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Do gluonic degrees of freedom 
manifest themselves in the bound 

states we observe in nature?
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General properties: mass, electric 
charge, quark flavor


Grouped by quantum numbers: 


Angular momentum:


Parity: Invert spatial coordinates


Charge conj.: particle ↔ antiparticle


Allowed JPC for       mesons:

Classifying mesons
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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 
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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 
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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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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-
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which we extract the meson masses, in the form of an
e↵ective mass,
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described at later times by a constant fit which gives a
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principal correlator that we typically use.
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mass shown there may be an underestimate.
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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
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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.
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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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Lightest hybrid 
mesons

exoticspositive paritynegative parity

JPC
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Most experimental 
searches for hybrids 

limited to the π1 state
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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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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
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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
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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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Resonance phase motion expectations

�18

Assuming a Breit-Wigner 
mass-dependent amplitude:

Matt Shepherd
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Early evidence for 1-+ exotics: π1(1600)

�19

PRL 104, 241803 (2010)

COMPASS: ⇡�p ! ⇡�⇡+⇡�p

1-+ intensity π1(1600) 
Background

t’
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Compass: PRD 95, 032004 (2017)

�20

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)

�21

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

�23

Compass: PRL 104, 241803 (2010)

Unprecedented  
statistics

Compass πp amplitude analysis
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a2(1320) ! ⇢⇡

Compass: 1509.00992

�24

Compass: PRL 104, 241803 (2010)

Unprecedented  
statistics

Compass πp amplitude analysis

t’

Also bin in t’
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Compass: 1512.03599

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

Evidence for 1-+ exotics: π1(1600)

⌘(
0)

η’η
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1-+ intensityη’

η

η

η’

COMPASS: ⇡�p ! ⌘(
0)⇡�p

⌘(
0)

Evidence for 1-+ exotics: π1(1600)

Need to work with theorists on better  
models to describe broad structures: 

    Joint Physics Analysis Center    

PLB 740 (2015) 303
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Tensor mesons with JPAC

�28

⌘(
0)

Need to work with theorists on better  
models to describe broad structures: 

    Joint Physics Analysis Center    

PLB779 (2018) 464⇡�p ! ⌘⇡�p : 2++ Intensity
<latexit sha1_base64="5Spw5cE7A92ZMzvAJPdyubJru60="></latexit><latexit sha1_base64="5Spw5cE7A92ZMzvAJPdyubJru60="></latexit><latexit sha1_base64="5Spw5cE7A92ZMzvAJPdyubJru60="></latexit>

a2(1320)
<latexit sha1_base64="x0I2w2Qd2bXUkFqTwk0xunhNCM8=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJuqN6MUjJq5gYEO6pQsNbXfTdk3Ihl/hxYMar/4db/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Gbqt56o0iyW92ac0EDggWQRI9hY6RH36lXvrO6e9soVt+bOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8Sv165q7t15pXGdp1GEIziGKnhwAQ24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AeODjrA=</latexit><latexit sha1_base64="x0I2w2Qd2bXUkFqTwk0xunhNCM8=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJuqN6MUjJq5gYEO6pQsNbXfTdk3Ihl/hxYMar/4db/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Gbqt56o0iyW92ac0EDggWQRI9hY6RH36lXvrO6e9soVt+bOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8Sv165q7t15pXGdp1GEIziGKnhwAQ24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AeODjrA=</latexit><latexit sha1_base64="x0I2w2Qd2bXUkFqTwk0xunhNCM8=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJuqN6MUjJq5gYEO6pQsNbXfTdk3Ihl/hxYMar/4db/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Gbqt56o0iyW92ac0EDggWQRI9hY6RH36lXvrO6e9soVt+bOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8Sv165q7t15pXGdp1GEIziGKnhwAQ24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AeODjrA=</latexit>

a02(1700)
<latexit sha1_base64="nf/xNqg4kc8FTCa1WybVnzLFmGk=">AAAB8HicbVBNTwIxEJ31E/EL9eilkRjxQrrEBL0RvXjExBUibEi3dKGh2920XROy4V948aDGqz/Hm//GAntQ8CWTvLw3k5l5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eDwQceposyjsYhVOyCaCS6ZZ7gRrJ0oRqJAsFYwupn6rSemNI/lvRknzI/IQPKQU2Ks9Eh6tbOKW8f4vFcq4yqeAS0TNydlyNHslb66/ZimEZOGCqJ1x8WJ8TOiDKeCTYrdVLOE0BEZsI6lkkRM+9ns4gk6tUofhbGyJQ2aqb8nMhJpPY4C2xkRM9SL3lT8z+ukJrz0My6T1DBJ54vCVCATo+n7qM8Vo0aMLSFUcXsrokOiCDU2pKINwV18eZl4tepVFd9dlBvXeRoFOIYTqIALdWjALTTBAwoSnuEV3hztvDjvzse8dcXJZ47gD5zPH0hkjuM=</latexit><latexit sha1_base64="nf/xNqg4kc8FTCa1WybVnzLFmGk=">AAAB8HicbVBNTwIxEJ31E/EL9eilkRjxQrrEBL0RvXjExBUibEi3dKGh2920XROy4V948aDGqz/Hm//GAntQ8CWTvLw3k5l5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eDwQceposyjsYhVOyCaCS6ZZ7gRrJ0oRqJAsFYwupn6rSemNI/lvRknzI/IQPKQU2Ks9Eh6tbOKW8f4vFcq4yqeAS0TNydlyNHslb66/ZimEZOGCqJ1x8WJ8TOiDKeCTYrdVLOE0BEZsI6lkkRM+9ns4gk6tUofhbGyJQ2aqb8nMhJpPY4C2xkRM9SL3lT8z+ukJrz0My6T1DBJ54vCVCATo+n7qM8Vo0aMLSFUcXsrokOiCDU2pKINwV18eZl4tepVFd9dlBvXeRoFOIYTqIALdWjALTTBAwoSnuEV3hztvDjvzse8dcXJZ47gD5zPH0hkjuM=</latexit><latexit sha1_base64="nf/xNqg4kc8FTCa1WybVnzLFmGk=">AAAB8HicbVBNTwIxEJ31E/EL9eilkRjxQrrEBL0RvXjExBUibEi3dKGh2920XROy4V948aDGqz/Hm//GAntQ8CWTvLw3k5l5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eDwQceposyjsYhVOyCaCS6ZZ7gRrJ0oRqJAsFYwupn6rSemNI/lvRknzI/IQPKQU2Ks9Eh6tbOKW8f4vFcq4yqeAS0TNydlyNHslb66/ZimEZOGCqJ1x8WJ8TOiDKeCTYrdVLOE0BEZsI6lkkRM+9ns4gk6tUofhbGyJQ2aqb8nMhJpPY4C2xkRM9SL3lT8z+ukJrz0My6T1DBJ54vCVCATo+n7qM8Vo0aMLSFUcXsrokOiCDU2pKINwV18eZl4tepVFd9dlBvXeRoFOIYTqIALdWjALTTBAwoSnuEV3hztvDjvzse8dcXJZ47gD5zPH0hkjuM=</latexit>

Fit with single a2 resonances Find additional a’2 is required
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Tensor mesons with JPAC

�29

⌘(
0)

Need to work with theorists on better  
models to describe broad structures: 

    Joint Physics Analysis Center    

PLB779 (2018) 464
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Produce vector charmonium in e+e- CLEO, BESIII, etc.


Study decay products through amplitude analysis

�30

Exotics from charmonium decays
 (2S) ! ��c1

<latexit sha1_base64="D/xxJBAKsi1rZRea7RStrQ0E6f4=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0mKoN6KXjxWNLbQlDLZbpOlu0nY3Sgl9B948a948aDi1bM3/43bj4O2Phh4vDfDzLwg5Uxpx/m2FhaXlldWC2vF9Y3NrW17Z/dOJZkk1CMJT2QzAEU5i6mnmea0mUoKIuC0EfQvR37jnkrFkvhWD1LaFhDGrMcIaCN17CM/VaxcvTnGvmRhpEHK5AH7IQgB2CcR6+TEHeKOXXIqzhh4nrhTUkJT1Dv2l99NSCZorAkHpVquk+p2DlIzwumw6GeKpkD6ENKWoTEIqtr5+J8hPjRKF/cSaSrWeKz+nshBKDUQgekUoCM1643E/7xWpntn7ZzFaaZpTCaLehnHOsGjcHCXSUo0HxgCRDJzKyYRSCDaRFg0IbizL88Tr1o5rzjXJ6XaxTSNAtpHB6iMXHSKaugK1ZGHCHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfQRJt3</latexit><latexit sha1_base64="D/xxJBAKsi1rZRea7RStrQ0E6f4=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0mKoN6KXjxWNLbQlDLZbpOlu0nY3Sgl9B948a948aDi1bM3/43bj4O2Phh4vDfDzLwg5Uxpx/m2FhaXlldWC2vF9Y3NrW17Z/dOJZkk1CMJT2QzAEU5i6mnmea0mUoKIuC0EfQvR37jnkrFkvhWD1LaFhDGrMcIaCN17CM/VaxcvTnGvmRhpEHK5AH7IQgB2CcR6+TEHeKOXXIqzhh4nrhTUkJT1Dv2l99NSCZorAkHpVquk+p2DlIzwumw6GeKpkD6ENKWoTEIqtr5+J8hPjRKF/cSaSrWeKz+nshBKDUQgekUoCM1643E/7xWpntn7ZzFaaZpTCaLehnHOsGjcHCXSUo0HxgCRDJzKyYRSCDaRFg0IbizL88Tr1o5rzjXJ6XaxTSNAtpHB6iMXHSKaugK1ZGHCHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfQRJt3</latexit><latexit sha1_base64="D/xxJBAKsi1rZRea7RStrQ0E6f4=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0mKoN6KXjxWNLbQlDLZbpOlu0nY3Sgl9B948a948aDi1bM3/43bj4O2Phh4vDfDzLwg5Uxpx/m2FhaXlldWC2vF9Y3NrW17Z/dOJZkk1CMJT2QzAEU5i6mnmea0mUoKIuC0EfQvR37jnkrFkvhWD1LaFhDGrMcIaCN17CM/VaxcvTnGvmRhpEHK5AH7IQgB2CcR6+TEHeKOXXIqzhh4nrhTUkJT1Dv2l99NSCZorAkHpVquk+p2DlIzwumw6GeKpkD6ENKWoTEIqtr5+J8hPjRKF/cSaSrWeKz+nshBKDUQgekUoCM1643E/7xWpntn7ZzFaaZpTCaLehnHOsGjcHCXSUo0HxgCRDJzKyYRSCDaRFg0IbizL88Tr1o5rzjXJ6XaxTSNAtpHB6iMXHSKaugK1ZGHCHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfQRJt3</latexit>
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Exotics from charmonium decays

�31

 (2S) ! ��c1
<latexit sha1_base64="D/xxJBAKsi1rZRea7RStrQ0E6f4=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0mKoN6KXjxWNLbQlDLZbpOlu0nY3Sgl9B948a948aDi1bM3/43bj4O2Phh4vDfDzLwg5Uxpx/m2FhaXlldWC2vF9Y3NrW17Z/dOJZkk1CMJT2QzAEU5i6mnmea0mUoKIuC0EfQvR37jnkrFkvhWD1LaFhDGrMcIaCN17CM/VaxcvTnGvmRhpEHK5AH7IQgB2CcR6+TEHeKOXXIqzhh4nrhTUkJT1Dv2l99NSCZorAkHpVquk+p2DlIzwumw6GeKpkD6ENKWoTEIqtr5+J8hPjRKF/cSaSrWeKz+nshBKDUQgekUoCM1643E/7xWpntn7ZzFaaZpTCaLehnHOsGjcHCXSUo0HxgCRDJzKyYRSCDaRFg0IbizL88Tr1o5rzjXJ6XaxTSNAtpHB6iMXHSKaugK1ZGHCHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfQRJt3</latexit><latexit sha1_base64="D/xxJBAKsi1rZRea7RStrQ0E6f4=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0mKoN6KXjxWNLbQlDLZbpOlu0nY3Sgl9B948a948aDi1bM3/43bj4O2Phh4vDfDzLwg5Uxpx/m2FhaXlldWC2vF9Y3NrW17Z/dOJZkk1CMJT2QzAEU5i6mnmea0mUoKIuC0EfQvR37jnkrFkvhWD1LaFhDGrMcIaCN17CM/VaxcvTnGvmRhpEHK5AH7IQgB2CcR6+TEHeKOXXIqzhh4nrhTUkJT1Dv2l99NSCZorAkHpVquk+p2DlIzwumw6GeKpkD6ENKWoTEIqtr5+J8hPjRKF/cSaSrWeKz+nshBKDUQgekUoCM1643E/7xWpntn7ZzFaaZpTCaLehnHOsGjcHCXSUo0HxgCRDJzKyYRSCDaRFg0IbizL88Tr1o5rzjXJ6XaxTSNAtpHB6iMXHSKaugK1ZGHCHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfQRJt3</latexit><latexit sha1_base64="D/xxJBAKsi1rZRea7RStrQ0E6f4=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0mKoN6KXjxWNLbQlDLZbpOlu0nY3Sgl9B948a948aDi1bM3/43bj4O2Phh4vDfDzLwg5Uxpx/m2FhaXlldWC2vF9Y3NrW17Z/dOJZkk1CMJT2QzAEU5i6mnmea0mUoKIuC0EfQvR37jnkrFkvhWD1LaFhDGrMcIaCN17CM/VaxcvTnGvmRhpEHK5AH7IQgB2CcR6+TEHeKOXXIqzhh4nrhTUkJT1Dv2l99NSCZorAkHpVquk+p2DlIzwumw6GeKpkD6ENKWoTEIqtr5+J8hPjRKF/cSaSrWeKz+nshBKDUQgekUoCM1643E/7xWpntn7ZzFaaZpTCaLehnHOsGjcHCXSUo0HxgCRDJzKyYRSCDaRFg0IbizL88Tr1o5rzjXJ6XaxTSNAtpHB6iMXHSKaugK1ZGHCHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8wfQRJt3</latexit>

�c1 ! X⇡
<latexit sha1_base64="qsxn/G02YWDdo3Pcj7DQz0wZUSA=">AAACA3icbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRi8cKxhaaEDbbTbt0swm7E6WEHrz4V7x4UPHqn/Dmv3Hb5qCtDwYe780wMy/KBNfgON/W0vLK6tp6ZaO6ubW9s2vv7d/pNFeUeTQVqepERDPBJfOAg2CdTDGSRIK1o+HVxG/fM6V5Km9hlLEgIX3JY04JGCm0az4d8LCg7hj7ivcHQJRKH3AH+xkP7brTcKbAi8QtSR2VaIX2l99LaZ4wCVQQrbuuk0FQEAWcCjau+rlmGaFD0mddQyVJmA6K6RNjfGSUHo5TZUoCnqq/JwqSaD1KItOZEBjoeW8i/ud1c4jPg4LLLAcm6WxRnAsMKZ4kgntcMQpiZAihiptbMR0QRSiY3KomBHf+5UXinTQuGs7Nab15WaZRQTV0iI6Ri85QE12jFvIQRY/oGb2iN+vJerHerY9Z65JVzhygP7A+fwCRAZeZ</latexit><latexit sha1_base64="qsxn/G02YWDdo3Pcj7DQz0wZUSA=">AAACA3icbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRi8cKxhaaEDbbTbt0swm7E6WEHrz4V7x4UPHqn/Dmv3Hb5qCtDwYe780wMy/KBNfgON/W0vLK6tp6ZaO6ubW9s2vv7d/pNFeUeTQVqepERDPBJfOAg2CdTDGSRIK1o+HVxG/fM6V5Km9hlLEgIX3JY04JGCm0az4d8LCg7hj7ivcHQJRKH3AH+xkP7brTcKbAi8QtSR2VaIX2l99LaZ4wCVQQrbuuk0FQEAWcCjau+rlmGaFD0mddQyVJmA6K6RNjfGSUHo5TZUoCnqq/JwqSaD1KItOZEBjoeW8i/ud1c4jPg4LLLAcm6WxRnAsMKZ4kgntcMQpiZAihiptbMR0QRSiY3KomBHf+5UXinTQuGs7Nab15WaZRQTV0iI6Ri85QE12jFvIQRY/oGb2iN+vJerHerY9Z65JVzhygP7A+fwCRAZeZ</latexit><latexit sha1_base64="qsxn/G02YWDdo3Pcj7DQz0wZUSA=">AAACA3icbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRi8cKxhaaEDbbTbt0swm7E6WEHrz4V7x4UPHqn/Dmv3Hb5qCtDwYe780wMy/KBNfgON/W0vLK6tp6ZaO6ubW9s2vv7d/pNFeUeTQVqepERDPBJfOAg2CdTDGSRIK1o+HVxG/fM6V5Km9hlLEgIX3JY04JGCm0az4d8LCg7hj7ivcHQJRKH3AH+xkP7brTcKbAi8QtSR2VaIX2l99LaZ4wCVQQrbuuk0FQEAWcCjau+rlmGaFD0mddQyVJmA6K6RNjfGSUHo5TZUoCnqq/JwqSaD1KItOZEBjoeW8i/ud1c4jPg4LLLAcm6WxRnAsMKZ4kgntcMQpiZAihiptbMR0QRSiY3KomBHf+5UXinTQuGs7Nab15WaZRQTV0iI6Ri85QE12jFvIQRY/oGb2iN+vJerHerY9Z65JVzhygP7A+fwCRAZeZ</latexit>

�c1 ! X⌘0
<latexit sha1_base64="xLR2ppqZpOxTIFyftxBdtLu++00=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyip5KIoN6KXjxWMLbQhLDZbpqlmw92J0oJPXnxr3jxoOLV/+DNf+O2zUFbHww83pthZl6QCa7Asr6NysLi0vJKdbW2tr6xuWVu79ypNJeUOTQVqewERDHBE+YAB8E6mWQkDgRrB4Orsd++Z1LxNLmFYca8mPQTHnJKQEu+ue/SiPsFtUfYlbwfAZEyfcAd7DIgR75ZtxrWBHie2CWpoxIt3/xyeynNY5YAFUSprm1l4BVEAqeCjWpurlhG6ID0WVfThMRMecXkjRE+1EoPh6nUlQCeqL8nChIrNYwD3RkTiNSsNxb/87o5hOdewZMsB5bQ6aIwFxhSPM4E97hkFMRQE0Il17diGhFJKOjkajoEe/bleeKcNC4a1s1pvXlZplFFe+gAHSMbnaEmukYt5CCKHtEzekVvxpPxYrwbH9PWilHO7KI/MD5/AL2GmDU=</latexit><latexit sha1_base64="xLR2ppqZpOxTIFyftxBdtLu++00=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyip5KIoN6KXjxWMLbQhLDZbpqlmw92J0oJPXnxr3jxoOLV/+DNf+O2zUFbHww83pthZl6QCa7Asr6NysLi0vJKdbW2tr6xuWVu79ypNJeUOTQVqewERDHBE+YAB8E6mWQkDgRrB4Orsd++Z1LxNLmFYca8mPQTHnJKQEu+ue/SiPsFtUfYlbwfAZEyfcAd7DIgR75ZtxrWBHie2CWpoxIt3/xyeynNY5YAFUSprm1l4BVEAqeCjWpurlhG6ID0WVfThMRMecXkjRE+1EoPh6nUlQCeqL8nChIrNYwD3RkTiNSsNxb/87o5hOdewZMsB5bQ6aIwFxhSPM4E97hkFMRQE0Il17diGhFJKOjkajoEe/bleeKcNC4a1s1pvXlZplFFe+gAHSMbnaEmukYt5CCKHtEzekVvxpPxYrwbH9PWilHO7KI/MD5/AL2GmDU=</latexit><latexit sha1_base64="xLR2ppqZpOxTIFyftxBdtLu++00=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyip5KIoN6KXjxWMLbQhLDZbpqlmw92J0oJPXnxr3jxoOLV/+DNf+O2zUFbHww83pthZl6QCa7Asr6NysLi0vJKdbW2tr6xuWVu79ypNJeUOTQVqewERDHBE+YAB8E6mWQkDgRrB4Orsd++Z1LxNLmFYca8mPQTHnJKQEu+ue/SiPsFtUfYlbwfAZEyfcAd7DIgR75ZtxrWBHie2CWpoxIt3/xyeynNY5YAFUSprm1l4BVEAqeCjWpurlhG6ID0WVfThMRMecXkjRE+1EoPh6nUlQCeqL8nChIrNYwD3RkTiNSsNxb/87o5hOdewZMsB5bQ6aIwFxhSPM4E97hkFMRQE0Il17diGhFJKOjkajoEe/bleeKcNC4a1s1pvXlZplFFe+gAHSMbnaEmukYt5CCKHtEzekVvxpPxYrwbH9PWilHO7KI/MD5/AL2GmDU=</latexit>

�c1 ! ⌘0⇡⇡
<latexit sha1_base64="L+bQUCQGbZ8SwHUKXlytf35YPkg=">AAACCXicbVC7TsMwFHXKq5RXgJHFUCGYqgQhAVsFC2ORCK3URJHjOo1V5yH7BlRFnVn4FRYGQKz8ARt/g9tmgJaje6Wjc+6VfU+QCa7Asr6NysLi0vJKdbW2tr6xuWVu79ypNJeUOTQVqewERDHBE+YAB8E6mWQkDgRrB4Orsd++Z1LxNLmFYca8mPQTHnJKQEu+ue/SiPsFtUfYlbwfAZEyfcAuA3LkZlyXb9athjUBnid2SeqoRMs3v9xeSvOYJUAFUaprWxl4BZHAqWCjmpsrlhE6IH3W1TQhMVNeMTllhA+10sNhKnUngCfq742CxEoN40BPxgQiNeuNxf+8bg7huVfwJMuBJXT6UJgLDCke54J7XDIKYqgJoZLrv2IaEUko6PRqOgR79uR54pw0LhrWzWm9eVmmUUV76AAdIxudoSa6Ri3kIIoe0TN6RW/Gk/FivBsf09GKUe7soj8wPn8AcrmaTw==</latexit><latexit sha1_base64="L+bQUCQGbZ8SwHUKXlytf35YPkg=">AAACCXicbVC7TsMwFHXKq5RXgJHFUCGYqgQhAVsFC2ORCK3URJHjOo1V5yH7BlRFnVn4FRYGQKz8ARt/g9tmgJaje6Wjc+6VfU+QCa7Asr6NysLi0vJKdbW2tr6xuWVu79ypNJeUOTQVqewERDHBE+YAB8E6mWQkDgRrB4Orsd++Z1LxNLmFYca8mPQTHnJKQEu+ue/SiPsFtUfYlbwfAZEyfcAuA3LkZlyXb9athjUBnid2SeqoRMs3v9xeSvOYJUAFUaprWxl4BZHAqWCjmpsrlhE6IH3W1TQhMVNeMTllhA+10sNhKnUngCfq742CxEoN40BPxgQiNeuNxf+8bg7huVfwJMuBJXT6UJgLDCke54J7XDIKYqgJoZLrv2IaEUko6PRqOgR79uR54pw0LhrWzWm9eVmmUUV76AAdIxudoSa6Ri3kIIoe0TN6RW/Gk/FivBsf09GKUe7soj8wPn8AcrmaTw==</latexit><latexit sha1_base64="L+bQUCQGbZ8SwHUKXlytf35YPkg=">AAACCXicbVC7TsMwFHXKq5RXgJHFUCGYqgQhAVsFC2ORCK3URJHjOo1V5yH7BlRFnVn4FRYGQKz8ARt/g9tmgJaje6Wjc+6VfU+QCa7Asr6NysLi0vJKdbW2tr6xuWVu79ypNJeUOTQVqewERDHBE+YAB8E6mWQkDgRrB4Orsd++Z1LxNLmFYca8mPQTHnJKQEu+ue/SiPsFtUfYlbwfAZEyfcAuA3LkZlyXb9athjUBnid2SeqoRMs3v9xeSvOYJUAFUaprWxl4BZHAqWCjmpsrlhE6IH3W1TQhMVNeMTllhA+10sNhKnUngCfq742CxEoN40BPxgQiNeuNxf+8bg7huVfwJMuBJXT6UJgLDCke54J7XDIKYqgJoZLrv2IaEUko6PRqOgR79uR54pw0LhrWzWm9eVmmUUV76AAdIxudoSa6Ri3kIIoe0TN6RW/Gk/FivBsf09GKUe7soj8wPn8AcrmaTw==</latexit>
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Exotics in other decay modes

�32

⇡�p ! !⇡0⇡�p
<latexit sha1_base64="KKlHsekEaLDHUBF35ksVSSHfxcU=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCQWqgQhAVsFC2ORCK3UhMpxndSqHUe2A6qi/gALv8LCAIiVD2Djb3DaDNBypCsdnXOv7r0nTBlV2nG+rbn5hcWl5cpKdXVtfWPT3tq+VSKTmHhYMCHbIVKE0YR4mmpG2qkkiIeMtMLBZeG37olUVCQ3epiSgKM4oRHFSBupa+/7Kb07SqEvadzXSErxAH3BSYwKw5m4Xbvm1J0x4CxxS1IDJZpd+8vvCZxxkmjMkFId10l1kCOpKWZkVPUzRVKEBygmHUMTxIkK8vE3I3hglB6MhDSVaDhWf0/kiCs15KHp5Ej31bRXiP95nUxHZ0FOkzTTJMGTRVHGoBawiAb2qCRYs6EhCEtqboW4jyTC2gRYNSG40y/PEu+4fl53rk9qjYsyjQrYBXvgELjgFDTAFWgCD2DwCJ7BK3iznqwX6936mLTOWeXMDvgD6/MHYcmbUw==</latexit><latexit sha1_base64="KKlHsekEaLDHUBF35ksVSSHfxcU=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCQWqgQhAVsFC2ORCK3UhMpxndSqHUe2A6qi/gALv8LCAIiVD2Djb3DaDNBypCsdnXOv7r0nTBlV2nG+rbn5hcWl5cpKdXVtfWPT3tq+VSKTmHhYMCHbIVKE0YR4mmpG2qkkiIeMtMLBZeG37olUVCQ3epiSgKM4oRHFSBupa+/7Kb07SqEvadzXSErxAH3BSYwKw5m4Xbvm1J0x4CxxS1IDJZpd+8vvCZxxkmjMkFId10l1kCOpKWZkVPUzRVKEBygmHUMTxIkK8vE3I3hglB6MhDSVaDhWf0/kiCs15KHp5Ej31bRXiP95nUxHZ0FOkzTTJMGTRVHGoBawiAb2qCRYs6EhCEtqboW4jyTC2gRYNSG40y/PEu+4fl53rk9qjYsyjQrYBXvgELjgFDTAFWgCD2DwCJ7BK3iznqwX6936mLTOWeXMDvgD6/MHYcmbUw==</latexit><latexit sha1_base64="KKlHsekEaLDHUBF35ksVSSHfxcU=">AAACDHicbVC7TsMwFHV4lvIKMLJYFCQWqgQhAVsFC2ORCK3UhMpxndSqHUe2A6qi/gALv8LCAIiVD2Djb3DaDNBypCsdnXOv7r0nTBlV2nG+rbn5hcWl5cpKdXVtfWPT3tq+VSKTmHhYMCHbIVKE0YR4mmpG2qkkiIeMtMLBZeG37olUVCQ3epiSgKM4oRHFSBupa+/7Kb07SqEvadzXSErxAH3BSYwKw5m4Xbvm1J0x4CxxS1IDJZpd+8vvCZxxkmjMkFId10l1kCOpKWZkVPUzRVKEBygmHUMTxIkK8vE3I3hglB6MhDSVaDhWf0/kiCs15KHp5Ej31bRXiP95nUxHZ0FOkzTTJMGTRVHGoBawiAb2qCRYs6EhCEtqboW4jyTC2gRYNSG40y/PEu+4fl53rk9qjYsyjQrYBXvgELjgFDTAFWgCD2DwCJ7BK3iznqwX6936mLTOWeXMDvgD6/MHYcmbUw==</latexit>

X ! !⇡0⇡�
<latexit sha1_base64="arRGqi6HDmJQslD0DvrRdpURp00=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHcWBIR1F3RjcsKxhaaWCbTSTp0JhNmJkoJ3bnxV9y4UHHrN7jzb5y0WWjrgXs5nHMvM/eEKaNKO863NTe/sLi0XFmprq6tb2zaW9u3SmQSEw8LJmQ7RIowmhBPU81IO5UE8ZCRVji4LPzWPZGKiuRGD1MScBQnNKIYaSN17b029CWN+xpJKR6gLziJkZ/SO6doR1275tSdMeAscUtSAyWaXfvL7wmccZJozJBSHddJdZAjqSlmZFT1M0VShAcoJh1DE8SJCvLxHSN4YJQejIQ0lWg4Vn9v5IgrNeShmeRI99W0V4j/eZ1MR2dBTpM00yTBk4eijEEtYBEK7FFJsGZDQxCW1PwV4j6SCGsTXdWE4E6fPEu84/p53bk+qTUuyjQqYBfsg0PgglPQAFegCTyAwSN4Bq/gzXqyXqx362MyOmeVOzvgD6zPH8b7mM8=</latexit><latexit sha1_base64="arRGqi6HDmJQslD0DvrRdpURp00=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHcWBIR1F3RjcsKxhaaWCbTSTp0JhNmJkoJ3bnxV9y4UHHrN7jzb5y0WWjrgXs5nHMvM/eEKaNKO863NTe/sLi0XFmprq6tb2zaW9u3SmQSEw8LJmQ7RIowmhBPU81IO5UE8ZCRVji4LPzWPZGKiuRGD1MScBQnNKIYaSN17b029CWN+xpJKR6gLziJkZ/SO6doR1275tSdMeAscUtSAyWaXfvL7wmccZJozJBSHddJdZAjqSlmZFT1M0VShAcoJh1DE8SJCvLxHSN4YJQejIQ0lWg4Vn9v5IgrNeShmeRI99W0V4j/eZ1MR2dBTpM00yTBk4eijEEtYBEK7FFJsGZDQxCW1PwV4j6SCGsTXdWE4E6fPEu84/p53bk+qTUuyjQqYBfsg0PgglPQAFegCTyAwSN4Bq/gzXqyXqx362MyOmeVOzvgD6zPH8b7mM8=</latexit><latexit sha1_base64="arRGqi6HDmJQslD0DvrRdpURp00=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHcWBIR1F3RjcsKxhaaWCbTSTp0JhNmJkoJ3bnxV9y4UHHrN7jzb5y0WWjrgXs5nHMvM/eEKaNKO863NTe/sLi0XFmprq6tb2zaW9u3SmQSEw8LJmQ7RIowmhBPU81IO5UE8ZCRVji4LPzWPZGKiuRGD1MScBQnNKIYaSN17b029CWN+xpJKR6gLziJkZ/SO6doR1275tSdMeAscUtSAyWaXfvL7wmccZJozJBSHddJdZAjqSlmZFT1M0VShAcoJh1DE8SJCvLxHSN4YJQejIQ0lWg4Vn9v5IgrNeShmeRI99W0V4j/eZ1MR2dBTpM00yTBk4eijEEtYBEK7FFJsGZDQxCW1PwV4j6SCGsTXdWE4E6fPEu84/p53bk+qTUuyjQqYBfsg0PgglPQAFegCTyAwSN4Bq/gzXqyXqx362MyOmeVOzvgD6zPH8b7mM8=</latexit>

! ! ⇡+⇡�⇡0
<latexit sha1_base64="hvr5ZRy15PxapQjNxXC4fRxH0pY=">AAACCnicbVDLSgMxFM3UV62vUZduQosgiGVGBHVXdOOygmMLnbFk0sw0NJMMSUYpQ/du/BU3LlTc+gXu/BszbRfaeiCXwzn3cnNPmDKqtON8W6WFxaXllfJqZW19Y3PL3t65VSKTmHhYMCHbIVKEUU48TTUj7VQSlISMtMLBZeG37olUVPAbPUxJkKCY04hipI3Utau+SEiMoC9p3NdISvEA/ZTeHRblqChO1645dWcMOE/cKamBKZpd+8vvCZwlhGvMkFId10l1kCOpKWZkVPEzRVKEBygmHUM5SogK8vEtI7hvlB6MhDSPazhWf0/kKFFqmISmM0G6r2a9QvzP62Q6OgtyytNME44ni6KMQS1gEQzsUUmwZkNDEJbU/BXiPpIIaxNfxYTgzp48T7zj+nnduT6pNS6maZTBHqiCA+CCU9AAV6AJPIDBI3gGr+DNerJerHfrY9JasqYzu+APrM8fquCaXQ==</latexit><latexit sha1_base64="hvr5ZRy15PxapQjNxXC4fRxH0pY=">AAACCnicbVDLSgMxFM3UV62vUZduQosgiGVGBHVXdOOygmMLnbFk0sw0NJMMSUYpQ/du/BU3LlTc+gXu/BszbRfaeiCXwzn3cnNPmDKqtON8W6WFxaXllfJqZW19Y3PL3t65VSKTmHhYMCHbIVKEUU48TTUj7VQSlISMtMLBZeG37olUVPAbPUxJkKCY04hipI3Utau+SEiMoC9p3NdISvEA/ZTeHRblqChO1645dWcMOE/cKamBKZpd+8vvCZwlhGvMkFId10l1kCOpKWZkVPEzRVKEBygmHUM5SogK8vEtI7hvlB6MhDSPazhWf0/kKFFqmISmM0G6r2a9QvzP62Q6OgtyytNME44ni6KMQS1gEQzsUUmwZkNDEJbU/BXiPpIIaxNfxYTgzp48T7zj+nnduT6pNS6maZTBHqiCA+CCU9AAV6AJPIDBI3gGr+DNerJerHfrY9JasqYzu+APrM8fquCaXQ==</latexit><latexit sha1_base64="hvr5ZRy15PxapQjNxXC4fRxH0pY=">AAACCnicbVDLSgMxFM3UV62vUZduQosgiGVGBHVXdOOygmMLnbFk0sw0NJMMSUYpQ/du/BU3LlTc+gXu/BszbRfaeiCXwzn3cnNPmDKqtON8W6WFxaXllfJqZW19Y3PL3t65VSKTmHhYMCHbIVKEUU48TTUj7VQSlISMtMLBZeG37olUVPAbPUxJkKCY04hipI3Utau+SEiMoC9p3NdISvEA/ZTeHRblqChO1645dWcMOE/cKamBKZpd+8vvCZwlhGvMkFId10l1kCOpKWZkVPEzRVKEBygmHUM5SogK8vEtI7hvlB6MhDSPazhWf0/kKFFqmISmM0G6r2a9QvzP62Q6OgtyytNME44ni6KMQS1gEQzsUUmwZkNDEJbU/BXiPpIIaxNfxYTgzp48T7zj+nnduT6pNS6maZTBHqiCA+CCU9AAV6AJPIDBI3gGr+DNerJerHfrY9JasqYzu+APrM8fquCaXQ==</latexit>
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Exotics in other decay modes
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1-+(b1π)

4++(ωρ)

Phase motion: 
1-+(b1π) - 4++(ωρ)
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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… 
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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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https://www.nature.com/articles/nature18011
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Backup
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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
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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
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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
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Compass: PLB 740 (2015) 303
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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
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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


