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Elucidation of new hadrons with variety of flavors (2009 - 2013)
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Structure of resonances
single particle vs collective (cluster)

Atsushi Hosaka　保坂　淳
RCNP, Osaka Univ
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Collaborators:  T. Hyodo (TITech, Tokyo), 
                         D. Jido (Yukawa Inst. Kyoto), 
                         H. Nagahiro (Nara Women’s Univ), 
                         K. Nawa, S. Ozaki (RCNP)
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1. Introduction
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Broken symmetry
where we are now

Light flavor

“Constituent” quarks
  Successful for ground states
  qq and qqq of independent particles
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Θ+, Λ(1405), …, X(3872), Z+(4430), etc
Pentaquarks    Hadronic molecule   Tetraquarks

Observation of exotic hadron resonances

Quantum nembers
Matrix elements

Not easy to explain by 
the conventional picture 
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DiquarkTriquark Meson-baryon
composite

Colored correlation Colorless correlation

Θ+, Λ(1405), …, X(3872), Z+(4430), etc
Pentaquarks    Hadronic molecule   Tetraquarks

Key question: 
What multiquark configurations are possible?

Quantum numbers
Matrix elements

Not easy to explain by 
the conventional picture 

Observation of exotic hadron resonances
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Example in Nuclear Physics

Single particle like

Exotic
 correlation

12C 02
+ Hoyle state
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2. Coexistence of different structures
Hideko NagahiroHideko Nagahiro1)1), , Kanabu Kanabu NawaNawa2)2), , 

Sho Sho OzakiOzaki2)2), Daisuke Jido, Daisuke Jido3)3), and Atsushi Hosaka, and Atsushi Hosaka2)2)

  1) 1) Department of Physics, Nara WomenDepartment of Physics, Nara Women’’s University,s University,
2) 2) RCNP, Osaka University,RCNP, Osaka University,
3)3) YITP, Kyoto University YITP, Kyoto University

Reasonably truncated model space

Bare qq or Hadronic πρ composite for a1

a1 phys
= z

1
+ z

2
+ ...ρρ

ππaa11 compositebare
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A problem of chiral theory
LWT = 1

4 f!
2 trBi"

µ [#$µ# % $µ##,B] ~
s % M
2 f!

2 BB##
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A problem of chiral theory
LWT = 1

4 f!
2 trBi"

µ [#$µ# % $µ##,B] ~
s % M
2 f!

2 BB##

Point like δ-function attraction => Ill defined

=T V V VG+ + . . . 

Divergent loop function needs regularization
⇒ We can make a model as we want

Natural scheme for compositeness condition
Hyodo-Jido-Hosaka, PRC78:025203,2008
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Coexistence of different structure

 qq*  qqq        qqqqqq q

Bare elementary Hadronic composite
Single particle Cluster formation
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A model for π, ρ and a1

Hidden Local Symmetry or Holographic model
Bando-Kugo-Yamawaki Sakai-Sugimono

PTP113(05)843; PTP114(05)1083PTP113(05)843; PTP114(05)1083

NawaNawa, , SuganumaSuganuma, , KojoKojo,,
     PRD75     PRD75(07)(07)086003086003 etc etc

Phys. Rept., 164 (1988) 217

ππ ππ

ρρρρ

ππ

ρρ

barebare
qq

compositecomposite
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Solving the problem

++ ++ ++ ……
≡≡

(a) Composite, dynamically generated

(b) Bare, qq
mixing with 
the strength x

H =
H!" + vWT g

g Ha1

#

$%
&

'(
) T =

T!")!" T!")a1
Ta1)!" Ta1)a1

#
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ππ

ρρ

Hamiltonian

g

T-matrix

LS-equation
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pole flow
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x x = 0= 0

x x = 0= 0

ρ
π

a1

ππ

ρρbare bare aa11

xx

pole-apole-a

pole-bpole-b
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pole flow
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x x = 1= 1

x x = 1= 1

Pole from Pole from ““WT-moleculeWT-molecule””
     is closer to the real axis     is closer to the real axis

    than that of     than that of ““barebare”” pole pole

ρ
π

a1

ππ

ρρbare bare aa11

xx

x x = 0= 0
pole-apole-a

x x = 0= 0

pole-bpole-b

Change x from 0 to 1 (realistic)
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To know better the nature of the poles

Extract two one-particle propagators in the T matrix 

Full solution -> Two level problem

T!"#!" = +

+ + + . . . 
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mixing properties
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at physical point (at physical point (xx=1)=1)
•• pole-a pole-a remains as a  remains as a ““moleculemolecule””
                (bare comp.                 (bare comp. δδ  molecule comp.)molecule comp.)

will exchange at will exchange at xx > 1 > 1

 both poles have molecule comp. both poles have molecule comp.
•• pole-b pole-b changes into a  changes into a ““moleculemolecule”” 
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large NC

For realistic mixingFor realistic mixing  
          pole-b pole-b stays similarstays similar  
          pole-a changes its naturepole-a changes its nature
                      molecule-> baremolecule-> bare

xx=0.8=0.8

∝1/ NC1/2

Large NC procedure itself  changes
the ratio of 4- and 3-point vertices.

∝ 1/NC

NNCC
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by large Nby large NCC procedure. procedure.
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Summary for dynamical generation

•  Exotics may have correlations
      qq, qq, qqq
   Question; how are they realized and observed

•　For hadronic composite,  anatural has been defined
    Difference apheno - anatural is interpreted as bare states

•  We have studied a system of composite + bare a1

          Two channel treatment is now being completed
          Large-Nc behavior is well studied.  

a1
phys = z1 +z2 +...ρρ ππaa

11 compositebare
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