
Chinese Physics C

PAPER • OPEN ACCESS

Exploratory study of possible resonances in heavy meson - heavy
baryon coupled-channel interactions
To cite this article: Chao-Wei Shen et al 2018 Chinese Phys. C 42 023106

 

View the article online for updates and enhancements.

This content was downloaded from IP address 134.94.122.142 on 16/01/2019 at 13:39

https://doi.org/10.1088/1674-1137/42/2/023106


Chinese Physics C Vol. 42, No. 2 (2018) 023106

Exploratory study of possible resonances in heavy meson - heavy
baryon coupled-channel interactions *

Chao-Wei Shen(沈超玮)1,2;1) Deborah Rönchen3;2) Ulf-G. Meißner3 Bing-Song Zou(邹冰松)1,2

1 Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China
2 University of Chinese Academy of Sciences (UCAS), Beijing 100049, China

3 Helmholtz-Institut für Strahlen- und Kernphysik (Theorie) and Bethe Center for Theoretical Physics, Universität Bonn, D-53115
Bonn, Germany

Abstract: We use a unitary coupled-channel model to study the D̄Λc−D̄Σc interactions. In our calculation, SU(3)

flavor symmetry is applied to determine the coupling constants. Several resonant and bound states with different

spin and parity are dynamically generated in the mass range of the recently observed pentaquarks. The approach

is also extended to the hidden beauty sector to study the BΛb−BΣb interactions. As the b-quark mass is heavier

than the c-quark mass, there are more resonances observed for the BΛb−BΣb interactions and they are more tightly

bound.
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1 Introduction

In 2015, the LHCb Collaboration observed two ex-
otic resonant states in the J/ψp invariant mass distri-
bution from Λ0

b → J/ψpK− decays [1]. Following this
discovery, those structures were addressed in numerous
model calculations and explained, e.g., as hidden charm
pentaquark-like states with opposite parity [1–23]. They
are now listed as Pc(4380)+ and Pc(4450)+ pentaquarks
in the Review of Particle Physics [24]. Among these
theoretical works, a popular explanation is that these
two resonances are bound D̄Σ∗c(2520) and D̄∗Σc(2455)
molecular states [2–13]. The study of exotic hadrons
with more than three constituent quarks has been an
important issue in hadron physics for a long time. Since
2010, five years prior to the experimental observation,
such pentaquark-like states with hidden charm had al-
ready been predicted by different groups [25–32]. The
discovery of the Pc(4380) and Pc(4450) thus adds new
momentum to the effort to study the baryon spectrum
in the 4 GeV energy range, aiming at the investigation
of other pentaquark candidates and, eventually, even at
a complete picture of the pentaquark spectrum.

The preferred spin of Pc(4380) and Pc(4450) is one
having spin J=3/2 and the other 5/2. No spin 1/2 state
has been observed yet. In Refs. [25, 26], Wu et al. used a
coupled-channel unitary approach with the local hidden
gauge formalism to calculate the interactions of D̄Λc−D̄Σc

and D̄∗Λc−D̄∗Σc. In this analysis only vector meson ex-
change was considered. The lowest D̄∗Σc molecular state
with JP =3/2− was predicted to be around 4412 MeV,
which lies in the middle of the two Pc states observed by
the LHCb Collaboration. In the D̄Λc−D̄Σc interaction,
the lowest hidden charm resonance of JP = 1/2− was
predicted to have a mass of 4261 MeV. In these earliest
predictions, only S-wave molecules were considered. It
should be noted, however, that this study employs some
approximations that have recently been scrutinized in
Ref. [33].

In the present work, we aim at a more complete pic-
ture of the resonance spectrum in the D̄Λc−D̄Σc system,
focusing on possible states in lower and higher partial
waves. To this goal we extend the Jülich-Bonn dynamical
coupled-channel (JüBo DCC) framework [34], a unitary
meson-baryon exchange model, to the hidden charm sec-
tor. In dynamical coupled-channel approaches, different
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reactions are analysed simultaneously and partial waves
of higher order are taken into account. Moreover, the-
oretical constraints on the S-matrix, like unitarity and
analyticity, are respected. They thus provide an ideal
tool to extract resonance parameters such as pole posi-
tions and residues from experimental data.

The present work should be regarded as an ex-
ploratory study, as only two channels, D̄Λc and D̄Σc, are
considered. Nevertheless, we are able to explore the pos-
sibility of dynamically generated poles in different partial
waves in the 4 GeV energy range. In subsequent studies
we plan to include also D̄∗Yc and lighter meson-baryon
channels, which will provide a more comprehensive pic-
ture.

We also extend the formalism to the hidden beauty
sector and search for dynamically generated poles in the
BΛb−BΣb system.

This article is organized as follows. In Section 2, we
present the theoretical framework of our calculation. In
Section 3, the numerical results for the D̄Λc−D̄Σc and
BΛb−BΣb interactions are discussed, followed by a brief
summary of our findings.

2 Theoretical framework

The JüBo DCC model has been developed over the
years and was originally constructed to describe elastic
and inelastic πN scattering. For a detailed description
of the approach see Refs. [34, 35] and references therein.
More recently, the framework has been extended to pseu-
doscalar meson photoproduction [36–38]. The spectrum
of N∗ and ∆∗ resonances is extracted by fitting the free
parameters inherent to the approach to experimental
data from pion- and photon-induced hadronic reactions.
Analyticity and two-body unitarity are manifestly im-
plemented, while three-body unitarity is approximately
fulfilled. Left-hand cuts and the correct structure of com-
plex branch points are included. This ensures the well-
defined determination of resonance parameters in terms
of poles in the complex energy plane of the scattering
amplitude and the corresponding residues. The analytic
properties of the scattering amplitude are discussed in
detail in Ref. [39].

The scattering equation that describes the interaction
of a baryon and a meson reads

Tµν(p′′,p′,z) = Vµν(p′′,p′,z)+
∑

κ

∫ ∞

0

dpp2Vµκ(p′′,p,z)

×Gκ(p,z)Tκν(p,p′,z). (1)

Equation (1) is formulated in the partial-wave basis; z
is the scattering energy in the center-of-mass system,
p′′≡‖ ~p′′‖ and p′≡‖~p′‖ represent the out-going and in-
coming three-momentum respectively, that may be on-
or off-shell, while µ, ν and κ are channel indices. The

propagator Gκ for channels with stable particles is given
by

Gκ(p,z)=
1

z−Ea(p)−Eb(p)+iε
, (2)

with Ea(p) =
√

m2
a+p2 and Eb(p) =

√
m2

b+p2 the on-
mass-shell energies of the intermediate particles a and
b in channel κ with the respective masses ma and mb.
The JüBo approach also includes the three-body ππN
channel, effectively parameterized as ρN , σN , and π∆,
see, e.g. Ref. [40].

The scattering potential Vµν in Eq. (1) consists of s-
channel processes that account for “genuine” resonance
states, and t- and u-channel exchanges of known mesons
and baryons that constitute the non-resonant part of the
amplitude. In addition, contact interaction terms are
included [37]. Note that while the t- and u-channel ex-
changes are often referred to as the non-pole part of the
T -matrix or the background, the dynamical generation
of poles through the unitarization of Eq. (1) is possible.

The potential Vµν is derived from an effective chi-
ral Lagrangian using time-ordered perturbation theory
(TOPT). Explicit expressions for all exchange processes
included in the analysis of elastic and inelastic πN scat-
tering and the corresponding Lagrangians can be found
in Ref. [34]. Explicit expressions for s-channel diagrams
are given in Ref. [35].

In the present study, we extend this formalism to the
hidden charm and hidden beauty sectors, i.e., we solve
Eq. (1) for µ,ν=D̄Λc, D̄Σc and BΛb, BΣb. As mentioned
above, the inclusion of further channels such as D̄∗Yc or
πN and ηN is postponed to a subsequent analysis.

We consider only t-channel meson and u-channel
baryon exchanges in the current analysis. The corre-
sponding Feynman diagrams are shown in Fig. 1. Gen-
uine resonances in form of s-channel processes are not
included, and the same applies to contact interaction
terms.

In principle, one could also include a φ t-channel ex-
change in addition to the diagrams shown in Fig. 1. How-
ever, since φ is a pure ss̄ particle, its coupling to heavy
mesons like D̄ or B should be negligible. Similar argu-
ments apply in case of the f0(980). Questions about its
inner structure are not yet fully resolved, e.g., the quark
content of the f0(980) is frequently regarded as having a
substantial KK̄ molecule component instead of being a
pure ss̄ state [24, 41, 42]. Its coupling to D̄ or B mesons
is also small and therefore we do not include the f0(980)
in our calculation. Thus, in the t-channel only ρ and ω
exchange are considered. In the u-channel we take into
account the exchange of a doubly-charmed Ξcc baryon.
As the mass of the Ξcc is very heavy its contribution
should be small. It turns out that in the present cal-
culation vector meson exchange is indeed the dominant
contribution.
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Fig. 1. Feynman diagrams for: D̄Λc→D̄Λc via (a)
t-channel ω exchange, and (b) u-channel Ξcc ex-
change; D̄Λc→D̄Σc via (c) t-channel ρ exchange,
and (d) u-channel Ξcc exchange; and D̄Σc→D̄Σc

via (e) t-channel ω,ρ exchange, and (f) u-channel
Ξcc exchange.

For the BΛb−BΣb interactions, we also take into ac-
count t-channel ρ and ω exchange. As there is no strong
evidence for the existence of a doubly-beauty baryon un-
til now, no u-channel baryon exchanges are included.

In the following we briefly describe the construction
of the scattering potential Vµν for the channels consid-
ered here. For a more detailed account of all components
entering the Jülich-Bonn model, the reader is referred to
Ref. [34] and references therein.

The effective Lagrangians for the interactions of two
pseudoscalar mesons with one vector meson, two baryons
with one vector meson, and two baryons with one pseu-
doscalar meson are [34]:

LPPV = gPPV φP (x)∂µφP (x)φµ
V (x),

LBBV = gBBV ψ̄B(x)(γµ− κ

2mB

σµν∂ν)φ
µ
V (x)ψB(x),

LBBP =
gBBP

mP

ψ̄B(x)γ5γµ∂µφP (x)ψB(x), (3)

where P , V and B denote the pseudoscalar meson, vector
meson and octet baryon, respectively.

The exchange potentials Vt,u in Eq. (1) consist of the
pseudo-potential Vt,u multiplied by a kinematic normal-
ization factor N , form factors F (q) and an isospin factor

IF:
Vt,u(p1,p2,p3,p4)=NFa(q)Fb(q)IFVt,u . (4)

The pseudo-potentials Vt,u applied in the present
study are

Vt = gaū(~p3,λ3)
(

gbγ
µ−i fb

2mB
σµνqν

z−ωq−E3−ω2

+
gbγ

µ−i fb
2mB

σµν q̃ν

z−ωq−E1−ω4

)
u(~p1,λ1)

(p2+p4)µ

2ωq

,

Vu =
gagb

m2
P

ū(~p3,λ3)γ5 /p2

2Eq

(
/q+mex

z−Eq−ω2−ω4

+
/̃q+mex

z−Eq−E1−E3

)
γ5/p4u(~p1,λ1). (5)

Here, the indices 1 and 2 (3 and 4) represent the in-
coming (out-going) baryon and meson. Ei and ωi are the
on-shell energies for the baryon and the meson, and q is
the exchange particle’s momentum. We have ~q=~p1−~p3

for the t-channel and ~q=~p1−~p4 for the u-channel. In the
TOPT framework used in this study, the four momentum
q has q0=Eq(ωq) for baryon (meson) exchange in the first
time ordering while q̃ denotes the second time ordering
with q̃0 =−Eq(−ωq) for baryon (meson) exchange. The
three momentum of q and q̃ is the same, denoted as ~q.

We apply SU(3) flavor symmetry to relate the cou-
pling constants ga, gb at the different vertices to known
couplings of other mesons and baryons. This symmetry
is, of course, strongly broken by the large differences in
the physical masses of, e.g., the nucleon and the Σc, but
also by the form factors of the vertices. Since in our cal-
culation the involved quarks are only u, d and c or u,
d and b, we do not need to derive these relations under
SU(4) symmetry. Assuming that the s, c and b quarks
can all be regarded as the same heavy quark compared to
u and d, we can directly adopt the SU(3) relations listed
in Ref. [34] for reactions involving hidden strangeness
and apply them to the hidden charm and beauty reac-
tions of this study.

The values for ga, gb appearing in the diagrams of
Fig. 1 are given by

gDDω = gBBω=
1
2
gππρ ,

gDDρ = gBBρ=
1
2
gππρ ,

gΛcΛcω = gΛbΛbω=
2
3
gNNρ(5αBBV−2) ,

gΣcΛcρ = gΣbΛbρ=
2√
3
gNNρ(1−αBBV ) ,

gΣcΣcω = gΣbΣbω=2gNNραBBV ,

gΣcΣcρ = gΣbΣbρ=2gNNραBBV ,

fΛcΛcω = fΛbΛbω=
5
6
fNNω−1

2
fNNρ ,
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fΣcΛcρ = fΣbΛbρ=− 1
2
√

3
fNNω+

√
3

2
fNNρ ,

fΣcΣcω = fΣbΣbω=
1
2
fNNω+

1
2
fNNρ ,

fΣcΣcρ = fΣbΣbρ=
1
2
fNNω+

1
2
fNNρ ,

gΞccΣcD = −gNNπ ,

gΞccΛcD =
1√
3
gNNπ(4αBBP−1), (6)

with gππρ = 6.04, gNNρ = 3.25, αBBV = 1.15, fNNρ =
gNNρκρ=19.825, fNNω=0, gNNπ=0.989 and αBBP =0.4.
Note that the B in gBBω and gBBρ refers to the B meson,
while the B in αBBV represents an octet baryon.

At each vertex, an off-shell form factor as shown in
Eq. (7) is used,

F (q)=
(

Λ2−m2
ex

Λ2+~q2

)n

, (7)

where mex, ~q and Λ are the exchange particle’s mass,
three momentum and cut-off parameter respectively. For
the t-channel ρ and ω exchange, we use a dipole form fac-
tor, i.e. n=2, while a monopole form factor is applied
for u-channel Ξcc exchange, i.e. n=1. As usual in the
JüBo model, different powers for the form factors are ap-
plied to ensure the convergence of the integral over the
off-shell momenta in the scattering equation.

In the Jülich-Bonn approach, the cut-off values Λ are
free parameters that are fitted to data. As there is no
data available for the reactions considered in this study,
we use the values determined in Ref. [34] in an analysis
of the reactions πN→πN , ηN and KY . Two different
fits were performed in Ref. [34], fit A and B, starting
from two different scenarios in the fit parameter space.
In the present study the cut-off parameters are set to the
values of the corresponding strange hadron vertices from
Ref. [34], e.g., ΛDΞccΛc =ΛKΞΛ. The cut-off values for all
vertices are listed in Table 1.

Table 1. Cut-off parameters Λ applied in the calculations.

vertex
exchanged Λ/MeV

particle A B

DωD or BωB ω 1310 1430

DρD or BρB ρ 3140 2580

ΛcωΛc or ΛbωΛb ω 1100 1100

ΛcρΣc or ΛbρΣb ρ 1710 1750

ΣcωΣc or ΣbωΣb ω 1940 1940

ΣcρΣc or ΣbρΣb ρ 1480 1480

DΞccΛc Ξcc 1670 1670

DΞccΣc Ξcc 2340 2340

The calculations are performed for both sets of pa-
rameters A and B. This allows us to get a rough estimate
of the dependence of the results on the cut-off parame-
ters.

The kinematic normalization factor N in Eq. (4) is
of the form

N=
1

(2π)3
1

2
√

ω2ω4

, (8)

and the isospin factors IF for each exchange process can
be found in Table 2. Note that the baryon-first conven-
tion is applied throughout the calculation.

Table 2. Isospin factors (IF) for isospin I=1/2 and 3/2.

process exchanged IF ( 1
2
) IF ( 3

2
)

particle

D̄Λc→D̄Λc ω 1 0

Ξcc 1 0

D̄Λc→D̄Σc ρ −√3 0

Ξcc

√
3 0

D̄Σc→D̄Σc ω 1 1

ρ 2 −1

Ξcc −1 2

BΛb→BΛb ω 1 0

BΛb→BΣb ρ −√3 0

BΣb→BΣb ω 1 1

ρ 2 −1
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Fig. 2. (color online) Total cross sections of D̄Λc→
D̄Λc, D̄Λc→D̄Σc and D̄Σc→D̄Σc using the values
of the cut-offs from fit A (blue solid lines) and fit
B (red dashed lines).
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3 Results and discussion

3.1 D̄Λc−D̄Σc interactions

The total cross sections for D̄Λc→ D̄Λc, D̄Λc→ D̄Σc

and D̄Σc→D̄Σc are shown in Fig. 2. For both sets of cut-
offs, A and B, there is a clearly visible peak in D̄Λc→D̄Λc

around 4295 MeV. A much smaller bump is observed
around 4350 MeV.

Those structures can also be seen in the partial-
wave amplitudes. The dimensionless partial-wave ampli-
tude τµν is related to the scattering amplitude Tµν from
Eq. (1) via a phase factor ρ:

τµν =−π
√

ρµρν Tµν , ρ=
kµEµωµ

z
, (9)

with kµ (Eµ, ωµ) the on-shell three-momentum (baryon
energy, meson energy) of the initial or final meson-baryon
system µ.
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Fig. 3. (color online) Partial-wave amplitudes
squared for D̄Λc→D̄Λc using cut-offs A (blue solid
lines) and cut-offs B (red dashed lines).

In the following, we concentrate on the poles observed
in D̄Λc→ D̄Λc, and thus only discuss the amplitudes of
this process. The amplitude squared of each partial wave
for the D̄Λc→D̄Λc process is shown in Fig. 3. Note that
here we only show partial waves up to J=7/2, since the
higher amplitudes with J=9/2 are very flat and smooth.
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Fig. 5. (color online) Argand plots for different
partial waves of D̄Λc→ D̄Λc using cut-off values
of fit A (blue dots) and of fit B (red squares).

In the S11 wave, we can see a very clear sharp peak lo-
cated around 4295 MeV, while another peak is observed
in P11 around 4350 MeV. Those structures are respon-
sible for the pronounced peak and the smaller bump in
the total cross section of this process. This is reflected in
Fig. 4, where the partial-wave content of the total cross
section is shown. Here, one can see that the structure ap-
pearing in P13 around 4350 MeV also contributes to the
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smaller bump in the total cross section. In the higher
partial waves of D̄Λc → D̄Λc, no specific structures are
observed and the contribution to the total cross section
is small.

In addition to the partial-wave amplitudes, we show
the Argand diagrams for D̄Λc → D̄Λc in Fig. 5. In the
case of an isolated, Breit-Wigner-type resonance without
background contributions, the Argand plot is a counter-
clockwise circle with radius 1/2 whose center and radius
can be related to the partial decay width of the state.
However, in a coupled-channel calculation as performed
here, with interference and background effects, the plot
will in general not show this behaviour.

In accordance with the sharp peak and almost negli-
gible background in the S11 partial wave in Fig. 3, there
is a standard full circle in the Argand diagram for S11

in Fig. 5. A clear circular form is also observed for P11,
while the higher partial waves show no full circles.

The distinctiveness of the peaks in S11, P11 and, to a
certain degree, P13, suggests the existence of poles in the
scattering matrix, while no conclusion on the resonance
content can be drawn from the partial-wave amplitudes
with L≥ 2 shown in Fig. 3 or the Argand diagrams in
Fig. 5. In order to substantiate the former hypothesis
and clarify the situation in higher partial waves, we per-
form a pole search in the complex energy plane of the
second Riemann sheet of the scattering matrix T . T (2)

µν

is accessed via the method of analytic continuation de-
veloped in Ref. [39]. We have checked that the pole po-
sitions evaluated on the D̄Σc unphysical sheet are the
same as the ones found on the unphysical sheet of the
D̄Λc channel. The coupling strength gµ of a pole at z=zR

to channel µ is given by the residue a−1,µν in the Laurent
expansion of T (2)

µν ,

T (2)
µν =

a−1,µν

z−zR

+a0,µν+O(z−zR), (10)

with

a−1,µν =gµgν . (11)

The residues are determined following the procedure ex-
plained in Appendix C of Ref. [35].

The pole positions and residues extracted in the
present study are listed in Table 3. We observe no states
with isospin I =3/2. As expected, we find a pole with
JP =1/2− at zR=4295−i3.71 MeV (fit A). As this state
is very narrow and located ∼ 25 MeV below the D̄Σc

threshold of 4320 MeV, we consider this pole to be a
bound state with respect to D̄Σc. Reducing the compa-
rably large cut-off at the DρD vertex results in an even
smaller imaginary part until the pole finally moves onto
the real axis for ΛDρD <1.7 GeV, while the real part of
the pole position moves closer to the D̄Σc threshold.

An S-wave bound state was also found in Ref. [26]
at zR = 4265− i11.6 MeV, i.e. about 30 MeV lower
and 16 MeV broader than in the present study. As in
our case, the coupling to D̄Σc is much stronger than
to D̄Λc. It should be noted that in Ref. [26], besides
D̄Λc and D̄Σc, the ηcN channel is included. Including
lighter meson-baryon channels the state gains a width
of 56.9 MeV in Ref. [26]. The existence of an S-wave
D̄Σc bound state around 4300 MeV was also supported
by other dynamical models [27, 28, 30].

In our present approach, besides the pole in S11, one
pole each is found for JP =1/2+ and 3/2+, as suggested
by the peaks observed in the partial-wave amplitudes in
Fig. 3. Both states are located above the D̄Σc thresh-
old in the complex energy plane and are, therefore, res-
onances. In addition we find a resonance state with
JP = 3/2− that does not show up as a peak or bump
in τ . In the complex energy plane of T (2), however, the
pole is clearly visible, c.f. Fig. 6. Two more poles with
larger imaginary parts not listed in Table 3 are observed
in the J=5/2 partial waves.

It can be seen that the results for using the cut-offs
from fits A or B are very similar. The values listed in Ta-
ble 3 should be considered with care since only two chan-
nels are considered in the present exploratory study. The
inclusion of D̄∗Λc, D̄∗Σc, D̄Σ∗c and other lighter meson-
baryon channels in future studies could have a substan-
tial influence on the exact values of the pole positions
and residues. This is important when observing that the
state found in the JP =3/2− partial wave is in agreement
with the LHCb Pc(4380).

Table 3. Pole positions zR, couplings and spin-parity for the states in the hidden charm sector with I= 1
2
, using the

values of the cut-offs for fits A and B.

JP

A B

zR/MeV
couplings/10−3 MeV−

1
2

zR/MeV
couplings/10−3 MeV−

1
2

gD̄Λc
gD̄Σc

gD̄Λc
gD̄Σc

1

2

−
4295−i3.7 1.4+i0.2 13.2+i0.8 4297−i3.0 1.1+i0.2 10.9+i0.6

1

2

+

4334−i28 1.1−i1.1 −1.9+i3.6 4334−i30 1.0−i1.0 −1.9+i3.7

3

2

+

4325−i54 0.3−i1.1 0.8−i4.5 4325−i54 0.3−i1.0 0.7−i4.6

3

2

−
4380−i147 0.5−i1.9 −1.4+i5.6 4378−i146 0.5−i1.7 −1.3+i5.6
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Fig. 6. (color online) Absolute value of TD̄Λc D̄Λc

(second Riemann sheet) with JP = 3/2−. The
pole at zR=4380−i147 MeV is clearly visible.

3.2 BΛb−BΣb interactions

The total cross sections for the BΛb−BΣb interactions
are shown in Fig. 7. In BΛb→BΛb, more structures can
be seen than in the total cross section of D̄Λc → D̄Λc,
which can be explained by the much heavier mass of the
b-quark compared to the c-quark. One expects that more
bound states could be generated and these states should
be bound tighter.
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Fig. 7. (color online) Total cross sections for
BΛb →BΛb, BΛb →BΣb and BΣb →BΣb using
cut-offs A (blue solid lines) and cut-offs B (red
dashed lines).

The partial-wave amplitudes squared of BΛb→BΛb

are shown in Fig. 8. We show partial waves only up
to J =7/2, as there are no specific structures in higher
partial waves.
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Fig. 8. (color online) Partial-wave amplitudes
squared for BΛb → BΛb using the values of the
cut-offs for fit A (blue solid lines) and fit B (red
dashed lines).

In S11, two peaks appear. A very distinct structure
is observed around 10997 MeV and a much smaller peak
is located around 11092 MeV. We consider the latter
structure to stem from a kinematical effect at the BΣb

threshold rather than being of dynamical origin. Fu-
ture studies including additional decay channels and ex-
change diagrams will help to clarify this issue. A previ-
ous study [43] limited to the S-wave approximation also
predicts a BΣb bound state with the binding energy de-
pending on the cut-off parameter for the t-channel vec-
tor meson exchange, roughly in agreement with present
study.

Here, sharp peaks are also observed in P11, P13

and D13, located around 11075 MeV, 11090 MeV and
11125 MeV, respectively. Furthermore, there is one pos-
sible resonance shape around 11150 MeV in the D15 par-
tial wave.
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lution. Only dominant partial waves are shown.
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Fig. 10. (color online) Argand plots for different
partial waves of BΛb→BΛb using cut-offs A (blue
dots) and cut-offs B (red squares).

As can be seen in Fig. 9, the first sharp peak in the
BΛb→BΛb total cross section is caused by the S11 par-
tial wave, while the second and third peaks originate
from structures in P11 and P13. The peaks in the D-
waves observed in the amplitudes τ are responsible for a
barely visible bump in the total cross section, which can
be seen in the logarithmic plot of Fig. 9.

The Argand diagrams for the reaction BΛb→BΛb are
shown in Fig. 10. In contrast to the Argand diagrams
in the hidden charm sector, there are clear circles with

radius 1/2 in several partial waves, namely S11, P11, and
P13, which corresponds to a Breit-Wigner-like behaviour
and reflects the distinctive peaks in the partial-wave am-
plitudes in Fig. 8. The D13 and D15 waves also exhibit
a circular form.

The pole positions and residues for the BYb system
are given in Table 4. We find two poles below the BΣb

threshold of 11092.84 MeV, one in S11, i.e. JP =1/2−,
with a width of about 20 MeV and one narrow state
in P11, i.e. JP = 1/2+. In the P13 wave a very narrow
state is found just above the BΣb threshold. If we re-
duce the large BρB cut-off to 1.7 GeV, this pole moves
further away from the threshold and also deeper into the
complex energy plane. In case of the narrow state in P11,
reducing the BρB cut-off causes the pole to move towards
the BΣb threshold and onto the real axis. We conclude
that the P13 state is indeed a resonance, while the state in
P11 is rather a BΣb bound state. Further resonances are
found for JP =3/2−, 5/2+, 5/2− and also for JP =7/2−

and 7/2+, although for the latter partial waves no reso-
nance structures are observed in the on-shell amplitudes
τ in Fig. 8. In contrast, a clear resonance signal can be
seen in the complex energy plane of |T (2)|, as shown in
Fig. 11 for the F17 partial wave.

Fig. 11. (color online) Absolute value of TBΛbBΛb

(second Riemann sheet) with JP =7/2+.

We remind the reader that, as in case of the hidden
charm reactions, the numbers in Table 4 will change once
further decay channels are included in the calculation.

3.3 Summary

In this exploratory study, the Jülich-Bonn dynamical
coupled-channel model has been extended to the hidden
charm and hidden beauty sector. This Lagrangian-based
approach respects unitarity and the full off-shell solution
of a Lippmann-Schwinger-type scattering equation pro-
vides the correct analytic structure. The latter is a pre-
requisite of a reliable extraction of the baryon spectrum
in terms of poles and residues.
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Table 4. Pole positions zR, couplings and spin-parity in the hidden beauty sector with I = 1
2
, using the values for

the cut-offs of fits A and B.

JP

A B

zR/MeV
couplings/10−3 MeV−

1
2

zR/MeV
couplings/10−3 MeV−

1
2

gBΛb gBΣb gBΛb gBΣb
1

2

−
10998−i10 1.2+i0.3 23.3+i1.5 11005−i7 1.0+i0.3 22.4+i1.3

1

2

+

11078−i4.4 0.7+i0.1 −0.9+i4.1 11081−i2.8 0.6+i0.1 −0.6+i3.6

3

2

+

11093−i1.8 0.4−i0.004 0.5−i0.7 11093−i1.5 0.4−i0.01 0.5−i0.7

3

2

−
11120−i25 0.3−i0.3 −1.1+i1.6 11120−i25 0.3−i0.3 −1.1+i1.6

5

2

−
11116−i38 0.2−i0.4 0.7−i2.0 11116−i38 0.2−i0.4 0.7−i2.0

5

2

+

11149−i88 0.1−i0.6 −0.8+i2.6 11148−i86 0.1−i0.5 −0.8+i2.5

7

2

+

11123−i104 0.2+i0.5 −0.1+i2.6 11124−i102 0.2+i0.5 −0.1+i2.5

7

2

−
11176−i160 0.04+i0.3 0.4−i1.7 11171−i168 0.1+i0.5 0.4−i2.3

As a first step, we included the channels D̄Λc, D̄Σc

and BΛb, BΣb with ρ and ω exchange in the t-channel
and, for D̄Yc, Ξcc exchange in the u-channel. Predictions
for cross sections and partial-wave amplitudes are pro-
vided and the possibility of dynamically generated poles
has been examined.

In the D̄Λc−D̄Σc interactions, we find one pole in
each partial wave up to JP = 5/2+ and 5/2−. A very
narrow pole with JP =1/2− is considered to be a bound
state with respect to D̄Σc. This bound state was pre-
viously predicted in Refs. [25, 26]. In order to obtain a
clearer understanding of the nature of these poles and
substantiate the pole positions and residues extracted in
the present analysis, we need to include further channels
like D̄∗Yc and other lighter meson-baryon decay modes.
Such an analysis is planned for the future. Nevertheless,
from our present exploratory study, it is clear that the
lowest positive parity P -wave state is only about 40 MeV

higher than the lowest negative parity S-wave state. For
the compact pentaquark states, the lowest P -wave exci-
tation is predicted to be more than 130 MeV higher than
the lowest S-wave state [29].

For the BΛb−BΣb interactions, we find several poles in
partial waves up to G17. Like in the charmed case, more
channels should be included to confirm the resonance
spectrum extracted here. This task will be addressed in
future studies, too.

To achieve a reliable picture of the pentaquark
hadron spectrum, it is important to observe the D̄Λc

and D̄Σc mass spectrum experimentally.

We thank Michael Döring, Feng-Kun Guo, and Jo-
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puter JURECA at Jülich Supercomputing Centre (JSC).
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