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Recent event with several Japanese visitors



Local hadron physics event:



Local hadron physics event:
Please expect 
international meetings:


Hadrons 2026 
(Santos)


Charm 2026 (Rio)


QNP2027 (Bahia)



• In 2020, LHCb [PRL 125, 242001 (2020), PRD 102, 112003 (2020)] discovered two new exotic 
states in the  invariant mass


• Four different flavors  quark content  


• The states have been confirmed, more recently, in a different process.

D−K+

⇒ c̄ds̄u

Current topics on which we are working, that got motivated by visiting Valencia
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Three-body interactions:
K.P. Khemchandani et al.: The N∗(1710) as a resonance in the ππN system 235

+ . . .+= +

Fig. 2. The blob in fig. 1, which is a t-matrix.

Fig. 3. Different possible diagrams including two successive interactions.
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Following [37], πN , ηN , KΛ and KΣ are taken as the
coupled channels for the pion-nucleon system. For exam-
ple, for total charge zero eq. (2) is solved with the poten-
tial,

see eq. (6) above

and the tπ0n→π0n element of the resulting matrix is used in
eq. (1) as t2 and t1. The two-body propagator, g̃ in eq. (2),
is divergent and is calculated using dimensional regulariza-
tion by taking the subtraction constants from [37], where
the authors find the N∗(1535) as a dynamically generated
resonance in the πN system and its coupled channels.

There are six possible three-body diagrams involving
two t-matrices as shown in fig. 3. To calculate all these dia-
grams, we require the ππ t-matrices also, which have been
obtained by solving the Bethe-Salpeter equation (eq. (2))
with ππ, πη and KK̄ as coupled channels [38,39]. The po-
tentials for these channels have been calculated using the
chiral Lagrangian [33–35,38]

LMM =
1

12f2
⟨(∂µΦΦ − Φ∂µΦ)2 + MΦ4⟩, (7)

where
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and mπ, mK are the pion and kaon masses, respectively.
The two-body propagator, g̃, in this case has also been
calculated using the dimensional regularization [39]. A de-
tailed study of these systems has been carried out in [38,
39] which revealed the dynamical generation of the σ and
f0 resonances in the isospin-zero sector and that of the a0

in the isospin-1 sector of these mesons.
All the diagrams in fig. 3 can be expressed mathemati-

cally as tigijtj with i ̸= j = 1, 2, 3. In the above discussion
we have taken one channel, π0π0n, as an example but the
calculations have been carried out by taking five coupled
channels into account. Hence ti, gij and tj are matrices
and each element of the gij-matrix is given by

gij
(
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′
,k⃗j

)

=

(

D
∏
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2Er

)

1
√
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′
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′
+k⃗j)−Ej(k⃗j)

,

l ̸= i, l ̸= j = 1, 2, 3, (8)

where D is the number of particles propagating between
two t-matrices. Following the normalization of [40], Nr = 1
for a meson and Nr = 2Mr for a baryon with Mr being

the mass of the baryon and k⃗i
′
(k⃗j) is the momentum of

the i-th (j-th) particle in the final (initial) state.

T1 = t1 + t1G [T2 + T3]
T2 = t2 + t2G [T1 + T3]
T3 = t3 + t3G [T1 + T2]

• We studied several systems, solving these equations in an onshell factorization form 
(which is based on cancellation of three-body contact terms).


• One result worth mentioning: , possibly confirmed by Bgood Collaboration 

Talk by Alberto Martinez Torres in Nstar, on Monday! 

• Further detailed study planned with Michael Doering.


• Going back to our study : it is possible to simplify the formalism in this case.

N∗(1910)

KD̄ρ



• We determine the two-body interactions using hidden local symmetry (obtaining the 
same results as Gamermann-Oset) .


• solve the Bethe-Salpeter equation in a coupled-channel approach for the charm 
system:  


•  and  are same.

t = v + vgt

Dρ D̄ρ

 and  interactionsDρ D̄ρ
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• We determine the two-body interactions using hidden local symmetry (obtaining the 
same results as Gamermann-Oset) .


• solve the Bethe-Salpeter equation in a coupled-channel approach for the charm 
system:  


•  and  are same.

t = v + vgt

Dρ D̄ρ

 and  interactionsDρ D̄ρ

 is a narrow state,


& much heavier than kaon!

D1(2420)

Simplify the formalism, solve three-
body scattering equations where 
kaon scatters off two fixed 
“centers”



• Interactions among  and coupled channels, as 
well as  coupled channels are studied (for the 
latter case we follow L. Roca, E. Oset, and J. Singh, Phys. Rev. 
D 72, 014002 (2005) and L. S. Geng, E. Oset, L. Roca, and J. 
A. Oller, Phys. Rev. D 75, 014017 (2007) ).


• The  system is weakly attractive.


• In  and coupled channels amplitudes, we find 
the generation of .

D̄K
ρK

D̄K

ρK
K1(1270)

Kaon interaction with   and D(D̄) ρ



• Interactions among  and coupled channels, as 
well as  coupled channels are studied (for the 
latter case we follow L. Roca, E. Oset, and J. Singh, Phys. Rev. 
D 72, 014002 (2005) and L. S. Geng, E. Oset, L. Roca, and J. 
A. Oller, Phys. Rev. D 75, 014017 (2007) ).


• The  system is weakly attractive.


• In  and coupled channels amplitudes, we find 
the generation of .

D̄K
ρK

D̄K

ρK
K1(1270)

Kaon interaction with   and D(D̄) ρ

The Dρ amplitude showing D1(2420)
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• In the same system with C=+1, we do find a state in isospin zero as well as 1.


• The state with isospin 1 can be interpreted as an effective “bound state” of . It 
is an exotic with minimum quark content:  instead of  for !


• We call it .  It should be found in systems like .

Ds(2317)ρ
cd̄s̄u c̄ds̄u Tc̄s̄1

Tcs̄1 DK∗

Going back to explicitly exotic mesons with charm



• At present, we are studying which system would be most promising to find these .


• To do this, we are studying the coupling of   to two-body channels through triangular 
loops. 


• We are also studying the processes for isospin 0 state: related to .
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• Motivation for further study of  interactions: the existence of two lightest axial mesons with large 
uncertainties on their properties.

• . Similar mass, different widths. We should be able to understand this in heavy quark spin 
symmetry.

D∗π

D1(2420), D1(2430)

13

1/2+ 1/2−

L = 1

c q̄

Decay in L = 0

1/2+ ⊗ 3/2+

1/2+ 1/2−

c q̄

0−

π

L = 0

1/2+ ⊗ 1/2+ 1/2+ ⊗ (1/2− ⊗ 0−)

1/2+ ⊗ (1/2− ⊗ 0−)
Decay in L = 2

1/2+ ⊗ (1/2− ⊗ 0− ⊗ 2+)

Larger width

smaller width

A bit more on D1(2420)



• In practice, neither effective field theories based on chiral and heavy quark spin symmetry 
are able to describe the properties of the axial states, even with the presence of large 
uncertainties.

• The scattering lengths measured from heavy-ion collisions and from lattice do not agree 
with each other.

Lattice-inspired FT models 
L. M. Abreu, D. Cabrera, F. J. Llanes-Estrada, and J. M. Torres-Rincon, Ann. Phys. 
(Amsterdam) 326, 2737 (2011).
L. S. Geng, N. Kaiser, J. Martin-Camalich, and W. Weise,Phys. Rev. D 82, 054022 (2010).

χ Alice 
Phys. Rev. D 110 (2024) 032004

a3/2D⇡ = �0.100(1) fm
<latexit sha1_base64="BCARMYxumQfybS/i74FtWAORcdY=">AAACDnicbVDLSsNAFJ3UV42vqks3g6VQF9akFXQjFHXhsoJ9QFvDZDpph04ezNyIJcQfcOOvuHGhiFvX7vwb0zYLbT1w4XDOvdx7jx0IrsAwvrXMwuLS8kp2VV9b39jcym3vNJQfSsrq1Be+bNlEMcE9VgcOgrUCyYhrC9a0hxdjv3nHpOK+dwOjgHVd0ve4wymBRLJyBZ1Y0WUn4PFtVDkqx2eHRsk0jKJ50AF2D9GD48a6buXyRsmYAM8TMyV5lKJm5b46PZ+GLvOACqJU2zQC6EZEAqeCxXonVCwgdEj6rJ1Qj7hMdaPJOzEuJEoPO75MygM8UX9PRMRVauTaSadLYKBmvbH4n9cOwTntRtwLQmAenS5yQoHBx+NscI9LRkGMEkKo5MmtmA6IJBSSBMchmLMvz5NGuWRWSuXr43z1PI0ji/bQPioiE52gKrpCNVRHFD2iZ/SK3rQn7UV71z6mrRktndlFf6B9/gAdDZmf</latexit>

a1/2D⇡ ⇠ 0.2 fm
<latexit sha1_base64="hyGHSN66uFrxYQZCYgOdvPMhdfc=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJMq6LGoB48V7Ac0sWy2m3bpbhJ2J2IJ8ezFv+LFgyJe/QPe/DcmbQ/a+mDg8d4MM/O8SHANlvVtLCwuLa+sFtaK6xubW9vmzm5Th7GirEFDEaq2RzQTPGAN4CBYO1KMSE+wlje8yP3WHVOah8ENjCLmStIPuM8pgUzqmqUi6SaXTsTT28Q+qqaO5hJbleqDA+weEl+mxa5ZtirWGHie2FNSRlPUu+aX0wtpLFkAVBCtO7YVgZsQBZwKlhadWLOI0CHps05GAyKZdpPxLyk+yJQe9kOVVQB4rP6eSIjUeiS9rFMSGOhZLxf/8zox+GduwoMoBhbQySI/FhhCnAeDe1wxCmKUEUIVz27FdEAUoZDFl4dgz748T5rVin1cqV6flGvn0zgKaB+V0CGy0SmqoStURw1E0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP0TKme8=</latexit>
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state, but it will play an important role in the resonant contributions to be analyzed in the next subsections. Then,
from the momentum conservation we have pP = PB → q → pω, where PB and q are respectively the four-momenta of
B→ and the vector meson Vi (which for the tree-level it is present in the final state, but for the resonant contributions
it will be virtual). As a consequence, keeping in mind that for the reaction in Fig. 2 the vecton meson is on-shell, i.e.
ωViµq

µ = 0, the tree-level amplitude can be written as

→it(tree) = C0ωD→+µP
µ
B . (9)

C. Production amplitude of the broad resonance D1(2430)

The properties of the axialD1(2420) andD1(2430) states (like their masses, widths and scattering lengths) have been
well described by solving the Bethe-Salpeter equations with amplitudes accounting for the meson-meson dynamics and
a bare quark-model state, considering two di!erent parametrizations denoted as model A and model B respectively
associated to the findings from Babar and LHCb/Belle collaborations (see discussion in the Introduction and more
details in Ref. [21]). According to this cited work, the D↑ε amplitude is predominantly governed by the broader
D1(2430) state, with no significant indication of the D1(2420). In contrast, the Dϑ amplitude is characterized by the
dominance presence of the narrow pole. The contribution of coupled channel interactions to the D↑ε amplitude is
suppressed. These findings are consistent with the couplings of the D1 states to the respective channels, as shown in
Table II and III of [21]: the pole associated to the D1(2430) has the biggest coupling for the D↑ε, and a non-negligible
coupling to the K̄D↑

s , while the pole corresponding to the D1(2430) shows the largest coupling to the Dϑ channel,
along with a significant coupling to the K̄D↑

s channel. In both models, the couplings for the other channels are
significantly reduced and for practical purposes can be safely neglected.

FIG. 3. Rescattering contribution for the mechanism to produce the B→ → D↑+ω→ω→ decay, associated to the dynamical
generation of the D1(2430) resonance.

Thus, keeping in mind the discussion above, let us calculate the production amplitude considering separately
the intermediate channels in which the broad resonance D1(2430) contribution is dominant. This process is shown
schematically in Fig. 3. Considering only the relevant channels for the generation of the mentioned state, the reaction
occurs via a primary iε→ production, where i = 1, 2, 3 designate respectively the primary vector meson-pseudoscalar
meson pairs D↑+ε→, D↑0ε0, D↑+

s K→, and ε→ the spectator pion. It is followed by a rescattering process of the V P pair
into a final D↑+ε→ε→ state. This reaction is considered to proceed via S-wave. Therefore, the production amplitude
t(B) is given by

→it(B)(Minv) = (→i)2
∑

i

C(B)
i

∫
d4q

(2ε)4
Ṽ µ
iω↑

[
∑

Pol

ωViµω
↑
Viε

]
Gi(Minv)T

ε
i,D→+ω↑(Minv), (10)

where Minv is the invariant mass of the D↑+ε→ system; C(B)
i is the weight associated to the reaction of the i→th

intermediate state; the Gi(Minv) is the two-meson loop function of the i→th intermediate state;
∑

Pol is the sum over
the polarization of the intermediate vector meson in the loop; and Ti,D→+ω↑ denotes the element of the unitarized
transition matrix for the reaction i ↑ D↑+ε→, obtained in Ref. [21] by solving the Bethe-Salpeter equation

T = [1→ V G]→1 V , (11)

with V labeling the interaction potential matrix. Here we use the same Ti,D→+ω↑ elements as in Ref. [21].
The final form of t(B)(Minv) in Eq. (10), which will be used to estimate the mass distribution, is obtained by

implementing a series of mathematical manipulations which are summarized in Appendix A.

Need for further studies of  -coupled channelsDρ − D∗π



• We consider data on weak decays ,  as an alternative source 

of information

B+ → D∗−D+
s π+ B− → D∗+π−π−

+

+ FSI



•  The data can be described by s-wave interactions alone. In contrast to the 60-80% D-wave + 
1-10% S-wave contribution considered in the fit made by the experimental group. 

• D-wave interaction may contribute in a smaller proportion. We should implement it in the future.

• Future prospects: the data is dominated by the  signal. A more refined model describing 
 should be considered.

D1(2420)
D1(2430)

Is  related to   -coupled channel interactions?D1(2420) Dρ − D∗π



•  The data can be described by s-wave interactions alone. In contrast to the 60-80% D-wave + 
1-10% S-wave contribution considered in the fit made by the experimental group. 

• D-wave interaction may contribute in a smaller proportion. We should implement it in the future.

• Future prospects: the data is dominated by the  signal. A more refined model describing 
 should be considered.

D1(2420)
D1(2430)

Tensor state, not present in our model

Is  related to   -coupled channel interactions?D1(2420) Dρ − D∗π



• We find the scattering length value,  fm, in agreement with lattice-inspired FT 

models.

|a1/2
D∗π | = 0.45 χ

Lattice-inspired FT models 

Liuming Liu, Kostas Orginos, Feng-Kun Guo, Christoph Hanhart, Ulf-G. Meissner Phys.Rev.D 87 

(2013) 1, 014508 

χ
Alice 
Phys. Rev. D 110 (2024) 032004

a1/2
D∗π = 0.37+0.03

−0.02 fm

a3/2
D∗π = − 0.100(1) fm

 scattering lengthD∗π



• Yields of different hadrons in heavy ion collisions is sensitive to the nature of hadrons and their interactions


• Heavy ion collisions, even future facilities like EIC can be useful to study properties of exotic hadrons


• Several photons are produced in ultrapheripherical collisions.


• These photons have different energies. 


• Number of photons with low energies is much larger


• These photons can interact to produce exotic hadrons!


• Raquel and Eulogio studied decays of sevral exotics to two photons. They are being very used by Brazilian 
researchers.

Works  motivated by Brazilian research on heavy  ion collisions





Conclusions
• Interesting problems are being studied in the USP-Unifesp collaborative projects

• Studies of properties of exotic mesons   and  are underway and can 
hopefully motivate new experimental investigations.

• Scattering length values for  the system are in disagreement from different sources, 
and we have studied its production in weak processes; we are able to describe the data 
with a larger s-wave contribution than proposed by the analysis carried out by the 
experimental group. Further studies are being carried out.

• Properties of hadrons can be investigated in heavy-ion collisions and at facilities like 
the EIC.

Tcs̄1 Ds1(2860)

D∗π



 THANK YOU!   


