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Recently, a method to study mesons and baryons from the levels of quarks were proposed.
This method is inspired from the bosonization of the NJL model. In order to describing
baryons, diquark degrees of freedom are included in the NJL model with respecting chiral
symmetry. The chiral quark-diquark model is hadronized to study mesons and baryons
through the hadronization procedure of path-integral formula. Ebert et al[1] and Abu-raddad
et al[2] formulated the hadronization of the chiral quark-diquark model. They have calculated
some quantities for the properties of nucleons. We have also studied the structure of the
Nuclear force using the method[3]. In order to describe nucleons, two types of diquarks are
needed: Lorentz scalar, iso-scalar type and Lorentz axial-vector, iso-vector type. So far,
these works[1, 2, 3], however, included only scalar diquarks. In this brief report, we study
the masses of nucleons with including both of two diquarks.

The chiral quark-diquark model is given by

L = x(p—mg—M)x + DNO* + MZ)D + D [(0* + M3) g — 0,0,] D"
+ G (sinO XYY 7 EL + cosf )ZDT) (sin0 D, -74"y°x + cosf DX) . (D)

where x, D, D and M are constituent quark, scalar diquark, axial-vector diquark and meson
fields, mgy, Mg and M, are the masses of quarks, scalar diquarks and axial-vector diquarks.
Here my, Mg and M, are self-consistently determined in the NJL model, by solving the Gap
equation and Bethe-Salpeter equation. G and 6 are quark-diquark coupling constant and the
mixing angle of scalar and axial-vector diquarks. Baryon fields are introduced as auxiliary
fields B ~ sinfD,, - Ty v5x + cos @Dy. After integrating out the quark and diquark degrees
of freedom, we obtain the meson-baryon Lagrangian[2].

In our model, the self-energy of nucleons are given by Fig. 1. The self-energy diagrams
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are expressed as
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Ly = B(p) |cos® 0L 5(p) + sin” 03 4(p) — Ve B(p). (2)

Here, we should note that the scalar and axial-vector part have logarithmic and quartic diver-
gences. We employ the Pauli-Villars regularization method in order to maintain important
symmetries. The scalar part is regularized by one Pauli-Villars counter term with a cut-off
paremeter Ag, and the axial-vector part is regularized by two Pauli-Villars counter terms
with cut-off parameters Ajo. ¥g 4 are then decomposed into

S5,4(p) = S5 A(P)P + T3 .4- (3)



In Eq. (2), B represents the bare nucleon fields. Physical nucleon fields are obtained by the
following condition

B(p) [cos* 055(p) +5in* 04(p) — =| B) = B)Z 18— Mw)B() (4)

= Bphys(p)(zé _MN)BPhys(p)' (5)

where Bppys = VZ~'B, and Z and My are determined by

Z71 = Z(My) +ZH(My) + 2MK (28 (M) + 24 (My))
+ 2My(58(My) + X5 (My)), (6)
My = |5 - hy) - 20)| 2 (7

where primes represents 9/0p®. Solving Eq. (7), we obtain masses of nucleons for various
values of G and 6. Results are shown in Fig. 2. We find that as G becomes large, the mass
becomes light. This is easily understood from the fact that G is the quark-diquark coupling
constant. As G increases, quarks and diquarks are strongly bound, then nucleons become
light. On the other hand, as # increases, the masses become heavy. The reason is that the
contribution of axial-vector diquarks are repulsive. The ratio of axial-vector diquarks become
large, the repulsion become large and nucleon become heavy.

Since we cannot determine G and @ in this step, we have shown typical values of G and 6
to obtain reasonable values of masses. In order to determine these values, we must calculate
some other observables, mangentic moments, the axial-coupling constant and so on. Now,
we progress such a work.
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