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rf�þÚ/GÏf, C.M.Ko�
[8]

é�«rfÚå

�âf�)�A�¡?1
nØO�, uy3�f–�

fpp → pK
0
Θ+ �A¥, �A�¡���20µb. 3¦

��O�¥¿vk�ÄduØf-u��¥m-u�

�z, ,, 3¤�Ä�U«, �3�
Øf�-u�,

3ù�U«�Øf–Øf-E¥, �±��Øf–Øf

�, ��±�)Øf-u�, ¤±, XJù�dK+ 0

fÚ¥f�¤�Ä��ý��3, ÏLØf-u�

N∗(1440), N∗(1535), N∗(1650), AO´N∗(1710)��

z´Ø��À�. éu¤�Ä��A, ¥m�Øf±

9f-u��DÂÑ´l��, ùp·�=�Ä��

A"���C�N∗(1710)�¥mDÂé�A�¡�

�z.

�©�3�éØ�µee?�Ú?Ø�f–�f

-E¥�)Θ+ ��A�¡, ïÄ¥m��N∗(1710)

é�A�¡��z. 1�!?Ø�f–�f�A¥�

)âf�AÅ�, �Ñ�A�¡�úª. 1n!?Ø

|^²��ÍÜ~êÚº�/GÏfé�A�¡�O

�(J, ?ØïÄN∗(1710)�K�. ��, 31o!�

Ñ�©�(Ø.

2 �AÅ�Úúª

3�f–�f-E¥�)Θ+ ��A, �±´�N

"���App → Σ+Θ+, ��±´nN"���A

pp→ π
+ΛΘ+ ½pp→ pK

0
Θ+. C.M.Ko�

[8]
�O�L

², �N�Úpp → π
+ΛΘ+ �AéΘ+ �)o�¡�

�zé�,Θ+ �)Ì�5gpp → pK
0
Θ+ �A. Ïd,

3ùp=�ÄXe��A,

p+p→ p+K
0
+Θ+, (1)

3ù��A¥, \��f�q�f�^, �±ÏLπ0

f½ρ0f��, �)Θ+ âf, Ó��ÑK
0

0f. ^

¤ùãL«, ù��A�U�¤ùãXã1±9¦�

���ã(��ãÜ©�Ñ, �Ø�Ä�ã1�Z��,

Ù�z´éÑ��¡Jø���¦Ïf: 2)¤«. ã

1(a)Ú (b)©O�AuÏLπ0fÚρ0f��±9

Øf¥m�PC�)Θ+ �L§. ã1(d)Ú (e)©O�

Auπ0f!ρ0f��ÚØf-u�¥m�PC�

L§. ã1(c)�Auρ0f��ÚK0f���L§.

C.M.Ko��Ä
ã1(a), (b)Ú (c)é�A�¡?1


O�. (JL², ã1(c)��zé�. ¦���, 3�

%Uþ�4GeVNC, �A�¡��20µb. ,, 3

¦��O�¥, du¥mØf-u���)ÚPC¤

Θ+ Ú K̄0 0féo�¡��z. 3¤�Ä�U«, N∗

-u, AO´N∗(1710)�-u, �U´��. ùp,

Ó��Äã1(a), (b), (c), (d), (e), O�Θ+ �)�o

�¡, ��N∗(1710)�¥m-ué�A�¡�K�.

ã 1 pp→ pK
0
Θ+ �Feymannã

3O�¥, �Ä�ë�âf�5�, ^���p

�^.¼þ��
[8, 9]

LKNΘ = igKNΘ(Θγ5NK +Nγ5ΘK),

LπNN = igπNNNγ5πN,

LρNN = igρNNN(γµρµ +
κρ

2mN
σµν ∂µ ρν)N,

LρKK = igρKK(Kρµ ∂µ K
0−∂µ KρµK

0
),

LπNN∗ = igπNN∗(N∗γ5πN +Nγ5πN∗),

LρNN∗ = igρNN∗(N∗γµρµN +NγµρµN∗),

LKΘN∗ = igKΘN∗(Θγ5N
∗K +N∗γ5ΘK).

(2)

Ù¥σµν = i{γµ,γν}/2. γµ ´).�γ Ý
. N ÚN∗,

©OL«ØfÚØf-u��|þ. ΘL«g^�

1/2Ó ^�0�Ê§�f�|þ. K, πÚρ©OL

«K0f, π0fÚρ0f�|þ. duπ0fÚρ0

f´Ó ^n�, Kπ = τ •π, ρν = τ •ρ
ν , Ù¥τ ´

�|g^Ý
. éu~���r�^ÍÜ~ê, �r

f�.�(JgπNN = 13.5, gρNN = 3.25, gρKK = 3.25,

κρ = 6.1
[11]

. �Øf-u�k'�ÍÜ~ê·��

gρNN∗=21.299, gπNN∗=1.605
[9]

. ÍÜ~êgKNΘ ´�â

Θ+ �°Ý5½Ñ,

ΓΘ(s1)=
g2
KNΘ

2π

k(
√

m2
N +k2−mN)√

s1

. (3)

Ù¥mN ´Øf��þ, s1 ´NÚK 0fØC�þ

�²�, k ´3Θ+ PC�·�X¥NÚK 0f�Ä

þ. ��
√

s1 �Θ+ ��þ�¢��, mΘ = 1.54GeV,

ΓΘ = 20MeV, @o�±��gKNΘ = 4.4, ù�Ã��

áf�.�Î
[4]

, éK, Θ, N∗ �ÍÜvk¢�êâ�

Ì, ùpr§����ëê, ~X�gKΘN∗=gKΘN=4.4.

�
O��A�Ì, ·�I���ØfDÂf9Øf
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���DÂf, 3ùp�Xe�/ª
[9]

,

SN =
p/+mN

s−m2
N

,

GN∗ =
p/+mN∗

s−m2
N∗ +imN∗Γ(1710)

.
(4)

Ù¥SN ´ØfDÂf, GN∗ ´Øf���DÂf.

p/= pµ
•γµ, pµ ´DÂf�oÄþ, s = p2 ´DÂfØC

�þ�²�, Γ(1710) ´N∗(1710)�PC°Ý, �â¢

���0.1GeV.

UìIO�¤ù5K, lã1�±�Ñ�A��

A�Ì�L�ª
[8—10]

M (a) =−igπNNP3γ5P1

1

t−m2
π

M
π0p→K

0
Θ+ , (5)

M (b) = gρNNP 3

[

γµ +i
κρ

2mN

σαµ(p1−p3)α

]

P1×
[

−gµν +
(p1−p3)µ(p1−p3)ν

m2
ρ

]

1

t−m2
ρ

M (b)ν

ρ0p→K
0
Θ+

,

(6)

M (c) = gρNNP 3

[

γµ +i
κρ

2mN

σαµ(p1−p3)α

]

P1×
[

−gµν +
(p1−p3)µ(p1−p3)ν

m2
ρ

]

1

t−m2
ρ

M (c)ν

ρ0p→K
0
Θ+

,

(7)

M (d) =−igπNNP3γ5P1

1

t−m2
π

M∗

π0p→K
0
Θ+ , (8)

M (e) = gρNNP 3

[

γµ +i
κρ

2mN

σαµ(p1−p3)α

]

P1×
[

−gµν +
(p1−p3)µ(p1−p3)ν

m2
ρ

]

1

t−m2
ρ

M∗ν

ρ0p→K
0
Θ+ .

(9)

Ù¥

M
π0p→k

0
Θ+=gπNNgKNΘΘ

mN−p/
4
−p/

5

s1−m2
N

P2,

M (b)ν

ρ0p→K
0
Θ+

=igρNNgKNΘΘγ5 mN +p/
4
+p/

5

s1−m2
N

×
[

γν − i
κρ

2mN

σµν(p1−p3)µ

]

P2,

M (c)ν

ρ0p→K
0
Θ+

=igρKKgKNΘΘγ5P2

1

t−m2
k

(2p4 +p3−p1)
ν ,

M∗

π0p→k
0
Θ+=gπNN∗gKN∗ΘΘ

mN∗−p/
4
−p/

5

s1−m2
N∗ +imN∗Γ(1710)

P2,

M∗ν

ρ0p→K
0
Θ+=igρNNgKNΘΘγ5×

mN∗ +p/
4
+p/

5

s1−m2
N∗ +imN∗Γ(1710)

γνP2. (10)

M (a),M (b),M (c),M (d),M (e) © O é A ã 1 ¥ �(a),

(b), (c), (d)Ú (e)��Ì, P1,P2,P3 ©O´�f�|

þ, �p/
4
= pµ

4
•γµ,p/

5
= pµ

5
•γµ, s1 = (p4 +p5)

2 ´g?�

AØC�þ�²�, t = (p1 −p3)
2 ´Ð��foÄþ

=£�²�, p1,p2,p3,p4,p5 ©O´IP1, 2Ð�âf

Ú3, 4, 5"�âf�oÄþ.

�Ä�rf�k���, I�é�p�^º�

Ú\/GÏf. �
�©z[5]'�, éu/GÏf

�/ªÚ�äëê, ·���©z[5]�Ó. =3�

ÌM
π0p→k

0
Θ+ , M (b)ν

ρ0p→K
0
Θ+

, M (c)ν

ρ0p→K
0
Θ+

, M∗

π0p→k
0
Θ+

ÚM∗ν

ρ0p→K
0
Θ+

¥À���C�ü4/ª�/GÏ

f
[9, 12—15]

,

F (q2)=
Λ2

Λ2 +q2
, (11)

Ù¥q2 ´�A0fnÄþ�²�. πNN,KNΘ, ρNN

ÚρKKÍÜº���äëê��Λ=0.5GeV, πNN∗

ÚρNN∗ ÍÜº���ä��Λ=0.8GeV
[9]

. Ød�

	, é,	�πNNÚρNNÍÜº���C/ª�ü

4/GÏf
[14]

f(q2) =
Λ2−m2

ex

Λ2− t
. (12)

ù p mex´ � � 0 f � � þ, t � � 0 f � o Ä þ

� ² �. πNNº � ÚρNNº � � � ä ë ê © O ´

Λ = 1.3GeVÚΛ = 1.4GeV.

düN�nN��A�¡�deªé�A���

mÈ©��
[16]

,

dσ =
(2π)4

4p1cm

√
s

(

∑

si

∑

sf

|M |2
)

δ4×
(

P −
3
∑

i=1

pi

)

3
∏

i=1

d3pi

(2π)32Ei

. (13)

Ù¥ | M |2 ´�A�Ì��²�,
∑

si
Ú
∑

sf
©O´

éÐ�Øfg^si ���¦²þÚ"�âfg^sf ¦

Ú,
√

s´\��âfo�ØC�þ, p1cm´Ð�âf

��%XnÄþ��, P ´Ð�âf�o�oÄþ, pi

´"�âf i�Äþ, Ei ´"�âf i�Uþ.

XJØ�ÄØf���N∗(1710)�A�éÑ�

�¡��z, �A�Ì���±��

|M |2=|M (a) |2 + |M (b)+M (c) |2=

(−igπNNP1γ5P3)
1

t−m2
π

(M
π0p→k

0
Θ+)∗×

(−igπNNP3γ5P1)
1

t−m2
π

M
π0p→k

0
Θ++

{

gρNNP 3

[

γµ +i
κρ

2mN

σαµ(p1−p3)α

]

P1×
[

−gµν +
(p1−p3)µ(p1−p3)ν

m2
ρ

]

1

t−m2
ρ

M (b)+(c)ν

ρ0p→K
0
Θ+

}

∗

×
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{

gρNNP 3

[

γσ +i
κρ

2mN

στσ(p1−p3)τ

]

P1×
[

−gσλ +
(p1−p3)σ(p1−p3)λ

m2
ρ

]

1

t−m2
ρ

M (b)+(c)λ

ρ0p→K
0
Θ+

}

.

(14)

©z[8]3Ñ��¡O�¥, kO�g?�Aπ
0p →

K
0
Θ+(ρ0p→K

0
Θ+)��¡, 2O�o��¡, ù�Ò

��uòþªρDÂf�âÕ[�Iν Úσ ����

|M |2= (−igπNNP1γ5P3)
1

t−m2
π

(M
π0p→k

0
Θ+)∗×

(−igπNNP3γ5P1)
1

t−m2
π

M
π0p→k

0
Θ++

{

gρNNP 3

[

γµ +i
κρ

2mN

σαµ(p1−p3)α

]

P1×
[

−gµσ +
(p1−p3)µ(p1−p3)σ

m2
ρ

]

1

t−m2
ρ

M (b)+(c)ν

ρ0p→K
0
Θ+

}

∗

×
{

gρNNP 3

[

γσ +i
κρ

2mN

στσ(p1−p3)τ

]

P1×
[

−gνλ +
(p1−p3)ν(p1−p3)λ

m2
ρ

]

1

t−m2
ρ

M (b)+(c)λ

ρ0p→K
0
Θ+

}

.

(15)

lþ¡�úª�±w�, éuπ��, �A�Ì�±

Ïfz�πNNÍÜ, π0f�DÂf±9π
0p→ k

0
Θ+

��A�Ì. �éuρ��,�A�ÌÒØUù�{ü

�Ïfz. ©z[8]3Ñ��¡O�¥, æ^
þãC

q, ���A�V�©�¡,

dσ

dtds1

=
g2

πNN

32π2sp2
i

k
√

s1(−t)
f 2(t)

(t−m2
π
)2

σ
π0p→K

0
Θ+(s1, t)+

3g2
ρNN

64π2sp2
i

k
√

s1

f(t)2

(t−m2
ρ
)2

[

4(1+κρ)
2(−t−2m2

N)−

κ2
ρ

(4m2
N− t)2

2m2
N

+4(1+κρ)κρ(4m2
N− t)

]

σ
ρ0p→K

0
Θ+(s1, t).

(16)

Ù¥ s´Ð�ü�f�ØC�þ�²�, s1 ´0f

Ú q � f Ø C � þ ² �, pi ´ Ð � â f � % X e

� Ä þ, k ´ 0 f Ú q � f � % X 0 f � n Ä þ.

σ
π0p→K

0
Θ+(s1, t)Úσ

ρ0p→K
0
Θ+(s1, t)©O´�A�l

��A�¡, §�´s1, t�¼ê.

® ² J � Ø f � � � � � Ø � � À, \ \

N∗(1710)�A�, duã1(c)��zé�, �±�Ñ,

¤±O�d¤ùã1(a), (b), (d), (e)����A�¡.

3 O�(JÚ?Ø

þ�!¤í��úª��´3�éØ�µee

���. |^þ�!¤�Ñ�úª, O��f–�f

-E�)Θ+ �o�¡. ÄkØ�ÄØf-u���

z, O�¥m��kØf���App→ pK
0
Θ+ �o

�¡. éuπ0f��¤���(J�©z[8]�(J

´���. éuρ0f��, ©z[8]�
Cq. ·�

uy, d�{3O��fm��Iþ0f�A�Ñ�

�¡�, (J´éÐ�, 3O���ρ0f�, ��

%UþO��, (J�î���éØO�k��� 

�. ã2�Ñ�©�(J�©z[8]'�, ã¥:�, J

�©O�Auπ0fÚρ0f��é�A�¡��z.

ρ0f��éu�A�¡��z´Ì��. ==�Ä

��π0f�Ñ��¡����Ñ�3µb�m, ��

%Uþ��4GeVNC, ==��ρ0f�Ñ��¡

��10µb�m. �|^©z[8]�Ñ��¡úªO�

�%Uþ�p��¹�, �¡×�~�. |^·�

���úª, ��ρ0f��A�¡�X�%Uþ?

�ÚO�UYO\. �±wÑ��Âñ�¹ØÓ.

�±wÑ, ©z[8]�Ñ��¡úª´��é��Cq,

3O�KUNC��¡�, ��±^, �Uþ?�Ú

,p�, ÒAT|^���éØ�úª.

ã 2 ��ÄØf¥m�DÂ���A�¡�

(a) ©z[8]�(J; (b) �©�O�.

?�Ú�ÄN∗(1710)-u, pp → pK
0
Θ+ �Ao

�¡�O�(J3ã3�Ñ, �±w�, �Ó��Ä


ØfÚN∗(1710)�¥mDÂ�, �A�¡��O\,

3�%Uþ�4GeV�, �A�¡��10µb, �, �

X�%Uþ�O�, �¡?�ÚO�. Ñyù«�¹

�Ì�Ï�´ØfÚN∗(1710)DÂf��É. du3

ù��A¥�,¥m�N∗(1710)DÂf´l��, 

ØfDÂf´��lU��. �´ù�DÂf, ¦�

N∗(1710)�¥mDÂé�A�¡��zÓÌ�/ .

�,, K,Θ,N∗ �ÍÜ~êgKΘN∗ �´����ëê,

ùpr§���gKΘN �Ó, UCù�ëê¬K�½þ

�(J, �½5�(J¬ØC.
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ã 3 pp→pK
0
Θ+ �o�A�¡

�
©Ûπ0f��Úρ0f��é�A�¡�

�z, ã4©O«Ñ
π0f��Úρ0f����¹

e, �)ÚØ�)N∗

1710 DÂ�O�(J.

ã 4 �Ä�Ø�ÄN∗(1710)�A��, üπ��

Úüρ��é�A�¡��z

lã4 �±wÑ, 3üπ ���O�(J¥, Ø

� Ä N∗(1710) � A �, � ¡ � ¸ � � 3µb,  � Ä
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3 LÜ Xiao-Rui, MAO Ya-Jun, MA Bo-Qiang. Acta Sci-

entiarum Naturalium Universitatis Pekinensis(S.S.), 2003,

39(Suppl.): 44—55 (in Chinese)

(½¡H, kæ�, êËr. �®�ÆÆ�(g,�Æ�), 2003,

39(Or): 44—55)

4 Diakonov D, Petrov V, Poliakov M. Z. Phys., 1997, A359:

305

5 ZHU S L. Int. J. Mod. Phys., 2005, A20: 1548

6 Ken Hicks. An Experimental Review of the Θ+ Pentaquark,

J. Phys., 2005, Conference series 9: 183—191

7 Burkert V D. Have Pentaquark States Been Seen?

arXiv:hep-ph/0510309

8 LIU W, KO C M. Phys. Rev., 2003, C68: 045203

9 Tsushima K et al. Phys. Rev., 1999, C59: 369—387

10 LIU B C, ZOU B S. Mass and KΛ Coupling of N∗(1535).

arXiv: nucl-th/0503069

11 LI C H, KO C M. Nucl. Phys., 2002, A712: 110—130

12 LIN Z W, KO C M, ZHANG B. Phys. Rev., 2000, C61:

024904

13 LIN Z, DI T G, KO C M. Nucl. Phys., 2001, A689: 965—

979

14 LIU W, KO C M. Phys. Lett., 2002, B533: 259—264; LIU

W, KO C M, LIN Z. Phys. Rev., 2002, C65: 015203

15 LIU W, Lee S H, KO C M. Nucl. Phys., 2003, A724: 375—

390

16 Particle Data Group. Phys. Lett., 2004, B592: 66—69

N∗(1710) Contribution to the Θ+ Production Cross

Sections in p-p Collisions *
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Abstract In this paper we derive the Θ production cross section in high energy proton-proton collisions in the

relativistic framework through using effective hadronic couplings. Both the nucleon and N∗(1710) propagations are taken

into account in the intermediate states. The one π and one ρ exchange mechanisms are considered and the commonly

accepted coupling constants and form factors are used in the calculation. We find that ρ exchange is dominant in these

processes and the N∗(1710) propagation in the intermediate state is important,which increases the Θ production cross

section by a factor of a few tens at center of mass energy 4GeV.

Key words pentaquark baryon Θ+, high energy proton-proton collision, nucleon resonance
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