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LHCb

PRL 115 (2015) 072001

1849  Citations

PRL 122 (2019) 222001

815 Citations

Pc(4380) 𝟒𝟑𝟖𝟎 ± 𝟖 ± 𝟐𝟗 𝟐𝟎𝟓 ± 𝟏𝟖 ± 𝟖𝟔

Pc(4450) 𝟒𝟒𝟒𝟗. 𝟖 ± 𝟏. 𝟕 ± 𝟐. 𝟓 𝟑𝟗 ± 𝟓 ± 𝟏𝟗

Pc(4312) 𝟒𝟑𝟏𝟏. 𝟗 ± 𝟎. 𝟕−𝟎.𝟔
+𝟔.𝟖 𝟗. 𝟖 ± 𝟐. 𝟕−𝟒.𝟓

+𝟑.𝟕

Pc(4440) 𝟒𝟒𝟒𝟎. 𝟑 ± 𝟏. 𝟑−𝟒.𝟕
+𝟒.𝟏 𝟐𝟎. 𝟔 ± 𝟒. 𝟗−𝟏𝟎.𝟓

+𝟖.𝟕

Pc(4457) 𝟒𝟒𝟓𝟕. 𝟑 ± 𝟎. 𝟔−𝟏.𝟕
+𝟒.𝟏 𝟔. 𝟒 ± 𝟐. 𝟎−𝟏.𝟗

+𝟓.𝟕

Λ𝑏 → 𝐽/𝜓𝑝𝐾

Unit: MeV

ഥ𝐷Σ𝑐 threshold:  4320 MeV
ഥ𝐷∗Σ𝑐 threshold: 4465 MeV 
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LHCb PRL 128 (2022) 6, 062001 

115 Citations

3.1 − 3.7𝜎
𝐵𝑠
0 → 𝐽/𝜓𝑝 ҧ𝑝

ഥ𝐷Σ𝑐 threshold:  4320 MeV
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1) Molecular states: Pc--`DSc
*,`D*Sc,`D

*Sc
*

……,too many papers !

2) Compact Pentaquark: cu+`c(ud) states
Maiani,Polosa,Riquer, PLB749 (2015) 289; 

Lebed, PLB749 (2015) 454;

Li,He,He, JHEP 1512 (2015) 128;

Zhu,Qiao, PLB756 (2016) 259;

Yuan, An, Wei, Zou, Xu,PRC87(2013) 025205;

Yuan, He, Xu, Zou, Eur.Phys.J.A 48 (2012) 61;  ……

3) Kinematic triangle-singularity 
Guo, Meißner, Wang, Yang, PRD92 (2015) 071502;

Liu, Wang, Zhao, PLB757 (2016) 231;

Bayar, Aceti, Guo and Oset, PRD94(2016) 074039; ……

Chen, Chen, Liu, and Zhu, PR 639, 1 (2016),1601.02092.

Dong, Faessler, and Lyubovitskij, PPNP 94, 282 (2017).

Guo, Hanhart, Meissner, Wang, Zhao, and Zou, RMP 90, 

015004 (2018), 1705.00141.

Ali, Lange, and Stone, PPNP 97, 123 (2017), 1706.00610.
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1) Molecular states: Pc--`DSc
*,`D*Sc,`D

*Sc
*

……,too many papers !

• Valencia Model：
Wu, Molina, Oset and Zou, PRL 105, 232001，PRC 84, 015202 (2010)

Garcia-Recio, Nieves, Romanets, Salcedo, and Tolos,    PRD87, 074034(2013)

Xiao, Nieves, and Oset, PRD88, 056012(2013)

Uchino, Liang, and Oset, EPJA 52, 43(2016)

`DSc ~ 4.3 GeV `DSc
* ~ 4.35 GeV `D*Sc ~ 4.4 GeV `D*Sc

* ~ 4.5 GeV 

• EBAC  Model： Wu, Lee and Zou, PRC 85, 044002 (2012)

`DSc ~ 4.3 GeV `D*Sc ~ 4.4 GeV 

• Chiral constituent quark model & a resonating group method equation

Wang, Huang, Zhang, Zou,  PRC 84,015203(2011). `DSc ~ 4.3 GeV 

• Schrödinger Equation & One boson exchange：
Yang, Sun, He, Liu, Zhu, Chin.Phys. C36 (2012) 6-13

`DSc(I=3/2) ~ 4.3 GeV `D*Sc ~ 4.4 GeV

• Pentaquark Model：Yuan, Wei, He, Xu and Zou,  EPJA 48, 61(2012)~ 4.3-4.5 GeV 

`DSc – hcN – hN coupled 

channel state ~ 3.5 GeV 
J. Hofmann, M.F.M. Lutz, 

Nucl. Phys. A 763 (2005) 90 

`cc-N bound states in 

topological soliton 

model ~ 3.9 GeV 

C. Gobbi, D.O. Riska, N.N. 

Scoccola, Phys. Lett. B 296 

(1992) 166 
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1) Molecular states: Pc--`DSc
*,`D*Sc,`D

*Sc
*

Wu, Molina, Oset and Zou, PRL 105, 232001，PRC 84, 015202 (2010)

Baryon Meson

T

Scattering Equation

Resonances

Bound StatesPole

Interaction Model

𝐉𝐏 = 𝟏/𝟐−, 𝟑/𝟐−
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The threshold of ഥDΛc 2595 is 1865+2595=4460 MeV, just above the Pc(4457)! 
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The threshold of ഥDΛc 2595 is 1865+2595=4460 MeV, just above the Pc(4457)! 

Geng, Lu, and Valderrama. PRD, 97 094036, 

2018. 

Before Pc(4457), just Pc(4450)

After Pc(4457)
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0

After Pc(4457)

Burns and Swanson PRD 100 114033,2019

Y
a

lik
u

n
, L

in
, G

u
o

, K
a

m
iy

a
, a

n
d

 Z
o

u
 P

R
D

 1
0

4
,0

9
4

0
3
9

,2
0
2

1. 



ഥDΛc1 2595 channel

1

1

After Pc(4457)

Burns and Swanson PRD 100 114033,2019
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Another coupled channel 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅 , the threshold is 4312+135 = 4447 MeV, also very close to  𝑷𝒄 𝟒𝟒𝟓𝟕 .

Furthermore, the spin-parity is 𝟏/𝟐− and 𝟎−, if we assume 𝑷𝒄 𝟒𝟑𝟏𝟐 is bound state of ഥ𝑫𝚺𝒄, then the 

quantum number of 𝑱𝑷 for the S-wave state is also 𝟏/𝟐+. 

Then we consider  ഥ𝑫𝜦𝒄𝟏 𝟐𝟓𝟗𝟓 − 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅 couple channel.

The diagonal term of

potential is neglect!

While the off-diagonal

term will have two

mechanisms.
𝚺𝑪
+ is almost on-shell !
ഥDΛc1 2595 − 𝑃𝑐 4312 𝜋:    ഥ𝑫𝝅𝚺𝐜

+ three-body 



ഥDΛc1 2595 − 𝑃𝑐 4312 𝜋 coupled channel

13

Weinberg PR 137(1965) B672 

Baru, et.al. PLB586(2004) 53 

Lin, Shen, Guo, and Zou. PRD95(2017) 114017

Wu, Lee, and Zou. PRC85(2012) 044002
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Usual method: change to a matrix 

equation ! Then we will find the routines of 

p and p’ are the same as integral variable q !



ഥDΛc1 2595 − 𝑃𝑐 4312 𝜋 coupled channel

15

Key problem: 𝑽 𝒑, 𝒒 will have a pole of 

integral variable q when p changed.

Left hand cut

Usual method: change to a matrix 

equation ! Then we will find the routines of 

p and p’ are the same as integral variable q !
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Key problem: 𝑽 𝒑, 𝒒 will have a pole of 

integral variable q when p changed.

Solution: Find a special integral routine 

which will not touch the singularity because of 

integral routine.

Left hand cut

Usual method: change to a matrix 

equation ! Then we will find the routines of 

p and p’ are the same as integral variable q !
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Integral routine

the second Riemann sheet of 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅
the first Riemann sheet of ഥ𝑫𝜦𝒄𝟏 𝟐𝟓𝟗𝟓

A bound state of 

ഥ𝑫𝜦𝒄𝟏 𝟐𝟓𝟗𝟓 with 𝑱𝑷 =
𝟏

𝟐

+

Key problem: 𝑽 𝒑, 𝒒 will 

have a pole of integral variable q

when p changed.

Typical property: Large decay width 

to 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅 . 
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Integral routine

the second Riemann sheet of 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅
the first Riemann sheet of ഥ𝑫𝜦𝒄𝟏 𝟐𝟓𝟗𝟓

A bound state of 

ഥ𝑫𝜦𝒄𝟏 𝟐𝟓𝟗𝟓 with 𝑱𝑷 =
𝟏

𝟐

+

Key problem: 𝑽 𝒑, 𝒒 will 

have a pole of integral variable q

when p changed.

Typical property: Large decay width 

to 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅 . While for 
𝟏

𝟐

−
state, the 

width of 𝑷𝒄 𝟒𝟒𝟓𝟕 → 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅 is 

only 100 keV. 
Minzhu Liu’s talk at第九届手征有
效场论研讨会
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Λ𝑏
0 → 𝐾−𝑃𝑐 4457 → 𝐾−𝐽/𝜓𝑃√

Λ𝑏
0 → 𝐾−𝑃𝑐 4457 → 𝐾−𝑃𝑐 4312 𝜋0 → 𝐾−𝐽/𝜓𝑃𝜋0

Λ𝑏
0 → 𝐾𝑠𝑃𝑐

0 4457 → 𝐾𝑠𝑃𝑐 4312 𝜋− → 𝐾𝑠𝐽/𝜓𝑃𝜋
−

Possible new processes

Λ𝑏
0 → 𝐾−𝐽/𝜓𝑃𝜋+𝜋−

How many 

states here ?

Maybe more !
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Λ𝑏
0 → 𝐾−𝑃𝑐 4457 → 𝐾−𝑃𝑐 4312 𝜋0 → 𝐾−𝐽/𝜓𝑃𝜋0

Λ𝑏
0 → 𝐾𝑠𝑃𝑐

0 4457 → 𝐾𝑠𝑃𝑐 4312 𝜋− → 𝐾𝑠𝐽/𝜓𝑃𝜋
−

We based on ഥ𝑫𝜦𝒄𝟏 𝟐𝟓𝟗𝟓 − 𝑷𝒄 𝟒𝟑𝟏𝟐 𝝅 coupled channel, by 

exchanging 𝚺𝒄
+, it will exist a 𝑱𝑷 = 𝟏/𝟐+ 𝑷𝒄 𝟒𝟒𝟓𝟕 state! 

Λ𝑏
0 → 𝐾−𝐽/𝜓𝑃𝜋+𝜋−

Thanks for attention ! 


