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, �§��(�E,�3X�Æ
[2]

. ®²uy

��Iþ0f�±�¤ü|SU(3)0fl�, Ù¥

�|$u1GeV, ,�|31.5GeVNC. XJ@��

Iþ0f(Ó ^Iþ0fσ(500), f0(980), Ó ^�

�κÚÓ ^¥þ�a0(980))�¤Iþqq̄0fÊ

�, §���(�AT�

σ=
1√
2
(uū+dd̄), f0 = ss̄,

a0
0 =

1√
2
(uū−dd̄), a+

0 = ud̄, a−
0 = ud̄,

κ+ = us̄, κ0 = ds̄, κ̄0 = sd̄, κ− = sū.

�3ù�©ae, f0(980)Úa0(980)��þ{¿�J

)º, ¿�σÚκ�°Ý��u f0(980)Úa0(980)�°

Ý�J±)º, �<��vk�ïù«©a�{
[3—6]

.

$u1GeV�Iþ0f�©a, �k,	�«�

ª, =r§�8�o§��
[7]

µ

σ= udūd̄, f0 =
1√
2
(usūs̄+dsd̄s̄),

a−
0 = dsūs̄, a0

0 =
1√
2
(usūs̄), a+

0 = usd̄s̄,

κ+ = udd̄s̄, κ0 = udūs̄, κ̄0 = usūd̄, κ− = dsūd̄.

3ù�µee, f0(980)Úa0(980)��þ{¿´ég

,�, ¿��N´)º��oσÚκ�°Ý��u

f0(980)Úa0(980)�°Ý.

,��¡, f0(980)Úa0(980)��þ{¿��C

uKK̄K±9§�PC�KK̄ �A5, qr��ý«

X§�´I = 0ÚI = 1�KK̄åP�
[8]

.

¤±, f0(980)�U´qq̄�, ½ö´q2q̄2, ��U

´KK̄r�p�^åP�.

�C, S.Krewald�<
[9]
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KK̄�åPU. §��³�)
��ρ,ω,φ��, ¿Ï

LKK̄ → ππ → KK̄Ñ��)
K∗ ��. O���Ó

 ^ü� f0(980)�åPU�ε=18.63MeV, ü0f�

�Øv±/¤Ó ^n�a0(980). 3§��O�

¥, �Ñ
Äþ²����z, ,, ·�\\Äþ²

���, =¦´Ó ^ü�³, �ØU/¤åP�.
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2 KK̄r�p�^ü0f��³

éu$UππÚKKÑ�, ¥þ0f���p�^

�Ì
[2, 10]. éuKK̄Ñ�, �'�.¼þ�

LKKρ = g
KKρ

[K†τ ∂µK]ρµ +c.c. ,

LKKω = g
KKω

[K† ∂µK]ωµ +c.c. ,

LKKφ = g
KKφ

[K† ∂µK]φµ +c.c. ,

Ú

LπKK∗ = gπKK∗ [∂µ π •K†τK∗µ−π • ∂µK
†τK∗µ]+c.c. ,

Ù¥�ÍÜ~ê�±|^SU(3)é¡'X
[11]

ÏL

ρππÍÜ~êgρππ 5(½:

g
KKρ

= g
K̄K̄ρ

=
1

2
g

ρππ
,

g
KKω

= g
K̄K̄ω

=−1

2
g

ρππ
,

g
KKφ

= g
K̄K̄φ

=
1√
2
g

ρππ
,

g
πKK∗

= g
πK̄K̄∗

=−1

2
g

ρππ
.

éu��éØ4�, �k t�Ñ�ãk�z. =�Äã

1¥�A�ã.

ã 1 KK̄Ñ�¥þ0f���p�^¤ùã

KK̄Ó ^��Ú����½�

K =

(

K+

K0

)

, K̄ =

(

K̄0

−K−

)

.

�A�Ó ^©þ |I = 0,I3 = 0〉Ú |I = 1,I3 = 0〉�

|(KK̄)0〉=− 1√
2
|K+(1)K−(2)〉+ |K0(1)K̄0(2)〉,

|(KK̄)1〉=− 1√
2
|K+(1)K−(2)〉−|K0(1)K̄0(2)〉.

���Äþ�m¥�³�

V (MV,p,q) = −g
2
KKV

4M 2
K

CI

1

q2 +M 2
V

×

(4M 2
K +8p2 +8q •p+3q2). (1)

Ù¥C0 = [3,1,1], C1 = [−1,1,1]©OéAuÓ ^�

0, 1, ��ρ, ω, φ0f�Ó ^Ïf. p�K3KK̄�

%X�Äþ, q � t�nÄþ=£, MV ����¥þ

0f��þ.

S.Krewald�
[9]

�Ñ
(1)ª¥Äþ²��, ¿\

\
�)�äΛ�/GÏf

F t(q)=

(

Λ2−M 2
V

Λ2 +q2

)2

,

l���I�m¥���þ�MV �ü0f��é

ØKK̄→KK̄³,

V0(MV,r)=−g
2
KKV

4π
CIU(MV,r),

U(MV,r)�Fp�C�µ

U(MV,r) = 4π

∫
d3q

(2π)3
[F t(q)]2

M 2
V +q2

eiq·r =

e−MVr

r
− e−Λr

r

[

1+
1

16
×

(

11− 4M 2
V

Λ2
+
M 4

V

Λ4

)(

1−M 2
V

Λ2

)

(Λr)+

1

16

(

3−M 2
V

Λ2

)(

1−M 2
V

Λ2

)2

(Λr)2+

1

48

(

1−M 2
V

Λ2

)3

(Λr)3

]

,

��o�ü0f��³�

V0(r)=V0(Mρ,r)+V0(Mω,r)+V0(Mφ,r). (2)

¦��O�
ù�³�åP�U?�Λ�Cz,

Xã2¤«. �±uy, �Λ < 4GeV�, ù�³BØ

v±/¤åP�
. �
ò f0(980))º�KK̄r�p

�^åP�, ¦��Λ = 5.6GeV, ��åP�Uþ�

−18.63MeV. �´3)ºππ, πKÑ��£�, Λ��

���1.5—2GeV
[10]

.

ã 2 �ÑÄþ²���ü0f��KK̄³åP�

U?�Λ�Cz

\\Äþ²���, ��

V (MV,r) = −g
2
KKV

4π
CI

[

U(MV,r)
2p2

M 2
K

−

2i

M 2
K

∇U(MV,r) • p−

3

4M 2
K

∇2U(MV,r)+U(MV,r)

]

, (3)
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o�ü0f��³�

V (r)=V (Mρ,r)+V (Mω,r)+V (Mφ,r). (4)

3 KK̄r�p�^åP�ê�(J

dþ¡�?Ø, �±���A�Å½��§�
[

(− 1

2µ
+a(r))∇2 +b(r)

∂
∂r

+c(r)

]

ψ(r)=Eψ(r),

(5)

Ù¥

a(r)=
∑

V

g2
KKV

4π
CI

2

m2
K

U(MV,r)

b(r)=
∂a(r)

∂r
=
∑

V

g2
KKV

4π
CI

2

m2
K

dU(MV,r)

dr
,

c(r)=
∑

V

g2
KKV

4π
CI

[

3

4m2
K

∇2U(MV,r)−U(MV,r)

]

.

dud�§3r≈ 0.3fm? (− 1

2µ
+a(r))= 0, ¦��§

k��Û:, ¦)�§Ñy(J. �d, Äk�Ña(r)

ùÜ©Äþ�6���z, �ÏL b(r)Ú c(r)Ú\Ü

©Äþ�6�,
[

− 1

2µ
∇2 +b(r)

∂
∂r

+c(r)

]

ψ(r)=Eψ(r).

¦)�§, uy�{��p�^Øv±/¤åP�,

d�E≈ 0. �Cq, -
[

− 1

2µ
∇2 +b(r)

∂
∂r

+c(r)

]

ψ(r)= 0,

�±��
[

− 1

2µ
∇2 +(2µa(r)+1)(b(r)

∂
∂r

+c(r))

]

ψ(r)=Eψ(r),

(6)

q-

θ(r)= 2µa(r)+1 , ψ(r)= eθ(r)2/4φ(r), (7)

�§�z�

− 1

2µ
∇2φ+

[[

−1

r

∂a
∂r
θ+

µ

2

(

∂a
∂r
θ

)2

−

1

2

[

∂2
a

∂r2
θ+2µ

(

∂a
∂r

)2
]]

+θc(r)−E
]

φ= 0, (8)

¤±, ü0f��³��u³:

Veff(r) =

[[

−1

r

∂a
∂r
θ+

µ

2

(

∂a
∂r
θ

)2

−

1

2

[

∂2
a

∂r2
θ+2µ

(

∂a
∂r

)2
]]

+θc(r)

]

. (9)

�âρ → ππ �PC°ÝΓ (ρ → ππ)�±��

g2
ρππ/4π = 2.8. �Λ = 1.5GeV, 2.0GeV�, �A�Ó

 ^ü���³Xã3¤«.

ã 3 �ÄÄþ²��, Λ = 1500MeV(a) Ú Λ =

2000MeV(b)��r�p�^��³

²O�uy, =¦æ^©z[9]�Λ�5.6GeV, ü

0f��³EØv±/¤r�p�^åP�. 3ü0

f��³�Ä:þ\þ¥Õ³ (V (r) = −α/r, α�°

[(�~ê), O�Ó ^Iþ�åPU�Λ�Cz

Xã4¤«. dd��, ü0f��ØU/¤KK̄åP

�. XJ f0(980)´KK̄åP�, ØU��ü0f��

³5åP, �7LkÙ¦å��z.

ã 4 KK̄3r�p�^³Ú¥Õ³��^eåP

�U? (I = 0)�Λ�Cz(���¥Õ³åP�

U?)

4 K+K− �f�Ä�Uþ9°Ý

K+K− �±ÏL¥Õå��^/¤�f�, Ù

¥ÕåPUÚ�þ��»©O� ε = 6.577keVÚ

〈r2〉 1
2 = 190.5fm.
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�â·��Ó ^�½

|K+K−〉=− 1√
2
[|10〉+ |00〉] ,

��µ

CK+K−→K+K− [ρ,ω,φ] = [1,1,1],

�\ª(1), O���3¥Õ³�Ä:þ\þü0f�

�³, �Λ�2000MeV�, K+K− �Ä�Uþ9�þ

��»�

E=−6.663keV , 〈r2〉 1
2 = 188.1fm.

KK̄åP�(B)�±ÏL��K∗ PC�ππ, PC°Ý

�deªO���

dΓ =
1

32π2

|p|
M 2

|MI(B→p,−p)|2dΩ, (10)

Ù¥

MI(B→p,−p)=

√

M

2m2
K

∫
d3r

d3k

(2π)3
e−ik·r×

ψ(r)MI(k,−k→p,−p),

ψ(r)�åP�Å¼ê, p��%Xπ0fÄþ.

�\MI(k,−k→ p,−p)�äN/ª, ��sÅÓ

 ^�"�

M (B→p,−p)=−
√

M

2m2
K

√
3g2

πKK∗×

∫
d3r

∫
d3q

(2π)3
e−iq·re−ip·r×

[

(E+Ef)
2 +q2 +4q •p+4p2 +

(m2
K−m2

π)2

m2
K∗

]

×

1

q2 +m2
K∗ −(E−Ef)2

×R0(r)Y00 =

−1

8

√

3

π
g2

ρππ

√

M

2m2
K

∫
drR0(r)r×

[

4

(

1

r2
+
Σ

r

)

cospr+

(

− 4

pr3
− 4Σ

pr2
+

(E+Ef)
2 +(E−Ef)

2 +4p2−m2
K∗

pr
+

(m2
K−m2

π)2/m2
K∗

pr

)

sinpr

]

e−Σr,

Ù¥

Σ=
√

m2
K∗ −(E−Ef)2,

R0(r)�K+K− åP�sÅ»�Å¼ê,

Y00 =

√

1

4π

E�åP�¥K0fUþ, Ef �"�π0fUþ. 3

þ¡�O�¥, |^
'Xª
[11]

µ

gπKK∗ = gπK̄K̄∗ =−1

2
gρππ .

Ó ^�1�, M (B→π,π)= 0.

ÄkØ�Är�p�^éU?9Å¼ê�K�,

O���K+K− åP�PC�ππ�°Ý�

Γ (K+K− →ππ)≈ 9.51×10−7MeV.

��Är�p�^?��K+K− åP�PC�ππ�

PC°Ý�

Γ (K+K− →ππ)≈ 2.37×10−5MeV.

e�©z[9]¥Ó��³, KÓ ^�"�KK̄åP�

�þ���»�1.7fm, PC�ππ �°Ý�54MeV,

�©z[9]�(J��.

,	, �O�
K+K− → ηπ �PC°Ý. |^

SU(3)é¡'X
[11]

:

gηKK∗ = gηK̄K̄∗ =−
√

3

2
gρππ .

�±��, ésÅK+K− → ηπ��Ì�

M (B→p,−p)=
1

8

√

3

π
g2

ρππ

√

M

2m2
K

∫
drR0(r)r×

{[

4

(

1

r2
+
Σ1

r

)

cospr+

(

− 4

pr3
− 4Σ1

pr2
+

(E+Eπ)(E+Eη)

pr
+

−(E−Eπ)2 +4p2−m2
K∗

pr
+

(m2
K−m2

η)(m2
K−m2

π)/m2
K∗

pr

)

sinpr

]

e−Σ1r+

[

4

(

1

r2
+

Σ2

r

)

cospr+

(

− 4

pr3
− 4Σ2

pr2
+

(E+Eπ)(E+Eη)

pr
+

−(E−Eη)2 +4p2−m2
K∗

pr
+

(m2
K−m2

η)(m2
K−m2

π)/m2
K∗

pr

)

sinpr

]

e−Σ2r

}

,

Ù¥

Σ1 =
√

m2
K∗ −(E−Eπ)2 , Σ2 =

√

m2
K∗ −(E−Eη)2,

Eπ, Eη ©O�"�π,η0f�Uþ. 3Ø�Är�p

�^éU?9Å¼ê�K��, K+K− åP�PC�

ηπ�°Ý�

Γ (K+K− → ηπ0)= 8.59×10−7MeV.
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�Är�p�^?��K+K− åP�PC�ηπ�P

C°Ý�

Γ (K+K− → ηπ0)= 1.88×10−5MeV.

5 o(Ú?Ø

ïÄL²µ��ÄÄþ²����z�, ü0f

� � ³ � Ñ � r � p � ^ Ø v ± / ¤ KK̄r � p

�^åP�. �éuK+K− �±ÏL¥Õ³��

^|¤�f�, �Är�p�^?�, ¦U?d

−6.577keVeü�−6.663keV. K+K− �f�Ä�P

C�ππ�°Ý�2.37× 10−5MeV, PC�πη�°Ý

�1.88×10−5MeV. dudPC°Ýé�, K+K− �f

�Ø�U� f0(980)½a0(980)k���·Ü. f0(980)

½a0(980)é�UÌ�´qq̄Úo§���·Ü�.
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Study of KK̄ Strong Interaction Bound State and

K+K− Atomic State *
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1 (Institute of High Energy Physics, CAS, Beijing 100049, China)

2 (Center of Theoretical Nuclear Physics, National Laboratory of Heavy Ion Accelerator, Lanzhou 730000, China)
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Abstract One meson exchange potential of the KK̄ system is studied. When momentum-squared terms are included,

the one meson (ρ,ω,φ) exchange potential alone fails to produce any KK̄ bound state. With the Coulomb potential,

K+K− can form atomic bound state—the kaonium. The influence of the one meson exchange potential on the ground

state energy of kaonium and its decay widths to ππ and πη are evaluated.

Key words one meson exchange, kaonium, decay width
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