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Search for hybrid baryons in the CLAS12 experiment at JLab
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2Department of Physics, Tomsk State University, 634050 Tomsk, Russia

3Laboratory of Particle Physics, Mathematical Physics Department,

Tomsk Polytechnic University, Lenin Avenue 30, 634050 Tomsk, Russia
4Institute of Nuclear Physics, Moscow State University, 119991 Moscow, Russia

We suggest a theoretical framework for the description of hybrid baryons (qqq g) bound states in
relativistic model dealing with constituent quarks and gluons as building block of such exotic states.
Our consideration will be based on the use of interpolating currents in terms of constituent quarks
and gluon. From our point of view physics of hybrid state is promising for searching higher-Fock
states in conventional hadrons – quark-gluon components.

I. HYBRID BARYONS

The hybrid baryons as bound states of three quarks in the adjoint color representation dimension 8 and a gluon can
be searched by the CLAS12 Experiment (Hall B) at JLab. It calls for a comprehensive study of such exotic states.
We propose a relativistic model dealing with constituent quarks and gluons as building blocks of exotic states.

One can expect that in the ground state of the hybrid its quark component is in the S-wave and symmetric color-
spin (CS) state classified by the [3]CS Young scheme. This configuration corresponds to the maximal color-magnetic
attraction of quarks in hybrid. In correspondence with the Pauli exclusion principle such a hybrid baryon is fully
antisymmetic in the flavor (F ) space, where its Young scheme is [13]F . Therefore, this state must have quite definite
flavor content (uds). Such flavor stucture of the hybrid state stimulates intensive production of strange particles in
the reactions of photo- and electroexcitation of low-lying hybrid baryons. For example, one expects enhancement of
the K meson production due to the process γ∗ + p → N + 2K (see left diagram in Fig.1), in which the role of the uds
component of the hybrid baryon is very important. Production of hybrid baryon Λ∗g

1/2+ is a nonperturbative process,

in which a gluon produced by interacting by highly energetic photon with quark is conversing into a constituent gluon
g in the g + uds configuration. Formation of the low-lying configuration g + uds is followed by emission of K meson.
It is possible a capture of emitted K mesons and production of a second hybrid resonance with quantum numbers of
baryon with negative parity N

∗g
1/2−

(see right diagram in Fig.1), which must with big probability decay via nonstrange

channell (N + π, N + η, etc.). Note that a study of processes with hybrid baryons gives a possibility to test a 3q + g

Fock component in conventional bayrons (like nucleons, hyperons, etc.). For example in diagrams shown in Fig. 1 we
propose that electroexcitation of hybrid baryons occurs due to a presence of 3q + g component in proton.

Our consideration will be based on the use of interpolating currents in terms of constituent quarks and gluon.
In paricular, the interpolating current describing a coupling of three quarks in the adjoint color representation of
dimension 8 with color constituent gluon with JP = 1+ reads

Jijk = εabc Gad
µν γµqd

i qb
j Cγνqc

k , (1)
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FIG. 1: Diagrams describing electroexcitation of hybrid baryons. Solid circles denote the couplings of baryons with their
constituents.
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FIG. 2: The hybrid baryon mass operator.

where C = γ0γ2 is the charge conjugation matrix; i, j, k are the flavor indices; a, b, c, d are the color indices. Here qa
i

and Gad
µν are the fields representing quark and stress tensor of gluon, respectively.

The corresponding phenomenological Lagrangians describing the coupling of hybrid baryon B with its interpolating
current is given by

LB(x) = gB B̄ijk(x)Jijk(x) + H.c. (2)

where Jijk(x) is nonlocal extension of the interpolating current introduced in Eq. (1)

Jijk(x) =

∫

d4x1 . . . x4 F
(

∑

i<j

(xi − xj)
2
)

εabc Gad
µν(x4) γµqd

i (x1) qb
j(x2)Cγνqc

k(x3) , (3)

and F
(

∑

i<j

(xi − xj)
2
)

is the correlation function describing the distribution of three quarks and a gluon in a hybrid

baryon. Such Lagrangian is an extension of relativistic quark model for mesons, baryons and tetraquarks proposed
and developed in Refs. [1, 2]. The coupling constant gB is calculated from the compositeness condition [3]

ZB = 1 − Σ′

B(mB) = 0 , (4)

where mB mass of the hybrid baron and Σ′

B is the derivative of its mass operator, which is described by the diagram
in Fig.2. Note, the compositeness condition is the powerful method in quantum field theory for study of composite
bound states (hadrons, glueball, hybrid, hadronic atoms and molecules, multiquark states), which was extensively
used in Refs. [1, 2, 4].
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