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We study the double-gluon charmonium hybrid states with various quantum numbers, each of which is
composed of one valence charm quark and one valence charm antiquark as well as two valence gluons. We
concentrate on the exotic quantum numbers JPC ¼ 0−−=0þ−=1−þ=2þ−=3−þ that the conventional q̄q
mesons cannot reach. We apply the QCD sum rule method to calculate their masses to be 7.28þ0.38

−0.43 ,

5.19þ0.36
−0.46 , 5.46

þ0.41
−0.62 , 4.48

þ0.25
−0.31 , and 5.54

þ0.35
−0.43 GeV, respectively. We study their possible decay patterns and

propose to search for the JPC ¼ 2þ−=3−þ states in the D�D̄ð�Þ=D�
sD̄

ð�Þ
s =Σ�

cΣ̄
ð�Þ
c =Ξ�

cΞ̄
ð0;�Þ
c channels.

Experimental investigations on these states and decay channels can be useful in classifying the nature
of the hybrid state, thus serving as a direct test of QCD in the low energy sector.

DOI: 10.1103/PhysRevD.109.L011502

Introduction. A hybrid state is composed of one valence
quark and one valence antiquark as well as one or more
valence gluons. Especially, the hybrid states with JPC ¼
0−−=0þ−=1−þ=2þ−=3−þ= � � � are of particular interests,
since these exotic quantum numbers can not be reached
by the conventional q̄q mesons [1]. Up to now there are
four structures observed in experiments with the exotic
quantum number JPC ¼ 1−þ, i.e., the π1ð1400Þ [2],
π1ð1600Þ [3], π1ð2015Þ [4], and η1ð1855Þ [5]. They are
good candidates for the single-gluon hybrid states that
contain only one valence gluon, while they may also be
explained as the compact tetraquark states or hadronic
molecular states [6–10]. In the past half century there have
been a lot of experimental and theoretical investigations on
these hybrid states [11–22]. However, their nature still
remains elusive, partly due to the difficulty in differentiat-
ing the hybrid and multiquark pictures [23–26]. This tough
problem needs to be solved in future by experimentalists
and theorists together.
In this Letter we investigate the double-gluon charmo-

nium hybrid states, each of which is composed of one

valence charm quark and one valence charm antiquark as
well as two valence gluons. We construct 20 double-gluon
charmonium hybrid currents with various quantum num-
bers, and use them to perform QCD sum rule analyses. We
refer to Ref. [27] for more QCD sum rule studies.
Especially, these currents can reach the exotic quantum
numbers JPC ¼ 0−−=0þ−=1−þ=2þ−=3−þ, whose masses
are calculated to be 7.28þ0.38

−0.43 , 5.19þ0.36
−0.46 , 5.46þ0.41

−0.62 ,
4.48þ0.25

−0.31 , and 5.54þ0.35
−0.43 GeV, respectively. These mass

values are accessible in the LHC experiments.
We further study their possible decay patterns from the

two-/three-meson and two-baryon decay processes. Since
these three processes are both at the OðαsÞ order, the three-
meson and two-baryon decay patterns are generally not
suppressed severely compared to the two-meson decay
pattern. Especially, we propose to search for the JPC ¼
2þ−=3−þ states in the D�D̄ð�Þ=D�

sD̄
ð�Þ
s =Σ�

cΣ̄
ð�Þ
c =Ξ�

cΞ̄
ð0;�Þ
c

channels directly at LHC, given that they may have relatively
smaller widths due to their limited decay patterns.
Experimental investigations on these states and decay chan-
nels can be useful in classifying the nature of the hybrid state,
thus serving as a direct test of QCD in the low energy sector.

Double-gluon charmonium hybrid currents. As the first
step, we combine the charm quark field caðxÞ, the charm
antiquark field c̄aðxÞ, the gluon field strength tensor
Gn

μνðxÞ, and the dual gluon field strength tensor G̃n
μνðxÞ ¼

Gn;ρσðxÞ × ϵμνρσ=2 to construct the double-gluon charmo-
nium hybrid currents. Here a ¼ 1…3 and n ¼ 1…8 are
color indices, and μ � � � σ are Lorentz indices. These
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currents can be generally constructed by combining the
color-octet quark-antiquark fields

c̄aλabn cb; c̄aλabn γ5cb;

c̄aλabn γμcb; c̄aλabn γμγ5cb; c̄aλabn σμνcb; ð1Þ
and the color-octet double-gluon fields

dnpqGαβ
p Gγδ

q ; fnpqGαβ
p Gγδ

q ; ð2Þ
where dnpq and fnpq are the totally symmetric and anti-
symmetric SUð3Þ structure constants, respectively.
In the present study we shall investigate as many as 20

double-gluon charmoniumhybrid currents with various quan-
tum numbers JPC. We write them as Jα1β1���αJβJJPCA=B

or Jα1���αJJPCC
,

where the subscripts A, B, and C denote the quark-antiquark
fields c̄aλabn γ5cb, c̄aλabn σμνcb, and c̄aλabn γμcb, respectively:

J0þþ
A

¼ c̄aγ5λabn cbdnpqg2sG
μν
p G̃q;μν;

J0−þA ¼ c̄aγ5λabn cbdnpqg2sG
μν
p Gq;μν;

Jαβ
1þ−
A

¼ c̄aγ5λabn cbfnpqg2sG
αμ
p G̃β

q;μ − fα ↔ βg;
Jαβ1−−A ¼ c̄aγ5λabn cbfnpqg2sG

αμ
p Gβ

q;μ − fα ↔ βg;
Jα1β1;α2β2
2þþ
A

¼ c̄aγ5λabn cbdnpqS½g2sGα1β1
p G̃α2β2

q �;
Jα1β1;α2β2
2−þA

¼ c̄aγ5λabn cbdnpqS½g2sGα1β1
p Gα2β2

q �;
Jα1β1;α2β2
2þ−
A

¼ c̄aγ5λabn cbfnpqS½g2sGα1β1
p G̃α2β2

q �;
J0þþ

B
¼ c̄aσμνλabn cbfnpqg2sGp;νρG

ρ
q;μ;

J0−þB ¼ c̄aσμνλabn cbfnpqg2sGp;νρG̃
ρ
q;μ;

Jαβ
1þþ
B

¼ S½c̄aσα1β1λabn cbfnpqg2sGp;α2μG
μ
q;β2

�
× gβ1β2ðgαα1gβα2 − gβα1gαα2Þ;

Jαβ
1−þB

¼ S½c̄aσα1β1λabn cbfnpqg2sGp;α2μG̃
μ
q;β2

�
× gβ1β2ðgαα1gβα2 − gβα1gαα2Þ;

Jαβ
1þ−
B

¼ c̄aσαβλabn cbdnpqg2sG
μν
p Gq;μν;

Jαβ1−−B ¼ c̄aσαβλabn cbdnpqg2sG
μν
p G̃q;μν;

Jα1β1;α2β2
2þþ
B

¼ S½c̄aσα1β1λabn cbfnpqg2sG
α2μ
p Gβ2

q;μ�;
Jα1β1;α2β2
2−þB

¼ S½c̄aσα1β1λabn cbfnpqg2sG
α2μ
p G̃β2

q;μ�;
Jα1β1���α3β3
3−þB

¼ S½c̄aσα1β1λabn cbfnpqg2sG
α2β2
p G̃α3β3

q �;
Jα1β1���α3β3
3þ−
B

¼ S½c̄aσα1β1λabn cbdnpqg2sG
α2β2
p Gα3β3

q �;
Jα1β1���α3β33−−B

¼ S½c̄aσα1β1λabn cbdnpqg2sG
α2β2
p G̃α3β3

q �;
Jα
1þ−
C

¼ c̄aγαλabn cbdnpqg2sG
μν
p G̃q;μν;

Jα1−−C ¼ c̄aγαλabn cbdnpqg2sG
μν
p Gq;μν: ð3Þ

Here S represents the symmetrization and subtracting trace
terms in the two sets fα1 � � � αJg and fβ1 � � � βJg as well
as the antisymmetrization in the sets fα1β1g � � � fαJβJg,
simultaneously.
The double-gluon hybrid currents with the light quark-

antiquark fields q̄aλabn γ5qb and q̄aλabn σμνqb (q ¼ u, d, s)
have been systematically investigated in Refs. [28–30],
and in the present study we just need to replace the light
quark fields by the charm quark fields. However, these
currents can only reach the exotic quantum numbers
JPC ¼ 1−þ=2þ−=3−þ, and we need the other two currents
Jα
1�−
C

with the quark-antiquark field c̄aλabn γμcb in order to

study the exotic quantum numbers JPC ¼ 0−−=0þ−, as
discussed below.

QCD sum rule analyses. The QCD sum rule method has
been widely applied in the study of hadron physics
[31–34]. In this Letter we apply this method to study
the double-gluon charmonium hybrid currents listed in
Eq. (3). We use the current Jα

1þ−
C

as an example and calculate
its two-point correlation function

Παβðq2Þ ≡ i
Z

d4xeiqxh0jT½Jα
1þ−
C
ðxÞJβ†

1þ−
C
ð0Þ�j0i;

¼ ðqαqβ − q2gαβÞΠ1ðq2Þ þ qαqβΠ0ðq2Þ; ð4Þ
at both the hadron and quark-gluon levels. The correlation
functions Π1ðq2Þ and Π0ðq2Þ are, respectively, contributed
by the JPC ¼ 1þ− and 0−− states through

h0jJα
1þ−
C
jX; 1þ−

C i ¼ ϵαf1þ−
C
; ð5Þ

h0jJα
1þ−
C
jX; 0−−C i ¼ qαf0−−C : ð6Þ

We concentrate on the exotic term Π0ðq2Þ and extract its
spectral density ρðsÞ ≡ ImΠ0ðsÞ=π through the dispersion
relation

Π0ðq2Þ ¼
Z

∞

s<

ρðsÞ
s − q2 − iε

ds; ð7Þ

where s< ¼ 4m2
c is a kinematic limit, i.e., the square of the

sum of the current charm quark masses of the hadron.
At the hadron level we parametrize Π0ðq2Þ using one-

pole-dominance assumption for the possibly existing
ground state jX; 0−−C i and the continuum

qαqβρðsÞ ≡ X
n

δðs −M2
nÞh0jJα1þ−

C
jnihnjJβ†

1þ−
C
j0i;

¼ qαqβf20−−C δðs −M2
XÞ þ continuum: ð8Þ

At the quark-gluon level we calculate Π0ðq2Þ and extract
the spectral density ρðsÞ using the method of operator
product expansion (OPE). The obtained results are given
in the Supplemental Material [35], with the integration para-
meters F ðsÞ ¼ m2

cðαþ βÞ − αβs, HðsÞ ¼ m2
c − αð1 − αÞs,
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αmin ¼ 1−
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1−4m2

c=s
p

2
, αmax ¼ 1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1−4m2

c=s
p

2
, βmin ¼ αm2

c
αs−m2

c
, and

βmax ¼ 1 − α. The other spectral densities calculated in the
present study are also summarized there. In the calculations
wehave taken into account theFeynmandiagramsdepicted in
Fig. 1, and calculated ρðsÞ up to the dimension eight (D ¼ 8)
condensates. We have calculated all the diagrams propor-
tional to α2s × g0s and α2s × g1s , whilewe have partly calculated
the diagrams proportional to α2s × gn≥2s . The gluon field
strength tensor,

Gn
μν ¼ ∂μAn

ν − ∂νAn
μ þ gsfnpqAp;μAq;ν; ð9Þ

can be naturally separated into two parts: we use the single-
gluon-line to describe the former two terms ∂μAn

ν − ∂νAn
μ, and

we use the double-gluon linewith a red vertex to describe the
third term gsfnpqAp;μAq;ν, e.g., see the diagram depicted in
Fig. 1(c-3). Equation (9) indicates that there can exist a
significant mixing among the single-/double-/triple-gluon
hybrid states, and moreover, these hybrid states can also

mix with the conventional mesons, tetraquark states, and
glueballs, etc. It is still difficult to investigate this effect, so
there is still a long long way to understand glueballs and
hybrid states as well as the gluon degree of freedom.
After performing the Borel transformation to Eq. (7) at

both the hadron and quark-gluon levels, we obtain

Πðs0;M2
BÞ ≡ f2Xe

−M2
X=M

2
B ¼

Z
s0

s<

ρðsÞe−s=M2
Bds; ð10Þ

where the continuum has been approximated as the OPE
spectral density above the threshold value s0. Equation (10)
can be used to calculate the mass of jX; 0−−C i through

M2
Xðs0;MBÞ ¼

R
s0
s<
ρðsÞe−s=M2

BsdsR
s0
s<
ρðsÞe−s=M2

Bds
: ð11Þ

Numerical analyses. We perform numerical analyses using
the following values for various QCD parameters at the
QCD scale ΛQCD ¼ 300 MeV and the renormalization
scale 2 GeV [1,36,37]:

αsðQ2Þ ¼ 4π

11 lnðQ2=Λ2
QCDÞ

;

mcðmcÞ ¼ 1.27� 0.02 GeV;

hαsGGi ¼ ð6.35� 0.35Þ × 10−2 GeV4;

hg3sG3i ¼ ð8.2� 1.0Þ × hαsGGiGeV2: ð12Þ
As shown in Eq. (11), the mass of jX; 0−−C i depends on

two free parameters: the Borel mass MB and the threshold
value s0. First, we investigate the OPE convergence by
requiring (a) the α2s × gn≥2s terms to be less than 5%, (b) the
D ¼ 8 terms to be less than 10%, and (c) the D ¼ 6 terms
to be less than 20%:

CVGA ≡
����Π

gn≥6s ðs0;M2
BÞ

Πðs0;M2
BÞ

���� ≤ 5%; ð13Þ

CVGB ≡
����Π

D¼8ðs0;M2
BÞ

Πðs0;M2
BÞ

���� ≤ 10%; ð14Þ

CVGC ≡
����Π

D¼6ðs0;M2
BÞ

Πðs0;M2
BÞ

���� ≤ 20%: ð15Þ

Second, we investigate the one-pole-dominance assumption
by requiring the pole contribution (PC) to be larger than
40%:

PC ≡
����Πðs0;M

2
BÞ

Πð∞;M2
BÞ
���� ≥ 40%: ð16Þ

Altogether, we determine the Borel window to be
8.86 GeV2 ≤ M2

B ≤ 10.30 GeV2 when setting s0 ¼
64.0 GeV2. We redo the same procedures and find that
there exist the Borel windows as long as s0 ≥ smin

0 ¼
58.3 GeV2. Accordingly, we set s0 to be slightly larger

FIG. 1. Feynman diagrams for the double-gluon charmonium
hybrid state: (a) and (b)–(i) are proportional to α2s × g0s ; (c)–(i) are
proportional to α2s × g1s ; (d)–(i) and (e)–(i) are proportional to
α2s × g2s ; (f)–(i) are proportional to α2s × g4s .
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and determine the working regions to be 51.0 GeV2 ≤ s0 ≤
77.0 GeV2 and 8.86 GeV2 ≤ M2

B ≤ 10.30 GeV2, where the
mass of jX; 0−−C i is calculated to be

MjX;0−−C i ¼ 7.28þ0.38
−0.43 GeV: ð17Þ

Its uncertainty comes from the threshold value s0, the Borel
massMB, and variousQCDparameters listed inEq. (12).We

showMjX;0−−C i in Fig. 2 with respect to s0 andMB. As shown

in Fig. 2(a), we find amassminimum around s0 ∼ 45 GeV2,
and the mass dependence on s0 is moderate and acceptable
inside the region 51.0 GeV2 ≤ s0 ≤ 77.0 GeV2. As shown
in Fig. 2(b), the mass dependence onMB is weak inside the
Borel window 8.86 GeV2 < M2

B < 10.30 GeV2.
Similarly, we apply the QCD sum rule method to study

the other nineteen double-gluon charmonium hybrid cur-
rents listed in Eq. (3). The obtained results are summarized
in Table I.

Decay analyses. As depicted in Fig. 3, the double-gluon
charmonium hybrid states can decay after exciting two q̄q
(q ¼ u, d, s) pairs from two gluons, followed by recom-
bining three color-octet c̄c=q̄q pairs into two/three color-
singlet mesons or two color-singlet baryons:

ðc̄cÞ8C × ðq̄qÞ8C → ðc̄qÞ1Cðq̄cÞ1C ; ð18Þ
ðc̄cÞ8C × ðq̄qÞ28C → ðq̄qÞ1Cðc̄qÞ1Cðq̄cÞ1C ; ð19Þ
ðc̄cÞ8C × ðq̄qÞ28C → ðc̄q̄q̄Þ1CðcqqÞ1C : ð20Þ

FIG. 3. Possible two-/three-meson and two-baryon decay
processes of the double-gluon charmonium hybrid state.

FIG. 2. Mass of the double-gluon hybrid state jX; 0−−C i with
respect to (a) the threshold value s0 and (b) the Borel mass MB.
In (a), the short-dashed/middle-dashed/long-dashed curves are
obtained by setting M2

B ¼ 8.86=9.58=10.30 GeV2, respectively.
In (b), the short-dashed/middle-dashed/long-dashed curves are
obtained by setting s0 ¼ 51.0=64.0=77.0 GeV2, respectively.

TABLE I. QCD sum rule results for the double-gluon charmo-
nium hybrid states with various quantum numbers JPC. The results
with the subscriptsA,B, andC are extracted from the double-gluon
charmonium hybrid currents with the quark-antiquark fields
c̄aλabn γ5cb, c̄aλabn σμνcb, and c̄aλabn γμcb, respectively.

Working regions

4 JPC smin
0 ½GeV2� M2

B½GeV2� s0½GeV2� Pole [%] Mass [GeV]

0þþ
A 56.3 7.89–9.36 62� 12 40–54 7.29þ0.33

−0.26
0þþ
B 48.0 6.38–7.63 53� 11 40–54 6.76þ0.32

−0.24
0−þA 41.2 6.73–7.30 45� 9 40–49 5.70þ0.43

−0.57
0−þB 39.7 5.47–6.26 44� 9 40–53 5.87þ0.38

−0.56
0þ−
C 32.9 5.03–5.53 36� 7 40–50 5.19þ0.36

−0.46
0−−C 58.3 8.86–10.30 64� 13 40–52 7.28þ0.38

−0.43
1þþ
B 47.5 6.29–7.47 52� 10 40–53 6.74þ0.30

−0.18
1−þB 36.3 5.18–5.77 40� 8 40–51 5.46þ0.41

−0.62
1þ−
A 49.4 6.70–8.01 54� 11 40–53 6.92þ0.32

−0.12
1þ−
B 34.2 5.28–5.72 38� 8 40–49 5.15þ0.44

−0.54
1þ−
C 55.1 7.73–9.26 61� 12 40–54 7.22þ0.33

−0.27
1−−A 37.7 6.13–6.61 41� 8 40–48 5.39þ0.43

−0.56
1−−B 59.1 7.67–9.11 65� 13 40–54 7.48þ0.37

−0.38
1−−C 42.0 6.83–7.46 46� 9 40–49 5.78þ0.43

−0.56
2þþ
A 34.1 7.08–7.68 38� 8 40–48 5.12þ0.39

−0.48
2þþ
B 39.2 5.76–6.28 43� 9 40–50 5.57þ0.45

−0.62
2þ−
A 23.1 3.52–3.89 25� 5 40–49 4.48þ0.25

−0.31
2−þA 31.2 5.74–6.23 34� 7 40–48 4.97þ0.36

−0.46
2−þB 55.8 7.16–8.46 61� 12 40–53 7.29þ0.33

−0.22
3−þB 35.9 5.18–5.71 39� 8 40–50 5.54þ0.35

−0.43
3þ−
B 36.9 6.02–6.71 41� 8 40–51 5.56þ0.36

−0.45
3−−B 32.7 6.14–6.64 36� 7 40–48 5.07þ0.35

−0.43

TABLE II. Possible S-wave (red) and P-wave (blue) as well as
several D-wave (green) decay patterns of the double-gluon
charmonium hybrid states with the exotic quantum numbers
JPC ¼ 0−−=0þ−=1−þ=2þ−=3−þ, separately for the two-/three-
meson and two-baryon decay processes. Some charge-conjugated
decay patterns are omitted for simplicity.

JPC Two meson Three meson

0−− D�D̄; D�
sD̄s DD̄π=ηð0Þ; D�D̄�π=ηð0Þ; D�D̄ð�Þρ=ω

Σ�
cΣ̄c;Ξ�

cΞ̄
ð0Þ
c DsD̄sη

ð0Þ; D�
sD̄�

sη
ð0Þ; D�

sD̄
ð�Þ
s ϕ

DD̄sK;D�D̄�
sK;DD̄�

sK�; D�D̄ð�Þ
s K�

0þ− Σ�
cΣ̄c;Ξ�

cΞ̄
ð0Þ
c D�D̄ð�Þπ=ηð0Þ; Dð�ÞD̄ð�Þρ=ω

D�
sD̄

ð�Þ
s ηð0Þ; Dð�Þ

s D̄ð�Þ
s ϕ

DD̄�
sK;D�D̄ð�Þ

s K;Dð�ÞD̄ð�Þ
s K�

1−þ D�D̄ð�Þ; D�
sD̄

ð�Þ
s D�D̄ð�Þπ=ηð0Þ; Dð�ÞD̄ð�Þρ=ω

Σ�
cΣ̄c;Ξ�

cΞ̄
ð0Þ
c D�

sD̄
ð�Þ
s ηð0Þ; Dð�Þ

s D̄ð�Þ
s ϕ

Σ�
cΣ̄�

c;Ξ�
cΞ̄�

c DD̄�
sK;D�D̄ð�Þ

s K;Dð�ÞD̄ð�Þ
s K�

2þ−
D�D̄ð�Þ; D�

sD̄
ð�Þ
s D�D̄ð�Þπ=η; DD̄ð�Þρ=ω; DsD̄�

sη

DD̄�
sK;D�D̄ð�Þ

s K;DD̄sK�

3−þ Σ�
cΣ̄

ð�Þ
c ;Ξ�

cΞ̄
ð0;�Þ
c D�D̄�ρ=ω; D�

sD̄�
sϕ; D�D̄�

sK�
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These three decay processes are both at the OðαsÞ order, so
the three-meson and two-baryon decay patterns are gen-
erally not suppressed severely compared to the two-meson
decay patterns. Comparatively speaking, their decays into
one charmonium meson and light mesons are at the Oðα2sÞ
order and so suppressed, but these channels can be
observed in experiments more easily, such as J=ψππ,
J=ψπππ, and J=ψKK̄, etc. We list in Table II possible S
wave and P wave as well as several D-wave decay patterns
of the double-gluon charmonium hybrid states with the
exotic quantum numbers JPC ¼ 0−−=0þ−=1−þ=2þ−=3−þ,
separately for the two-/three-meson and two-baryon decay
processes.

Summary. In this Letter we study the double-gluon char-
monium hybrid states with various quantum numbers. We
construct 20 double-gluon charmonium hybrid currents and
use them to perform QCD sum rule analyses. These
currents can reach the exotic quantum numbers JPC ¼
0−−=0þ−=1−þ=2þ−=3−þ that the conventional q̄q mesons
can not reach, from which we obtain

MjX;0−−i ¼ 7.28þ0.38
−0.43 GeV;

MjX;0þ−i ¼ 5.19þ0.36
−0.46 GeV;

MjX;1−þi ¼ 5.46þ0.41
−0.62 GeV;

MjX;2þ−i ¼ 4.48þ0.25
−0.31 GeV;

MjX;3−þi ¼ 5.54þ0.35
−0.43 GeV: ð21Þ

The above mass values are accessible in the LHC
experiments.
We further study possible decay patterns of the double-

gluon charmonium hybrid states with the exotic quantum
numbers JPC ¼ 0−−=0þ−=1−þ=2þ−=3−þ, separately for the
two-/three-meson and two-baryon decay processes. We
propose to search for them experimentally in their possible

decay channels Dð�ÞD̄ð�Þðπ=η=η0=ρ=ωÞ, Dð�Þ
s D̄ð�Þ

s ðη=η0=ϕÞ,
Dð�ÞD̄ð�Þ

s Kð�Þ, and ΛcΛ̄c=Σ
ð�Þ
c Σ̄ð�Þ

c =Ξð0;�Þ
c Ξ̄ð0;�Þ

c =Ωð�Þ
c Ω̄ð�Þ

c etc.
Especially, the JPC ¼ 2þ−=3−þ states may have rela-
tively smaller widths due to their limited decay patterns,

so we propose to search for them in the D�D̄ð�Þ=D�
sD̄

ð�Þ
s =

Σ�
cΣ̄

ð�Þ
c =Ξ�

cΞ̄
ð0;�Þ
c channels directly at LHC. Experimental

investigations on these states and decay channels can
be useful in classifying the nature of the hybrid state,
thus serving as a direct test of QCD in the low energy
sector.
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