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Motivation

• Physical sheet

Bound state: Poles on the real 𝐸 axis

• Unphysical sheet

Resonance(Area 8): Poles on the lower  

half  plane  and 𝑅𝑒𝐸𝑝𝑜𝑙𝑒 > 𝐸𝑡ℎ

𝐸 =
𝑝2

2𝜇
𝜇 =

𝑚1 +𝑚2

𝑚1 𝑚2

Non-relativistic:

➢ One channel

N. Suzuki and T. Sato, PRC 79 (2009) 025205.
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Motivation

Relativistic:

𝐸 = 𝑚1
2 + 𝑘2+ 𝑚2

2 + 𝑘2

• Physical sheet

Bound state: Poles on the real 𝐸 axis

• Unphysical sheet

Resonance(Area 7,8): Poles on the lower half plane 

and 𝑅𝑒𝐸𝑝𝑜𝑙𝑒 > 𝐸𝑡ℎ

Can the poles be explained as traditional 

resonances or bound states when they are 

located at certain special positions (such as 

7 area)? 2

C. Hanhart, J. R. Pelaez, and G. Rios, PLB 739 (2014) 375-382.

Y-F Wang, D-L Yao, and H-Q Zheng, EPJC 78 (2018) 7, 543.Crazy resonance:



Motivation

◆𝚲(𝟏𝟒𝟎𝟓): much lower than its nucleon counterpart 𝑁 1535 , mass splitting between 

the Λ 1405 and its spin partner Λ(1520) is much larger than that in the nucleon sector

ത𝐾𝑁

ത𝐾𝑁 − 𝑢𝑑𝑠

◆𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕): 160 MeV lower than GI model prediction

𝐷𝐾 − (𝑐 ҧ𝑠), 70% 𝐷𝐾 component

𝑐 ҧ𝑠
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Motivation

Δ∗(1232), Δ∗(1600)   ----case 1

𝑁∗(1535), 𝑁∗(1650)----case 2

𝜋𝑁-Δ1Δ2,     Δ1 = 1.359 GeV, Δ2 = 1.6 GeV and 1.2 GeV

➢One channel with two bare state

C. D. Abell, D. B. Leinweber, A. W. Thomas, J-J Wu, AOP 459(2023) 169531.

How to systematically study the distribution of poles in various systems? Helps to 

understand the origin of physical states ( i.e., bound states, resonances, and virtual states)
4



HEFT MethodFormalism

𝐻 = 𝐻0 + 𝐻𝐼

𝐻0 = ෍

𝑖=1,𝑛

𝐵𝑖 𝑚𝑖 𝐵𝑖 +෍

𝛼

𝛼(𝑘𝛼) 𝑚𝛼1
2 + 𝑘𝛼

2 + 𝑚𝛼2
2 + 𝑘𝛼

2 𝛼(𝑘𝛼)

𝐻𝐼 = ො𝑔 + ො𝑣

ො𝑔 =෍

𝛼

෍

𝑖=1,𝑛

𝛼(𝑘𝛼) 𝑔𝑖,𝛼
+ 𝐵𝑖 + 𝐵𝑖 𝑔𝑖,𝛼 𝛼(𝑘𝛼)

ො𝑣 =෍

𝛼,𝛽

𝛼(𝑘𝛼) 𝑣𝛼,𝛽 𝛽(𝑘𝛽)

|𝐵𝑖 > bare state, bare mass 𝑚𝑖

|𝑎(𝑘𝑎) > non-interaction channels

Interactions at the quark 

gluon level

Hadron level 

interaction

HEFT

Lattice 

energy 

spectrum

Resonance
(mass，width，pole position，Coupling 

strength)

T Matrix

（ Phase shift, non-

elastic coefficient ）

➢The Hamiltonian effective field theory (HEFT) is a powerful theoretical tool to study 

resonance positions, partial decay widths, scattering phase shifts which is related to 

experimental observation
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Discussion

➢The number  of pole .vs. Form factor

𝑚𝛼𝑁 = 1 GeV, 𝑚𝛼𝑁 = 1 GeV, Λ = 1, 𝑣𝛼𝛼 = −1

Pole position: 𝐸 = 1.403 GeV

◆𝑛 = 1

Form factor:

Pole position:



Discussion

Pole position: 𝐸 = 1.255 − 2.105𝑖 GeV, 𝐸 = 1.942 GeV

◆𝑛 = 2

Conclusion: if  𝑛=1, 2, 3,etc., the number of poles will be 1, 2, 3, etc.
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Discussion

𝑛 = 3: 1.98433 GeV, 1.14228-2.36899i GeV, 2.22393−1.26388i GeV

 𝑛 = 2: 1.98336 GeV, 1.79308 − 1.39633i GeV

𝑛 = 1: 1.97886 GeV

➢Fitting phase shift
Not all of the poles solved from T-matrix have physical meanings, How to filter them?

7



c-c modelDiscussion

➢ One channel without bare state

𝑆- wave interaction

Usually, such bound state is recognized as 

hadronic molecular state The more attractive, the deeper bound state
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c-c modelDiscussion

➢ One channel without bare state

𝑃- wave interaction

𝑃-wave nucleon-nucleon interaction

R. Lazauskas, J. Carbonell, PRC 71(2005) 044004.
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➢ One channel with a bare state

b-c-c modelDiscussion

𝑆-wave, 𝑚𝐵 above channel threshold

We suggest looking for cases where two particles 

are repulsive and there is a bare state predicted by 

traditional quark models near the threshold

The possibility of the bare state 𝐵
component in the dressed state ത𝐵
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b-c-c modelDiscussion

𝑆-wave, 𝑚𝐵 below channel threshold
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b-c-c modelDiscussion

𝑃-wave, 𝑚𝐵 above channel threshold



13

b-c-c modelDiscussion

𝑃-wave, 𝑚𝐵 below channel threshold

The existence of bare states 

has a significant impact on 

the distribution of poles
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Summary

• In relativistic cases, there is a significant difference in the distribution 

of resonance state poles and bound state poles, and the distribution of 

energy momentum on different Riemann sheet is also different.

• The form factor of the interaction influences the number of 

singularities in the scattering amplitude.

• The presence of a bare state can influence the distribution of two-body 

scattering poles, thereby altering their properties.

We systematically calculated the pole distribution of c-c system and b-c-c system.



Thank you for your 

attention
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