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*x0<X<1]l - X>0.5< composite dominant
X < 0.5 & elementary dominant

- quantitative analysis of internal structure
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Near-threshold states
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- compositeness X = 1 in B — 0 limit (universality)

T. Hyodo, Phys. Rev. C 90, 055208 (2014) .

Near threshold states (B # 0) is composite dominant ?

- However, elementary dominant states is realized

. . . T. Hyodo, Phys. Rev. C 90, 055208 (2014) ;
Wlth fl ne tu ni ng C. Hanhart, J. R. Pelaez, and G. Rios, Phys. Lett. B 739, 375 (2014).

- How finely tuning parameter?
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@ single-channel resonance model
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2. coupling to bare state ¢ @ @

@ scattering amplitude
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Model scales and parameters

- typical energy scale : E., = A*/(2u)

typ
- three model parameters g, 1y, /A

1. calculation with given B
2

-1
coupling const. 8o - gg(B, vy, \) = ﬂ—(B + 1) [A — K arctan (A/K)]
U

.’ bound state condition f~! =0 Kk =1/2uB.
2. use dimensionless quantities with A
— results do not depend on cutoff A
3. energy of bare quark state v,
varied in the region —B/Ey, < vy/Epy, < 1
. to have go > () & applicable limit of model



Calculation
@ compositeness X
scattering amplitude : T = TG i fiode,
— X ) (E) = da/dE
G'(-B) — [V-{(-B)]
K A/k —17-1
= [1+ > 2<arctan(/\/1<)— 2) ] :
8oH 1 + (A/x)
-yg region : —B/E, < yy/Ey, < 1
L, dependence 4% model dependence

X > 0.5

@ X<0.5
q
compositeness X as a function of ‘ or “e

-y iNt@rnal structure of bound state?



@ X as a function of v/ E,y,, of bound state B = E 9
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- typical energy scale : B = L, = A/ 2u)
- X > 0.5 only for 25 % of v, "." bare state origin ®e



@ X as a function of v/ E,y,, of bound state B = 0.01E 10
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- weakly-bound state : B = 0.01E,,,

- X > 0.5 for 88 % of v; =¥ realization of universality
- elementary dominant state can be realized with fine tuning



Application to 7.. and X(3872)
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@ exotic hadron4—-decay and coupled channel

T. Kinugawa and T. Hyodo,
arXiv:2303.07038 [hep-ph]
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@ composﬂeness T. Sekihara, T. Arai, J. Yamagata-Sekihara and S. Yasui, PRC 93, 035204 (2016).

| X | X, : threshold ch. compositeness
X = / :
XX+

(J=12)

Xz : coupled ch. compositeness
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- Xz IS not negligible
. coupled ch. contribution (small Aw)

- difference of Xl + Xz(F = () and Xl + X2 Is too small
— We can neglect decay contribution 1<« B
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Uy [MeV]
- difference of Xl + Xz(r = ()) and Xl + Xz is large

- Xz IS much smaller than Xl
~—3¥ coupled ch. effect is small
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Summary 14

T. Kinugawa and T. Hyodo, arXiv:2303.07038 [hep-ph]

- internal structure of exotic hadrons 4—— compositeness

- shallow bound state

—% fine tuning is necessary to realize
elementary dominant state
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I'.. : important coupled ch. effect with negligible decay effect

X(3872) : important decay effect with negligible coupled ch. effect



