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Abstract: Based on an equivparticle model incorporating both confinement and leading-order perturbative interac-
tions, we fit the model parameters to the experimental masses of p, n, A, and A. It is found that the equivparticle
model well reproduces the mass spectra of light baryons. Distinctive correlations of the confinement strength D, the
strong coupling constant «,, and quark mass factor f with respect to the perturbative strength C are obtained, which
can be well approximated by analytical formulae. The color-magnetic part of one-gluon-exchange interaction plays a
significant role on the mass spectra of light baryons, which causes a mass gap of up to 300 MeV between baryons
with spins J = 1/2 and 3/2. By adopting different strong coupling constants for a pair of quarks with strangeness, the
hyperon masses can be better described with the model parameters fitted to the masses of ¥ and =. The equiv-
particle model developed here with constrained parameter sets are then applicable to the investigation of exotic states

such as ud QM nuggets, strangelets, and compact stars.
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1 Introduction

Quantum Chromodynamics(QCD) predicts the exist-
ence of quark states beyond mesons and baryons, where the
number of quarks can exceed three, e.g., multiquark states,
multibaryons, nuggets and compact stars made of quark
matter. However, due to its nonperturbative nature and in-
famous sign problem in lattice simulations, currently we
have to rely on various QCD inspired effective models to
unveil the properties of those objects. For example, the
multibaryons were investigated with the bag modell! ™7,
nonrelativistic  quark  cluster model® 'l Skyrme
modell'?713] and diquark modell'®). The interaction among
multibaryons with strangeness, i.e., strangeons, were in-
vestigated with quark cluster modell!'”]] extended T-w-p
mean-field modell'8], Lennard-Jones potential modell'%],
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linked bag model?°2!], and so on. The properties of quark

matter were examined in the framework of bag
modell?2723], Nambu-Jona-Lasinio (NJL) model(?4], per-
turbation model[zs], field correlator method[26], quasi-
particle modell?7732], equivparticle model®3737], erc.

These models, to some extent, have large ambiguities
on their predictions of exotic quark states as the model
parameters and assumptions are not very well constrained.
For example, the H-dibaryons were speculated to be a
stable state in the bag modell! 2] while recent lattice QCD
simulations suggests H-dibaryons are weakly bound or un-
bound®** 31 In a large parameter space in models such as
bag model, it was shown that strange quark matter (SQM)
comprised of approximately equal numbers of u, d, and s
quarks are more stable than nuclear matter**"#1 which

permits the existence of strangelets[zl 447461 nuclear-
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ites! 78] meteorlike compact ultradense objects[49], and

strange starsl>032]. However, in models with spontaneous
chiral symmetry breaking, SQM is unstablel>> 34, while
the nonstrange quark matter (udQM) could be the true
ground state®>]. In such cases, there may be ud QM nug-
gets[5 3737 and nonstrange quark starsP>87031,

Due to the large uncertainties in model predictions and
their significant implications, it is essential to constrain the
model parameters according to various experimental and
observational data. The purpose of our current study is thus
to constrain the model parameters of equivparticle model
according to the experimental mass spectra of light bary-
ons with spins J =1/2 and 3/2. For those consistent with
the experimental baryon masses, distinctive correlations
between the model parameters are identified. The color-
magnetic part of one-gluon-exchange interaction was
shown to play an important role on the mass spectra of light
baryons, which becomes weaker for baryons with strange-
ness. The model parameters fixed here can be readily ap-
plied to the investigation of exotic states such as ud QM
nuggets, strangelets, and compact stars.

The paper is organized as follows. In Sec. 2 we
present the theoretical framework of the equivparticle mod-
el, where the properties of baryons are obtained in mean
field approximations with quarks occupying the 1s,, or-
bits. The numerical results that best reproduce the baryon
spectra are then presented in Sec. 3, where the correlations
of the confinement strength D, the strong coupling con-
stant «,, and quark mass factor f with respect to the per-
turbative strength C are identified and indicated with ana-
lytical formulae. We draw our conclusion in Sec. 4.

2 Theoretical framework

2.1 Quark mass scaling

In the framework of equivparticle modell33737, 64=79],

the strong interactions among quarks are accounted for with
density and/or temperature dependent quark masses, where
the mass of quark i is fixed with

m, =mio+m1({nj},T). (N

Here n; represents the number density for quark flavor j,
T the temperature, and m,, =2.16 MeV, m,, = 4.67 MeV,
m, =93 MeV the current masses of quarks®®* 8!l To re-
flect the effects of quark confinement as in bag model, the
density dependent quark masses for zero temperature cases
are parametrized asl33: 33

B
mI(nb) = 37, (2)
b

where B is the bag constant and n, = 3,_, /3 the bary-
on number density. Alternatively, a cubic-root scaling is

derive from the linear confinement and leading-order in-
medium chiral condensate[64], ie.,

my(n,) = Dn;'/3 , 3)

where D = -3(2/m)'Pon*/ ¥, (qq), represents the confine-
ment strength with o being the string tension, n* =~ 0.49
fm™ the chiral restoration density in the linear
expression[gz], and } (qq), the sum of vacuum chiral con-
densates. Further consideration of one-gluon-exchange in-
teraction suggests[71]

my(n,) = Dn;'" = Cn}" 4)

b

while C=-4(2/m)' an’/ ¥, (qq), varies with the strong
coupling constant «,. Incorporating the leading-order per-

turbative interactions at ultrahigh densities, we have
found!””!

my(n,) = D' +Cn,[%, )

2/3  [2a

3 °

where the perturbative strength C =« An isospin
dependent term was also introduced to examine the im-

pacts of quark matter symmetry energy, which was given
by

m,(n,, 8) = my+Dn;'” —1,6D,ne ™" ©6)

with 7, being the third component of isospin for quark fla-
vor i and 6=3(n,—n,)/(n;+n,) the isospin
asymmetry[76]. Recently, we have proposed a similar mass
scaling[57]

my(n,, 0) = Dn;”3 + Cnll,/3 + C,62nb, @)

where C, corresponds to the strength of symmetry energy
and is sensitive to the strong interactions among

quarks[62-63. 76, 83-86]

2.2 Lagrangian density
The Lagrangian density of the equivparticle model is
determined by

L= Z'pl [i)”lau —m,— eql.y“AH] v, - %AWA”V, ®)

where i, represents the Dirac spinor of quark flavor i, m,

the mass, ¢, the charge (g, =2e/3 and g, =q,=-e/3),
and A, the photon field with the field tensor

A,=0A,-0A,. 9
The strong interactions are considered with density-depend-

ent quark masses in equivparticle model, where the quark
mass in Eq. (8) varies with baryon number density, i.e.,

m,(n,) = fmy+Dn,'" +Cn)”. (10)

Note that we have considered both the linear confinement
and leading-order perturbative interactions as in Eq. (5),
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while the current quark masses m,, are multiplied by a tegrating the density »,(r) in coordinate space as

factor f to account for the running quark masses. N = (402 4 16

Adopting the Euler-Lagrange equation, one obtains the i j 7 n(rydr. (19)

equation of motion for quarks
7 (10, —eqA, = V0,0 )¢, = m,. (11

The term V, arises from the density dependent quark
masses, i.e.,

Vy=5-— v, (12)

The equation of motion for photons is given by

oA = eZ Gy, =e Z T (13)

2.3 Spherical case

For a spherically symmetric system, the Dirac spinor
of quarks can be expanded as

iG,, (1)

Y6, 9), 14
F}’lK( ) A ] ¢ ( )

lﬁnkm( ) = [
with G, (r)/r and F, (r)/r being the radial wave functions
for the upper and lower components, while Y7, (6, ¢) is the
spinor spherical harmonics, i.e.,

V= DL s imYyx, (15)

L,s.

The quantum number « is defined by the angular momenta
(1, j) as k= (—1)*"'2(j+1/2). The Dirac equation for the
radial wave functions in mean-field approximation is then

fixed by
d
‘/i+ml Tt Gnk Gm(
A« )=enk[ ] (16)
— 4+ - V[_—m FIIK Fnk
dr

with the single particle energy ¢, and the mean-field vec-
tor potential

1d
I Z n; +eqA,. (17)

‘/i=VV+eQi 3d
bzuds

For given radial wave functions, the scalar and vector
densities of quarks can be determined by

N;
mn =1 Z (G IF ~IFF]. (182)
1N’ 2 2
n(n= 7 D [IGuF +IF,0F]. (18b)

k=1

where the quark numbers N, (i =u, d, s) are obtained by in-

The energy of the system can be obtained with

Ni
E,= Z Ei— f27rr2[6nb Vy, +en, A ldr. (20)

i,k=1
For given C, D and f, we solve the Dirac Eq. (16), mean
field potential Eq. (17), and densities Eq. (18) inside a box
by iteration in coordinate space with the grid width 0.001
fm. The box size varies with quark numbers and is fixed at

vanishing densities.

2.4 Center-of-mass correction

The obtained solution for a baryon can be viewed as a
wave packet of the physical particle with various total mo-
mentum P, where the actual mass M, canbe approxim-
ately obtained with(87]

=<\/M§+P2> ~ M3+ (P, @1

The energy E, is determined by Eq. (20). And the expecta-
tion value of the squared total momentum (P?) is obtained
as in Ref. [88]. Then the center-of-mass corrections are in-
troduced via the parameter |~ with

) e

Finally, the mean-square radius and mass are obtained with

o o 90 3
<r>_[<r>0 4M§(I“2—1)}2F2+1’ @3)
EO
Mo=7, (24)

where M, stands for the mass of the corresponding baryon
and Q the charge number.

2.5 One-gluon-exchange interactions

The one-gluon-exchange interaction is treated as a cor-
rection to the mass of Eq. (24) which is obtained with

- 3 [ 75

i<j

.ﬁ”<r)JC<r>> (25)

According to the quark wave functions in Eq. (14), the col-
or current of quark i is given by

C

A
Jﬂm—g—unmwwz (26)

C

IEG) = 5 A ML 00F (Exa). @)
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H3M
where
I,'(r,') = IGi(r,')lz + |Fi(r,')|2’ (28)
M(r)=Gi(r)F.(r)+G(r)F;(r). (29)

The one-gluon-exchange interaction can be divided into the
color-electric and -magnetic parts. To simplify our calcula-
tion, we neglect the self-energy diagram and the color-elec-
tric part of one-gluon-exchange interaction, which are ex-
pected to be included in the quark mass scaling[m. For the
cases with /=0 (occupying the ls , state), we have
Y16, $)I* = 1/4n. Then Eq. (25) for baryons is finally re-
duced to

Zozij R Ti M/-(}")
AM = Z Ta,;jjo M,.(r,.)f0 ——drdr,.  (30)
i<j

The interaction coefficients from quark spins are fixed with
a,;=(0, 0,)=28,(S,,+1)-3, (1)

where S, ;=0 or 1 is the total spin of the pair of quarks i
and j. The total baryon mass is finally obtained by adding
the corrections to Eq. (24), i.e.,

M=M,+AM. (32)
3 Results and discussions

Based on the formulae introduced in Sec. 2, the bary-
on masses are then fixed by Eq. (32), which include both
the center-of-mass corrections in Eq. (24) and color-mag-
netic part of one-gluon-exchange interactions in Eq. (30).
We then fit to the mass spectra of baryons with angular mo-
mentum /=0 and masses M < 1.35 GeV at C=-1, 0.5,
-0.2, 0, 0.2, 0.5, 0.7, 1, where the experimental baryon
masses are taken from Particle Data Group[gl]. The ob-
tained parameter sets that best reproduce the experimental
values are indicated in Table 1.

Table 1  The parameter sets that best fit the experimental
baryon spectra for the quark mass scaling in Eq. (10)
and the strong coupling constants. The current masses
of quarks are taken as my=2.16"0% MeV,
my, = 467704 MeV, and m, = 93*11 MeVIEO-811,

-0.17
C VD f o af a
-1 190.06 2.79 0.654 0.476 0.170

-0.5 169.44 2.50 0.857 0.621 0.299

-0.2 157.30 2.50 1.026 0.774 0.149
0.0 150.59 2.39 1.155 0.857 0.237
0.2 144.58 2.32 1.321 0.995 0.296
0.5 135.42 2.28 1.610 1.230 0.197
0.7 130.12 2.24 1.846 1.421 0.194
1.0 122.88 2.19 2.287 1.778 0.178

To illustrate our results, in Fig. 1 we present the ob-
tained baryon masses by taking C=-1, 0, 0.7, and 1,
where the corresponding parameter sets are listed in Table 1.
In particular, we first fix the parameters D, f, and "
(1=u,d) by reproducing the masses of p, n, A, and A.
According to the quark mass scaling in Eq. (10), the con-
finement ( D) and perturbative (C') interactions provide the
bulk properties of baryon mass spectra, where a distinctive
C-D correlation can be obtained. The fine structures such
as the mass differences between nucleons N (p, n) and A -
hyperons 4M,, determines f, while 4AM, determines the
strong coupling constant a! for the color-magnetic part of
one-gluon-exchange interaction. Based on those parameter
sets and assuming unified strong coupling constants
a® =a” =a!', we then estimate the masses of other bary-
ons, which are indicated by the dots connected by dashed
lines in Fig. 1. It is evident that our model slightly underes-
timates the masses of ¥, = and overestimates the masses
of their excited states ¥*, = as well as Q. The slight devi-
ations from the experimental baryon masses could be attrib-
uted to the variation of strong coupling constant on quark
masses, which is in principle running with the energy scale.

1.8
1.7}
L L6t
S5t
214}
= 1al
S,
‘% 1.2+
L1}

o Exp.

=
A

1.0
0.9

P 0 AT IS EIE A AN AT TEEEQ

The obtained masses of baryons consisting of light
quarks adopting the parameter sets indicated in Table 1.
The dots connected by dashed lines are fixed by taking
unified values for strong coupling constants
o =¥ =al', while those connected by the solid lines
(indicated in Table 2) adopt strong coupling constants
that vary with the contents of interacting quark
pairs.(color online)

Fig. 1

To better reproduce the mass spectra of light baryons,
we thus adopt different strong coupling constants for quark
pairs with strangeness, i.e., @ # @ # a!'. The strong coup-
ling constants are then fixed by fitting @ to the mass of x°
and o to the masses of =, which are indicated in Table 1.
Then the mass corrections 4M from the color-magnetic
part of one-gluon-exchange interactions are modified for ¥,
=, ¢, = and Q. The obtained mass spectra are indicated
by the dots connected by the solid curves in Fig. 1, where
the agreement between predicted and experimental values
is obviously improved. In particular, the experimental val-
ues of baryons with M < 1.5 GeV are well reproduced. For
more massive baryons = and Q, our model slightly under-



+ 306 -

o7 &% ® A

estimates their masses. Nevertheless, the deviation de-
creases if we adopt negative C, which in principle incor-
porates the color-electric part of one-gluon-exchange inter-
actionsl’ !,

The numerical results correspond to the dots connec-
ted by the solid curves in Fig. 1 are presented in Table 2.
The root-mean-square deviations o from the experimental
values of N = 18 baryons are indicated, which are fixed by

N
o= | D (Ml = MY IN (33)
i=1
with M., and M,
baryon masses. It is found that o is generally on the order
of 10 MeV and increase with C. Note that for baryons with
spin J =1/2, quarks form pairs with total spin § =0 and
1 as indicated in Table 2, which determines the interaction

being the numerical and experimental

coefficients q,; for the color-magnetic part of one-gluon-
exchange interaction in Eq. (31). For baryons with spin

J =3/2, all three quarks' spins are aligned.

In Fig. 2 we present the center-of-mass correction
parameter ", the root-mean-square radius V(r?) and the
mass correction )M from the color-magnetic part of one-

—_

—

W
T

—

—_

(=)
T

—_

(=]

w
T

i1

<p>>12/fm
o

1.0

QGLL

100

|
|

|

AM/MeV
o

—100 -

—o0 |
3 =

>
-

P nASIOS EIE A AA AT TEEEQ
Fig. 2 The center-of-mass correction parameter 1, the root-
mean-square radius +/(r2) and the mass correction 4/

from the color-magnetic part of one-gluon-exchange
interactions obtained with Egs. (22), (23) and (30).

(color online)

Table 2 The masses M_, for baryons with given spins J and parities p, which are obtained with Eq. (32) adopting the parameter

sets listed in Table 1. For baryons with J* = { , the quark pair q; and g, with a total spin S is indicated by 9,(q;9,)s > which

determines the interaction coefficients according to Eq. (31). The root-mean-square deviation o (in MeV) for each parameter

sets are presented, where the experimental masses M., are taken from the Particle Data Group!®l,

M Mev

JP Baryon Quark content M.y, MeV c- c-o Cc—07 o1
p u(ud), 938.272 046(21) 938.0 938.0 936.4 935.5
n d(ud), 939.565 379(21) 941.4 941.8 940.5 939.7
A s(ud), 1 115.683(6) 11145 1113.7 1115.6 11155
- s+ s(uw), 1189.37(7) 1189.4 11889 1188.6 1188.5
2 30 s(ud), 1192.642(24) 1192.6 1192.6 1192.6 1192.6
- s(dd); 1 197.449(30) 1198.1 1198.1 1198.1 1198.1
=0 u(ss), 1 314.86(20) 13154 13153 1315.2 1315.2
=- d(ss), 1321.71(7) 13212 13213 1321.4 1321.4
A~ ddd 1232(2) 1236.9 12373 12372 12375
A? udd 1232(2) 1231.4 12323 1232.6 1233.0
A* uud 1232(2) 1227.8 12285 1228.8 1229.2
AT* uuu 1232(2) 12262 1226.3 1226.0 1226.3
- - dds 1387.2(5) 1391.4 1381.8 1378.8 1377.0
: 0 uds 1383.7(10) 1386.1 1376.8 1374.0 1372.4
T uus 1 382.80(35) 1382.7 13732 13703 1368.6
= dss 1 535.0(6) 15293 1514.6 1508.3 1505.2
=0 uss 1531.80(32) 1524.1 1509.6 1503.4 1500.4
Q sss 1672.45(29) 1651.3 16353 1624.2 1620.2
o= Zi(Méal —Méxp)z/N 6.0 11.9 15.4 16.8
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gluon-exchange interaction, which are in correspondence to
the baryon spectra indicated in Fig. 1 and Table 2. For ba-
ryons obtained with different parameter sets, it is found that
the center-of-mass correction parameter [ is generally in-
versely proportional to the root-mean-square radius V{(72),
which is due to the enhancement of kinetic energy of
quarks as baryons become more compact. Nevertheless, the
variation of I share similar trends as that of V/(#2), where
the strange quark mass plays the leading role. The mass
corrections AM of p, n, A, and A from the color-mag-
netic part of one-gluon-exchange interactions are invariant
to the adopted parameter set, which is mainly because we
fit our parameter sets based on those baryons. If we exam-
ine other baryons, as indicated by the dashed lines, slight
variations are observed for hyperons when we take
a® = a® =a!' (dashed lines). Similar situation is observed if
we take o # o # o, where 4M varies little for ¥ and =
since @ and @ are fixed according to their masses. This
suggests that the mass correction /M from the color-mag-
netic part of one-gluon-exchange interactions is insensitive
to the adopted model parameters, which are expected to
play important roles in color superconductivity in dense
quark matter!®®] the strength of symmetry energy coeffi-
cient C, of quark matter as in Eq. (7), as well as the strong
interactions among baryons[%].

As indicated in Table 1, we have considered addition-
al four parameter sets with C =-0.5, —-0.2, 0.2, and 0.5,
where the parameters D, f, o', o, and o are fixed in a
same manner. The parameters that best reproduce the ex-
perimental baryon spectra are then plotted in Fig. 3, which
can be well approximated by the following formulae, i.e.,

VD =90x 1.443°€ +60.5, (34)
a' =0.97x2.14+0.2, (35)
f=127°+14, (36)

a® =0.79x2.14° +0.09, (37)
a®=02. (38)

It is found that the confinement strength D (in MeVz) de-
creases with the perturbative strength C, which is attrib-
uted to the fixed masses of baryons as both confinement
and perturbative interactions contribute positively to the
total mass. The mass factor f ranges from 2.19 to 2.79,
suggesting the strange quark mass should be at least 210
MeV to account for the mass difference between N and A.
This has significant implications on the stability of strange
quark matter, where ud quark matter might be more
stable[®>]. Meanwhile, we note f decreases slightly with C,
where the mass difference 4M,, is mainly from fm in-
stead of its kinetic energy as the baryons become less com-
pact. In this work, we have considered two scenarios for the

strong coupling constants of one-gluon-exchange interac-
tions, i.e., a unified value with o, = a® =a® =a! and fla-
vor-dependent ones with a* # o # ! . To better describe
the masses of hyperons, it is found that o <a® <o,
which is reasonable as «, should decrease with the total
mass of each quark pair. Meanwhile, the strong coupling
constants generally increase with C, which may be attrib-
uted to the running coupling constant with respect to the
density or radius, e.g., those in Ref. [91].

The relative differences between our calculation and
the experimental baryon masses are indicated in Fig. 4,
where the strong coupling constant are flavor-dependent.
The root-mean-square deviations for the cases with unified
strong coupling constant, flavor-dependent strong coupling
constant and light baryons with M < 1.35 GeV are indic-
ated in the lower panel of Fig. 3, which are obtained with
Eq. (33) at N=18, 18 and 12, respectively. As C in-
creases, it is found that o decreases if unified strong coup-
ling constant is adopted. Meanwhile, as indicated in Fig. 4,
the deviations from the experiment baryon masses in-
creases with C for flavor-dependent strong coupling con-
stant, i.e., o increases with C. Since we have fitted our
parameters according to the masses of p, n, A, A, T and
=, the relative deviations are much smaller for light bary-
ons with M < 1.35 GeV in comparison to heavier ones.
Then the root-mean-square deviation o ~ 2.5-3.9 MeV and
is insensitive to the parameter sets adopted here. In such
cases, we expect the model parameters indicated in Table 1
are best applied to systems with small baryon chemical po-
tentials y, < 1.35 GeV.

VD/MeV

M<1.35 GeV
M
0 1 1 1 I 1
-1.0 0.5 0.0 0.5 1.0
C

Fig.3  The fitted parameters for the quark mass scaling in
Eq. (10), the strong coupling constants, and mass the
root-mean-square deviation o as functions of paramet-

er C.(color online)
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Fig. 4 The relative differences between the obtained masses
of baryons and their experimental values. The baryons
are all comprised of light quarks with masses M., < 1.7
GeV. (color online)

In Table 3 we present the mass gaps of baryons in
various isospin-multiplets, which indicate the isospin
breaking effects in baryons and are fixed by
MU, I,-1)-MU,1,) or [M{U,1,-2)-M(,1,)]/2. The
corresponding quark mass splitting is obtained with
dm, = f(my —m,), where the mass factor f indicated in
Table 1 is adopted. Evidently, the mass gaps in isospin-
multiplets are generally small comparing with baryon
masses, which is attributed to the small mass differences
Am,, between u and d quarks. The mass gaps are domin-
ated by 4m,, which are slightly dampened due to the
nonzero kinetic energy of quarks. The Coulomb interaction
contributes ~0.5-1 MeV to the masses of baryons with
charge number Q = +1, which reduces the mass splitting
for nucleons N but increases for = and =*. The one-gluon-
exchange interaction usually works against the isospin
breaking effects except for =, e.g., the corresponding con-
tributions to the mass splittings for N, ¥, =, A, ¥* and =
are —0.17, —0.02, 0.67, —0.17, —0.31 and —0.34 MeV at
C =0, respectively. Comparing with the experimental val-
ues, our model slightly overestimates the mass gaps for N,
¥, ¥, =* and underestimates that of =. This could in prin-
ciple be improved by reducing 4m . In general, the mass
gaps obtained in our equivparticle model vary little with re-
spect to the adopted parameter sets and deviate slightly
from the experimental values (< 3 MeV).

Table 3 Baryon and quark mass gaps (in MeV) of isospin-
multiplets, which are fixed by varying the third com-
ponent of isospin 47, = 1.

c -1 -05 -02 0 02 05 07 1 Exp.
N 34 34 38 38 41 41 42 42 13
Y 44 44 46 46 48 47 49 48 40
= 59 58 62 60 64 62 65 62 69
A 36 36 37 37 38 38 38 38 -

>* 44 44 43 43 42 42 41 42 22
52 53 49 50 47 49 46 48 32

*

[1]

dmy, 70 6.3 63 60 58 57 56 55 -

4 Conclusion

In this work we fix the parameter sets of equivparticle

model including both confinement and leading-order per-
turbative interactions, which are attained by fitting to the
mass spectra of baryons. Distinctive correlations of the con-
finement strength D, the strong coupling constant «,, and
the quark mass factor f with respect to the perturbative
strength C are identified and can be well approximated by
analytical formulae. Meanwhile, we have found that the
color-magnetic part of one-gluon-exchange interaction is
essential to explain the mass gap between baryons with
spins J = 1/2 and 3/2, which reaches up to 300 MeV. Two
sets of strong coupling constants for the one-gluon-ex-
change interaction between quarks are considered in this
work, i.e., unified and flavor-dependent ones. If larger per-
turbative strength C is adopted, the deviation of model cal-
culations from experimental baryon masses increases for
unified strong coupling constants and decreases for flavor-
dependent ones. Based on the parameters fixed in this
work, the equivparticle model gives good prediction on the
masses of light baryons with M < 1.35 GeV, where the
root-mean-square deviation is approximately 3 MeV and
insensitive to the adopted parameter sets. We thus expect
that the equivparticle model with constrained parameter
sets are applicable to udQM nuggets, strangelets, and
quark matter with small baryon chemical potentials
i, S 1.35 GeV.
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FHRERBPNETREIR

L BHED, ke BRI B2 HIRES, om0 pE T8
(1. N R 2= R 2 S H AR =B, 195 441 225009;
2. I s B LR, VL% 15T 223800
3. WIR R KBS R e, IR T 411201;
4. ERER R E R E R AR R, J6RT 100049;
5. HERF 2B R R VBT AT KR 22 B B BT S0, dB T 1000495
6. 1R I K 2% 578508 K N F W L BE oG, K3 4100815
7. bR A AR, LA 1008715
8. AL KR RPN R SCFE M RARY B =R FT, A6 100871)

WHE: ESHRMEHUERT, FRAUEAV -—NHBRBELFEANTHABINEDP. n. AFARRTERRFE
BRSH, 2, FURERBRERF ML UF o XBNETRER. MAAREZD. BHEEF K URFR
FREETfEMKBECZEAHFLERR, FRGRIUABTAREL, RILZI, ERTREHLERANEH
HorrETREtFRAERAERN, ANTIEERI=12M32MNETZENREEZRFHLE 300 MeV. AT EHFH
HRETHE, S TEGARTAN ML AWEEERARNA - I RATANEESH K, LAKNELS
HELY G MENRERE ., ETATHRIANEFRMELE LKA, P EFHBRA WS TN TE. 77T
UREEE,

Kigie: ETRER; FUMEEE; ERTREMELHEH

is B EA: 2022-08-02; &2t HER: 2022-08-20

EEWR: B x E A& T SKA L B H (2020SKA0120300, 2020SKA0120100); [ 5 [ SR R 2 3 4 % B0 B (12275234, 12105241,
11875052, 12005005, 12205093, 11673002); T&iL2 K AA 51 R 5 3h3E 4 (Xia02022XRCO61)

T BEES: E9E, E-mail: cjxia@yzu.edu.cn
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