPU16tJNaBEEscyIoO6KblxWcGyhM5ZMmmlDM5mQZJQydO/GX3HjQsWtX+DOvzGdDqKtB+7lcM69JPeEglGlHefLmptfWFxaLq2UV9fWNzbtre0blaQSEw8nLJGtECnCKCeeppqRlpAExSEjzXBwMfabd0QqmvBrPRQkiFGP04hipI3UsSu+oLeHAvqS9voaSZncw1z6aQcdu+rUnBxwlrgFqYICjY796XcTnMaEa8yQUm3XETrIkNQUMzIq+6kiAuEB6pG2oRzFRAVZfssI7hmlC6NEmuIa5urvjQzFSg3j0EzGSPfVtDcW//PaqY5Og4xykWrC8eShKGVQJ3AcDOxSSbBmQ0MQltT8FeI+kghrE1/ZhOBOnzxLvKPaWc25Oq7Wz4s0SmAXVMA+cMEJqINL0AAewOABPIEX8Go9Ws/Wm/U+GZ2zip0d8AfWxzdQMJol</latexit><latexit sha1_base64="qJhaqXnAH0A6uPwLmQ3Y59ljFNM=">AAACCnicbVDLSgMxFM34rPU16tJNaBEEscyIoO6KblxWcGyhM5ZMmmlDM5mQZJQydO/GX3HjQsWtX+DOvzGdDqKtB+7lcM69JPeEglGlHefLmptfWFxaLq2UV9fWNzbtre0blaQSEw8nLJGtECnCKCeeppqRlpAExSEjzXBwMfabd0QqmvBrPRQkiFGP04hipI3UsSu+oLeHAvqS9voaSZncw1z6aQcdu+rUnBxwlrgFqYICjY796XcTnMaEa8yQUm3XETrIkNQUMzIq+6kiAuEB6pG2oRzFRAVZfssI7hmlC6NEmuIa5urvjQzFSg3j0EzGSPfVtDcW//PaqY5Og4xykWrC8eShKGVQJ3AcDOxSSbBmQ0MQltT8FeI+kghrE1/ZhOBOnzxLvKPaWc25Oq7Wz4s0SmAXVMA+cMEJqINL0AAewOABPIEX8Go9Ws/Wm/U+GZ2zip0d8AfWxzdQMJol</latexit>

https://www.nature.com/articles/nature18011
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Backup

57
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Exotic JPC decays

Predictions for the spectrum of hybrids from lattice, but decay 
predictions are model dependent 

Candidates for π1 state observed at multiple experiments (COMPASS, 
E852, etc.)  Recent review by Meyer and Van Haarlem (arXiv:1004:5516)


Mapping the hybrid spectrum requires: large statistics samples of many 
particle final states in strange and non-strange decay modes

58

C. A. Meyer and E. S. Swanson,  
Progress in Particle and Nuclear Physics B82, 21, (2015)

1-+ channels observed
⇡⇢ ! ⇡⇡⇡
⇡⌘0 ! ⌘⇡⇡⇡
⇡b1 ! !⇡⇡
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Exotic JPC decays

Predictions for the spectrum of hybrids from lattice, but decay 
predictions are model dependent 

Candidates for π1 state observed at multiple experiments (COMPASS, 
E852, etc.)  Recent review by Meyer and Van Haarlem (arXiv:1004:5516)


Mapping the hybrid spectrum requires: large statistics samples of many 
particle final states in strange and non-strange decay modes

59

C. A. Meyer and E. S. Swanson,  
Progress in Particle and Nuclear Physics B82, 21, (2015)

1-+ channels observed Some additional 1-+ channels
⇡⇢ ! ⇡⇡⇡
⇡⌘0 ! ⌘⇡⇡⇡
⇡b1 ! !⇡⇡

⌘f1 ! ⌘⌘⇡⇡⇡a2 ! ⌘⇡⇡

KK⇤ ! KK⇡
KK1(1270) ! KK⇡⇡
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π1(1400) → ηπ 

Not likely a hybrid: dynamical origin or 4-quark state?


π1(1600) → πππ, η’π, b1π, etc. 

Not observed in ɣp → n π+π-π+ at CLAS: charge vs neutral exchange?


Clear evidence for JPC=1-+ partial waves, but interpretation unclear

Evidence for 1-+ exotics

60

Compass: PLB 740 (2015) 303

1-+ waveη’

η
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π1(1400) → ηπ 

Not likely a hybrid: dynamical origin or 4-quark state?


π1(1600) → πππ, η’π, b1π, etc. 

Not observed in ɣp → n π+π-π+ at CLAS: charge vs neutral exchange?


Clear evidence for JPC=1-+ partial waves, but interpretation unclear

Evidence for 1-+ exotics

61

Compass: PRL 104, 241803 (2010)
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Evidence for 1-+ exotics
π1(1400) → ηπ 

Not likely a hybrid: dynamical origin or 4-quark state?


π1(1600) → πππ, η’π, b1π, etc. 

Not observed in ɣp → n π+π-π+ at CLAS: charged vs neutral exchange?


Clear evidence for JPC=1-+ partial waves, but interpretation not conclusive
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Found no exotic when using 
a larger set of partial waves 

(ie. “high wave”) than 
previous analysis

E852: PRD 73 (2006) 072001
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Quantum number counting

63


