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1. Introduction

++ Exotic hadrons and their structure ++
= Exotic hadrons --- not same quark component as ordinary hadrons
= not gqq nor ¢q.
--- Compact multi-quark systems, hadronic molecules, glueballs, ...
o Candidates: A(1405), the lightest scalar mesons, XY Z, ...

= A(1405) --- Mass = 1405.1 715 MeV, width = 1/(life time) = 50 + 2 MeV,
decay to nX (100 %), I (J*)=0(1/2-).  Particle Data Group

Mass m = 1405.11 13 MeV
Full width ' = 50 £ 2 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I';/T) p (MeV/c)

2T 100 % 155
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1. Introduction

++ Exotic hadrons and their structure ++
= Exotic hadrons --- not same quark component as ordinary hadrons

= not gqq nor ¢q.
--- Compact multi-quark systems, hadronic molecules, glueballs, ...
e Candidates: A(1405), the lightest scalar mesons, XY Z, ...

= A(1405) --- Mass = 1405.1 715 MeV, width = 1/(life time) = 50 + 2 MeV,
decay to X (100 %), I (J?)=0(1/2-).  Particle Data Group
= Why is A(1405) the lightest excited baryon with J? = 1/2-?
--- A(1405) contains a strange quark, which should be ~ 100 MeV
heavier than up and down quarks.
o Strongly attractive KN interaction in the I = 0 channel.
--> A(1405) is a KN quasi-bound state ??? Dalitz and Tuan (60), ...

???
(s d
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1. Introduction
++ Dynamically generated A(1405) ++

= The chiral unitary model (ChUM) reproduces low-energy Exp. data

and dynamically generates A(1405) in meson-baryon degrees of f.
Kaiser-Siegel-Weise (°95), Oset-Ramos (’98), Oller-Meissner (’01), Jido et al. (’03), ...

“ “ A -

T-matrix = | " v " --- Bethe-Salpeter
Z Eq.

Ti-(s):Vij—FZVikaTkj 2, A i Y
k

--- Spontaneous chiral symmetry breaking + Scattering unitarity.
A(1405) in KN-nZ-nA-K= coupled-channels.

A(1405)
') ro8

= Prediction: Two poles for A(1405) are
dynamically generated. N Me:

Jido et al., Nucl. Phys. A725 (2003) 181. b T
--- One of the poles (around 1420 MeV) 5]

0.6
04

02

originates from KN bound state. y«f" it (e
e

Hyodo and Weise, Phys. Rev. C77 (2008) 035204. Refz] [McV] -
Hyodo and Jido, Prog. Part. Nucl. Phys. 67 (2012) 55.
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1. Introduction

++ Determine hadron structures ++
= How can we determine the structure of hadrons in Exp. ?

[A(1405)) = Cyys|uds) + Cxgn|K) @ |N) + Cyugus|uudus) + - - -

o Spatial structure (= spatial size).
--- Loosely bound hadronic molecules will have large spatial size.

T.S.,T. Hyodo and D. Jido, Phys. Lett. B669 (2008) 133; Phys. Rev. C83 (2011) 055202;
T.S. and T. Hyodo, Phys. Rev. C87 (2013) 045202.

o “Count” quarks inside hadron by using some special condition.

--- Scaling law for the quark counting rule in high energy scattering.
H. Kawamura, S. Kumano and T. S. , Phys. Rev. D88 (2013) 034010.

o Compositeness X = amount of two-body state inside system.

cf. Deuteron is a proton-neutron bound state, not elementary.
Weinberg, Phys. Rev. 137 (1965) B672; Hyodo, Jido and Hosaka, Phys. Rev. C85 (2012) 015201;
T.S.,T. Hyodo and D. Jido, in preparation.
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2. A(1405) production
in hard exclusive process
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2. A(1405) in hard exclusive process

++ Counting rule for constituent quarks ++
= The constituent counting rule emerges in exclusive reactions

at high energy and high momentum transfer region:

d
(—0> ~ 52T fOem), n=ng+np+n.+ng
dt ab—cd

Brodsky and Farar (73, >75); Matveeyv et al. (’73).

o Example: y p "> o] § il n at Ocm — 900- 42 ; Fischerlﬁ:?Ojn | —t—
rm 4r z Clitft (*74) ——
,Y T % 35 | Anderson ("76) —0— -
LLLLLk n=1+3+2+3 T B Y.
- =_9. 'g 2.2 = ‘ + X f 13 Eilllfje;p(.}d);m —_—
N — % > N 1.\3‘ 15| :t T /£ .
- — :g 1} A I
--- At High energy and high coesy b
= 0 J : J
momentum transfer region, ! 2 S, ?(5] Vi ° > )
S - C
I
P ropagators SCAIES a5 L.Y.Zhu et al., Phys. Rev. Lett. 91 (2003) 022003;
~1/t~1/u~1/s. H. Kawamura, S. Kumano, and T. S. (2013).
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2. A(1405) in hard exclusive process

++ Counting rule for constituent quarks ++
= The constituent counting rule emerges in exclusive reactions

at high energy and high momentum transfer region:

dt

d
( O-> NSQ_an(Hcm)y n="Ng+ Np + Ne+ Ng
ab—cd

Brodsky and Farar (73, >75); Matveeyv et al. (’73).

= Example: y p --> wt+ n at Ocm = 90°.
y . >
LLLLLLA n=1+3+243 |3
N — AV 3
--- At High energy and high -
momentum transfer region,

45

4 |
35 ¢t

3
2.5
2

1.5
1 |
0.5

0

' Fischer (*70) =
z Clitte (°74) N
Anderson ("76) —
Fujii ("77) ——
Zhu ("05) x
Dugger ('09)
Fit to Exp. data —
VAN
1.5 2 2.5 3 3.5 4
s [GeV]

propagators scales as

L.Y.Zhu et al., Phys. Rev. Lett. 91 (2003) 022003;
~1/t~1/u~1/s.
H. Kawamura, S. Kumano, and T. S. (2013).
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2. A(1405) in hard exclusive process

++ Counting rule for constituent quarks ++
= The constituent counting rule emerges in exclusive reactions

at high energy and high momentum transfer region:

dt

d
( O-> NSQ_an(Hcm)y n="Ng+ Np + Ne+ Ng
ab—cd

Brodsky and Farar (73, >75); Matveeyv et al. (’73).

= Example: y p --> wt+ n at Ocm = 90°.

Y s
LLLLLLA n=1+3+2+3
- =9.
N —» > N
- % -

--- At High energy and high
momentum transfer region,

s'do /dt [10” nb GeV'"]

45

4
35 ¢+

3
2.5
2

05t

0

L]
1.5+ W

z Fischer (*70) e

Clitft (" 74) R BRI
Anderson ("76) —

§ ] Fujii ('77) D

.. + : ' Zhu ("05) gy

‘ ' + ? } Dugger ('09)
X & Fitto Exp. data —
1 /l\“.
1t ; I -
I 1.5 2 2.5 3 3.5 4
s'? [GeV]

propagators scales as

L.Y.Zhu et al., Phys. Rev. Lett. 91 (2003) 022003;
~1/t~1/u~1/s.
H. Kawamura, S. Kumano, and T. S. (2013).
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2. A(1405) in hard exclusive process

++ Counting rule for constituent quarks ++
= The constituent counting rule emerges in exclusive reactions

at high energy and high momentum transfer region:

d
(—0> ~ 52T f(@cm), n=mng,+np+ N+ ny
dt ab—cd

Brodsky and Farar (73, >75); Matveey et al. (’73).

= Then how cross section of - p --> K° A(1405) at O.., = 90° behaves
at high energy and high momentum transfer region?
--- And how it differs from cross section | kesonances

of t-p->K°'A at O =90°? E
AK" ;S
) T S p —m——— 3 for A(1405)
n=2+3+2+4+3 = 10. T \, 5q for A(1405)
Y‘\ R
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2. A(1405) in hard exclusive process

++ Counting rule for constituent quarks ++
= The constituent counting rule emerges in exclusive reactions

at high energy and high momentum transfer region:

dt

d
( O-> NSQ_an(Hcm)y n="Ng+ Np + Ne+ Ng
ab—cd

Brodsky and Farar (73, >75); Matveey et al. (’73).

= Then how cross section of - p --> K° A(1405) at O.., = 90° behaves
at high energy and high momentum transfer region?
--- And how it differs from cross section | = Resonnces

of t-p->K°'A at O =90°? E
AK" ;S
) T S p ————— 3 for A(1405)
n=2+3+2+4+3 = 10. T \, 5q for A(1405)
Y‘\ R

--> We “estimate” cross section of - p --> K° A(1405) at O = 90°
as a function of s from the resonance region to the pQCD one.
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2. A(1405) in hard exclusive process

++ Ground A productlon Experlmental data ++

u FlrSt Of aII We conSIder 120 2= 1628 eV | 1633 Wiev 1648 MeV 1661 eV 1073 VeV | 1209 Mev 1930 MoV 1634 MV
- p --> K° A reaction. | 1\\‘y}/ , J
[ n ?- g 4
--- EXp. data in wide energy o [ P |
range have been taken
in 1960’s ~ 1980’s: T ,Eg
Vs =[1.6 GeV, 2.4 GeV].
Bertanza (’62); 8 !
Yoder (’63); -
Goussu (’66); ‘
Dahl (’69); :
BinfOl'd (,69); v ' 2305 MeV ‘
Knasel (°75); , :
Baker (°78); sl _
SaXOH (,80)° % 1:3 ; 79T ey 1810 MoV 1825 VeV ) ~;M:.-,v¢ | 2316 Mev 2408 MoV t1 0S50 05 1-1-050 05 |
O Y B *
g‘«:}/{ ,é): I\ 4"' u/fk: s\ J\
1050 05 1.1050 l)c.;s:’l D50 05 1.1 4@ COS Hcm <1050 05;&9

Ronchen et al., Eur. Phys. J. A49 (2013) 44.

=

g Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014)) 1




2. A(1405) in hard exclusive process

++ Ground A productlon Experlmental data ++

1648 MeV

2= 1078 VeV

1939\ v

1930 MeV

= First of all we consider e T
nt - p --> K% A reaction. k-
--- EXp. data in wide energy | :3leeentiis
gl:tr E71 MoV ‘ 7
range have been taken y A
2000 r . '
Bertanza ("62) o
NERRD' cm — 900 Yoder ("63) N [
— 1600 | Goussu ("66) ——
% 1400 Dahl (*67) e
(-\2 1200 »',"d’"‘ Bintord ('69) A |
Knasel ("75]
= 1000 \ e
Baker ("78) —7
:5 800 | ‘\‘ Saxon (" 80) ——
B 600 ¢ “- Parameter set A —
i~ 400 |} ParametersetB = ====-
200
0 1 1
16 1.7 18 19 2 2.1 22 23 24 25
s [GeV]

L

1972 MeV

t f
4\

2059 Mav

i’

1978 VeV

Fi;

2007 MeV

-

2l 2150 VeV

.__'A*

1 25 Mav

|
|
L 4+
+ +
1

Lt ; ! 4 NaV
- 3
b
&
&

2182 MeV

-~

1825 vav 1845 Me [ 2216 Mev 2408 WV {'1 OS50 05 1-
o1,
1 y 1 1ih
1\ < L ] i\ \
-1 050 05 11 . 9 11 080 05 |
50 COS cm o050

1050 05 1

Ronchen et al., Eur. Phys. J. A49 (2013) 44.
Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014))

[—
wn




2. A(1405) in hard exclusive process

++ Ground A production: Experimental data ++

= First of all we consi 12 _ -
- p --> K° A reactio it o Exp. data e ~ _r:
+ = :r 10 | Bertanza ('62) '—E}—4 Knasel ('75) |
Ll Exp. data n Wlde e % Yoder (63) —— Baker ("78) — VeV 1
range have been tJ O g | Goussu('66) —O—  Saxon ('80) —— j
£ Dahl (*67) —— .
2000 {3 SRARE ¢ ¢ . %
1800 | = ‘VW ’; s
__ 1600 | . 4 l ,«
(o]
> 1400 A %
U -
% 1200 | ;8
= 1000 @ ¥ g
- cm
X 800 | 1
—
o 600
T 400 |
200 =t usv.;v: .mw'- MR +~»1 050 05 1-1-050 05 1
0 ‘ : ——- [ . .{
16 17 18 19 mz 21 22 23 24 25 [{ e u},f: 1 |
S [GCV] 32’1 050 05 114 COS Hcm 1-1 08 0 Ojo;se

Ronchen et al., Eur. Phys. J. A49 (2013) 44.
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2. A(1405) in hard exclusive process

++ Ground A production: Experimental data ++

= First of all we consi - -
n - p --> K° A reactio it to Exp. data ——  Bmford(69) | A r:
: - - 10 Bertanza ('62) v Knasel ('75) - /J(
--- EXp. data in wide € ~, Yoder (63) = baker (75, o |
L ey |
range have been tJ o 8 | Goussu ("66) —— Saxon ("80) —v— | :
0 Dahl (*67 . . |
5000 13 ahl ( ) @ i . |
1800 | § \% .;. ]
1600 | vl ,«
~ 1400 -~ |
L pat
O 1200 | 3
L 00
= 1000 @ ¥ g
- cm
S 800 | ,
S~
o 600
T 400 |
200 1825 VeV 'mv.:«vA . 2216 N 2408 W) :" D50 05 1-1-050 05 1
0 ‘ : - - [ . {
16 17 18 19 2 21 22 23 24 25 |f ”},ﬁ - J
SUZ [GCV] 1.1 05 0 05 1-1 4 l-‘l%i 0 05 1
o COS Oy |~ oo

Ronchen et al., Eur. Phys. J. A49 (2013) 44.

& Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014)) 17




2. A(1405) in hard exclusive process

++ Ground A production: Estimation ++
= Estimate cross section of & p --> K° A reaction at higher energies.

o Fitting the data s do / dt

12 ' . : : ,
Fit to Exp. data — Bintord ("69) n 2
L 10 | Bertanza ('62) —tt— Knasel ("75) | by d Stralght Ilne
> Yoder ('63) ——  Baker ('78) — at \/S > 2.0 GeV, we have:
L
O Goussu ('66) —— Saxon ("80) —p— d
s | panicen —— o sSd—‘z — (3.50 & 0.21) x 106ub GeV'
e sl YV
— N7 o
8 .| AT, ,ﬁ 'y - Fitting the data
jg 4 & v Ty » L with the expression
o 2l do / dt = (const.) x s>
N at vs > 2.0 GeV, we have:
16 17 18 19 2 21 22 23 24 25
, = 10.1 =0.6
s'2 [GeV] e
--- Consistent with
the naive counting.
g Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014)) 18




2. A(1405) in hard exclusive process

++ Ground A production: Estimation ++
= Estimate cross section of & p --> K° A reaction at higher energies.

o Fitting the data s do / dt

s*do /dt [10° ub GeV'™]

12 Fit to ii.\p. daia e 'Binlorc'l (169) 3 straight Iine
1 16 | Fit to Exp. data — I \/S > 2.0 GeV, we have:
10° | 5862—‘; = (3.50 4 0.21) x 10%ub GeV**
g‘ 10"
—- " "
o 107 itting the data
T rith the expression
L 10” o0 / dt = (const.) X s2--"
" t Vs> 2.0 GeV, we have:
5 n =10.1=+0.6
10

2 25 338 4 45 > Consistent with
s7 [GeV] the naive counting.
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2. A(1405) in hard exclusive process

++ A(1405) production: Experimental data ++

= Next we consider
n - p --> K% A(1405) reaction.

--- Very few Exp. data have been
taken, and (as far as | know)
only one data is available
for do / dt at O, = 90°:

-—

dO‘/dQ (geb /Sterad )

Vs =2.02 GeV

coS O,

Thomas et al., Nucl. Phys. B56 (1973) 15.
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2. A(1405) in hard exclusive process

++ A(1405) production: Experimental data ++

= Next we consider o e e e epennes s
® - p --> K® A(1405) reaction. | [
--- Very few Exp. data have been| i
taken, and (as far as | know) / |

only one data is available —1.09 4 0.21 pb/sr  at v/5 = 2.02 GeV, fop, = 90°

for do / dt at O = 90°:

do
ds?
5 3
P
18 3
16
L4 &l q
- ~
v @)
O 127 =
S~
-%_ 10
—_— 8_
-
N 6 |
By O\ e CERCTRS B0l (QERACN TSreitid WS ) Ve
% 4 t ‘10 0 D
2 — 0
; ocm 90 'Fllolpﬂs ( '7311' S — COS ecm
e 18221 2223 24 25 Thomas et al., Nucl. Phys. B56 (1973) 15.
g2
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2. A(1405) in hard exclusive process

++ A(1405) production: Estimation ++

4 7
/
= 35 H ;
% Iy 1090 7 18
S ° ;o s = (1.89 £ 0.36) x 10°ub GeV™ at /s = 2.02 GeV
e ’
S 25F !/ :
- .l s
2 2f I +
- /
= 15¢ I"
o .’o' Thomas ('73) N
"8 Y Model] = ====e *
- ¥ |
= ]
w 0.5t — ONo Madel II -
Ocm 90 5q scaling _—
0 x : .
1.9 2 2.1 2.2 2.3 2.4 25
SI."'E

= If A(1405) is a 5¢ state (including a KN molecule), the cross section

scales as s' do / dt = const. (the red straight line).
--- Theoretical calculation (Model | & Il) of ® - p --> K° A(1405) reaction
from the chiral unitary model. Hyodo et al., Phys. Rev. C68 (2003) 065203.
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2. A(1405) in hard exclusive process

++ A(1405) production: Estimation ++
= Estimate cross section at higher energies by using Exp. data
at vs = 2.02 GeV with 510 do / dt = const. Or s8 do / dt = const.

1o 5q scaling —

10" L em = 90° Z :\‘ca:in:e ----- %—- 1 ub
T AN i <-=100nb
2 1 NI s8 do / dt = const. L
ERN NG 3¢ A(1dos) | 0 1M
e N g A1405) |y
St NG e L 100 pb
< 05| s0do/dt=const. ™~ T L__ 10 pb

. 54 A(1405) 1L

10-7 ) ) .

2 2.5 3 3.5 4 4.5 5
s [GeV]

= Ratio of the cross section for 3¢ and 59 A(1405) is about
10:1 (~10 nb : 1 nb) at Vs = 3 GeV and more at higher energies.
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2. A(1405) in hard exclusive process

++ Summary of hard exclusive process ++
= The constituent counting rule in exclusive reactions at high energy

with high momentum transfer may elucidate hadron structure.

(d_0> S o) M= M0t ot o ma| | N
at ab—cd /0\
/ "

= We estimate high-energy cross section n - p --> K° A(1405) at Ocm =
90° as well as &~ p --> K’ A at 0., = 90° from resonance region.
o Ground A production seems to show a scaling law with n,(A) = 3.
--- do | dQ at O.m = 90° is about 0.1 ub/sr for vs =3 GeV,
10-3 ub/sr for vs = 4 GeV, and 104~ 10-5 ub/sr for Vs = 5 GeV.

o For A(1405), cross section for 3¢ ( 5g ) A(1405)is~10nb (1 nb )
at Vs = 3 GeV and the deviation gets larger at higher energies.

o However, A(1405) production data is few.
--> Need both theoretical and experimental improvements
to determine the A(1405) structure. n - p --> K*° A(1405) reaction?
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3. Compositeness of A(1405)
from its radiative decay
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3. Compositeness and radiative decay

++ Compositeness ++
= Compositeness ( X ) = amount of the two-body components
in a resonance as well as a bound state.

D

(Large composite <--> X ~1)

&

--- Elementariness
Z=1--X.

= Compositeness can be defined as the contribution of the two-body
component to the normalization of the total wave function.

W) =X +Z=1

-

-

D

J

N

&

.
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3. Compositeness and radiative decay

++ Compositeness ++

= Compositeness ( X ) = a fraction of the two-body components
in a resonance as well as a bound state.

(Large composite <--> X ~1)

in the context of the chiral unitary model.
--- It is implied that the i-channel compositeness Is expressed as:

é D Elementarity

= Recently compositeness has been discussed

Zzl—ZXZ-

e Hyodo, Jido and Hosaka, Phys. Rev. C85 (2012) 015201
X; = —g? ’i(\/gzwl) ‘
( 7 d\/g pole \ " Keof
g 3 T 9i9; T
R 4 Cut-off is not needed v
§ | for dG/dvs. ‘ |
1 1 a 7

Gi(s) = z/ (d4q

2m)% g2 — mz 4 ie (P — q)%2 — m)? + ie

<
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3. Compositeness and radiative decay

++ Compositeness ++

= Compositeness ( X ) = a fraction of the two-body components

in a resonance as well as a bound state.
(Large composite <--> X ~1)

é D Elementarity 2=1- ZX

= Recently compositeness has been discussed
in the context of the chiral unitary model.
--- It is implied that the i-channel compositeness Is expressed as:

X; =

L, dG;

Hyodo, Jido and Hosaka, Phys. Rev. C85 (2012) 015201

(v's = Whole) | --> Compositeness can be determined

gi

s
’,
’,
’ I
’,
’,

from the coupling constant g;
and the pole position Wgl.

o

b

Gi(s) = z/ (d4q

2m)% g2 — mz 4 ie (P — q)%2 — m)? + ie

1 1

<
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3. Compositeness and radiative decay

++ Compositeness ++
= Compositeness ( X ) = a fraction of the two-body components

in a resonance as well as a bound state.

(Large composite <--> X ~1)

é D Elementarity 2=1- ZX

= Recently compositeness has been discussed
in the context of the chiral unitary model.
--- It is implied that the i-channel compositeness Is expressed as:

, dG,

X, = —¢-
9% 05

(\/g — Wpole)

o Compositeness of A(1405)
in the chiral unitary model:
--> Large KN component
for (higher) A(1405) !

Hyodo, Jido and Hosaka, Phys. Rev. C85 (2012) 015201

A(1405), lower pole A(1405), higher pole

Woole 1391 — 66i MeV 1426 — 17i MeV
K ~0.21 — 0.13i 0.99 + 0.05
Xors: 0.37 + 0.53i —0.05 — 0.154
XA —0.01 + 0.00i 0.05 + 0.014
Xpe= 0.00 — 0.01: 0.00 + 0.00i
Z 0.86 — 0.40i 0.00 + 0.09

T.S.and T. Hyodo, Phys. Rev. C87 (2013) 045202.
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3. Compositeness and radiative decay

++ Compositeness in experiments ++
= How can we determine composﬂeness of A(1405) in experiments ?

X; = —Y; d\/—(\/_ Wpole) K
--- Compositeness can be evaluated from Add0s)g N
the coupling constant g;and the pole position Wyoie.
o Pole position from PDG values:
Whoole = M a@405) == i Ia40s)/ 2 With Maa405) = 1405 MeV, I'a1405) = 50 MeV.

o Coupling constant g.= from A(1405) --> nX decay width:

L pcmME 2
P09 =5 N a7 TN > gan 1 =091

A(1405)

)>

--> We obtain | Xz 1 =0.19 --- Not small, but not large.

.

L4
.

-

x Unfortunately, one cannot directly determine the KN

coupling constant in Exp.; A(1405) cannot decay to KN.

» Reactions sensitive to the KN coupling ? <-- The radiative decay !
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3. Compositeness and radiative decay
++ Radiative decay of A(1405) ++

= There is an “experimental” value of the A(1405) radiative decay:

I'(A(1405) --> A’Y) =27 +8 keV, PDG; Burkhardt and Lowe, Phys. Rev. C44 (1991) 607.
I'(A0405) --> 2% =10+ 4keV or 23 +7KkeV.

= There are also several theoretical studies on the radiative decay:
Geng, Oset and Doring, Eur. Phys. J. A32 (2007) 201.

Table 3. The radiative decay widths of the A(1405) predicted by different theoretical models, in units of keV. The values denoted
by “UxPT” are the results obtained in the present study. The widths calculated for the low-energy pole and high-energy pole
are separated by a comma.

Decay channel UxPT xQM 135] BonnCQM [36] NRQM RCQM [39]
~A 16.1, 64.8 168 912 143 [37], 200, 154 [38] 118
N0 73.5, 33.5 103 233 o1 [37], 72, 72 [38] 46
Decay channel | MIT bag [38 Chiral bag [40] Soliton [41] Algebraic model 42] Isobar fit [23]
A 60, 17 75 44,40 116.9 27+ 8
PO 18, 2.7 1.9 13,17 155.7 10+40r23+7

Structmf of A(1405) has been discussed in these models,
but the KN compositeness for A(1405) has not been discussed.
--> Discuss the KN compositeness from the A(1405) radiative decay !
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3. Compositeness and radiative decay

++ Formulation of radiative decay ++
= Radiative decay width can be evaluated from following diagrams:

A(1405) ¢

.

Geng, Oset and Doring, Eur. Phys. J. A32 (2007) 201.

P-q
.".>-.‘~

......

P 7 q q-k
)

./\/\:/\4:%‘
/

C

o Each diagram diverges, but sum of the three diagrams converges

due to the gauge symmetry.
--- One can prove that the sum converges using the Ward identity.

0 The radiative decay width can be expressed as follows:

p/cmMYO 2
I'yo, = Wy-o .
7 WMA(1405) ’ 7‘ Wlth
Ji / RN Vinb
>

Model parameter.

<

Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014))

Wyoy =€ giQu, VivoAsyo
i

--- Sum of loop integrals Ayo
= and meson charge Qu..
--- V: Fixed by flavor SU(3) symmetry.
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3. Compositeness and radiative decay

++ Our strategy ++

= We evaluate the A(1405) radiative decay width I'xy and I'so,
as a function of the absolute value of the KN compositeness | Xx |.
--- We can evaluate the A(1405) radiative decay width when

the A(1405)--meson-baryon coupling strength (model parameter)

and the A(1405) pole position are given.

A

rAy ; rZ"y

!

Tyo., =

plcmM Yo

T M A (1405)

‘WYOW ’2

Wyoy =€ giQu, VivoAsyo
i

r

| X |
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3. Compositeness and radiative decay

++ Our strategy ++
= We evaluate the A(1405) radiative decay width I'xy and I'so,
as a function of the absolute value of the KN compositeness | Xx |.
--- We can evaluate the A(1405) radiative decay width when
the A(1405)--meson-baryon coupling constant (model parameter)
and the A(1405) pole position are given.

0 A(1405) pole position from PDG values:
Whoole = M A40s) -- i I'a1405)/ 2 WIth M aa405) = 1405 MeV, I'a1405)= 50 MeV.

o Assume isospin symmetry for the coupling constant g;::
KN — 9K-p = JKOn gy = grty—- — G-+ — G030

and neglect KX component: | gxi=- = gxozo =0

0 The coupling constant gxv as a function of Xxy is determined from
the compositeness relation:
dGr—,  dGgo
X - _ _ 2 P K®%n
[ Xenl = l9gnN| NG + NG P
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3. Compositeness and radiative decay

++ Our strategy ++
= We evaluate the A(1405) radiative decay width I'xy and I'so,
as a function of the absolute value of the KN compositeness | Xx |.
--- We can evaluate the A(1405) radiative decay width when
the A(1405)--meson-baryon coupling strength (model parameter)
and the A(1405) pole position are given.

o Coupling strength gz from A(1405) --> n¥ decay width:

pcmME 9
|7 =50 MeV
27TMA(1405) ’g E| © -—> I gj'[z I — Oo91 .

I'A(1405) = 3 X

o Interference between KN and X components
(= relative phase between gky and gxx) are not known.
--> We show allowed region of the decay width from
maximally constructive / destructive interferences:

~

V7T‘|'Z_YO A7T+Z_Y0 - VW‘E+Y0 AW‘E+Y0

sztofy — GOQKN\ X |‘7K—pY0AK—pY0 + \ng\ X

PémM Yo

W- 2
T M A (1405) Wye]

Tyo, =
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3. Compositeness and radiative decay

++ A(1405) radiative decay width ++

= We obtain allowed region of the A(1405) radiative decay width
as a function of the absolute value of the KN compositeness | Xk .

Cyo, [keV]

60

50 | =
40
30

£
20 |

10 |

0 0.2 0.4 0.6 0.8 1
| Xy |

--- We have checked that A(1405) pole position dependence is small.

<
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3. Compositeness and radiative decay
++ A(1405) radiative decay width ++

= Ay decay mode: o
Dominated by the KN
component. = |

--- Due to the large

cancellation between
- and - Xt
allowed region for Ay
Is very small and

is almost proportional 10 |
to | Xen 1 (< | ggn I2).

--> Large Ay width . .

= large | Xk |. | Xk |

40

30

Cyo, [keV]

20

= The A(1405) --> Ay radiative decay mode is suited
to observe the KN component inside A(1405).
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3. Compositeness and radiative decay
++ A(1405) radiative decay width ++

= 30~ decay mode: e
Dominated by the
12 component. ol

0 I'soy~ 23 keV
even for | Xxn 1 = 0.

40

30
o Very large allowed

region for I'so,.

[yo, [keV]

20 |

o I'so, could be very 10
large or very small
for | Xgn | ~ 1.

& Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014)) 38




3. Compositeness and radiative decay

++ Compared with the “experimental” result ++
= There Is an “experimental” value of the A(1405) radiative decay:

I'(A(1405) --> Ay) =27 + 8 keV, PDG; Burkhardt and Lowe, Phys. Rev. C44 (1991) 607.
I'(A(1405) -->32y) =10+ 4 keV or 23+7keV.
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3. Compositeness and radiative decay

++ Compared with the “experimental” result ++
= There is an “experimental” value of the A(1405) radiative decay:

I'(A(1405) --> Ay) =27 + 8 keV, PDG; Burkhardt and Lowe, Phys. Rev. C44 (1991) 607.
I'(A(1405) --> X)) =10+ 4 keV or 23 +7keV.

0 0.2 0.4 0.6 0.8 1
| Xy |

= From ['(A(1405) --> Ay) =27 + 8 keV: | Xgn 1= 0.5 £0.2.
--- KN seems to be the largest component inside A(1405) !
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3. Compositeness and radiative decay

++ Compared with the “experimental” result ++
= There is an “experimental” value of the A(1405) radiative decay:

I'(A(1405) --> Ay) =27 + 8 keV, PDG; Burkhardt and Lowe, Phys. Rev. C44 (1991) 607.
I'(A(1405) --> X)) =10+ 4 keV or 23 +7keV.

0 0.2 0.4 0.6 0.8 1

* From I'(A(1405) --> %) =10 + 4 keV: | Xgn [ > 0.5.
--- Consistent with the Ay decay mode: large KN component !
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3. Compositeness and radiative decay

++ Compared with the “experimental” result ++
= There Is an “experimental” value of the A(1405) radiative decay:

I'(A(1405) --> Ay) =27 + 8 keV, PDG; Burkhardt and Lowe, Phys. Rev. C44 (1991) 607.
I'(A(1405) -->32y) =10+ 4 keV or 23+7keV.

0 0.2 0.4 0.6 0.8 1

= From [(A(1405) -->3%) =23 + 7 keV: | Xk | can be arbitrary.
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3. Compositeness and radiative decay

++ Summary of radiative decay ++
= We have investigated the A(1405) radiative decay from the view-
point of compositeness = amount of two-body state inside system.

= We have established a relation between the absolute value of the
KN compositeness | Xxy | and the A(1405) radiative decay width.

o For the Ay decay mode, due to the large cancellation between
ntY- and x - X+, allowed region for the Ay decay width is very
small and is almost proportional to | Xxn | ( = | ggn I2).

--> Large Ay width directly indicates large compositeness | Xk |.

o For the X% decay mode, ¥ component is dominant.
--> We could say | Xgn | ~1 if I'soy could be very large or very small.

= By using the “experimental” value for the A(1405) decay width,
we have estimated the KN compositeness as | Xxy | > 0.5.
--- For more concrete conclusion, precise experiments are needed !
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4. Summary
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4. Summary

++ Summary ++ b
= A(1405) is an interesting hadron, because it may be a KN molecular

state as an exotic hadron.

@VD 227 (9

= To determine its internal structure, we have to pin down
quantities which can be evidence of the exotic structure.
o Scaling of production cross section in hard exclusive process.
o Compositeness as the amount of the two-body component.
(o The spatial size of the hadron.)
(z The hadron yields in heavy-ion collisions.)

(o..)

= In order to go further for the determination of the structure,
we need both experimental efforts and theoretical ideas.

& Workshop on J-PARC Hadron Physics in 2014 @ Tokai, JAPAN (Feb. 10 -- 12,2014)) 45




Thank you very much
for your kind attention !
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A. Appendix

++ A(1405) production: Theoretical study ++

= Theoretical calculation of the &~ p --> K° A(1405) reaction

in the chiral unitary model.

—_—
-

Hyodo et al., Phys. Rev. C68 (2003) 065203.

(b)

x '; " ) MM :
“\ '1’,’ B - \ ,’B‘\ 2° ‘\\ 4"’
P—-—T-'-D—E —>—a=\.=t—-—-—o——-—£ + —»‘?dtt?‘_r‘:_’_z
4 T K o K
; 3.5 .,"
8 31 ,'l 'I"
:g. 25 f I."'/'
S 2 1f ! :
N R + --- With above amplitudes, one can
~ ' 4 . .
o 1 Tomms (7)) — qualitatively reproduce the Exp.
> e Modell W ====-
= osf Vi - data of - p --> K° A(1405).
5q scaling — . C
e . . =-> Extrapolate to higher energies.
gl
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A. Appendix

++ Radiative decay In chiral unitary model ++
= Taken from the coupling strength g; from chiral unitary model,

one can evaluate radiative decay width in chiral unitary model.

Table 3. The radiative decay widths of the A(1405) predicted by different theoretical models, in units of keV. The values denoted
by “UxPT” are the results obtained in the present study. The widths calculated for the low-energy pole and high-energy pole

ERERRAT A(1405), lower pole A(1405), higher pole |___
Decay channel Uxtl Wge1e 1391 — 667 MeV 1426 — 17: MeV Pl
YA 16.1, 64.8 XgN —0.21 — 0.132 0.99 + 0.097
yZ° 73.5, 33.5 Xrs 0.37 + 0.93¢ —0.05 — 0.15¢ -
Decay channel | MIT bag [38 XnA —0.01 + 0.002 0.05 + 0.012 ﬁ
e 60. 17 XK= 0.00 — 0.012 0.00 + 0.002
45 18, 2.7 Z 0.86 — 0.402 0.00 + 0.092 L7

Geng, Oset and Doring, Eur. Phys. J. A32 (2007) 201.

= Ay decay mode: Dominated by the KN component.

_ - D+3F _ 0.63
o Larger K-pA coupling strength: | Vx-» =7 % PR

~

\ Vinbb

o e >

o Large ni¥ cancellation: | ; _ v D 0461 with

VT(' —AN — Vg~ — T =, ~
+5-A S+A V37 7 I
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A. Appendix

++ Radiative decay In chiral unitary model ++
= Taken from the coupling strength g; from chiral unitary model,

one can evaluate radiative decay width in chiral unitary model.

Table 3. The radiative decay widths of the A(1405) predicted by different theoretical models, in units of keV. The values denoted
by “UxPT” are the results obtained in the present study. The widths calculated for the low-energy pole and high-energy pole

are separated by a comma.

A(1405), lower pole

A(1405), higher pole

Decay channel UxPT
YA 16.1, 64.8
y X 73.95, 33.5

Decay channel | MIT bag [38
yA 60, 17
- 18, 2.7

Wpole

1391 — 6672 MeV
—0.21 — 0.132
0.37 + 0.931
—0.01 + 0.00z
0.00 — 0.012
0.86 — 0.402

1426 — 171 MeV
0.99 + 0.097
—0.05 — 0.152
0.05 + 0.01%
0.00 + 0.002
0.00 + 0.092

O

|

| ]
o

- i f

o Smaller K-pX? coupling strength:

o Constructive > contribution: | -

Geng, Oset and Doring, Eur. Phys. J. A32 (2007) 201.
= X0v decay mode: Dominated by the X component.
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