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1. Introduction

++ =(1690) as an exotic hadron ? ++
= Exotic hadrons --- not same quark component as ordinary hadrons
= not gqq nor gq. <-- Do exotic hadrons really exist ???

g @ 3 @

Penta-quarks Tetra-quarks Hybrids Glueballs Hadronic

molecules
H n
= The E(1690) resonance may be an exotic hadron.
Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)
— ?
=(1 IUP) = 1(?7) Status: * k%
=(1690) e severemsenones |0 MaSS: 1690 + 10 MeV.
AUBERT 08AK, in a study of A': — = 77 KT, finds some evi-
dence that the =(1690) has J© = 1/2~. o Width: <30 MeV,
DIONISI 78 sees a threshold enhancement in both the neutral and but a relatively Narrow
negatively charged £ K mass spectrain K' p — (X K)K~ at 4.2 -
GeV/c. The data from the X K channels alone cannot distinguish Wldth haS been repOrted.
between a resonance and a large scattering length. Weaker evidence
at the same mass is seen in the corresponding AK channels, and a .
coupled-channel analysis yields results consistent with a new =. Particle Data Group.
@ BIAGI 81 sees an enhancement at 1700 MeV in the diff_r;‘a‘ctively , 2015) 2




1. Introduction

++ Experiments of the £(1690) resonance ++
= Historically E(1690) was discovered as a threshold enhancement

in both the neutral and charged KX mass spectra
in the K- p --> (KX) K n reaction at 4.2 GeV/c.

gof. & e e e
| K2+ —n:
g r == ~ = bockground |
o o0~ ‘
g - |
G 40 p 1 |
E | --- Rapid enhancement
g 20l at the threshold of the
L i KX mass spectra implies
o ' .| thatthis couples to the
.68 1.8 1.9 2.0 e H
wess| K2 channel in s wave.
Fig. 1. The £*K~ mass spectrum for the reaction K p - 2 KK " after] K=>> JP —_ 1/2" IS |mp||ed.
The origin of the curves is indicated.

C. Dionisi et al., Phys. Lett. B80 (1978) 145.
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1. Introduction

++ Experiments of the £(1690) resonance ++
= 5(1690) has been observed and investigated in several
experiments.

o Especially small total decay width and tiny branching fraction
to the n= state have been reported, for instance:
[ =10+ 6 MeV I'(nE)/T(KE) < 0.09

M. 1. Adamovich et al. [WA89 Collab.], Particle Data Group.
Eur. Phys. J. C5 (1998) 621.

= However, the small decay width and tiny BR fraction to =& bring
a difficulty, assuming J” = 1/2- for E(1690).
--- Naive quark models inevitably predict decay to = to some extent

--> E(1690) might have a non-trivial structure than usual gqq state ?

& g2 -

--- But its properties and structure are still unclear.
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1. Introduction

++ Theories of the E(1690) resonance ++
= 5(1690) and other =* resonances has been investigated in several
theoretical frameworks as well, for instance:

o Quark models.
K. T. Chao, N. Isgur and G. Karl, Phys. Rev. D23 (1981) 155;

S. Capstick and N. Isgur, Phys. Rev. D34 (1986) 2809;

M. Pervin and W. Roberts, Phys. Rev. C77 (2008) 025202;

L.Y. Xiao and X. H. Zhong, Phys. Rev. D87 (2013) 094002;

N. Sharma, A. Martinez Torres, K. P. Khemchandani and H. Dahiya, Eur. Phys. J. A49 (2013) 11;

o Skyrme model.
Y. Oh, Phys. Rev. D75 (2007) 074002.

o Chiral unitary approach.
A. Ramos, E. Oset and C. Bennhold, Phys. Rev. Lett. 89 (2002) 252001;

C. Garcia-Recio, M. F. M. Lutz and J. Nieves, Phys. Lett. B582 (2004) 49;
D. Gamermann, C. Garcia-Recio, J. Nieves and L. L. Salcedo, Phys. Rev. D84 (2011) 056017.
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1. Introduction

++ =¥ resonances in chiral unitary approach ++
= E* resonances in chiral unitary approach.

--- Based on the combination of the chiral perturbation theory

and the unitarization of the scattering amplitude.

were done for several =%
states together with
many other resonances.

C. Garcia-Recio, M. F. M. Lutz and J. Nieves,

--- Narrow width
for £(1690) !
But its mass
iIs lower than

(3,-2) [7E]7.5 56 seen 2.6 : :
Z(1620)" [KA]52 28 seen —1.5 y SVStematlc studies
M =~ 1620 1565 [KX]0.7 26 O —0.8

r=23 247 [n2]03 49 0 0.3

(3,-2) [7E]0.02 0.1  seen —0.1

Z(1690)**" [KA]0.16 60 seen 0.9

M =1690 % 10 1663 [KX]5.15 3.1 seen -—25

r=10+6 4 [n2]228 32 0 —1.7 | Phys. Lett. B582 (2004) 49.
8 2037-241 8606 09 02 O3 TUSTIS Ubh: I 24 1 Uz A0 2l

(1134)

10 1729-461 06 14 04 116 14 21 10 04 33 38 44 2 18 19 =(1950)

(70) * % %

8 1651-21 02 03 122 13 10 26 02 06 09 04 02 LT 04 02 =(1690)

(70) * % %

8 1577-13%91 29187 45 01: 08 10 OF 4l b kS 03 DY 02 12 =(1620)

(56)

*

Exp. value.

D. Gamermann, C. Garcia-Recio, J. Nieves and L. L. Salcedo, Phys. Rev. D84 (2011) 056017.
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1. Introduction

++ In this study ... ++

= |In this study we concentrate on the phenomena near the KX
threshold and on the =(1690) resonance.

= By using the chiral unitary approach and adjusting parameters,
we show the narrow 2(1690) state, which was studied in the
previous studies, can exist near the KX threshold with J* = 1/2-,
and it reproduces experimental mass spectra qualitatively well.

= We investigate and clarify properties of the 2(1690) state,

including its small decay width, molecular structure, etc.
--- We especially show that the £(1690) resonance can be indeed
an s-wave KX molecular state in terms of the compositeness.

4

<

P [& RCNP

Hyodo-Jido-Hosaka (2012), Aceti-Oset (2012), Nagahiro-Hosaka (2014), ... .
See Hyodo, Int. J. Mod. Phys. A28 (2013) 1330045;
also T. S. , Hyodo and Jido, PTEP (2015) 063D04.
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2. Formulation

++ Chiral unitary approach ++
= We employ the chiral unitary approach for the s-wave K3 -KA-n=-1

o
—

coupled-channels scattering.
Tje(w) = Vie(w) + 3 Vi (w)Gi(w) Tix (w)
l

5 .

o4
./-"'"\
>,
SO g

«

)

.......

--- The chiral unitary approach is most successful in the KN

Interaction and A(1405).
Kaiser-Siegel-Weise (1995), Oset-Ramos (1998),

Oller-Meissner (2001), Lutz-Kolomeitsev (2002),
Jido et al. (2003), ... .

= In this study we use the Weinberg-Tomozawa
interaction for the interaction kernel V.
--- The leading order term of ChPT In s wave:

Ej -+ Mj
oM,

_ G
4f; fr

Vik(w) = (2w — M; —Mk)\/

@

¥ RCNP
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A(1405)

T [1I/MeV]
0x

1460 I-NO’.

Relz] [MeV)

Hyodo and Jido (2012).
E. + M, <--We have no free
2 M, parameters in the

interaction kernel.
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2. Formulation

++ Chiral unitary approach ++
= For the loop function G we take a covariant expression:

o The integral is calculated with the dimensional reqularization,
and an infinite constant is replaced with a subtraction constant
in each channel.

--> Subtraction constants are free parameters.

o We assume the isospin symmetry for the subtraction constants,
so we have 4 free parameters ( axs, aka, axz, and ayz ),

which are fixed so , 5
40 | — |

as to reproduce |_ “ 4 KA .= % K-y
the mass spectra |: iy | 5 °[/

by Belle. e ot ) g |l o

--- Neutral 2(1690). |-
K. Abe et al. [Belle Collab.],
Phys. Lett. B524 (2002) 33. AR MO+ 1416, G/

@ £ RCNP HYP2015 @ Tohoku, Japan (Sep. 7 - 12, 2015) 9




3. Results and discussions

++ Fitting to the Belle data ++
= We fix 4 free parameters ( axz, aka, ax=, and ayz ) so as to

1000

Flt

K OA Fit

800 |

Ex

600

dU'/ dMgo, [ns”' /GeV]
=)
o

(fold)y E=—21

p. —— |

M KA [GCV ]

16 162 164 166 168 1.7 172 174 176 1.78 1.8

dU/dMy s+ [ns™' / GeV]

450

reproduce the mass spectra by Belle. The result of the best fit is:

400

N 4

300 |
250 |
200 |
150
100 [T
50 |

0

+ Flt —
K-> Fit (fold) =3 |
Exp. ——

x 1

1.68

o Background of the Belle data is subtracted.

2/ Naos=59.0/57

1.7

1.72 1.74 1.76 1.78 1.8
My -+ [GeV]

O Relatlve scale between K°A and K-X+ is fixed with the branchlng
(1.34£0.5) x 1073

— (K"XT)K™] =

BIAT — =(1690)°K+ —

(K°A)KT] =

(8.1 £3.0) x 10~*

P & RONP
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12,2015)
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3. Results and discussions

++ Fitting to the Belle data ++
= We fix 4 free parameters ( axz, aka, ax=, and ayz ) so as to
. The result of the best fit is:

1000

reproduce the mass sp

ectra by Belle

- K°A

800

600

dr'/ dMgo, [ns”' /GeV]
5
o

¢

Fit

Fit (fold) £
Exp. —— |

MR{)A [GCV]

16 162 164 166 168 1.7 172 174 176 1.78 1.8

dU /dMpy -+ [ns / GeV]

450

400 |
as0 [ @
300 |
250 |
200 |
150
100 {7
50

0

F}l

K->+ Fit (fold) =1
Exp. ——

|
1

1.68

1.7 1.72 1.74 1.76
My -+ [GeV]

1.78 1.8

1. The Belle data on =(1690) are reproduced qualitatively well

with very small width ~ 1 MeV.

--- We can calculate the ratio g =

&P [& RCNP

B[A+ — Z(1690)°K+ — (K—X+)K+]

BIAT — Z(1690)°K+ — (KOA)K+]

Rth = 1.06 <=> Rexp = 0.62 + 0.33.

--- lNn 20 errors.

HYP2015 @ Tohoku, Japan (Sep.7 - 12, 2015)
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3. Results and discussions

++ Fitting to the Belle data ++

= We fix 4 free parameters ( axz, aka, ax=, and ayz ) so as to
reproduce the mass spectra by Belle. The result of the best fit is:

‘ 450

1000

— . Fit —_— | Fit j—
~ KOA Fit (fold) =1 ; 400 1 K"E-l' Fit (fold) 3
8 800 | Exp. —— | (5 350 Exp. ——
< o K% —1.98 563 MeV
=R KA —2.07 644 MeV f
B N = —0.75 — |
(AN NN -3.31 1456 MeV —— T —
16 162 164 166 1.68 1 P 1.74 1.76 1.78
Mo, [GeV] k-x+ [GeV]

1.8

1. The Belle data on =(1690) are reproduced qualitatively well.

2. Subtraction constants are “natural” (except for a.z), as the

values of the corresponding three-dimensional cut-off at the

threshold, A, is about 500 - 1500 MeV.

--- The nZ channel negligibly contributes to =(1690).

¢ = RCNP HYP2015 @ Tohoku, Japan (Sep.7 - 12, 2015)
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3. Results and discussions

++ Fitting to the Belle data ++

= We fix 4 free parameters ( axz, aka, ax=, and ayz ) so as to
. The result of the best fit is:

reproduce the mass sp

1000

800

600

5

dF/dMKn;;.A [ns_l /Ge\"]
2

o

¢

- K°A

Fit —

Fit (fold) E—J

Exp. ——

M KA [GCV ]

16 162 164 166 168 1.7 172 174 176 1.78 1.8

ectra by Belle

dU/dMy s+ [ns™' / GeV]

450
400 |
as0 [ @
300 |
250 |
200 |
150
100 T’
5

o

0

F}l

K “2"‘ Fit (fold) 3

Exp.

it ts

+

1.68

1.7

172 174 176
M- y+ [GeV]

1.78 1.8

1. The Belle data on =(1690) are reproduced qualitatively well.

2. Subtraction constants are “natural” (except for axz).

3. The E(1690) pole is dynamically generated at 1684.3 -- 0.5 i MeV,
whose real part is between the K-+ and the K’ thresholds.
--- This pole exists in the first Riemann sheet of both KX channels.

P [E RONP
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3. Results and discussions

++ Origin of E(1690) ++
= We naively expect that the =(1690)° (pole at 1684.0 -- 0.6 i MeV)
would originate from the KX(I=1/2) bound state generated by
the strongly attractive interaction between KX(I=1/2).
--- ¢f. The strongly attractive KN(I=0) interaction for A(1405).

0

= However, the chiral KX(I=1/2) inter- . A
action is attractive but not strong
enough to generate a bound state
in a single channel case.

--- In contrast to the KN(I=0) Int. ,

which can solely generate a

bound state for A(1405).

-
- -
-
-
- -
oot}  TEesa
. ~
-~ -
-~
-
-~
-~
-~
~
-
~-
-~

-0.015

-0.02

V!, G [GeV]

1.6 161 162 163 1.64 165 166 167 168 169 17
w [GeV]

Cik| KX KA 72 1=
KY | 2 0 -1/2 3/2 = This fact implies that the multiple

KA| O 0 -3/2 -3/2 scatterings, such as KX --> n& --> K%,

~

= | —-1/2 -=3/2 2 0 ! e ] -
= | 32 32 o 0 assist the KY interaction for =(1690).

@ £ RCNP HYP2015 @ Tohoku, Japan (Sep. 7 - 12, 2015) 14




3. Results and discussions

++ Small decay width ++
= In addition, the structure of the interaction strength qualitatively

explains a remarkable property of E(1690)9, its very small width:

I'=--2Im( wpote ) ~1 MeV. Cjk

K¥ KA T= n=

1. Transition of KX <--> KA is 783
forbidden at the leading order | ;4
(Cik =0), so the KX --> KA --> KX
multiple process gives zero.

=
WH

—
L]
Sd

2 0 —-1/2 3/2
0 0 —3/2 -3/2
~1/2 -3/2 2 0
3/2 -3/2 0 0

2. KX <--> nE is not strong

compared to, e.g., KN(I=0) <--> nX.
- Cijx=--05 vs. -V15=--1.22....

3. KX <--> nE is the strongest.

--> As a consequence, the n= channel is

(I =1/2, isospin basis)

Cik| KN 7% g9A K=

KN 3 -/3/2  3/V2 0
72 | —/3/2 R S 3/2
nA 3/v/2 0 0 ~3/v/2
K= 0 V3/2 —3/V2 3

most important in the multiple scatterings for KX to dynamically
generate £(1690) which cannot couple strongly to KA nor nZE.
--- This reproduces small decay width and tiny BR fraction to nZ=.

@ £ RCNP HYP2015 @ Tohoku, Japan (Sep. 7 - 12, 2015) 15




3. Results and discussions

++ Compositeness for £(1690) ++
= OQur £(1690) pole exists at 1684.3 -- 0.5 i MeV, whose real part is
very close to the K- X+ threshold (= 1863.1 MeV).
--- The pole exists in the first Riemann sheet of the K- X+ channel.
o “Theorem” (single channel, s wave):
The bound state with the field renormalization const. Z ~ 0
naturally appears when the state exists near the threshold, and
especially Z vanishes in the limit B --> 0. 1Hlyoda (2O1H);

: L C. Hanhart, J. R. Pelaez
--> The state should be genuinely composite. and G. Rios, (2014).

o Therefore, ‘we expect that our £(1690) state should be
genuinely KX composite ! (coupled-channels version)

o Indeed, the result of the compositeness X Xg-x+  0.84—-027

- - pemm : E 7 Xj‘{()go 0.11 + 0.152

strongly indicates that £(1690) is a KX Xror  —0.01+0.017
molecular state. X,+z-  0.00+ 0.00d

(U*| W) Z X;+Z=1 Hyodo (2013); T. S. , Hyodo and Jido (2015). | X o=o 0.00 + 0.002
B dG B dVix XﬂEO 0.01 + 0.02:

X g_‘] [ d'llj:|u - ) Z =— ;,ngj [GJ d_Gk:| N 7 0.06 + 0.09;

@ £ RCNP HYP2015 @ Tohoku, Japan (Sep. 7 - 12, 2015) 16




4. Summary

++ Summary ++
= We have investigated dynamics of KX and its coupled channels
in the chiral unitary approach.
o We employ the simplest interaction: Weinberg-Tomozawa term.

o Subtraction constants as free parameters are fixed
by fitting the K°A and K->+ mass spectra to the experimental data.

= As a result, we have found that:
o The obtained scattering amplitude can qualitatively reproduce
the experimental data of the K°A and K-X+ mass spectra.

o Dynamically generates a E* pole near the KX threshold as a KX
molecule, which can be identified with the =(1690)° resonance.

> However, the K¥ interaction alone is slightly insufficient to bring
a KX bound state, so multiple scattering is important for £(1690).

o The small or vanishing couplings of the KX channel to others
can naturally explain small decay width of E(1690).

@ £ RCNP HYP2015 @ Tohoku, Japan (Sep. 7 - 12, 2015) 17
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for your kind attention !
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Appendix

++ Comparison with previous ChUA calculations ++
» The discussion on the KX interaction can be further utilized for
comparison of our result on E(1690) (pole at 1684.3 -- 0.5 i MeV)
with previous ones in chiral unitary approach.

(%’_2) [r2]7.5 56 seen 2.6 <"> Qualitatively Similar, bUt
=(1620)* [RA]52 28 seen —L5 the mass (= real part of
=23 247 [nE]0.3 49 0 0.3 I

4, —2) o G s =0 result is 20 - 30 MeV

= (1690)*** [KA]0.16 60 seen 0.9 larger than others.

M =1690 = 10 1663 [KX]5.15 3.1 seen -25| C.Garcia-Recio, M. F. M. Lutz and J. Nieves,
il . mE1228 32 0 171 phys. Lett. B582 (2004) 49.

8 2037-24i1 616 03 2 O TOSTIS: UG 1N 2A LY 02 Al TRl

(1134)

10 1729-461 06 1.4 04 116 14 21 10 04 33 15 04 02 16 1.0 =(1950)

(70) * % *

8 1651-21 02 03 122 13 10 26 02 06 09 04 02 LT 04 02 =(1690)

(70) * % *

8 1577-13% 26 1.7 05 01 08 10 Q7 01 06 13 03 01 02 12 =(1620)

(56) *

D. Gamermann, C. Garcia-Recio, J. Nieves and L. L. Salcedo, Phys. Rev. D84 (2011) 056017.
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Appendix

++ Comparison with previous ChUA calculations ++
» The discussion on the KX interaction can be further utilized for
comparison of our result on E(1690) (pole at 1684.3 -- 0.5 i MeV)
with previous ones in chiral unitary approach.

o In Ref. [1] they used the meson decay constant f= 90 MeV in
all channels, while we use their physical values (fx = 110.64 MeV).
--> The E(1690) pole moves as:

0

Our result '
110 MeV'!

o In Ref. [2] they introduced
channels with vector mesons,
which would assist more the
KX interaction, and hence

the mass of £(1690) shifted
5 100Mey | X* 2" Thr. to lower energies.

1660 1665 1670 1675 1680 1685
Re w1 [MeV]

[1] C. Garcia-Recio, M. F. M. Lutz and J. Nieves, Phys. Lett. BS82 (2004) 49.
[2] D. Gamermann, C. Garcia-Recio, J. Nieves and L. L. Salcedo, Phys. Rev. D84 (2011) 056017.
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Appendix
++ Charged E(1690) ++

= Finally we consider the charged 2(1690) in the same parameter set
as the neutral one. As a result, we obtain the =Z(1690)- pole as:

Wpole 16934 —10.5¢ MeV | o The E(1690)- pole is located between
§f<02— 0.86 — 0.50z the K-3%and K% - thresholds;

g-zo 0274031z The pole is in the first Riemann sheet
Xx-A —0.02 + 0.043 i L]
X, =0 0.00 + 0.00i of the K% and n&E- channels and
X ro=- 0.00 + 0.00z in the second Riemann sheet of the
Xz~ 0.07 4 0.03¢ K-A, K-X0, - & and n’E- channels.
Z 0.36 + 0.12i

o The pole position has a larger imaginary part ~ 10 MeV compared
to the neutral case, since it exists above the K% -threshold in its
second Riemann sheet and hence the decay to K% is allowed.

o Although both Xkoxz- and Xk-s0 have large imaginary part, sum of
them is the dominant contribution with its small imaginary part,
which implies that the E(1690)- state is also a KX molecular state.
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Appendix

++ Outlook ++
= Theoretical study:

o Propose reactions which can clarify properties of the =Z(1690)
resonance in experiments, both neutral and charged states.

o Predict the E(1690) production cross section.

o Improvement of model by, e.g., introducing s- and u-channel
Born terms.

= Experimental study:
o Determine J? of the =(1690)° resonance.

o Measure the KA and KX mass spectra and ratio of their
branching fractions.

o Furthermore, precise determination of its pole position should be
important to discuss the internal structure of £(1690).

--- Flatte parameterization may be necessary since it exists near
the KX threshold.
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