
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 วทิยานิพนธ์นี�เป็นส่วนหนึ�งของการศึกษาตามหลกัสูตรปริญญาวทิยาศาสตรมหาบัณฑิต 

สาขาวชิาฟิสิกส์ 

มหาวทิยาลัยเทคโนโลยสุีรนารี 

ปีการศึกษา 2553 
 

การพฒันาศักย์ปฏิยานุภาคของเคออนกบันิวคลอีอนบนพื�นฐานของ 

สมมาตรไคแรลแบบ SU(3) 

นางสาวฤณธาร  แสงไสย์ 
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K̄N

K̄N

α → α

α0 → α

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



K−p → K−p

K−p → K̄0n

K−p → π0Σ0

K−p → π−Σ+

 

 

 

 

 

 



K−p → π+Σ−

K−p → π0Λ

 

 

 

 

 

 



K−p → K−p K̄0n π0Σ0 π+Σ− π−Σ+ π0Λ

3rd

3rd

 

 

 

 

 

 



K̄

K−p K̄N −πΣ−

πΛ K̄N K̄N

Λ(1405)

K̄N

Λ(1405) é

Λ(1405)

Λ(1405)

Λ(1405)

K̄N

K̄N πΣ

K̄N

Λ(1405)

 

 

 

 

 

 



K̄N

é

SU(3) × SU(3)

K̄N

K̄

K̄N

K̄N−πΣ−πΛ

K−p→ K−p

K̄0n π0Σ0 π+Σ− π−Σ+ π0Λ Λ(1405)

K̄N K−p → K−p K̄0n

π0Σ0 π+Σ− π−Σ+ π0Λ

K̄N

K̄N

 

 

 

 

 

 



K−p → K−p K̄0n π0Σ0 π+Σ− π−Σ+ π0Λ

 

 

 

 

 

 



ö

ö

ö

K̄N

K̄N

ö

H|ψ〉 = E|ψ〉,

H = H0 + V,

H0 =
~P 2

2m
V

V |φ〉

 

 

 

 

 

 



H0

H0|φ〉 = E|φ〉.

E

(H0 + V )|ψ〉 = E|ψ〉.

α β

(E −H0)|ψα〉 = Vαβ|ψβ〉

Vαβ α β

ψα ψβ E

H0

|φ〉

|ψα〉 V

|ψα〉 = |φα〉+
1

E −H0

Vαβ|ψβ〉.

(E − H0)

iε

|ψα〉 = |φα〉+
1

E −H0 + iε
Vαβ|ψβ〉.

〈~r, s|

〈~r, s|ψα〉 = 〈~r, s|φα〉+ 〈~r, s| 1

E −H0 + iε
Vαβ|ψβ〉.

 

 

 

 

 

 



∫

d3~r′|~r′, s′〉〈~r′, s′| = 1

ψα(~r, s) = φα(~r, s) +

∫

d3~r′〈~r, s| 1

E −H0 + iε
|~r′, s′〉〈~r′, s′|Vαβ|ψβ〉.

〈~r′, s′|Vαβ|ψβ〉

〈~r′, s′|Vαβ|ψβ〉 =
∫

d3~r′′〈~r′, s′|Vαβ|~r′′, s′′〉〈~r′′, s′′|ψβ〉,

〈~r′, s′|Vαβ|~r′′, s′′〉 = Vαβ(~r
′, s′)〈~r′, s′|~r′′, s′′〉 = Vαβ(~r

′, s′)δ(~r′ − ~r′′).

〈~r′, s′|Vαβ|ψβ〉 =
∫

d3~r′′Vαβ(~r
′, s′)〈~r′, s′|~r′′, s′′〉〈~r′′, s′′|ψβ〉

= Vαβ(~r
′, s′)ψβ(~r

′, s′),

ψα(~r, s) = φα(~r, s) +

∫

d3~r′〈~r, s| 1

E −H0 + iε
|~r′, s′〉Vαβ(~r′, s′)ψβ(~r

′, s′)

= φα(~r) +

∫

d3~r
′〈~r| 1

E −H0 + iε
|~r′〉Vαβ(~r

′

)ψβ(~r
′

).

1
E−H0+iε

G(~r, ~r′) =
h̄2

2m
〈~r| 1

E −H0 + iε
|~r′〉,

(∇2 + k2)G(~r, ~r′) = δ(3)(~r − ~r′).

ψα(~r) = φα(~r) +
2m

h̄2

∫

d3~r′G(~r, ~r′)Vαβ(~r
′)ψβ(~r

′).

 

 

 

 

 

 



φα(~r)

G(~r, ~r′) ψβ(~r
′)

φα(~r) = 〈r, s|~kα〉 = (2π)−
3

2 exp(i~kα · ~r)χs,ms

exp(i~kα · ~r)

H0 = − h̄2

2m
∇2

r χs,ms

exp(i~kα · ~r)

jl(kr) Ylm(θ, φ)

~kα

exp(i~kα · ~r) = exp(ikαrcosθ)

φ

exp(i~kα · ~r)χs,ms
≡ exp(ikαz)χs,ms

=
∞
∑

l=0

(2l + 1)iljl(kαr)Pl(cosθ)χs,ms

Pl(cosθ)

Pl(cosθ) =

(

4π

2l + 1

) 1

2

Yl,0(θ).

Pl(cosθ) =

(

4π

2l + 1

) +l
∑

m=−l

Y ∗
lm(k̂)Ylm(r̂),

 

 

 

 

 

 



exp(i~kα · ~r)χs,ms
= 4π

∞
∑

l=0

+l
∑

m=−l

iljl(kαr)Y
∗
lm(k̂)Ylm(r̂)χs,ms

,

φα(~r) =
1

(2π)3/2
(4π)

∞
∑

l=0

+l
∑

m=−l

iljl(kαr)Y
∗
lm(k̂)Ylm(r̂)χs,ms

,

=

(

2

π

) 1

2
∞
∑

l=0

+l
∑

m=−l

iljl(kαr)Y
∗
lm(k̂)Ylm(r̂)χs,ms

.

K̄N χs,ms

φα(~k, s,ms, ~r) =

(

2

π

) 1

2
∞
∑

l=0

+l
∑

m=−l

iljl(kαr)Y
∗
lm(k̂)Ylm(r̂)χs,ms

.

Ylm(r̂)χs,ms
=

l+s
∑

J=|l−s|

∑

M

C(lm, sms, JM)Y JM
ls (r̂),

φα(~k, s,ms, ~r) =

(

2

π

) 1

2
∞
∑

l=0

+l
∑

m=−l

iljl(kαr)Y
∗
lm(k̂)

×
l+s
∑

J=|l−s|

∑

M

C(lm, sms, JM)Y JM
ls (r̂).

ZJM
ls (k̂) =

+l
∑

m=−l

C(lm, sms, JM)Ylm(k̂),

ZJM∗
ls (k̂) =

+l
∑

m=−l

C(lm, sms, JM)Y ∗
lm(k̂).

φα(~k, s,ms, ~r) =

(

2

π

) 1

2
∞
∑

l=0

∑

JM

iljl(kαr)Z
JM∗
ls (k̂)Y JM

ls (r̂)

=

(

2

π

) 1

2 ∑

ls

∑

JM

iljl(kαr)Z
JM∗
ls (k̂)Y JM

ls (r̂)

=

(

2

π

) 1

2 ∑

ll′ss′

∑

JM

il
′

jl(kαr)Z
JM∗
ls (k̂)Y JM

l′s′ (r̂)δll′δss′ ,

 

 

 

 

 

 



φα(~k, ~r) =

(

2

π

) 1

2 ∑

ll′ss′JM

jl(kα, r)Z
JM∗
ls (k̂)Y JM

l′s′ (r̂)il
′

δll′δss′ .

G(~r, ~r′) =
∞
∑

l=0

+l
∑

m=−l

gl(k, ~r, ~r
′)Y ∗

lm(r̂
′)Ylm(r̂)

=
∞
∑

l=0

+l
∑

m=−l

gl(k, ~r, ~r
′)Y ∗

lm(r̂
′)Ylm(r̂)χ

†
s,ms

χs,ms

=
∞
∑

l=0

+l
∑

m=−l

gl(k, ~r, ~r
′)Y ∗

lm(r̂
′)χ†

s,ms

l+s
∑

J=|l−s|

∑

M

C(lm, sms, JM)Y JM
ls (r̂)

=
∞
∑

l=0

∑

JM

gl(k, ~r, ~r
′)Y JM∗

ls (r̂
′

)Y JM
ls (r̂)

=
∑

JMls

gl(k, ~r, ~r
′)Y JM∗

ls (r̂′)Y JM
ls (r̂),

gl(k, ~r, ~r
′)

G(~r, ~r′) = − 1

(2π)3
lim
ε→0+

∫

exp i~k′.(~r − ~r′)

k
′2 − k2 − iε

d~k
′

.

G(~r, ~r′) =− 1

(2π)3
lim
ε→0+

∫

d~k
′

k
′2 − k2 − iε

[

4π
∞
∑

l=0

+l
∑

m=−l

iljl(k
′r)Y ∗

lm(k̂
′)Ylm(r̂)

]

×
[

4π
∞
∑

l′=0

+l′
∑

m′=−l′

i−l′jl′(k
′r′)Yl′m′(k̂′i)Y

∗
l′m′(r̂′)

]

.

θk′ φk′

G(~r, ~r′) = − 2

π
Y ∗
l′m′(r̂′)Ylm(r̂)

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k′
2
dk′,

 

 

 

 

 

 



gl(k, ~r, ~r
′) = − 2

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′

.

jl(−z) = (−1)ljl(z)

gl(k, ~r, ~r
′) = − 1

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′ − 1

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′

= − 1

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′ − 1

π

∫ 0

−∞

jl(−k′r)jl(−k′r′)
k

′2 − k2 − iε
k

′2dk
′

= − 1

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′ − 1

π

∫ 0

−∞

(−1)ljl(k
′r)(−1)ljl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′

= − 1

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′ − 1

π
(−1)2l

∫ 0

−∞

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′

= − 1

π

∫ ∞

0

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′ − 1

π

∫ 0

−∞

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′

= − 1

π

∫ ∞

−∞

jl(k
′r)jl(k

′r′)

k
′2 − k2 − iε

k
′2dk

′

.

jl =
1

2
(h

(1)
l + h

(2)
l ),

jl(−z) = (−1)ljl(z),

h
(2)
l (−z) = (−1)lh

(1)
l (z)

gl(k, ~r, ~r
′) = −ikjl(kr)h(1)l (kr′)

r < r′

gl(k, ~r, ~r
′) = −ikjl(kr′)h(1)l (kr)

r > r′ jl h
(1)
l h

(2)
l

 

 

 

 

 

 



ψα(~r) =

(

2

π

) 1

2 ∑

ll′ss′JM

R
α,J
l′s′,ls(kα, r)Z

JM∗
ls (k̂)Y JM

l′s′ (r̂)il
′

,

α R
α,J
l′s′,ls(k, r)

R
α,J
l′s′,ls(k, r)

l, l
′

s, s
′

J

ψα(~r) |JMls〉

R
α,J

l′s′ ,ls
(kα, r) = jl(kαr)δαα0

δll′δss′+

∑

l′′s′′

∫ ∞

0

r′
2
dr′gl(kα, r, r

′)V αβ,J

l
′
s
′
,l
′′
s
′′ (r

′)Rβ,J

l
′′
s
′′
,ls
(kβ, r

′)

α0 kα kβ α

β gl G(~r, ~r′)

V
αβ,j

l
′
s
′
,l
′′
s
′′ β α

á

 

 

 

 

 

 



kr′ = x′

Rα(x) = j0(x)δαα0
+

∫ ∞

0

x′
2

k3
dx′g(x, x′)Vαβ(x

′)Rβ(x
′).

ω(x)

Vαβ(x
′) → 2m

h̄2
Vαβ(x

′)

x′2g(x, x′) = f(x′)

Rα(x) = j0(x)δαα0
+

2m

h̄2k3

∫ ∞

0

dx′Vαβ(x
′)f(x′)Rβ(x

′).

 

 

 

 

 

 



x′ = xj x = xi i j

[R]j×1 = [A]−1
i×j[J ]i×1.

N
∑

j=1

[Rβ(xj)] = [Rj1],

[A]−1
i×j

N
∑

j=1

[

(δijδαβ − F
αβ
ij (xj))

]

= [Aij],

N
∑

j=1

F
αβ
ij (xj) =

2m

h̄2k3

[

N
∑

j=1

f(xj)ω(xj)Vαβ(xj)

]

,

j0(xi)δαα0
= [Ji1δαβ].

r > r′ xi > xj r < r′ xi < xj

g0(xi, xj) = kj0(xi)n0(xj),

g0(xi, xj) = kj0(xj)n0(xi),

j0 n0 1st 2nd

l = 0

 

 

 

 

 

 



K̄N

K̄N

K̄N

πΣ πΛ

LWT = Tr

(

B̄iγµ
1

4f 2
[(Φ∂µΦ− ∂µΦΦ)B −B(Φ∂µΦ− ∂µΦΦ)]

)

,

f ∂µ Φ

B

K̄N

LWTparticle
=

∑

i,j

CijB̄iΦiKpΦjBj

= 2p̄K−KpK+p+ 2n̄K̄0KpK̄0n

+ n̄K̄0KpK−p+ p̄K−KpK̄0n+ ...,

Kp

Cij

Cij

K̄N I = 0, 1, 2

|I, Iz〉 =
∑

Iz1+Iz2=Iz

CI1I2I
Iz1Iz2Iz

|I1, Iz1〉|I2, Iz2〉.

K̄N πΣ

πΛ

|K−p〉 = 1√
2
|K̄N(1)− K̄N(0)〉,

 

 

 

 

 

 



|K̄0n〉 = 1√
2
|K̄N(1) + K̄N(0)〉,

|π0Σ0〉 =
√

2

3
|πΣ(2)〉 − 1√

3
|πΣ(0)〉,

|π−Σ+〉 = 1√
6
|πΣ(2)〉 − 1√

2
|πΣ(1)〉+ 1√

3
|πΣ(0)〉,

|π+Σ−〉 = 1√
6
|πΣ(2)〉+ 1√

2
|πΣ(1)〉+ 1√

3
|πΣ(0)〉,

|π0Λ〉 = |πΛ(1)〉.

LWTisospin
= 3K̄N(0)KIK̄N(0) + 1K̄N(1)KIK̄N(1) + ...,

KI

Cij I = 0

I = 1

CI=0
ij =







3 −
√

3
2

−
√

3
2

4






, for isospin I = 0

K̄N πΣ

CI=1
ij =













1 −1 −
√

3
2

−1 2 0

−
√

3
2

0 0













, for isospin I = 1

K̄N πΣ πΛ

K−p → K−p K̄0n π−Σ+ π+Σ−

π0Σ0 π0Λ

〈K−p|V |K−p〉 = 1

2
CI=0

11 V 0(r) +
1

2
CI=1

11 V 1(r)

 

 

 

 

 

 



〈K−p|V |K̄0n〉 = −1

2
CI=0

11 V 0(r) +
1

2
CI=1

11 V 1(r)

〈K−p|V |π−Σ+〉 = − 1√
6
CI=0

12 V 0(r)− 1

2
CI=1

12 V 1(r)

〈K−p|V |π+Σ−〉 = − 1√
6
CI=0

12 V 0(r) +
1

2
CI=1

12 V 1(r)

〈K−p|V |π0Σ0〉 = 1√
6
CI=0

12 V 0(r)

〈K−p|V |π0Λ〉 = 1√
2
CI=1

13 V 1(r)

K̄0n→ K̄0n π−Σ+ π+Σ− π0Σ0

〈K̄0n|V |K̄0n〉 = 1

2
CI=0

11 V 0(r) +
1

2
CI=1

11 V 1(r)

〈K̄0n|V |π−Σ+〉 = 1√
6
CI=0

12 V 0(r)− 1

2
CI=1

12 V 1(r)

〈K̄0n|V |π+Σ−〉 = 1√
6
CI=0

12 V 0(r) +
1

2
CI=1

12 V 1(r)

〈K̄0n|V |π0Σ0〉 = − 1√
6
CI=0

12 V 0(r)

π−Σ+ → π−Σ+ π+Σ− π0Σ0

〈π−Σ+|V |π−Σ+〉 = 1

3
CI=0

22 V 0(r) +
1

2
CI=1

22 V 1(r)

〈π−Σ+|V |π+Σ−〉 = 1

3
CI=0

22 V 0(r)− 1

2
CI=1

22 V 1(r)

〈π−Σ+|V |π0Σ0〉 = 1

3
CI=0

22 V 0(r) +
1

3
CI=1

22 V 1(r)

π+Σ− → π+Σ− π0Σ0

〈π+Σ−|V |π+Σ−〉 = 1

3
CI=0

22 V 0(r) +
1

2
CI=1

22 V 1(r)

〈π+Σ−|V |π0Σ0〉 = −1

3
CI=0

22 V 0(r) +
1

3
CI=1

22 V 1(r)

π0Σ0 → π0Σ0

〈π0Σ0|V |π0Σ0〉 = 1

3
CI=0

22 V 0(r)

V 0(r) V 1(r) I = 0 1

K−p → K−p K̄0n π0Σ0 π+Σ− π−Σ+ π0Λ

 

 

 

 

 

 



K̄N

l = l′ = 0 s = s′ = 0

V (r) → 0 r ≥ R

Rα(kα, r) = j0(kαr)δαα0
+

∫

r′
2
dr′g(kα, r, r

′)Vαβ(r
′)Rβ(kβ, r

′).

α → α

ö

r > R V (r) ≈ 0

[

1

r2
∂

∂r
r2
∂

∂r
− l(l + 1)

r2

]

Rl(r) = −k2Rl(r).

Rl(r) = aljl(kr)− blnl(kr),

Rl(r) = Aljl(kr)cosδl − Alnl(kr) sin δl,

 

 

 

 

 

 



al bl Al

δl

r = R R

r

Rl(r)

dRl(r)

dr

∣

∣

∣

∣

r=R−

= kR
j′l(kR)cosδl − n′

l(kR) sin δl
jl(kR)cosδl − nl(kR) sin δl

= βl.

δl = arctan

(

βljl(kR)− kRj′l(kR)

βlnl(kR)− kRn′
l(kR)

)

.

l

σtot =
4π

k2

l=kR
∑

l=0

(2l + 1) sin2 δl.

α0 → α

Rα
l (r) =

∫

r′
2
dr′gl(r, r

′)V αβ(r′)Rβ
l (r

′),

α 6= α0

〈~x|ϕ(+)〉 = 1
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á

K−p → Σ0π0

K−p → Λπ0

K−p

πN∗N∗ ηN∗N∗

N∗(1535)

K−

K−

Λ(1405)

 

 

 

 

 

 



Λ(1405)

K̄ η

K−

K−, π− K̄

Λ∗

 

 

 

 

 

 



 

 

 

 

 

 



I3

Jp

π

Σ

Λ

SU(3)

CPT

H0 H0 =
~P 2

2m

|φ〉 H0

E H0

Vαβ α β

ψα

 

 

 

 

 

 



ψβ

φα

G(~r, ~r′)

gl(k, ~r, ~r
′)

χs,ms

Ylm

φ

Pl

jl 1st

nl 2nd

hl

Clm

Rlm

S

k

ω(x)

f

∂µ

Φ

B

Cij

KI

Al

δl

f(θ)

fl(k)

 

 

 

 

 

 



∼

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



K−p → K−p K̄0n π0Σ0 π−Σ+ π+Σ− π0Λ

 

 

 

 

 

 



 

 

 

 

 

 



#!$

#!

#$

 

 

 

 

 

 



#$

#$

$ $ $

$

$

$

$

 

 

 

 

 

 



$

 

 

 

 

 

 



∫ B

A

f(R)R2dR,

∫ B

A

f(r)dr =
MM
∑

i=1

wig(ri),

wi

 

 

 

 

 

 



K̄N → K̄N,

K̄N → πΣ.

K̄N → K̄N,

K̄N → πΣ,

K̄N → πΛ.

K−p→ K−p,

 

 

 

 

 

 



K−p→ K̄0n,

K−p→ π+Σ−,

K−p→ π−Σ+,

K−p→ π0Σ0,

K−p→ π0Λ.

 

 

 

 

 

 



 

 

 

 

 

 



K̄N → K̄N πΣ πΛ

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



K−p→ K−p K̄0n π0Σ0 π+Σ− π−Σ+ π0Λ

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



K−p→ K−p

K−p→ K̄0n K−p→ π0Σ0 K−p→ π−Σ+ K−p→ π+Σ− K−p→ π0Λ

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



0

20

40

60

80

100

120

140

100 150 200 250 300 350

0

5

10

15

20

25

30

35

40

45

50

100 150 200 250 300 350

0

5

10

15

20

25

30

35

40

45

50

100 150 200 250 300 350

0

10

20

30

40

50

60

70

80

90

100

100 150 200 250 300 350

0

20

40

60

80

100

120

140

100 150 200 250 300 350

0

5

10

15

20

25

30

35

40

45

50

100 150 200 250 300 350

σ
(m

b)

pL(MeV/c)

Channel1 : K−p → K−p

Mast et al. (1976)
Humphrey et al. (1962)
Sakit et al. (1965)

Theoretical result

σ
(m

b)
pL(MeV/c)

Channel2 : K−p → K̄0n

Mast et al. (1976)
Evans et al. (1983)
Humphrey et al. (1962)
Kittel et al. (1966)
Abrams et al. (1965)

Theoretical result

σ
(m

b)

pL(MeV/c)

Channel3 : K−p → π0Σ0

Mast et al. (1975)
Kim (1966)
Theoretical result

σ
(m

b)

pL(MeV/c)

Channel4 : K−p → π−Σ+

Bangerter et al. (1981)
Ciborowski et al. (1982)
Humphrey et al. (1962)
Sakit et al. (1965)

Theoretical result

σ
(m

b)

pL(MeV/c)

Channel5 : K−p → π+Σ−

Bangerter et al. (1981)
Ciborowski et al. (1982)
Humphrey et al. (1962)
Sakit et al. (1965)

Theoretical result

σ
(m

b)

pL(MeV/c)

Channel6 : K−p → π0Λ

Mast et al. (1975)
Kim (1966)

Theoretical result

K−p→ K−p K̄0n π0Σ0 π+Σ− π−Σ+ π0Λ

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



K̄N

K̄N

3rd

3rd

K̄N

K̄N

 

 

 

 

 

 



THAI JOURNAL OF PHYSICS, SERIES 6, (2010)

© 2010 Thai Physics Society 

STUDY OF NK  INTERACTION BASED ON CHIRAL SU(3) SYMMETRY 

R. Saengsai*, C. Kobdaj, K. Kosonthongkee, W. Poonsawat, and Y. Yan 

School of Physics, Institute of Science, Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand 
(Dated: March 26, 2010) 

The work is part of a project which is proposed to derive a potential in coordinate space for the 

coupled KN  system. The potential is expected to reproduce the low-energy 

scattering data of the reactions ,K p K p 0K n ,
0 0

, ,  and 
0

, the 

properties of the (1405)  resonance, kaonic hydrogen atom data, and transition amplitudes 

predicted by other theoretical approaches. In this work we derive the dynamical equations for the 

coupled-channel KN  system and evaluate the cross sections of the reactions ,

 and  with a phenomenological potential for the coupled 

0 0K p

KN  system. 

Keywords: KN  potentials, coupled-channel, (1405) resonance, Lippmann-Schwinger (LS), 

cross sections.

1. INTRODUCTION 

The K -nuclear systems have drawn considerable 

attentions recently. Experimentally, the  collisions 

provides information of interactions of the coupled

K p

KN  system above the KN  threshold. 

However, the interaction below the KN  threshold, which 

is dominated by the  resonance, is not well 

understood. It is, therefore, essential to study the 

extrapolation of the 

(1405)

KN  interaction below the threshold, 

by properly treating the  [1, 2]. Historically, the

 which is the lowest-energy negative-parity 

baryon with nonzero strangeness, has been studied for 

some time. In recent works [3, 4, 5, 6], the  has 

been reexamined as a baryon-meson resonance. It is found 

that the  may not an elementary particle, but the 

bound state of 

(1405)

(1405)

(1405)

(1405)

KN  that becomes a resonance when there 

is a coupling between the KN  and  [7, 8]. 

The KN  interaction has been studied in the vector-

meson exchange model. The basic ingredient of this 

method is the single meson exchange, which provides the 

driving force (potential). The scattering equation is usually 

the relativistic form of the Lippmann-Schwinger(LS)

equation or the Blankenbecler-Sugar (BbS) equation. The 

original idea was that, in the absence of any well-defined 

low-mass scalar mesons, the potential should be due to the 

exchange of vector mesons. In [9, 10, 11], the (1405)

has been successfully described in the coupled channel 

approach with vector-meson exchange potential [2].

Recently, a large number of works on KN  interactions 

has been down in the chiral coupled channel approach [7, 

12, 13, 14, 15, 16, 17], where the interaction Largrangian is 

determined by chiral  symmetry of 

Quantum chromodynamics (QCD). The idea of chiral 

perturbation theory is to realize that at low energies the 

dynamics should be controlled by the symmetry of QCD 

and the lightest particles such as pions or nucleon.  

(3) (3)SU SU

The KN  interactions derived in the above approaches 

are in momentum space and energy dependent. It is 

inconvenient to apply such interactions to multiparticle 

systems, for example, the K -nuclear states. There have 

been attempts to construct KN  potentials in r-space 

phenomenologically [3] or by reproducing transition

amplitudes derived in the chiral coupled channel approach 

[2]. However, these potentials are capable of understanding 

only parts of experimental data. We have been constructing 

a potential in coordinate space for the coupled 

KN  system, which is expected to reproduce 

the low-energy scattering data of the reactions 

,

K p

K p 0K n ,
0 0

, ,  and 
0 0

, the 

properties of the (1405)  resonance, kaonic hydrogen 

atom data, and transition amplitudes predicted by other 

theoretical approaches. In this work we derive the 

dynamical equations for the coupled-channel KN  system 

and evaluate the cross sections of the reactions K p*Corresponding author.  
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0 0
,  and  with the phenomenological 

potential for the coupled KN  system introduced in the 

work [3].  

2. DYNAMICAL EQUATIONS FOR COUPLED KN
SYSTEMS 

     We start from the Lippmann-Schwinger equation 

0

1
,V

E H i
         (1) 

where  is the interaction between theV and

channels(sum over repeated ), and  satisfied the 

homogeneous equation 

0 0.E H                        (2) 

In equation (2),  is a hamiltonian of free particles. 

The formal solution of the Lippmann-Schwinger equation 

for outgoing scattered waves takes the form 

0H

3( ) ( ) , ( ) ,r r d r G r r V r r  (3) 

where  is the Green's function, satisfying the 

equation, 

rrG ,

., 322 rrrrGk              (4) 

In the JMLS basis the radial part of the outing wave 

)(r  is derived as  

SL

J

LSSL

J

SLSLL

SSLLL

J

LSSL

rkRrVrrkgrdr

rkjrkR

0

,

,

,

,

2

,

,

,,,

,,
0

(5)

Where  are the total orbital angular momentum of 

initial and final states,  are the spin of initial and final 

states,  is the total angular momentum,  are the 

momenta of channels 

LL  ,

SS  ,

J kk  ,

and , respectively.  is the 

radial component of the Green's function 

Lg

rrG ,  and 

 is the radial part of the interaction from the 

channel

rV J

SLSL

,

,

 to  [18]. 

3. INTERACTION WITH CHIRAL SYMMETRY 

Considering in the framework of SU(3) flavor 

symmetry where the strong interaction is invariant under 

the unitary transformation of u ,  and  quarks, the 

interactions among the channels 

d s

KN ,  and  are 

related with each other. The relative coupling strengths 

may be expressed in the isospin basis with the following 

matrices,

ijC

0 Iisospinfor

4
2

3
-

2

3
-3

0I

ijC    (6)

where i = 1, 2 refers to the  and NK channels, and 

1 Iisospinfor

00
2

3

021-
2

3
1-1

1I

ijC   (7) 

where i = 1, 2, 3 refers to the , and NK  channels, 

respectively.

The interactions in the particle basis can be expressed in 

terms of interactions in the isospin space, for example, for 

the processes 
0 0 ,K p  and ,

rVCrVCVpK II 11

12

00

12
2

1

6

1
     

(8)

rVCrVCVpK II 11

12

00

12
2

1

6

1
      

(9)

rVCVpK I 11

12

00

6

1
           (10) 

where  and  are the isospin-based 
0 ( )V r 1( )V r 0I

and 1 potentials, respectively. The determination of the 

 and  is the final goal of the research project. 

We expect that the potentials reproduce the low-energy 

scattering data of the reactions ,

0 ( )V r 1( )V r

K p K p 0K n ,

0 0
, ,  and , the properties of the 

0 0

(1405)  resonance, kaonic hydrogen atom data, and 

transition amplitudes predicted by other theoretical 

approaches. 
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4. CROSS SECTIONS OF KN  COLLISION 

Mainly for checking our numerical program, we apply

the Lippmann-Schwinger equation (5) to evaluate the cross 

sections of the reactions ,  and 

 with the potential constructed phenomenologically 

in the works [3, 6]. The employed potential takes the form 

K p 0 0

2

, exp
b

r
VrV II

                   (11)

where the range parameter b  = 0.66 fm and ,

IV  are as 

follows: 

MeV285  , MeV0

MeV285  , MeV412

MeV62  , MeV436

1

,

0

,

1

,

0

,

1

,

0

,

I

NK

I

NK

I

NK

I

NK

I

NKNK

I

NKNK

VV

VV

VV

(12)
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FIGURE 1. Theoretical cross section of the reaction 

compared with the experimental data from [19]. K p
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FIGURE 2. Theoretical cross section of the reaction 

compared with the experimental data from [19]. K p
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FIGURE 3. Theoretical cross section of the reaction 

compared with the experimental data from [19]. 
0 0K p

Shown in Figs.1., 2., 3., are the theoretical results on the 

cross section of the reactions ,K p K p

 and , respectively. 
0 0K p

5. REMARKS 

In this work we have worked out the Lippmann-

Schwinger equation for the coupled KN  system and the 

relations for interactions among various channels for the 

coupled KN  channels in the framework of the flavor 

SU(3) symmetry. The cross sections of the reactions

K p , K p  and  are 

evaluated with the phenomenological potentials [3, 6]. 

0 0K p
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Finding that the (1405) consist of  bound state with only small admixture of

elementary three-quark state suggests a reasonable model is possible with the and

as elementary particles interacting via potentials or meson-exchange. In this work we

have derived the dynamical equations for the coupled-channel system. The cross

section of the reaction  is evaluated with one of the famous phenomenological

potentials and the theoretical results indicate that it is necessary to develop better

versions of potentials. We use a method of coupled-channel Lippmann Schwinger

equations, which allows us to evaluate the l=0 amplitudes and obtain a good description

of the  - p    - p, 0 n.
0 0

.
+ -

.
- +

.
0 0

cross sections at low energies plus the

properties of the  (1405) resonance. By changing only the potential in the LS equations,

we get better versions of potentials and obtain the cross sections consistent with

experimental data.

Keywords:  potentials, coupled-channel,  (1405) resonance, Lippmann-Schwinger

(LS), cross sections.
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º≈¢Õß°“√»÷°…“Õπÿ¿“§ (1405) ∑’Ë‡°‘¥‡ªìπ ¿“æ°—°°—π¢Õß ´÷Ëß‡ªìπ°“√º ¡°—π‡æ’¬ß™—Ë«¢≥–
¢ÕßÕπÿ¿“§¡Ÿ≈∞“π„π ∂“π– “¡-§«“√å° ‰¥â™’È„Àâ‡ÀÁπ∂÷ß·∫∫®”≈Õß∑’Ë ¡‡Àµÿ ¡º≈·≈–‡ªìπ‰ª‰¥â«à“  Õπÿ¿“§¡Ÿ≈∞“π

 ·≈–  “¡“√∂¡’Õ—πµ√°‘√‘¬“µàÕ°—π‰¥â‚¥¬ºà“π∑“ß»—°¥‘ÏÀ√◊Õ°“√·≈°‡ª≈’Ë¬πÕπÿ¿“§‡¡´Õπ „πß“π«‘®—¬
π’È‡√“®–‡√‘Ë¡µâπ®“° ¡°“√‡™‘ßæ≈«—µ‘¢Õß√–∫∫ ´÷Ëß§à“¿“§µ—¥¢«“ß¢ÕßÕ—πµ√°‘√‘¬“  ‡ªìπ ‘Ëß∑’Ë
À“‰¥â‚¥¬„™â»—°¥‘Ï ´÷Ëßº≈≈—æ∏å„π‡™‘ß∑ƒ…Ø’¬—ß¡’§«“¡®”‡ªìπ∑’Ë®–µâÕß‰¥â√—∫°“√æ—≤π“‡æ◊ËÕ„Àâ‰¥â§à“¢Õß»—°¥‘Ï
∑’Ë·¡àπ¬”°«à“„πªí®®ÿ∫—π„π à«π¢Õß«‘∏’°“√»÷°…“‡√“®–„™â ¡°“√≈‘ª¡“π∑å-™«‘ß§å‡°Õ√å§”π«≥À“§à“·Õ¡æ≈‘®Ÿ¥∑’Ë
l = 0 ·≈–∫√√®ÿ§à“¿“§µ—¥¢«“ß¢ÕßÕ—πµ√°‘√‘¬“ - p  - p, 0 n. 0 0 . + - . - +. 0 0  ∑’Ëæ≈—ßß“π
µË”√«¡°—∫ ¡∫—µ‘°“√‡°‘¥¢÷Èπ‡æ’¬ß™—Ë«¢≥–¢Õß (1405) ®“°π—Èπ∑¥≈Õß‡ª≈’Ë¬π§à“»—°¥‘Ï„π ¡°“√≈‘ª¡“π∑å-™«‘ß§å
‡°Õ√å ®π°√–∑—Ëß‰¥â§à“∑’Ë¥’∑’Ë ÿ¥∑’Ë‡¡◊ËÕπ”‰ª§”π«≥§à“¿“¥µ—¥¢«“ß·≈â«„Àâ§à“∑’Ë Õ¥§≈âÕß°—∫º≈∑’Ë‰¥â®“°°“√∑¥≈Õß

§” ”§—≠: »—°¬åªÆ‘‡§ÕÕπ-π‘«§≈’ÕÕπ  ™àÕß§Ÿà§«∫  (1405) ‡√‚´·ππ∑å  ¡°“√≈‘ª¡“π∑å-™«‘ß§å‡°Õ√å
§à“¿“§µ—¥¢«“ß
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