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Within the method of parity-projected QCD sum rules, we study the mass spectra of light hybrid baryons
with I(JP) = 1/2(1/2%),3/2(1/2%),1/2(3/2%),3/2(3/2%) by constructing the local ggqg interpolating
currents. We calculate the correlation functions up to dimension eight condensates at the leading order of
a;. The stable QCD Lapalce sum rules can be established for the positive-parity N5+, Azjp+, Ajjp+ and
negative-parity Ny /-, N3/»-, A j,- channels to extract their mass spectra. The lowest-lying hybrid baryons
are predicted to be the positive-parity N, /,+ 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
T /w(3686) decays via the three-gluon emission mechanism in BESIII and BelleIl 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.

DOI: 10.1103/456p-vzht

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 gg meson and ggg baryon [1,2],
hybrid states contain the gluonic degrees of freedom in the
configurations, such as ggg hybrid mesons and ggqg
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
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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 z;(1400) [44],
71(1600) [45], 7,(2015) [46], and #,(1855) [47,48] with
exotic JP¢ = 1=F. 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 gqqg hybrid baryons and
excited gqq states with the same quantum numbers.

In Refs. [49-51], the Roper resonance N(1440) was
studied as a hybrid baryon with J” =1/2%. 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 J* =
1/2%,3/2%,5/2% 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 1/27
state. In the flux-tube model, the lightest hybrid baryons are
the mass-degenerate states with J¥ = 1/2% and 3/2% 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 N(1710) and A(1600)
could be hybrid baryons. In Refs. [56,57], the mass spectra
of positive-parity hybrid baryons were calculated in LQCD,
in which N ,+ and N3/,+ 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
N2+ 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 A(1600) and A(1405) were suggested
as strange hybrid baryons with 7(J¥) = 0(1/2%) [59] and
1(JP) =0(1/27) [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 [ggq|s.[Glg, 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 N>+, Azjp+, Ajp+ and negative-
parity Ny/>-, N3/»-, Ay /»- hybrid baryons. Our results show
that the lowest-lying hybrid baryon is predicted to be the
positive-parity N+ state around 2.01 GeV. We propose
searching for these light hybrid baryons through the y.;/T
decays via the three-gluon emission mechanism in BESIII
and Bellell experiments.

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

A hybrid baryon current is composed of a color-octet
triquark operator [gqq|s. and a color-octet excited gluon
field. To investigate the low-lying states, we use the S-wave
triquark fields introduced as “loffe currents” [63]. The
gluon field is combined to compose the color-singlet hybrid
baryon interpolating currents with J* = 1/2% and 3/2%,

Ty = e g [T Cru )y’ (Gud)® = (u Crtd® )y v (G u)°].
Ty = e g [(uT Crrul)y'y (Gud) + 2(u" Crtd)y'y* (G u)°l,
T3 = g [ Cou’)y(G,ud)e = (! Cod")* (Gu)<].
Jy =g [ Cou")p*(Gud) +2(u" Cot*d”)r> (G u)°].
Js = e g [ (uTCru )y (Gud)® — (T Crtd” ) (Gyuu),
Jo = e g [ (" Cru)y*(Gpud)” +2(uT Cptd® )y (G u)].
Iy = e g [(u Cou")(G,ud) = (uT Co*d”) (G u)].
Jg = e g [(uTCo"ub)(G,,d)° + 2(u"TCo"d®) (G, u)].
Ty = e g, [(u Cru?) (Gpud) — (u Cyd”) (G u)el,
Ty = &gy Cru?) (G d)® + 2(u" Cy*d”)(Gyu)°],
T3, = e [(uT Crul )y (Gud) = (u Crrd” ) (G u)]
oy = g [T Crul )y (Gud) + 2(u" Crrd”)p* (Gpu)’] (1)
[
where u/d is the up/down quark ﬁeld, G, is the gluon field  in which u(p) and u,(p) are the Dirac spinor and Rarita-

strength, and G = 2 MmﬁG the dual gluon field
strength. The currents J135.7.1,3 can couple to the nucleon
hybrids N+, N3+ with I =1/2, while J34638244y
couple to the delta hybrids A+, Ayj,- with [ =3/2.
The couplings between currents and the corresponding
positive-parity states can be written as [64—67]

= fiu(p),
= fLu.(p),

(01:1H ., (p))

(013 |H(p)) (2)

Schwinger vector, respectively, and f, is the coupling
constant. These currents can also couple to the negative-
parity states via different coupling relations

(Ol:[H-(p))
(013 |H-(p))

= f_ysu(p),

= flrsuu(p). (3)

The two-point correlation functions can be written as
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n(p?) = i / d*xe? (O[T (I (x)(0)][0) = T, 1 (p?).
M (p?) = i / e (0|17, (x)7,(0)]]0)

= _gﬂDH3/2(p2) +oee (4)

where I, ,(p?) and Il »(p?) 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

(p?) = lﬂ_[,{ + 11,

(5

in which p =y, p#. T1, and I_ are the correlation function
for positive- and negative-parity states respectively, which
satisfy the equation

oo _JE
H:t(p) Mi_pz"’ ’ (6)

113

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

HRGLIRGA

Ve 0
VOOV O

FIG. 1.

NN foo mI(s N-1
(p*) = (pﬂ) /) SN(; _I;I,g z PSRl Z% bu(p?)".
(7)

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

o) = ) 1)
Z%(%—Fl)fié(s—Mi)
1 15 _ 25(s — M2
+§<ﬁ 1)f_5( M2)+---,  (8)
where
p (s):;\/gé( —Mi)+;f\/‘55(s M*)+ -,
p(s) =5 FRols ~ M)~ 3 26(s = M) 4 (9)

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

pa(s) = Vspl(s) £ p'(5). (10)

Then, the QCD sum rules can be established as

VEGOE

Feynman diagrams involved in the calculations.

014033-3



WANG, LIAN, CHEN, YANG, CHEN, HO, and STEELE

PHYS. REV. D 113, 014033 (2026)

K

pi(s)e_S/Méds :fie—Mi/Mf,’ (11)

Hi(M%’SO):/

(3mq)2

where p. (s) = ImIl (s)/x, m, is the light quark mass
(g =u/d), and My and s, are the Borel mass and
continuum threshold, respectively. It is clear that p.(s)
contains only contributions from positive-/negative-parity
baryon states. The lowest-lying hadron mass can be
obtained as

o(— I/MZ)Hj:(MBv SO)

Mi(MIZS’SO) = I (M So)
B’

(12)

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 a, 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

/ 3agst a,(qq)’s  49(a,GG)* 11{g:G*)M?
P10 =0 T 1ar T 2304 30727
_ 47a(9,q0Gq)(qq) 93a:(qq)*M>
576x 25672
19as<qq>2M210g(l2) l3<aSGG>2log(ﬁ)
+ 641> 115272 '
(13)
Ji(s) = —{a0GNag)s | S5al9.a0Ga)s” _ Sailgq)s’
32r 7687° 19273
(14)

At the leading order of a,, the dimension-4 and dimen-
sion-6 gluon condensates give no contribution for the spin-
1/2 currents J; —Jg. We calculate the (gq)(ggq) and
(3q){a;GG) 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],

Tr(G,,G*)Tr(G,,G™)).
Tr(G,,G™*)Tr(G*.G,7)),
Tt(G,,G%)Tr(G*G,,)),
Tr(G,,G")Tr(G*.G*,))
Tr(G,,G,GupGap))-

=
= {
=
=
= {
= (Tr(GuGopGuGap))-
= {
=
=
Vi
{

’

p

)
Tr(G, GwGaﬁGﬂM»,
Tr(G GaﬂGuaGﬁﬂ»’
Fabe G J5),
¢10 = (JiD*J5),
dn = (f"G;, G D*GS,), (15)
where J§ = g, >, 45 @7.(A%/2)q. We also apply the fac-

torization assumption for these operators to simplify the
calculations, as discussed in Refs. [71-73],

1
9?4’1 = Z «%GG>2>2’
1
Gis = = ¢ §aGG)) + 206,

1
Giths = ——((OCSGG>2>2 + gl

16
Gips = ”<%G®%

5 % 1672
ﬁ%:—jgimaW+Mm,
4 167° 4

— GG
gs¢7 gs¢8 192 <a > gs¢2’
3.,
Gy = —59?<qq>2M2,
4 ,
G = —§Q?<QCI>ZM2,
9g¢11 = <9§G3>M27 (16)

where g, is chosen as X197 (¢, GG)? [71] and M? =
0.3 GeV? [74].

In Eq. (12), one should find reasonable working regions
of sy and M% to determine the hadron mass. We require a

good OPE convergence to obtain the lower bound of M3,

2~(M}, )

, 17
(13, 0) 1)

Rp-s :‘

where TT276(M%, c0) represents the contributions from
D > 6 condensates. The upper bound of M% and the
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optimal value of s, are found by ensuring a sufficiently
large pole contribution

Hi(Mlz?ﬂ SO)

PC = .
I, (M3, )

(18)

III. NUMERICAL ANALYSES

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

m, =my=my =0,
4z
) = 29 /310 (2 )
(gq) = —(0.24 +0.01)3 GeV?,

> pr—
(9,GoGq) = (0.8 £0.2) x (gq)GeV?,
(@,GG) = (635 + 0.35) x 1072 GeV*,
= (

(g3G?) = (8.2 £ 1.0) x (a,GG)GeV?. (19)

As an example, we show our numerical analysis for the
current J-, which can couple to both negative- and positive-
parity hybrid baryons with I(J) = 1/2(1/2). We first
investigate the hybrid baryon with J¥ = 1/2*. We require
Rp-¢ < 10% to guarantee the good OPE convergence,
leading to the lower bound of the Borel mass
M2% > 1.14 GeV2. By using this value and requiring that
the pole contribution be larger than 30%, the threshold
value s, can be determined around 5.3 GeV?. We set 5%
uncertainty of s, in our analyses. In Fig. 2(a), we show the
variations of the hybrid baryon mass my with s, for various
Borel mass M%, from which the optimal working region is
5.03 < 59 < 5.57 GeV?. Using the central value of s, the
upper bound of M% can be obtained by requiring the pole

so [GeV?]

(@)

contribution be larger than 30%. Finally, the Borel param-
eter can be determined to be 1.14 < M% < 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 I(J¥) =
1/2(1/2)" is predicted as

M, =2.01700% GeV, (20)

where the errors come from s, 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 Jg and J,, and negative-parity
channels from currents Jg are significant so that we set
PC > 50% in the analyses. However, for the negative-
parity channels from J, and Js, 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 J,,, 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 N>+, Ao+, A3+ and  negative-parity
Ni2-sN3j»-, Ay p- hybrid baryons. For some currents,
the QCD sum rules are unstable, so the mass predictions
are unreliable for these channels, e.g., N3+ and A3 ),-, 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 Nj/,+ channel, the lightest negative-parity
N/~ is about 2.43 GeV, and the lightest A, ),- state is
about 400 MeV higher. Such a mass splitting is almost
the same with the mass difference m, —my for the

25

50=5.03 GeV?
50=5.30 GeV?

- 5=5.57 GeV?

24 4T
|
23 |

2.0 25

M2 [GeV?]

(b)

3.0

FIG. 2. Variations of hadron mass with (a) continuum threshold s, and (b) Borel parameter M% for the hybrid baryon with I(J*) =

1/2(1/2)" from J;.
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TABLE L.

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 *- -
last column gives the results without considering the contributions of dimension-8 condensates.

-” means no reliable mass prediction in this channel. The

5.0

4.5

Mass[GeV]
&

o
n

FIG. 3.

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

J; N/A s (GeV?) M2 (GeV?) My (GeV) PC (%) My (GeV)
J1 Ny 12.4(£5%) 2.75-2.82 315500 30.9 3.30700¢
Ny
Js Ay 16.5(£5%) 2.59-3.60 3.6470% 41.6 3.6370%8
Ay . . e
Js Ny 7.6(+5%) 1.66-2.05 2.43+006 37.0 2.141006
Nyt 14.7(+5%) 2.29-2.93 3.50° 017 38.3 3.29°012
Jy Ay 9.5(£5%) 2.43-2.54 2.8270%9 21.1 3.00°01%
Ay
Js Nyj- 10.5(£5%) 2.78-3.05 2.92005 227 2.77+095
Ny . e ...
Js Ay
Ay 22.0(+5%) 3.35-3.70 4187000 54.9 4317009
J; Ny 15.0(£5%) 2.56-3.07 3.521012 36.1 3487014
Ny 5.3(+5%) 1.14-1.46 2017008 387 e
T A 13.8(+5%) 2.06-2.63 3241007 59.5 336007
Ay
T N3jo- 17.6(£5%) 3.24-3.94 3751011 36.9 3.75+011
Njjo
vy Az
Asjpe 15.5(£5%) 2.52-2.87 3451006 55.5 3.581007
T3, N3 - 13.1(£5%) 2.96-3.21 3.231008 32.8 311008
N+ e e e ..
Jay As)p- 268701}
Azppr 3.497049
conventional baryons. For the other channels, the hybrid
} Negative-parity baryons are predicted to be above 3 GeV. Considering the
} Positive-parity renormalization scale at u = 2 GeV, the predicted hybrid
I masses will be slightly increased without changing the
overall spectrum structure. One may wonder that the
I I traditional baryon states with the same quantum numbers
} i also contribute to the correlation functions. Following the
! ! analysis of Ref. [34], we note that mixing with (lighter)
1 conventional baryons that are weakly coupled to the hybrid
currents can only raise the hybrid mass predictions of
Table I.
i The accuracy of the factorization hypothesis for high-
Nor- Non- pope N Py oy 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

014033-6
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|
J Hybrid baryon
|

|
T.02(3686) |

\ |

| ‘\ Anti-baryon
\ /

FIG. 4. Possible production mechanisms of light hybrid bary-
ons from Y /y(3686) decays.

R
I £

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

e

Table 1. For most channels, the D = 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 Ny /,+ channel of J; and
Asz/p+ channels of J,,, 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~ hybrid candidate
1n1(1855) was observed in the radiative decays of J/w

[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
T — NNyyp/AA,y, + c.c. Besides, the lightest N+
hybrid state can also be generated through the charmonium
decays y(3686) — NN+ 4 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 1(J¥) = 1/2(1/2%),3/2(1/2%),
1/2(3/2%), and 3/2(3/2%) 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 Ny/p+, A3+, Aj/p+ and nega-
tive-parity Ny/»-, N3/>-, Aj /o~ hybrid baryons, so the mass
predictions in these channels are reliable. The lightest hybrid
baryon is predicted as the positive-parity states N ;,+ 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 Jg” = 1" in both hybrid baryon and meson
systems [56]. All other hybrids in our results are predicted to

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

Current Hybrid Decay modes

Ji Nyjo- Nz/n") /p/w, N(1440)z/1 /p/w, Ap, A(1600)p, N(1535)f,(980)/ay(980)

J, Ay Nz/p, N(1440)z/p, A(1232)p, N(1535)a,(980)

J3 Nij- Nz/n")/p/w, N(1440)z/n"), A(1232)p
Nyjp+ Nf(980)/ay(980), A(1232)x/p, N(1440)f(980)/a,(980)

Jy Ay Nz/p, N(1440)z/p, A(1232)p, N(1535)ay(980)

Js Nyja- Nz/n") /p/w, N(1440)z/n") /p/w, A(1232)p, A(1600)p, N(1535)£,(980)/ay(980)

Js Ajp Nay(980), N(1440)ay(980), A(1232)ay(980)/((980)

J7 Ny Nz/n") /p/w, N(1440)z/1' /p/w, A(1232)p, A(1600)p, N(1535)f(980)/a,(980)
N+ Nf(980)/ag(980), A(1232)z/p

Jg Ay Nz/p, N(1440)x/p, A(1232)p, N(1535)ay(980)

Jiy N3 - Np/w, N(1400)p/w, A(1232)p

R Azjpr Nb,/p, N(1440)b/p, A(1232)by/hy /p

I3y N3 - Np/w, N(1400)p/w, A(1232)p

014033-7
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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 Bellell experiments.

ACKNOWLEDGMENTS

This work is supported by the National Natural Science
Foundation of China under Grants No. 12305147,
No. 12175318, No. 12575153, and No. 12075019 and
the Natural Science Foundation of Guangdong Province of
China under Grant No. 2022A1515011922. T.G.S. is
grateful for research funding from the Natural Sciences

& Engineering Research Council of Canada (NSERC).
J.H. was supported by the Mitacs Globalink Research
Award and is grateful for the support and hospitality
of SYSU.

DATA AVAILABILITY

The data that support the findings of this article are not
publicly available upon publication because it is not
technically feasible and/or the cost of preparing, depositing,
and hosting the data would be prohibitive within the terms
of this research project. The data are available from the
authors upon reasonable request.

[1] M. Gell-Mann, Phys. Lett. 8, 214 (1964).

[2] G. Zweig, Developments in the Quark Theory of Hadrons,
edited by D. B. Lichtenberg, and S. P. Rosen (Hadronic
Press, Nonantum, Massachusetts, 1964), pp. 22—-101.

[3] C. A. Meyer and E. S. Swanson, Prog. Part. Nucl. Phys. 82,
21 (2015).

[4] H.-X. Chen, W. Chen, X. Liu, and S.-L. Zhu, Phys. Rep.
639, 1 (2016).

[51 A. Esposito, A. Pilloni, and A. D. Polosa, Phys. Rep. 668, 1
(2017).

[6] F.-K. Guo, C. Hanhart, U.-G. MeiBner, Q. Wang, Q. Zhao,
and B.-S. Zou, Rev. Mod. Phys. 90, 015004 (2018).

[7] Y.-R. Liu, H.-X. Chen, W. Chen, X. Liu, and S.-L. Zhu,
Prog. Part. Nucl. Phys. 107, 237 (2019).

[8] N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C.-P.
Shen, C. E. Thomas, A. Vairo, and C.-Z. Yuan, Phys. Rep.
873, 1 (2020).

[9] H.-X. Chen, W. Chen, X. Liu, Y.-R. Liu, and S.-L. Zhu,
Rep. Prog. Phys. 86, 026201 (2023).

[10] L. Meng, B. Wang, G.-J. Wang, and S.-L. Zhu, Phys. Rep.
1019, 1 (2023).

[11] T. Barnes, F. E. Close, and F. de Viron, Nucl. Phys. B224,
241 (1983).

[12] M. S. Chanowitz and S.R. Sharpe, Nucl. Phys. B222, 211
(1983).

[13] P. Guo, A.P. Szczepaniak, G. Galata, A. Vassallo, and E.
Santopinto, Phys. Rev. D 78, 056003 (2008).

[14] P. Lacock, C. Michael, P. Boyle, and P. Rowland, Phys. Lett.
B 401, 308 (1997).

[15] P. Lacock, C. Michael, P. Boyle, and P. Rowland, Phys. Rev.
D 54, 6997 (1996).

[16] L. Liu, G. Moir, M. Peardon, S. M. Ryan, C. E. Thomas, P.
Vilaseca, J.J. Dudek, R. G. Edwards, B. Jod, and D. G.
Richards, J. High Energy Phys. 07 (2012) 126.

[17] Y. Ma, Y. Chen, M. Gong, and Z. Liu, Chin. Phys. C 45,
013112 (2021).

[18] J.J. Dudek, Phys. Rev. D 84, 074023 (2011).

[19] J.J. Dudek, R. G. Edwards, P. Guo, and C. E. Thomas, Phys.
Rev. D 88, 094505 (2013).

[20] J.J. Dudek, R. G. Edwards, M. J. Peardon, D. G. Richards,
and C. E. Thomas, Phys. Rev. Lett. 103, 262001 (2009).

[21] J.J. Dudek, R. G. Edwards, M. J. Peardon, D. G. Richards,
and C. E. Thomas, Phys. Rev. D 82, 034508 (2010).

[22] J.J. Dudek, R. G. Edwards, B. Joo, M.J. Peardon, D. G.
Richards, and C. E. Thomas, Phys. Rev. D 83, 111502(R)
(2011).

[23] N. Isgur and J. E. Paton, Phys. Rev. D 31, 2910 (1985).

[24] N. Isgur, R. Kokoski, and J. Paton, Phys. Rev. Lett. 54, 869
(1985).

[25] T.J. Burns and F.E. Close, Phys. Rev. D 74, 034003
(2006).

[26] C.J. Burden and M. A. Pichowsky, Few Body Syst. 32, 119
(2002).

[27] C.J. Burden, L. Qian, C. D. Roberts, P. C. Tandy, and M. J.
Thomson, Phys. Rev. C 55, 2649 (1997).

[28] L. 1. Balitsky, D. Diakonov, and A.V. Yung, Phys. Lett.
112B, 71 (1982).

[29] J.I. Latorre, S. Narison, P. Pascual, and R. Tarrach, Phys.
Lett. 147B, 169 (1984).

[30] J. Govaerts, F. de Viron, D. Gusbin, and J. Weyers, Phys.
Lett. 128B, 262 (1983).

[31] J. Govaerts, F. de Viron, D. Gusbin, and J. Weyers, Nucl.
Phys. B248, 1 (1984).

[32] J. Govaerts, L. J. Reinders, H. R. Rubinstein, and J. Weyers,
Nucl. Phys. B258, 90609 (1985).

[33] L L. Balitsky, D. Diakonov, and A. V. Yung, Z. Phys. C 33,
265 (1986).

[34] W. Chen, R. T. Kleiv, T. G. Steele, B. Bulthuis, D. Harnett, J.
Ho, T. Richards, and S.-L. Zhu, J. High Energy Phys. 09
(2013) 019.

[35] J. Ho, R. Berg, T. G. Steele, W. Chen, and D. Harnett, Phys.
Rev. D 98, 096020 (2018).

[36] J. Ho, R. Berg, T. G. Steele, W. Chen, and D. Harnett, Phys.
Rev. D 100, 034012 (2019).

[37] A. Palameta, D. Harnett, and T. G. Steele, Phys. Rev. D 98,
074014 (2018).

[38] B. Barsbay, K. Azizi, and H. Sundu, Eur. Phys. J. C 82, 1086
(2022).

014033-8


https://doi.org/10.1016/S0031-9163(64)92001-3
https://doi.org/10.1016/j.ppnp.2015.03.001
https://doi.org/10.1016/j.ppnp.2015.03.001
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2016.11.002
https://doi.org/10.1016/j.physrep.2016.11.002
https://doi.org/10.1103/RevModPhys.90.015004
https://doi.org/10.1016/j.ppnp.2019.04.003
https://doi.org/10.1016/j.physrep.2020.05.001
https://doi.org/10.1016/j.physrep.2020.05.001
https://doi.org/10.1088/1361-6633/aca3b6
https://doi.org/10.1016/j.physrep.2023.04.003
https://doi.org/10.1016/j.physrep.2023.04.003
https://doi.org/10.1016/0550-3213(83)90004-4
https://doi.org/10.1016/0550-3213(83)90004-4
https://doi.org/10.1016/0550-3213(83)90635-1
https://doi.org/10.1016/0550-3213(83)90635-1
https://doi.org/10.1103/PhysRevD.78.056003
https://doi.org/10.1016/S0370-2693(97)00384-5
https://doi.org/10.1016/S0370-2693(97)00384-5
https://doi.org/10.1103/PhysRevD.54.6997
https://doi.org/10.1103/PhysRevD.54.6997
https://doi.org/10.1007/JHEP07(2012)126
https://doi.org/10.1088/1674-1137/abc241
https://doi.org/10.1088/1674-1137/abc241
https://doi.org/10.1103/PhysRevD.84.074023
https://doi.org/10.1103/PhysRevD.88.094505
https://doi.org/10.1103/PhysRevD.88.094505
https://doi.org/10.1103/PhysRevLett.103.262001
https://doi.org/10.1103/PhysRevD.82.034508
https://doi.org/10.1103/PhysRevD.83.111502
https://doi.org/10.1103/PhysRevD.83.111502
https://doi.org/10.1103/PhysRevD.31.2910
https://doi.org/10.1103/PhysRevLett.54.869
https://doi.org/10.1103/PhysRevLett.54.869
https://doi.org/10.1103/PhysRevD.74.034003
https://doi.org/10.1103/PhysRevD.74.034003
https://doi.org/10.1007/s00601-002-0113-5
https://doi.org/10.1007/s00601-002-0113-5
https://doi.org/10.1103/PhysRevC.55.2649
https://doi.org/10.1016/0370-2693(82)90908-X
https://doi.org/10.1016/0370-2693(82)90908-X
https://doi.org/10.1016/0370-2693(84)90614-2
https://doi.org/10.1016/0370-2693(84)90614-2
https://doi.org/10.1016/0370-2693(83)90405-7
https://doi.org/10.1016/0370-2693(83)90405-7
https://doi.org/10.1016/0550-3213(84)90583-2
https://doi.org/10.1016/0550-3213(84)90583-2
https://doi.org/10.1016/0550-3213(85)90609-1
https://doi.org/10.1007/BF01411145
https://doi.org/10.1007/BF01411145
https://doi.org/10.1007/JHEP09(2013)019
https://doi.org/10.1007/JHEP09(2013)019
https://doi.org/10.1103/PhysRevD.98.096020
https://doi.org/10.1103/PhysRevD.98.096020
https://doi.org/10.1103/PhysRevD.100.034012
https://doi.org/10.1103/PhysRevD.100.034012
https://doi.org/10.1103/PhysRevD.98.074014
https://doi.org/10.1103/PhysRevD.98.074014
https://doi.org/10.1140/epjc/s10052-022-11053-x
https://doi.org/10.1140/epjc/s10052-022-11053-x

PREDICTIONS OF MASSES FOR LIGHT HYBRID BARYONS

PHYS. REV. D 113, 014033 (2026)

[39] H.-X. Chen, W. Chen, and S.-L. Zhu, Phys. Rev. D 105,
L051501 (2022).

[40] H.-X. Chen, N. Su, and S.-L. Zhu, Chin. Phys. Lett. 39,
051201 (2022).

[41] Q.-N. Wang, D.-K. Lian, and W. Chen, Phys. Rev. D 108,
114010 (2023).

[42] D.-K. Lian, Q.-N. Wang, X.-L. Chen, P.-F. Yang, W. Chen,
and H.-X. Chen, J. High Energy Phys. 06 (2024) 173.

[43] Z.-G. Wang, Phys. Rev. D 111, 114009 (2025).

[44] D. Alde et al., Phys. Lett. B 205, 397 (1988).

[45] E. I Ivanov et al., Phys. Rev. Lett. 86, 3977 (2001).

[46] J. Kuhn et al., Phys. Lett. B 595, 109 (2004).

[47] M. Ablikim et al., Phys. Rev. Lett. 129, 192002 (2022).

[48] M. Ablikim et al., Phys. Rev. D 106, 072012 (2022).

[49] T. Barnes and F. E. Close, Phys. Lett. 123B, 89 (1983).

[50] E. Golowich, E. Haqq, and G. Karl, Phys. Rev. D 28, 160
(1983).

[51] L. S. Kisslinger and Z. P. Li, Phys. Rev. D 51, R5986 (1995).

[52] V.D. Burkert and C.D. Roberts, Rev. Mod. Phys. 91,
011003 (2019).

[53] S. Capstick and P.R. Page, Phys. Rev. D 60, 111501(R)
(1999).

[54] S. Capstick and P. R. Page, Phys. Rev. C 66, 065204 (2002).

[55] S. M. Gerasyuta and V. I. Kochkin, Phys. Rev. D 66, 116001
(2002).

[56] J.J. Dudek and R.G. Edwards, Phys. Rev. D 85, 054016
(2012).

[57] T. Khan, D. Richards, and F. Winter, Phys. Rev. D 104,
034503 (2021).

[58] A.P. Martynenko, Sov. J. Nucl. Phys. 54, 488 (1991).

[59] L. S. Kisslinger, Phys. Rev. D 69, 054015 (2004).

[60] K. Azizi, B. Barsbay, and H. Sundu, Eur. Phys. J. Plus 133,
121 (2018).

[61] Y.-C. Zhao, C.-M. Tang, and L. Tang, Eur. Phys. J. C 83,
654 (2023).

[62] L. Cimino, C. T. Willemyns, and C. Semay, Phys. Rev. D
110, 034032 (2024).

[63] B. Ioffe, Nucl. Phys. B188, 317 (1981).

[64] Y. Chung, H. G. Dosch, M. Kremer, and D. Schall, Nucl.
Phys. B197, 55 (1982).

[65] E. Bagan, M. Chabab, H. G. Dosch, and S. Narison, Phys.
Lett. B 301, 243 (1993).

[66] D. Jido, N. Kodama, and M. Oka, Phys. Rev. D 54, 4532
(1996).

[67] K. Ohtani, P. Gubler, and M. Oka, Phys. Rev. D 87, 034027
(2013).

[68] X.-L. Chen, P.-F. Yang, and W. Chen, Chin. Phys. Lett. 41,
111101 (2024).

[69] M. Shifman, A. Vainshtein, and V. Zakharov, Nucl. Phys.
B147, 385 (1979).

[70] L. Reinders, H. Rubinstein, and S. Yazaki, Phys. Rep. 127, 1
(1985).

[71] E. Bagan, J.1. Latorre, P. Pascual, and R. Tarrach, Nucl.
Phys. B254, 555 (1985).

[72] S. Narison, Phys. Lett. B 706, 412 (2012).

[73] Z.-R. Huang, H.-Y. Jin, and Z.-F. Zhang, J. High Energy
Phys. 04 (2015) 004.

[74] S.N. Nikolaev and A. V. Radyushkin, Phys. Lett. 124B, 243
(1983).

[75] R.L. Workman et al., Prog. Theor. Exp. Phys. 2022,
083C01 (2022).

[76] S. Narison, Int. J. Mod. Phys. A 33, 1850045 (2018).

[77] M. Jamin, Phys. Lett. B 538, 71 (2002).

[78] F. Chen, X. Jiang, Y. Chen, M. Gong, Z. Liu, C. Shi, and W.
Sun, Phys. Rev. D 107, 054511 (2023).

014033-9


https://doi.org/10.1103/PhysRevD.105.L051501
https://doi.org/10.1103/PhysRevD.105.L051501
https://doi.org/10.1088/0256-307X/39/5/051201
https://doi.org/10.1088/0256-307X/39/5/051201
https://doi.org/10.1103/PhysRevD.108.114010
https://doi.org/10.1103/PhysRevD.108.114010
https://doi.org/10.1007/JHEP06(2024)173
https://doi.org/10.1103/hv4x-dnmt
https://doi.org/10.1016/0370-2693(88)91686-3
https://doi.org/10.1103/PhysRevLett.86.3977
https://doi.org/10.1016/j.physletb.2004.05.032
https://doi.org/10.1103/PhysRevLett.129.192002
https://doi.org/10.1103/PhysRevD.106.072012
https://doi.org/https://doi.org/10.1016/0370-2693(83)90965-6
https://doi.org/10.1103/PhysRevD.28.160
https://doi.org/10.1103/PhysRevD.28.160
https://doi.org/10.1103/PhysRevD.51.R5986
https://doi.org/10.1103/RevModPhys.91.011003
https://doi.org/10.1103/RevModPhys.91.011003
https://doi.org/10.1103/PhysRevD.60.111501
https://doi.org/10.1103/PhysRevD.60.111501
https://doi.org/10.1103/PhysRevC.66.065204
https://doi.org/10.1103/PhysRevD.66.116001
https://doi.org/10.1103/PhysRevD.66.116001
https://doi.org/10.1103/PhysRevD.85.054016
https://doi.org/10.1103/PhysRevD.85.054016
https://doi.org/10.1103/PhysRevD.104.034503
https://doi.org/10.1103/PhysRevD.104.034503
https://doi.org/10.1103/PhysRevD.69.054015
https://doi.org/10.1140/epjp/i2018-11928-9
https://doi.org/10.1140/epjp/i2018-11928-9
https://doi.org/10.1140/epjc/s10052-023-11825-z
https://doi.org/10.1140/epjc/s10052-023-11825-z
https://doi.org/10.1103/PhysRevD.110.034032
https://doi.org/10.1103/PhysRevD.110.034032
https://doi.org/10.1016/0550-3213(81)90259-5
https://doi.org/10.1016/0550-3213(82)90154-7
https://doi.org/10.1016/0550-3213(82)90154-7
https://doi.org/10.1016/0370-2693(93)90696-F
https://doi.org/10.1016/0370-2693(93)90696-F
https://doi.org/10.1103/PhysRevD.54.4532
https://doi.org/10.1103/PhysRevD.54.4532
https://doi.org/10.1103/PhysRevD.87.034027
https://doi.org/10.1103/PhysRevD.87.034027
https://doi.org/10.1088/0256-307X/41/11/111101
https://doi.org/10.1088/0256-307X/41/11/111101
https://doi.org/10.1016/0550-3213(79)90022-1
https://doi.org/10.1016/0550-3213(79)90022-1
https://doi.org/10.1016/0370-1573(85)90065-1
https://doi.org/10.1016/0370-1573(85)90065-1
https://doi.org/10.1016/0550-3213(85)90233-0
https://doi.org/10.1016/0550-3213(85)90233-0
https://doi.org/10.1016/j.physletb.2011.11.058
https://doi.org/10.1007/JHEP04(2015)004
https://doi.org/10.1007/JHEP04(2015)004
https://doi.org/10.1016/0370-2693(83)91444-2
https://doi.org/10.1016/0370-2693(83)91444-2
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1142/S0217751X18500458
https://doi.org/10.1016/S0370-2693(02)01951-2
https://doi.org/10.1103/PhysRevD.107.054511

	Predictions of masses for light hybrid baryons
	I. INTRODUCTION
	II. HYBRID BARYON CURRENTS AND PARITY-PROJECTED QCD SUM RULES
	III. NUMERICAL ANALYSES
	IV. PRODUCTION AND DECAY MECHANISMS
	V. SUMMARY
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


