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Within the method of parity-projected QCD sum rules, we study the mass spectra of light hybrid baryons
with IðJPÞ ¼ 1=2ð1=2�Þ; 3=2ð1=2�Þ; 1=2ð3=2�Þ; 3=2ð3=2�Þ by constructing the local qqqg interpolating
currents. We calculate the correlation functions up to dimension eight condensates at the leading order of
αs. The stable QCD Lapalce sum rules can be established for the positive-parity N1=2þ ;Δ3=2þ ;Δ1=2þ and
negative-parity N1=2− ; N3=2− ;Δ1=2− channels to extract their mass spectra. The lowest-lying hybrid baryons
are predicted to be the positive-parityN1=2þ state around 2.01 GeV. These hybrid baryons mainly decay into
conventional baryon plus meson final states. We propose to search for the light hybrid baryons through the
ϒ=ψð3686Þ decays via the three-gluon emission mechanism in BESIII and BelleII experiments. Hopefully,
our studies of the light hybrid baryons will be useful for understanding the excited baryon spectrum and the
behavior of gluonic degrees of freedom in QCD.
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I. INTRODUCTION

As a distinctive prediction of QCD, the existence of
hybrid states is a longstanding issue in both experimental
and theoretical aspects in the past several decades. Different
from the conventional qq̄ meson and qqq baryon [1,2],
hybrid states contain the gluonic degrees of freedom in the
configurations, such as q̄gq hybrid mesons and qqqg
hybrid baryons. It is of crucial importance to identify
the existence of hybrid states for understanding the non-
perturbative properties of QCD [3–10].
In the past several decades, there have been numerous

investigations on hybrid mesons in various theoretical

methods, such as the MIT bag model [11,12], Coulomb
gauge QCD [13], Lattice QCD (LQCD) [14–22], the flux
tube model [23–25], Bethe-Salpeter equation [26,27], QCD
sum rules [28–43], and so on. The most intriguing
candidates for light hybrid mesons are π1ð1400Þ [44],
π1ð1600Þ [45], π1ð2015Þ [46], and η1ð1855Þ [47,48] with
exotic JPC ¼ 1−þ. Comparing to hybrid mesons, a hybrid
baryon is composed of a color octet triquark field and a
color octet gluonic excitation. To date, the studies of hybrid
baryons are much less appealing since they cannot carry
exotic quantum numbers. In general, QCD allows arbitrar-
ily strong mixing effect between qqqg hybrid baryons and
excited qqq states with the same quantum numbers.
In Refs. [49–51], the Roper resonance Nð1440Þ was

studied as a hybrid baryon with JP ¼ 1=2þ. Such a
possibility is excluded according to the meson-cloud theory
from the constituent quark model [52]. In Ref. [49], the
masses of light hybrid baryon states with spin-parity JP ¼
1=2þ; 3=2þ; 5=2þ were calculated in the MIT bag model.
They predicted the masses of these hybrids in the range of
1.6–2.5 GeV, among which the lightest one is the 1=2þ

state. In the flux-tube model, the lightest hybrid baryons are
the mass-degenerate states with JP ¼ 1=2þ and 3=2þ near
1.87 GeV [53,54]. Using the relativistic quark model, the
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authors of Ref. [55] studied the mass spectra of the nucleon
and delta hybrids and suggested that Nð1710Þ andΔð1600Þ
could be hybrid baryons. In Refs. [56,57], the mass spectra
of positive-parity hybrid baryons were calculated in LQCD,
in which N1=2þ and N3=2þ were predicted to be the lowest-
lying hybrid states around 2.3–2.6 GeV. The QCD sum
rule method has also been applied to study the hybrid
baryons [51,58–60]. In Ref. [58], a light hybrid baryon
N1=2þ was studied and found to be approximately 2.1 GeV.
Using the same interpolating current, the calculation was
improved to give different results of the gluon, trigluon, and
mixed condensates, while the hybrid mass was found to be
around the observed mass of the Roper resonance [51]. In
QCD sum rules, the Λð1600Þ and Λð1405Þ were suggested
as strange hybrid baryons with IðJPÞ ¼ 0ð1=2þÞ [59] and
IðJPÞ ¼ 0ð1=2−Þ [60], respectively. Recently, the triply
heavy cccg and bbbg hybrids were studied in QCD sum
rules [61] and a semirelativistic potential model [62].
In this work, we systematically study the mass spectra of

nucleon and delta hybrid baryons with both positive and
negative parities by using the parity-projected QCD sum
rules. We construct the ½qqq�8c½G�8c local hybrid baryon

interpolating currents without the covariant derivative
operators and introduce the parity projected sum rules to
separate the hybrid baryons with different parities. We find
stable mass sum rules and establish extensive mass spectra
for the positive-parity N1=2þ ;Δ3=2þ ;Δ1=2þ and negative-
parity N1=2− ; N3=2− ;Δ1=2− hybrid baryons. Our results show
that the lowest-lying hybrid baryon is predicted to be the
positive-parity N1=2þ state around 2.01 GeV. We propose
searching for these light hybrid baryons through the χcJ=ϒ
decays via the three-gluon emission mechanism in BESIII
and BelleII experiments.

II. HYBRID BARYON CURRENTS AND PARITY-
PROJECTED QCD SUM RULES

A hybrid baryon current is composed of a color-octet
triquark operator ½qqq�8c and a color-octet excited gluon
field. To investigate the low-lying states, we use the S-wave
triquark fields introduced as “Ioffe currents” [63]. The
gluon field is combined to compose the color-singlet hybrid
baryon interpolating currents with JP ¼ 1=2þ and 3=2þ,

J1 ¼ εabcgs½ðuaTCγμubÞγνγ5ðGμνdÞc − ðuaTCγμdbÞγνγ5ðGμνuÞc�;
J2 ¼ εabcgs½ðuaTCγμubÞγνγ5ðGμνdÞc þ 2ðuaTCγμdbÞγνγ5ðGμνuÞc�;
J3 ¼ εabcgs½ðuaTCσμνubÞγ5ðGμνdÞc − ðuaTCσμνdbÞγ5ðGμνuÞc�;
J4 ¼ εabcgs½ðuaTCσμνubÞγ5ðGμνdÞc þ 2ðuaTCσμνdbÞγ5ðGμνuÞc�;
J5 ¼ εabcgs½ðuaTCγμubÞγνðG̃μνdÞc − ðuaTCγμdbÞγνðG̃μνuÞc�;
J6 ¼ εabcgs½ðuaTCγμubÞγνðG̃μνdÞc þ 2ðuaTCγμdbÞγνðG̃μνuÞc�;
J7 ¼ εabcgs½ðuaTCσμνubÞðG̃μνdÞc − ðuaTCσμνdbÞðG̃μνuÞc�;
J8 ¼ εabcgs½ðuaTCσμνubÞðG̃μνdÞc þ 2ðuaTCσμνdbÞðG̃μνuÞc�;
J1μ ¼ εabcgs½ðuaTCγνubÞðGμνdÞc − ðuaTCγνdbÞðGμνuÞc�;
J2μ ¼ εabcgs½ðuaTCγνubÞðGμνdÞc þ 2ðuaTCγνdbÞðGμνuÞc�;
J3μ ¼ εabcgs½ðuaTCγνubÞγ5ðG̃μνdÞc − ðuaTCγνdbÞγ5ðG̃μνuÞc�;
J4μ ¼ εabcgs½ðuaTCγνubÞγ5ðG̃μνdÞc þ 2ðuaTCγνdbÞγ5ðG̃μνuÞc�; ð1Þ

where u=d is the up/down quark field,Gμν is the gluon field
strength, and G̃μν ¼ 1

2
εμναβGαβ the dual gluon field

strength. The currents J1;3;5;7;1μ;3μ can couple to the nucleon
hybrids N1=2� ; N3=2� with I ¼ 1=2, while J2;4;6;8;2μ;4μ
couple to the delta hybrids Δ1=2� ;Δ3=2� with I ¼ 3=2.
The couplings between currents and the corresponding
positive-parity states can be written as [64–67]

h0jJijHþðpÞi ¼ fþuðpÞ;
h0jJiμjHþðpÞi ¼ f0þuμðpÞ; ð2Þ

in which uðpÞ and uμðpÞ are the Dirac spinor and Rarita-
Schwinger vector, respectively, and fþ is the coupling
constant. These currents can also couple to the negative-
parity states via different coupling relations

h0jJijH−ðpÞi ¼ f−γ5uðpÞ;
h0jJiμjH−ðpÞi ¼ f0−γ5uμðpÞ: ð3Þ

The two-point correlation functions can be written as
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Πðp2Þ ¼ i
Z

d4xeip·xh0jT½JðxÞJ̄ð0Þ�j0i ¼ Π1=2ðp2Þ;

Πμνðp2Þ ¼ i
Z

d4xeip·xh0jT½JμðxÞJ̄νð0Þ�j0i

¼ −gμνΠ3=2ðp2Þ þ � � � ; ð4Þ

whereΠ1=2ðp2Þ andΠ3=2ðp2Þ are the invariant functions for
the hadron states with spin 1=2 and 3=2, respectively. They
contain information of both positive- and negative-parity
states

Πðp2Þ ¼ =pΠ=p þ ΠI

¼ 1

2

�
=pffiffiffiffiffi
p2

p þ 1

�
Πþðp2Þ þ 1

2

�
=pffiffiffiffiffi
p2

p − 1

�
Π−ðp2Þ

ð5Þ

in which =p ¼ γμpμ. Πþ and Π− are the correlation function
for positive- and negative-parity states respectively, which
satisfy the equation

Π�ðp2Þ ¼ f2�
M2

� − p2
þ � � � ; ð6Þ

where “� � �” denote the excited states and continuum
contributions. At the hadronic level, we use the dispersion
relation to describe the invariant function as [68]

Πðp2Þ ¼ ðp2ÞN
π

Z
∞

0

ImΠðsÞ
sNðs − p2 − iϵÞ dsþ

XN−1

n¼0

bnðp2Þn;

ð7Þ

where N is the number of subtractions required to make the
integral convergent. The unknown subtraction terms shall
disappear after applying the Borel transform. The spectral
function can be defined in the “narrow resonance” approxi-
mation

ρðsÞ≡ ImΠðsÞ
π

¼ =pρ=pðsÞ þ ρIðsÞ

¼ 1

2

�
=pffiffiffi
s

p þ 1

�
f2þδðs −M2þÞ

þ 1

2

�
=pffiffiffi
s

p − 1

�
f2−δðs −M2

−Þ þ � � � ; ð8Þ

where

ρ=pðsÞ ¼ 1

2

f2þffiffiffi
s

p δðs −M2þÞ þ
1

2

f2−ffiffiffi
s

p δðs −M2
−Þ þ � � � ;

ρIðsÞ ¼ 1

2
f2þδðs −M2þÞ −

1

2
f2−δðs −M2

−Þ þ � � � : ð9Þ

The negative- and positive-parity states can be extracted as

ρ�ðsÞ ¼
ffiffiffi
s

p
ρ=pðsÞ � ρIðsÞ: ð10Þ

Then, the QCD sum rules can be established as

FIG. 1. Feynman diagrams involved in the calculations.
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Π�ðM2
B;s0Þ¼

Z
s0

ð3mqÞ2
ρ�ðsÞe−s=M2

Bds¼ f2�e
−M2

�=M
2
B ; ð11Þ

where ρ�ðsÞ ¼ ImΠ�ðsÞ=π, mq is the light quark mass
(q ¼ u=d), and MB and s0 are the Borel mass and
continuum threshold, respectively. It is clear that ρ�ðsÞ
contains only contributions from positive-/negative-parity
baryon states. The lowest-lying hadron mass can be
obtained as

M�ðM2
B; s0Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂

∂ð−1=M2
BÞ
Π�ðM2

B; s0Þ
Π�ðM2

B; s0Þ

vuut : ð12Þ

At the QCD side, the correlation functions and the spectral
functions can be evaluated via the operator product expan-
sion (OPE). In this work, we calculate the correlation
functions at the leading order of αs up to dimension-8
condensates, including the Feynman diagrams in Fig. 1.
As an example, we show the spectral function for the current
J7 as

ρ
=p
7 ðsÞ ¼

3αss4

20480π5
þαshq̄qi2s

12π
−
49hαsGGi2
2304π2

þ 11hg3sG3iM2

3072π4

−
47αshgsq̄σGqihq̄qi

576π
−
93α2shq̄qi2M2

256π2

þ
19α2shq̄qi2M2 logð s

μ2
Þ

64π2
þ
13hαsGGi2 logð sμ2Þ

1152π2
;

ð13Þ

ρI7ðsÞ ¼ −
hαsGGihq̄qis

32π
þ 55αshgsq̄σGqis2

768π3
−
5αshq̄qis3
192π3

:

ð14Þ

At the leading order of αs, the dimension-4 and dimen-
sion-6 gluon condensates give no contribution for the spin-
1=2 currents J1 − J8. We calculate the hq̄qihq̄qi and
hq̄qihαsGGi condensates by applying the factorization
assumption, which is usually adopted in QCD sum rules
to estimate the values of the high dimension condensates
[69,70]. There are 11 independent gluon condensates for
dimension-8 operators [71,72],

ϕ1 ≡ hTrðGνμGνμÞTrðGτρGτρÞi;
ϕ2 ≡ hTrðGνμGρμÞTrðGν

τGρ
τÞi;

ϕ3 ≡ hTrðGνμGτρÞTrðGνμGτρÞi;
ϕ4 ≡ hTrðGνμGτρÞTrðGν

τGμ
ρÞi;

ϕ5 ≡ hTrðGμνGμνGαβGαβÞi;
ϕ6 ≡ hTrðGμνGαβGμνGαβÞi;
ϕ7 ≡ hTrðGμνGvαGαβGβμÞi;
ϕ8 ≡ hTrðGμνGαβGναGβμÞi;
ϕ9 ≡ hfabcGa

μνJbμJcνi;
ϕ10 ≡ hJaμD2Jaμi;
ϕ11 ≡ hfabcGa

μνGb
νλD

2Gc
λμi; ð15Þ

where Jaμ ¼ gs
P

u;d;s q̄γμðλa=2Þq. We also apply the fac-
torization assumption for these operators to simplify the
calculations, as discussed in Refs. [71–73],

g4sϕ1 ¼
1

4
⟪αsGGi2i2;

g4sϕ3 ¼ −
1

16
⟪αsGGi2i2 þ 2g4sϕ2;

g4sϕ4 ¼ −
1

32
⟪αsGGi2i2 þ g4sϕ2;

g4sϕ5 ¼
16π2

12
hαsGGi2;

g4sϕ6 ¼ −
5 × 16π2

48
hαsGGi2 þ 2g4sϕ2;

g4sϕ7 ¼ g4sϕ8 ¼
16π2

192
hαsGGi2 þ

1

2
g4sϕ2;

g3sϕ9 ¼ −
3

2
g4shq̄qi2M2;

g2sϕ10 ¼ −
4

3
g4shq̄qi2M2;

g3sϕ11 ¼ hg3sG3iM2; ð16Þ

where g4sϕ2 is chosen as 7×16π2
96

hαsGGi2 [71] and M2 ¼
0.3 GeV2 [74].
In Eq. (12), one should find reasonable working regions

of s0 and M2
B to determine the hadron mass. We require a

good OPE convergence to obtain the lower bound of M2
B,

RD>6 ¼
����Π

D>6
� ðM2

B;∞Þ
Πtot

� ðM2
B;∞Þ

����; ð17Þ

where ΠD>6
� ðM2

B;∞Þ represents the contributions from
D > 6 condensates. The upper bound of M2

B and the
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optimal value of s0 are found by ensuring a sufficiently
large pole contribution

PC ¼ Π�ðM2
B; s0Þ

Π�ðM2
B;∞Þ : ð18Þ

III. NUMERICAL ANALYSES

To perform numerical analyses, we use the following
values for various QCD parameters at the renormalization
scale μ ¼ 1 GeV and ΛQCD ¼ 300 MeV [72,75–77]:

mu ¼ md ¼ mq ¼ 0;

αsðμÞ ¼
4π

29=3 ln ðμ2=Λ2
QCDÞ

;

hq̄qi ¼ −ð0.24� 0.01Þ3 GeV3;

hgsq̄σGqi ¼ ð0.8� 0.2Þ × hq̄qiGeV2;

hαsGGi ¼ ð6.35� 0.35Þ × 10−2 GeV4;

hg3sG3i ¼ ð8.2� 1.0Þ × hαsGGiGeV2: ð19Þ

As an example, we show our numerical analysis for the
current J7, which can couple to both negative- and positive-
parity hybrid baryons with IðJÞ ¼ 1=2ð1=2Þ. We first
investigate the hybrid baryon with JP ¼ 1=2þ. We require
RD>6 ≤ 10% to guarantee the good OPE convergence,
leading to the lower bound of the Borel mass
M2

B ≥ 1.14 GeV2. By using this value and requiring that
the pole contribution be larger than 30%, the threshold
value s0 can be determined around 5.3 GeV2. We set 5%
uncertainty of s0 in our analyses. In Fig. 2(a), we show the
variations of the hybrid baryon massmX with s0 for various
Borel mass M2

B, from which the optimal working region is
5.03 ≤ s0 ≤ 5.57 GeV2. Using the central value of s0, the
upper bound of M2

B can be obtained by requiring the pole

contribution be larger than 30%. Finally, the Borel param-
eter can be determined to be 1.14 ≤ M2

B ≤ 1.46 GeV2.
As shown in Fig. 2(b), the Borel curves are very stable in

the working parameter regions so that the mass predictions
are reliable. The mass of the hybrid baryon with IðJPÞ ¼
1=2ð1=2Þþ is predicted as

Mþ ¼ 2.01þ0.12
−0.08 GeV; ð20Þ

where the errors come from s0 and various condensates
in Eq. (19).
For all interpolating currents in Eq. (1), the numerical

analyses show that the OPE convergences and pole con-
tributions may vary significantly for different channels. For
instance, the pole contributions for the positive-parity
channels from currents J6 and J2μ and negative-parity
channels from currents J8 are significant so that we set
PC ≥ 50% in the analyses. However, for the negative-
parity channels from J4 and J5, the pole contributions are
relatively small so that we set them as PC ≥ 20%. Besides,
the OPE convergence behavior for some channels, such as
the positive-parity channel from J2μ, is much better than
other ones. These channels can actually provide more
reliable mass predictions.
In Table I, we collect the numerical results for the hybrid

baryons by using all interpolating currents in Eq. (1). It is
shown that there are reliable mass predictions for the
positive-parity N1=2þ ;Δ1=2þ ;Δ3=2þ and negative-parity
N1=2− ; N3=2− ;Δ1=2− hybrid baryons. For some currents,
the QCD sum rules are unstable, so the mass predictions
are unreliable for these channels, e.g., N3=2þ and Δ3=2− , for
which we denote as “� � �” in Table I. As depicted in Fig. 3,
the lightest hybrid baryon is predicted to appear in the
positive-parity N1=2þ channel, the lightest negative-parity
N1=2− is about 2.43 GeV, and the lightest Δ1=2− state is
about 400 MeV higher. Such a mass splitting is almost
the same with the mass difference mΔ −mN for the

MB
2 1.14 GeV2

MB
2 1.30 GeV2

MB
2 1.46 GeV2

2 4 6 8 10
1.0

(a) (b)

1.5

2.0

2.5

3.0

3.5

4.0

s0 5.03 GeV2

s0 5.30 GeV2

s0 5.57 GeV2

0.5 1.0 1.5 2.0 2.5 3.0
1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

FIG. 2. Variations of hadron mass with (a) continuum threshold s0 and (b) Borel parameter M2
B for the hybrid baryon with IðJPÞ ¼

1=2ð1=2Þþ from J7.

PREDICTIONS OF MASSES FOR LIGHT HYBRID BARYONS PHYS. REV. D 113, 014033 (2026)

014033-5



conventional baryons. For the other channels, the hybrid
baryons are predicted to be above 3 GeV. Considering the
renormalization scale at μ ¼ 2 GeV, the predicted hybrid
masses will be slightly increased without changing the
overall spectrum structure. One may wonder that the
traditional baryon states with the same quantum numbers
also contribute to the correlation functions. Following the
analysis of Ref. [34], we note that mixing with (lighter)
conventional baryons that are weakly coupled to the hybrid
currents can only raise the hybrid mass predictions of
Table I.
The accuracy of the factorization hypothesis for high-

dimensional condensates in QCD sum rules remains
unestablished. To quantify this uncertainty, we reanalyzed
the mass sum rules omitting dimension-8 condensates
and summarized the results in the last column of

Negative parity

Positive parity

2.0

2.5

3.0

3.5

4.0

4.5

5.0

FIG. 3. Mass spectra for both negative-parity and positive-
parity hybrid baryons.

TABLE I. Mass spectra for all hybrid baryons. In the last column, the hadron masses are extracted by omitting the
contributions of dimension-8 condensates. The notation “� � �”means no reliable mass prediction in this channel. The
last column gives the results without considering the contributions of dimension-8 condensates.

Ji N=Δ s0 (GeV2) M2
B (GeV2) MX (GeV) PC (%) M̃X (GeV)

J1 N1=2− 12.4ð�5%Þ 2.75–2.82 3.15þ0.06
−0.06 30.9 3.30þ0.06

−0.06
N1=2þ � � � � � � � � � � � � � � �

J2 Δ1=2− 16.5ð�5%Þ 2.59–3.60 3.64þ0.09
−0.08 41.6 3.63þ0.09

−0.08
Δ1=2þ � � � � � � � � � � � � � � �

J3 N1=2− 7.6ð�5%Þ 1.66–2.05 2.43þ0.06
−0.06 37.0 2.14þ0.06

−0.05
N1=2þ 14.7ð�5%Þ 2.29–2.93 3.50þ0.17

−0.11 38.3 3.29þ0.19
−0.13

J4 Δ1=2− 9.5ð�5%Þ 2.43–2.54 2.82þ0.20
−0.12 21.1 3.00þ0.19

−0.13
Δ1=2þ � � � � � � � � � � � � � � �

J5 N1=2− 10.5ð�5%Þ 2.78–3.05 2.92þ0.05
−0.05 22.7 2.77þ0.05

−0.05
N1=2þ � � � � � � � � � � � � � � �

J6 Δ1=2− � � � � � � � � � � � � � � �
Δ1=2þ 22.0ð�5%Þ 3.35–3.70 4.18þ0.10

−0.09 54.9 4.31þ0.10
−0.09

J7 N1=2− 15.0ð�5%Þ 2.56–3.07 3.52þ0.13
−0.10 36.1 3.48þ0.14

−0.11
N1=2þ 5.3ð�5%Þ 1.14–1.46 2.01þ0.12

−0.08 38.7 � � �
J8 Δ1=2− 13.8ð�5%Þ 2.06–2.63 3.24þ0.07

−0.06 59.5 3.36þ0.07
−0.07

Δ1=2þ � � � � � � � � � � � � � � �
J1μ N3=2− 17.6ð�5%Þ 3.24–3.94 3.75þ0.11

−0.09 36.9 3.75þ0.11
−0.09

N3=2þ � � � � � � � � � � � � � � �
J2μ Δ3=2− � � � � � � � � � � � �

Δ3=2þ 15.5ð�5%Þ 2.52–2.87 3.45þ0.06
−0.06 55.5 3.58þ0.07

−0.07

J3μ N3=2− 13.1ð�5%Þ 2.96–3.21 3.23þ0.08
−0.07 32.8 3.11þ0.08

−0.07
N3=2þ � � � � � � � � � � � � � � �

J4μ Δ3=2− � � � � � � � � � � � � 2.68þ0.14
−0.11

Δ3=2þ � � � � � � � � � � � � 3.49þ0.10
−0.09
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Table I. For most channels, the D ¼ 8 contributions shift
the predicted hadron mass by less than 10%, consistent
with findings in hybrid meson studies [73]. Significant
deviations occur, however, in the N1=2þ channel of J7 and
Δ3=2� channels of J4μ, where the stability of the sum rules is
qualitatively altered by the inclusion of these condensates.

IV. PRODUCTION AND DECAY MECHANISMS

The decay of charmonium and bottomonium mesons can
provide an ideal platform for producing gluon-rich hadron
states. For instance, the well known 1−þ hybrid candidate
η1ð1855Þ was observed in the radiative decays of J=ψ

[47,78]. Similarly, the charmonium/bottomonium decay
processes may produce light hybrid baryons, if kinemat-
ically allowed. According to our results, all predicted
hybrid baryons can be generated through the bottomonium
decays via the three-gluon emission processes, such as
ϒ → N̄Nhyb=Δ̄Δhyb þ c:c. Besides, the lightest N1=2þ

hybrid state can also be generated through the charmonium
decays ψð3686Þ → N̄N1=2þ þ c:c. We propose such hybrid
baryon production mechanisms in Fig. 4.
Carrying the same quantum numbers, the hybrid baryons

could always mix with traditional baryon states, so their
decay channels to the conventional baryon plus meson are
similar to the latter ones, as shown in Table II. Moreover, a
hybrid baryon may decay into final states containing gluon-
rich hadrons such as hybrid mesons or glueballs, as
depicted in Fig. 5. Such characteristic decays may be
useful to distinguish hybrid baryons from conventional
states and pentaquark states.

V. SUMMARY

We calculate the masses of the light hybrid baryons
with quantum numbers IðJPÞ ¼ 1=2ð1=2�Þ; 3=2ð1=2�Þ;
1=2ð3=2�Þ, and 3=2ð3=2�Þ in parity-projected QCD sum
rule method by constructing local interpolating currents. The
correlation functions and spectral densities are evaluated up
to dimension-8 condensates. We establish stable mass sum
rules for the positive-parity N1=2þ ;Δ3=2þ ;Δ1=2þ and nega-
tive-parity N1=2− ; N3=2− ;Δ1=2− hybrid baryons, so the mass
predictions in these channels are reliable. The lightest hybrid
baryon is predicted as the positive-parity statesN1=2þ around
2.01 GeV, while the negative-parity states are heavier, which
is consistent with the LQCD’s prediction [56]. Such mass
spectra may suggest the same transverse electric gluon

excitation with J
Pg
g ¼ 1þ in both hybrid baryon and meson

systems [56]. All other hybrids in our results are predicted to

FIG. 4. Possible production mechanisms of light hybrid bary-
ons from ϒ=ψð3686Þ decays.

FIG. 5. Possible decay mechanisms of light hybrid baryon to
gluon-rich channels.

TABLE II. Some possible decay modes into conventional baryon-meson final states for light hybrid baryons.

Current Hybrid Decay modes

J1 N1=2− Nπ=ηð0Þ=ρ=ω, Nð1440Þπ=η0=ρ=ω, Δρ, Δð1600Þρ, Nð1535Þf0ð980Þ=a0ð980Þ
J2 Δ1=2− Nπ=ρ, Nð1440Þπ=ρ, Δð1232Þρ, Nð1535Þa0ð980Þ
J3 N1=2− Nπ=ηð0Þ=ρ=ω, Nð1440Þπ=ηð0Þ, Δð1232Þρ

N1=2þ Nf0ð980Þ=a0ð980Þ, Δð1232Þπ=ρ, Nð1440Þf0ð980Þ=a0ð980Þ
J4 Δ1=2− Nπ=ρ, Nð1440Þπ=ρ, Δð1232Þρ, Nð1535Þa0ð980Þ
J5 N1=2− Nπ=ηð0Þ=ρ=ω, Nð1440Þπ=ηð0Þ=ρ=ω, Δð1232Þρ, Δð1600Þρ, Nð1535Þf0ð980Þ=a0ð980Þ
J6 Δ1=2þ Na0ð980Þ, Nð1440Þa0ð980Þ, Δð1232Þa0ð980Þf0ð980Þ
J7 N1=2− Nπ=ηð0Þ=ρ=ω, Nð1440Þπ=η0=ρ=ω, Δð1232Þρ, Δð1600Þρ, Nð1535Þf0ð980Þ=a0ð980Þ

N1=2þ Nf0ð980Þ=a0ð980Þ, Δð1232Þπ=ρ
J8 Δ1=2− Nπ=ρ, Nð1440Þπ=ρ, Δð1232Þρ, Nð1535Þa0ð980Þ
J1μ N3=2− Nρ=ω, Nð1400Þρ=ω, Δð1232Þρ
J2μ Δ3=2þ Nb1=ρ, Nð1440Þb1=ρ, Δð1232Þb1=h1=ρ
J3μ N3=2− Nρ=ω, Nð1400Þρ=ω, Δð1232Þρ
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be above 3 GeV. These hybrid baryons may mainly decay
into the conventional baryon-meson final states. We suggest
hunting for such hybrids through the gluon-rich processes in
BESIII and BelleII experiments.
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