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The chiral quark-soliton model applied to baryons with one heavy quark predicts new exotic states
belonging to three 15 SU(3) multiplets. Here, we extend previous analysis of charm exotica to the case of
beauty. All model parameters are fixed from the charm sector and from the nonexotic b-baryons. We
present predictions for masses of beautiful exotica and discuss the decay widths, which are either very small
or relatively large.
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I. INTRODUCTION

Baryons with one heavy quark Q ¼ b or c can be
classified according to the SU(3) structure of the light
quarks. Both the quark model and the chiral quark-soliton
model (χQSM) [1–4] predict that the light quarks in heavy
baryons belong to an SU(3) antitriplet of spin 0 or a sextet
of spin 1. Adding a heavy quark results in an antitriplet of
spin 1=2 and two hyperfine split sextets of spin 1=2 and
3=2. This structure is fully confirmed by experiment [5].
In the χQSM the SU(3) structure follows from the

collective quantization of the soliton rotations [6–8].
While the resulting representations for the ground states
are the same as in the naive quark model, the χQSM
predicts exotic representations of positive parity that cannot
be straightforwardly constructed in the quark picture. They
correspond to pentaquarks (4 quarks and one antiquark).
In the light sector a prominent example is the elusive

Θþ ¼ uudds̄ state, the lightest member of 10 SU(3)
representation, which is predicted to be light and very
narrow [9–12]. It was pointed out in Refs. [2–4] that the
lowest lying exotic SU(3) representation in the heavy
baryon case is 15.
In fact there exist two exotic 15 light SU(3) multiplets

[2]. One, carrying angular momentum J ¼ 1, leads to two
hyperfine split heavy baryon multiplets, and the second one
with J ¼ 0, which is 180 MeV heavier [13], leads to a spin
1=2 heavy exotica. In Ref. [13] we asked a question
whether there is space in the experimental charm spectra
for 45 (or perhaps it is better to say: 18 isospin

submultiplets) exotic states? Here we repeat the same
question for b exotica.
Discussing charm sector in Refs. [2–4,13] it was argued

that two out five Ωc0 states, namely Ωc0ð3050Þ
and Ωc0ð3119Þ, discovered in 2017 by the LHCb
Collaboration [14–16], could belong to the exotic 15,
mainly due to the very small widths and to the fact that
their hyperfine splittings are equal to the ones of the ground
state sextet.1 For different pentaquark interpretations see
Refs. [17–20].
As far as the remaining charm pentaquarks are con-

cerned, it was shown in Ref. [13] hat the members of
multiplets based on (15, J ¼ 1) soliton are very narrow
(some hint of this behavior was already discussed in
Ref. [3]), and — on the contrary — states associated with
(15; J ¼ 0) multiplet are wide. Both extremes explain why
these states are difficult to detect; it is easy to miss a very
narrow or very broad resonant signal.
In the present paper we extend the analysis of Ref. [13] to

exotica with a b quark. All model parameters are fixed from
the spectra of regular baryons both in c andb sector [1–3], and
from charm exotica [13]. Therefore, predictions for beautiful
pentaquarks donot require any extra input. For decays,weuse
parameter values fromRef. [3]. The conclusions are basically
the same as in the charm sector: pentaquarks in ð15; J ¼ 1Þ
are very narrow and in ð15; J ¼ 0Þ very wide.
The paper is organized as follows. In Sec. II we briefly

review the main features of the χQSM. In Sec. III we first
derive analytical formulas for the baryon masses and then
fix splitting parameters as functions of the strange moment
of inertia 1=I2. After constraining 1=I2 we compute all
pentaquark masses. Next, in Sec. IV, we discuss and
compute decays widths, and finally we conclude in Sec. V.
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1Note that the ground state sextet and exotic 15 belong to the
same rotational band, and therefore should have approximately
the same value of the hyperfine splitting.
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II. BARYONS IN THE CHIRAL
QUARK-SOLITON MODEL

It is beyond scope of the present paper to review the
χQSM in detail. We refer the interested reader to the
original paper by Diakonov et al. [21] and the reviews of
Refs. [11,12,22–24] (and references therein).
In the chiral quark model light quarks couple in a chiraly

invariant way to the Goldstone boson fields that arise from
the spontaneous breaking of chiral symmetry. Goldstone
bosons are parametrized by an SU(3) matrixU½π; K; η�with
a coupling to quarks being the constituent quark mass
M ∼ 350 MeV. For the vacuum configuration, where
U ¼ 1, the system reduces to three free quarks of mass
M. On the top of that one has to add explicit mass terms
related to the Goldstone boson masses (i.e., to the current
quark masses). In the present approach this explicit
symmetry breaking is treated perturbatively.
The soliton arises when the chiral field U is taken in the

form of the so called hedgehog Ansatz

U0 ¼

2
6664

0

u0
0

0 0 1

3
7775; ð1Þ

where

u0 ¼ exp ðin · τPðrÞÞ: ð2Þ

Here n ¼ r=r and the profile function PðrÞ has to vanish
at r → ∞.
If P≡ 0, the level structure of the corresponding Dirac

equation shows a gap for −M < E < M. For non zero PðrÞ
the eigenvalue structure changes. The lowest positive
energy level (the valence level) sinks into the gap reducing
energy, while the sea levels are distorted in a way that
energy increases. Such distortion interacts with valence
quarks changing their wave functions, which in turn modify
the sea until a stable configuration is reached [25]. This
configuration is called a chiral soliton. Note that this
procedure is carried out in a large Nc limit where we have
Nc identical copies of the Dirac structure described above.
In practical terms, a soliton corresponds to a configu-

ration, which minimizes the aggregate energy

Msol ¼ Nc

�
Eval þ

X
En<0

ðEn − Eð0Þ
n Þ

�
; ð3Þ

where the sea energy is computed with respect to the
vacuum, and the whole sum is suitably regularized. The
minimization is performed with respect to the profile
function P [25].
What happens when one of the Nc light quarks is

replaced by a heavy one? The answer can be inferred from
Ref. [26] where the authors studied soliton behavior in the

limit where the current quark masses m → ∞. It turns out
that for sufficiently large m the soliton ceases to exist, and
the correct heavy quark limit is achieved.
In the present context, Eq. (3) takes the following form:

Msol ¼ ðNc − 1Þ
�
Eval þ

X
En<0

ðEn − Eð0Þ
n Þ

�

þ
�
EvalðmQÞ þ

X
En<0

ðEnðmQÞ − Eð0Þ
n ðmQÞÞ

�
: ð4Þ

As was argued in Ref. [26], for large mQ, the sum over the
sea quarks in the second line of Eq. (4) vanishes, and
EvalðmQÞ ≈mQ. One copy of the soliton ceases to exist;
however, the remaining Nc − 1 quarks still form a stable
soliton. The total energy reads therefore

Msol ¼ M0
sol þmQ; ð5Þ

where the prime refers to the soliton constructed from
Nc − 1 quarks. In the following we will skip the prime.
The soliton constructed in a way described above does

not carry any quantum numbers except for the baryon
number resulting from the valence quarks. It is therefore
often referred to as a classical baryon. Spin and SU(3)
structures appear when the soliton rotations in space and
flavor are quantized [27]. This procedure results in a
collective Hamiltonian analogous to the one of a quantum
mechanical symmetric top, however, due to the Wess-
Zumino-Witten term [28,29] and the form of the hedgehog
Ansatz (1), the allowed Hilbert space is truncated to the
representations that contain states of hypercharge
Y 0 ¼ Nval=3. For light baryons Nval ¼ 3, these are octet
and decuplet of ground state baryons [6–8].
In the case of heavy baryons Nval ¼ 2 (or rather Nc − 1)

and the allowed SU(3) representations have to contain
states of Y 0 ¼ 2=3. These are 3̄, 6, and exotic 15 shown in
Fig. 1. They correspond to the rotational excitations of the
meson mean field, which is essentially the same as for light
baryons.
The soliton mass with one heavy quark including rota-

tional energy takes the following form [30] in the chiral
limit:

MQ
R;T 0 ¼ Msol þmQ

þ 1

2I2

�
C2ðRÞ − T 0ðT 0 þ 1Þ − 3

4
Y 02

�

þ 1

2I1
T 0ðT 0 þ 1Þ: ð6Þ

Here R refers to the allowed SU(3) representation of the
Nc − 1 light quark sector, C2ðRÞ stands for the SU(3)
Casimir operator. Isospin T 0 corresponds to the states with
hypercharge equal to Y 0 and is equal to the soliton angular
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momentum [6–8], which in the following will be denoted
by J. Msol ∼ Nc − 1 denotes the classical soliton mass;
I1;2 ∼ Nc − 1 are moments of inertia. We see that the two
lowest representations correspond to the naive quark
model. However, the χQSM predicts two exotic 15 repre-
sentations of spin 1 and 0.
Next, we have to include the explicit symmetry breaking

Hamiltonian, which takes the following form [31]:

Ĥsb ¼ αDð8Þ
88 þ βŶ þ γffiffiffi

3
p

X3
i¼1

Dð8Þ
8i Ĵi; ð7Þ

whereα,β, and γ are proportional to the current strangequark
mass (assumingmu ¼ md ¼ 0) and are given in terms of the
momentsofinertiaandthepion-nucleonsigmaterm.Weshall
treat themas free parameters. It is howeverworthmentioning
that α and β are negative by construction, while γ being
phenomenologically negative is in fact given as a difference
of two terms of the same order — see Eq. (4) in Ref [1].
Furthermore,α scalesasNc, andβ andγ scaleasN0

c, however,
all of them are numerically of the same order [13].
Since the collectivewave functions of the rotating soliton

are known [10], one can easily compute matrix elements of
Hsb in the first order of the perturbation theory [13]

hĤsbi3̄;J¼0 ¼
�
3

8
αþ β

�
YB ≡ δ3̄YB;

hĤsbi6;J¼1 ¼
�
3

20
αþ β −

3

10
γ

�
YB ≡ δ6YB;

hĤsbi15;J¼1
¼

�
β þ 17

144
ðα − 2γÞ

�
YB − ðα − 2γÞ

×

�
2

27
−

1

24

�
TBðTB þ 1Þ − 1

4
Y2
B

��
;

hĤsbi15;J¼0
¼

�
β þ 1

48
α

�
YB

þ α

�
2

9
−
1

8

�
TBðTB þ 1Þ − 1

4
Y2
B

��
ð8Þ

where YB and TB denote the hypercharge and the isospin of
a given baryon, respectively.
There is one more ingredient that we are missing, namely

the spin-spin interaction of the heavy quark with the
soliton, which is relevant for sextet and (15; J ¼ 1). To
this end we add a phenomenological term corresponding to
the chromomagnetic interaction [1] expressed as

ĤSQ ¼ 2

3

ϰ

mQ
Ĵ · ŜQ; ð9Þ

where ϰ denotes the anomalous chromomagnetic moment
that is flavor independent. The operators Ĵ and ŜQ represent
spin operators for the soliton and the heavy quark,
respectively. This interaction is relevant only for sextet
and (15; J ¼ 1). Therefore we arrive at the following
equations for heavy baryon masses

MQ
RJ;B;s

¼ MQ
R;J þ hĤsbiR;J

þ δJ;1
ϰ

mQ

�−2=3 for s ¼ 1=2

þ1=3 for s ¼ 3=2
; ð10Þ

where s denotes spin of a given baryon B, J is the soliton
spin, MQ

R;J is given by (6), hĤsbiR;J by (8) and δJ;1 is the
Kronecker delta.

III. HEAVY BARYON MASSES

Before we estimate masses of states in 15 let us rewrite
Eq. (6) for average multiplet masses

MQ
15;J¼0

¼ Msol þmQ þ 5

2

1

I2
;

MQ
15;J¼1

¼ Msol þmQ þ 3

2

1

I2
þ 1

I1
: ð11Þ

The mass difference

FIG. 1. Rotational band of a soliton with one valence quark stripped off. Soliton spin corresponds to the isospin T 0 of states on the
quantization line Y 0 ¼ 2=3 (green thick line). We show three lowest allowed representations: antitriplet of spin 0, sextet of spin 1, and the
lowest exotic representation 15 of spin 1 or 0. On the right-hand side we display particle names used in the present paper.
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Δ15 ¼ MQ
15;J¼0

−MQ
15;J¼1

¼ 1

I2
−

1

I1
ð12Þ

is positive, since — from the estimates of the light sector
[2,10] — I1 ∼ ð2.5 ÷ 3Þ × I2, which means that spin 1
soliton is lighter than the one of spin 0. This was confirmed
in the previous study of the charm sector [13].
In principle all model parameters entering Eq. (10) can

be calculated in a specific model. However, we follow here
the so-called model-independent approach introduced in
the context of the Skyrme model in Ref. [32], where all
parameters are extracted from experimental data. Below we
recapitulate the results of Ref. [13].
The model has ten parameters:Msol, mc, mb, 1=I1, 1=I2,

α, β, γ and two parameters of the spin splittings ϰ=mc and
ϰ=mb. Since experimental errors of heavy baryon masses
are extremely small we fix model parameters from alge-
braic equations, rather than from the χ2 fits. Let us first
consider spin averaged sextet masses, which are indepen-
dent of the last two parameters. So the number of
parameters is eight.
We use only masses of ground state heavy baryons. It is

convenient to define the average multiplet masses, which
can be conveniently written the following form

MQ
3̄;J¼0

¼ mQ þMsol þ
1

2I2
;

MQ
6;J¼1 ¼ MQ

3̄
þ 1

I1
;

MQ
15;J¼1

¼ MQ
6 þ 1

I2
;

MQ
15;J¼0

¼ MQ
6 þ 2

I2
−

1

I1
¼ MQ

15;J¼1
þ Δ15; ð13Þ

where for future convenience we have also included the
average masses of exotic multiplets. Already here one can
see that if we treat MQ

3̄;J¼0
and 1=I1 as new effective

parameters, we do not need to know mQ, Msol and 1=I2
separately. We need 1=I2 only for exotica.
Parameters MQ

3̄;J¼0
and I1 are extracted from the

nonexotic baryons alone [1]. We have

MQ
3̄;J¼0

¼ mQ þMsol þ
1

2I2
¼ 2408.2jc; 5736.2jb;

MQ
6;J¼1 ¼ MQ

3̄;J¼0
þ 1

I1
¼ 2579.7jc; 5906.5jb; ð14Þ

where the experimental values in MeV from Ref. [1] have
been updated [33]. We can compute I1 from the mass
difference of these two multiplets (in MeV)

1

I1
¼ MQ

6;J¼1 −MQ
3̄;J¼0

¼ 171.5jc ¼ 170.4jb; ð15Þ

which, as expected, does not depend on the heavy quark
mass. In the following we assume 1=I1 ¼ 171 MeV.
Masses in both heavy antitriplets and both sextets are

equally split [see Eq. (8)] proportionally to YB with the
following coefficients

δ3̄ ¼
3

8
αþ β ¼ −180 MeV;

δ6 ¼
3

20
αþ β −

3

10
γ ¼ −121 MeV: ð16Þ

Numerical values are taken as the average values from
Eqs. (13) and (14) in Ref. [1], where heavy baryon masses
have been reproduced with a few MeV accuracy. We see
that to fit the data we do not need all three parameters α, β, γ
separately, but only their two combinations given above.
However, for splittings in exotic 15 multiplets different
combinations are necessary (8) and in consequence we
need to know α, β, and γ independently.
In summary: in order to predict the masses of heavy

pentaquarks, we need additional input data to constrain
1=I2, α, β and γ. We follow Ref. [2], where two out of five
excited Ωc hyperons reported by the LHCb Collaboration
in 2017 [14] were interpreted as exotic states belonging to
ð15; J ¼ 1Þ. Thus, we have an additional input for spin
averaged Ωc masses

M̄c
Ω;ð15;J¼1Þ ¼ 3096 MeV: ð17Þ

From Eqs. (8), (11), and (13) we obtain that

M̄c
Ω;ð15;J¼1Þ ¼ Mc

6;J¼1 þ
1

I2
−
1

6
ðαþ 8β − 2γÞ: ð18Þ

Equating (17) with (18) together with Eq. (16) gives three
independent equations for four parameters α, β, γ, and 1=I2.
We solve them in function of 1=I2 (in MeV)

α ¼ 4102.27 − 12
1

I2
;

β ¼ −1718.35þ 9

2

1

I2
;

γ ¼ −3273.37þ 9
1

I2
: ð19Þ

We could vary 1=I2 in Eq. (19) at will without affecting
masses of nonexotic baryons and of the input exotic Ωc
(and also the corresponding Ωb) states. It is however clear
that 1=I2 must be limited to some reasonable range.
Following Ref. [13] we constrain parameter 1=I2 to the
region where α, β, and γ are negative and of the same
order2: 1=I2 ¼ 351� 5 MeV, which we use as an estimate

2See discussion below Eq. (7).
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of the model’s uncertainty. This procedure and the relation
of the present model parameters to other calculations is in
detail discussed in Ref. [13].
As already explained, due to the very small experimental

errors, the χ2 analysis is not suitable for estimating the error
of the procedure discussed above. Instead, we have
computed the square root of mean square deviation varying
one of the parameters 1=I1; α; β; or γ with the remaining
ones fixed at the values given above (keeping
1=I2 ¼ 351 MeV). In each case the deviation was
2 MeV. The uncertainty of at most 2 MeV remains
unchanged for the pentaquark masses, and therefore can
be neglected compared to the uncertainty due 1=I2, which
—as we will see varies between 20 and 50 MeV.
Finally, we have to include the hyperfine interaction (9).

This was done in Ref. [13]

ϰ

mb
¼ 19.4jΣb

¼ 18.8jΞb
ð20Þ

(in MeV). In what follows we assume 19 MeV.
Now, when all parameters are fixed, we can easily

predict masses of all exotic b-baryons. The results are
shown in Fig. 2 and in Table I.
Let us observe that assuming 1=I2 ¼ 351 MeV and

taking 1=I1 from Eq. (15), we obtain that ð15; J ¼ 0Þ
multiplet is heavier from ð15; J ¼ 1Þ multiplet on average
by approximately 180 MeV. Indeed

Mb
15;J¼1

≃ 6257.5 MeV;

Mb
15;J¼0

≃ 6437.5 MeV: ð21Þ

We can also estimate the average mass of the next
exotic representation ð150 ¼ ðp ¼ 0; q ¼ 4Þ; J ¼ 1Þ to be

approximately 6960 MeV, which is indeed substantially
heavier than 15.

IV. DECAYS

We compute decay widths of b-exotica to check whether
they follow the pattern of charm pentaquarks, namely
whether the widths of ð15; J ¼ 1Þ are very small, and
the widths ð15; J ¼ 0Þ are large [13]. We can compute only
decays in which the soliton changes its configuration by
emitting a pseudo-Goldstone φ boson and the heavy quark
is a spectator. Decays into heavy mesons cannot be
computed in the present approach. Nevertheless, we try
to estimate approximately their influence on the total
widths.
We follow exactly the same steps as in Ref. [13], using

the decay operator, which has been obtained via the
Goldberger-Treiman relation from the collective weak
current [3,10],

Ôφ ¼ 1

2Fφ

�
−ã1D

ð8Þ
φi − a2dibcD

ð8Þ
φb Ĵc − a3

1ffiffiffi
3

p Dð8Þ
φ8 Ĵi

�
pi:

ð22Þ

Here Dð8Þ
φi denote SU(3) Wigner functions, Ĵi is the soliton

spin operator and pi is the φ meson momentum. Constants
a1;2;3 that enter Eq. (22) were extracted from the semi-
leptonic decays of the baryon octet in Ref. [34]

a1 ≃ −3.509; a2 ≃ 3.437; a3 ≃ 0.604: ð23Þ

However, due to the fact that a1 scales as Nval, it has been
shown in Ref. [3] that in the heavy quark sector a1 has to be
replaced by

a1 → ã1 ¼ −2.1596: ð24Þ

With this replacement, all decays of charm and bottom
sextet and of two exotic Ωc’s have been successfully
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M
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s
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Λ

Ν
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M
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s
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]

J=0

FIG. 2. Spectra of exotic beauty multiplets without spin
interaction: 15; J ¼ 1 (left) and J ¼ 0 (right) in terms of the
inverse moment of inertia 1=I2.

TABLE I. Mass predictions in MeV for exotic 15 b-penta-
quarks. Since two Ωc states are taken as input, also two Ωb states
have fixed masses that do not depend on 1=I2.

J ¼ 1 J ¼ 0

15 s ¼ 1=2 s ¼ 3=2 s ¼ 1=2

Nb 6005–6052 6024–6071 6146–6211
Λb 6132–6172 6151–6191 6307–6328
Σb 6155–6170 6174–6189 6320–6370
Ξb
1=2 6271–6291 6290–6310 6475–6465

Ξb
3=2 6305–6287 6324–6306 6494–6529

Ωb 6410 6429 6643–6603
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described [3]. For the decay constants Fφ, we take Fπ ¼
93 MeV and FK ¼ Fη ¼ 1.2Fπ ¼ 112 MeV.
We compute the decays B1 → B2 þ φ, where M1;2

denote masses of the initial and final baryons respectively,
and pi is the c.m. momentum of the outgoing meson of
mass m [3,10]

jp⃗j ¼ p¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðM2

1 − ðM2þmÞ2ÞðM2
1− ðM2−mÞ2Þ

p
2M1

: ð25Þ

The decay width is related to the matrix element of Ôφ

squared, summed over the final isospin (but not spin) and

averaged over the initial spin and isospin denoted as ½…�2;
see the Appendix of Ref. [10] and Erratum of Ref. [3] for
the details of the corresponding calculations,

ΓB1→B2þφ ¼ 1

2π
hB2jÔφjB1i2

M2

M1

p: ð26Þ

Because φ meson is in the SU(3) octet, the following
decays are possible:

15J¼1 → 6J¼1; 3̄J¼0;

15J¼0 → 15J¼1; 6J¼1: ð27Þ

Direct decays of 15J¼0 to the ground state antitriplet are
suppressed.
After averaging over the initial spin and isospin and

summing over the final isospin and over final spin third
component m2, we obtain [13]

ΓB1→B2þφ ¼ p3

24πF2
φ

M2

M1

dimR2

dim 15
γJ1→J2ðs1 → s2Þ

×

�X
μ
GðμÞ
15J1→R2

�
8 R2

φ B2

���� 15μB1

��2

: ð28Þ

Here the square bracket stands for the pertinent SU(3)

isoscalar factor and GðμÞ
15J1→R2

are the decay couplings.3 The

sum over μ is relevant only for R2 ¼ 15 in the final state.
We have4 [13]

G151→3̄0
¼

ffiffiffi
1

2

r �
−ã1 −

1

2
a2

�
¼ 0.312;

G151→61
¼ −

ffiffiffi
1

3

r �
−ã1 −

1

2
a2 − a3

�
¼ 0.094; ð29Þ

and

G150→61
¼ 1

2

�
−ã1 −

3

2
a2

�
¼ −1.498;

Gðμ¼1Þ
150→151

¼
ffiffiffiffiffiffiffiffi
1

366

r �
−ã1 þ

41

2
a2

�
¼ 3.796;

Gðμ¼2Þ
150→151

¼ −
ffiffiffiffiffiffiffiffi
81

122

r �
−ã1 þ

1

6
a2

�
¼ −2.226: ð30Þ

Here, we adopt the de Swart conventions for the SU(3)
phase factors [35] and label the representations as in the
numerical code of Ref. [36].
Factors γ take care of the spin dependence for the soliton

angular momenta J ¼ 1 or 0 (see Erratum in Ref. [3]):

γ1→1ð1=2→ 1=2Þ¼ 2=3; γ1→1ð1=2→ 3=2Þ¼ 1=3;

γ1→1ð3=2→ 1=2Þ¼ 1=6; γ1→1ð3=2→ 3=2Þ¼ 5=6;

γ0→1ð1=2→ 1=2Þ¼ 1=3; γ0→1ð1=2→ 3=2Þ¼ 2=3;

γ1→0ð1=2→ 1=2Þ¼ 1; γ1→0ð3=2→ 1=2Þ¼ 1: ð31Þ

Note that

X
s2

γJ1→J2ðs1 → s2Þ ¼ 1: ð32Þ

We see from Eq. (29) that decay constants of ð15; J ¼ 1Þ
are very small; in fact they vanish in the large Nc limit [37].
On the contrary, decay constants of ð15; J ¼ 0Þ are almost
an order of magnitude larger (30), so we expect the
corresponding decay widths to be large (also the phase
space factor is larger than in the J ¼ 1 case).
Numerical results are presented in Tables II and III.

Decays not included in the tables are not allowed by
energy or isospin conservation. Note that these widths are
pure predictions based on the light sector values of the
decay parameters, except for rescaling (24). In Table IV
we list all possible strong decays to heavy mesons and
indicate whether they are allowed by energy
conservation.
Table II shows that all states in 15J¼1, have very small

widths, in most cases not exceeding 2 MeV. For all states in
15J¼1, decay channels to light baryons and heavy mesons
are closed. We therefore conclude that exotic b-pentaquarks
from 15J¼1 can be found only in dedicated searches in high
resolution experiments. Interestingly, the lightest member
of 15J¼1, namely the nucleonlike pentaquark, is stable with
respect to two body strong decays.
The situation is very different in the case of 15J¼0 widths

listed in Table III. Here all decay widths are within
30–220 MeV range. The only exception is again the lightest
nucleonlike pentaquark, which can decay only to theNb state
in 15J¼1, which is stable against strong decays. Furthermore,

3Recall that the soliton in SU(3) 15 can be quantized as spin
J1 ¼ 1 or J1 ¼ 0.

4Present definitions of the decay constants contain pertinent
SU(3) spin isoscalar factors, which have not been included in
definitions of Ref. [3].
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as seen from Table IV, all states in 15J¼0 (except forNb) have
one open channel to the decays to light baryons and heavy
mesons. We are not able to compute these widths within the
present approach. However, since the available phase space is
comparable to the decays listed in Table III, we may expect
that the total decay widths will double with respect to the
estimates given in Table III.

One should also note, that all decays of 15J¼0 lead to
either 6 or 15J¼1, which decay further to 6 and 3̄.
We conclude therefore, that pentaquarks from 15J¼0

multiplet are very wide and — similarly to the charm case
discussed in Ref. [13] — may be interpreted as a back-
ground, rather than as a signal. Therefore, they could have
been missed in general purpose experiments.

TABLE II. Decay widths of exotic pentaquarks in the SU(3) representation 15 and J ¼ 1. Uncertainties
correspond to the mass ranges from Table I (twoΩc states are used as the input; therefore, alsoΩb masses and decay
widths are not subject to such uncertainties).

Decay Γ [MeV]

B1 B2 þ φ s2 ¼ 1
2

s2 ¼ 3
2

Σs2

Ωbð151=21 Þ Ξbð3̄0Þ þ K̄ 0.813 � � � 0.813
Ωbð61Þ þ π 0.079 0.030 0.109

Total 0.922

Ωbð153=21 Þ Ξbð3̄0Þ þ K̄ 1.027 � � � 1.027
Ωbð61Þ þ π 0.024 0.089 0.113

Total 1.140

Ξb
3=2ð151=21 Þ Ξbð3̄0Þ þ π 2.599–2.899 � � � 2.599–2.899

Ξbð61Þ þ π 0.036–0.042 0.015–0.018 0.051–0.060

Total 2.650–2.959

Ξb
3=2ð153=21 Þ Ξbð3̄0Þ þ π 2.916–3.237 � � � 2.916–3.237

Ξbð61Þ þ π 0.011–0.013 0.045–0.053 0.056–0.0.66

Total 2.972–3.303

Ξb
1=2ð151=21 Þ Ξbð30Þ þ π 0.147–0.167 − − − 0.147–0.167

Λbð3̄0Þ þ K̄ 0.455–0.554 − − − 0.455–0.554
Ξbð6̄1Þ þ π 0.047–0.058 0.020–0.024 0.067–0.082

Total 0.669–0.803

Ξb
1=2ð153=21 Þ Ξbð30Þ þ π 0.166–0.187 � � � 0.166–0.187

Λbð3̄0Þ þ K̄ 0.549–0.656 � � � 0.549–0.656
Ξcð6̄1Þ þ π 0.014–0.017 0.060–0.073 0.074–0.091

Total 0.789–0.934

Σbð151=21 Þ Λbð3̄0Þ þ π 1.653–1.796 � � � 1.653–1.796
Σbð61Þ þ π 0.032–0.037 0.013–0.015 0.045–0.052

Total 1.698–1.848

Σbð153=21 Þ Λbð3̄0Þ þ π 1.835–1.986 � � � 1.835–1.986
Σcð61Þ þ π 0.010–0.011 0.040–0.046 0.049–0.057

Total 1.884–2.043

Λbð151=21 Þ Λbð3̄0Þ þ η 0.000–0.007 � � � 0.000–0.007
Σbð61Þ þ π 0.019–0.028 0.007–0.012 0.026–0.040

Total 0.026–0.047

Λbð153=21 Þ Λbð3̄0Þ þ η 0.000–0.054 � � � 0.000–0.054
Σbð61Þ þ π 0.006–0.008 0.023–0.035 0.029–0.043

Total 0.029–0.097
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V. SUMMARY AND CONCLUSIONS

In the present paper we have closely followed Ref. [13]
on charm 15 pentaquarks extending it to the case of beauty.
We have used the χQSM where all model parameters were
extracted from the heavy baryon spectra including charm
exotica and from the negativity of splitting parameters α, β,
and γ (7). In this way we in fact tested the underlying
hedgehog SU(3) symmetry rather than a particular imple-
mentation of the model. We did not present numerical
support for the model mass formulas (8), (10), and (13) and
other regularities that were at length discussed in Ref. [13].
We computed masses of b pentaquarks with uncertain-

ties of the order ∼50 MeV, which are grouped in three 15
multiplets spanned in a range 6000–6600 MeV. Question
arises, can one observe these states experimentally?
Before answering this question let us comment on four

Ωb− states reported in Ref. [38] by the LHCb Collaboration
at CERN. These states are very narrow with masses within

TABLE III. Decay widths of exotic b-pentaquarks in the SU(3) representation 15 and J ¼ 0. Uncertainties
correspond to the mass ranges from Table I.

Decay Γ [MeV]

B1 B2 þ φ s2 ¼ 1
2

s2 ¼ 3
2

Σs2

Ωbð150Þ Ωbð61Þ þ π 38.58–47.41 65.23–81.30 103.81–128.71
Ξbð61Þ þ K̄ 7.41–10.48 12.50–18.22 19.91–28.71
Ωbð151Þ þ π 0.71–1.88 0.69–2.51 1.40–4.39

Total 125.12–161.81

Ξb
3=2ð150Þ Ξbð61Þ þ π 19.46–23.31 35.49–42.79 54.95–66.10

Σbð61Þ þ K̄ 16.56–22.11 27.41–37.67 43.97–59.78
Ξb
3=2ð151Þ þ π 10.40–37.18 5.19–51.26 15.59–88.44

Ξb
1=2ð151Þ þ π 1.40–4.31 1.54–6.23 2.95–10.54

Total 117.46–224.86

Ξb
1=2ð150Þ Ξbð61Þ þ π 25.92–27.42 46.97–49.80 72.88–77.21

Σbð61Þ þ K̄ 0.78–0.87 1.25–1.40 2.03–2.27
Ξb
3=2ð151Þ þ π 0.46–1.78 0.00–1.60 0.46–3.38

Ξb
1=2ð151Þ þ π 0.03–0.09 0.02–0.10 0.05–0.20

Total 75.43–83.06

Σbð150Þ Σbð61Þ þ π 14.41–19.13 25.46–34.28 39.87–53.41
Σbð61Þ þ η 0.00–0.12 − − − 0.00–0.12
Σbð151Þ þ π 0.94–20.26 0.00–24.56 0.94–44.82
Λbð151Þ þ π 0.10–4.58 0.00–6.22 0.10–10.80

Total 40.91–109.15

Λbð150Þ Σbð61Þ þ π 9.98–11.33 17.56–20.08 27.55–31.41
Σbð151Þ þ π 0.00–2.20 0.00–1.24 0.00–3.44

Total 27.55–34.85

Nbð150Þ Nbð151Þ þ π 0.00–18.57 0.00–21.03 0.00–39.60

Total 0.00–39.60

TABLE IV. Decays of 15J¼1;0 to the ground state octet baryons
and B mesons (there is no distinction between particles and
antiparticles since only the masses matter for thresholds).

15J Final J ¼ 1 J ¼ 0

Ωb Ξþ B No Yes

Ξb
3=2 Σþ B No Yes

Ξb
1=2 Ξþ Bs No No

Λþ B No Yes
Σþ B No No

Σb Σþ Bs No No
N þ B No Yes

Λb Λþ Bs No No
N þ B No Yes

Nb N þ Bs No No
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6316 ÷ 6350 MeV range. A natural explanation of these
states is that they are copies of analogous charm resonances
[14–16] (actually five not four) reported by LHCb and
Belle Collaborations in 2017 with masses within 3000 ÷
3119 MeV range. Indeed, the heavy quark symmetry
implies that to a good approximation, b baryon spectra
are copies of the c baryon spectra shifted by the mb −
mc ≃ 3330 MeV [39] mass difference.5 This means that we
expect excited Ωb− states within the range of 6330 ÷
6450 MeV rather than 6316 ÷ 6350 MeV. For exotic
multiplets the predicted range is a few tens of MeV higher.
Moreover, their mass differences are much smaller than the
Ωc mass splittings in the charm sector, which is strange
since the mass splittings in all know cases are basically
independent of the heavy quark mass (neglecting spin-spin
interaction). The low masses of the newly discovered Ωb

states are still a matter of debate and some models can
accommodate them in the excited sextet [40,41]. This may
be due to the fact that they are attributed to the so called λ
modes [40], which in the present approach are suppressed
in the large Nc limit [4]. So the LHCb Ωb− states are not
easy to accommodate in the present model. The pantaquark
Ωb states discussed in this paper are heavier and either very

narrow, Γ ∼ 1 MeV, or very wide, Γ ∼ 125 ÷ 160 MeV
(see below).
Finally, we computed strong decay widths using the

same approach as Ref. [13]. We have found that the decay
pattern is very similar to the charm case. Pentaquarks
belonging to the 15J¼1 SU(3) multiplet are very narrow
having widths of the order of ∼2 MeV, while the remaining
states from the 15J¼0 SU(3) multiplet are wide, in most
cases of the order of ∼100 MeV or more. Moreover, all
these decays lead to the unstable resonances. For all
pentaquarks in 15J¼1 decay channels to heavy mesons
are closed, and on the contrary, 15J¼0 have open channels
to the final states containing B mesons, which can double
decay widths computed in the χQSM. Multipurpose
searches can easily miss narrow or wide exotic states, so
dedicated studies are needed to confirm/reject our
predictions.

ACKNOWLEDGMENTS

This work has been supported by the Polish National
Science Centre Grants No. 2017/27/B/ST2/01314. The
author acknowledges CERN TH Department for hospitality
while this research was being carried out.

DATA AVAILABILITY

No data were created or analyzed in this study.

[1] G. S. Yang, H.-Ch. Kim, M. V. Polyakov, and M.
Praszalowicz, Phys. Rev. D 94, 071502 (2016).

[2] H. C. Kim, M. V. Polyakov, and M. Praszałowicz, Phys.
Rev. D 96, 014009 (2017).

[3] H. C. Kim, M. V. Polyakov, M. Praszalowicz, and G. S.
Yang, Phys. Rev. D 96, 094021 (2017); 97, 039901(E)
(2018).

[4] M. V. Polyakov and M. Praszalowicz, Phys. Rev. D 105,
094004 (2022).

[5] S. Navas et al. (Particle Data Group), Phys. Rev. D 110,
030001 (2024).

[6] E. Guadagnini, Nucl. Phys. B236, 35 (1984).
[7] P. O. Mazur, M. A. Nowak, and M. Praszalowicz, Phys.

Lett. 147B, 137 (1984).
[8] S. Jain and S. R. Wadia, Nucl. Phys. B258, 713 (1985).
[9] M. Praszalowicz, Phys. Lett. B 575, 234 (2003).

[10] D. Diakonov, V. Petrov, and M. V. Polyakov, Z. Phys. A
359, 305 (1997).

[11] M. Praszalowicz, Proc. Sci. CORFU2023 (2024) 063
[arXiv:2405.09926].

[12] M. Praszalowicz, arXiv:2411.08429.
[13] M. Praszałowicz and M. Kucab, Phys. Rev. D 107, 034011

(2023).

[14] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 118,
182001 (2017).

[15] J. Yelton et al. (Belle Collaboration), Phys. Rev. D 97,
051102 (2018).

[16] R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 104,
L091102 (2021).

[17] C. S. An and H. Chen, Phys. Rev. D 96, 034012 (2017).
[18] G. Yang and J. Ping, Phys. Rev. D 97, 034023 (2018).
[19] Z. G. Wang and J. X. Zhang, Eur. Phys. J. C 78, 503 (2018).
[20] C. Wang, L. L. Liu, X. W. Kang, X. H. Guo, and R.W.

Wang, Eur. Phys. J. C 78, 407 (2018).
[21] D. Diakonov, V. Y. Petrov, and P. V. Pobylitsa, Nucl. Phys.

B306, 809 (1988).
[22] C. V. Christov, A. Blotz, H. C. Kim, P. Pobylitsa, T. Watabe,

T. Meissner, E. Ruiz Arriola, and K. Goeke, Prog. Part.
Nucl. Phys. 37, 91 (1996).

[23] R. Alkofer, H. Reinhardt, and H. Weigel, Phys. Rep. 265,
139 (1996).

[24] V. Petrov, Acta Phys. Pol. B 47, 59 (2016).
[25] D. Diakonov, V. Y. Petrov, and M. Praszalowicz, Nucl.

Phys. B323, 53 (1989).
[26] K. Goeke, J. Ossmann, P. Schweitzer, and A. Silva, Eur.

Phys. J. A 27, 77 (2006),

5This mass difference comes from the comparison of the 3̄ and
6 heavy baryon spectra.

BEAUTIFUL EXOTICA PHYS. REV. D 112, 034022 (2025)

034022-9

https://doi.org/10.1103/PhysRevD.94.071502
https://doi.org/10.1103/PhysRevD.96.014009
https://doi.org/10.1103/PhysRevD.96.014009
https://doi.org/10.1103/PhysRevD.96.094021
https://doi.org/10.1103/PhysRevD.97.039901
https://doi.org/10.1103/PhysRevD.97.039901
https://doi.org/10.1103/PhysRevD.105.094004
https://doi.org/10.1103/PhysRevD.105.094004
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1016/0550-3213(84)90523-6
https://doi.org/10.1016/0370-2693(84)90608-7
https://doi.org/10.1016/0370-2693(84)90608-7
https://doi.org/10.1016/0550-3213(85)90632-7
https://doi.org/10.1016/j.physletb.2003.09.049
https://doi.org/10.1007/s002180050406
https://doi.org/10.1007/s002180050406
https://doi.org/10.22323/1.463.0063
https://arXiv.org/abs/2405.09926
https://arXiv.org/abs/2411.08429
https://doi.org/10.1103/PhysRevD.107.034011
https://doi.org/10.1103/PhysRevD.107.034011
https://doi.org/10.1103/PhysRevLett.118.182001
https://doi.org/10.1103/PhysRevLett.118.182001
https://doi.org/10.1103/PhysRevD.97.051102
https://doi.org/10.1103/PhysRevD.97.051102
https://doi.org/10.1103/PhysRevD.104.L091102
https://doi.org/10.1103/PhysRevD.104.L091102
https://doi.org/10.1103/PhysRevD.96.034012
https://doi.org/10.1103/PhysRevD.97.034023
https://doi.org/10.1140/epjc/s10052-018-5989-4
https://doi.org/10.1140/epjc/s10052-018-5874-1
https://doi.org/10.1016/0550-3213(88)90443-9
https://doi.org/10.1016/0550-3213(88)90443-9
https://doi.org/10.1016/0146-6410(96)00057-9
https://doi.org/10.1016/0146-6410(96)00057-9
https://doi.org/10.1016/0370-1573(95)00018-6
https://doi.org/10.1016/0370-1573(95)00018-6
https://doi.org/10.5506/APhysPolB.47.59
https://doi.org/10.1016/0550-3213(89)90587-7
https://doi.org/10.1016/0550-3213(89)90587-7
https://doi.org/10.1140/epja/i2005-10229-5
https://doi.org/10.1140/epja/i2005-10229-5


[27] G. S. Adkins, C. R. Nappi, and E. Witten, Nucl. Phys. B228,
552 (1983).

[28] E. Witten, Nucl. Phys. B223, 422 (1983); B223, 433 (1983).
[29] J. Wess and B. Zumino, Phys. Lett. 37B, 95 (1971).
[30] D. Diakonov, V. Petrov, and A. A. Vladimirov, Phys. Rev. D

88, 074030 (2013).
[31] A. Blotz, D. Diakonov, K. Goeke, N. W. Park, V. Petrov, and

P. V. Pobylitsa, Nucl. Phys. A555, 765 (1993).
[32] G. S. Adkins and C. R. Nappi, Nucl. Phys. B249, 507

(1985).
[33] M. Praszalowicz, Phys. Rev. D 106, 114005 (2022).
[34] G. S. Yang and H.-Ch. Kim, Phys. Rev. C 92, 035206

(2015).

[35] J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963); 37, 326(E)
(1965).

[36] T. A. Kaeding and H. T. Williams, Comput. Phys. Commun.
98, 398 (1996).

[37] M. Praszalowicz, Eur. Phys. J. C 78, 690 (2018).
[38] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 124,

082002 (2020).
[39] M. Kucab and M. Praszalowicz, Phys. Rev. D 109, 076005

(2024).
[40] E. Ortiz-Pacheco, R. Bijker, A. Giachino, and E. Santopinto,

J. Phys. Conf. Ser. 1610, 012011 (2020).
[41] M. Karliner and J. L. Rosner, Phys. Rev. D 102, 014027

(2020).

MICHAŁ PRASZAŁOWICZ PHYS. REV. D 112, 034022 (2025)

034022-10

https://doi.org/10.1016/0550-3213(83)90559-X
https://doi.org/10.1016/0550-3213(83)90559-X
https://doi.org/10.1016/0550-3213(83)90063-9
https://doi.org/10.1016/0550-3213(83)90064-0
https://doi.org/10.1016/0370-2693(71)90582-X
https://doi.org/10.1103/PhysRevD.88.074030
https://doi.org/10.1103/PhysRevD.88.074030
https://doi.org/10.1016/0375-9474(93)90505-R
https://doi.org/10.1016/0550-3213(85)90089-6
https://doi.org/10.1016/0550-3213(85)90089-6
https://doi.org/10.1103/PhysRevD.106.114005
https://doi.org/10.1103/PhysRevC.92.035206
https://doi.org/10.1103/PhysRevC.92.035206
https://doi.org/10.1103/RevModPhys.35.916
https://doi.org/10.1103/RevModPhys.37.326
https://doi.org/10.1103/RevModPhys.37.326
https://doi.org/10.1016/0010-4655(96)00085-9
https://doi.org/10.1016/0010-4655(96)00085-9
https://doi.org/10.1140/epjc/s10052-018-6173-6
https://doi.org/10.1103/PhysRevLett.124.082002
https://doi.org/10.1103/PhysRevLett.124.082002
https://doi.org/10.1103/PhysRevD.109.076005
https://doi.org/10.1103/PhysRevD.109.076005
https://doi.org/10.1088/1742-6596/1610/1/012011
https://doi.org/10.1103/PhysRevD.102.014027
https://doi.org/10.1103/PhysRevD.102.014027

	Beautiful exotica
	I. INTRODUCTION
	II. BARYONS IN THE CHIRAL QUARK-SOLITON MODEL
	III. HEAVY BARYON MASSES
	IV. DECAYS
	V. SUMMARY AND CONCLUSIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


