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Spectroscopy and Regge trajectories of heavy baryons in the relativistic quark-diquark picture
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Mass spectra of heavy baryons are calculated in the heavy-quark-light-diquark picture in the frame-
work of the QCD-motivated relativistic quark model. The dynamics of light quarks in the diquark as well
as the dynamics of the heavy quark and light diquark in the baryon are treated completely relativistically
without application of nonrelativistic v/c and heavy quark 1/m, expansions. Such an approach allows us
to get predictions for the heavy baryon masses for rather high orbital and radial excitations. On this basis
the Regge trajectories of heavy baryons for orbital and radial excitations are constructed, and their
linearity, parallelism, and equidistance are verified. The relations between the slopes and intercepts of
heavy baryons are considered and a comparison of the slopes of Regge trajectories for heavy baryons and
heavy-light mesons is performed. All available experimental data on heavy baryons fit nicely to the
constructed Regge trajectories. The possible assignment of the quantum numbers to the observed excited

charmed baryons is discussed.
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L. INTRODUCTION

Recently significant experimental progress has been
achieved in studying heavy baryon spectroscopy. In the
last five years the number of the observed charmed and
bottom baryons almost doubled and now it is nearly the
same as the number of known charmed and bottom mesons
[1]. Observations of new charmed baryons were mainly
done at the B-factories, while new bottom baryons were
discovered at Tevatron [2]. It is expected that new data on
excited bottom baryons will come soon from the LHC,
where they are supposed to be copiously produced.
Because of the poor statistics, the quantum numbers of
most of the excited states of heavy baryons are not known
experimentally and are usually prescribed following the
quark model predictions [1].

In this paper we investigate heavy baryon spectroscopy
in the framework of the QCD-motivated relativistic
quark model based on the quasipotential approach [3,4].
To simplify the very complicated relativistic three-body
problem heavy baryons are considered in the heavy-
quark-light-diquark approximation. This reduces the
initial three-body problem to two-step two-body calcula-
tions. First, the light diquark properties, such as masses
and form factors are presented [4]. Then a heavy baryon is
considered as the bound system of a heavy quark and a
light diquark. In order to take into account the rather large
size and structure of the light diquark, its nonlocal inter-
action with gluons is described by the form factor
expressed in terms of the diquark wave functions. All
heavy baryon excitations, both orbital and radial, are
assumed to occur in the bound system of the heavy quark
and light diquark, while the latter is taken only in the
ground (scalar or axial-vector) state. Such a scheme sig-
nificantly reduces the number of excited baryon states
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compared to the genuine three-quark picture. The goal
of this paper is the calculation of the masses of the excited
heavy baryons up to rather high orbital and radial excita-
tions. This will allow us to construct the heavy baryon
Regge trajectories both in the (J, M?) and (n,, M?) planes,
where J is the baryon spin, M is the baryon mass, and 7, is
the radial quantum number. Then we can test their
linearity, parallelism, and equidistance and determine
their parameters: Regge slopes and intercepts. Their de-
termination is of great importance, since they provide a
better understanding of the hadron dynamics. Moreover,
their knowledge is also important for nonspectroscopic
problems such as, e.g., hadron production and high-energy
scattering. Since we are going to calculate highly excited
heavy baryon states it is important to use a fully relativistic
approach, which does not use the nonrelativistic v/c
expansion for light quarks and diquarks and does not
employ the heavy quark 1/m, expansion for the heavy
quark.

Heavy baryon spectroscopy has been extensively studied
in the literature [2,4—13]. Various quark models [2,4-8,13],
heavy quark 1/m, and 1/N, expansions [9], quenched and
unquenched lattice calculations [10,11], and QCD sum
rules [12] have been used. However, in all these calcula-
tions either masses of the ground-state baryons were ob-
tained or only a few lowest orbital and radial excitations
were considered. Therefore the Regge trajectories of heavy
baryons have not been constructed. Contrarily, the Regge
trajectories of light baryons received significant attention
[2,14-21]. The related investigations were performed on
the basis of quark models [14—17], empirical relations [19],
and in models based on the anti—de Sitter/QCD duality
[20,21]. It was shown that the highly orbitally excited light
baryons have an antisymmetric structure of the quark-
diquark type [14,15] and such configuration minimizes
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the energy [14]. Only in this case light baryon and meson
Regge trajectories have the same slope [14,15]", which is
in agreement with experimental data.

Several simple relations between slopes and intercepts
of light and heavy baryons have been deduced in different
models within QCD (see, e.g., [16,22,23] and references
therein). They were used for obtaining various linear and
quadratic mass relations between baryon masses [23].

The paper is organized as follows. In Sec. II we present
the relativistic quark-diquark model of heavy baryons.
First we discuss properties of light diquarks and give their
masses and form factors. Then a heavy baryon is consid-
ered as the bound system of a heavy quark and a light
diquark. The completely relativistic expressions for the
corresponding quasipotentials are given. In Sec. III the
heavy baryon spectroscopy is presented and discussed.
Our predictions for charmed and bottom baryon masses
are confronted with the available experimental data. The
obtained results are used for constructing the heavy baryon
Regge trajectories both in the (J, M?) and (n,, M?) planes.
The prescription of the observed baryon states to the
particular trajectory allows us to determine their quantum
numbers. Then we obtain slopes and intercepts of parent
and daughter trajectories and test the proposed relations
between them. Finally, a comparison of the slopes of the
heavy meson and heavy baryon Regge trajectories is per-
formed. We present our conclusions in Sec. IV.

II. RELATIVISTIC QUARK-DIQUARK MODEL
OF HEAVY BARYONS

In the quasipotential approach and quark-diquark pic-
ture of heavy baryons, the interaction of two light quarks in
a diquark and the heavy quark interaction with a light
diquark in a baryon are described by the diquark wave
function (W,) of the bound quark-quark state and by the
baryon wave function (Wp) of the bound quark-diquark
state, respectively, which satisfy the quasipotential equa-
tion of the Schrodinger type [3]

(bz(M ) p’
2ur  2pg
where the relativistic reduced mass is

M* — (m? — m3)?

3
)‘I’d,B(p)= [ équV(pyq;M)‘l’d,B(q), (1)

= 2
MR 4M3 ( )

and E|, E, are given by
E1=M2—m§+m%’ E2=M2—m%+m%' 3)

2M 2M
Here M = E| + E, is the bound state mass (diquark or
baryon), m,, are the masses of light quarks (g, and g,)
which form the diquark or of the light diquark (d) and

'Note that all these considerations were done for massless
scalar quarks.

PHYSICAL REVIEW D 84, 014025 (2011)

heavy quark (Q) which form the heavy baryon (B), and p is
their relative momentum. In the center-of-mass system the
relative momentum squared on mass shell reads

[M? — (my + my)*[M?* — (m; — mz)z]'

bM) = AM?

“)

The kernel V(p, q; M) in Eq. (1) is the quasipotential
operator of the quark-quark or quark-diquark interaction. It
is constructed with the help of the off-mass-shell scattering
amplitude, projected onto the positive energy states. In the
following analysis we closely follow the similar construc-
tion of the quark-antiquark interaction in mesons which
were extensively studied in our relativistic quark model
[3]. For the quark-quark interaction in a diquark we use
the relation V,, =V, ./2 arising under the assumption
about the octet structure of the interaction from the differ-
ence of the gg and gg color antitriplet and singlet states. An
important role in this construction is played by the Lorentz
structure of the nonperturbative confining interaction. In
our analysis of mesons, while constructing the quasipoten-
tial of the quark-antiquark interaction, we adopted that the
effective interaction is the sum of the usual one-gluon
exchange term with the mixture of long-range vector and
scalar linear confining potentials, where the vector confin-
ing potential contains the Pauli term. We use the same
conventions for the construction of the quark-quark and
quark-diquark interactions in the baryon. The quasipoten-
tial is then defined by the following expressions [3,24]

(a) for the quark-quark (gg) interaction in the color

antitriplet state

V(p,q;:M)=ii,(p)ii,(—p) V(p,q;:M)u,(q)ur(—q),
(5)
with

174
Vip.q:) = 5[ S D0t

3
+ Vo (OTT (k). (—K)

conf

+ Vgonf(k) ]’

(b) for quark-diquark (Qd) interaction in the color sin-
glet state

V(p, q; M)
AP JdQ) 4
_ PN & ()2 0,1, (K)y ug(q)
WEPED 23 7 e
PPN g, TV, (K uglg) ()
PPV, (Kug@ba(Q), ()

where a is the QCD coupling constant, (d(P)|J ,|d(Q)) is
the vertex of the diquark-gluon interaction which takes into
account the diquark internal structure, P = (E,(p), —p),

0 = (E,(q), —q), and E,(p) = 1’1’2 + M3 D,, is the
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gluon propagator in the Coulomb gauge, k =p —q; v,
and u(p) are the Dirac matrices and spinors

Ay e(p)+m 1 N
O el (—E<,‘,§ﬂm>*’ "

with e(p) = +/p* + m°.

(P+Q),

o 2+/Ea(p)Ea(q)

e (P+0), + ity

where k = (0, k). Here 27, is the antisymmetric tensor

and the axial-vector diquark spin S is given by (Sy.1); =
—igy;. We choose the total chromomagnetic moment of
the axial-vector diquark u, = 0 [25].

The effective long-range vector vertex of the quark is
defined by [3,26]

iK

where « is the Pauli interaction constant characterizing the
anomalous chromomagnetic moment of quarks. In the
configuration space the vector and scalar confining poten-
tials in the nonrelativistic limit reduce to

Vtg)nf(r) = (1 - S)Vconf(r)’ Vgonf(r) = SVconf(r): (12)
with

K, k= (0, k), (11)

Veont(r) = VS _(r) + VY _(r) = Ar + B, (13)

where ¢ is the mixing coefficient.

The constituent quark masses m, = m,; = 0.33 GeV,
my, = 0.5 GeV, m, = 1.55 GeV, m, = 4.88 GeV, and
the parameters of the linear potential A = 0.18 GeV? and
B = —0.3 GeV have the usual values of quark models.
The value of the mixing coefficient of vector and scalar
confining potentials £ = —1 has been determined from the
consideration of charmonium radiative decays [27] and the
heavy quark expansion [28]. Finally, the universal Pauli
interaction constant k = — 1 has been fixed from the analy-
sis of the fine splitting of heavy quarkonia *P, states [27].
Note that the long-range chromomagnetic contribution to
the potential in our model is proportional to (1 + «) and
thus vanishes for the chosen value of k = —1.

Since we deal with diquarks and baryons containing
light quarks we adopt for the QCD coupling constant
a,(u?) the simplest model with freezing [29], namely

dar

/.L2+M§ ’

:80 ln A2

2
as(/"“z) = BO =11 - gnf: (14)
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The diquark state in the confining part of the quark-
diquark quasipotential (6) is described by the wave functions

for the scalar diquark

4(p) =

for the axial vector diquark’

{id([))

where ¢, is the polarization vector of the axial-vector di-
quark. The effective long-range vector vertex of the diquark
can be presented in the form

for the scalar diquark

®)

— 2w+ aSrE - for the axial vector diquark,
N d

where the scale is taken as w = 2m;m,/(m, + m,), the
background mass is Mg = 2.24+/A = 0.95 GeV [29], and
A = 413 MeV was fixed from fitting the p mass [30]. Note
that an other popular parametrization of «; with freezing
[31] leads to close values.

A. Light diquarks

At the first step, we present the masses and form factors
of the light diquark [4]. As is well known, the light quarks
are highly relativistic, which makes the v/c expansion
inapplicable and thus a completely relativistic treatment
is required. To achieve this goal in describing light di-
quarks, we closely follow our consideration of the light
meson spectra [32] and adopt the same procedure to make

the relativistic quark potential local by replacing €, ,(p) =

‘/m%’z + p? — E;, (see (3) and discussion in Ref. [32]).

The quasipotential equation (1) is solved numerically for
the complete relativistic potential which depends on the
diquark mass in a complicated highly nonlinear way [4].
The obtained ground state masses of scalar and axial-
vector light diquarks are presented in Table 1.

In order to determine the diquark interaction with the
gluon field (d(P)|J,|d(Q)), which takes into account the
diquark structure, it is necessary to calculate the corre-
sponding matrix element of the quark current between
diquark states. This diagonal matrix element can be pa-
rametrized by the set of elastic form factors in the following
way:

TABLE I. Masses M and form factor parameters of diquarks. S

and A denote scalar and axial-vector diquarks which are anti-
symmetric [ - -] and symmetric {- - -} in flavor, respectively [4].

Quark content Diquark type M (MeV) & (GeV) ¢ (GeV?)

[u, d] S 710 1.09 0.185
{u, d} A 909 1.185 0.365
[u, 5] S 948 1.23 0.225
{u, s} A 1069 1.15 0.325
{s, s} A 1203 1.13 0.280
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(S(PIJ,1S(Q)) = hs (R*)(P + Q) (15)

(b) axial-vector diquark (d = A)

(AP,14(0)) = —[e5(P) - £4( QT ()P + Q) + hy(K*N[e5(P) - Qleq.,.(Q) + [£4(Q) - Pley, (P)}

+ s [e5(P) - Oey(Q) - PP + ), (16)
A

where k = P — Q and g,(P) is the polarization vector of
the axial-vector diquark.

The calculation of the matrix element of the quark
current J,, = gy*q between the diquark states leads to
the emergence of the form factor F(r) entering the vertex
of the diquark-gluon interaction [4]. Then the elastic form
factors in Eqs. (15) and (16) are expressed by

hy (k%) = hy(k*) = hy(k*) = F(k?), hy(k*) = 0,

where the form factor F(r) is given by the overlap integral
of the diquark wave functions. Using the numerical di-
quark wave functions we find that F(r) can be approxi-
mated with high accuracy by the expression [4]

F(r)=1— e ¢ ¢, (17)

The values of the parameters & and £ for the ground states
of the scalar [g, ¢'] and axial-vector {q, ¢'} light diquarks
are given in Table L.

B. Heavy baryons as heavy-quark-light-diquark
bound systems

At the second step, we calculate the masses of heavy
baryons as the bound states of a heavy quark and light
diquark. Since we are considering highly excited heavy

|

baryons, we do not expand the potential of the heavy-
quark-light-diquark interaction (6) either in p/mg, or in
p/my, and treat both light diquark and heavy quark fully
relativistically. To simplify the potential and to make it
local in configuration space we follow the same procedure,
which was used for light quarks in a diquark, and replace in
Egs. (6), (7), and (9):

(a) the diquark energies
M? — m} + M3
Ep) =P+ M E,=— 2 7
a(p) p d d M

(b) the heavy quark energies
M? — M3 + m?
= 2 + 2 E, = d Q.
GQ(P) \/P my °CT T oy

These substitutions make the Fourier transform of the
potential (6) local, but introduce a complicated nonlinear
dependence of the potential on the baryon mass M through
the on-mass-shell energies E; and E.

The resulting Qd potential then reads

V(r) = Vgi(r) + Vgp(r), (18)

where the spin-independent Vg;(r) part is given by

. 1 1 . 1
VSI(r) = VCoul(r) + Vconf(r) + %{5 (EZQ - sz + Ezzl - Mzzl)[VCoul(r) + V(K)nf(r)] + ZA[2VC0u1(r) + V(K)nf(r)]
V) (r)Lz} ! {—(E2 — VS, () + 1A<V (1) = Veont(r)
Coul o EQ(EQ + mQ) 0 Q/ Y conf 4 Coul conf
E, — E, +
- 2[—Q Mo (142 mQ]VCVOHf(r))}. (19)

Here A is the Laplace operator and V¢, (r) is the smeared Coulomb potential, which accounts for the diquark internal
structure

N 4 F(r)
VCoul(r) == gas—'
The structure of the spin-dependent potential is given by
3
VSD(r) = alLSd + azLSQ + b[_SdSQ + —Z(Sdr)(SQl'):I + CSdSQ, (20)
r

where L is the orbital angular momentum; S, and S, are the diquark and quark spin operators, respectively. The
coefficients a;, a,, b, and ¢ are expressed through the corresponding derivatives of the smeared Coulomb and confining
potentials,
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1 1 Md I Ed+Md ] 1 1[( Ma Ed )
- + VIV + _ + Zd /V
ay, = Md(Ed T Md) rl: Coul(r) conf(r) Mg 2M conf(r) EQ , Coul(r) > M conf(r)
E,(E;,— M E, —
+_d< d d 4 Lo mQ>V/S f(r)]’ @1
Md EQ‘I’WlQ Ed+Md con
I 1 Eyp— Eop+m 1
a = { Coul(r) [M - (1 + K) Qi]végnf(r)} e
1 o Eg+mg7. v
X ; VCOu](r) Conf(r) -2 T - (1 + K)W Vconf(r) s (22)
=3 By Vo)~ V)~ 5 [T 1+« )TQ][;VC’XM(H —vmn ]l e
== AV — 20 (140222 AvY (Nt 24
¢ =3 (Ve = B [FE T - (14 g PG T vy @4

Both the one-gluon exchange and confining potential con-
tribute to the quark-diquark spin-orbit interaction. The
quasipotential (18)—(24) generalizes the one obtained pre-
viously in the framework of the heavy quark 1/m expan-
sion [13]. Note that the expansion of the extended potential
(18)—(24) up to the second order in 1/ mg and the subse-
quent substitution of the quark energies e,(p) by the
corresponding energies on mass shell E, reproduce the
potential of Ref. [13].

For the scalar diquark (S; = 0) only the term (22),
responsible for the heavy quark spin-orbit interaction,
contributes to the spin-dependent potential (20), whereas
for the axial-vector diquark (S, = 1), all terms (21)—(24)
contribute to the spin-dependent potential (20). Solving
numerically Eq. (1) with the complete relativistic quasipo-
tential (18) we get the baryon wave function W. Then the
total baryon wave function is a product of W and the spin
function Uy (for details see Eq. (43) of Ref. [33]).

It is necessary to note that the presence of the spin-orbit
interaction LS, and of the tensor interaction in the quark-
diquark potential (21)—(23) results in a mixing of states
which have the same total angular momentum J and parity
P but different light diquark total angular momentum
(L + S,). Such mixing is considered along the same lines
as in our previous calculations of the mass spectra of
doubly heavy baryons [24].

III. RESULTS AND DISCUSSION

A. Heavy baryon masses

We solve numerically the quasipotential equation with
the quasipotential (18) which nonperturbatively accounts
for the relativistic dynamics both of the light diquark d and
heavy quark Q. The calculated values of the ground and
excited state baryon masses are given in Tables II, III, IV,
V, and VI in comparison with available experimental data
[1]. In the first two columns of these five tables we give the

baryon quantum numbers [/(J”)] and the state of the
heavy-quark-light-diquark (Qd) bound system [in usual
notations (n, + 1)L], while in the remaining columns our
predictions for the masses and experimental data are
shown.

It is important to note that in the adopted quark-diquark
picture of heavy baryons we consider solely the orbital and
radial excitations between the heavy quark and light di-
quark, while light diquarks are taken in the ground (scalar
or axial-vector) state. As a result, we get significantly fewer
excited states than in the genuine three-quark picture of a
baryon. As is seen from Tables II, II1, IV, V, and VI, such an
approach is supported by available experimental data,
which are nicely accommodated in the quark-diquark
picture.

Comparing the new values of heavy baryon masses
presented in Tables II, ITI, IV, V, and VI with the previous
results, obtained by using the heavy quark expansion [13],
we can estimate the importance of higher order corrections
in 1/mg. Such comparison confirms expectations that
they are mainly important for highly excited heavy
baryon states and that charmed baryons are stronger af-
fected than the bottom ones. Indeed, the difference of
masses, obtained with and without expansion in 1 /mQ,
does not exceed a few MeV for the ground-state heavy
baryons, while for excited states such a difference in some
cases reaches tens of MeV, especially for the charmed
baryons.

B. Regge trajectories of heavy baryons

In the presented analysis we calculated masses of both
orbitally and radially excited heavy baryons up to rather
high excitation numbers (L = 5 and n, = 5). This makes it
possible to construct the heavy baryon Regge trajectories
both in the (J, M?) and in the (n,, M?) planes. We use the
following definitions:
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TABLE II. Masses of the Ay (Q =c, b) heavy baryons TABLE IIIl. Masses of the 3, (Q =c¢, b) heavy baryons
(in MeV). (in MeV).
O=c 0=b>b Q=c 0=»b
1(J7) Od state M MeP (1] M M [1] 1J7) Qd state M M [1] M M= [1]
0(% +) 1S 2286  2286.46(14) 5620 5620.2(1.6) 1(% JJ:) 1S 2443 2453.76(18) 5808 5807.8(2.7)
0+ 25 2769 2766.6(24)7 6089 i% +; i o
0G ") 35 3130 6455 i+ 48 3581 6869
o¢k *) 48 3437 6756 1(2 +) sg 3861 124
0G ) 58 3715 7015 16 %) 1S 2519 2518.0(5) 5834 5829.0(3.4)
0G ") 6S 3973 7256 16 ) 28 2936 2939.3(1%)? 6226
od ) 1P 2598  25954(6) 5930 1(§ ") 38 3293 6583
.
od-) 2P 2983 2939.3()? 6326 167 45 3398 6876
ol 3p 3303 T 664 g s 387 7129
2 1d ) 1P 2799 2802(%) 6101
0G™) 4P 3588 6917 1¢ ) 2 372 6440
0G ) 5P 3852 7157 1d ) 3P 3488 6756
0¢G ") 1P 2627 2628.1(6) 5942 1d ) 4P 3770 7024
0G ) 2P 3005 6333 1G7) P 2713 6095
0G7) 3P 3322 6651 1G7) 2P 3125 6430
0G7) 4P 3606 6922 e 3P 3455 6742
0 - 5 286 71 1¢ ) 4P 3743 7008
G P 0 7 16 ) 1P 2798 2802(%) 6096
0% 1D 2874 6190 16 ) 2k T2 6430
0G ™) 2D 3189 6526 167) 3p 3486 6742
0G ™) 3D 3480 6811 16 ) 4p 3768 7009
0G *) 4D 3747 7060 1(% :) P 2773 2766.6(24)? 6087
06%) 1D 2880 2881.5335) 6196 iég 7; A o
5+ 2
0% +) 2D 3209 6531 16 ) 4p 3753 7003
0G ") 3D 3500 6314 16 ) 1P 2789 6084
0G *) 4D 3767 7063 16 ) 2P 3161 6421
0G ) 1F 3097 6408 16 °) 3P 3475 6732
06 ") 2F 3375 6705 167) ap 3757 6999
067)  3F 3646 6964 1% Do b 34 6311
_ 14 ) 2D 3370 6636
o(§ ) 4F 3900 7196 1é+) D 2043 6326
0(g ) IF 3078 6411 1G4 D 3366 6647
0G ™) 2F 3393 6708 16 ) 1D 3040 6285
0G ) 3F 3667 6966 16%) 2D 3364 6612
0 ") 4F 3922 7197 16 %) 1D 3038 6284
0d ) 16 3270 6598 1G7) 2D 3365 6612
5+
00w s FRE o
0(§ ") 1G 3284 6599 lé +) D 3013 6260
+
0G ) 1H 3444 6767 16 ) IF 3288 6550
0% ) 1H 3460 6766 16 ) IF 3283 6564
16 ) 1F 3254 6501
1d ") 1F 3253 6500
(a) the (J, M?) Regge trajectory, 1) IF 3227 6472
16 ) IF 3209 6459
J=aM? + ay; (25) 1(% +) 1G 3495 6749
(b) and the (n,, M?) Regge trajectory, 1G %) 1G 3483 6761
12 %) 1G 3444 6688
— 2 2
n, = BM=+ B, (26) 16 *) 1G 3442 6687
where «, (3 are the slopes and «, B, are intercepts. 16 %) 1G 3410 6648
In Figs. 1-5 we plot the Regge trajectories in the (J, M?) 1A *) 1G 3386 6635

plane for charmed and bottom baryons with natural
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TABLE IV. Masses of the 2, (Q = ¢, b) heavy baryons with TABLE V. Masses of the 2, (Q = ¢, b) heavy baryons with

the scalar diquark (in MeV). the axial-vector diquark (in MeV).
0=c 0=b>b Q=c 0=»b
IJ?)  Qdstate M M (1] M M [1] 1(J) Qd state M M 1] M
1d ) IS 2476 2470.88G) 5803 5790527) 2G ) LS 2579 2571.929) 5936
1+ 2§ 2059 6266 16 ) 28 2983 2971.4(3.3) 6329
22 I+ 3s 3377 6687
I 38 3323 6601 1 1S 3605 978
3G 1) 45 3632 6913 Id+ 58 3978 7229
G 58 3909 7165 EN! 1S 2649 2645.9(0.5) 5963
an 6S 4166 7415 361 28 3026 6342
1(3 +
1do) 1P 2792 2791.8(33) 6120 2G 1) 3§ 3396 6695
4 2p 3179 6496 267 » S oo
22 1) 58 3989 7234
2G ) 3P 3500 6805 NS 1P 2936 2931(6) 6233
3G ) 4P 3785 7068 ) 2P 3313 6611
3G 7) 5P 4048 7302 G0 3P 3630 6915
139 1P 2819 2819.6(1.2) 6130 2G7) 4p 3912 7174
oo o r o
13— 22
%(g ) 3P 3519 6810 i) 3P 3508 6906
3G 7) 4p 3804 7073 1d) 4p 3887 7164
¢ 5P 4066 7306 ¢ 1P 2935 2931(6) 6234
16" 1D 3059 3054.2(1.3) 6366 3G7) 2P 3311 6605
13+ 3D 3678 6966 267 4P 3911 7163
13+ 4D 3945 7208 26 ) . - oz
26 g 2p 3293 6598
%(% *) 1D 3076  3079.9(1.4) 6373 160 3p 3613 6900
161 2D 3407 6696 C) 4p 3898 7159
IENS! 3D 3699 6970 % % - P 2929 2931(6) 6226
TR R o
16 - 2\
$(§ ) IF 3278 6577 e P 2002 7156
2G7) 2F 3575 6863 TL+) 1D 3163 6447
5G7) 3F 3845 7114 id+ 2D 3505 6767
16 4F 4098 7339 3G ) 1D 3167 6459
12y IF 3292 6581 3G 7) 2D 3506 6775
-y 2F 3592 6867 26 +§ v e o
11 - 2
?(g 7) 3F 3865 7117 16+ 1D 3166 6432
2G ) 4F 4120 7342 16+) 2D 3504 6751
3G ) 1G 3469 6760 16 1D 3153 6420
¢ 2G 3745 7020 3G7) 2D 3493 6740
10+ G 3483 6762 % %i) 1D 3147 3122.9(1.3) 6414
104 26 3763 7032 267 2b 3486 6736
27 ¢ 1F 3418 6675
2G ) IH 3643 6933 1) IF 3408 6686
;67 1H 3658 6934 169 IF 3394 6640
1z IF 3393 6641
Iz 1F 3373 6619
. 16~ IF 3357 6610
(P = (—1)/71/2) and unnatural (P = (—1)/*!/2) parities 32 +; G 1623 6367
[34]. The Regge trajectories in the (n,, M?) plane are 1 j +) G 3608 6876
. . . 2\2
presented in Figs. 6—10. The masses calculated in our model 17 ) G 3584 6822
are shown by diamonds. Available experimental data are 16+ 1G 3582 6821
. . . 22
given by dots with error bars and corresponding baryon g 1G 3558 6792
names. Straight lines were obtained by a x? fit of the 1d) 1G 3536 6782

calculated values. The fitted slopes and intercepts of the
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TABLE VI. Masses of the (), (Q = ¢, b) heavy baryons (in
MeV).
0=c 0=b

1(J7) Qd state M MeP [1] M MeP [1]
0¢ ) I 2698  26952(1.7) 6064  6071(40)
od ) 28 3088 6450
0(% ) 38 3489 6804
od ) 48 3814 7091
od ) 58 4102 7338
([ERS! 1S 2768 27659(2.0) 6088
0¢ ™) 2§ 3123 6461
0G ") 3S 3510 6811
0G ") 48 3830 7096
O(% *) 58 4114 7343
od ) 1P 3055 6339
od ) 2P 3435 6710
0(% 7) 3P 3754 7009
0¢ ) 4p 4037 7265
od ) 1P 2966 6330
0(% 7) 2P 3384 6706
o¢ 7) 3P 3717 7003
od ) 2P 4009 7257
0G ") 1P 3054 6340
O(% 7) 2P 3433 6705
0G ") 3P 3752 7002
0G ") 4p 4036 7258
0(% 7) 1P 3029 6331
0G ") 2P 3415 6699
0G ") 3P 3737 6998
0(% 7) 4p 4023 7250
0G ") P 3051 6334
06 ") 2P 3427 6700
06 ") 3P 3744 6996
O(% 7) 4p 4028 7251
od ) 1D 3287 6540
od ) 2D 3623 6857
0¢ ") 1D 3298 6549
03 ") 2D 3627 6863
0G ") 1D 3282 6530
0G ™) 2D 3613 6846
06 ") 1D 3297 6529
06 ") 2D 3626 6846
06 ") 1D 3286 6520
0G ) 2D 3614 6837
0G ) 1D 3283 6517
0G ) 2D 3611 6834
0(% 7) 1F 3533 6763
06 ") IF 3522 6771
06 ") IF 3515 6737
0 ) 1F 3514 6736
0¢ ") IF 3498 6719
06 ") IF 3485 6713
06 *) 1G 3739 6952
0(% *) 1G 3721 6959
0¢ ) 1G 3707 6916
06 ") 1G 3705 6915
0(% ) 1G 3685 6892
0 ) 1G 3665 6884
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Regge trajectories are given in Tables VII and VIII. We see
that the calculated heavy baryon masses fit nicely to the
linear trajectories in both planes. These trajectories are
almost parallel and equidistant.

The obtained results allow us to determine the possible
quantum numbers of the observed heavy baryons and pre-
scribe them to a particular Regge trajectory. In the (J, M?)
plane there are three trajectories for which three experi-
mental candidates are available [parent trajectories for the
A.G *)inFig. 1(a), for the E.(} *) in Fig. 3(a) and for the
Z:( ) in Fig. 4(b)] and two trajectories with two experi-
mental candidates [parent trajectories for the 3.(3 *) in
Fig. 2(a) and for the EC(§ ~) in Fig. 3(b)]. On the other
hand, in the (n,, M?) plane there are three trajectories with
two experimental candidates [the A.(} ) and the A.(} 7)
in Fig. 6 and the EC(% *) in Fig. 9]. All experimental points
fit well to the corresponding Regge trajectories obtained in
our model.

From Tables II and III, and Figs. 1, 2, 6, and 7 we see that
the A.(2765) [or 3,.(2765)],if it is indeed the A, state, can
be interpreted in our model as the first radial (25) excitation
of the A.. If instead it is the 3, state, then it can be
identified as its first orbital excitation (1P) with J = % -
(see Table III). The A.(2880) baryon corresponds to the
second orbital excitation (2D) with J = % *, fitting nicely
the parent A, Regge trajectory in the (J, M?) plane [see
Fig. 1(a)]. Such prescription is in accord with the experi-
mental evidence coming from the 2,,.(2455)7 decay angu-
lar distribution [1]. The other charmed baryon, denoted as
A.(2940), probably has I = 0, since it was discovered in
the pD° mass spectrum and not observed in pD* channel,
but I = 1 isnotruled out [1]. If it is really the A, state, then
it could be both an orbitally and radially excited (2P) state
with J = % ~, whose mass is predicted to be about 40 MeV
heavier [see Fig. 1(b)]. A better agreement with experiment
(within few MeV) is achieved, if the A .(2940) is interpreted
as the first radial excitation (2S5) of the X, with J = % * [see
Fig. 2(b)]. The X .(2800) can be identified with one of the
first orbital (1P) excitations of the 3, with J =1 ~ or3 ~
which have very close masses compatible with experimen-
tal value within errors (see Table III).

The results for masses and the Regge trajectories of the
Ep baryons both with the scalar and axial-vector diquarks
are given in Tables IV and V and Figs. 3, 4, 8, and 9.
From these tables and plots we see that the =.(2790) and
E.(2815) can be assigned to the first orbital (1P)
excitations of the E. containing a scalar diquark with
J= % Tand J = % ~, respectively. On the other hand, the

’It is important to note that the J* quantum numbers for most
excited heavy baryons have not been determined experimentally,
but are assigned by the Particle Data Group on the basis of quark
model predictions. For some excited charm baryons such as the
A.(2765), A.(2880), and A.(2940) it is not known if they are
excitations of the A, or 2.
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10 | 1
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[ Ac (2765) Ac (2880)
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A;jiiii1i//Q/////////>////////£(////////@

Ac (2595)

1 1 1

1/27 3/2° 5/27

FIG. 1 (color online). Parent and daughter (J, M?) Regge trajectories for the A, baryons with natural (a) and unnatural (b) parities.
Diamonds are predicted masses. Available experimental data are given by dots with particle names; M? is in GeV?.

2
M=,

12} / % ]
81 > 1
» Se (2800) 1
6 & 1
F ZC 4
4 : -

i 1 1 1 1 1

1/2* 3/2° 5/2° 7/2° 9/2°
J
(a)
FIG. 2 (color online). Same
2
M= ¢
14 ; -
12 ; -
10 ; -
al ]
6l ]
1/2* 3/2° 5/2* 7/2° 9/2* 11/2°
J

(a)

FIG. 3 (color online). Same as in Fig. 1 for the E, baryons with the scalar diquark.
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16

14

12

10
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M? M?
I K ] [
12+ E 12 1
sl = (2980) ] ol ]
I & ] [

6F = g 6 B

4 L 1 1 1 1 1 4 1 1 1 1 1

1/2* 3/27 5/2* 7/2 9/2" 3/2° 5/2° 7/2" 9/2" 11/2*
J J
(a) (b)
FIG. 4 (color online). Same as in Fig. 1 for the E!. baryons with the axial-vector diquark.
M? M?

) k / ) j i j / A
12 : j 12+ 4
, i ] i ]
10 : j 10k 4
el ] L ]
| | 8 E
F ¢ 4 r 1
[ S | L o ]
6F 4 J

1 1 1 1 1 6 1 1 1 1 1

1/2* 3/27 5/2* 7/27 9/2* 3/2* 5/27 7/2* 9/27 11/2°

(a) (b)

FIG. 5 (color online). Same as in Fig. 1 for the (), baryons.

M?

FIG. 6 (color online). The (n,, M?) Regge trajectories for Ay} *), Ap(G ), Ap(3 ¥), and Ap(G *) baryons (from bottom to top).
Notations are the same as in Fig. 1.
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— T T T T 2 55 — T T T —
9 M
M= 16
14 50 o]
12
45 q
10 / / &
8 40 q
%2800
6 ]
bl 35
4 Zp
1 1 1 1 1 30 1 1 1 1 1
0 1 2 3 4 0 1 2 3 4
n, n,

FIG. 7 (color online). The (n,, M*) Regge trajectories for (3 *,5), 2p( ~, P), and Z,(§ *, D) baryons (from bottom to top).
Notations are the same as in Fig. 1.

> 18 : : : ) — : : : : :
M M 55|
16 L
50
14 [
12 45|
10 [
40
Ze (3 ) [
8., [
= (28 35
6f ¢ iy
Sie 1 [ <b
1 1 n 1 30 n 1 n 1 1 1 1 1
0 1 5 0 1 2 3 4 5
n, Ny
= (5

FIG. 8 (color online). The (n,, M?) Regge trajectories for 2,3 *), EoG ),
with the scalar diquark. Notations are the same as in Fig. 1.

ZoG "), and E,( ) baryons (from bottom to top)

M2 e T T T T T ]W? 55' T T T T ™

% ]

14l 50| ]

12} as| / . ]

10} [ ]

a0} ]

8 [ ]

. 35} ]
4 n 1 n 1 1 1 n 1 30' 1 1 n 1 1 1
0 1 2 3 4 0 1 2 3 4

n, n,

FIG. 9 (color online).  The (n,, M?) Regge trajectories for 5}, (5 *, S), Eo(3 ~, P),and E,(5 *, D) baryons (from bottom to top) with
the axial-vector diquark. Notations are the same as in Fig. 1.
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=

Qp

T

T

T

oy

FIG. 10 (color online). The (n,, M?) Regge trajectories for QQ(% .9, QQ(% ~, P), and QQ(% *, D) baryons (from bottom to top).
Notations are the same as in Fig. 1.

TABLE VII.  Fitted parameters a, a, for the slope and intercept of the (J, M?) parent and daughter Regge trajectories for heavy
baryons with scalar ([¢, ¢]) and axial-vector ({¢’, ¢}) diquark (¢ = u, d, g’ = u, d, s).

Trajectory a (GeV™?) a(, a (GeV~?) a

clu, d] AL AG)

parent 0.741 £0.024 —3.504 £ 0.205 0.782 = 0.030 —4.874 = 0.276
1 daughter 0.793 £ 0.013 —5.626 £ 0.129 0.815 £ 0.009 —6.769 = 0.099
2 daughter 0.821 = 0.005 —7.556 * 0.052 0.839 = 0.004 —8.654 = 0.043
clq, ¢} 3.G1) 3G

parent 0.679 = 0.032 —3.670 = 0.278 0.778 £ 0.019 —3.498 £ 0.164
1 daughter 0.686 £ 0.016 —5.289 £ 0.158 0.785 £ 0.001 —5.264 = 0.012
2 daughter 0.688 —6.865 0.812 —7.303
s, ] 2.4 7) B )

parent 0.686 = 0.025 —3.852 £0.240 0.728 £ 0.020 —5.249 = 0.211
1 daughter 0.739 £ 0.015 —6.025 £ 0.169 0.764 = 0.012 —7.244 £ 0.142
2 daughter 0.769 = 0.008 —8.006 £ 0.103 0.789 £ 0.004 —9.168 = 0.052
cls, g} AR 516 )

parent 0.643 = 0.021 —3.856 £0.212 0.726 £ 0.019 —3.665 = 0.191
1 daughter 0.603 = 0.026 —4.888 £ 0.272 0.667 = 0.005 —4.614 = 0.051
2 daughter 0.606 —6.413 0.708 —6.865
cfs, s} 0.4 Q:6 )

parent 0.615 £ 0.023 —4.065 = 0.023 0.690 = 0.020 —3.858 £0.205
1 daughter 0.565 = 0.028 —4.910 £0.316 0.608 = 0.012 —4.436 = 0.133
2 daughter 0.558 —6.293 0.668 —6.735
blu, d] A ) Ayt )

parent 0.352 £0.017 —10.83 £0.65 0.376 £ 0.014 —12.82 £ 0.58
1 daughter 0.397 £ 0.015 —14.33 £ 0.64 0.419 £ 0.010 —16.33 £0.45
2 daughter 0.438 £ 0.015 —17.82 £0.68 0.460 = 0.008 —19.84 £0.36
b{q. q} 3G %) 367

parent 0.368 = 0.014 —12.03 £ 0.55 0.404 = 0.012 —12.34 £ 0.46
1 daughter 0.390 £ 0.016 —14.59 £ 0.67 0.428 £ 0.014 —15.12 £ 0.58
2 daughter 0414 —17.42 0472 —18.95
bls, q] Eb(% ") 2,6 )

parent 0.349 = 0.019 —11.49 £ 0.80 0.381 = 0.014 —13.88 £ 0.60
1 daughter 0.399 = 0.016 —15.27 £ 0.69 0.423 £0.011 —17.40 £ 0.49
2 daughter 0.440 = 0.015 —18.87 £0.70 0.465 £ 0.008 —21.03 £0.40
bis, q} =ACHS) EiGT)

parent 0.356 £ 0.014 —12.16 £ 0.58 0.386 £ 0.014 —12.33 £0.57
1 daughter 0.360 = 0.053 —14.01 £ 2.31 0.386 = 0.061 —14.11 £2.62
2 daughter 0.346 —14.95 0.364 —14.83

bls, s} 2,0 ) ;6%

parent 0.365 £ 0.013 —13.04 £0.58 0.389 = 0.011 —13.02 £ 0.47
1 daughter 0.378 £ 0.052 —15.30 £2.35 0.401 = 0.062 —15.33 £2.74
2 daughter 0.373 —16.79 0.391 —16.66
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TABLE VIII. Fitted parameters S, B, for the slope and intercept of the (n,, M?) Regge trajectories for heavy baryons.

0=c 0=b
Baryon Qd state B (GeV™?) Bo B (GeV~?) Bo

AQ(% *) S 0.472 £ 0.010 —2.543 = 0.099 0.238 = 0.011 —7.722 = 0.489
AQ(% ) P 0.494 £ 0.006 —3.363 = 0.059 0.248 = 0.010 —8.848 = 0.453
AQ(% ) P 0.495 £ 0.005 —3.444 + 0.053 0.249 = 0.010 —8.925 = 0.446
AQ(% *) D 0.508 £ 0.003 —4.225 = 0.030 0.260 = 0.009 —10.05 = 0.38
AQ(% ) F 0.508 £ 0.005 —4.824 = 0.059 0.280 = 0.008 —11.55 = 0.36
EQ(% *) S 0.445 £ 0.009 —2.696 = 0.089 0.233 £+ 0.009 —7.942 = 0.366
EQ(% ) P 0.469 £ 0.006 —3.694 = 0.070 0.246 = 0.005 —9.190 = 0.238
EQ(% 7) P 0.472 £ 0.006 —3.693 = 0.069 0.249 = 0.005 —9.256 = 0.234
So0 ) D 0474 —4.384 0.238 —9.466
EQ(% *) S 0.444 £ 0.010 —2.805 = 0.118 0.234 = 0.010 —8.064 = 0.464
EQ(% ) P 0.465 £ 0.007 —3.658 = 0.078 0.251 = 0.010 —9.527 = 0.461
EQ(% ) P 0.465 £ 0.006 —3.729 = 0.073 0.252 = 0.010 —9.589 = 0.452
EQ(% *) D 0.479 £ 0.004 —4.540 = 0.049 0.263 = 0.009 —10.72 = 0.40
EQ(% ) F 0.488 £ 0.001 —5.301 = 0.017 0.282 = 0.008 —12.28 = 0.37
E,Q(% *) N 0.432 £ 0.006 —2.871 = 0.060 0.233 = 0.008 —8.279 = 0.369
Eb(% ) P 0.448 £+ 0.007 —3.880 = 0.087 0.237 £ 0.011 —9.276 = 0.490
Eb(% ) P 0.450 £ 0.007 —3.883 = 0.078 0.240 = 0.010 —9.379 = 0.459
E/Q(% *) D 0.451 —4.541 0.236 —9.829
QQ(% *) S 0.414 £ 0.006 —3.004 = 0.069 0.232 £+ 0.008 —8.609 = 0.385
QQ(% ) P 0.429 £ 0.008 —4.032 = 0.098 0.237 £ 0.011 —9.608 = 0.498
QQ(% ) P 0.432 £ 0.007 —4.049 = 0.088 0.240 = 0.010 —9.701 = 0.488
QQ(% ) D 0.431 —4.654 0.235 —10.07

charmed baryon E.(2930) can be considered as either the
J=17,J=3", or J=3" state (all these states are pre-
dicted to have close masses) corresponding to the first
orbital (1P) excitations of the Z/ with an axial-vector
diquark. While the E.(2980) can be viewed as the first
radial (25) excitation with J = * of the E, the E.(3055)
and = .(3080) baryons can be interpreted as a second orbital
(2D) excitation of the =, containing a scalar diquark with

= % tand J = % *, and the E,(3123) can be viewed as
the corresponding (2D) excitation of the B/ with J =7 *.

For the (), baryons as well as for all bottom baryons
only masses of ground states are known [1], most of which
were measured recently. Our original predictions for the
ground states [4] of these baryons are very close to the
values found in the present analysis (see Tables II, III, IV,
V, VI, and VII) and agree well with measurements [1].

The detailed comparison of our predictions for the
masses of the ground and lowest excited states of heavy
baryons with the results of other theoretical calculations
[5-7] is given in Table 8 of Ref. [13].

C. Relations between parameters of the
Regge trajectories

The slopes of the Regge trajectories, given in Tables VII
and VIII, follow in both planes the pattern previously

observed for light and heavy mesons [30,35]. They de-
crease with the increase of the diquark mass or with the
increase of the heavy quark mass. The latter decrease is
even more pronounced. The mass dependence of the pa-
rameters of the Regge trajectories is the result of the flavor
dependence of the potential (18). Such behavior agrees
with the phenomenological consideration of Ref. [23].

It was argued in the literature on the basis of different
models within QCD (see e.g. [16,22,23] and references
therein) that the parameters of the Regge trajectories for
the baryon multiplets with given J” and different quark
constituents can be related by a set of relations, which for
heavy baryons is given by

(a) the additivity of inverse slopes

B B
a(Zg)  a(Qy) a(Ep)’

27)

(b) the additivity of intercepts
ag(Zp) + ap(Qg) = 2ay(EY), (28)

(c) the factorization of slopes

a(Zp)a(Qy) = az(E/Q). (29)
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TABLE IX. Test of the relations between parameters of the heavy baryon Regge trajectories in the (J, M?) plane.
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JP  Trajectory ﬁg) + ﬁo (GeV?) ﬁy (GeV?) ay(Zg) + ag(Qp)  2a¢(E))  a(Zp)a(Qy) (GeV™*) a*(E)) (GeV ™)
O=c

1+ parent 3.10 + 0.13 311015 —773+030 —7.71 +0.42 0.418 + 0.035 0.414 = 0.041

1% 1 daughter 3.23 £ 0.12 332+0.14 —1020+0.47 —9.78 +0.54 0.388 + 0.028 0.364 + 0.031

1+ 2 daughter 3.25 3.30 —13.16 —12.83 0.384 0.367

3+ parent 2.74 * 0.07 276 £0.07 —736*037 —7.33+0.38 0.537 + 0.029 0.527 + 0.028

2% 1 daughter 2.92 + 0.04 299+0.03 —9.70=0.15 —9.23+0.10 0.477 = 0.010 0.445 *+ 0.009

3+ 2 daughter 2.73 2.82 —14.03 —13.73 0.542 0.501
Q=bh

1+ parent 5.46 + 0.20 5.62 +0.22 —251*1.1 —243+12 0.134 = 0.010 0.127 + 0.010

1+ 1 daughter 5.26 + 0.48 5.67 +0.83 —29.9 + 3.0 —28.0 + 4.6 0.148 + 0.026 0.132 = 0.038

1% 2 daughter 5.10 5.78 —34.2 —29.9 0.154 0.120

3+ parent 5.05*0.15 5.19 +0.19 —254+09 —247+ 1.1 0.157 + 0.009 0.149 + 0.011

2+ 1 daughter 4.89 + 0.47 531 +0.84 —30.4 + 3.3 —282+52 0.172 = 0.032 0.153 *+ 0.047

2+ 2 daughter 4.68 5.49 —35.6 —29.7 0.184 0.133

Such relations were extensively used in the literature for
obtaining different linear and quadratic mass relations for
light and heavy baryons (see e.g. [23] and references
therein) and for obtaining on their basis predictions for
the baryon masses. However, it was argued in Ref. [16] that
relations (27) and (29) are incompatible for heavy baryons.
Moreover, it was shown there that the factorization of
slopes (29) violates the heavy quark limit for heavy bary-
ons, but this violation introduces rather small errors (less
than 15%). The test of the validity of these relations in our
model is given in Table IX. It is not surprising that all
relations for the slopes are satisfied within the error bars
both for parent and daughter trajectories, since the slopes
have close values. Let us mention that the slopes of the
parent Regge trajectories in the (J, M?) plane, obtained in
our approach, have close values to the ones found in the
phenomenological analysis [23], based on the different
mass relations for light and heavy baryons.

It is important to compare the values of the slopes of the
Regge trajectories for heavy baryons, heavy-light, and
light mesons. From the comparison of the heavy baryon
slopes in Tables VII and VIII we see that the « values are
systematically larger than the B ones. The ratio of their
mean values is about 1.5 both for the charmed and bottom
baryons. This value of the ratio is very close to the one
found for the heavy-light mesons [35] and is slightly larger
than the one (1.3) obtained for the light mesons [30].

From comparison of Tables VII and VIII and Tables 4
and 5 of Ref. [35] we find that for the same flavor of the
heavy quark the heavy baryon slopes have higher values
than the heavy-light meson ones. It is interesting that the
ratios of the heavy baryon to heavy-light meson slopes
(aggq/@gg and Bo,,/ Bog) have very close values, which
are about 1.4, both in the (J, M?) and in (n,, M?) planes.
Note that light baryons and light mesons have almost equal
values of the Regge trajectory slopes (see Ref. [2] and
references therein).

IV. CONCLUSIONS

In this paper the spectroscopy of charmed and bottom
baryons was studied in the framework of the quark-diquark
picture in the relativistic quark model. The heavy baryon
was considered as a heavy-quark—light-diquark bound sys-
tem in which excitations occur only between a heavy quark
and a light diquark. The light diquarks were considered
only in the ground (either scalar or axial-vector) state. The
diquarks were not treated as pointlike objects. Their inter-
nal structure was taken into account by including form
factors of the diquark-gluon interaction in terms of the
diquark wave functions. The dynamics of light quarks
inside a diquark as well as the dynamics of a light diquark
and a heavy quark inside a baryon were treated completely
relativistically without application of either the nonrelativ-
istic v/c or heavy quark 1/mg, expansions. Such nonper-
turbative approach is especially important for the highly
excited charmed baryon states, where the heavy quark
expansion is not adequate enough. It is important to em-
phasize that all parameters of our relativistic quark model
such as quark masses and parameters of the interquark
potential were fixed previously from the investigation of
meson mass spectra and decay processes. Thus our model
provides a unified universal description of meson and
baryon properties.

We calculated the masses of ground, orbitally and radi-
ally excited heavy baryons up to rather high excitations
(L =S5 and n,=15). This allowed us to construct the
Regge trajectories both in the (J, M?) and (n,, M?) planes.
It was found that they are almost linear, parallel, and
equidistant. The available experimental data nicely fit to
them. The assignment of the experimentally observed
heavy baryons to the particular Regge trajectories was
carried out. This allowed us to determine the quantum
numbers of the excited heavy baryons. It was found that
all currently available experimental data can be well de-
scribed in the relativistic quark-diquark picture, which
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predicts significantly fewer states than the genuine three-
body picture.

The comparison of the slopes of the Regge trajectories
of heavy baryons and heavy-light mesons was given. It was
found that the slope values of heavy baryons are approxi-
mately 1.4 times higher than the ones of heavy mesons
with the same flavor of the heavy quark.
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