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Near-threshold states
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Near-threshold states
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@ single-channel resonance model
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Model scales and parameters

- typical energy scale : L, = A/ 2u)

- three model parameters g, L, A

1. calculation with given B
2

-
coupling const. g : g5(B, vy, A) = ﬂ—(B + 1) [A — x arctan (A/K)]
U

‘. bound state condition f~! =0 kK =+/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/E, < vy/Eyy, <1
. to have go > (0 & applicable limit of model



Calculation
@ compositeness X
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SoH 1+ (A/K)
-yg region : —B/E < yy/Ep, < 1
U, dependence 4% model dependence

X>0.5

@ X<0.5
q
compositeness X as a function of 1, ‘ or @

-t internal 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 = £, = A/ (2u)
- X > 0.5 only for 25 % of v "." bare state origin ®e



@ X as a function of 1/ Eyy,, of bound state B = 0.01E 10
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- weakly-bound state : B = 0.01E,y,

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



Decay & coupled ch. effects I

actual exotic hadrons —¥ decay and coupled channels
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other channels than threshold channel make deviation

fromX =1 Y. Kamiya and T. Hyodo, PTEP 2017, 023D02 (2017).

In this work, we study those deviations quantitatively!



Effect of decay 12

@ introducing decay effect

- formally : introducing decay channel in lower energy region than
binding energy
- eigenenergy becomes complex

- effectively : coupling const. g € C f? 44— this work
K ing = ’§9_g(¢h//1¢2 T 451J(l//2T b) .
E=—-B—»E=—-B—-il/2

COMPOSIteness T Sekinara, T. Arai, J. Yamagata-Sekihara and S. Yasui, PRC 93, 035204 (2016).
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Effect of decay 13
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- Xis suppressed by decay effect

*." threshold ch. component (X) decreases with inclusion of
decay ch. component (1 — X)
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Effect of coupled channel

TAa)
0+ -~ threshold ch.
!B

@ introducing coupled channel ¥,'Y,

| P) = \/Y|threshold ch) +\/Y|00upled ch) +4/1 - (X; + X,) | others)
A e = (Kinetic terms of y ,, ¥y 5, @) + @,'¥, ‘P + a)z‘Pz\PT + 1y P,

T = 8ol s + y i + T, + P, W),
- threshold energy difference Aw = w0, + 0,

- ch. 1 couples to ch. 2 through ¢ with same coupling const.

\Pl ¢ "4}

\PZ 80 80 W
- low-energy universality with coupled-channel effect (B — 0)

X; — 1 (threshold channel)
X, = 0 and Z — 0O (other channel)



Effect of coupled channel
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Application to 7. and X(3872) 16

@ exotic hadron ¢—decay and coupled channel
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@ com POSIHENESS T. Sckihara, T. Arai, J. Yamagata-Sekihara and S. Yasui, PRC 93, 035204 (2016).

| X; | (= 12) Xl : threshold ch. compositeness
A — . ] — . -
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- Xz IS not negligible
. coupled ch. contribution (small Aw)

- difference of Xl + Xz(F = () and Xl + Xz Is too small
~—3 We can neglect decay contribution 1<« B
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- difference of X; + X,(I" = 0) and X, + X, is large

"." large decay width contribution

- Xz IS much smaller than Xl
~—3¥ coupled ch. effect is small
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- internal structure of exotic hadrons 4—— compositeness

- shallow bound state

——¥ fine tuning is necessary to realize
elementary dominant state

- decay and coupled channel effects are introduced

—4 pOth decay and coupled ch. effects
suppress compositeness

- T.. and X(3872) with decay and coupled ch. effects

I'.. : important coupled ch. effect with negligible decay effect

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



