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Abstract: We present a comprehensive study of the decay width of multiquark states containing
different color singlet components in a coupled-channel approach. We show how the decay width
can provide in-depth information about the nature of a coupled-channel resonance. An unexpected
behavior of the decay width of a multiquark state could be pointing to a relevant role of the coupled-
channel dynamics, aiming at the channel responsible for the formation of the resonance. The
symmetrical situation between meson- and baryon-like multiquarks is highlighted. Our study
accounts for the existence of narrow resonances with large phase spaces. In the case of resonances far
from their detection channel, it is the mass difference with the formation channel that determines
their decay width. The larger the binding, the larger the decay width, even though the phase space to
the detection channel gets reduced. The trends noticed cast doubts on the molecular assignment of
some multiquark candidates. Finally, we wonder about the existence and properties of multiquark
partners in other flavor sectors.

Keywords: multiquarks; quark models; few-body systems

1. Rationale

One of the most noteworthy aspects of current hadronic physics is the significant
number of suggested experimental resonances whose nature could be closely related to
multiquark states. It might be that hadronic spectroscopy presents a smooth transition
from quark to hadron degrees of freedom where multiquarks are common structures.
Multiquark candidates have been found in the meson, baryon number B = 0, and baryon
B =1, sectors with symmetric phenomenological findings. To understand the existence
and properties of such potential multiquark states is an enormous challenge that would
help to advance knowledge of Quantum Chromodynamics (QCD) in the low-energy
nonperturbative regime. It is a common feature of most of the suggested multiquark states
that, while they are experimentally detected in a particular lower energy channel, they are,
however, also theoretically predicted as being bound states of a higher energy channel very
close to their masses [1].

Overall, there is no clear-cut relation between the decay width of these resonances
with the phase space available for the decay into their detection channel. One of the
more notable instances arises in the case of the LHCb pentaquarks [2,3], whose properties
are summarized in Table 1. Their J/¢ p decays suggest that, regardless of the internal
dynamics, the states have intrinsic quark content ccudd. As can be seen in Table 1, it is not
easy to guess a relationship between the decay width and the available phase space into
their common detection channel, J/¢ p. Note, for instance, that the resonance with the
largest phase space has the smallest decay width and that resonances with similar phase
spaces have widths that differ in orders of magnitude. Such behavior should draw our
attention and potentially our concern. Symmetric situations also arise in the meson sector.
See Ref. [1] and references therein for a recent review.
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Table 1. Summary of the P properties decaying to J /4 p [2,3].

State M (MeV) I' MeV) Phase Space (MeV)
P.(4380) " 4380 8 £29 205+ 18 + 86 345 £ 30
P.(4312)* 43119 £0.715%8 9.8+27%37 276.7 + 6.8
P.(4440)* 44403 13741 20.6 + 49757 405.1 + 4.9
P.(4457)* 44573 +0.6"71 6.4+£2.0"37 4221 +4.1

In general, these resonances are scrutinized through models and/or arguments de-
vised to reproduce their masses under particular hypotheses for their structure [1]. There
is, however, no definitive conclusion about the nature of such states. Therefore, a coherent
analysis of all available experimental data, including their decay width, could provide
insights into their internal structure. This may also make clearer the behavior of the basic
theory governing the quark dynamics—QCD—in the nonperturbative regime. One should
bear in mind the success of nonrelativistic realizations of QCD, dominated by chromomag-
netic and chromoelectric effects, for the description of the low-energy baryon and meson
spectra. See, for example, Ref. [4] and references therein. This suggests the possibility
of also trying to accommodate multiquark states in a similar picture that, as we will see,
becomes more complicated due to the presence of open thresholds [5]. This makes the theo-
retical description more complicated and may be the right way forward for understanding
the experimental data.

In this work, we perform a detailed study on the correlation between the mass and
the decay width of a resonance in a coupled-channel approach. Our study is generic
and therefore applicable to very different scenarios. We make use of an intuitive model
that allows us to simulate different experimental situations, which will be discussed
immediately below. Particular quantitative results would require a dedicated fit that is
beyond the purpose of the present work but that could be easily envisaged within any
available model.

2. Experimental Scenario and Theoretical Framework
2.1. Experimental Scenario

A large amount of the experimental data linked to multiquarks have been reported
through decays to charmonium and bottomonium states, both in the B = 0and B = 1
sectors. For B = 0, they might correspond to a QQgJ quark-model structure, with Q = ¢
or band g = u or d. Symmetrically, for B = 1 the hypothetical multiquark structures would
have a minimal quark content QQgqq. The first system is made of two different types of
color singlets: [QQ][g7] and [Q7][9Q]; analogously, the second system is also made of two
different types of color singlets: [QQ][gg4q] and [gQ][Qgq]. It is worth noting that there
are already experimental candidates for QQ’g7 multiquark structures, where Q = ¢ and
Q" = s [6]. Because they also contain two different types of color singlet, our reasoning
remains equally valid.

If the quark dynamics within a multiquark is not constrained due to the existence
of highly correlated substructures, as it could be, for example, in the case of diquarks [7],
the two color singlets will contribute to a multiquark meson,

Yay = a1|[QQ1[q4]) + a2|[Q7][4Q]) 1)

where, in general, a1 and a;, determined by the quark dynamics, would be different from
zero. A similar expression holds for multiquark baryons,

¥s; = B1|[QQ[994]) + B2|[9Q1[Qqq]) - 2)

The above equations are written in non-orthogonal bases in color space, made of
internal color singlets. They can be transformed to orthogonal bases, see Refs. [8,9] for
details. Such a transformation is suited to dealing with the Pauli principle or for the
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evaluation of specific matrix elements. Each of the two components in Equation (1) and (2)
can indeed evolve into the other one. One is dealing with a compact object whose internal
color quantum numbers are not separately conserved during time evolution. In other
words, these states are not generally simple bound states of two hadrons. Therefore, their
properties can be addressed by means of a coupled-channel calculation involving the two
different components of Equations (1) and (2). Beforehand, there is no dynamical reason
that could justify the relevance of any of them relying on the overall principles of QCD.
At this point, it is relevant to analyze the mass of the different color singlet components to
illustrate how the coupled-channel dynamics would be affected depending on the flavor
sector one is working with.

As mentioned above, multiquarks with a QQgq flavor content contain [Q4][gQ] and
[QQ][g4] color singlets that are coupled together through the internal quark dynamics.
For Q = ¢, the [QQ][g7] and [Q7][9Q)], color singlets have masses close to each other, while
for Q = b the [QQ][g9] mass is much lower than that in the charm sector, due to a larger
binding energy. It is also much lower than the [Q7][gQ] one (see Figure 1). The growth of the
mass difference between the two color singlet components in Equation (1), when increasing
the mass of the heavy quark, is linked to the flavor-independence of the chromoelectric
interaction [5,10], because the binding energy is proportional to the reduced mass of
the interacting pair. Thus, for large Mg, while the binding of the [Q7][7Q] color singlet
would be roughly proportional to 21, that of the [QQ][g4] color singlet is proportional to
(Mg + my)/2, the mass difference increasing linearly with the mass of the heavy quark.
As can be seen in Figure 1, in the strange sector the reverse is true. This is because the
mass of the strange quark is smaller and has a more involved quark dynamics. As a
consequence, in the strange sector the [Q7][gQ] component becomes the lowest in energy,
thereby opening the way to stable meson-antimeson molecules [11]. For the charm and
bottom heavy flavor sectors, these bound states would correspond to resonances in between
the two internal color singlet components.
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Figure 1. Experimental masses [12] of the different color singlets that make up QQqj multiquarks
with Q =5, ¢, or b, for different sets of quantum numbers, (I)] P We display several cases containing
pseudoscalar-pseudoscalar, pseudoscalar-vector and vector-vector [Q7][gQ] meson-antimeson
components. The reference energy has been set to the corresponding KK, DD or BB mass for the
hidden strange, charm and bottom sectors, respectively.

The flavor independence of the chromoelectric interaction produces a symmetric effect
for QQqqq multiquarks. The binding of the [QQ][g44] color singlet is controlled by Mg while
that of the [gQ][Qqq] color singlet is regulated by n1,. Hence, in the charm sector for | = 1/2,

the mass difference AM = M, ¢y0001 — M(Q0]1g99 = Mbx. — Mj/pp = 288 MeV; howeve,
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r in the bottom sector it increases to AM = M[qQ_HQW} — M[QQ-] lagq] = Mgzb — My, =692

MeV [12]. This situation is illustrated in Figure 2 for J* = 1/2% and J” = 3/2% multiquark
baryons of the charm and bottom sectors.

In a coupled-channel calculation, the non-diagonal terms are proportional to the matrix
elements of the coupled channels and to the inverse of their mass difference. Assuming
a dominant flavor-independent interaction, as would happen with the chromoelectric
potential in the heavy-flavor sector, the larger the mass of the heavy flavor the weaker
the effective coupling between the coupled channels. The most relevant consequence
derived from Figures 1 and 2 is precisely that the mass difference between the coupled
channels varies a lot depending on the flavor sector. This becomes particularly evident in
the meson sector for the quantum numbers of the X(3872), where the two color singlets
are almost degenerate in the charm sector, while they are far apart in the bottom sector.
Therefore, similar structures of different flavor sectors may give rise to very different
outcomes. Hence, a certain caution is needed to predict partners of multiquarks in different
flavor sectors if the dynamics are almost flavor independent and become governed by
coupled-channel effects.
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Figure 2. Experimental masses [12] of the different color singlets that make up selected QQqqq
multiquarks with Q = c or b, for different sets of quantum numbers, J”. The reference energy has
been set to the corresponding %D or ¥, B mass for the hidden charm and bottom sectors, respectively.

The above reasoning requires an in-depth analysis of the dependence of the decay
width of a resonance in terms of the color singlets that it is made of, and their internal cou-
pling, in other words, the values of 41 and &, in Equation (1), or 8; and 7 in Equation (2).
As these equations can be formally written in a symmetric manner,

Yuq = v1|HiH2) + 72|H3Hy) , 3)

in both cases we are facing a coupled-channel problem with two internal physical thresh-
olds. Experimentally, most parts of the multiquark candidates appear in between the two
color singlet components and this is thus the energy region where we will concentrate
our analysis. Moreover, the quark dynamics suggests that the resonance is generated by
the attraction in the channel with a larger mass, having a lower mass channel open. This
situation is similar to a Feshbach resonance, where the open channel is represented by the
[QQ][q9] or [QQ][gq9] states that would get trapped in a molecular state supported by the
closed channel potentials [Q7][gQ] or [¢Q][Qqq] [13,14].
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2.2. Theoretical Framework

Let us then sketch the formalism we shall use to study the problem discussed in the
previous section and represented diagrammatically in Figure 3. We are dealing with a
coupled-channel problem of two different two-body color singlets with a resonance that is
produced in between them. Channel 1, the lower in mass, is made of two color singlets,
[QQ][49] for B =0 (]QQ][gq9q] for B = 1). We denote by m; the mass of the QQ state and
by my that of the g7 (q99) state. Channel 2, the higher in mass, consists of another two
color singlets, [Q7][gQ] for B = 0 ([gQ][Qqq] for B = 1). We denote by mj3 the mass of the
Qg state and by my that of the gQ (Qqgq) state. There is a mass difference AM between
these two channels. As has been discussed above, the two color singlet components form a
non-orthogonal basis in color space [8,9]. The interacting potentials between the different
color singlets could be derived from a particular quark model, see for example [15], but they
have to follow the general trends described in Section 2.1: an attractive upper channel
that would have a bound state in a single-channel calculation, a weakly interacting lower
channel that does not move the resonance below its mass, and a transition potential that can
be regulated to make it softer when increasing the heavy-quark mass. Thus, the attractive
character of the upper channel is shaped through the existence of a low-energy bound
state, with a binding energy AE. This bound state becomes a resonance for a lower open
channel. The resonance would be detected by its decay to channel 1, which implies that the
upper and lower channels must be connected by some transition potential V¥/. Therefore,
we have modeled the system as a coupled-channel problem obeying the non-relativistic
Lippmann-Schwinger equation, which in the case of S-wave interactions is written as,

ij ij 2
ti(p,p E) = Vi(p,p')+ Z/O p"dp”
k=1,2"
1

i v:E), ii=1,2, (4
E— oM én—pamric’ P oPE) b @

% Vik(p, p//)

where y; = mymy/(my + my) and yp = mamy/(m3 + my) are the reduced masses of
channels 1 and 2, and AM = m3 + my — mq — mp with mz + my > mq + my. The interactions
in momentum space are given by,

Vit ') = 2 [T Par jopr) Vi) jo(o') ®

where the two-body potentials, which are inputs to our present study, consist of an attrac-
tive and a repulsive Yukawa term, that is,

i
V,{‘,r ..e HB"

Vil(r) = — Al B ©)

This type of parametrization is known to work rather well for the study of two-, three-,

and few-baryon systems [16,17] and it is adopted here. We have considered scenarios

where a resonance exists at an energy E = Eg such that the phase shift §(Eg) = 90°, for

energies between the masses of channels 1 and 2, that is, 0 < Egx < AM. The mass of the

resonance would be given by Wr = Egr + m + my. The width of the resonance is calculated
using the Breit-Wigner formula as [18-20],

. 2(Eg —E)

T(E) = Jim o) @

Let us finally note that, although the Breit-Wigner formula is not very accurate close

to threshold, we have explicitly checked—by way of analytic continuation of the T-matrix

in the second Riemann sheet—that at low energy the width follows the expected T’ ~ E1/2

behavior. Far from threshold, the values of the width obtained from the Breit-Wigner

formula agree reasonably well with the values obtained from the position of the pole of the
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T-matrix in the complex plane E = Ey — %1”. In order to find the position of the pole for
a given value of the energy E in Equation (4) one can use the standard contour rotation
method p — pe~?, which opens large sections of the second Riemann sheet. However,
as one approaches the lower threshold, the real part of the pole Ey becomes negative and the
simple contour rotation method does not work so that one must devise more complicated

contours in order to avoid the branch cut starting at E = Eg — 5T.

[07][¢0]

. 2
1\,:\ AEO Chan‘n\el 2: V2
| v
I Resonance (I'))
|
|
I yi2=J21
1AM,
|
|
|
| = —
v 1001147] v
Channel 1: /!

Figure 3. Diagrammatic representation of the mimicked experimental situation for B = 0. A similar

plot would apply to the B = 1 sector replacing [Q4][¢Q] by [¢Q][Qqq] and [QQ][47] by [QQ][997]-
See text for details.

3. Results

Without loss of generality, we make use of the same threshold masses recently con-
sidered in two- and three-body calculations [21,22]. None of the results that we will later
discuss critically depend on the choice of the masses of the particles constituting the
channels depicted in Figure 3. As said above, the interaction in the different channels is
described by Yukawa potentials consisting of an attractive and a repulsive term. By varying
the parameters, one is able to control the existence of a bound state or a resonance and its
relative position with respect to the thresholds.

In order to fulfill the scenario depicted above that could have been addressed within
a particular quark model [15], we start by requiring that, in a single-channel calculation,
the upper channel 2 has a bound state with nearly zero energy, while in a coupled-channel
calculation, the full system has a bound state only at the lower channel 1. If one increases,
for example, the magnitude of the repulsive term in the lower channel, B!! in Table 2,
the bound state of the coupled-channel system moves up and actually becomes a resonance
in the continuum. In this way, one can study the behavior of the width of the resonance
when its mass evolves from the lower channel 1 to the upper channel 2 in different situations.
The starting point would be that shown in Figure 3—a resonance close to the upper
channel—which corresponds to the parameters given in Table 2. Numerically, AEy = 3.64
MeV, Ty = 9.6 MeV and AM, = 25.6 MeV.

Table 2. Parameters of the interaction as given in Equation (6). A” and BY are in MeV fm, while yi{;

and yg arein fm 1,

ij A¥l 4 B 9
11 100 2.68 3000 5.81
2 680 456 642 6.73

12=21 200 1.77 195 3.33




Symmetry 2021, 13,1171

7 of 12

3.1. Dependence of the Decay Width on the Strength of the Transition Potential V'I

As has already been mentioned above, there is a noteworthy aspect of multiquark
resonances. Whereas the dynamics seems to be dominated by the attraction in an upper
channel where the resonance appears as a bound state, the tool for detection, however,
is a lower channel where the strength of the interaction is rather weak if not negligible.
In the case of pentaquarks, for instance, there is no known S-wave binding mechanism
for charmonium-nucleon, [QQ]|[g94], combinations [3,23] (the existence of an attractive
potential in the lower channel might lead to bound states that would become deep in energy
and therefore extremely narrow, due to the coupling to the upper channel. Neither the
width nor the kinematical region would correspond to the experimental situation discussed
in Section 2.1). Besides, the measured decay width of the resonances does not follow a quﬂ
behavior, typical for an elastic resonance where g is the available momentum for the decay.
Due to the necessary rearrangement of quarks inside the color singlets corresponding to
arbitrary normalized values of «; and B; in Equations (1) and (2), the coupling potential
viz — y2l jg short-ranged and weak. Then, our first quest is the evolution of the width
of a coupled-channel resonance with a fixed position with respect to the formation and
detection channels (channels 2 and 1) in terms of the strength of the coupling between them.
For this purpose, we start from the initial conditions drawn at the beginning of this section
for a given strength of the transition potential, V2. We begin to lessen the strength of the
transition potential but keep the resonance position fixed by either increasing the attraction
in the upper channel or the repulsion in the lower one, obtaining a similar qualitative
outcome. The results are shown in Figure 4.

Note that the phase space for the decay to the detection channel—channel 1—has been
kept constant; however, the coupled channel dynamics change the behavior of the width
compared to an elastic resonance, where it would remain constant. The trend obtained
in Figure 4 would show up for any value of AE. It is then clear that a coupled-channel
resonance might be rather narrow despite a large phase space, merely because of a weak
coupling between the formation and the detection channels.

1.00

0.75

(=]

= 0.50
—

0.25

0.00 T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

v,

Figure 4. Variation of the decay width of a resonance, I' (in units of I'y), as a function of the strength
of the coupling potential V12 (in units of Vj2) keeping AE fixed.

3.2. Dependence of the Decay Width on AMy — AE

Let us now study the evolution of the decay width of the resonance as its position
is varied in between the lower and upper channels. Put another way, the phase space to
the decay channel and the binding energy to the formation channel are simultaneously
modified. Because the resonance is generated by the attraction in the upper channel, we
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will only modify the repulsion in the detection channel to move its position. The results are
depicted in Figure 5. The same trend is obtained for different strengths of V12 or V2. The
width of the resonance starts increasing quickly when getting closer to the lower channel,
although the phase space is reduced. However, about two thirds of the way towards the
lower channel, the width starts to decrease. It is therefore worth noting that, for resonances
that are far apart from their detection channel, it is the mass difference with respect to the
formation channel which determines the width of the resonance: the larger the binding the
larger the width, despite the reduction of the available phase space.

4

/T,

0 i T T T T T T
0.00 0.25 0.50 0.75 1.00
(AM~AE)/AM,

Figure 5. Variation of the decay width of a resonance, I (in units of Ty), as a function of its relative po-
sition in between the formation and the detection channels, AMy — AE (in units of AMj). The purple
circle indicates our starting point shown in Figure 3 and discussed at the beginning of Section 3.

When the resonance approaches the upper channel, it becomes narrow and seemingly
ignores the existence of the lower channel. The wave function of the bound state of
vanishing energy in channel 2 has, indeed, little overlap with the configuration of channel
1. In other words, a7 and 1 in Equations (1) and (2) would be close to zero. Hence, in this
region, the dynamics are dominated by the attraction in the upper channel and the second
channel is mainly a tool for detection.

The results shown in Figure 5 fit nicely with the recent observations by the LHCb
Collaboration. We have compiled in Table 3 the most common suggestions of molecular
structure for the P pentaquarks (note that the A7 D? interactions are expected to be
repulsive, leaving only £} D pairs, which are expected to form bound states [24]), all of
them detected in the J /¢ p channel. Let us first concentrate on the most recent results from
the LHCb Collaboration [3], quoted in the last three lines of Table 3. The phase space for
the decay to J /1 p has been given in Table 1, the resonances being far from the detection
channel. When this happens, we have seen in Figure 5 that it is the mass difference in
comparison to the formation channel that determines the width of the resonance; the larger
the binding the larger the width. The binding energies of the recent P." pentaquarks are,
in increasing order (see Table 3): 2.5 MeV, 5.8 MeV and 19.5 MeV, and the corresponding
decay widths are (see Table 1): 6.4 MeV, 9.8 MeV and 20.6 MeV, in perfect agreement with
our results.

The validity of our arguments has a relevant side consequence about the nature of
the P (4380) pentaquark, whose structure is awaiting an amplitude analysis of additional
data [25], to prove that this state is not an artifact of interfering with A* resonances [3]. This
broad structure cannot have its origin in the attractive interaction of the £} " D channel;
that has been suggested mainly due to its vicinity to the mass of the resonance. We then



Symmetry 2021, 13,1171

9of 12

conclude that the formation channel responsible for the P (4380) pentaquark should be
at a similar energy distance as the detection channel to maximize its width according
to Figure 5. If the P (4380) does turn out to be a genuine resonance after all, it is very
unlikely that its nature would be correlated with a £D molecular state [26]. The true
nature of the P;"(4380) is still an intriguing issue, and is an outstanding challenge for future
experiments [27].

Table 3. Suggested molecular structures of the P;” pentaquarks [2,3,23,25].

State Suggested Molecule Mnolecule (MeV) AE (MeV)
P:(4380) " > Do 43823 +23 234 30.1
P.(4312)* >+DO 4317.7 £ 0.4 5.8+ 6.8
P.(4440)* > D0 4459.8 +0.4 19.5 +49
P.(4457)* >+ D+’ 4459.8 +0.4 25441

3.3. Dependence of the Decay Width on AM

We now wonder if the results obtained in the previous subsection critically depend
on the relative distance between the coupled channels. To answer this question, we have
generated a second scenario with a different value of AM. In this case we have reduced
the value of AM by a factor five. We start with the same relative position of the resonance
with respect to AM, corresponding to the purple circle in Figure 6. The results are shown
by the dashed line in Figure 6. As can be seen, the behavior of the decay width is rather
similar to that obtained in Section 3.2. Although it was to be expected, this result has a
rather important consequence, as it is the rapid variation of the decay width of a resonance
generated in between coupled-channels that are very close—a small value of AM. In this
case, the decay width of a resonance changes by more than a factor of three in a small
interval of around 5 MeV. Thus, for resonances that are generated in between rather close
channels, the position of the resonance is crucial for the knowledge of its decay width.
For larger values of AM, the variation of the decay width proceeds more smoothly.

O i T T T T T T
0.00 0.25 0.50 0.75 1.00
(AM~AE)/AM,

Figure 6. Variation of the decay width of a resonance, I (in units of Iy ;), as a function of the relative
position of the resonance in between the formation and the detection channels AM; — AE (in units
of AM;) for two different values of AM;: AM; = AMj, solid line, and AM, = AM,/5, dashed line.
The width of the resonance for the starting point in each case is denoted by I'y;. See text for details

This scenario applies in a symmetric manner to one of the most elusive exotic states
in the meson sector, which, however, has been firmly established by different collabora-
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tions and the properties of which seem to be hardly accommodated in a quark—antiquark
scheme—this is the X(3872) [28] (note, however, that there exist studies [29] that find a
good fit of the data with mainly a c¢ structure). Its small width, I' < 1.2 MeV, would fit our
argumentation if considered as a coupled-channel resonance of D°D*? — D*D*~, whose
mass difference is 7-8 MeV and which is rather close to the lowest channel [13,30]. There
could also be such a contribution from other components, such as /¢ w [30], that it is
almost degenerate with the upper channel D™ D*~, and our conclusions would remain.

3.4. Dependence of the Decay Width on AE

We do finally present the study of the variation of the decay width of a resonance
increasing the binding energy AE for a fixed value of its mass with respect to the detection
channel AM — AE. For this purpose, we have diminished the mass of the detection channel
combined with an increase of the attractive term, A1, in the interaction of the detection
channel. The results are presented in Figure 7. As could have been expected on the basis
of the results shown in Figure 5, the larger the binding energy, AE, the larger the decay
width, I, of the resonance, despite having a fixed phase space. This result shows neatly
how the width provides basic information about the coupled channels that contribute to
the formation of a resonance.

40

30+

20+

T,

10

5 6 7 8 9 10

Figure 7. Variation of the decay width of a resonance, I (in units of I'y), as a function of the binding
energy, AE (in units of AEy) for a fixed phase space, AM — AE.

Let us make a final comment regarding the possible existence of partners of multiquark
states in different flavor sectors. Based on the results presented above, the dynamics of
a coupled channel multiquark state made up of different color singlet components are
strongly constrained by the relative position of the internal thresholds. As has been
illustrated in Figures 1 and 2, the relative position of the thresholds varies a lot depending
on the flavor sector, symmetrically, for B = 0 and B = 1. As a consequence, if a resonance
is generated by the coupling between the internal thresholds, moving from the charm to
the bottom sector would have an important effect to be considered—the augment of the
mass difference between the thresholds. This would translate into a less effective channel
coupling, the non-diagonal matrix elements of a flavor-independent dominated potential
being divided by the mass difference between the coupled channels. On the other hand,
if the resonance is a consequence of the attraction in the formation channel, the lower
channel being just a tool for detection, then the resulting state in the heavier flavor sector
could have very different properties due to the relative position of the formation and
detection channels with respect to the resonance. In this case, our formalism provides an
excellent tool for guessing the existence, and predicting the properties, of possible partners
in different flavor sectors.
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4. Outlook

We have presented a comprehensive study of the decay width of multiquark states
made up of different color singlet components. We show how the decay width can provide
in-depth information about the nature of a coupled-channel resonance. The symmetrical
situation between meson- and baryon-like multiquarks has been highlighted. One may
conclude that an unexpected behavior of the decay width of a multiquark state could
be pointing to a relevant role of the coupled-channel dynamics, aiming at the channel
responsible for the formation of the resonance.

The scenario we have presented accounts for the existence of narrow resonances with
large phase spaces. In the case of resonances that are far from the detection channel, it is
the mass difference with respect to the formation channel that determines the decay width
of the resonance. The larger the binding, the larger the decay width, despite a reduced
phase space. This is clearly the case in the recently reported LHCb pentaquarks: P;(4312)7,
P-(4440)" and P.(4457)*%. Our results cast doubts on the £} D molecular nature of the
P (4380) pentaquark. According to our results, if the P."(4380) does turn out to be a
genuine resonance after all, the channel responsible for the formation molecular structure
should be at a similar energy distance as the detection channel in order to maximize its
width. Another relevant outcome of our study is the rapid variation of the decay width
of a coupled-channel resonance generated in between thresholds with a very small mass
difference. In this case, the decay width of a resonance could change by more than a factor
of three in a small interval of a few MeV. This would apply, among others, to the X(3872).

Let us finally note that, although the exact shape of the dependence of the decay width
of a coupled-channel resonance on its position with respect to the detection channel would
rely on the specific dynamics of the coupled-channel system, the gross features obtained
in this study might be a relevant and basic hint for exploring the nature of multiquark
states. Our analysis also provides clues to the existence and properties of the partners of
already known resonances in different flavor sectors. A certain caution is needed when
predicting partners and/or the properties of known multiquarks in different flavor sectors
if the dynamics are governed by coupled channels.
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