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本研究の目的本研究の目的

Exotic hadrons :Exotic hadrons : notnot simple simple qqqq (or (or qqqqqq)) statestate

›› σσ,  ,  ff00(980), (980), aa00(980), (980), …… ,  ,  aa11(1260)(1260), , KK11(1270), (1270), ……, N*(1535), , N*(1535), ΛΛ(1405), (1405), …… etcetc……

multimulti--quark system, quark system, ハドロン分子共鳴状態ハドロン分子共鳴状態, , ……

−−

aa11(1260) (1260) πγπγ decaydecay as as πρ πρ compositecomposite
H. N.H. N., L. Roca, A. , L. Roca, A. HosakaHosaka and E. and E. OsetOset, PR, PRD79D79(09)014015.(09)014015.

aa11
++ ππ++γγ …… ΓΓπγπγ ~ 130 ~ 130 keVkeV [[実験値実験値 : 640 : 640 ++ 246 246 keVkeV]]

bb11
++ ππ++γγ …… ΓΓπγπγ ~ 210 ~ 210 keVkeV [    [    〃〃 : 230 + 60 : 230 + 60 keVkeV] ] 

aa11 == CC11
ρρ

ππ ++
hadronic compositehadronic composite

CC22
aa11

qqqqbarbar--corecorephysical hadronphysical hadron

+ + ……

どのように混ざるかどのように混ざるか
どの程度混ざっているかどの程度混ざっているか

aa1 1 に限らず全てのハドロン共鳴は、に限らず全てのハドロン共鳴は、

多かれ少なかれ、複数の要素の多かれ少なかれ、複数の要素の混合混合状態状態
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aa11(1260) axial vector meson (1260) axial vector meson …… a good examplea good example

as a as a dynamically generated resonancedynamically generated resonance [as [as πρπρ composite particlecomposite particle]]
[coupled[coupled--channel BS]channel BS] LutzLutz--KolomeitsevKolomeitsev, NPA730(04)392, , NPA730(04)392, ……

ρρ
ππ

aa11

as an as an elementary fieldelementary field (or (or qqqq) : candidate for chiral partner of ) : candidate for chiral partner of ρρ−−

[Hidden local sym.][Hidden local sym.] BandoBando--KugoKugo--YamawakiYamawaki; PR164(88)217; Harada; PR164(88)217; Harada--YamawakiYamawaki, PR381(03)1, , PR381(03)1, 
KaiserKaiser--MeissnerMeissner, NPA519(90)671, , NPA519(90)671, ……

[[qqqq--NJL]NJL] M.WakamatsuM.Wakamatsu et al,et al,. ZPA311(88)173, . ZPA311(88)173, A.HosakaA.Hosaka, PL, PLB244B244(90)(90)363363--367 367 , , ……−−

[Lattice QCD][Lattice QCD] M. Wingate M. Wingate et al.et al., PRL74(95)4596, ..., PRL74(95)4596, ...

[Holographic QCD][Holographic QCD] T. Sakai, S. Sugimoto, PTP113 (05) 843; T. Sakai, S. Sugimoto, PTP113 (05) 843; ibid.ibid.114(05)1083, 114(05)1083, ……

[Chiral Unitary model][Chiral Unitary model] RocaRoca--OsetOset--Singh, PRD72(05)014002, Singh, PRD72(05)014002, ……

[Particle Data Group, JPG [Particle Data Group, JPG 3737, 075021 (2010)], 075021 (2010)]

applicationsapplications
[[ττ--decay spectrum]decay spectrum] M. Wagner and S. M. Wagner and S. LeupoldLeupold, PRD78(08)053001, , PRD78(08)053001, ……
[radiative decay width][radiative decay width] H.N, L. Roca, A. H.N, L. Roca, A. HosakaHosaka , E. , E. OsetOset, PRD79(09)014015, , PRD79(09)014015, ……
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hidden local sym.hidden local sym. or      or      holographic modelholographic model

ππ

ρρ

ππ

ρρ

ππ

ρρ

elementary aelementary a11

ffππ = 92.4MeV,  = 92.4MeV,  mmρρ = 776MeV= 776MeV
mmaa11= 1189 = 1189 MeVMeV

ii

このこの aa11 meson meson をを qqqqbarbar 状態状態(elementary (elementary aa11) ) と考える。と考える。
[[hQCDhQCD is constructed in the large is constructed in the large NcNc limit]limit]

elementary elementary aa11 meson meson の質量の質量 : in holographic model: in holographic model
SakaiSakai--Sugimoto, PTP113(05)843; PTP114(05)1083]Sugimoto, PTP113(05)843; PTP114(05)1083]

input parametersinput parameters

A good model for A good model for aa11, , ππ and and ρρ mesonsmesons

BandoBando--KugoKugo--YamawakiYamawaki, PR164(88)217, PR164(88)217 SakaiSakai--Sugimoto, PTP113(05)843Sugimoto, PTP113(05)843

A good model for A good model for composite acomposite a11 and and elementary aelementary a11

composite acomposite a11
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Dynamically generated resonances : Dynamically generated resonances : composite composite aa11 mesonmeson

πρπρ--composite composite としてのとしての aa11 meson : chiral unitary model meson : chiral unitary model 
L.RocaL.Roca, , E.OsetE.Oset and and J.SinghJ.Singh, PRD72(05)014002, PRD72(05)014002

ρρ
ππ KK**

ΚΚ
−−++

πρπρ πρπρ 散乱振幅散乱振幅 : coupled: coupled--channel channel 計算計算

aa11 pole as mainly pole as mainly πρπρ compositecomposite at 1011at 1011--8484ii MeVMeV

aa((μμ) = ) = −−0.2 (natural)0.2 (natural)

[T. [T. HyodoHyodo, , D.JidoD.Jido, , A.HosakaA.Hosaka, PRC78(08)025203], PRC78(08)025203]

aa((μμ)= )= −−1.85 (1.85 (μμ=900MeV) [Roca =900MeV) [Roca et al.et al.]]

regularization constantregularization constant

to avoid the double counting.to avoid the double counting.

==+++ +++ +++ ………== ==

[Roca05][Roca05]

vvWTWT
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Formalism : Formalism : elementary elementary aa11 fieldfield through through additional interactionadditional interaction

+++

ρρ
ππ

aa11++

=  physical resonant =  physical resonant aa11 states  states  

+++ +++ +++ +++ ………+++

mixed states of mixed states of πρπρ composite composite aa11 and elementary and elementary aa11 mesonsmesons

vvaa11

fullfull scattering amplitudescattering amplitude

xx

causes the mixingcauses the mixing

aa11 pole termpole term

elementary elementary aa11 meson meson は、は、 additionaladditional
interaction interaction vvaa11 を通して散乱に寄与を通して散乱に寄与
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Numerical result 1 : poleNumerical result 1 : pole--flow of Tflow of T--matrix matrix 

00

−−100100

−−200200

−−300300

−−400400

−−500500

−−600600
900900 10001000 11001100 12001200 13001300 14001400 15001500 16001600 17001700 18001800

[Roca [Roca et al.et al., PRD72], PRD72]
aa==−−1.851.85

πρπρ channel onlychannel only
aa==−−1.851.85

00
ssp p = = 10111011−−8484ii MeVMeV

00
ssp p = 1012= 1012−−9898i i MeVMeV

πρπρ channel onlychannel only
aa==−−0.20.2

[natural][natural]
ssp p = 1012= 1012−−221221i i MeVMeV

single channelsingle channel

naturalnatural
ρ

π

ρ
π Κ∗

Κ
−

++

ρ
π
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Numerical result 1 : poleNumerical result 1 : pole--flow of Tflow of T--matrix matrix 

00

−−100100

−−200200

−−300300

−−400400

−−500500

−−600600
900900 10001000 11001100 12001200 13001300 14001400 15001500 16001600 17001700 18001800

elementary elementary aa11 polepole
mma a = 1189 = 1189 MeVMeV (HQCD)(HQCD)

ssp p = 1012= 1012−−221221i i MeVMeV

ρ
π

πρπρ channel onlychannel only
aa==−−0.20.2

[natural][natural]

a1
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Numerical result 1 : poleNumerical result 1 : pole--flow of Tflow of T--matrix matrix 

00

−−100100

−−200200

−−300300

−−400400

−−500500

−−600600
900900 10001000 11001100 12001200 13001300 14001400 15001500 16001600 17001700 18001800

ssp p = 1012= 1012−−221221i i MeVMeV

xx
11xx

11

x x = 1= 1

x x = 1= 1

x x = 0= 0

x x = 0= 0

πρπρ channel onlychannel only
aa==−−0.20.2

[natural][natural]

ρ
π

elementary elementary aa11 polepole
mma a = 1189 = 1189 MeVMeV (HQCD)(HQCD)

a1

ππ

ρρ
bare bare aa11

xx

10331033−−107107i i MeVMeV

17281728−−313313i i MeVMeV
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00

−−100100

−−200200

−−300300

−−400400

−−500500

−−600600
10001000 11001100 12001200 13001300 14001400 15001500 16001600 17001700 18001800

x x = 1= 1

x x = 1= 1

x x = 0= 0

x x = 0= 0

polepole--aa polepole--bb

ππ

ρρ
bare bare aa11

xxNumerical result 1 : poleNumerical result 1 : pole--flow of Tflow of T--matrixmatrix

Pole from Pole from ““πρπρ--compositecomposite””
is closer to the real axisis closer to the real axis

than that of than that of ““elementaryelementary”” polepole

900900

a1

ρ
π

|T
|

|T
|22

1.41.4

1.21.2

1.01.0

0.80.8

0.60.6

0.40.4

0.20.2

00 11 1.11.1 1.21.2 1.31.3 1.41.4 1.51.5 1.61.6 1.71.7 1.81.8
GeVGeV

[Roca05][Roca05]

|T||T|22 on the real axison the real axis

this studythis study

polepole--bb

polepole--aa
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Numerical result 1 : poleNumerical result 1 : pole--flow of Tflow of T--matrixmatrix

00

−−100100

−−200200

−−300300

−−400400

−−500500

−−600600
10001000 11001100 12001200 13001300 14001400 15001500 16001600 17001700 18001800

x x = 1= 1

x x = 1= 1

x x = 0= 0

x x = 0= 0

Pole from Pole from ““πρπρ--compositecomposite””
is closer to the real axisis closer to the real axis

than that of than that of ““elementaryelementary”” polepole

polepole--aa polepole--bb

ππ

ρρ
bare bare aa11

xx

ρ
π

a1?

??

Q. What is the nature of these physical (Q. What is the nature of these physical (xx=1) poles ?=1) poles ?
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Numerical result 1 : large NNumerical result 1 : large NCC flowflow

00

−−100100

−−200200

−−300300

−−400400

−−500500

−−600600
900900 10001000 11001100 12001200 13001300 14001400 15001500 16001600 17001700 18001800

ππ

ρρ
bare bare aa11

xx
x x = 0= 0

x x = 1= 1

x x = 1= 1

x x = 0= 0

NN
CC

large
large

NNCC=5=5

NNCC=10=10

x x = 0.7= 0.7
x x = 0.65= 0.65

NN
CC

large
large

NN
CC

large
large

To see the nature of poles :To see the nature of poles :

and and NNCC largelarge
polepole--aa

L.GengL.Geng et al.et al.,,
EPJA39(09)81EPJA39(09)81

polepole--bb

?

??

flip!flip!

ρ
π

a1
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Alternative expression for the Alternative expression for the fullfull πρπρ scattering amplitude Tscattering amplitude T

= (= (ggRR, , gg ) ) 
ss−−sspp

ss−−mma1a1
22 −− gGggGgRR gGggGg

ggRRGgGg
−−11
ggRR
gg

+++ +++ +++ ……… ªªª ==

aa11 pole termpole term ππ ππ

ρρρρ

bare bare aa11

πρπρ--composite composite aa11 polepole

,,== (( )) −−−
−−11 −−11
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Alternative expression for the Alternative expression for the fullfull πρπρ scattering amplitude Tscattering amplitude T

,,== (( )) −−−
−−11

,,== (( ))
++ ++ ……

== ++ ++++ ++++ ……

−−11

= (= (ggRR, , gg ) ) 
ss−−sspp

ss−−mma1a1
22 −− gGggGgRR gGggGg

ggRRGgGg
−−11
ggRR
gg

== ++ ++++
ggRR ggRR gg gg gg ggggRR ggRR

DD1111 DD2121 DD1212 DD2222

In this form, we can analyze the mixing nature of the physical In this form, we can analyze the mixing nature of the physical aa11

in terms of the in terms of the original two basesoriginal two bases:                   and           :                   and           
composite composite aa11 elementary elementary aa11
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full propagator D full propagator D の性質の性質

それぞれのそれぞれの propagator propagator はは TTfullfull と同じ所にと同じ所に pole pole を持つ。を持つ。

そのその residues residues zzaaiiii は、は、mixing rate mixing rate の意味を持つ。の意味を持つ。

+ regular term+ regular term

polepole--a a にに,, composite composite aa1 1 を見いだす確率を見いだす確率

DD1111

In this form, we can analyze the mixing nature of the physical In this form, we can analyze the mixing nature of the physical aa11

in terms of the in terms of the original two basesoriginal two bases:                   and           :                   and           
composite composite aa11 elementary elementary aa11
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--0.10.1

--0.20.2

--0.30.3

--0.40.4

00

11 1.11.1 1.21.2 1.31.3 1.41.4 1.51.5 1.61.6 1.71.7 1.81.80.90.9

xx=0=0

xx=0=0

xx=1=1

po
le

po
le

-- aa pole
pole--bb

mixing parameter mixing parameter xx
00 110.80.80.60.60.40.40.20.2

22

33

44

11

00

|z||z
|

zzbb
1111

zzaa2222

pole flowpole flow

residueresidue

xx=1=1

zzbb
2222

zzaa1111

Large residueLarge residue
ddue to the ue to the eneene--depdep..

+  (regular)+  (regular)

+  (regular)+  (regular)

Residues : probabilities of finding  two Residues : probabilities of finding  two aa11’’s in poles in pole--a and a and --bb

interchangeinterchange
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Residues : probabilities of finding  two Residues : probabilities of finding  two aa11’’s in poles in pole--a and a and --bb
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Last question : large NLast question : large NCC limit vs. nature of poleslimit vs. nature of poles
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ConclusionsConclusions

»» We analyzed the nature of the hadronic resonance by residuesWe analyzed the nature of the hadronic resonance by residues
»» aa11(1260) meson : (1260) meson : πρπρ分子共鳴分子共鳴 + elementary + elementary aa11

›› bare bare aa11 …… doesndoesn’’t have molecule naturet have molecule nature
›› πρπρ molecule molecule …… ““naturalnatural”” regularizationregularization

Important to avoid the doubleImportant to avoid the double--countingcounting

the pole expected to be observed is the pole expected to be observed is polepole--aa: having finite        comp.: having finite        comp.

NonNon--trivial Ntrivial NCC dependence  poledependence  pole--nature nature ?? large Nlarge NCC limitlimit

Future worksFuture works
phenomenological interestsphenomenological interests

»» ττ--decay spectrum with our model parameterdecay spectrum with our model parameter
»» radiative decay width,  etcradiative decay width,  etc……

to seeto see how the nature of poles affects how the nature of poles affects observablesobservables
theoretical intereststheoretical interests

»» application to other systems, application to other systems, σσ, N, N**(1535), etc(1535), etc……


