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Introduction

Method to study the internal structure

Internal structure of excited hadrons?
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- Weak binding relation: observables -> compositeness

S. Weinberg, Phys. Rev. 137, B672 (1965)
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Introduction

Weak binding relation for stable states

Compositeness of s-wave weakly bound state (R » Ryp)

S. Weinberg, Phys. Rev. 137, B672 (1965);
T. Hvodo, Int. J. Mod. Phys. A 28, 1330045 (2013)
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do: scattering length, r.: effective range

R = (2uB)-'2: radius of wave function

Riyp: length scale of interaction

X: probability of finding composite component

- deuteron is NN composite (ao ~ R » re) —> X ~ 1
- internal structure from observable
- no nuclear force potential / wavefunction of deuteron

Note: applicable only for stable states



Weak-binding relation: stable bound state

Effective field theory

Low-energy scattering with near-threshold bound state

- Nonrelativistic EFT with contact interaction

D.B. Kaplan, Nucl. Phys. B494, 471 (1997)
Y. Kamiya, T. Hyodo, Phys. Rev. C93, 035203 (2016
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- cutoff : A ~ 1/Ryp (interaction range of microscopic theory)

- At low momentum p « /A, interaction ~ contact



Weak-binding relation: stable bound state

Compositeness and “elementariness”

Eigenstates

2

p . :
Hpree| Bo) = v0| Bo), Hiree|P) = @!m free (discrete + continuum)

(Hree + Hing)| B) = —B| B) full (bound state)

- normalization of |B> + completeness relation

(BIB) =1, 1=|Bo}(Bol+ [ islp)(l

- projections onto bare states

7 e 2.

“elementariness” composneness O

O O

Z, X: real and nonnegative —> interpreted as probability



Weak-binding relation: stable bound state

Weak binding relation

WO scattering amplitude (exact result)
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Compositeness X <— V(E), G(E)
T. Sekihara, T. Hyodo, D. Jido, PTEP2015, 063D04 (2015

X ={1+G*(~BW(-B)[G'(-B)] }*

1/R=(2uB)'2 expansion: leading term <— X
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) renormalization dependent
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renormalization independent

If R » R, correction terms neglected: X <— (B, ao)



Weak-binding relation: unstable state

Introduction of decay channel

Introduce decay channel

A dr_QM,WT Vi — vyt 4 o VeV - u¢¢’*¢’],

Hiy = / dr g5 (Be'w' + 19" Bo) + viu¢te'v’ + obwiele'y + w’w%w],
Quasi-bound state: complex eigenvalue @
H = Hfree + Hf/ree + Hint + Hllnt T @ —

V
HIOB) - EaplQB). EqpeC B O O
| - ©

Generalized relation: correction term <— threshold difference
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Y. Kamiya, T. Hyodo, Phys. Rev. C93, 035203 (2016)
cf. V. Baru, et al., Phys. Lett. B586, 53 (2004),...
If |R| » (Riyp, |) correction terms neglected: X <— (Eag, ao)
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Application: A(1405)

Application

Generalized weak binding relation X <— (Eqg, ao)

o=l 2 so(|5]) +o ()| R- o, 1=

- \(1405) (higher) pole position and KN scattering length
Y. Ikeda, T. Hyodo, W. Weise, PLB 706, 63 (2011); NPA 881 98 (2012), ...

- Eqs = -10 -26i MeV —> |R| ~ 2 fm —> small correction term

Bunl <012, |4]°<016 (rho exchange, ri> threshold)
Ref. Egpp (MeV) ap (fm) XN G?KJ? U
$ 1451 -10-i26 139085 124000 | 10|05 g LZ 1Z] + | X]|
' [46] —4—i8 181-i092 0.6+i0.1| 0.6 | 0.0 2
systematiC 477 —13-i20 130—:085 09—i02| 09 | 0.1

[48] 2—il0 1.21-il47 06+i0.0| 06 |00 U=|Z]|+|X]|-1
S Or l (48] — 3—il2 152-il85 1.0+i0.5| 0.8 ) 0.6

A(1405) is KN composite <— observables



Summary

&« Compositeness of near-threshold bound state

can be determined only by observables.
S. Weinberg, Phys. Rev. 137, B672 (1965)

« Weak binding relation can be generalized to
unstable states with effective field theory.

;

ao—R{li_)i(+O<Rgp|)+O<ll%3)}’ R:\/—ZL—EQB’ : 21/w

&« Precise determination of the pole position and

scattering length shows that /\(1405) is
dominated by KN composite component.




