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Introduction

Exotic structure of baryon resonances
44 and/or 49 correlations

Production reactions

We define the standard mechanism
(1) KA(1520): Energy & Angular dependence
Beam & Decay asymmetry
(2) KA os: Beam asymmetry, Meson cloud

(3) ¢: Energy & Angular dependence
(4) KA (1405): Energy dependence
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Introduction

e Constituent quark model
Successful for ground states :.
qq and gqq of independent particles
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Introduction

e Constituent quark model
Successtul for ground states
qq and gqq of independent particles

Spontaneous breaking of chiral symmetry of Y. Nambu \
/‘I\ T
Q=5 »
e - &= ¥ - ®
. e ..‘ .’ N * P Y e
Formation of hadrons > -
The present Origin ome> The early stage
L
Hadrons Q:.- ) M- Quarks & gluony
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Observation of exotic hadron resonances

0O+, N*(1670), A(1405), ..., X(3872), Z*(4430), etc

Pentaquarks Hadronic molecule Tetraquarks

Key question:
What multiquark configurations are possible?
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Observation of exotic hadron resonances

0+, N*(1670), A(1405), ..., X(3872), Z*(4430), etc

Pentaquarks Hadronic molecule Tetraquarks

Key question:
What multiquark configurations are possible?

Triquark Diquark Meson-baryon

— _J
V

Colored correlation Colorless correlation
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Example in Nuclear Physics

Y. Funaki,

A. Tohsaki,

12C 0,* Hoyle state H. Horiuchi,
P. Schuck,
}, L cluster Exotic "\ G.Roepke

| @ X cluster correlation
10 MeV | d |

as
@ @ \ Weakly interacting

@ / alpha particles

Near the threshold
0 | |
. e 1 . .
0 MeV%Y—— 0,99 Single particle like



P-wave
GeV A

NUTI0)

1.5 N(1440)

A(1232)

N(940)

Open S-wave
channels
K "
== N(1650) :
KA ] ; R ALLLLELEEEEEEELEEEEEELELEE I
N(1535) : { A(1520) 12"
E T A(405) KN
T
: J 3,
s—wave: |d’xj,(gr)p(r)
N

p—wave : Jd3xj1 (gr)p(r)
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How can we test/observe
such configurations ?

a

Need more understanding
of reaction dynamics
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Production reactions

(1) KA(1520)
Energy dependence, Angular dependence
Beam asymmetry, Decay asymmetry

(2) KA
Beam asymmetry, Meson cloud

3) ¢

Energy dependence, Angular dependence
(4) KA (1405)
Energy dependence
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Effective Lagrangian method
- Photoproductions -

Minimal diagrams

u-channel

14 s-channel K _
// 7 /(/
N l—‘:bz Y, O, ... 4\\»:—::\2.:.1’

Only nucleon

t-channel Contact n

_-v
L K, I{>X< //(
> O—Ph— - 2

Julig o- 1V, ZUUY Culnygury



(1) A(1520)

oo A(1520)

Nam, Hosaka, Kim, PRD71, 114012 (2005)
e-Print: hep—ph/0503149

Also Karliner & Lipkin: e—Print: hep—ph/0506084

LEPS Data Muramatsu et al, 0904.2034[nucl-ex], to appear PRL
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Lagirangians

j:a:,.lni.ln,‘r — _EN(TF )AFN +h.c,, E?ﬁ'ﬁ' = IE'{({"]FKT]K - (HFK)KT}AF

N

Ik k]r-' f‘-'i{ k] k].f-' ®

E‘yﬁ'.‘iﬁ" == g»:,.ﬁ'ﬁ'*EFHIP{HFAFJ{{:]:IK}K*P + h.C., E.ﬁ'."n' A T g;;i *FE}FP{A.ZH{:]PK}}’EN + h.C..
K

Lgjre = _Ig‘:fﬁ; -'i*“’}’”(ﬂpﬂ:— - 3,K,)N +hc, Logyar = —i Eg;“ A*HA «KysN +he,
K* K

June 8-10, 2009 Edingurg 13



Lagirangians

rl_.[..l‘

Loy = —e (T# + i%%k?)aw +he,  Lyx =ie{(*KNK - (*K)KT)A
N

_ k— k \1
Ly = R8Pl + A o b,
s I.‘.* ZMI.-:
Ly <G europANTKK +he,  Liyn =2 4@, (4, 2)0"K)ysN + he,

"!:K'Nﬁl* = _ﬁ@ﬁ*ﬁj’lb(apx: B HHK:.L]N + h‘c‘* ‘E}'KNJ"'L* = - Eiﬁ?m‘ E'*PA;.LKTSN + h*c*r
K" K

 Known couplings
e K*NA coupling is not known but not very important
 [gnore YA*A’* couplings, F';_,
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Minimal diagrams

Y s-channel g u-channel

/

nly nucleoy’

Y, 0 ..

t-channel
\«\,\/\/\’ I
=

Contact term dominance
ct: Kroll-Ruderman Theorem
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Total o

Data: D.P. Baber et al,
Z. Phys. C7, 17 (1980)

1200 I Contact term dominance
. arcsbury (1980)
I = g—channel
- ——= t—channel
900 ~-{{ === c—channel -
=
= 600 N
©
¢ channel
300 o S— E;i\
g o(p) >> o(n)
0 . — . H . .
1.0 1.8 26 3.4 42 5.0
E,[Gev]  neutron (6(p) << a(n), O)
A =700 MeV

Consistent with the new data by

Muramatsu et al
0904.2034[nucl-ex]

June 8-10, 2009 Edingurg o



t/6 dependence

Forward peak

Data: D.P. Baber et al,
Z.. Phys. C7, 17 (1980)
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da/dcosbt
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F(aijj 9<E <24 EE‘J\

Muramatsu et al
0904.2034[nucl-ex]

o K'K(S8B) ® K'K(MC) * Kpis

Ey=2.35 GeV

Ey=1.85 GeV
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Beam asymmetry

Reaction plane

_ K
M%\‘Y o Electric P = (—l)J K-exch

Kig) or ﬂ""i,fﬂ}Y Maenetic P = (-1 J+1 K*-exch
N - —— |+ . =D

o(¢) = = 0(90°)—0(0°)
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Beam asymmetry

0.2 - | . . .
20.1 8k*N V Quark model
lé | — -1 g K*NA* ~ 10
S 00 qTmommm o oo
a h-h:__‘_‘:———________ +32 . .
= 01 — Chiral unitary
= ~1.5
< g K*NA* .

-0.2 K 20 22 2 4

E, [GeV]
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Decay asymmetry

A* at rest
“v'} 0
; e —
Z
25, 1 20 u
If h(A*)=1/2: cos 9+§ K-exch: cos 0+ 3
t 02 2 . 2 4
If h(A*)=3/2:  sin”0 K*-exch: gsm 0+§
Contact: const
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S. P. Barrow et al@JLab
PRC64, 044601 (2001)

[
in

2 agf-l(a) D Qﬂﬂ:{‘l .2

Tzutmn

Arbitrary normal

(b) 1.2<@*<1.5

Arbitrary normalization

[ |‘|"-Il|l|l|l _-..,-Illlll

The contact term
June 8-10, 20 has weak 0-dependence

D. Barber et al.,
Z. Phys. C7,17 (1980)
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Muramatsu et al
0904.2034[nucl-ex]
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N\(1520) photoproduction

e A simple Lagrangian method implies the contact term dominance
* Proton 0 1s larger than neutron o

* Angular dependence, beam asymmetry, decay asymmetry
seems consistent with the contact term dominance
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(2) KA-production for meson cloud
virtual qq

Ozaki-Nagahiro-Hosaka
Phys.Lett.B665:178-181,2008.

Standard processes

s-channel u-chennel
Y K
/ P s
/ 7
// 7 /'/
/ 7

N Y, 0, ..

v)-channel Contact term

M““\«, K and K* S //”
O—D-— .
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(2) KA-production for meson cloud
virtual qq

Ozaki-Nagahiro-Hosaka
Phys.Lett.B665:178-181,2008.

Standard processes

Anomaly
Y s-channel K u-chennel
v v T, l - K
,/ ) 7 + ....... ,
N Y, 0, ... g
T/ \K
v)-channel Contact term |\ A

N‘\«, K and K* S //"
O—D-— .
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Too large K* coupling?

. S
Phenomenological

JKNA —13.46
JKNY 4.25
Grer A —925.21
TR N A 33.13
3 N, —15.33
Jhes NS —29.67

* Bennhold et al., NPA695 (2001) 237
Also discussed by Guidal et al. NPA627 (1997) 645
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Too large K* coupling?

Phenomenological ‘I\-'IICI‘DSCDPIC**‘

JKNA —13.46 —12.65
JKNY. 4.25 5.92
I¥ee N A —95.21 —5.63
Ihe v 33.13 ~18.34
IYen nrs: —15.33 —3.25
- —20.67 7.86

* Bennhold et al., NPA695 (2001) 237
Also discussed by Guidal et al. NPA627 (1997) 645
** Reuber et al (Bonn), NPA 570 (1994) 543
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Beam asymmetry

yp —> K-A LEPS data, Sumihama et al.

PRC73,035214 (2006)
photon asymmetry
' LEPS data
05F o ® _ T Magnetic
e @ K* exchange
8 Q @ 8 8
0
@ 2.196 GeV .
® 2.109 GeV Electric
T Mi ‘ K exchange
icroscopic parameters

P o
Ji 05 0.7 0.8 09 1 .
cosOcm



Where to study

Yytp — Kt +A

%

Gtot (Hb)

0 2 I | 1 | I I I | 1 I I | I I 1 I
1.6 1.8 2 2:2 2.4

Baryon Mass, W )
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Angular dependence
vp —> KA
3 v I ' | T I

do (bl | |
Jeoso L W=2.164 GeV ]

2k O CLAS data
== WZW term
- = tree level

w/o WZW

15

cosOcm
June 8-10, 2009 Edingurg



June 8-10, 2009

By adding

Edingurg

‘e
.
.
.
L2
LA
L
4
4
‘e
.

30



By adding n WK

LEPS data, Sumihama et al. , PRC73,035214 (2006)

05k with WZW term ® @ -

O e w—

0
()] 2.196 GeV LEPS data,
® 2.109 GeV  Symihama et al
_05F |
0.6 0.7 0.8 0.9 1
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The puzzle of the large K* coupling has been solved
Magnetic strength 1s provided by the QCD anomaly

Meson cloud is important
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(3) ¢ production

YN->¢N

do/dt(t=-1tl_) (1b/GeV?)

o SLAC(1973)

0 BONN(1974)

A DESY(1978)

o+ DARESBURY(1982)
2 SAPHIR(2003)

¢ This work
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Increase as E

Bump at 2 GeV
or
Dip at 2.2 GeV

Mibe et al
PRL95,182001
(2005)
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Pomeron and Meson exchanges

14 0
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ny
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o JPC — O++
7T, 1) 0~
Pomeron

P P
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Exchange of J¥¢ = 1+
W > 0p W -> Op

(E_=201GeV) (E =201 GeV)
10

10~

Total

10
| V

asSs<
| IIIIIII|

==

do/dt [mb/GeV |
=
.
do/dt [mb/GeV ]

10

T T T
LAl
—_
o

10— L\ | I 10 50 100 150

E_ [GeV] O ldeg]
em L s0;=15.85 (Bomn Potential)

—
]
L
e
L

e =0 TA T =0 0NNRY

* Increasing as energy is increased

e Forward peak
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Coupled channels for the bump?
The importance was also emphasized by Shklyar for N*(1670)

YN --> ON, KA(1520), (KA, KX) --> ¢N
d ..e.. K Ozaki-Nagahiro-
w < Hosaka-Scholten
Ne., (1520

K

® LEPS
QO O0Old data

/ GeV\2Z]
N w

do/dt[ub

K Can be on-shell

N A(1520)
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Er[GeV]



Resonance? Titov, Lee, PRC, 065205 (2003)

A(1520)

June 8-10, 2009 Edingurg 37



do/dt [ub/ GaV2]

Resonance? Titov, Lee, PRC, 065205 (2003)

A(1520)
)
E [GeV]
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do/dt [ub/ GaV2]

Resonance? Titov, Lee, PRC, 065205 (2003)

A(1520)

, [Ey=1770 -1870 MeV] | Ey=2170 -2270 MeV]
‘ rrrrrrr1
: | I ||
2| _
N - 0
]! _
i | 1 o}
— .
T EV [GeV] o= -II .J:I-.El-tlth.J]Id.Jﬂl-.ll 0 Ml I1 l .|I,5 . I] l 4;,5 . I
t-1d_. [GeV?]
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® production seems dominated by Pomeron
Coupled channel effects are not important

N* 1s a possible candidate
to explain the bump/dip near the threshold,
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(4) \(1405)

Nilyama et al,
Phys.Rev.C78:035202,2008

LK Forward
o e spectrometer
"""""""" T )
TPC near

" the target

A (1405)

5 NS -
2 (1385)
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Am, Xm

TOF Counters
Decay products Dipole Magnet

K* cos®>0.8,
M.Niiyama

S%art Cdunter

Buffer Collim&tor

Mlimator

Up Stream e+e-
Veto Counter

Aearogel Cherenkov
Counter

=

Drift ﬁhamhers
2.(1385) photoproduction
VYD — I?* 2(1385) > KA n’—> Kt pr =’

spectrometer TPC

ﬂ1405) pl‘[l(lllfti{]]] Spectrometer TPC
we Y p—> KTA(1405) > K2t > Kt n -




Unexpected energy dependence

,—--..,D.? '
I 0.8<cosO o<1
i“'ﬁ - -0.45<t<-0.12 GeV?2
%0_5 - | -0.37<t<-0.08 GeV/?
504 [ g
L= : i S.I. Nam et al.
03¢ arXiv:0806.4029
05 " Nacher et al.
< I PLB 455
01F .
0 16 1.8 2 22 24
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12 vs E,

GeV 2080y = ()/(i/
0.5 costy = 0.8
— ____.-—-F""
—_— coSO\ =
0
115 2 219
GeV
June ¢
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Summary

e Exotics may have correlations
949, 99, 999
Question; how are they realized and observed
We are still on the way to the answer

 A(1520) can be explained by standard react. mechanism
Structure information 1s in various coupling constants

e Role of QCD anomaly through meson cloud in KA prod.

e Coupled channels are not important for ¢ prod.
Possible explanation by N* ~ 2200 MeV

e A(1405) seems very unusual
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