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I. INTRODUCTION

⌦� was predicted as sss bound state by the quark model in 1962 and was discovered in the K

�
p ! K

0
K

+⌦�

decay experiment in 1964. But after discovery of ⌦� there have been litter information confirmed during half century.
Recently fisrt measurement of J of ⌦� was performed in SLAC.

Recently, the CLAS Collaboration at the Tomas Je↵erson National Accelerator Facility (JLab) initiated a very
strange program; the Collaboration has established, in particular, the feasibitity to do omega baryon spectroscopy
via photoproduction �p ! K

+
K

+
K

0⌦�.
( to be modified )

II. GENERAL FORMALISM

A. Scattering amplitude and current

�

p

B

Y1Y2

K1K2KN�1 (k1)

(k2)

(p2) (p1)(pN�1)

(pN )

FIG. 1: Schmetic description of the photon induced
multi-kaons production. Yi and B denote the intermediate
hyperon and the final baryon, respectively. Time direction is
from the left to the right.

The scattering amplitude T of the photon induced multi kaon production reaction is related to the S-matrix by

Sfi = �fi � i(2⇡)4�4(k1 + k2 �
N
X

i

pi)Tfi, (1)

where k1, k2 and pi denote the four-momenta of the incoming photon, initial proton and outgoing particles, respec-
tively. The scattering amplitude is wirrten in terms of an invariant amplitude �iM as follows;

T =
M

(2E�(k1))1/2(2EN (k2))1/2
n

QN
i=1(2Ei(pi))1/2

o

, (2)

where Ei(ppp) =
p

m

2
i + p

p

p

2, with mi denoting the mass of the particle i. The total cross section is written as

� =

Z

(2⇡)4

4|k1 · k2|
|M|2d�4(k1, k2; p1, · · · , pN ), (3)

where d�N is an element of N -body phase space given by

d�N (k1, k2; p1, · · · , pN ) = �

4(k1 + k2 �
N
X

i

pi)

⇢ N
Y

i=1

d

3
pi

(2⇡)3EKi(pi)

�

(4)

The invariant amplitude is given by

M =

⇢

u(pN )M⌫⌫⌫
✏

�
⌫⌫⌫u(k2) for the spin of the final baryon = 1/2,

uµ1µ2···µn(pN )Mµ1µ2···µn⌫⌫⌫
✏

�
⌫⌫⌫u(k2) for the spin of the final baryon = 3/2, 5/2, 7/2 · · · (2n + 1)/2.

(5)

where ✏

�
⌫⌫⌫ denotes the polarization vector of the photon. Lorentz index of the photon is ⌫

⌫

⌫ which is bolded here simply
for better readability.

( to be modified )
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d�N (k1, k2; p1, · · · , pN ) = �

4(k1 + k2 �
N
X

i

pi)

⇢ N
Y

i=1

d

3
pi

(2⇡)3EKi(pi)

�

(4)

The invariant amplitude is given by

M =

⇢

u(pN )M⌫⌫⌫
✏

�
⌫⌫⌫u(k2) for the spin of the final baryon = 1/2,

uµ1µ2···µn(pN )Mµ1µ2···µn⌫⌫⌫
✏

�
⌫⌫⌫u(k2) for the spin of the final baryon = 3/2, 5/2, 7/2 · · · (2n + 1)/2.

(5)

where ✏

�
⌫⌫⌫ denotes the polarization vector of the photon. Lorentz index of the photon is ⌫

⌫

⌫ which is bolded here simply
for better readability.

( to be modified )

⌦�
K, K⇤
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Formalism

p

KKK
K�,#*�C��#E��"%!�EF��

2

I. INTRODUCTION

⌦� was predicted as sss bound state by the quark model in 1962 and was discovered in the K

�
p ! K

0
K

+⌦�

decay experiment in 1964. But after discovery of ⌦� there have been litter information confirmed during half century.
Recently fisrt measurement of J of ⌦� was performed in SLAC.

Recently, the CLAS Collaboration at the Tomas Je↵erson National Accelerator Facility (JLab) initiated a very
strange program; the Collaboration has established, in particular, the feasibitity to do omega baryon spectroscopy
via photoproduction �p ! K

+
K

+
K

0⌦�.
( to be modified )

II. GENERAL FORMALISM

A. Scattering amplitude and current

�

p

B

Y1Y2

K1K2KN�1 (k1)

(k2)

(p2) (p1)(pN�1)

(pN )

FIG. 1: Schmetic description of the photon induced
multi-kaons production. Yi and B denote the intermediate
hyperon and the final baryon, respectively. Time direction is
from the left to the right.

The scattering amplitude T of the photon induced multi kaon production reaction is related to the S-matrix by

Sfi = �fi � i(2⇡)4�4(k1 + k2 �
N
X

i

pi)Tfi, (1)

where k1, k2 and pi denote the four-momenta of the incoming photon, initial proton and outgoing particles, respec-
tively. The scattering amplitude is wirrten in terms of an invariant amplitude �iM as follows;

T =
M

(2E�(k1))1/2(2EN (k2))1/2
n

QN
i=1(2Ei(pi))1/2

o

, (2)

where Ei(ppp) =
p

m

2
i + p

p

p

2, with mi denoting the mass of the particle i. The total cross section is written as

� =

Z

(2⇡)4

4|k1 · k2|
|M|2d�4(k1, k2; p1, · · · , pN ), (3)

where d�N is an element of N -body phase space given by

d�N (k1, k2; p1, · · · , pN ) = �

4(k1 + k2 �
N
X

i

pi)

⇢ N
Y

i=1

d

3
pi

(2⇡)3EKi(pi)

�

(4)

The invariant amplitude is given by

M =

⇢

u(pN )M⌫⌫⌫
✏

�
⌫⌫⌫u(k2) for the spin of the final baryon = 1/2,

uµ1µ2···µn(pN )Mµ1µ2···µn⌫⌫⌫
✏

�
⌫⌫⌫u(k2) for the spin of the final baryon = 3/2, 5/2, 7/2 · · · (2n + 1)/2.

(5)

where ✏

�
⌫⌫⌫ denotes the polarization vector of the photon. Lorentz index of the photon is ⌫

⌫

⌫ which is bolded here simply
for better readability.

( to be modified )

⌦�
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Appendix B: Parameters in the prsent work

Parameter set used in our model calculation is summarized as follows: The cut-o↵ parameter used in three processes

TABLE III: Model parameters employed in the present calculation. The last column cites the sources for the
respective values, where PDG refers to Ref. [? ]

Nucleon:
mN (MeV) 938.3 PDG
p 1.79
⌅(1318):
m⌅ (MeV) 1318.0
⌅0 ,⌅� -1.25, 0.35 PDG

⇤(1116) :
m⇤(MeV) 1115.7 PDG
gN⇤K -13.24
g⌅⇤K 3.52
gN⇤K⇤(N⇤K⇤) -6.11 (2.43)
g⌅⇤K⇤(⌅⇤K⇤) 6.11 (0.65)
⇤ -0.613 PDG

⇤(1405) :
m⇤(�⇤)(MeV) 1406.0 (50.0) PDG
gN⇤K 0.91
g⌅⇤K 0.91
⇤ 0.25 PDG

⌃(1193) :
m⌃(MeV) 1193.0 PDG
gN⌃K 3.58
g⌅⌃K -13.26
gN⌃K⇤(N⌃K⇤) -3.52 (-1.14)
g⌅⌃K⇤(⌅⌃K⇤) -3.52 (4.22)
⌃+ ,⌃0 ,⌃� 1.46,0.65,-0.16 PDG

⇤(1520) :
m⇤(�⇤)(MeV) 1519.5.0 (15.6) PDG
gN⇤K -10.90
g⌅⇤K 3.27
⇤ 0.0 PDG

⌃(1385) :
m⌃(�⌃)(MeV) 1384.0 (37.0) PDG
gN⌃K -3.22
g⌅⌃K -3.22

g(1)N⌃K⇤ , g
(2)
N⌃K⇤ -5.47, 0.0

g(1)⌅⌃K⇤ , g
(2)
⌅⌃K⇤ -5.47, 0.0

⌃+ ,⌃0 ,⌃� 2.11,0.32,-1.47 PDG
⌅(1321) :
m⌅ (MeV) 1321.7 PDG
g⌦⌅K 7.5 SU(3) & � quark model

are sumarized as follows:
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Numerical Result

1 1.2 1.4 1.6 1.8 2
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� p ! K+⇤(1116)
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Numerical Result

� p ! K+K+⌅�
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Numerical Result
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Numerical Result
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Preliminary



/ 4426

Discussion
Why so small ?
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�p ! K+K+⌅�Revisited to
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�p ! K+K+K0⌦�
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⇤(1116)

⇤(1405)

⇤(1520)

⌃(1193)

⌃(1385)

} 5x30=150

# of diagrams

⌅,⌅⇤ · · · (N) 150 N

Future work
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Future work

STEP 1 STEP 2 STEP 3

Consider
intermediate states

of
spin-1/2, 3/2

Consider
intermediate states

of
higher spin
(5/2, 7/2…)

K̄N ! KKK⌦�

Consider
kaon beam induced

Omega baryon
production
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Summary

• In the present work, we show the total cross section of

• The result with only ground state baryon gives us very

• From this, we would like to suggest the minimum or range 

Omega production with ground baryon states.

small cross section.

cross section to investigate properties of  VERY strange baryons.

• The previous hyperon production study tell us that 

✅

✅

✅

✅

• we need to consider massive resonances with higher spin
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PART 2
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K+
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⇤⇤(1520)

(K+K�)

(pK�)

K+

1

2

� p

Motivation
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M(�p ! KK̄p) = M(�p ! �p ! KK̄p)

+M(�p ! ⇤

⇤p ! K ¯Kp) + background

Formalism
newpage number?1
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448

t⌅ =

/q2 +m⌅

q2 �m2
⌅

(2)

9

M(�p ! �p ! K ¯Kp) = M(�p ! K ¯Kp)
1

q2� � (m� � i��/2)2
M(�p ! �p) (3)

10

M(�p ! K⇤

⇤ ! K ¯Kp) = M(⇤

⇤p ! K ¯Kp)
1

q2⇤ � (m⇤ � i�⇤/2)2
M(�p ! ⇤

⇤p) (4)

2

newpage number?1

332

333

34

35

36

47

448

t⌅ =

/q2 +m⌅
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M(�p ! �p ! K ¯Kp) = M(�p ! K ¯Kp)
1

q2� � (m� � i��/2)2
M(�p ! �p) (3)
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M(�p ! K⇤

⇤ ! K ¯Kp) = M(⇤

⇤p ! K ¯Kp)
1

/q⇤ � (m⇤ � i�⇤/2)
M(�p ! ⇤

⇤p) (4)
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�K+K�
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�
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(p1)(p2)

(p3)
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IY2
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B�
1 B�

2

M�
1 M�

2P,⇡, ⌘ M�
t

• Y = ⇤,⇤⇤

14년 8월 20일 수요일

M = u(p0)Wu(p)K�Diagrams
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K�Vertex functions
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K�parameters in the present work
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Formalism
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�p ! K+⇤

0.8 1 1.2 1.4 1.6 1.8 2 2.2
E
a
 [GeV]

0

0.5

1

1.5

2

2.5

3

m
 [µ

b]

SAPHIR (1998)

(a) a p --> K+
R(1116)

2 3 4 5
E
a
 [GeV]

0

0.2

0.4

0.6

0.8

1

m
 [µ

b]

LAMP2 (1980)
SAPHIR (2011)
CLAS (2013)

(b) a p --> K+
R

*(1520)

(2
01

4
08

22
)

�p ! K+⇤⇤(1520)/K

Numerical Result



/ 4440

1 1.2 1.4
0

100

200

300

1 1.2 1.4 1 1.2 1.4 1 1.2 1.4 1 1.2 1.4 1 1.2 1.4

1 1.2
0

0.5

1

1 1.2 1 1.2 1 1.2 1 1.2 1 1.2 1.4

(a)+(b)
(a) q resonance
(b) background

M(K+K-) [GeV]

dm
/M

(K
+ K

- ) [
nb

/G
eV

]

2.0 2.1 2.2 2.3

2.4 2.5
(2.153) (2.197) (2.238) (2.279)

(2.320) (2.360)
E�

(Ec.m.)

Preliminary

Numerical Result



/ 4441

1.4 1.6 1.8
0

200

400

600

800

1000

1.4 1.6 1.8 1.4 1.6 1.8 1.4 1.6 1.8 1.4 1.6 1.8 1.4 1.6 1.8

1.4 1.6
0

0.5

1

1.4 1.6 1.4 1.6 1.4 1.6 1.81.4 1.6 1.81.4 1.6 1.8

(a)+(b)
(a) R� resonance
(b) background

M(K-p) [GeV]

dm
/M

(K
- p)

 [n
b/

G
eV

]

2.0 2.1 2.2 2.3 2.4 2.5
(2.153) (2.197) (2.238) (2.279) (2.320) (2.360)

Preliminary

Numerical Result



/ 4442

Mibe et al, PRL 95, 182001 (2005)

Numerical Result
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TABLE IV: Cut-o↵ parameters employed in the present calculation.

n ⇤B ⇤K ⇤K⇤

⇤(1116) 1 0.75 0.75 0.75
⌅�(1321) 2 1.25 1.25 1.25
⌦�(1672) 2 1.25 1.25 1.25

[1] Photoproduction of the very strangest baryons on the proton target in CLAS12, Spokespersons: M. Dugger, J. Goetz,
L. Guo, E. Pasyuk, I.I. Strakovsky, D.P. Watts, and V. Ziegler (The Very Strange Collaboration), JLab Proposal E12–11–
005a, Newport News, VA, USA, 2013.

[2] Z. Ahmed et al. [HAPPEX Collaboration], Phys. Rev. Lett. 108, 102001 (2012) [arXiv:1107.0913 [nucl-ex]] and references
therein.

[3] R. Bradford et al. [CLAS Collaboration], Phys. Rev. C 73, 035202 (2006) [nucl-ex/0509033].
[4] L. Guo, D. P. Weygand, M. Battaglieri, R. D. Vita, V. Kubarovsky, P. Stoler, M. J. Amaryan and P. Ambrozewicz et al.,

Phys. Rev. C 76, 025208 (2007) [nucl-ex/0702027].
[5] K. A. Olive et al. [Particle Data Group Collaboration], Chin. Phys. C 38, 090001 (2014).
[6] K. Nakayama, Y. Oh and H. Haberzettl, Phys. Rev. C 74, 035205 (2006) [hep-ph/0605169].

�p ! K+K+K0⌦�
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Numerical result (without the coupled channel)
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Future work
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Estimation 1
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