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B11: Coupled-channel dynamics

Goals:

• Extraction of N∗, ∆∗ and Y∗ resonances in pion-, kaon-, photon- and
electron induced reactions using a dynamical coupled-channel (DCC)
approach
• Analysis of super-heavy N∗cc̄ , Λ∗cc̄ and N∗bb̄ , Λ∗bb̄
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Methods: the Jülich-Bonn (JüBo) dynamical coupled-channels (DCC) aproach

Dynamical coupled-channels (DCC): simultaneous analysis of different reactions

The scattering equation in partial-wave basis

〈L′S′p′|T IJ
µν |LSp〉 = 〈L′S′p′|V IJ

µν |LSp〉+

∑
γ,L′′S′′

∞∫
0

dq q2 〈L′S′p′|V IJ
µγ |L′′S′′q〉

1
E − Eγ(q) + iε

〈L′′S′′q|T IJ
γν |LSp〉

• theoretical constraints on the S
matrix: unitarity and analyticity

• resonances = poles on the 2nd

Riemann sheet of T

• potentials V constructed from
chiral effective L

• s-channel diagrams: T P

genuine resonance states

• t- and u-channel: T NP

dynamical generation of poles
possible
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Results I: Impact of new polarization data on γp → πN amplitudes
joint effort of the BnGa, JüBo, and SAID groups EPJ A 52, 284 (2016)

• recent new data in pion photoproduction: E , G, H , P , T (ELSA), Σ (JLab), Σ (MAMI)
⇒ included in the BnGa, JüBo, SAID fits
• compare multipoles before and after the inclusion of the new data
• convergence to a common solution?
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Fig. 1. Selected data and the predictions from the four different PWAs: black solid line: BnGa2011-02, blue dashed: JüBo2015B,
green dotted: MAID2007, red dash-dotted: SAID CM12. The predictions are based on fits which did not yet use these new data.
The new data are shown for the beam asymmetry Σ for γp → π+ n [81] (1st row), for the beam asymmetry Σ in the low-energy
region [80] and at higher energies (2nd row) for γp → π0 p, (2nd and 3rd row). The next three rows show T [82], G [38,83], and
E [37,84] for γp → π0 p. Note that the data from refs. [80] and [81] are included in the fits of JüBo2015B and SAID CM12.

covers also KAON MAID [98]. Data on πN and ηp (and
K+Λ) are fitted independently.

Particle properties. The SAID and MAID PWA groups
use photoproduction reactions to determine the dynam-
ics of the reaction and to determine the helicity ampli-
tudes of contributing resonances while Mi, Γi, and BRN

i

are imposed from the fits to πN elastic scattering and
charge exchange reactions (SAID) or directly from the Re-

view of Particle Properties, RPP, (MAID). The BnGa and
JüBo groups use pion and photo-induced reactions and de-
termine the properties of the contributing resonances in
global fits to all included data.

New data. To study the impact of the new data from Bonn,
JLab, and Mainz on the photoproduction multipoles, the
PWA groups agreed to perform new fits incorporating the
new data. In the fits called predictions below, the new

Data: CBELSA/TAPS Collaboration.
Predictions: black solid: BnGa, blue dashed: JüBo, red dash-dotted: SAID ,green dotted: MAID 4
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Fig. 2. The new fit results of the different PWAs in comparison with the new data: black solid line: BnGa, blue dashed: JüBo,
red dash-dotted: SAID. New data are shown for the beam asymmetry Σ for γp → π+ n [81] (1st row), for the beam asymmetry
Σ in the low-energy region [80] and at higher energies (2nd row) for γp → π0 p, (2nd and 3rd row). The next three rows show
T [82], G [38,83], and E [37,84] for γp → π0 p. The BnGa fit did not yet use the data on the beam asymmetry Σ for γp → π0 p
in the low-energy region [80]. Nevertheless, the new fit is fully consistent with the new data.

The M1− multipole (fig. 3(c), (d)) drives the excita-
tion of the JP = 1/2+ partial wave containing the Roper
N(1440)1/2+ resonance, the three-star N(1710)1/2+ res-
onance, the one-star ∆(1750)1/2+, and the four-star
∆(1910)1/2+. The imaginary part of the M1− multipole

evidences clearlyN(1440)1/2+, the contributions from the
higher-mass resonances are small. The new data lead to
a small improvement of the consistency of the results for
the imaginary part of the multipole. In the real part a
significant improvement can be observed.

Data: CBELSA/TAPS Collaboration.
Fit results: black solid: BnGa, blue dashed: JüBo, red dash-dotted: SAID 4
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Fig. 8. The variances taken pairwise between two PWAs
summed over all γp → π0p multipoles up to L = 4. Solid
(green): BnGa - SAID; dashed (black): SAID - JüBo; dash-
dotted (red): JüBo - BnGa. (a): before including the new data,
(b): after including the new data, (c): differences between (a)
and (b). The range covered by the new double-polarization
observables [82–84] is indicated by shaded areas.

4.2 Consistency of the results

As one might expect, the four partial-wave analyses yield
different amplitudes. Ideally, the amplitudes should, in
the limit of a complete data base with accurate data and
full angular coverage, converge to the physical solution. In
fig. 8 the different amplitudes are compared. For this pur-
pose, we calculate the variance between model 1 and 2 as
the sum over the squared differences of the 16 (complex)
γp → π0p multipoles M up to L = 4:

var(1, 2) =
1

2

16∑

i=1

(M1(i)−M2(i))(M∗
1(i)−M∗

2(i)). (30)

Fig. 9. The variance of all three PWAs summed over all
γp → π0p multipoles up to L = 4. The range covered by the
new double-polarization observables is indicated by shaded ar-
eas. Over the largest part of the energy range the new data
have enforced an improvement of the overall consistency. The
improvement is displayed as a light green area and, separately
as difference of the variance. The contribution to the improve-
ment from the E0+ wave is shown as the dashed curve. Ranges
with an overall deterioration are marked in red.

This quantity is plotted in fig. 8(a) for the amplitudes
before and in fig. 8(b) for the amplitudes after the new
data were included. The spike in fig. 8(a) slightly below
W = 1.5GeV reflects the discrepancies in the descrip-
tion of the ηp cusp between the approaches. Indeed, this
is also directly visible for E0+ shown in fig. 3. Once the
new data are included, this discrepancy becomes smaller
(fig. 8(b)). A wider peak below W = 1.7GeV might stem
from slightly different N(1680)5/2+ properties used in the
three PWAs. Also the wider peak becomes less pronounced
when the new data are included in the fits. Large discrep-
ancies are observed in the BnGa-JüBo comparison which
are reduced very significantly in the new fits. Quite in
general, all pairwise differences have become significantly
smaller with the new data. With the new data included,
the BnGa, JüBo, and SAID multipoles are now in closer
agreement at energies beyond 1.7GeV. In the region from
1500 to 1700MeV, the BnGa prediction falls in between
the JüBo and SAID predictions, thus BnGa agrees well
with JüBo and SAID while a larger discrepancy remains
between the latter two models. The improvement can be
made visible in a figure (fig. 8(c)) which displays the dif-
ference between figs. 8(a) and (b): it shows negative values
indicating that the situation has been improved.

Figure 9 shows the reduction of the overall spread
of the three partial-wave analyses. Overall this spread is
reduced considerably due to the impact of the new po-
larization variables [82–84]. A significant fraction of the
improvement stems from the E0+ multipole exciting the
JP = 1/2− wave (and thus the resonances N(1535),
∆(1620), N(1650), N(1895), and ∆(1900)).

With new, precise data:
→ convergence to a common solution?

• Pairwise variances between two PWAs:

var(1, 2) = 1
2
∑16

i=1 (M1(i)−M2(i)) (M∗1 (i)−M∗2 (i))

(M: γp → π0p multipoles up to L = 4)

• beyond 1.7 GeV: BnGa, JüBo, SAID multipoles
now in closer agreement

• 1.5 to 1.7 GeV:
- BnGa agrees well with SAID and with JüBo
- larger discrepancies between SAID and JüBo

⇒ On a good way: improved agreement of the
three solutions
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Results II: Analysis of new CLAS data: Σ in γp → ηp
with the CLAS Collaboration PLB 771, 213 (2017)

• “Prediction” from JüBo2015-1 solution (earlier Σ data in γp→ ηp included):
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Data: CLAS, P. Collins et al. PLB 771, 213 (2017)
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Results II: Analysis of new CLAS data: Σ in γp → ηp
with the CLAS Collaboration PLB 771, 213 (2017)

• Fit to new data:
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⇒ P13(1900) not important for this observable in this reaction.
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Results III: Extension of the JüBo DCC approach to γp → K +Λ (preliminary)

• simultaneous fit of γp→ π0p , π+n , ηp, K+Λ & πN → πN , ηN , KΛ , KΣ

• ∼ 40.000 data points, ∼ 500 free parameters�

fit with JURECA supercomputer: parallelization in energy (∼ 300 - 400 processes)

Kaon-photoproduction
Measurement of recoil polarization easier due to self-analysing decay of hyperons
→ more recoil and beam-recoil data available
→ possibility of finding new, so far missing states? (“missing resonances problem”)

Recent CLAS data on Σ, T , Ox , Oz for γp→ KΛ, KΣ (Paterson PRC 93, 065201 (2016)):
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Results III: new states found in the analysis of γp → K +Λ (preliminary)
simultaneous fit of γp→ π0p , π+n , ηp, K+Λ & πN → πN , ηN , KΛ , KΣ

Previous JüBo analyses of photoproduction:
• resonances included in studies of pion-induced reactions sufficient to describe
γp→ πN , ηN , no additional dynamically generated poles

Inclusion of γp→ K +Λ in JüBo (“JuBo2017-1”): 4 additional states

z0 [MeV] ΓπN
Γtot

ΓηN
Γtot

ΓKΛ
Γtot

ΓKΣ
Γtot

N(1730 )1/2− 1731− i 78.73 1.86 % 1.30 % 56.43 % 1.11 %
N(1900)3/2+ 1923− i 108.4 1.5 % 0.78 % 2.99 % 69.5 %
N(2060)5/2− 1924− i 100.4 0.35 % 0.15 % 13.47 % 27.02 %
∆(2190 )3/2+ 2191− i 103.0 33.12 % 3.78 %

• N(1730)1/2−: dyn. gen., no equivalent PDG state
• N(1900)3/2+: s-channel resonances, seen in many other analyses of kaon

photoproduction (e.g. BnGa), 3 stars in PDG
• N(2060)5/2−: dynamically generated, 2 stars in PDG, seen e.g. by BnGa
• ∆(2190 )3/2+: dyn. gen., no equivalent PDG state

∗ ∗ ∗ : Existence is very likely but further confirmation of decay modes is required
∗∗ : Evidence of existence is only fair 8



Results III: impact of new states (preliminary)

• N(1900)3/2+:

π−p→ K 0Λ
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Results IV: Disentangling D̄Σ∗c /D̄∗Σc nature of the P+
c states from their decay

behaviour Y.-H. Lin, C.-W. Shen, F.-K. Guo, B.-S. Zou, PRD 95, 114017 (2017)

LDDχc0 ¼ igDDχc0DDþ H:c:; ð10Þ

LD�D�χc0 ¼ igD�D�χc0D
�μD�†

μ þ H:c:; ð11Þ

where VP1P2 denotes D�Dπ, D�Dηc, ρDD, J=ψDD or
ωDD, V1V2P denotes ρD�D, ωD�D, J=ψD�D, D�D�π or
D�D�ηc, V1V2V3 denotes D�D�ρ, D�D�ω or D�D�J=ψ,
PB1B2 denotes DNΣc, πΣcΣc or πΣcΛc, VB1B2 means
ρΣcΛc, ρΣcΣc or D�NΣc, PBB� means πΛcΣ�

c or DNΣ�
c,

and finally VBB� denotes ρΣcΣ�
c, ρΛcΣ�

c or D�NΣ�
c.

Another essential part in studying the decay properties
of a hadronic molecule is to estimate the coupling constants

appearing in related vertices. The values of coupling
constants gD�Dπ , gπΣcΛc

and gπΛcΣ�
c
are deduced from the

precise experimental data of the decay widths ofD�, Σc and
Σ�
c. In the heavy quark limit, the S-wave heavy mesons D

and D� are in the same spin multiplet. As a result, gD�D�π
and gD�Dπ are related to each other in that limit up to a
normalization factor. We will take gD�D�π ¼ 2gD�Dπ=M̄D

with M̄D the average mass of D and D� mesons following
Ref. [33]. The couplings gD�Dð�Þηc and gDð�ÞDð�Þχc0 are related
to the couplings g1, g2, respectively, using the heavy
quark symmetry [35], where g1 and g2, which can be
related to the decay constants of χc0 and J=ψ by using the

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

FIG. 2. The decays of the Pc state as a D̄Σ�
c molecule. (a) D̄�Λc channel with π exchange dominant and ρ exchange secondary.

(b) J=ψp channel with D� exchange dominant and D exchange secondary. (c) D̄Λc channel with ρ exchange. (d) πN channel with D�
exchange. (e) χc0p channel with D exchange. (f) ηcp channel with D� exchange. (g) ρN channel with D exchange dominant and D�

exchange secondary. (h) ωp channel with D exchange dominant and D� exchange secondary. (i) D̄Σc channel with ρ exchange.

(a ) (b ) (c )

(d ) (e ) (f )

(g ) (h ) (i )

FIG. 3. The decays of the Pc state as the D̄�Σc molecule. (a0) D̄�Λc channel with π exchange dominant and ρ exchange secondary. (b0)
J=ψp channel with D� exchange dominant and D exchange secondary. (c0) D̄Λc channel with π exchange dominant and ρ exchange
secondary. (d0) πN channel with D exchange dominant and D� exchange secondary. (e0) χc0p channel with D� exchange. (f0) ηcp
channel with D exchange dominant and D� exchange secondary. (g0) ρN channel with D� exchange dominant and D exchange
secondary. (h0) ωp channel with D� exchange dominant and D exchange secondary. (i0) D̄Σc channel with π exchange dominant and ρ
exchange secondary.
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J=ψp channel with D� exchange dominant and D exchange secondary. (c0) D̄Λc channel with π exchange dominant and ρ exchange
secondary. (d0) πN channel with D exchange dominant and D� exchange secondary. (e0) χc0p channel with D� exchange. (f0) ηcp
channel with D exchange dominant and D� exchange secondary. (g0) ρN channel with D� exchange dominant and D exchange
secondary. (h0) ωp channel with D� exchange dominant and D exchange secondary. (i0) D̄Σc channel with π exchange dominant and ρ
exchange secondary.

DECAY BEHAVIORS OF THE Pc HADRONIC MOLECULES PHYSICAL REVIEW D 95, 114017 (2017)

114017-3

• It is found that π exchange gives the largest decay modes

⇒ More details: talk by Chao-Wei Shen on Thursday
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Results IV: Disentangling D̄Σ∗c /D̄∗Σc nature of the P+
c states from their decay

behaviour Y.-H. Lin, C.-W. Shen, F.-K. Guo, B.-S. Zou, PRD 95, 114017 (2017)

The parameter Λ1 for the off-shell form factor varies for
the different system, and we will vary it in the range of
1.5–2.4 GeV [44].
Taking all into account, we can easily get the partial

widths of the Pcð4380Þ decaying into all possible final
states in both D̄Σ�

c and D̄�Σc molecular pictures. Partial
decay widths of the Pcð4450Þ state as a D̄�Σc molecule
with JP ¼ 3=2− can also be obtained. Except for the decay
modes shown in Fig. 3, the D̄Σ�

c mode is also allowed
kinematically, and the diagram corresponding to this
channel is shown in Fig. 4.

III. DECAY WIDTHS OF THE Pc STATES

Using the values of coupling constants listed in Table II,
the partial decay widths of the Pc states are calculated in
both D̄Σ�

c and D̄�Σc molecular pictures. Results obtained
with typical cutoff values Λ0 ¼ 1.0 and Λ1 ¼ 2.0 GeV are
displayed in Table III. However, these values should not be
regarded as the final results of our calculation. Our model
bears a large uncertainty due to the values of some of the
coupling constants and the choice of cutoffs Λ0 and Λ1.
The dependence of the Pcð4380Þ total width on the

cutoff Λ0 in different scenarios, together with the branching
fractions of the three most relevant channels D̄�Λc, D̄Λc
and J=ψp, is shown in Fig. 5, and the dependence on Λ1 is
shown in Fig. 6. The ranges of the cutoff values are chosen
as Λ0 ∈ ½0.5; 1.2� GeV and Λ1 ∈ ½1.5; 2.4� GeV. It should
be mentioned that among the two-body decay modes of the
D̄Σ�

c molecule, the D̄�Λc, J=ψp and D̄Λc channels con-
tribute most of the widths. Therefore, we only focus on
these channels for the cutoff dependence for simplicity.
The numerical results show that the Pcð4380Þ state in

both D̄Σ�
c and D̄�Σc molecular pictures has the D̄�Λc as

its largest decay channel. However, for the D̄Λc channel,
the partial width in the D̄Σ�

c picture for Pcð4380Þ is much
smaller than that in the D̄�Σc picture. In addition, the
relative ratio between branching fractions for the D̄�Λc and
J=ψp channels is very different in these two kinds of
molecular scenarios. In the JP ¼ 3

2
− D̄Σ�

c molecular picture,
BrðD̄�ΛcÞ∶BrðJ=ψpÞ≃ 40∶1 when the cutoffs are fixed as
Λ0 ¼ 1.0 and Λ1 ¼ 2 GeV, while it is about 2∶1 in the
JP ¼ 3

2
− D̄�Σc picture with these cutoffs. In particular, as

one can see from Figs. 5 and 6, this conspicuous difference
holds for the whole ranges of cutoff values that we use for
Λ0 and Λ1. Hence, such an interesting feature should be

rather model independent, and should be extremely helpful
for revealing the internal structure of the Pcð4380Þ in future
experiments. Furthermore, the decay width is more sensi-
tive to the cutoff Λ0 in the regulators thanΛ1 in the off-shell
form factor. This is determined by their specific forms.
It is clear that the total width of the Pcð4380Þ in the

JP ¼ 3
2
− D̄Σ�

c picture is larger than that in the D̄�Σc picture.
Thus, the former picture seems to be more consistent
with the large measured width of around 200 MeV for the
Pcð4380Þ although the latter cannot be completely
excluded given the large uncertainties of both experimental
measurements and our theoretical estimates. In any case,
the dominant decay mode of the Pcð4380Þ is the D̄�Λc
which can proceed through one-pion exchange. Two
previous calculations [7,45] have underestimated the
partial decay width of this channel. Reference [7] only
considered vector-meson exchanges and overlooked the
pion exchange contribution, while Ref. [45] calculated
the meson-baryon interaction from the qq interaction in the
constituent quark model by using the resonating group
method, which sometimes fails to reproduce hadronic
observables. In fact, the pion exchange has also been
found to be important for the D̄�Σc − D̄Σ�

c coupled-
channel effects [46,47].
The total decay width of the Pcð4450Þ state described as

a JP ¼ 3
2
− D̄�Σc molecule is 140 MeV with Λ0 ¼ 1.0 and

Λ1 ¼ 2.0 GeV. This value is almost 3 times larger than the
experimental one reported by the LHCb. One may repro-
duce the experimental value by taking the Λ0 and Λ1 values
different from the ones used for the Pcð4380Þ as an S-wave
D̄Σ�

c molecule. Another possibility is that the Pcð4450Þ has

FIG. 4. The D̄Σ�
c decay channel of the Pcð4450Þ state as a

D̄�Σcð2455Þ molecule.

TABLE III. Partial widths ofPcð4380Þ as the D̄Σ�
c molecule and

the D̄�Σc molecule respectively, and Pcð4450Þ as the D̄�Σc
molecule, to different possible final states with Λ0 ¼ 1.0 GeV,
Λ1 ¼ 2.0 GeV. All of the decay widths are in the unit of MeV, and
the short bars denote that the D̄Σ�

c channel is closed in thePcð4380Þ
molecule decay or the corresponding contribution is negligible.

Widths (MeV)

Pcð4380Þ Pcð4450Þ
Mode D̄Σ�

cð32−Þ D̄�Σcð32−Þ D̄�Σcð32−Þ D̄�Σcð52þÞ
D̄�Λc 131.3 35.3 72.3 20.5
J=ψp 3.8 16.6 16.3 4.0
D̄Λc 1.2 17.0 41.4 18.8
πN 0.06 0.07 0.07 0.2
χc0p 0.9 0.004 0.02 0.002
ηcp 0.2 0.09 0.1 0.04
ρN 1.4 0.15 0.14 0.3
ωp 5.3 0.6 0.5 0.3
D̄Σc 0.01 0.1 1.2 0.8
D̄Σ�

c � � � � � � 7.7 1.4
D̄Λcπ 11.6 � � � � � � � � �
Total 144.3 69.9 139.8 46.4
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⇒ It is very important to study Pc → D̄∗Λc and D̄Λc ! 11



Results V: Extension of the JüBo DCC approach to hidden charm & beauty
(preliminary)

⇒ Analysis of super-heavy N∗cc̄ and N∗bb̄

• Starting point: extension of the JüBo
DCC approach to hidden charm

• D̄Λc → D̄Λc , D̄Σc and D̄Σc → D̄Σc

• predictions of cross sections and
amplitudes

• search for dynamically generated poles
in the complex energy plane of T

Selected results:

• pole in the D13 (3/2−) wave with z0 and JP in
agreement with LCHb Pc(4380)+

• pole in F15 (5/2+) wave: much broader than
Pc(4450)+

⇒ More details: talk by Chao-Wei Shen on
Thursday 12



Summary

Milestones:

• DCC analysis of γp→ K+Λ: publication in preparation

• DCC analysis of γp→ K+Σ0, K 0Σ+: fit in progress

• reactions with hidden charm and hidden beauty: proof of concept calculations,
preliminary results for super-heavy N∗

Publications:

• A. V. Anisovich, et al., “The impact of new polarization data from Bonn, Mainz and
Jefferson Laboratory on γp→ πN multipoles,” Eur. Phys. J. A 52, 284 (2016)
[arXiv:1604.05704 [nucl-th]]

• C. W. Shen, F. K. Guo, J. J. Xie and B. S. Zou, “Disentangling the hadronic molecule
nature of the Pc(4380) pentaquark-like structure,” Nucl. Phys. A 954, 393 (2016)
[arXiv:1603.04672 [hep-ph]].

• P. Collins et al., “Photon beam asymmetry Σ for η and η′ photoproduction from the
proton,” Phys. Lett. B 771, 213 (2017) [arXiv:1703.00433 [nucl-ex]]

• Y. H. Lin, C. W. Shen, F. K. Guo and B. S. Zou, “Decay behaviors of the Pc hadronic
molecules,” Phys. Rev. D 95, 114017 (2017) [arXiv:1703.01045 [hep-ph]].
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Results III: impact of new states (preliminary)

• N(1900)3/2+, N(2060)5/2− in σtot in π−p→ K+Σ− :
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JuBo2017-1: new DCC fit including K+Λ photoproduction
JuBo2016-3.1 and 3.2: analysis of new CLAS data: Σ in γp → ηp (PLB 771, 213 (2017)),

kaon photo data not included

• ∆(2190 )3/2+ in πN PW:
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