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2 �¹pentaquark Θ+ �DDRHnØ

3DDRHnØÄ:þ
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, �¹Θ+ �σ, ω��p

�^, ·�b�Ùk�.¼þ�

L = LB +LM +Lint ,

LB =
∑

i=N,Θ
+

ψi [γµi∂µ

+Mi]ψi , (1)

LM =
1

2

∑

i=σ,δ

(∂µφi ∂µ

φi−m
2
i φ

2
i ) , (2)
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Lint =
∑

i=N,Θ
+

(ψiΓ
i
σ(ρ)ψiφσ−ψiΓ

i
ω(ρ)γµψiA

(ω)µ)+

ψNΓ
N
δ (ρ)τψNφδ−ψNΓ

N
ρ (ρ)γµψNτA(ρ)µ , (3)

Ù¥ψ
N

= (ψρ, ψn)
T. �©z[15]�«O´�¹
Θ+

�0f��p�^. Ï�b�Θ+ �Ó ^�0, Ïd

Θ+ �δÚρ0f�mvk�p�^. ,	, �IO�

QHD�.
[17—21]

ØÓ�´, 0fÚØf�m�ÍÜ~

êΓN
i (i = σ,ω,δ,ρ)Ø2´~ê, 
´­f|¼ê��

¼, ΓN
i �6uØf�Iþ�Ý(VDD), l
¦ÍÜ~

ê�ÎU÷v�éØ�C5.

3²þ|Cqe, 0f|�§���

(−∇2 +m2
σ)φσ0 = ΓN

σ (ρ)(〈ψpψp〉+〈ψnψn〉)+

ΓΘ+

σ (ρ)〈ψ
Θ

+ψ
Θ

+ 〉 , (4)

(−∇2 +m2
ω)A(ω)

0 = ΓN
ω(ρ)(〈ψ+

p ψp〉+〈ψ+
n ψn〉)+

ΓΘ+

ω ψ+

Θ
+ψΘ

+ , (5)

(−∇2 +m2
δ)φδ0 = ΓN

δ (ρ)(〈ψpψp〉−〈ψnψn〉)=

ΓN
δ (ρ)ρ

S3
, (6)

(−∇2 +m2
ρ)A

(ρ)
0 = ΓN

ρ (ρ)(〈ψ+
p ψp〉−〈ψ+

n ψn〉)=

ΓN
ρ (ρ)ρ

B3
, (7)

­f|�§�

[iγµ ∂µ

−ΓN
ωγ

0A
(ω)
0 −ΓN

ρ γ
0τ3A

(ρ)
0 −

(MN−ΓN
σ φσ0−τ3Γ

N
δ φδ0)]ψN = 0 , (8)

[iγµ ∂µ

−ΓΘ+

ω γ0A
(ω)
0 −(M

Θ+
−ΓΘ+

σ φσ0)]ψΘ+ = 0 , (9)

3ùp, Γ (ρ)¥�Îρ®²^²þ� 〈ρ〉�O. ­f�

k��þ�

M∗

p = MN−Γ
N
σ φσ0−Γ

N
δ φσ0 , (10)

M∗

n = MN−Γ
N
σ φσ0 +ΓN

δ φσ0 , (11)

M∗

Θ+ = MΘ+ −ΓΘ+

σ φσ0 , (12)

Hofmann�<[Ü���ØÔ�¥Øf–0fÍÜX

ê�
[15]

ΓN
i = ai









1+bi

(

ρ

ρ0

+di

)

1+ci

(

ρ

ρ0

+ei

)









, i = σ,ω,δ,ρ , (13)

Ù¥, (13)ª¥ëê����uL1¥.

L 1 úª(13)¥�ëê�(ρ0 = 0.16fm−3)
[15]

meson mi/MeV ai bi ci di ei

σ 550 13.1334 0.4258 0.6578 0.7914 0.7914

ω 783 15.1640 0.3474 0.5152 0.5989 0.5989

δ 983 19.1023 1.3653 2.3054 0.0693 0.5388

ρ 770 12.8373 2.4822 5.8651 0.3671 0.3598

|^§�–0fÍÜ�.
[22]

, ¿���ÄuÚd§

��0f��p�^, �±Cq��ÑΘ+ �0f�

ÍÜXê�
[23]

ΓΘ
i =

4

3
ΓN

i i = σ,ω , (14)

Ï�·�b½Θ+ Ó ^�0, Ïdùpvk�Ä�δ

Úρ��p�^.

Ï�Ó ^Iþ0fδ�Ú\, ¦Øf�k��

þ©�. ­f�k��þØ=��ÝCz, 
�É�

«­f�|¤'~K�. ù«K��de�úªL«:

Yi =
ρ

Bi

ρ
Bp

+ρ
Bn

+ρ
BΘ

+

, i = n,p,Θ+ (15)

ρ
B

= ρ
Bp

+ρ
Bn

+ρ
BΘ

+
=

1

3π2
k3

Fp
+

1

3π2
k3

Fn
+

1

3π2
k3

F
Θ

+
, (16)

ρ
S

= ρ
Sp

+ρ
Sn

+ρ
SΘ

+
=

1

2π2
M∗

p

[

kFpE
∗

Fp−M
∗2
p ln

kFp +E∗

Fp

M∗

p

]

+

1

2π2
M∗

Θ
+

[

k
FΘ

+E∗

FΘ
+ −M

∗2

Θ
+ ln

k
FΘ

+ +E∗

FΘ
+

M∗

Θ
+

]

+

1

2π2
M∗

n

[

kFnE
∗

Fn−M
∗2
n ln

kFn +E∗

Fn

M∗

n

]

. (17)

3 (JÚ?Ø

ã1´Øf–0fÍÜXê��Ý��6'X. l

ã¥�±w�, 0fÚØf�m�ÍÜ~êØ2´

~ê, 
´�X�Ý�Cz
Cz. ØΓN
δ (ρ)	, Ù

¦3�ÍÜ~ê���Ñ�X�Ý�O�
~�, �

ΓN
δ (ρ)3�Ý�u0.87ρ0 �, �Xρ�O�
~�, �

���X�Ý�O��
qO�.
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ã 1 0f!ØfÍÜ~ê�Iþ�Ý�Cz'X

ã 2 3ØÓ��f–¥f' (Yp/Yn = 0, 0.5, 1)e,

�f!¥f!Θ+ �k��þ�ØÓΘ+ ¹þYΘ′

�Ø�ÝCz
Cz�­�

|^(10)—(17)ª, ê�O�
¥f!�f±9

Θ+ 3­f�ÝØÓ'���¹e�k��þ. Ù(

JXã2¥­�¤«. �±w�, ÃØØf�´Θ+, Ù

k��þÑ�X­f��ÝO\
~�. 
O\Θ+

3o�­f¥�¹þ, ­f�k��þCzØ²w.

Ó�Ï�δ0f�Ú\, Øf�Ó ^�AéÙk�

�þ�K�²w. ÃØé�f�´Θ+, O�¥f–�

f�'�, Ùk��þC�, �éu¥f, �¹KTÐ

��. 3Ó ^�é¡Ô�¥, �fÚ¥f�k��

þÑy�O, 3´¥fÔ�¥, ¥fk��þ�u�

fk��þ.

, 	, · � O � 
 Ø Ó � ­ f | ¤ ' ~ e �

ρ
S
− ρ

B
'X­�, Xã3¥­�¤«. Θ+ �¹þé

ÛÉÔ��Iþ�ÝK�é�. 3Ó��¥þ�Ýe,

O\Θ+ ��Ý, ¦­f�Iþ�Ýü$. ù´Ï�

Θ+ �0f�ÍÜrÝ'Øf�0f�ÍÜ����

�. Ó�Ï�δ0f�Ú\, ØfÓ ^�Aé­f�

Iþ�ÝK�Ø��Ñ. éA�Ó�ρ
B
, �f–¥fÓ

 ^é¡Ô�¥�ρ
S

�u´¥f���¹.

ã 3 ØÓ�­f|¤'~e�ρ
S
-ρ

B
'X

'upentaquark Θ+ éØG��§�K�, ò3

,	��©Ù¥?1?Ø.
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In-Medium Effect of Pentaquark Θ+ in the Density Dependent

Relativistic Hadron Field Theory *
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Abstract The density dependent relativistic hadron field theory is extended to inclusions of pentaquark Θ+. We have

investigated the mass modifications of nucleons and pentaquark Θ+ in the framework of relativistic mean field theory.

We find that the effective mass, of either the nucleon or the pentaquark Θ+ decreases as baryon density increases. We

have studied the effects of the fractions of Θ+ and neutron on the baryon masses. We also discussed the relations

between scale density ρ
S

and vector density ρ
B

at different baryon fractions.

Key words pentaquark Θ+, effective mass, density dependent
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