The Study of Pole Trajectory within a bare
state in the coupled channel model
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= | Motivation

» One channel
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FIG. 1. (a) The complex momentum p-plane and its correspond-
ing complex energy E-plane, which has (b) a physical sheet and (c)
an unphysical sheet. Their correspondence is indicated by the same
number. Solid squares (circles) represent the bound state (resonance)
poles.
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Can the poles be explained as traditional
resonances or bound states when they are
located at certain special positions (such as
7 area)? -
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> One channel with one bare state
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Motivation

> One channel with two bare state  A*(1232), A*(1600) ----case 1

N*(1535), N*(1650)----case 2
nN-A{A,, Ay =1.359GeV,A, = 1.6 GeV and 1.2 GeV

C. D. Abell, D. B. Leinweber, A. W. Thomas, J-J Wu, AOP 459(2023) 169531.
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How to systematically study the distribution of poles in various systems? Helps to
understand the origin of physical states ( 1.e., bound states, resonances, and virtual states) ,



=== | Kormalism

HEFT Method

» 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 Resonance

H = Hy + H, (mass, width, pole position, Coupling
strength)

Hy = z |B;ym(B;| + ZIa(kaD Nmil + kg + \/miz + kg [ (a(ky)l

i=1n a

Interactions at the quark

|B; > bare state, bare mass m; . > gluon level
la(k,) > non-interaction channels . »  Hadron level
Interaction
aq
Ho=g+9 >k B
e
9= > [latka)glalBil + B giala(ky)]]
a i=1n
a1 G1
H= 2|a(ka))va’ﬁ(ﬁ(kﬁ)| >< T Matrix Lattice
@B a B4 ( Phase shift, non- energy

elastic coefficient ) 5 spectrum



== | Discussion

»The number of pole .vs. Form factor
2

Form factor: Jfa(k) = (1+ (k/A)2)" Wa (k) = May +May + ﬁ—F 2W’fzm

o fia) = — A=1, vy, =—1
Pole position: 1 = vaq / dqq 7 wo‘ () e Moy =1GeV, mgy =1GeV,A =1, vy, = —
on=1

: ko 4 7.2
/d ,  fale) _2mVEY G TR~
E= (k2 +1)2

Wea (q) + i€

Moy Mam,

ko = \/Qﬂ(E — May = May)  H= A2 (Mo +mag,)

Pole position: E = 1.403 GeV



== | Discussion

2 fg(Q)
/dqq E —wqy(q) + ic

on =2

mu(k§ + 5k — 160/l 52 + 15k3 — 5)
A(ki + 1)*

Mo 5 Moy,

ko = \/2N(E_ May = May) H = A2 (Mo +may,)

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

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



== | Discussion

» Fitting phase shift

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

g 605 ~~~~~~~~~~~ E E
Ecm (MeV) | Ecm (MeV)
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 9
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n = 1:1.97886 GeV folk) = T /n)e
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» One channel without bare state X
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Usually, such bound state 1s recognized as Re(E) (GeV) (61):,

hadronic molecular state The more attractive, the deeper bound state
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Discussion

> One channel without bare state

P- wave interaction
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FIG. 3: Comparison between ACCC and CS methods for * Py nn resonance trajectories with Reid93 potential. ACCC results
with several Padé orders [N,M] and y=6.1 to 1.0 are represented by solid lines. CS results are denoted by squares and correspond
to v from 6.1 to 2.7 by steps of 0.1. Star points correspond to [5,5] Padé approximant used in ACCC. They are already very
close to CS results: by adding a few terms in the approximant a perfect agreement is reached.

R. Lazauskas, J. Carbonell, PRC 71(2005) 044004.



Bl ::;  Discussion

o o 81
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We suggest looking for cases where two particles Thep ossibil.ity of the bare state B
are repulsive and there 1s a bare state predicted by component in the dressed state B
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Summary

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

* In relativistic cases, there 1s a significant difference in the distribution
of resonance state poles and bound state poles, and the distribution of
energy momentum on different Riemann sheet 1s 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.
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For bare state |B) and coupled channel states |a(k)),
the eigenvalue equation of the Hamiltonian system can

be written as
Hola(k) > = (Ea,, (k) + Eay (K))|a(k) >, (25)
Hy|B >=mpg|B > . (26)

For a bound state B, the eigenvalue equation of the

Hamiltonian is defined as

H|B) = E|B), (27)

S ool + X [ it

(28)

— o

1B)

— 712

where Z is normalization constant, cp and a, (k) are the
bare state and |a(k)) components of the bound state B,
respectively, and F 5 is the mass of the bound state. In
this paper, our aim is to find the nature of pole position
related to bare states, thus, to simplify this model, we
only consider one bare state and one two-body coupled

channel. Then the expression of the bound state reads,

B) = i [yB>+ / deka(ka)], (29)
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FIG. 12: The variation law of the real part ¥(E) FIG. 13: The variation law of the real part X p(F)
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