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Hidden-charm pentaquarks
l 𝑃!(4312, 4440, 4457) from Run-2 data

LHCb, PRL122(2019)222001
l 𝑃!"(4459, 4338) with strangeness

𝐵# → 𝐽/𝜓Λ𝑝̅ LHCb, arXiv:2210.10346

Ξ$# → 𝐽/𝜓Λ𝐾# LHCb, Sci.Bull. 66 (2021) 1278

Other related talks:
Ø M. Pavon Valderrama, hadronic molecules in EFT, Session-II,

07 Nov.
Ø S. Nakamura, 𝑃!" 4338 pole + cusps, Session-II, 07. Nov.
Ø T. Burns, production + triangle singularities, Session-III, 07

Nov.
Ø P. G. Ortega, 𝑃!" in quark models, Session-III, 07 Nov.
Ø L.R.Torres Rojas, Session-I, 09 Nov.
Ø E. Santopinto, multiquarks, Session-II, 10 Nov.
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Prehistory: Predictions of 𝑵𝒄"𝒄
∗ with hidden-charm

p Channels 𝜋𝑁, 𝜂(&)𝑁,… , 𝜂!𝑁, Λ!<𝐷, Σ!<𝐷
J. Hofmann, M.F.M. Lutz, NPA 763 (2005) 90

Predicted hidden-charm ground states 
are well below 4 GeV

J.-J. Wu, R. Molina, E. Oset, B.S. Zou, PRL 105 (2010) 
232001

p Channels 𝜋𝑁, 𝜂(&)𝑁,… , 𝜂!𝑁, Λ!<𝐷 ∗ , Σ!<𝐷(∗)

Predicted hidden-charm states are all 
above 4.2 GeV

Ø Many more predictions followed
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Survey of hidden-charm molecular pentaquarks

l Consider narrow charm mesons (𝐷 "
∗ , 𝐷), 𝐷*, 𝐷"), 𝐷"*) and baryons (Λ! , Σ!

∗ , Ξ!
& (∗), Ω!

(∗))

l Simple model: 

p light vector-meson exchange

p Lippman-Schwinger equation, cutoff Λ ∈ 0.5,1.0 GeV
p Hadronic molecules appear as bound or virtual state poles of the 𝑇 matrix

p 𝑃! states

𝜌, 𝜔, 𝜙

𝐼, 𝑆 = (1/2,0) 𝐼, 𝑆 = (1/2,0)

X.-K. Dong, FKG, B.-S. Zou, Progr.Phys. 41 (2021) 65 

narrow 𝑃!(4380)
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Survey of hidden-charm molecular pentaquarks
l 𝑃!" states

l SU(3) charmed baryon multiplets

p Sextet with ½+ : Σ!
++,+,-, Ξ!

&+,&-, Ω!-

p Anti-triplet with ½+ : Λ!+, Ξ!
+,-

X.-K. Dong, FKG, B.-S. Zou, Progr.Phys. 41 (2021) 65 

𝐼, 𝑆 = (0,1) 𝐼, 𝑆 = (0,1)

p Sextet with 3/2+ : Σ!
∗++,∗+,∗-, Ξ!

∗+,∗-, Ω!∗-
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Systematics: heavy-quark spin symmetry
l Heavy quark spin symmetry (HQSS) implies a hidden-charm molecular family
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Systematics: heavy-quark spin symmetry
l Seven 𝑃! generally expected in this hadronic molecular model

l Predictions using the masses of 𝑃!(4440, 4457) as inputs

Xiao, Nieves, Oset (2013); Liu et al. (2018, 2019); Sakai et al. (2019); . . .

Liu et al., PRL122(2019)242001
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Fits to the LHCb data

l Can the measured line shape be described?

l Assumed production mechanism

l Coupled channels: Σ!
(∗)<𝐷(∗), 𝐽/𝜓𝑝, 𝜂!𝑝, (Λ!<𝐷(∗))

p Lippmann-Schwinger equation regularized with a hard cutoff

l Three fit schemes
p Scheme I: contact terms

p Scheme II: Scheme I + OPE + S-D counterterms

p Scheme III: Scheme II + Λ!<𝐷(∗)

M.-L. Du, V. Baru, FKG, C. Hanhart, U.-G. Meißner, J.A. Oller, Q. Wang, 
PRL124(2020)072001; JHEP08(2021)157

T
Λ()

𝐾*
Σ+
(∗)

.𝐷(∗)
𝐽/𝜓

𝑝

Long range: OPE
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Scheme I: contact term

l Solution A: 𝐽.! ///-
. = )

*

#
, 𝐽.! //01
. = 2

*

#
l Solution B: 𝐽.! ///-

. = 2
*

#
, 𝐽.! //01
. = )

*

#

𝜒-/dof = 0.91 𝜒-/dof = 0.91
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Scheme I: contact term
l Poles of the T-matrix from fits in Scheme I

p Narrow 𝑃!(4380)
l 3 Σ!∗<𝐷∗ molecules with masses around 4.5 and 4.52 GeV; different mass ordering in 

the two solutions
Solution A Solution B

Dominant channel ([MeV]) 𝐽! Pole [MeV] 𝐽! Pole [MeV]

𝑃"(4312) Σ" ‾𝐷(4321.6)
1
2

#

4314(1) − 4(1)𝑖
1
2

#

4312(2) − 4(2)𝑖

P$(4380) Σ"∗ ‾𝐷(4386.2)
3
2

#

4377(1) − 7(1)𝑖
3
2

#

4375(2) − 6(1)𝑖

𝑃"(4440) Σ" ‾𝐷∗(4462.1)
1
2

#

4440(1) − 9(2)𝑖
3
2

#

4441(3) − 5(2)𝑖

𝑃"(4457) Σ" ‾𝐷∗(4462.1)
3
2
# 4458(2) − 3(1)𝑖

1
2

#

4462(4) − 5(3)𝑖

𝑃" Σ"∗ ‾𝐷∗(4526.7)
1
2

#

4498(2) − 9(3)𝑖
1
2

#

4526(3) − 9(2)𝑖

𝑃" Σ"∗ ‾𝐷∗(4526.7)
3
2
# 4510(2) − 14(3)𝑖

3
2

#

4521(2) − 12(3)𝑖

𝑃" Σ"∗ ‾𝐷∗(4526.7)
5
2

#

4525(2) − 9(3)𝑖
5
2

#

4501(3) − 6(4)𝑖
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Scheme II: contact term + OPE + S-D counterterm

l Solution A: 𝐽.! ///-
. = )

*

#
, 𝐽.! //01
. = 2

*

#
l Solution B: 𝐽.! ///-

. = 2
*

#
, 𝐽.! //01
. = )

*

#

Cutoff independence only for solution B: 
𝜒-/dof = 0.90

Residual cutoff dependence for solution A: 
𝜒-/dof = 1.01 with Λ = 1.3 GeV
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Scheme II: contact term + OPE + S-D counterterm
l Poles of 7 𝑃! states in Solution B

p Narrow 𝑃!(4380)
p 3 Σ!∗<𝐷∗ molecules with masses around

4.5 and 4.52 GeV

Dominant channel ([MeV]) Riemann sheet 𝐽𝑃 Pole [MeV]

𝑃𝑐(4312) Σ𝑐 ‾𝐷(4321.6) +++ +
1
2

−

4313(1) − 3(1)𝑖

𝑃𝑐(4380) Σ𝑐∗ ‾𝐷(4386.2) −++ +
3
2

−

4376(1) − 6(2)𝑖

𝑃𝑐(4440) Σ𝑐 ‾𝐷∗(4462.1) −−+ +
3
2

−

4441(2) − 6(2)𝑖

𝑃𝑐(4457) Σ𝑐 ‾𝐷∗(4462.1) −−+ +
1
2

−

4461(2) − 5(2)𝑖

𝑃𝑐 Σ𝑐∗ ‾𝐷∗(4526.7) −−− +
1
2

−

4525(4) − 9(1)𝑖

𝑃𝑐 Σ𝑐∗ ‾𝐷∗(4526.7) −−− +
3
2

−

4520(3) − 12(3)𝑖

𝑃𝑐 Σ𝑐∗ ‾𝐷∗(4526.7) −−− +
5
2

−

4500(2) − 9(6)𝑖
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Scheme III: contact + OPE + S-D + 𝚲𝒄#𝑫(∗)

l A more complete scheme

p However, no effective constraints on Λ!<𝐷(∗) can be derived solely from the 𝐽/𝜓𝑝
data



l Plenty of hidden-charm molecular pentaquarks are expected from the vector-meson 
exchange

l The LHCb data for 𝐽/𝜓𝑝 distribution can be well described in the Σ!
(∗)<𝐷(∗) molecular 

picture; suggested quantum numbers:
p ½#: 𝑃! 4312, 4457 ; 3/2#: 𝑃! 4440

l States to be discovered:
p Narrow 𝑃!(4380) with 3/2#

p 3 Σ!∗<𝐷∗ molecules, but may lead to only two peaks at 4.50 and 4.52 GeV

p SU(3) partners of 𝑃!(4312,4440,4457): 7 molecular states of Ξ!& <𝐷(∗), Ξ!∗<𝐷(∗)

p 1 more Ξ!<𝐷(∗) molecule (in addition to 𝑃!"(4338, 4459))
p Many more above 4.85 GeV

Summary

15



l LHCb data 2019

l Color suppression might not be effective
p Example: 

Ø Λ!+ → Σ-𝐾+: color suppressed,   ℬ = (5.2 ± 0.8)×10#/

Ø Λ!+ → Λ𝐾+: no color suppression, ℬ = (6.1 ± 1.2)×10#/

Additional information

16

LHCb, PRL122(2019)222001

PDG (2022)



l SU(3) multiplets of S-wave charmed baryons

p Anti-triplet with ½+:

p Sextet with ½+:

p Sextet with 3/2+:

Additional information

17

𝐵32
! =

0 Λ!+ Ξ!+

−Λ!+ 0 Ξ!-

−Ξ!+ −Ξ!- 0

𝐵4
! =

Σ!++
1
2
Σ!+

1
2
Ξ!&+

1
2
Σ!+ Σ!-

1
2
Ξ!&-

1
2
Ξ!&+

1
2
Ξ!&- Ω!-

𝐵4
! ∗ =

Σ!∗++
1
2
Σ!∗+

1
2
Ξ!∗+

1
2
Σ!∗+ Σ!∗-

1
2
Ξ!∗-

1
2
Ξ!∗+

1
2
Ξ!∗- Ω!∗-



l Background

l Poles from Scheme I

Additional information
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Solution A Solution B

Dominant channel ([MeV]) 𝐽𝑃 Pole [MeV] 𝐽𝑃 Pole [MeV]

𝑃𝑐(4312) Σ𝑐 ‾𝐷(4321.6)
1
2

−

4314(1) − 4(1)𝑖
1
2

−

4312(2) − 4(2)𝑖

Pc(4380) Σ𝑐∗ ‾𝐷(4386.2)
3
2

−

4377(1) − 7(1)𝑖
3
2

−

4375(2) − 6(1)𝑖

𝑃𝑐(4440) Σ𝑐 ‾𝐷∗(4462.1)
1
2

−

4440(1) − 9(2)𝑖
3
2

−

4441(3) − 5(2)𝑖

𝑃𝑐(4457) Σ𝑐 ‾𝐷∗(4462.1)
3
2
− 4458(2) − 3(1)𝑖

1
2

−

4462(4) − 5(3)𝑖

𝑃𝑐 Σ𝑐∗ ‾𝐷∗(4526.7)
1
2

−

4498(2) − 9(3)𝑖
1
2

−

4526(3) − 9(2)𝑖

𝑃𝑐 Σ𝑐∗ ‾𝐷∗(4526.7)
3
2
− 4510(2) − 14(3)𝑖

3
2

−

4521(2) − 12(3)𝑖

𝑃𝑐 Σ𝑐∗ ‾𝐷∗(4526.7)
5
2

−

4525(2) − 9(3)𝑖
5
2

−

4501(3) − 6(4)𝑖

𝑓567(𝐸) = 𝑏- + 𝑏)𝐸* + 𝑏*𝐸/ +
8=>

(9#:)>+;>//
,



l Positive 𝐹 means an S-wave attraction

19

Interactions from light-vector meson exchange
X.-K. Dong, FKG, B.-S. Zou, CTP73(2021)125201
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