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Exotic hadrons : not simple gg (or gqq) state

» 0, £,(980), @,(980), ..., a,(1260), K,(1270), ..., N*(1535), A(1405), ... etc...

- multi-quark system, /NN B4 F-ILAIRTE, ...

a,(1260) = my decay as mp composite
H. N., L. Roca, A. Hosaka and E. Oset, PRD79(09)0140135.
a* >ty ... T, ~130keV [SRERIE : 640 + 246 keV]
b, 2wy ... I, ~210 keV [ n :230+60keV]

Q) clo) -

a1> =

physical hadron hadronic composite qqP’?-core
a, IZROFTETOH/N\FOVHEIBIE, vV EQESITET HH

EanNDEhh BROEZEROESKE | v EOBREESTLSH
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a,(1260) axial vector meson - a good example

a1(1260)] 1€(UPC) = 11+ 1)  [Particle Data Group, JPG 37, 075021 (2010)]

VALUE (MeV) EVTS VALUE (MeV) EVTS |
MASS 1230+40 OUR ESTIMATE WIDTH 250 to 600 OUR ESTIMATE

as an elementary field (or gg) : candidate for chiral partner of p
[gg-NJL] M.Wakamatsu et al,. ZPA311(88)173, A.Hosaka, PLB244(90)363-367, ... @
[Lattice QCD] M. Wingate et al., PRL74(95)4596, ...

[Hidden local sym.] Bando-Kugo-Yamawaki; PR164(88)217; Harada-Yamawaki, PR381(03)1,
Kaiser-Meissner, NPA519(90)671, ...

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

as a dynamically generated resonance |[as tp composite particle]

[coupled-channel BS] Lutz-Kolomeitsev, NPA730(04)392, ...
[Chiral Unitary model] Roca-Oset-Singh, PRD72(05)014002, ... Q

applications
[t-decay spectrum] M. Wagner and S. Leupold, PRD78(08)053001, ...
[radiative decay width] H.N, L. Roca, A. Hosaka , E. Oset, PRD79(09)0140135, ...
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A good model for a,, ® and p mesons

hidden local sym. or holographic model

Bando-Kugo-Yamawaki, PR164(88)217 Sakai-Sugimoto, PTP113(05)843

\\ '

Lwr = ——tl([ﬁ‘“’ 9% |, u’”])':> /\
V2

ﬁmﬂ'P “Yaymp f {tl[ 9 pliy — 61,&1#)[8”?1', "OU”

IZ> composite a,

T
elementary a; .
¢

+tr [(Qupu - 3:,»;%)[3”7% ali;” }

A good model for composite a, and elementary a,

elementary a, meson @& = : in holographic model
ya, graf

AN

p

=1189 MeV Sakai-Sugimoto, PTP113(05)843; PTP114(05)1083]

fr=92.4MeV, m,=TI6MeV
input parameters

v 2 a, meson Z qq"* {KR&(elementary a,) EEZ Do

[hQCD i1s constructed in the large Nc limit]
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Dynamically generated resonances : composite ¢, meson

np-composite £L T a, meson : chiral unitary model

L.Roca, E.Oset and J.Singh, PRD72(05)014002

Q t = a, pole as mainly mp composite at 1011-84i MeV

[Roca035]

np > np FEXELIRTE : coupled-channel 51 &

T L UWT =3 —/ v \\\ ,"
Tpomp T UWTGE € WT/\

Se emaemy o7

regularization constant

a(p)=-1.85 (u=900MeV) [Roca et al.] - a(p) =-0.2 (natural)

1

gr(s)

to avoid the double counting.

[T. Hyodo, D.Jido, A.Hosaka, PRC78(08)025203]
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Formalism : elementary a, field through additional interaction

mixed states of tp composite @, and elementary a, mesons

N —— elementary ¢, meson (. additional
@ interaction v, ZBL THELIZHF &

\

a, pole term

full scattering amplitude

vwT + U{I]_ - =/

T p— . \\\ &" , N .’
TP 1 — ('UWT -1 UQI)GE ‘ /\ * /=\v

\ - ™ N e ™ N '

R KO o O

= physical resonant a, states

causes the mixing
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Numerical result 1 : pole-flow of T-matrix

Imy/s MeV

0 | | | I I | |
| +4‘§i%
I
| /I e
single channel g § [Roca et al., PRD72] \/ S, = 1011-84i MeV 4
| 1 a=—1.85
natural
—200 ! \N N
|
| @
: np channel only \/s-—1012 —98i MeV
~300 |! a=—1.85
- 4
|
|
400 | (@) -
: np channel only
| a=—0.2
=500 [natural] 7
| Vs, =1012-221i MeV
|
_600 l ] | ] ] 1 | ] ]
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1800
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Numerical result 1 : pole-flow of T-matrix

— /; —

0 | | ] | | | | ]
: elementary a, pole
| m,= 1189 MeV (HQCD)
~100 | -
|
|
|
> 200 _: -
& | x
~ I
|
& 3001 -
|
S
—400 | (@) §
: np channel only
| a=—0.2
=500 | [natural] i
| Vs, =1012-221i MeV
|
_600 l ] | | ] ] ] | |
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Imy/s MeV

Numerical result 1 : pole-flow of T-matrix X T
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Numerical result 1 : pole-flow of T-matrix 7

— 0 2@ —_— barea1=‘\

0 | | ] |
| I
|
| =
~100H x=1 | B
| 2
| N
| pole- \ =
> 200! 1 £
= x=0 Pole from “xt ite” g
= | P-Composite S
IT|> on the real axis entary” pole —= } 5
E 1.2 T =1 "é
— =)
1.0} =
=08 [Roca05] E
o
0.6 this study | 1 e
0.4 | 9
2
0.2}, pole-b/ . . | 2
T 1500 1600 1700 1800 %
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Numerical result 1 : pole-flow of T-matrix X T

B > | w0 A®] T TN

0 I ® T I
|
|
N\
~100F x=1 -
|
: pole-a \
= —200 : -
- x=0 _ 2499
= | Pol.e from “np comp0s1te.
" : is closer to the real axis
% —300 than that of “elementary” pole —— il
._EE | x=1
|
—400 | T 2 -
|
|
500 || -
|
| Q. What is the nature of these physical (x=1) poles ?
_600 l ] | 1 ] ] ] ] |
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Imy/s MeV

Numerical result 1 : large N flow

x=0/@

X
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Alternative expression for the full mp scattering amplitude T

-1
VWT + Va. S-S G
T = L — p - grbg
1 — (vwr + vq,)G (gR’g){( S_mc%l) ( )} (

9Ggr 9Gg
— -~ —lp o
O™ (o S 2

np-composite a, pole

vwT
TWT —
1 —ovwrG
N\ Ps N\ - ¢ N -N,=N 7 \\ l' 1
AT AA T AALAL T E)’O’O’O’O’O’O’O’\ﬂ”f(-‘*]g_gpﬂﬂ

a, pole term

€€ ‘. barea, /
Vay = 9(s) — 2 g9(s)

dr
g
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Alternative expression for the full mp scattering amplitude T

T

VWT + Va,

B 1 — (’UWT -+ ’Ual)G

:(\), >){(m

- (9.9) {(Hp
)

ni) =

1
grGg gr
gGgr 9Gg g

- -

Fa

SHNES D
o3 2

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

in terms of the original two bases:

0000  and

composite a,

D21

elementary a,
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full propagator D O4'H

v ENZTND propagator |E T, ERICATIZ pole D,
v Z® residues z, X, mixing rate DEKRZEFF D,

2o = (la)]* = |( “g [pole-a)|?

- pole-a [, composite ¢, Z R \= 3 FEE

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

in terms of the original two bases: Y0 and
composite a, elementary a,

11 11

T e pll _ _%a %
T e M2 ' e _ M2
il s— Mz s— M

+ regular term
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Residues : probabilities of finding two @, s in pole-a and -b

I O

- 11 zil EE}I ( lar)
D — + (regular
o [Dgun) P + 5o B g
E 22 _ 232 ,z§2 + (regular
S e > O =5 5 + 5ot Cemi)
|§
= — ~11 /) a22
H @) = VoI |%) + V7| @)
11 22
AT ) =Vz,"|"e) + V| @)
00 1T 11 12 13 14 15 15 17 18
Rey/s [GeV]
4 . .
- residue \
* interch |
Large residue
N> - due to the ene-dep.
b .’
1 N\
2v/2
0 - : : Q(S) — _gal?rp(s - ﬁ’fg)
0 0.2 0.4 0.6 0.8 1 Ix

mixing parameter x

—
(o)
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-0.1 |

Imy/s [GeV]

o
(8]

\ \ \ |
A | Lt 1

pole flow

bilities of finding two a, s in pole-a and -b

11 11
__Z LB
E-E, E-E,

+ (regular)

22 Zg b
‘>>. 1] _E—EQ+E—E5

22 22
+ (regular)

1.1

1.2 \1.\3 1.4
Rey/s [GeV]

- residue

”
-
————

0.2

0.6
mixing parameter x

Vzll %) + V=2 @)
) =V Te) +V2E2| @)

at physical point (x=1)

* pole-a has a component of the elementary
a, meson comparable to that of
composite a,.

(pole-a at x=1 is possibly observed one)

“
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Last question : large N limit vs. nature of poles

I O

pole flow

-0.1

Z

;J
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— 0.2
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.
*
- o*
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0’ "
/\ ﬂ

o 1/N,. o 1NN,

Large N limit doesn’t always
reflect the world at N =3.

mixing nature changes as N is increased

« for pole-b,
large N flip point ~ residue-interchange

» for pole-a,
large N flip point < residue-interchange

x=0.8

11
3t Zy -

Residues interchange

by large N procedure.
7 11
- Za
0
3 4 5 6 7 8 9 10
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Conclusions

» We analyzed the nature of the hadronic resonance by residues
» a,(1260) meson : tp7 F I8 + elementary a,

» bare a, ... doesn’t have molecule nature _ _
Important to avoid the double-counting

» wp molecule ... “natural” regularization

v’ the pole expected to be observed is pole-a: having finite ‘ comp.
v Non-trivial N dependence pole-nature € ? = large N limit

Future works
phenomenological interests
» T-decay spectrum with our model parameter
» radiative decay width, etc...

to see how the nature of poles affects observables

theoretical interests
» application to other systems, o, N*(1535), etc...
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