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Introduction : QCD at low energy

Quantum chromodynamics (QCD)

--> strong interaction of quarks and gluons
At low energies: confinement, chiral symmetry breaking

Chiral perturbation theory (ChPT)

--> Effective Field Theory of mesons and baryons
current algebra (low energy theorem) : OK
systematic low energy expansion

Ex.) nN scattering length is well reproduced

What happens if the low energy interaction is

strong?
Ex.) KN scattering non-perturbative
A(1405) framework




Introduction

Chiral dynamics for non-exotic hadrons

o Interaction <-- chiral symmetry
o Amplitude <-- unitarity condition
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WT interaction cutoff
model-independent (subtraction
constant)
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(s-wave) hadron excited states ~ @



Introduction

Chiral dynamics for non-exotic hadrons

(s-wave) hadron excited states ~ @@

Many hadron resonances are well described.

light |J2 = 1/27| A(1405) A(1670) X(1670)

baryon N(1535) =(1620) =(1690)
JP =3/27| A(1520) Z(1820) X(1670)
heavy A.(2880) A.(2593 D, (2317)

(
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Chiral interaction is STRONG




Introduction
Exotic hadrons in hadron spectrum

Observed hadrons in experiments (PDGO06) :
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Exotic hadrons are indeed exotic !!



Introduction

Exotic hadrons : experiment vs theory

Exotic hadrons : valence quark-antiquark(s)
non-exotic uds, ud, udsuu, uduu,...
exotic uudds, udss, ...

Experimentally, they are exotic ~ 1/300.

Theoretically, are they exotic?

--> There is no simple way to forbid exotic
states in QCD, effective models, ...

--> Evidences of multiquark components in
non-exotic hadrons.

Why aren’t the exotics observed??




Introduction

Possibility of exotic hadron as a bound
state of a target hadron and the NG boson

We need to check

o s-wave low energy interaction?

o Exotic channel?

o Is the interaction strong?




Chiral symmetry

Low energy s-wave interaction

Scattering of a target (T) with the pion (Ad)

el - 1 p-gq m 2
L) :\o’/: ~ f22My <FT'FAd>a+O((M_T))

s-wave : Weinberg-Tomozawa term
Y. Tomozawa, Nuovo Cim. 46A, 707 (1966); S. Weinberg, Phys. Rev. Lett. 17, 616 (1966)

Va = —2—]82
Coz = — <2FT Fpq), = Co(T) — Co(a) +3 (for Ny = 3)

model-independent interaction at low energy

Coupling strength has linear Nc dependence

T. Hyodo, D. Jido, L. Roca, 0712.3347 [hep-ph], Phys. Rev. D, in press.



Chiral symmetry

Coupling strengths : Examples

Coupling strengths : (positive is attractive)
Cor = Cy(T) — Cola) + 3

Q 1 8 10 | 10 | 27
T = 8(N,A, %, E) 6 | 3| o o | -2
T =10(A, X%, 2, Q) 6 | 3 1
Q 3 6 15 | 24
T =3(A., Ze) 3 1 | -1
T =6(2,=¢, Q) 5 3 1| =2

o Exotic channels : mostly repulsive
o Attractive interaction : C =1



Chiral symmetry

Coupling strengths : General expression
For a general target 7 = [p,q|

a € |p,q®[1,1] Co.T sign
p+1,q+1] —p—q repulsive
p+2,qg—1 1—p
p—1,q+2] 1—gq

P, q 3 attractive
P, q 3 attractive
p+1,q—2] 3+4q attractive
p—2,q+ 1] 3+p attractive
p—1,q-1 1+p+g attractive

o Strength should be integer.

o Sign Is determined for most cases.
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Chiral symmetry

Exotic channels

Exotichess : minimal number of extra qq.

2 _
E = ef(e) + v0(v) ezpz !B, v=tp
AE = FE, — Er = +1 is realized when \\\ ) //
——o—=—op—
OCa=p+1,q+1: Cor=-p—q L
repulsive

OCa=p+2,q—1:Cor=1-p

attraction : p=0then vy >0 — B > —¢/3
not considered here
OCa=[p—-1,q+2]: Cor=1—¢q
attraction : ¢ =0 then v <0 — B > p/3 OK!

Universal attraction for more “exotic”’ channel
Coxotic =1 for T =[p,0], a=[p—1,2]
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Scattering theory

Unitarization : N/D method

Unitarity cut --> N, unphysical cut --> D
T(s) =N(s)/D(s)
ImD(s) =Im[T~*(s)]N(s) = —p(s)N(s) for s > s,
ImN(s) =Im|[T'(s)]|D(s) fors < s_
Neglect unphysical cut, set N=1

- QL(SO) i [ - a 5)((3;/) - So)> -

loop function Interaction
— G(s) (tree level)

subtraction constant
(regularization parameter of the loop)
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Scattering theory

Renormalization and bound states

w

Identifying the interactionas v, = ——

2f2 OA,T
1

~ 1 T Voz(\/g)G(\/g)

Renormalization parameter : condition
G(p) =0, & T(p)=V(p) at p=>Mr

K. Igi and K. Hikasa, Phys. Rev. D59, 034005 (1999)
ML.EM. Lutz and E. Kolomeitsev, Nucl. Phys. A700, 193-308 (2002)

To(v's) Va(v/s)

Exclude the genuine quark states in G
T. Hyodo, D. Jido and A. Hosaka, arXiv: 0803.2550 [nucl-th]

Bound state:
1 — V(Mb)G(Mb) =0 Mp < My < M7p +m



Scattering theory

Critical attraction

1-V(vs)G(vs) : monotonically decreasing.

1.5 | |
C,~=6
L0 a,T i
/)7.5 — .
Fixed 0.0
G (MT) = o5l ]
1 — =1
VG -1.0- —— 1-VG [dimensionless]
-1.5+
| | | | | |
1200 1250 1300 1350 1400 1450 1500
T sqrt s [MeV] MT —I_ m

Critical attraction : 1 - VG =0at v/s= My +m

—) y 2/
Ccrit = m[—G(MT _|_m)]
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Scattering theory

Critical attraction and exotic channel

Coupling strength [dimensionless]

5 | | | | |
4 T CCI‘it N
- Cexotlc 1
3L |
L |
1
N A D Ac B

bound
state

l l
1000 2()00 3000 4000 5000 6000

Mass of the target hadron M [MeV]

m = 368 MeV and f = 93 MeV

== Strength is not enough.
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Summary 1 : SU(3) limit

We study the exotic bound states in s-wave
chiral dynamics in flavor SU(3) limit.

& The interactions in exotic channels are in
most cases repulsive.

« There are attractive interactions in exotic
channels, with universal and the smallest
Strength : Cexotic = 1

& The strength is not enough to generate a
bound state : C...iic < Cuit

The result is model independent as far as
we respect chiral symmetry.




Summary 2 : Physical world

Caution!
&« The exotic hadrons here are the s-wave meson-hadron
molecule states (1/2- for ©+).

< We do not exclude the exotics which have other origins
(genuine quark state, soliton rotation,...).

& In practice, SU(3) breaking effect, higher order terms,...

In Nature, it is difficult to generate exotic
hadrons as in the same way with A(1405),
A(1520),... based on chiral interaction.

T. Hvodo. D. Jido, A. Hosaka., Phys. Rev. Lett. 97. 192002 (2006)
T. Hyodo, D. Jido. A. Hosaka, Phys. Rev. D 75. 034002 (2007)




