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Introduction: Historical Background

Observation of a 𝐽/𝜓Λ structure in 
the Ξ!" → 𝐾"	𝐽/𝜓Λ	

R. Aaij, et al., LHCb, Sci. Bull. 66 (2021) 1278

J.-J. Wu, R. Molina, E. Oset, B.S. Zou, Phys. Rev. Lett. 105 
(2010) 232001, Phys. Rev. C 84 (2011) 015202

H.-X. Chen, W. Chen, X. Liu, X.-H. Liu, Eur. Phys. J. C 81 (2021) 409 
Z.-G. Wang, Int. J. Mod. Phys. A 36 (2021) 2150071
K. Azizi, Y. Sarac, H. Sundu, Phys. Rev. D 103 (2021) 094033 
U. Özdem, Eur. Phys. J. C 81 (2021) 277
F.-Z. Peng, M.-J. Yan, M. Sánchez Sánchez, M.P. Valderrama, Eur. Phys. J. C 
81 (2021) 666
R. Chen, Phys. Rev. D 103 (2021) 054007
R. Chen, Eur. Phys. J. C 81 (2021) 122
M.-Z. Liu, Y.-W. Pan, L.-S. Geng, Phys. Rev. D 103 (2021) 034003
J.-T. Zhu, L.-Q. Song, J. He, Phys. Rev. D 103 (2021) 074007
W.-Y. Liu, W. Hao, G.-Y. Wang, Y.-Y. Wang, E. Wang, D.-M. Li, Phys. Rev. D 
103 (2021) 034019
F.-L. Wang, X. Liu, Phys. Lett. B 835 (2022) 137583
U. Özdem, Phys. Lett. B 836 (2023) 137635

Such kind of states were already predicted, with 
qualitative  agreement with the experiment in

This experimental breakthrough sparked lot of activity in 
the theoretical community

<latexit sha1_base64="TlkK/LAMnmm/4G6ca9oJz5qjByA="></latexit>

M = 4458.8± 2.9+4.7
�1.1 MeV

� = 17.3± 6.5+8.0
�5.7 MeV



3

HADRON 2023 
June 5 - 9,  2023, Genova, Italy.

Introduction: Historical Background

Observation of a 𝐽/𝜓Λ structure in 
the 𝐵" → 𝑝̅ 𝐽/𝜓Λ

R. Aaij, et al., LHCb, arXiv:2210 .10346 [hep -ex], 2022

C.W. Xiao, J. Nieves, E. Oset, Phys. Lett. B 799 (2019) 135051

<latexit sha1_base64="HOnn48r1Y22NEuSKopby0c1UgRU="></latexit>

M = 4338.2± 0.7± 0.4MeV

� = 7.0± 1.2± 1.3MeV

In between both 𝑃#$ measurements, predictions were 
made within a HQSS scheme:

Findings obtained were in rough qualitative agreement 
with the experimental states 
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Introduction: Historical Background

• QCD sum rule method used to find a %𝐷Ξ!molecular structure for 𝑃!"(4338) and a %𝐷∗ Ξ! one for the 𝑃!"(4459) 
     X.-W. Wang, Z.-G. Wang, Chin. Phys. C 47 (2023) 013109
• Boson exchange models have been used to find a %𝐷Ξ! molecule associated to 𝑃!"(4338) and 2 %𝐷∗ Ξ! 	structures 

($
%

&
, '
%

&
) related to 𝑃!"(4459) 

     L. Meng, B. Wang, S.-L. Zhu, Phys.Rev.D 107 (2023) 1, 014005
• 𝑃!"(4338) suggested as an effect of a TS 
      T.J. Burns, E.S. Swanson, Phys.Lett.B 838 (2023) 137715
• In the CQM framework, this work look at meso-baryon molecular structures and found that 𝑃!"(4338) is mostly 

a %𝐷Ξ! molecule with sizable %𝐷"
(∗)Λ! component

      P.G. Ortega, D.R. Entem, F. Fernandez, Phys.Lett.B 838 (2023) 137747
• There are many other approaches…(compact pentaquark states, more on molecular picture… ) 
A. Esposito, A. Pilloni, A.D. Polosa, Phys. Rep. 668 (2017) 1, J.-T. Zhu, S.-Y. Kong, J. He, Phys.Rev.D 107 (2023) 3, 034029; 
S.X. Nakamura, J.J. Wu, arXiv:2208 .11995 [hep -ph], 2022;   K. Chen, Z.-Y. Lin, S.-L. Zhu, Phys.Rev.D 106 (2022) 11, 116017;  
Z.-Y. Yang, F.-Z. Peng, M.-J. Yan, M. Sánchez Sánchez, M. Pavon Valderrama, arXiv:2211.08211 [hep -ph], 2022; R.F. Lebed, 
R.E. Mitchell, E.S. Swanson, Prog. Part. Nucl. Phys. 93 (2017) 143 …

After the measurements of both 𝑃!" there was an avalanche of theoretical studies addressing the problem 
from different approaches and providing interpretations … 
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Formalism  

<latexit sha1_base64="ty6cFL9eIBLdj3qn9dsdtS8c8ZY=">AAACG3icbVBNS8NAFNz4WetX1aOXxSJUhJKUqr0IxV48KtgqNG3YrC927SZZdjdCCfkp+mf0JNWbB/+N29iDWufy5r2ZhZ3xBWdK2/anNTe/sLi0XFgprq6tb2yWtrY7Kk4khTaNeSxvfKKAswjammkON0ICCX0O1/6wNdGvH0AqFkdXeiSgF5K7iAWMEm1OXqmBO17K7rNT3MqnG0hCUydL64HnCtavZRXRtw9FP3WFZCHY2UExh1cq21U7B54lzpSU0RQXXmns3sY0CSHSlBOluo4tdC8lUjPKISu6iQJB6JDcQdfQiISgemmeMMP7QSyxHgDO95/elIRKjULfeEKiB+qvNjn+p3UTHTR6KYtEoiGixmK0IOFYx3hSFL5lEqjmI0MIlcz8EtMBMe1oU+ckvvM37Czp1KrOcfXosl5unk2LKKBdtIcqyEEnqInO0QVqI4qe0At6Q+/Wo/VsvVrjb+ucNX2zg37B+vgCQLKe4A==</latexit>

Vij = Cij
1

4f2
⇡

(p0 + p00)

C.W. Xiao, J. Nieves, E. Oset, Phys. Lett. B 799 (2019) 135051

<latexit sha1_base64="O+u0b+YpRWbbGqIebs4xzjcWjew="></latexit>

LVPP = �ig h[P, @µP ]V µi
<latexit sha1_base64="+xCd+uoahXVFEINb+qRKhVz97vg="></latexit>

LVVV = ig h(V µ@⌫Vµ � @⌫V
µVµ)V

⌫i

<latexit sha1_base64="iBsBKCYY/tlekdTHeUEFIH/06Ho=">AAACAHicbVDNSsNAGNzUv1r/oh5FWCyCp5JIUY9FLx4r2B9oQthsN+3SzW7Y3RRKyEVfRk+i3nwGX8C3cVNz0NY5zc7MwjcTJowq7ThfVmVldW19o7pZ29re2d2z9w+6SqQSkw4WTMh+iBRhlJOOppqRfiIJikNGeuHkpvB7UyIVFfxezxLix2jEaUQx0kYK7GMvGdMgixiaCpl7eCi0hwtFJZTngV13Gs4ccJm4JamDEu3A/vSGAqcx4RozpNTAdRLtZ0hqihnJa16qSILwBI3IwFCOYqL8bF4jh6eRkFCPCZy/f2czFCs1i0OTiZEeq0WvEP/zBqmOrvyM8iTVhGMTMV6UMqgFLNaAQyoJ1mxmCMKSmishHiOJsDab1Ux9d7HsMumeN9yLRvOuWW9dl0NUwRE4AWfABZegBW5BG3QABo/gGbyBd+vBerJerNefaMUq/xyCP7A+vgF3nJeQ</latexit>

�flavor · �spinSymmetric spin-flavor wave function

<latexit sha1_base64="bWz7m3bnqrYJZOaSUmB7CK+i4uA="></latexit>

h�B0

flavor�
B0

spin|gqq̄|�B
flavor�

B
spini

Local Hidden gauge approach + HQSS scheme:

Interaction Kernel 
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Formalism  

<latexit sha1_base64="ty6cFL9eIBLdj3qn9dsdtS8c8ZY=">AAACG3icbVBNS8NAFNz4WetX1aOXxSJUhJKUqr0IxV48KtgqNG3YrC927SZZdjdCCfkp+mf0JNWbB/+N29iDWufy5r2ZhZ3xBWdK2/anNTe/sLi0XFgprq6tb2yWtrY7Kk4khTaNeSxvfKKAswjammkON0ICCX0O1/6wNdGvH0AqFkdXeiSgF5K7iAWMEm1OXqmBO17K7rNT3MqnG0hCUydL64HnCtavZRXRtw9FP3WFZCHY2UExh1cq21U7B54lzpSU0RQXXmns3sY0CSHSlBOluo4tdC8lUjPKISu6iQJB6JDcQdfQiISgemmeMMP7QSyxHgDO95/elIRKjULfeEKiB+qvNjn+p3UTHTR6KYtEoiGixmK0IOFYx3hSFL5lEqjmI0MIlcz8EtMBMe1oU+ckvvM37Czp1KrOcfXosl5unk2LKKBdtIcqyEEnqInO0QVqI4qe0At6Q+/Wo/VsvVrjb+ucNX2zg37B+vgCQLKe4A==</latexit>

Vij = Cij
1

4f2
⇡

(p0 + p00)

<latexit sha1_base64="5wY/G3eeZMce+hdjetqqA1q/5Mo="></latexit>

PB(
1

2

+

) : Pseudoscalar meson-baryon ofJP =
1

2

+

,

⌘c⇤(4099.6), D̄s⇤c(4259.8), D̄⌅c(4336.3), D̄⌅0
c(4445.7);

PB(
3

2

+

) : Pseudoscalar meson-baryon ofJP =
3

2

+

,

D̄⌅⇤
c(4512.9);

V B(
1

2

+

) : Vector meson-baryon ofJP =
1

2

+

,

J/ ⇤(4212.6), D̄⇤
s⇤c(4398.7), D̄

⇤⌅c(4477.6), D̄
⇤⌅0

c(4587.0);

V B(
3

2

+

) : Vector meson-baryon ofJP =
3

2

+

,

D̄⇤⌅⇤
c(4654.2);

<latexit sha1_base64="lLs4mIv6hal791a6L8EHM/B6UE8=">AAACM3icbVBLS8NAGPxSX7W+oh69BIsggiURX5dCsR48VrAPaGLYbLft0s2D3Y1QQn6W/gr/gOhJ1Jv/wW0NalvnNDszC9+MFzEqpGk+abm5+YXFpfxyYWV1bX1D39xqiDDmmNRxyELe8pAgjAakLqlkpBVxgnyPkaY3qI785h3hgobBjRxGxPFRL6BdipFUkqvXqm5ie4gnl6ndoi6+PbBlaEwqafk3pPyZ2I+Wlg8tVy+aJXMMY5ZYGSlChpqrP9qdEMc+CSRmSIi2ZUbSSRCXFDOSFuxYkAjhAeqRtqIB8olwknHz1NjrhtyQfWKM33+zCfKFGPqeyvhI9sW0NxL/89qx7J47CQ2iWJIAq4jyujEzVN/RgEaHcoIlGyqCMKfqSgP3EUdYqpkLqr41XXaWNI5K1mnp5Pq4WLnIhsjDDuzCPlhwBhW4ghrUAcMDvMA7fGj32rP2qr19R3Na9mcbJqB9fgF2+6oU</latexit>

CD̄⌅⇤
c!D̄⌅⇤

c
= CD̄⇤⌅⇤

c!D̄⇤⌅⇤
c
= �1

<latexit sha1_base64="qzANsymi7h1CMidp8+fwrkGEzQQ=">AAAB7nicdZDLSgMxFIYzXmu9VV26CRbB1ZAZbG0XQtGNywr2Au1QMumZNjRzMckIZehr6ErUnQ/jC/g2ZmoFFf1Xf873B85//ERwpQl5t5aWV1bX1gsbxc2t7Z3d0t5+W8WpZNBisYhl16cKBI+gpbkW0E0k0NAX0PEnlznv3IFUPI5u9DQBL6SjiAecUW1GXl+Y6JCeE9utFAelMrGJUbWKc+PUiGNMvV5z3Tp25oiQMlqoOSi99YcxS0OINBNUqZ5DEu1lVGrOBMyK/VRBQtmEjqBnbERDUF42X3qGj4NYYj0GPH9/z2Y0VGoa+iYTUj1Wv1k+/Iv1Uh3UvIxHSaohYiZiWJAKrGOcd8dDLoFpMTWGMsnNlpiNqaRMmwvl9b864v9N27Wdql25Pi03LhaHKKBDdIROkIPOUANdoSZqIYZu0QN6Ri9WYt1bj9bTZ3TJWvw5QD9kvX4A/jyOoQ==</latexit>

� = 0.25
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<latexit sha1_base64="UX7sPuH72DqQN6aehOxlZGvLvNM=">AAAB9HicbZDLTsJAFIanXhFvRZduJhITN5DWeNuYEF3oEhMoJKWS6XCACdNLZqYY0vAmujLqzifxBXwbp9iFgv/qm/P/k5zz+zFnUlnWl7G0vLK6tl7YKG5ube/smqU9R0aJoNCkEY9E2ycSOAuhqZji0I4FkMDn0PJHN5nfGoOQLAobahKDF5BByPqMEqVHXbPUwFfYtSvOrfeQVuypU+yaZatqzYQXwc6hjHLVu+ZnpxfRJIBQUU6kdG0rVl5KhGKUw7TYSSTEhI7IAFyNIQlAeuls9Sk+6kcCqyHg2ft3NiWBlJPA15mAqKGc97Lhf56bqP6ll7IwThSEVEe01084VhHOGsA9JoAqPtFAqGB6S0yHRBCqdE/Z+fb8sYvgnFTt8+rZ/Wm5dp0XUUAH6BAdIxtdoBq6Q3XURBQ9omf0ht6NsfFkvBivP9ElI/+zj/7I+PgG7/uPjA==</latexit>

T = [1� V G]�1V

Formalism  

<latexit sha1_base64="H/32Lmvsr2yG0/EKbLJt7Yjze98="></latexit>

Gl =

Z

|q|<qmax

d3q

(2⇡)3
1

2!l(q)

Ml

El(q)
· 1p

s� !l(q)� El(q) + i✏

Cut off regularizationDimensional regularization

Meson-Baryon Loop function

Bethe-Salpeter equation

<latexit sha1_base64="s+1/hlbdczRGo+MZniJw/Wh4Gho=">AAAB+3icdVDLSgNBEJyN7/iKehG8DAbBg4TZoDE5CKIXL4KCiUISwuzYSYbMPpzplYQl/oyeRL35F/6Af+NsjKCidaruqoau8iIlDTL27mQmJqemZ2bnsvMLi0vLuZXVmgljLaAqQhXqK48bUDKAKkpUcBVp4L6n4NLrHaf65S1oI8PgAgcRNH3eCWRbCo521cqt37QaCH1MfN4fHpQYo40degq1bCuXZwVmUSrRlLhl5lpSqZSLxQp1RxJjeTLGWSv31rgORexDgEJxY+oui7CZcI1SKBhmG7GBiIse70Dd0oD7YJrJKMGQbrVDTbELdDR/9ybcN2bge9bjc+ya31q6/Eurx9guNxMZRDFCIKzFau1YUQxpWgS9lhoEqoElXGhpv6SiyzUXaOtK439lpP+TWrHglgp757v5w6NxEbNkg2ySbeKSfXJITsgZqRJB7sgDeSYvztC5dx6dp09rxhnfrJEfcF4/AG6xk1M=</latexit>

qmax = 600MeV
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Results: pole content Phys.Lett.B 839 (2023) 137760

One would expect an equivalent picture to the one provided by the  𝑃#  pentaquarks…
<latexit sha1_base64="H1fjnrcm6+5XB6X/ljuyGIGzHyY="></latexit>

Pc : D̄⌃c, D̄⇤c and D̄⇤⌃c, D̄
⇤⇤c

Pcs : D̄⌅c, D̄s⇤c and D̄⇤⌃c, D̄
⇤
s⇤c

𝑃𝐵(1/2*) sector with 𝐽% = &
'

"

V𝐵(1/2*) sector with 𝐽% = &
'

"
, (
'

"

<latexit sha1_base64="FUlrYwPT2jJ4MoeoVZbPqpN+yhY="></latexit>

D̄⌅⇤
c : 4488.52 MeV, g = 2.81, gGII = �26.47,

JP =
3

2

�
;

D̄⇤⌅⇤
c : 4627.48 MeV, g = 2.96, gGII = �25.93,

JP =
1

2

�
,
3

2

�
,
5

2

�
.

𝑃𝐵(3/2*) sector 

V𝐵(3/2*) sector 
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Results: pole content, 𝑃#$ 4459 candidate    

𝑃𝐵(1/2*) sector with 𝐽% = &
'

"

Phys.Lett.B 839 (2023) 137760

<latexit sha1_base64="TlkK/LAMnmm/4G6ca9oJz5qjByA="></latexit>

M = 4458.8± 2.9+4.7
�1.1 MeV

� = 17.3± 6.5+8.0
�5.7 MeV

Mass 5𝜎 below the experimental value
Width is compatible with the measured one

This state is almost a 2𝐷Ξ#)  bound state, despite it has small coupling to 𝜂#Λ
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Results: pole content, 𝑃#$ 4338 candidate   
Phys.Lett.B 839 (2023) 137760

Mass in very good agreement with the experimental value

Width is almost 2 orders of magnitude smaller
• Small coupling to 𝐽/𝜓Λ (only open  channel)
• It could be the effect of having 2 degenerate states there
• The effects of the experimental resolution  

<latexit sha1_base64="HOnn48r1Y22NEuSKopby0c1UgRU="></latexit>

M = 4338.2± 0.7± 0.4MeV

� = 7.0± 1.2± 1.3MeV

V𝐵(1/2*) sector with 𝐽% = &
'

"
, (
'

"

This state is almost a 2𝐷∗Ξ#bound state, despite it has non-negligible coupling to 2𝐷$∗Λ#
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Effects of the strong transition between 2𝐷Ξ# and 2𝐷$Λ# or 2𝐷∗Ξ# and 2𝐷$∗Λ#

%𝐷Ξ!

%𝐷Ξ! %𝐷"Λ!

%𝐷"Λ!

<latexit sha1_base64="UX7sPuH72DqQN6aehOxlZGvLvNM=">AAAB9HicbZDLTsJAFIanXhFvRZduJhITN5DWeNuYEF3oEhMoJKWS6XCACdNLZqYY0vAmujLqzifxBXwbp9iFgv/qm/P/k5zz+zFnUlnWl7G0vLK6tl7YKG5ube/smqU9R0aJoNCkEY9E2ycSOAuhqZji0I4FkMDn0PJHN5nfGoOQLAobahKDF5BByPqMEqVHXbPUwFfYtSvOrfeQVuypU+yaZatqzYQXwc6hjHLVu+ZnpxfRJIBQUU6kdG0rVl5KhGKUw7TYSSTEhI7IAFyNIQlAeuls9Sk+6kcCqyHg2ft3NiWBlJPA15mAqKGc97Lhf56bqP6ll7IwThSEVEe01084VhHOGsA9JoAqPtFAqGB6S0yHRBCqdE/Z+fb8sYvgnFTt8+rZ/Wm5dp0XUUAH6BAdIxtdoBq6Q3XURBQ9omf0ht6NsfFkvBivP9ElI/+zj/7I+PgG7/uPjA==</latexit>

T = [1� V G]�1V

<latexit sha1_base64="kqA87lC8g6VnhiEMfvvWNjfskwY=">AAACIXicdVDLSgMxFM3U9/gadekmWARFHCaDz4UiutClgq2Ftg6ZNNOGZh4kGaEM8zX6M4oLUTfiz5ipLfg8m5x7z7mQc/yEM6kc580ojYyOjU9MTpnTM7Nz89bCYlXGqSC0QmIei5qPJeUsohXFFKe1RFAc+pxe+d2TQr+6oUKyOLpUvYQ2Q9yOWMAIVnrlWYeXXoZQftAIBCZZtT9sFI+bX7unnptnaHPt93r91EO5aZqeVXZstF8AOrbraGwPiQuR7fRRBgOce9ZjoxWTNKSRIhxLWUdOopoZFooRTnOzkUqaYNLFbVrXNMIhlc2snzOHq0EsoOpQ2J+/ejMcStkLfe0JserIn1qx/EurpyrYa2YsSlJFI6ItWgtSDlUMi7pgiwlKFO9pgolg+peQdLDuSulSi/jDjPB/UnVttGNvX2yVj44HRUyCZbAC1gACu+AInIFzUAEE3IEH8AJejVvj3ngynj+tJWNwswS+wXj/APvwoCk=</latexit>

T11 =
V11 + V 2

12G2

1� (V11 + V 2
12G2)G1

<latexit sha1_base64="OHgSS+X5XvGKELDouU1C8EpEsN0=">AAACAnicdVDLSsNAFJ34rPUVdenCwSIIQkiC9bEQii50WcG2Qq1hMr2xQycPZiZCCdnpz+hK1J2f4A/4N05qCyp6NvfMPefCnOMnnEll2x/GxOTU9Mxsaa48v7C4tGyurDZlnAoKDRrzWFz6RAJnETQUUxwuEwEk9Dm0/P5JobduQUgWRxdqkEAnJDcRCxglSq88cwM3vQyCID/S03HynWK4+bV76rllDc+s2JZzWADblmtrVMfExY5lD1FBI9Q98/2qG9M0hEhRTqRsO3aiOhkRilEOefkqlZAQ2ic30NY0IiHITjYMkuOtIBZY9QAP39+9GQmlHIS+9oRE9eRvrVj+pbVTFRx0MhYlqYKIaovWgpRjFeOiD9xlAqjiA00IFUz/EtMeEYQq3VoRf5wR/0+aruXsWdXz3UrteFRECa2jTbSNHLSPaugM1VEDUXSPHtELejXujAfjyXj+sk4Yo5s19APG2yd3DZTO</latexit>

Veff = V11 + V 2
12G2

<latexit sha1_base64="7oaDZAI1GPmE+pDoHOqLlYP514s=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZL0KbgounFZwT6gDWUyvWnHTh7MTIQS+g+6EnXn9/gD/o2TWkFFz+rcc86Fe64XcyaVZb0buZXVtfWN/GZha3tnd6+4f9CRUSIotGnEI9HziATOQmgrpjj0YgEk8Dh0vell5nfvQEgWhTdqFoMbkHHIfEaJ0lL3HFsFjWGxZJlnjZpTdbBlWlbdKdcy4tQrThnbWslQQku0hsW3wSiiSQChopxI2betWLkpEYpRDvPCIJEQEzolY+hrGpIApJsuzp3jEz8SWE0AL+bv2ZQEUs4CT2cCoibyt5eJf3n9RPkNN2VhnCgIqY5oz084VhHOWuMRE0AVn2lCqGD6SkwnRBCq9G+y+l8d8f+k45h2zaxeV0rNi+Uj8ugIHaNTZKM6aqIr1EJtRNEUPaBn9GLcGvfGo/H0Gc0Zy51D9APG6wd5xotX</latexit>

< 0Strong overbinding!
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CONCLUSIONS   

We have studied the meson-baryon dynamics with ̅𝑐𝑐𝑠𝑞𝑞 quark content in coupled channels 
within a LHG + HQSS based model. 
Several blocks have been considered: PB(𝟏

𝟐

-
), PB(𝟑

𝟐

-
), VB(𝟏

𝟐

-
), VB(𝟑

𝟐

-
).

• Counting all spin possibilities, we find 10 states

• We find a natural interpretation of 

      𝐏𝐜𝐬 𝟒𝟑𝟑𝟖  as a molecular state coupling mostly to 2𝑫∗𝜩𝒄 

      𝐏𝐜𝐬 𝟒𝟒𝟓𝟗  as a 2𝐷Ξ#)  molecule
 
Hopefully, future measurements would shed some light on the other structures obtained from 
the present model.



13

HADRON 2023 
June 5 - 9,  2023, Genova, Italy.

Thank you for your attention!


