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To shed light on the inner structure of the observed single-bottom strange baryons, in this work we
systematically study the Okubo-Zweig-Iizuka allowed strong decay properties of 1P- and 2S-wave Ξb and
Ξ0
b baryons within the j-j coupling scheme in the framework of the quark pair creation model. For a

comparison, we also give the predictions of the chiral quark model. The calculations indicate that (i) The
1P-wave λ-mode Ξb states ΞbjJP ¼ 1=2−; 1iλ and ΞbjJP ¼ 3=2−; 1iλ are highly promising candidates
for the observed state Ξbð6087Þ and Ξbð6095Þ=Ξbð6100Þ, respectively. The 1P-wave λ-mode Ξ0

b states
Ξ0
bjJP ¼ 3=2−; 2iλ and Ξ0

bjJP ¼ 5=2−; 2iλ are likely candidates for the state Ξbð6227Þ. Meanwhile, we
cannot rule out the possibility that Ξbð6227Þ could be a candidate of the 1P-wave ρ-mode Ξb state
ΞbjJP ¼ 3=2−; 2iρ or ΞbjJP ¼ 5=2−; 2iρ. (ii) For the other 1P-wave ρ-mode Ξb states and 1P-wave
λ-mode Ξ0

b states, they may be moderate states with a width of several tens of MeV. Their main decay
channels are Ξbπ, Ξ0

bπ, Ξ�
bπ or ΛbK̄. The width of the 1P-wave ρ-mode Ξ0

b states are slightly broader,
approximately several tens to over one hundred MeV, and the dominant decay channels are Ξ0

bπ, Ξ�
bπ, ΣbK

or Σ�
bK. (iii) The 2S-wave λ-mode Ξb and Ξ0

b states are most likely to be relatively narrow state with a
width of only a few to around ten MeV, and they mainly decay into Ξ0

bπ or Ξ�
bπ. Meanwhile, the decay

process of 2S-wave λ-mode Ξ0
b states into the final states containing 1P-wave Ξb baryons should not

be overlooked either. We hope that the theoretical results can provide some reference for future
experimental investigations.

DOI: 10.1103/2tg7-jhqy

I. INTRODUCTION

Exploring internal structures and finding the missing
resonance states is one of the important topics in hadronic
physics, which will help us better understand strong
interaction and the theoretical framework of nonperturba-
tive quantum chromodynamics(QCD). Studies of hadrons
containing a heavy quark play a special role since the heavy
quark symmetry can be exploited.
There are a number of b baryon states that contain both

beauty and strange quarks. The states form isospin doublets

Ξð0;−Þ
b . In the quark model [1–3], three isospin doublets of

ground states are expected. So far, five of these states have
been observed in the experiment [4–7]; only the Ξ00

b baryon
remains unobserved. This is presumably because its mass

lies below the threshold of Ξ−
bπ

þ [8] and makes it exper-
imentally challenging to observed.Moreover, great progress
has been achieved on the observation of excitedΞb states. In
2018, the LHCb Collaboration first reported a resonance,
Ξbð6227Þ−, decaying into both Λ0

bK
− and Ξ0

bπ
− [9].

Furthermore, the ratio of branching fractions was measured
to be BðΞbð6227Þ− → Λ0

bK
−Þ=BðΞbð6227Þ− → Ξ0

bπ
−Þ≃

1.0� 0.5 [9], which provided a good reference for theo-
retical explanation. In 2021, the LHCb Collaboration con-
firmed this state again, and at the same time reported a new
beauty-baryon resonance Ξbð6227Þ0 decaying into Ξ−

bπ
þ

[10]. Themeasuredmasses of theΞbð6227Þ− andΞbð6227Þ0
states are consistent with them being isospin partners.
Soon after, the CMSCollaboration clearly observed another
narrow new resonance Ξbð6100Þ− near the Ξ−

bπ
þπ− kin-

ematic threshold [11]. And this new resonance was later
confirmed by the LHCb Collaboration in the Ξ�0

b ðΞ−
bπ

þÞπ−
mass distribution [12]. The Ξbð6100Þ− resonance and its
decay sequence were consistent with the lightest orbitally
excited Ξ−

b baryon, with spin and parity quantum numbers
JP ¼ 3=2− [11]. In 2022, two narrow resonant states,
Ξbð6327Þ0 and Ξbð6333Þ0, were observed by the LHCb
Collaboration again in the Λ0

bK
−πþ mass spectrum, whose
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properties were in good agreement with the expectations
for a doublet of 1DΞ0

b states [13]. Recently, the LHCb
Collaboration announced again two new baryonic struc-
tures, Ξbð6087Þ0 and Ξbð6095Þ0, in the final state Ξ0

bπ
þπ−

[12]. And data indicated that the Ξbð6087Þ0 baryon decayed
mainly through the Ξ0−

b π
þ state and the Ξbð6095Þ0 baryon

mainly through the Ξ�−
b πþ state [12]. Up to now there

are twelve Ξb baryons observed experimentally according
to the Particle Data Group [14], and we collect those states
in Table I.
For constructing the highly excited bottom baryon spec-

troscopy, there exist many theoretical studies in the liter-
ature. Before the experiment, various theoretical models and
calculations predicted the masses and decay properties of

excited Ξð0Þ
b baryons [15–22,22–36], which established a

valuable theoretical framework for experimental observa-
tion [11,13]. After the experiment, a great deal of theoretical
work was also stimulated to decode the inner structures of
those newly observed states. For the heaviest observed
excited states Ξbð6327Þ0 and Ξbð6333Þ0, the most popular
explanation is interpreting them into 1D-wave Ξb

resonances with spin-parity JP ¼ 3=2þ and 5=2þ [37–
42], respectively.Meanwhile, there are other interpretations,
such as 1P- wave Ξ0

b states with spin-parity JP ¼ 1=2−

[43,44], 3=2− [43–46] or 5=2− [45]. For the first observed
excited stateΞbð6227Þ, the theory explains it as 1P-waveΞ0

b
states [42,47] with spin-parity JP ¼ 1=2− [48], JP ¼ 3=2−

[36,43,45,49–51], or JP ¼ 5=2− [36,38,39,44,50,52].
Interpreted Ξbð6227Þ as 2S-wave Ξb state [42] with spin-
parity JP ¼ 1=2þ [37,43] is also allowed in theory. Besides
the above conventional explanations, there exist some
exotic explanations for the Ξbð6227Þ, such as ΣbK̄ molecu-
lar [53–55] and dynamically generated state [56]. For the
Ξbð6100Þ− andmost recently observedΞbð6095Þ0 states, we
can tentatively assign them to be the isospin doublet by
considering the quarks’ constituents and mass difference.
Currently, the vast majority of theoretical work interprets
the two states as 1P-wave Ξb resonance with spin-parity
JP ¼ 3=2− [37,39,42–44,47,49,52,57–60], but a very small
number of studies suggest they may be 1P-wave Ξb

resonance with spin-parity JP ¼ 1=2− [45]. For the other
most recently reported stateΞbð6087Þ0, the theoretical work
interprets this state as 1P-wave Ξb baryon with spin-parity
JP ¼ 1=2− [44,47,52,58–60], which is inconsistent with
the suggested spin-parity JP ¼ 3=2− from the Particle Data
Group [14]. The more theoretical studies with more refer-
ences can be found in review articles [61,62].
According to the predicted spectra of the Ξb and Ξ0

b
baryons [19,28,37,42,51,63–66], themass distribution of the
observed excited-state candidates lies between the predicted
masses of the 1P-, 1D-, and 2S-wave states. In our previous
works [40,41], we have systematically studied the decay

properties of the 1D-wave Ξð0Þ
b baryons and given our

theoretical explanations for the Ξbð6327Þ0 and Ξbð6333Þ0
states. In the present work, we carry out a systematical study

of the 1P- and 2S-wave Ξð0Þ
b states for both λ- and ρ-mode

excitations with the quark pair creation (QPC) model.
Meanwhile, we also include the chiral quark model’s
predictions for comparison. Through studies of their strong
decay properties, we attempt to clarify the internal structure
of the controversial excited states: Ξbð6087Þ0,
Ξbð6095Þ0=Ξbð6100Þ−, andΞbð6227Þð0;−Þ. The quarkmodel
classification and Okubo-Zweig-Iizuka (OZI) allowed two-
body decay modes are collected in Table II.
This paper is structured as follows. In Sec. II, we briefly

introduce the QPC model, chiral quark model, and the
relationship of states in different coupling schemes. Then
we present our numerical results and discussions in Sec. III.
A summary is given in Sec. IV.

II. THEORETICAL FRAMEWORK

A. QPC model

The QPC model was first proposed by Micu [67], Car-
litz and Kislinger [68], and further developed by the Orsay

TABLE I. Masses and decay widths of the Ξb baryons from the
Particle Data Group [14]. The unit is MeV. The symbol “***”
denotes the definite status of the state; see the PDG (Particle Data
Group) for reference. A question mark (?) denotes that the spin-
parity of this state is unknown / not yet established.

State JP Mass and width Status

Ξ−
b 1=2þ M ¼ 5797.0� 0.4 � � �

� � �
Ξ0
b 1=2þ M ¼ 5791.7� 0.4 � � �

� � �
Ξ0
bð5935Þ−ðΞ0−

b Þ 1=2þ M ¼ 5934.9� 0.4 � � �
Γ ¼ 0.03� 0.032

Ξbð5945Þ0ðΞ�0
b Þ 3=2þ M ¼ 5952.3� 0.6 � � �

Γ ¼ 0.87� 0.07

Ξbð5955Þ−ðΞ�−
b Þ 3=2þ M ¼ 5955.5� 0.4 � � �

Γ ¼ 1.43� 0.11

Ξbð6087Þ0 3=2− M ¼ 6087.0� 0.5 � � �
Γ ¼ 2.4� 0.5

Ξbð6095Þ0 3=2− M ¼ 6095.1� 0.4 � � �
Γ ¼ 0.50� 0.35

Ξbð6100Þ− 3=2− M ¼ 6099.8� 0.4 � � �
Γ ¼ 0.94� 0.31

Ξbð6227Þ− ?? M ¼ 6227.9� 0.9 � � �
Γ ¼ 19.9� 2.6

Ξbð6227Þ0 ?? M ¼ 6226.8� 1.6 � � �
Γ ¼ 19þ5

−4

Ξbð6327Þ0 ?? M ¼ 6327.28� 0.35 � � �
Γ < 2.56

Ξbð6333Þ0 ?? M ¼ 6332.69� 0.28 � � �
Γ < 1.92
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Group [69–71]. According to this model, the strong decay
takes place via the creation of a quark-antiquark pair from
the vacuum with quantum number 0þþ. For a baryon decay
process, one created quark regroups with two of the initial
baryon state jAi to form a daughter baryon jBi, and the
created antiquark regroups with the other one quark to form
a meson jCi.
Within the QPC model, the transition operator for the

two-body decay process A → BC in the nonrelativistic
limit is given by

T ¼ −3γ
X

m

h1m; 1 −mj00i
Z

d3p4d3p5δ
3ðp4 þ p5Þ

× Ym
1

�
p4 − p5

2

�
χ451−mϕ

45
0 ω45

0 a†4iðp4Þb†5jðp5Þ: ð1Þ

The dimensionless parameter γ accounts for the vacuum
pair-production strength. p4 and p5 are the three-vector
momenta of the created quark pair. Ym

1 ¼ jpjYm
1 (θpϕp) is

the solid harmonic polynomial and reflects the momentum-
space distribution. χ451−m, ϕ45

0 ¼(uūþ dd̄þ ss̄)/
ffiffiffi
3

p
, and

ω45
0 ¼ δij are the spin triplet, flavor function, and color

singlet, respectively. a†4id
†
5j is the creation operator and

denotes the quark pair-creation in the vacuum.
Describing the spatial wave functions of baryons and

mesons with simple harmonic oscillator wave functions in
momentum space, then we can obtain the partial decay
amplitude in the center of mass frame,

MMJA
MJB

MJC ðA → BCÞ
¼ γ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
8EAEBEC

p Y

A;B;C

D
χ124SBMSB

χ35SCMSC
jχ123SAMSA

χ451−m

E

×
D
φ124
B φ35

C jφ123
A φ45

0

E
I
MLA

;m
MLB

;MLC
ðpÞ: ð2Þ

Here, I
MLA

;m
MLB

;MLC
ðpÞ is the spatial integration.QA;B;C denotes

the Clebsch-Gorden coefficients and reads as

X
hLBMLB

; SBMSB jJB;MJBihLCMLC
; SCMSC jJC;MJCi

× hLAMLA
; SAMSA jJA;MJAih1m; 1 −mj00i: ð3Þ

It should be mentioned that the vertices described by the
transition operator T are only effective in the nonperturba-
tive region, which characterizes the ability of creating a
quark-antiquark pair from the vacuum. This capability will
be suppressed in the high momentum region due to the
weakening of valence quark interactions. To suppress the
nonphysical contributions in high momentum region due to
the overly hard vertices given by the quark pair creation

model, we introduce a suppressed form factor e−
p2

2Λ2 into the
decay amplitude,

MMJA
MJB

MJC ðA → BCÞ → MMJA
MJB

MJC ðA → BCÞe− p2

2Λ2 ;

ð4Þ

as that done in the literature [72–75]. In the equation, we
fix the cut-off parameter Λ ¼ 780 MeV, the same value
as used in Ref. [76]. p denotes the momentum of
the daughter baryon jBi in the center of mass frame of
baryon jAi, and its calculation is given by the following
formula:

jpj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½M2

A − ðMB −MCÞ2�½M2
A − ðMB þMCÞ2�

p

2MA
: ð5Þ

Finally, the decay width of the process A → BC can be
obtained by the following formula:

ΓðA→BCÞ

¼π2
jpj
M2

A

1

2JAþ1

X

MJA
;MJB

;MJC

���MMJA
;MJB

;MJC e−
p2

2Λ2

���2: ð6Þ

In this work, we adopt mu ¼ md ¼ 330 MeV,
Ms ¼ 450 MeV, and mb ¼ 5000 MeV for the constituent
quark mass. The other parameters, such as harmonic
oscillator strength and vacuum pair-production strength,
are the same as in our previous article [41].

B. Chiral quark model

In the framework of the chiral quark model (ChQM), the
low energy effective quark-pseudoscalar-meson coupling at
tree level in the SU(3) flavor basis reads as [77]

Lm ¼
X

j

δffiffiffi
2

p
fm

ψ̄ jγ
j
μγ

j
5ψ jI⃗ · ∂μϕ⃗m: ð7Þ

In the equation, fm denotes the pseudoscalar meson decay
constant, and δ is a global parameter accounting for the
strength of the quark-pseudoscalar-meson couplings. ψ j

represents the j-th quark field in a baryon. I and ϕm denote
an isospin operator and the pseudoscalar meson octet,
respectively. Considering the harmonic oscillator spatial
wave function of baryons being a nonrelativistic form, the
coupling is adopting the nonrelativistic form as well and is
written as [76,78,79]

HI ¼ HNR þHRC; ð8Þ

with

HNR ¼ g
X

j

�
Gσj · qþ ωm

2μq
σj · pj

�
Ijφm; ð9Þ
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and

HRC ¼ −
g

32μ2q

X

j

½m2ðσj · qÞ

þ 2σj · ðq − 2pjÞ × ðq × pjÞ�Ijφm: ð10Þ

In the above equation, σj and pj are the spin operator and
internal momentum operator of the j-th light quark within a
hadron. q, ωm, φm and m are the three momentum, energy,
plane wave, and mass of the final emitted pseudoscalar light
meson, respectively. The reduced mass μq is expressed as
1=μq ¼ 1=mj þ 1=m0

j for the masses of the j-th quark
in the initial and final baryons. Ij is the isospin operator.
g and G are defined by g ¼ δ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðEi þMiÞðEf þMfÞ
p

and
G ¼ −ð ωm

EfþMf
þ 1þ ωm

2m0
j
Þ, respectively. Here, ðEi=f;Mi=fÞ

are the energy and mass of the initial/final baryon.
Within the ChQM, the strong decay amplitude for the

A(initial baryon)→ B(final baryon) +C(final meson) proc-
ess can be obtained with

MðA → BCÞ ¼ hBjHIjAi: ð11Þ

Similarly, the vertices described by the HI are only
effective in the nonperturbative region. To suppress the
unphysical contributions in high momentum region, we

introduce the same form factor e−
p2

2Λ2 into the decay
amplitude,

MJiz;Jfz → MJiz;Jfze
− p2

2Λ2 : ð12Þ

Then, the partial decay width can be worked out by

Γ ¼ 1

8π

jqj
M2

i

1

2Ji þ 1

X

Jiz;Jfz

���MJiz;Jfze
− p2

2Λ2

���2: ð13Þ

Here, Ji is the total angular momentum quantum number of
the initial baryon. Jiz and Jfz are the third components of
the total angular momenta of the initial and final baryons,
respectively.
In the calculations, the constituent quark mass, harmonic

oscillator strength, and cut-off parameter are the same as in
that of the QPC model. The other model parameters are
the same as in Refs. [76,78,79]. It should be mentioned
that the strong decay properties of the excited Ξb and Ξ0

b
baryons have been studied within the QPC model
[36,38,39,49] and ChQM [15,50]. However, in these
works, neither the QPC model nor ChQM accounts
for high-momentum corrections. Meanwhile, ChQM
neglects the relativistic correction term HRC. To enhance
the reliability of the results, we have incorporated the
aforementioned corrections in this paper.

C. Coupling scheme

Owing to the heavy quark symmetry, the physical states
for the Ξb and Ξ0

b baryons may be closer to the j-j coupling
scheme. In the heavy quark symmetry limit, the states
within the j-j coupling scheme are constructed by

jJP; ji ¼ jf½ðlρlλÞLsρ�jsQgJPi: ð14Þ

In the expression, lρ and lλ are the quantum numbers of the
orbital angular momentum for ρ- and λ-mode excitations,
respectively. The quantum number of total orbital angular
momentum L ¼ jlρ − lλj;…; lρ þ lλ. sρ is the spin quantum
number of the light quark pair, and sQ is the spin quantum
number of the heavy quark.
Meanwhile, the states within the j-j coupling scheme

can be expressed as linear combinations of the states within
the L-S coupling via [20]

jf½ðlρlλÞLsρ�jsQgJPi
¼ ð−1ÞLþsρþ1

2
þJ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2J þ 1

p X

S

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Sþ 1

p

×

�
L sρ j

sQ J S

�
jf½ðlρlλÞLðsρsQÞS�Jgi: ð15Þ

The quantum number of total spin angular momentum
S ¼ jsρ − sQj;…; sρ þ sQ. J is the quantum number of
total angular momentum.

III. CALCULATIONS AND RESULTS

We calculate the strong decays of 1P- and 2S-wave
excited Ξb and Ξ0

b baryons within the j-j coupling scheme
in the framework of the QPC model. Both λ-mode and
ρ-mode excitations are considered in the present work. In
addition, for a comparison we also give the decay proper-
ties of those Ξb and Ξ0

b excitations within the ChQM. It is
anticipated that our theoretical calculations will not only
shed light on the internal structure of the presently observed
controversial states, but also provide a theoretical founda-
tion for future experimental investigations of the “missing”
resonances.

A. 1P-wave λ-mode excitations

For the 1P-wave λ-mode Ξb baryons, there are two states
according to the quark model classification, which are
ΞbjJP ¼ 1=2−; 1iλ and ΞbjJP ¼ 3=2−; 1iλ. Their theoreti-
cal masses and possible two-body decay channels are listed
in Table II. From the table, it is known that the predicted
masses of the 1P-wave λ-mode Ξb baryons are about
M ≃ ð6050–6150Þ MeV, and the possible two-body decay
channels are Ξ0

b
ð�Þπ. Considering the uncertainty of the

mass predictions, we plot the strong decay properties of the
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λ-mode 1P-wave Ξb states as a function of the mass in
Fig. 1 with the QPC model.
It is obtained that the decay properties of ΞbjJP ¼

1=2−; 1iλ and ΞbjJP ¼ 3=2−; 1iλ are sensitive to the
masses. Meanwhile, the two 1P-wave λ-mode Ξb baryons
are probably very narrow states with a comparable total
decay width of a few MeV. However, their main decay
channels are completely different. The total decay width of
ΞbjJP ¼ 1=2−; 1iλ is almost saturated by Ξ0

bπ, while that of
ΞbjJP ¼ 3=2−; 1iλ is almost saturated by Ξ�

bπ. Combining
the measured masses and decay properties of the observed
states Ξbð6087Þ0 and Ξbð6095Þ0, which mainly decay into
Ξ0
bπ and Ξ�

bπ, respectively, ΞbjJP ¼ 1=2−; 1iλ and ΞbjJP ¼
3=2−; 1iλ are good candidates of the two observed states.
Hence, we further take ΞbjJP ¼ 1=2−; 1iλ and ΞbjJP ¼
3=2−; 1iλ as Ξbð6087Þ0 and Ξbð6095Þ0, respectively, and
collect their decay properties in Table III. For a comparison,
we also studied the decay properties within the ChQM and
listed the results in the same table as well.
Within the QPC model, the total decay width of

ΞbjJP ¼ 1=2−; 1iλ is

ΓTotal ≃ 2.6 MeV; ð16Þ

which is twice as large as that of the ChQM and highly
consistent with the observation. Meanwhile, the dominant
decay channels are Ξ0−

b π
þ and Ξ00

b π
0. The corresponding

branching fractions with the QPC model are

Γ½ΞbjJP ¼ 1=2−; 1iλ → Ξ0
b − πþ�

ΓTotal
≃ 46% ð17Þ

and

Γ½ΞbjJP ¼ 1=2−; 1iλ → Ξ00
b π

0�
ΓTotal

≃ 54%; ð18Þ

respectively. This calculation is consistent with the fact that
Ξbð6087Þ0 was observed in the Ξ0

bπ
−πþ final state mainly

via the intermediate channel Ξ0−
b πþ by LHCb Collaboration

[12]. In addition, if Ξbð6087Þ0 corresponds to the state
ΞbjJP ¼ 1=2−; 1iλ indeed, Ξbð6087Þ0 → Ξ00

b π
0 → Ξ0

bπ
0π0

may be another interesting decay chain for experimental
exploration for the large predicted branching ratio of the
Ξ00
b π

0 channel. However, this neutral decay channel will
pose a challenge for experimental detection.
Our interpretations concur with prevailing theory that

state Ξbð6087Þ0 is a spin-parity JP ¼ 1=2− state, which
directly contradicts the experimental value of JP ¼ 3=2−.
This discrepancy necessitates a careful experimental reas-
sessment of the Ξbð6087Þ0 state’s spin-parity. It should be
mentioned that although its spin-parity is consistently
interpreted as JP ¼ 1=2− across different theoretical
approaches, the classification of this state within the quark
model remains diverse. Based on the mass spectrum
[44,47,60], the authors interpreted Ξbð6087Þ0 as a 1P
λ-mode Ξb state, while, based on both the mass spectrum
and strong decay properties [58,59], the authors interpreted
Ξbð6087Þ0 as 1P ρ-mode Ξb state.
For the state ΞbjJP ¼ 3=2−; 1iλ, the total decay width

within the QPC model is

ΓTotal ≃ 1.0 MeV; ð19Þ

which is close to the upper limit of the experimental value
and approximately twice that of the ChQM. The main
decay channels are Ξ�−

b πþ and Ξ�0
b π0, and the correspond-

ing branching ratios in the QPC model are

Γ½ΞbjJP ¼ 3=2−; 1iλ → Ξ�−
b πþ�

ΓTotal
≃ 10% ð20Þ

and

Γ½ΞbjJP ¼ 1=2−; 1iλ → Ξ�0
b π0�

ΓTotal
≃ 90%: ð21Þ

FIG. 1. Partial and total strong decay widths of the 1P-wave
λ-mode Ξb excitations as functions of their masses.

TABLE III. The strong decay properties of the λ-mode 1P-
wave Ξb states, which are taken as Ξbð6087Þ0 and Ξbð6095Þ0,
respectively. The symbol “-” indicates that this decay channel is
forbidden. ΓTotal represents the total decay width, and Expt.
denotes the experimental value. The units are MeV.

ΞbjJP ¼ 1
2
−; 1iλ ΞbjJP ¼ 3

2
−; 1iλ

Ξbð6087Þ0 Ξbð6095Þ0
Decay width QPC ChQM QPC ChQM

Γ½Ξ0
b − πþ� 1.2 0.8 0.0 0.0

Γ½Ξ00
b π

0� 1.4 0.5 0.0 0.0

Γ½Ξ�−
b πþ� - - 0.1 0.1

Γ½Ξ�0
b π0� - - 0.9 0.3

ΓTotal 2.6 1.3 1.0 0.4

Expt. 2.4� 0.5 0.50� 0.35
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Considering the uncertainties for the experimental data
and theoretical calculations, the decay properties of
ΞbjJP ¼ 3=2−; 1iλ are consistent with those of Ξbð6095Þ0.
Additionally, owing to the large branching ratio of decay
channel Ξ�0

b π0, the Ξbð6095Þ0 state is likely to be observed
in the Ξ−

bπ
þπ0 final state via the decay chain Ξbð6095Þ0 →

Ξ�0
b π0 → Ξ−

bπ
þπ0, apart from the already experimentally

observed decay channel Ξ0
bπ

−πþ. It should be mentioned
that the mass of Ξbð6095Þ0 is very close to the threshold of
Ξ�
bπ, and the partial decay widths are highly sensitive to the

precision of mass.
As to the 1P-wave λ-mode Ξ0

b baryons, there are five
states: Ξ0

bjJP ¼ 1=2−; 0iλ, Ξ0
bjJP ¼ 1=2−; 1iλ, Ξ0

bjJP ¼
3=2−; 1iλ, Ξ0

bjJP ¼ 3=2−; 2iλ, and Ξ0
bjJP ¼ 5=2−; 2iλ.

According to the theoretical predictions by various meth-
ods, the mass of the 1P-wave λ-mode Ξ0

b baryons is about
M ∼ 6.23 GeV (see Table II). Based on the predicted
masses, these states are probably assignments of the
observed state Ξbð6227Þ. Hence, the investigation of the
properties of these states is crucial for clarifying the internal
structure of the state Ξbð6227Þ. Considering the uncertainty
of the mass predictions as well, we plot the decay properties
of the 1P-wave λ-mode Ξ0

b baryons as functions of masses
within the range of M ¼ ð6150–6350Þ MeV within the
QPC model, as show in Fig. 2.
We can find that Ξ0

bjJP ¼ 1=2−; 0iλ is likely a moderate
state with a decay width on the order of tens of MeV.
The dominant decay channels are ΛbK̄ and Ξbπ. For
Ξ0
bjJP ¼ 1=2−; 1iλ, its total decay width is about

20–30 MeV, and the dominant decay channel is Ξ0
bπ.

However, we notice that if its mass lies above the ΣbK
threshold, this mode becomes dominant and the total decay
width can increase dramatically to well over 100 MeV. The
total decay width of Ξ0

bjJP ¼ 3=2−; 1iλ is comparable to
that of Ξ0

bjJP ¼ 1=2−; 1iλ, both on the order of 20–30 MeV,
while Ξ0

bjJP ¼ 3=2−; 1iλ mainly decays into Ξ�π, which
stands in sharp contrast to that of Ξ0

bjJP ¼ 1=2−; 1iλ.
Considering the relatively narrow width, Ξ0

bjJP ¼
3=2−; 1iλ is highly likely to be observed in the Ξbππ final
state via the decay chain Ξ0

bjJP ¼ 3=2−; 1iλ → Ξ�π →
Ξbππ. Ξ0

bjJP ¼ 3=2−; 2iλ and Ξ0
bjJP ¼ 5=2−; 2iλ share

similar decay properties. Specifically, both have total decay
widths less than 30 MeV, and their dominant decay modes
are Ξbπ and ΛbK̄. Based on the decay properties of the
observed state Ξbð6227Þ, we cannot rule out the possibility
that Ξbð6227Þ could be a candidate of Ξ0

bjJP ¼ 3=2−; 2iλ
or Ξ0

bjJP ¼ 5=2−; 2iλ.
To better visualize the decay properties of the 1P-wave

λ-mode Ξ0
b baryons, we further calculate their decay

properties with the masses fixed at the predictions in
Ref. [52] within both the QPC model and ChQM, except
for the states Ξ0

bjJP ¼ 3=2−; 2iλ and Ξ0
bjJP ¼ 5=2−; 2iλ,

whose masses are fixed at the physical mass of Ξbð6227Þ0.
The results are listed in Table IV.
According to the results of the QPC model, when

Ξ0
bjJP ¼ 3=2−; 2iλ and Ξ0

bjJP ¼ 5=2−; 2iλ are treated as
Ξbð6227Þ0, both have a total width of about

ΓTotal ≃ 7.6 − 7.5 MeV; ð22Þ

which is approximately (40-39)% of the experimental
central value, while, within the ChQM, the total decay
widths of the two states are

ΓTotal ≃ 23.4 MeV; ð23Þ

which is in good agreement with the experimental result,
within the experimental uncertainty. Additionally, both
predominantly decay to Ξbπ(including Ξ0

bπ
0 and Ξ−

bπ
þ)

and ΛbK̄, and the branching fraction ratio in the QPC and
ChQM is

Γ½Ξ0
bjJP ¼ 3ð5Þ=2−; 2iλ → ΛbK̄�

Γ½Ξ0
bjJP ¼ 3ð5Þ=2−; 2iλ → Ξbπ�

≃ 0.5: ð24Þ

FIG. 2. Partial and total strong decay widths of the 1P-wave
λ-mode Ξ0

b excitations as functions of their masses. Some decay
channels are too small to show in the figure.
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This value is highly consistent with the experimental
measurement (BðΞbð6227Þ− → ΛbKÞ=BðΞbð6227Þ− →
Ξ0
bπ

−Þ ≃ 1.0� 0.5) by the LHCb Collaboration [9].
Hence, Ξ0

bjJP ¼ 3=2−; 2iλ and Ξ0
bjJP ¼ 5=2−; 2iλ could

be good candidate states for the observed state Ξbð6227Þ0.
Additionally, we know that the state Ξ0

bjJP ¼ 3=2−; 2iλ
in the j-j coupling scheme is the linear combination of the
configurations in the L-S coupling scheme. That means
Ξ0
bjJP ¼ 3=2−; 2iλ in the j-j coupling scheme contains a

mixing angle θ. Considering the heavy quark symmetry
being not strictly true and slightly breaking in the Ξ0

b
system, the mixing angle θ will fluctuate around the center
value (θ ≃ 24°). To investigate this effect, we plot the strong
decay properties of Ξ0

bjJP ¼ 3=2−; 2iλ within the QPC
model as a function of the mixing angle varying in region of
θ ¼ ð0° − 90°Þ in Fig. 3. As shown in the figure, when the
mixing angle θ ranges from 58° to 81°, the total decay width
of Ξ0

bjJP ¼ 3=2−; 2iλ is between 15 and 24 MeV, which is

consistent with that of the observed state Ξbð6227Þ0.
Furthermore, considering the fact that Ξbð6227Þ0 is
observed in Ξ−

bπ
þ [10] and the experimental measured

partial width ratio [9] of the decay channel ΛbK̄ to Ξbπ is
approximately equal to 1, selecting the lower limit of the
allowed range for the mixing angle(θ ≃ 58°) is more
appropriate. Under this condition, the branching ratios of
decay channels ΛbK̄ and Ξbπ are approximately 11%
and 21% respectively. Additionally, the decay channel
Ξ�
bπ will occupy a considerably large branching ratio of

about 68%. Hence Ξbππ could be another ideal observable
channel for the state Ξbð6227Þ0 via the decay chain
Ξbð6227Þ → Ξ�

bπ → Ξbππ.

B. 1P-wave ρ-mode excitations

According to the symmetry of wave functions, there
are five ρ-mode 1P-wave Ξb baryons (see Table II):
ΞbjJP ¼ 1=2−; 0iρ, ΞbjJP¼1=2−;1iρ, ΞbjJP ¼ 3=2−; 1iρ,
ΞbjJP ¼ 3=2−; 2iρ, and ΞbjJP ¼ 5=2−; 2iρ. As listed in
Table II, the masses of these ρ-mode 1P-wave Ξb states
fluctuate around M ∼ 6.25 GeV. Firstly, we fix the masses
at the predictions in Ref. [52], and study their strong decay
properties within the QPC model and ChQM, as collected
in Table V.
In the QPC model, the ΞbjJP ¼ 1=2−; 0iρ may be a

broad state with a total decay width of about Γ ≃ 198 MeV.
The decay is governed by Ξbπ and ΛbK̄ with branching
fractions

Γ½ΞbjJP ¼ 1=2−; 0iρ → Ξbπ�
ΓTotal

≃ 48%; ð25Þ

Γ½ΞbjJP ¼ 1=2−; 0iρ → ΛbK̄�
ΓTotal

≃ 52%: ð26Þ

TABLE IV. The strong decay properties of the λ-mode 1P-wave Ξ0
b states, whose masses are taken from the predictions in Ref. [52].

The symbol “-” indicates that this decay channel is forbidden. ΓTotal represents the total decay width, and Expt. denotes the experimental
value. The units are MeV.

Ξ0
bjJP ¼ 1

2
−; 0iλ Ξ0

bjJP ¼ 1
2
−; 1iλ Ξ0

bjJP ¼ 3
2
−; 1iλ Ξ0

bjJP ¼ 3
2
−; 2iλ Ξ0

bjJP ¼ 5
2
−; 2iλ

M ¼ 6201 M ¼ 6216 M ¼ 6207 Ξbð6227Þ0 Ξbð6227Þ0
Decay width QPC ChQM QPC ChQM QPC ChQM QPC ChQM QPC ChQM

Γ½Ξbπ� 41.8 10.3 0.0 0.0 0.0 0.0 4.6 14.2 4.6 14.2
Γ½Ξ0

bπ� 0.0 0.0 30.7 12.5 0.1 0.4 0.4 1.1 0.2 0.5

Γ½Ξ�
bπ� 0.0 0.0 0.2 0.6 28.0 11.8 0.3 0.7 0.4 1.3

Γ½ΛbK̄� 53.2 13.4 0.0 0.0 0.0 0.0 2.3 7.4 2.3 7.4

ΞbjJP ¼ 1
2
−; 1iλπ - - - - - - 0.0 0.0 0.0 0.0

ΓTotal 95.0 23.7 30.9 13.1 28.1 12.2 7.6 23.4 7.5 23.4

Expt. 19þ5
−4

FIG. 3. Partial and total strong decay widths of Ξ0
bjJP ¼

3=2−; 2iλ as a function of the mixing angle. Some decay channels
are too small to show in the figure.
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However, in the framework of ChQM, the ΞbjJP ¼
1=2−; 0iρ might be a moderate state with a width of
Γ ≃ 14 MeV, which is about fourteen times smaller than
that predicted with the QPC model. Meanwhile, the dom-
inant decay channel become Ξ0

bπ. The predicted branching
fraction for this mainly decay channel can reach up to 97%.
The states ΞbjJP ¼ 1=2−; 1iρ and ΞbjJP ¼ 3=2−; 1iρ are

probably two moderate states with a comparable width of
several tens of MeV. However, their dominant decay
channels are different. For the ΞbjJP ¼ 1=2−; 1iρ, under
the QPC model the primary decay channel is Ξ0

bπ, whereas
under the ChQM the primary decay channels are Ξbπ and
ΛbK̄. As to ΞbjJP ¼ 3=2−; 1iρ, its decay is almost saturated
by the Ξ�

bπ channel in both the QPC model and ChQM.
Hence the state may be observed experimentally in the
Ξbππ final state via the decay chain ΞbjJP ¼
3=2−; 1iρ → Ξ�

bπ → Ξbππ.
The other two 1P-wave ρ-mode states ΞbjJP¼3=2−;2iρ

and ΞbjJP ¼ 5=2−; 2iρ are likely not to be two very broad
states. Although the widths of these two states differ
significantly under the QPC model and ChQM, their
dominant decay channels are both Ξbπ and ΛbK̄. Based
on a comparison with the properties of the experimentally
observed state Ξbð6227Þ, the possibility that the states
ΞbjJP ¼ 3=2−; 2iρ and ΞbjJP ¼ 5=2−; 2iρ are candidates
for the state Ξbð6227Þ cannot be definitively excluded.
Hence, we further take ΞbjJP ¼ 3=2−; 2iρ and ΞbjJP ¼
5=2−; 2iρ as Ξbð6227Þ0, and list their decay properties in
Table V as well.
It is obtained that the ratio of the two primary decay

channels Ξbπ and ΛbK̄ is

Γ½ΞbjJP ¼ 3ð5Þ=2−; 2iλ → ΛbK̄�
Γ½ΞbjJP ¼ 3ð5Þ=2−; 2iλ → Ξbπ�

≃ 0.5; ð27Þ

which agrees well with the experimental value measured by
the LHCb Collaboration [9], while the total decay width
of ΞbjJP ¼ 3=2−; 2iρ and ΞbjJP ¼ 5=2−; 2iρ in the QPC
model is about

ΓTotal ≃ 5.7 − 5.6 MeV; ð28Þ

and that in the ChQM is about

ΓTotal ≃ 36.4 − 36.1 MeV: ð29Þ

The numerical results underestimate or overestimate the
experimental value(19þ5

−4 MeV) by roughly ten to twenty
MeV. Nonetheless, considering the theoretical uncertain-
ties, the possibility that states ΞbjJP ¼ 3=2−; 2iρ and
ΞbjJP ¼ 5=2−; 2iρ are candidates for state Ξbð6227Þ can-
not be ruled out. However, the decay properties of ΞbjJP ¼
3=2−; 2iρ and ΞbjJP ¼ 5=2−; 2iρ are so similar that dis-
tinguishing them from each other would be very difficult
both in experiment and theory.
Similarly, considering the uncertainty of the masses, we

further investigate the strong decay widths of the 1P-wave
ρ-mode Ξb states with the QPC model as a function of the
mass varying in the region of M ¼ ð6100–6300Þ MeV
in Fig. 4. It is shown that the decay properties of the five
1P-wave ρ-mode Ξb excitations exhibit a significant
dependence on the mass across the defined range.
For the 1P-wave ρ-mode Ξ0

b excitations, there are two
states, Ξ0

bjJP ¼ 1=2−; 1iρ and Ξ0
bjJP ¼ 3=2−; 1iρ. For their

masses, there are some discussions in theoretical referen-
ces, and we have collected them in Table II as well. From
the table, the masses of the 1P-wave ρ-mode Ξ0

b baryons
are about M ∼ 6.37 GeV. Fixing their masses on the
predictions in Ref. [52], we calculate their strong decay
properties, and collect the results in Table VI.

TABLE V. The strong decay properties of the ρ-mode 1P-wave Ξb states, whose masses are taken from the predictions in Ref. [52].
ΓTotal represents the total decay width, and Expt. denotes the experimental value. The units are MeV.

ΞbjJP ¼ 1
2
−; 0iρ ΞbjJP ¼ 1

2
−; 1iρ ΞbjJP ¼ 3

2
−; 1iρ ΞbjJP ¼ 3

2
−; 2iρ ΞbjJP ¼ 5

2
−; 2iρ

M ¼ 6243 M ¼ 6258 M ¼ 6249 M ¼ 6265(Ξbð6227Þ0) M ¼ 6276(Ξbð6227Þ0)
Decay width QPC ChQM QPC ChQM QPC ChQM QPC ChQM QPC ChQM

Γ½Ξbπ� 95.9 0.2 0.0 16.7 0.0 0.0 5.1(3.5) 32.8(22.2) 5.6(3.5) 36.3(22.1)
Γ½Ξ0

bπ� 0.0 13.6 70.6 4.3 0.3 1.5 0.7(0.3) 3.6(1.7) 0.3(0.1) 2.0(0.7)

Γ½Ξ�
bπ� 0.0 0.0 0.4 2.5 66.6 52.1 0.5(0.2) 2.2(0.9) 0.9(0.3) 5.1(1.7)

Γ½ΛbK̄� 102.4 0.1 0.0 16.7 0.0 0.0 3.3(1.7) 21.6(11.6) 3.8(1.7) 25.0(11.6)

Γ½ΞbjJP ¼ 1
2
−; 1iλπ� 0.0 0.1 0.5 0.1 0.0 0.0 0.4(0.0) 0.2(0.0) 0.2(0.0) 0.0(0.0)

Γ½ΞbjJP ¼ 3
2
−; 1iλπ� 0.0 0.0 0.0 0.0 0.1 0.0 0.1(0.0) 0.0(0.0) 0.3(0.0) 0.2(0.0)

ΓTotal 198.3 14.0 71.5 40.3 67.0 53.6 10.1(5.7) 60.4(36.4) 11.1(5.6) 68.6(36.1)

Expt. 19þ5
−4
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Within the QPCmodel, the two states Ξ0
bjJP ¼ 1=2−; 1iρ

and Ξ0
bjJP ¼ 3=2−; 1iρ are broad states with a width of

Γ ∼ 150 MeV. However, their dominant decay channels are
different. For the state Ξ0

bjJP ¼ 1=2−; 1iρ, the mainly decay
channel is ΣbK, and the corresponding branching fractions
can reach up to

Γ½Ξ0
bjJP ¼ 1=2−; 1iρ → ΣbK�

ΓTotal
≃ 74%: ð30Þ

The large branching ratios indicate the state Ξ0
bjJP ¼

1=2−; 1iρ is very likely be observed in the ΛbπK final
state via the decay chain Ξ0

bjJP ¼ 1=2−; 1iρ → ΣbK →
ΛbπK. Meanwhile, Ξ0

bjJP ¼ 1=2−; 1iρ may have a sizeable
decay rate into Ξ0

bπ, and the predicted branching fraction is

Γ½Ξ0
bjJP ¼ 1=2−; 1iρ → Ξ0

bπ�
ΓTotal

≃ 22%: ð31Þ

Hence, the Ξ0
bjJP ¼ 1=2−; 1iρ may be observed in the Ξbππ

final state as well via the decay chain Ξ0
bjJP ¼ 1=2−; 1iρ →

Ξ0
bπ → Ξbππ.
However, for the other 1P-wave ρ-mode Ξ0

b excitation
Ξ0
bjJP ¼ 3=2−; 1iρ, the dominant decay channel is Σ�

bK,

and the predicted branching fraction is

Γ½Ξ0
bjJP ¼ 3=2−; 1iρ → Σ�

bK�
ΓTotal

≃ 72%: ð32Þ

Thus, the state Ξ0
bjJP ¼ 3=2−; 1iρ may be observed in the

ΛbπK final state via the decay chain Ξ0
bjJP ¼ 3=2−; 1iρ →

Σ�
bK → ΛbπK. Moreover, the state Ξ0

bjJP ¼ 3=2−; 1iρ has
a sizable decay rate into Ξ�

bπ with a branching fraction of

Γ½Ξ0
bjJP ¼ 3=2−; 1iρ → Ξ�

bπ�
ΓTotal

≃ 24%: ð33Þ

Therefore, the decay chain Ξ0
bjJP ¼ 3=2−; 1iρ → Ξ�

bπ →
Ξbππ may be the other optional decay process to investigate
the nature of Ξ0

bjJP ¼ 3=2−; 1iρ.
For a comparison, the predicted results with the ChQM

are collected in Table VI as well. It is found that the
predicted main decay channels with the two models are in
agreement with each other; however, the predicted total
decay widths with the QPC model are about (0.6-0.8) times
larger than those with the ChQM.
We also plot the partial decay widths of the 1P-wave

ρ-mode Ξ0
b excitations within the QPC model as a function

of the mass in the region of M ¼ ð6300–6400Þ MeV. The
sensitivities of the decay properties of two states to their
masses are shown in Fig. 5. Within the masses varied in the
region we considered in the present work, the total decay
widths of the 1P-wave ρ-mode Ξ0

b baryons are about
Γ ∼ ð40–160Þ MeV. We notice that the variation in the

FIG. 4. Partial and total strong decay widths of the 1P-wave
ρ-mode Ξb excitations as functions of their masses. Some decay
channels are too small to show in the figure.

TABLE VI. The strong decay properties of the ρ-mode 1P-
wave Ξ0

b states, whose masses are taken from the predictions in
Ref. [52]. The symbol “-” indicates that this decay channel is
forbidden. ΓTotal represents the total decay width. The units are
MeV.

Ξ0
bjJP ¼ 1

2
−; 1iρ Ξ0

bjJP ¼ 3
2
−; 1iρ

M ¼ 6366 M ¼ 6373

Decay width QPC ChQM QPC ChQM

Γ½Ξ0
bπ� 33.4 13.6 3.1 11.8

Γ½Ξ�
bπ� 4.7 17.8 36.8 24.1

Γ½ΣbK� 112.4 47.3 1.4 5.5
Γ½Σ�

bK� 0.8 3.5 109.0 51.5

Γ½Ξ0
bjJP ¼ 1

2
−; 0iλπ� 0.0 0.0 0.1 0.1

Γ½Ξ0
bjJP ¼ 1

2
−; 1iλπ� 0.0 0.0 0.0 0.1

Γ½Ξ0
bjJP ¼ 3

2
−; 1iλπ� 0.0 0.1 0.1 0.2

Γ½Ξ0
bjJP ¼ 3

2
−; 2iλπ� 0.0 0.0 0.0 0.0

Γ½Ξ0
bjJP ¼ 5

2
−; 2iλπ� - - 0.0 0.0

ΓTotal 151.3 82.3 150.5 93.3
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total width of Ξ0
bjJP ¼ 1=2−; 1iρ primarily stems from the

mass dependence of its decay channel ΣbK, while that of
Ξ0
bjJP ¼ 3=2−; 1iρ primarily stems from the mass depend-

ence of its decay channel Σ�
bK.

C. 2S-wave λ-mode excitations

For the 2S-wave λ-mode Ξb baryons, there is only one
state, ΞbjJP ¼ 1=2þ; 0iλ. According to the theoretical
predictions by various methods, the mass of the 2S-wave
λ-mode Ξb baryon is aboutM ∼ 6.26 GeV. Fixing its mass
at the prediction in Ref. [52], we calculate its strong decay
properties with both the QPC model and ChQM; the
theoretical results are listed in Table VII.
According to our calculations, the ΞbjJP ¼ 1=2þ; 0iλ is

a very narrow state with a total decay width of only 2 to
4 MeV. The branching fractions of the mainly decay
channels Ξ0

bπ and Ξ�
bπ are

Γ½ΞbjJP ¼ 1=2þ; 0iλ → Ξ0
bπ�

ΓTotal
≃ ð33 − 37Þ%; ð34Þ

Γ½ΞbjJP ¼ 1=2þ; 0iλ → Ξ�
bπ�

ΓTotal
≃ ð67 − 63Þ%: ð35Þ

Owing to the narrow decay width, ΞbjJP ¼ 1=2þ; 0iλ has a
high probability of being observed experimentally via the
decay chain ΞbjJP ¼ 1=2þ; 0iλ → Ξ0

bπ=Ξ�
bπ → Ξbππ.

For the 2S-wave λ-mode Ξ0
b baryons, there are two states,

which are Ξ0
bjJP ¼ 1=2þ; 1iλ and Ξ0

bjJP ¼ 3=2þ; 1iλ.
We have collected their theoretical masses and possible
two-body decay channels in Table II. From the table, the
masses of the 2S-wave λ-mode Ξ0

b baryons are about
M ∼ 6.35 GeV. Adopting the predicted masses from
Ref. [52], we calculate their decay properties and list the
theoretical results in Table VII as well.
Within the QPC model, the two 2S-wave λ-mode Ξ0

b
excitations may be narrow states with a total decay width
of approximately a dozen MeV. The Ξ0

bjJP ¼ 1=2þ; 1iλ
predominantly decays to Ξ�

bπ and ΞbjJP ¼ 1=2−; 1iλπ.
The branching fractions for the two mainly decay
channels are

Γ½Ξ0
bjJP ¼ 1=2þ; 1iλ → Ξ�

bπ�
ΓTotal

≃ 30%; ð36Þ

Γ½Ξ0
bjJP ¼ 1=2þ;1iλ → ΞbjJP ¼ 1=2−;1iλπ�

ΓTotal
≃ 27%; ð37Þ

while the decay of Ξ0
bjJP ¼ 3=2þ; 1iλ is governed by

ΞbjJP ¼ 3=2−; 1iλπ with branching fraction

Γ½Ξ0
bjJP ¼ 3=2þ;1iλ → ΞbjJP ¼ 3=2−;1iλπ�

ΓTotal
≃ 34%: ð38Þ

FIG. 5. Partial and total strong decay widths of the 1P-wave
ρ-mode Ξ0

b excitations as functions of their masses. Some decay
channels are too small to show in the figure.

TABLE VII. The strong decay properties of the λ-mode 2S-wave Ξb and Ξ0
b states, whose masses are taken from

the predictions in Ref. [52]. The symbol “-” indicates that this decay channel is forbidden. ΓTotal represents the total
decay width. The units are MeV.

ΞbjJP ¼ 1
2
þ; 0iλ Ξ0

bjJP ¼ 1
2
þ; 1iλ Ξ0

bjJP ¼ 3
2
þ; 1iλ

M ¼ 6266 M ¼ 6329 M ¼ 6342

Decay width QPC ChQM QPC ChQM QPC ChQM

Γ½Ξbπ� - - 1.5 0.2 1.3 0.4
Γ½Ξ0

bπ� 1.5 0.7 2.6 0.7 0.7 0.2

Γ½Ξ�
bπ� 2.6 1.4 5.0 0.4 3.3 0.9

Γ½ΛbK̄� - - 2.0 0.0 1.8 0.1

Γ½ΣbK� - - 1.8 1.3 0.8 0.5
Γ½Σ�

bK� - - - - 1.4 1.1

Γ½ΞbjJP ¼ 1
2
−; 1iλπ� - - 4.8 2.2 0.2 1.5

Γ½ΞbjJP ¼ 3
2
−; 1iλπ� - - 0.2 0.4 5.0 0.7

ΓTotal 4.1 2.1 17.9 5.2 14.5 5.4

PROBING THE INNER STRUCTURES OF THE OBSERVED … PHYS. REV. D 113, 116012 (2026)

116012-11



Meanwhile, the decay channel Ξ�
bπ also has a significant

branching fraction, which is

Γ½Ξ0
bjJP ¼ 3=2þ; 1iλ → Ξ�

bπ�
ΓTotal

≃ 23%: ð39Þ

The decay properties predicted by the ChQM for the
2S-wave λ-mode Ξ0

b states are somewhat different from
those predicted by the QPC model. Within the ChQM, the
total decay width of the 2S-wave λ-mode Ξ0

b states is
about 0.4 times of that calculated by the QPC model.
Meanwhile, the dominant decay channels of Ξ0

bjJP ¼
1=2þ; 1iλ are ΣbK and ΞbjJP ¼ 1=2−; 1iλπ. And the
mainly decay modes of Ξ0

bjJP ¼ 3=2þ; 1iλ are Σ�
bK

and ΞbjJP ¼ 1=2−; 1iλπ.
Considering the uncertainty of the masses of the

2S-wave λ-mode states, we further investigate the strong
decay widths of the 2S-wave λ-mode states with the QPC
model as a function of the mass in Fig. 6. The mass of
the 2S-wave λ-mode Ξb state varies in the region of
M ¼ ð6200–6360Þ MeV, and those of the 2S-wave λ-mode
Ξ0
b states vary in the region of M ¼ ð6300–6500Þ MeV.

From the figure, it is obtained that with the masses
increasing the Σ�

bK becomes the dominant decay channel
for the 2S-wave λ-mode Ξ0

b resonances. Meanwhile, the
final state containing the 1P-wave charmed baryon will
become more and more important as well.

D. 2S-wave ρ-mode excitations

For the 2S-wave ρ-mode Ξb baryons, there is only one
state, ΞbjJP ¼ 1=2þ; 0iρ as well according to the symmetry
of the wave function. For its mass, there are a few
discussions in theoretical references, and we have collected

them in Table II. From the table, the mass of the 2S-wave
ρ-mode Ξb baryon in Ref. [39] is about 6.70 GeV, while a
comparison between the literature [39] and other studies
regarding the calculated mass values for the 2S-wave
λ-mode states reveals that the literature [39] overestimates
the mass of the 2S-wave ρ-mode Ξb baryon by approx-
imately 150 MeV. Hence, we fix the mass of ΞbjJP ¼
1=2þ; 0iρ at M ¼ 6549 MeV, and collect its partial decay
widths in Table VIII.
From the table, ΞbjJP ¼ 1=2þ; 0iρ has a total width of

about Γ ∼ 117 MeV, and mainly decays into Σ�
bK. The

corresponding branching fraction is

Γ½ΞbjJP ¼ 1=2þ; 0iρ → Σ�
bK�

ΓTotal
≃ 38%: ð40Þ

Meanwhile, the branching ratios to ΣbK, Ξ�
bπ, ΞbjJP ¼

1=2−; 0iρπ and Ξ0
bjJP ¼ 1=2−; 0iλπ are also substantial,

with values of 18%, 11%, 14%, and 11%, respectively.
However, according to the calculations within the

ChQM, the total decay width of ΞbjJP ¼ 1=2þ; 0iρ is
Γ ≃ 45.3 MeV, which is about 0.4 times of that predicted
by the QPC model. Meanwhile, the dominant decay
channel is ΞbjJP ¼ 1=2−; 0iρπ, and the branching fraction
for this dominant decay channel is 53%.
As to the 2S-wave ρ-mode Ξ0

b baryons, there are two
states: Ξ0

bjJP ¼ 1=2þ; 1iρ and Ξ0
bjJP ¼ 3=2þ; 1iρ. Their

theoretical masses and possible two-body decay channels
are listed in Table II. We fix their masses at M ¼
6668 MeV and 6697 MeV, respectively. These values
are 150 MeV smaller than the predictions in Ref. [39],
and we collect their decay properties in Table VIII as well.

FIG. 6. Partial and total strong decay widths of the 2S-wave Ξb and Ξ0
b excitations as functions of their masses. Some decay channels

are too small to show in the figure.
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TABLE VIII. The strong decay properties of the ρ-mode 2S-wave Ξb and Ξ0
b states, whose masses are 150 MeV

smaller than the predictions in Ref. [39]. The symbol “-” indicates that this decay channel is forbidden. ΓTotal
represents the total decay width. The units are MeV.

ΞbjJP ¼ 1
2
þ; 0iρ Ξ0

bjJP ¼ 1
2
þ; 1iρ Ξ0

bjJP ¼ 3
2
þ; 1iρ

M ¼ 6549 M ¼ 6668 M ¼ 6697

Decay width QPC ChQM QPC ChQM QPC ChQM

Γ½Ξbπ� - - 0.5 6.6 0.2 8.3
Γ½Ξ0

bπ� 6.2 0.9 4.1 0.4 0.8 0.4

Γ½Ξ�
bπ� 13.2 2.1 2.4 0.3 4.7 1.0

Γ½Ξbη� - - 1.7 0.5 1.3 0.7
Γ½Ξ0

bη� - - 4.0 1.0 1.0 0.1

Γ½Ξ�
bη� - - 2.0 3.1 5.0 1.0

Γ½ΛbK̄� - - 0.1 7.8 0.0 8.6

Γ½ΣbK� 21.3 0.5 14.3 2.9 2.7 1.5
Γ½Σ�

bK� 44.7 1.4 8.4 8.2 16.4 4.9

Γ½ΛB� - - 0.0 - 0.0 -
Γ½ΣB� - - 0.0 - 0.0 -
Γ½Σ�B� - - 0.0 - 0.0 -
Γ½ΞBs� - - - - 0.0 -

Γ½ΞbjJP ¼ 1
2
−; 1iλπ=η� -/- -/- 3.1=1.6 59.5=12.6 0.5=0.0 0.1=0.0

Γ½ΞbjJP ¼ 3
2
−; 1iλπ=η� -/- -/- 1.1=0.0 0.4=0.0 3.2=2.0 9.7=21.4

Γ½ΞbjJP ¼ 1
2
−; 0iρπ� 16.4 24.1 0.0 0.0 0.0 0.0

Γ½ΞbjJP ¼ 1
2
−; 1iρπ� 0.0 0.0 10.2 12.3 1.7 6.9

Γ½ΞbjJP ¼ 3
2
−; 1iρπ� 0.0 0.0 2.8 8.2 10.9 17.8

Γ½ΞbjJP ¼ 3
2
−; 2iρπ� 0.8 3.9 4.2 17.7 2.8 11.8

Γ½ΞbjJP ¼ 5
2
−; 2iρπ� 0.9 3.2 2.4 8.6 5.9 11.1

Γ½Ξ0
bjJP ¼ 1

2
−; 0iλπ� 12.9 1.6 0.0 0.0 0.0 0.0

Γ½Ξ0
bjJP ¼ 1

2
−; 1iλπ� 0.0 0.4 9.3 0.7 0.2 0.2

Γ½Ξ0
bjJP ¼ 3

2
−; 1iλπ� 0.0 4.1 0.4 0.0 9.0 0.8

Γ½Ξ0
bjJP ¼ 3

2
−; 2iλπ� 0.2 2.6 0.7 1.0 0.4 0.4

Γ½Ξ0
bjJP ¼ 5

2
−; 2iλπ� 0.3 0.5 0.4 0.5 0.9 0.9

Γ½Ξ0
bjJP ¼ 1

2
−; 1iρπ� - - 5.4 8.2 0.9 2.9

Γ½Ξ0
bjJP ¼ 3

2
−; 1iρπ� - - 0.9 10.4 6.3 10.9

Γ½ΛbjJP ¼ 1
2
−; 1iλK̄� - - 3.3 20.6 0.6 0.0

Γ½ΛbjJP ¼ 3
2
−; 1iλK̄� - - 1.2 0.1 3.4 7.7

Γ½ΛbjJP ¼ 1
2
−; 0iρK̄� - - 0.0 0.0 0.0 0.0

Γ½ΛbjJP ¼ 1
2
−; 1iρK̄� - - 9.3 14.8 0.4 2.1

Γ½ΛbjJP ¼ 3
2
−; 1iρK̄� - - 0.4 0.8 9.3 14.4

Γ½ΛbjJP ¼ 3
2
−; 2iρK̄� - - 0.4 2.8 0.6 3.8

Γ½ΛbjJP ¼ 5
2
−; 2iρK̄� - - 0.1 0.5 1.0 2.7

Γ½ΣbjJP ¼ 1
2
−; 0iλK� - - 0.0 0.0 0.0 0.0

Γ½ΣbjJP ¼ 1
2
−; 1iλK� - - 28.8 1.0 0.2 0.8

Γ½ΣbjJP ¼ 3
2
−; 1iλK� - - 0.2 0.0 34.1 1.3

Γ½ΣbjJP ¼ 3
2
−; 2iλK� - - 0.2 0.0 0.3 0.4

Γ½ΣbjJP ¼ 5
2
−; 2iλK� - - 0.1 0.1 0.5 0.4

(Table continued)
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From the table, within the QPC model Ξ0
bjJP ¼

1=2þ; 1iρ and Ξ0
bjJP ¼ 3=2þ; 1iρ have a comparable decay

width of about Γ ∼ 120 MeV. However, their dominant
decay channels are different. Ξ0

bjJP ¼ 1=2þ; 1iρ decays
predominantly to the ΣbjJP ¼ 1=2−; 1iλK channel, and the
predicted branching fraction is

Γ½Ξ0
bjJP¼1=2þ;1iρ→ΣbjJP¼1=2−;1iλK�

ΓTotal
≃23%: ð41Þ

Furthermore, the Ξ0
bjJP ¼ 1=2þ; 1iρ state also decays to the

ΣbK and ΞbjJP ¼ 1=2−; 1iρπ channels with considerable
branching ratios, which are about 11% and 8%,
respectively.
For the Ξ0

bjJP ¼ 3=2þ; 1iρ state, its dominant decay
channel is ΣbjJP ¼ 3=2−; 1iλK. The branching fraction is
predicted to be

Γ½Ξ0
bjJP¼3=2þ;1iρ→ΣbjJP¼3=2−;1iλK�

ΓTotal
≃27%: ð42Þ

Additionally, the branching ratios for the decays of the
Ξ0
bjJP ¼ 3=2þ; 1iρ state to the Σ�

bK and ΞbjJP¼3=2−;1iρπ
channels are also sizable, at 13% and 9%, respectively.
However, within the ChQM, the total decay width of

Ξ0
bjJP ¼ 1=2þ; 1iρ is about 120 MeV larger than that of

prediction via the QPC model. Furthermore, the dominant
decay channel of Ξ0

bjJP¼1=2þ;1iρ is ΞbjJP ¼ 1=2−; 1iλπ,
with the branching fraction being about 24%. As to the
Ξ0
bjJP ¼ 3=2þ; 1iρ state, the total decay width calculated

by the ChQM is comparable to that predicted by the
QPC model, while the main decay channels predicted by
the two models are different. In the ChQM, the mainly
channels for Ξ0

bjJP ¼ 3=2þ; 1iρ are ΞbjJP ¼ 3=2−; 1iλη
and ΞbjJP ¼ 3=2−; 1iρπ, with their respective branching
ratios being 13% and 11%.
In addition, considering the uncertainty of the masses

of the 2S-wave states, we further investigate the strong
decay widths of 2S-wave Ξb and Ξ0

b states with the QPC
model a function of the mass in Fig. 6. The mass of the
2S-wave ρ-mode Ξb state varies in the region of
M ¼ ð6450–6700Þ MeV, and those of the 2S-wave ρ-mode
Ξ0
b states vary in the region of M ¼ ð6600–6850Þ MeV.

From the figure, we obtain that for the 2S-wave ρ-mode
states, apart from ground states such as ΣbK and Σ�

bK, the
decay channels involving P-wave final states also play a
significant role.
It should be mentioned that the QPC model and ChQM

have distinct physical interpretations. Our theoretical
results also exhibit a degree of model dependence.
Nevertheless, both models have achieved significant suc-
cess in describing the strong decays of the hadron system.
Therefore, the theoretical results presented here await
experimental verification. Furthermore, it should be clari-

fied that the form factor e−
p2

2Λ2 is introduced to suppress the
nonphysical contributions in the high momentum region.
Although the effect of the form factor on the partial decay
width becomes more pronounced with increasing momen-
tum, its influence remains limited and does not affect the
main physical results. Meanwhile, we also note the
dependence of the decay width on the cut-off parameter.
Varying the cut-off parameter by approximately 15%

TABLE VIII. (Continued)

ΞbjJP ¼ 1
2
þ; 0iρ Ξ0

bjJP ¼ 1
2
þ; 1iρ Ξ0

bjJP ¼ 3
2
þ; 1iρ

M ¼ 6549 M ¼ 6668 M ¼ 6697

Decay width QPC ChQM QPC ChQM QPC ChQM

Γ½ΞbjJP ¼ 3
2
þ; 2iλλ=ρρπ� -/- -/- 0.2=0.1 0.8=1.9 0.0=0.0 0.3=1.0

Γ½ΞbjJP ¼ 5
2
þ; 2iλλ=ρρπ� -/- -/- 0.0=0.0 26.4=0.0 0.2=0.1 1.3=4.6

Γ½Ξ0
bjJP ¼ 1

2
þ; 1iλλπ� - - 0.0 0.0 0.0 0.0

Γ½Ξ0
bjJP ¼ 3

2
þ; 1iλλπ� - - 0.0 0.1 0.0 0.0

Γ½Ξ0
bjJP ¼ 3

2
þ; 2iλλπ� - - 0.1 0.0 0.0 0.0

Γ½Ξ0
bjJP ¼ 5

2
þ; 2iλλπ� - - 0.0 1.4 0.2 0.0

Γ½Ξ0
bjJP ¼ 5

2
þ; 3iλλπ� - - 0.0 4.5 0.0 0.0

Γ½Ξ0
bjJP ¼ 7

2
þ; 3iλλπ� - - 0.0 0.0 0.0 5.0

Γ½ΛbjJP ¼ 3
2
þ; 2iλλK̄� - - - - 0.0 0.0

Γ½ΛbjJP ¼ 5
2
þ; 2iλλK̄� - - - - 0.2 0.0

ΓTotal 116.9 45.3 124.4 246.7 127.9 167.2

ZHANG, WANG, ZHONG, and XIAO PHYS. REV. D 113, 116012 (2026)

116012-14



causes a very small change in the width, with only a few of
the broader states exhibiting a variation on the order of 3
to 4 MeV.

IV. SUMMARY

In this work, we systematically investigated the two-
body strong decays of low-lying 1P- and 2S-wave Ξb and
Ξ0
b excitations in the QPC model within the j-j coupling

scheme. For a comparison, we also give our predictions
within the chiral quark model. The main theoretical results
are summarized as follows.
For the 1P-wave λ-mode Ξb states, ΞbjJP ¼ 1=2−; 1iλ is

a very narrow state with a total decay width of about
Γ ≃ ð1–2Þ MeV, and dominantly decays into the Ξ0

bπ
channel. The other 1P-wave λ-mode Ξb state ΞbjJP ¼
3=2−; 1iλ is likely a narrower state with a total decay width
approximately half that of ΞbjJP ¼ 1=2−; 1iλ. Its decay
width is almost saturated by Ξ�

bπ. Combining the measured
masses and decay properties of the observed states
Ξbð6087Þ and Ξbð6095=6100Þ, ΞbjJP ¼ 1=2−; 1iλ and
ΞbjJP ¼ 3=2−; 1iλ are good candidates for the states
Ξbð6087Þ and Ξbð6095=6100Þ, respectively.
For the 1P-wave λ-mode Ξ0

b states, within the QPC
model Ξ0

bjJP ¼ 1=2−; 0iλ is likely a moderate state with a
decay width of Γ ∼ 95 MeV. Meanwhile, the dominant
channels are ΛbK̄ and Ξbπ. The total widths of Ξ0

bjJP ¼
1=2−; 1iλ and Ξ0

bjJP ¼ 3=2−; 1iλ are comparable in the
QPC model, both in the range of Γ ∼ ð20–30Þ MeV.
However, their dominant decay channels are different.
Ξ0
bjJP ¼ 1=2−; 1iλ mainly decays into Ξ0

bπ, while Ξ0
bjJP ¼

3=2−; 1iλ mainly decays into Ξ�
bπ. The dominant decay

channels predicted by the ChQM for the three 1P-wave
λ-mode states mentioned above are highly consistent
with the predictions of the QPC model. However, the total
decay width for the three states in the ChQM is about half
of that in the QPC model. Both Ξ0

bjJP ¼ 3=2−; 2iλ and
Ξ0
bjJP ¼ 5=2−; 2iλ have similar decay properties. They

have large decay rates into the Ξbπ and ΛbK̄ channels.
Their total decay widths within the ChQM are about
24 MeV, which are good agreement with the measured
the total width of the observed state Ξbð6227Þ. Hence,
Ξ0
bjJP ¼ 3=2−; 2iλ and Ξ0

bjJP ¼ 5=2−; 2iλ could be good
candidates for the state Ξbð6227Þ.
For the 1P-wave ρ-mode Ξb states, the decay properties

of the two states ΞbjJP ¼ 1=2−; 0iρ and ΞbjJP ¼ 1=2−; 1iρ
have a strong model dependency. In the QPC model,
ΞbjJP ¼ 1=2−; 0iρ has a broad width of Γ ∼ 198 MeV,
and mainly decays into the Ξbπ and ΛbK̄ channels.
ΞbjJP ¼ 1=2−; 1iρ may be a moderate state with a total
decay width of Γ ∼ 72 MeV. Its decay width is almost
saturated by the Ξ0

bπ channel. However, in the ChQM,
ΞbjJP ¼ 1=2−; 0iρ is predicted to be a narrow state, and its
decay is governed by the Ξ0

bπ channel. ΞbjJP ¼ 1=2−; 1iρ

still has a moderate width, while the dominant decay
channels are now the Ξbπ and ΛbK̄ channels. The state
ΞbjJP ¼ 3=2−; 1iρ dominantly decays into Ξ�

bπ, and
probably has a moderate width of Γ ∼ 60 MeV. ΞbjJP ¼
3=2−; 2iρ and ΞbjJP ¼ 5=2−; 2iρ have similar decay
properties, and mainly decay into Ξbπ and ΛbK̄. Their
total decay widths in the QPC model and ChQM are about
6 MeV and 36 MeV, respectively, which underestimate
or overestimate the experimental width of the state
Ξbð6227Þ, while, considering the theoretical uncertain-
ties, the possibility that states ΞbjJP ¼ 3=2−; 2iρ and
ΞbjJP ¼ 5=2−; 2iρ are candidates for Ξbð6227Þ cannot
be ruled out.
For the 1P-wave ρ-mode Ξ0

b states, within the QPC
model Ξ0

bjJP ¼ 1=2−; 1iρ and Ξ0
bjJP ¼ 3=2−; 1iρ are broad

states with a comparable width of Γ ∼ 151 MeV. However,
the dominant decay channel of Ξ0

bjJP ¼ 1=2−; 1iρ is ΣbK,
and that of Ξ0

bjJP ¼ 3=2−; 1iρ is Σ�
bK. With the ChQM,

the predicted main decay channels for the two 1P-wave
ρ-mode Ξ0

b states are in agreement with the predictions in
the QPC model, while the total decay widths are about
Γ ∼ ð82–93Þ MeV, which are about (0.6-0.8) times smaller
than those of calculated by the QPC model.
For the 2S-wave λ-mode Ξb state ΞbjJP ¼ 1=2þ; 0iλ,

similar decay properties are predicted within the two
models. ΞbjJP ¼ 1=2þ; 0iλ may be a very narrow state
with a total decay width of only 2 to 4 MeV, and has a high
probability of being observed experimentally via the decay
chain ΞbjJP ¼ 1=2þ; 0iλ → Ξ0

bπ=Ξ�
bπ → Ξbππ.

For the 2S-wave λ-mode Ξ0
b states, their total decay

widths are approximately a dozen MeV within the QPC
model. Ξ0

bjJP ¼ 1=2þ; 1iλ predominantly decays to Ξ�
bπ

and ΞbjJP ¼ 1=2−; 1iλπ, While Ξ0
bjJP ¼ 3=2þ; 1iλ pre-

dominantly decays to Ξ�
bπ and ΞbjJP ¼ 3=2−; 1iλπ.

However, within the ChQM, the total decay widths of
the two 2S-wave λ-mode Ξ0

b states are about 0.4 times of
those predicted by the QPC model. Meanwhile, the
dominant decay channels of Ξ0

bjJP ¼ 1=2þ; 1iλ are Ξ0
bπ

and ΞbjJP ¼ 1=2−; 1iλπ. And the mainly decay modes of
Ξ0
bjJP ¼ 3=2þ; 1iλ are Ξ�

bπ and ΞbjJP ¼ 1=2−; 1iλπ.
As to the 2S-wave ρ-mode states, ΞbjJP ¼ 1=2þ; 0iρ has

a total decay width of dozens to one hundred MeV.
Ξ0
bjJP ¼ 1=2þ; 1iρ and Ξ0

bjJP ¼ 3=2þ; 1iρ may be two
broad states, with a total decay width of over one hundred
to two hundred MeV. Meanwhile, according to our calcu-

lations, in addition to decay channels Σð�Þ
b K and Ξ�

bπ, two-
body decay channels involving 1P-wave final states also
play a significant role in experimental detection.
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