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Á� �Ä�σ∗, φ0f��z9­fl­�{n, p, Λ, Σ−, Σ0, Σ+, Ξ−, Ξ0}, æ^�éØ²þ|�{,

35—25MeV�k�§Ý��S, é¥f(Ô��5�?1
ïÄ. uy��Ä�σ∗ , φ0f��z�,

�fÑy��.�Ýü$
 (�éΛ�f, K�¿ØwÍ), �f�âfê�ÝO\
, 3Uþ�Ý�

p�Ô��§C^, ¥f(����þC�
�A��»O�, ¥f(�¥%âfê�Ý!¥%Uþ

�ÝÚ¥%ØrÑü$
. �§Ý��$�T=5MeV, 10MeV�, σ∗, φ0f�ë�¦ÑyΣ0 , Ξ0, Σ+

�f��.�Ý4�/ü$
; ��§Ý��p�T=15MeV, 20MeV, 25MeV�, K�K��. éu

Λ, Σ−, Ξ− �f5`, 3þã¤k§Ýe, σ∗, φ0fé�fÑy��.�Ý�K�ÑØ²w.

'�c ¥f( �f Ô��§

1 Úó

�#(�u�, ÙØ%�U/¤¥f(, ��U

/¤çÉ, ù�9ØÔ�G��§ké�'X. �/

¤¥f(�, ÙØ%Ô�Ø
äkØfgdÝ	, �

�3�fgdÝ. Øf�m½�f�Øf�mÏL

��σ,ω, ρ0f
�p�^. ù«�.�¡�σ+ω

�.
[1—3]

. �Ä�3¥f(SÜ�f�m�ATk

�pÍÜ�^, SchaffnerJÑ3¥f(�S�AT�

3ü«0f: Iþ0f f0(975) (P�σ∗)Ú¥þ0f

φ(1020), ùü«0f=3�f�mkÍÜ�^
[4, 5]

.

Äud�., <�é¥f(Ô��5��
NõïÄ

ó�. ��O�
"§¥f(Ô��5�
[6]

, vk�Ä

�§Ý�A.

,��¡, �,Äuσ+ω�.<�ék�§Ý

¥f(Ô��5��?1
2��O�ïÄó�, �

´ù
O�ó�=�Ä
Øf�m½�f�Øf�m

��p�^, �f�m��p�^=σ∗, φ0f��

z%¿��Ä.

�uþã�¹, �©æ^�éØ²þ|nØ, Ø


�Ä�Øf�m½�f�Øf�m�σ,ω, ρ0f

�ÍÜ�^�	, ��Ä
=�3u�f�m�σ∗, φ

0f��z, ék�§Ýe¥f(Ô��5�?1


ïÄ. O�¥�Ä�­f�­fl­�{n, p, Λ, Σ−,

Σ0, Σ+, Ξ−, Ξ0}.

2 �éØ²þ|nØÚO-V�§

¥f(Ô��Lagrangian�Ý�

L =
∑

B

ΨB

[

(iγµ ∂µ−gωBγµω
µ− 1

2
gρBτ •ρµ)−

(mB−gσBσ)
]

ψB +
1

2
(∂µσ∂µ

σ−m2
σσ

2)−

1

3
g2σ

3− 1

4
g3σ

4− 1

4
ωµνω

µν +
1

2
m2

ωωµω
µ−

1

4
ρµν

•ρµν +
1

2
m2

ρρµ
•ρµ +

∑

λ=e,µ

Ψλ(iγµ ∂µ−mλ)Ψλ +L
Y Y . (1)

ùp����L«Iþ0fσ∗ Ú¥þ0fφ��^.
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ù
#0f=��f�^. L
Y Y L«�

[5]

L
Y Y =

∑

B

gσ∗BΨBΨσ
∗−

∑

B

gφBΨBγµΨBφ
µ +

1

2
(∂µσ

∗ ∂µ
σ∗−m2

σ∗
•σ∗2)−

1

4
φµνφ

µν +
1

2
m2

φφµφ
µ , (2)

Ù ¥ΨB ´ ­ f B � Dirac ^ þ, é A � � þ �mB.

σ∗,φ©O´σ∗ 0f!φ0f�|þ, mσ∗ ,mφ ´ù


 0 f � � þ. gσ∗B,gφB © O L « σ∗ 0 f Ú φ 0

f�­fB�ÍÜ~ê. duσ∗,φ0f=3�f

�m�^, �σ∗ 0f!φ0f�¥f!�f�m�

ÍÜ~ê�".
∑

B

gσ∗BΨBΨBσ
∗−

∑

B

gφBΨBγµΨBφ
µ

ü��Lσ∗ 0fÚφ0f�­fB�p�^.¼

þ, ¦ Ú � ) ¤ � Ä � ¤ k ­ f, = n,p,Λ,Σ,Ξ.
1

2
(∂µσ

∗ ∂µ
σ∗ −m2

σ∗σ∗2)ü�L«σ∗ 0f�gd.¼

þ. −1

4
φµνφ

µν +
1

2
m2

φφµφ
µ ü�´φ0f�gd.¼

þ. æ^�éØ²þ|Cq�, .�KF�ÝC�

〈L 〉 = −1

2
m2

σσ
2− 1

3
g2σ

3− 1

4
g3σ

4 +
1

2
m2

ωω
2
0 +

1

2
m2

ρρ
2
03−

1

2
m2

σ∗σ∗2 +
1

2
m2

φφ
2
0 . (3)

XÚ�9åÆ³�

Ω=−PV =−T lnZ . (4)

�©¼ê�

lnZ=
V

T
〈L 〉+

∑

B

(2JB +1)

2π2

∫
∞

0

k2dk×

{

ln[1+e−(εB(k)−µB)/T ]
}

+

∑

λ

(2Jλ +1)

2π2

∫
∞

0

k2dk
{

ln[1+e−(ελ(k)−µλ)/T ]
}

.

(5)

ª ¥ εB(k),µB L « ­ f B � � â f � U þ 9 z Æ

³. 12�¦ÚÎÒL«é0fσ,ω,ρ,σ∗,φ¦Ú,

εM(k) =
√

k2 +m2
M L«Äþ�k�9-u0f�U

þ, mM �T0f��þ. 12�¦ÚÎÒL«é�f

e,µ− ¦Ú, ελ(k) =
√

k2 +m2
λ L«�fe,µ− �Uþ�

��.

3 (4)ª¥, PV 3���¹e�n)�ØåÚå

�³U, �â§Ý|Ø²ï�9åÆ½Æ, ¥f(¥

�p�^�âf3?u9åÆ²ï�, Ù��|þ�

|°©ÙA¦�§Ý|ØXÚ�9åÆ³��. Ïd

k,

δΩ

δσ
=

δΩ

δω0

=
δΩ

δρ03

=
δΩ

δσ∗
=

δΩ

δφ
= 0. (6)

d (3)—(6)ª, ��0f|�§

m2
σσ = −g2σ

2−g3σ
3 +

∑

B

2JB +1

2π2
gσB×

∫
∞

0

mB−gσBσ−gσ∗Bσ
∗

√

k2 +(mB−gσBσ−gσ∗Bσ
∗)2

×

(exp[(εB(k)−µB)/T ]+1)−1k2dk , (7)

m2
σ∗

•σ∗ =
∑

B

2JB +1

2π2
gσ∗B×

∫
∞

0

mB−gσBσ−gσ∗Bσ
∗

√

k2 +(mB−gσBσ−gσ∗Bσ
∗)2

×

(exp[(εB(k)−µB)/T ]+1)−1k2dk , (8)

m2
ωω0 =

∑

B

2JB +1

2π2
gωBbB×

∫
∞

0

(exp[(εB(k)−µB)/T ]+1)−1k2dk, (9)

m2
φφ0 =

∑

B

2JB +1

2π2
gφBbB×

∫
∞

0

(exp[(εB(k)−µB)/T ]+1)−1k2dk, (10)

m2
ρρ03 =

∑

B

2JB +1

2π2
gρBI3BbB×

∫
∞

0

(exp[(εB(k)µB)/T ]+1)−1k2dk . (11)

aq/, ­f�Dirac�§��±l9åÆ³4

��n�Ñ,

(iγµk
µ−mB +gσBσ+gσ∗Bσ

∗−gωBγ0ω0−

gφBγ0φ0−
1

2
gρBγ0τ3ρ03)ϕB(k,λ) = 0 . (12)

Uþ����

eB(k) =
√

k2 +(mB−gσBσ−gσ∗Bσ∗)2 +

gωBω0 +gφBφ0 +gρBρ03I3B , (13)

d?σ,σ∗,ω0,φ0 Úρ03 �L·�Ï"�. ¥f(Ô�

¥��«âf?uβ²ï, 3vk¥�f�åP�^

�e, ²ï^�^zÆ³�L«�

µB =µn+qBµe, µe =µµ− . (14)

Ù¥µB,µn,µe,µµ− ©O�­f!¥f!>f9µ−f
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�zÆ³, qB �­f>Öê. o­fê�Ý�

ρ=
∑

B

2JB +1

2π2
bB

∫
∞

0

(exp[(εB(k)−µB)/T ]+1)−1k2dk .

(15)

>¥5^�L«�

0=
∑

B

2JB +1

2π2
qB

∫
∞

0

(exp[(εB(k)−µB)/T ]+1)−1k2dk+

∑

λ

2JB +1

2π2
qλ

∫
∞

0

(exp[(εB(k)−µB)/T ]+1)−1k2dk .

(16)

ùp1��L«­f�>Öê, 1��L«�fe,µ−

�>Öê.

Uþ�ÝÚØr©O�

ε =
1

2
m2

σσ
2 +

1

3
g2σ

3 +
1

4
g3σ

4 +

1

2
m2

σ∗σ∗2 +
1

2
m2

ωω
2
0 +

1

2
m2

φφ
2
0 +

1

2
m2

ρρ
2
03 +

∑

B

2JB +1

2π2

∫
∞

0

√

k2 +(mB−gσBσ−gσ∗Bσ∗)2×

(exp[(εB(k)−µB)/T ]+1)−1k2dk+

∑

λ

2Jλ +1

2π2

∫
∞

0

√

k2 +m2
λ×

(exp[ελ(k)−µλ)/T ]+1)−1k2dk , (17)

p = −1

2
m2

σσ
2− 1

3
g2σ

3− 1

4
g3σ

4−

1

2
m2

σ∗σ∗2 +
1

2
m2

ωω
2
0 +

1

2
m2

φφ
2
0 +

1

2
m2

ρρ
2
03 +

1

3

∑

B

2JB +1

2π2

∫
∞

0

k2

√

k2 +(m2
B−gσBσ−gσ∗Bσ∗)2

×

(exp[(εB(k)−µB)/T ]+1)−1k2dk+

1

3

∑

λ

2Jλ +1

2π2

∫
∞

0

k2

√

k2 +(m2
B−gσBσ−gσ∗Bσ∗)2

×

(exp[(ελ(k)−µλ)/T ]+1)−1k2dk . (18)

±þ�§^u¦)��~ØÔ��q�¥f(SÜ�

|°�Ô�©Ù.

¥f(�	ÜÔ�Ú�~ØÔ��'�Ý�

$, ^Oppenheimer-Volkoff�§ (O-V equation)[7]
¦

)¥f(��þÚ�»�,

dp

dr
=− (p+ε)(M+4πr3p)

r(r−2M)
, (19)

M = 4π

∫r

0

εr2dr . (20)

3 ëê�À�

O�¥Øf�ÍÜ~êgσ,gω,gρ,g2,g3 �g©

z [8]. ù
ÍÜ~êd�ÚØÔ��5�(½: �

Ú�Ýρ0=0.153fm−3, åPUB/A=−16.3MeV, Ø 

�þM=300MeV, é¡Uasym=32.5MeVÚk��þ

m∗ = 0.78mn. 3k��þm∗ = 0.78mn �^�e, �


�����¥f(���þ, ±B¦O�Ñ�¥f

(�þÚ*ÿ��¥f(�þ�ÎÜ, ÀJ���Ø

 �þÚ�M�Ô��§. �f�¥þÍÜëêd

SU(6)é¡5(½,

1

3
gggωN =

1

2
gωΣ =

1

2
gωΛ = gωΞ,

2gρN = gρΣ, gρN = gρΞ, gρΛ = 0 .

(21)

�A��f�IþÍÜëêd�A��f3�

~ØÔ�¥�³²�Ý�½. éΛ�f, ³�Ý�

U (N)
Λ =−30MeV, ü�ÍÜëê�Λ³²�ÝkXe

éX
[9]

U (N)
Λ =mB

(

m∗

n

mn

−1

)(

gσΛ

gσn

)

+
g

2
ω

m2
ω

ρ0

(

gωΛ

gωn

)

. (22)

é Σ Ú Ξ � f, © O À JU (N)
Σ =−30MeV ÚU (N)

Ξ =

−10MeV
[10—13]

.

dSU(6)é¡5����f�φ|�¥þÍÜ~

ê�

2gφΛ = 2gφΣ = gφΞ =−2
√

2

3
gωN,gφN = 0, (23)


�f�σ∗ |�IþÍÜ~êÏLXe³²�Ý5

�½
[5]

U (Ξ)
Ξ ≈U (Ξ)

Λ ≈−40MeV, (24)

d?ρΞ ≈ ρ0, ρΛ ≈ ρ0/2. 'u³²�ÝU (Ξ)
Σ vk¢

�êâ, �Ä�Σ�Λ�f5���q5, ·�ÀJ

U (Ξ)
Σ =−40MeV

[14—18]
.

¥f()¤�, SÜ§Ý�20—50MeV, ÏL¥

�fu�¯�e%, 3A©¨S§Ýeü�1MeV

±e
[19]

. Ïd, �©À�T=5MeV, 10MeV, 15MeV,

20MeV, 25MeV 5�§Ý:é¥f(Ô��5�?1

O�.

4 O�(JÚ?Ø

Äk, �Ä­fl­�{n,p,Λ,Σ−,Σ0,Σ+,Ξ−,Ξ0}
9σ∗,φ0f��z, ·�O�
σ0,ω0,ρ03,σ

∗,φ�³

�Ý (ã1)9�éâfê�Ý (ã2). ¤kù
O��
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þþ�­fê�Ý�¼ê, §Ý�15MeV. ¢­�Ø

�¹LY Y ���z, J­��)
LY Y ���z.

dã1��, �­fê�Ý���0.34fm−3 �, σ∗

Úφ0f�|r3�L0MeV��, �X­fê�Ý

�O\
O�. �Ø�Ä#0f��¹�', σ∗,φ�

Ñy¦�σ,ω0,ρ03 �|rÝü$
.

ã 1 ��­fê�Ý¼ê�σ, ω0, ρ03, σ∗, φ|

rÝ

¢­��Ø�Äσ∗ ,φ0f�z�(J, J­��Ä


§���z. §Ý�15MeV.

ã 2 âf�éê�Ý�­fê�Ý�¼ê'X

¢­��Ø�Äσ∗ ,φ0f�z�(J, J­��Ä


§���z. §Ý�15MeV.

ã2±Ñ
âf�éê�Ý�­fê�Ý�¼ê

'X. �Ý$�, ¥f(A�=¹k¥f!�þ��

fÚ>f. �X­fê�Ý�O\, �>f�¤�UO

���µf��þ���, µfÑy
. ��, ���

ØÓ�f�K��, �X��f�UÑy, ÙgS´:

Λ−Σ−−Ξ−−Σ0−Σ+−Ξ0 .

éΞ−,Σ−,Σ0,Ξ0,Σ+ �f, �Ä½Ø�Äσ∗,φ0f

��zÙ�)�K�´k�O�, cÙ´éΣ+,Ξ0

�f (Ø�Äσ∗,φ0f��z�, Σ+ ��0.695fm−3,

Ξ0 ��0.697fm−3; ��Äσ∗,φ0f��z�, Σ+ �

�0.632fm−3, Ξ0 ��0.666fm−3). �´éuΛ�f,

σ∗,φ0f�K�¿Ø²w. ,	, �Xo­fê�Ý

�O\, �fΛ, Σ−, Ξ−, Σ0, Σ+, Ξ0 ��éê�ÝO

\, σ∗,φ0f�ë�¦��f�éê�ÝO\��

�; du¥f(´>¥5Ô�, >f!µfÚ�f��

éê�Ýk´þ,, ����Ú�, ,�m©eü (Ù

¥>f!µfeü�¯, �feü�ú), σ∗,φ0f�

�z¦>f!µfÚ�f��éê�Ý3eü�ãe

ü��¯; 3o­fê�ÝO\���L§¥, ¥f

�éê�Ý���3ü$, #0f��z¦�¥f�

éê�Ýü$��¯, ùL²σ∗,φ0f¦��õ�¥

f=C¤�f.

�fÑy�¤éA�­fê�Ý¡��.�

Ý. � 
 ï Ä § Ý é � . � Ý � K �, O � 
 X

e5«§Ý�¹e��.�Ý�§Ý�éA'X:

T=5MeV, 10MeV, 15MeV, 20MeV, 25MeV, (J«

uã3. dã��, éΣ0,Ξ0,Σ+ �f5`, 3�$�

§Ý (T=5MeV,10MeV), #0f�ë�4�/ü$


�fÑy��.�Ý; 
3�p§Ý (T=15MeV,

20MeV, 25MeV)�, é�fÑy��.�Ý�K�

K��. éΛ,Ξ−,Σ− �f5`, 3þã¤k§Ýe,

σ∗,φ0fé�fÑy��.�Ý�K�ÑØ²w.

ã 3 �fÑy��.�Ý�§Ý�'X

¢­��Ø�Äσ∗ ,φ0f�z�(J, J­��Ä


§���z. §Ý�15MeV.

ã 4 Ør�Uþ�Ý�'X

¢­��Ø�Äσ∗ ,φ0f�z�(J, J­��Ä


§���z. §Ý�15MeV.
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Ùg, 3T=15MeV�, O�
¥f(�Ô��

§. 3ã4¥±Ñ
Ør�Uþ�Ý�¼ê'X.

ã4w«,�Ä�σ∗,φ0f��z� (��ã¥�

J­�), Ørü$
, =Ô��§C^, �Ï´�f

Ú¥f3Ù¤�°ºàNC�¤�Ørº��
�

f.

��, 3§Ý�T=15MeV�, �O�
¥f(�

�þÚ�» (ã5!ã6).

ã 5 ¥f(�þ�¥%Uþ�Ý�m�'X

¢­��Ø�Äσ∗ ,φ0f�z�(J, J­��Ä


§���z. §Ý�15MeV.

ã 6 ¥f(�»Ú�þ�'X

¢­��Ø�Äσ∗ ,φ0f�z�(J, J­��Ä


§���z. §Ý�15MeV.

3ã5!ã6¥, �Ä�#0f��z�3Uþ�

Ý�p�Ô��§C^, ¥f(����þ¤éA�

�»C�. �¥f(�þ���, ���þéAXü

��», LyÑ�ü�5. ù´duã5!ã6�O�

(J´d¦) (19)!(20)ªÚÔ��§P = f(ε)ù�

3��§¤|¤��§|
�5�. dã7��, Ør

P �Uþ�Ýε�m�'XP = f(ε)´��5�, Ï


¦��þM�¥%Uþ�Ý�m!�þM��»

R�m�LyÑ�ü��éA'X. ¿�, �"§��

�¹�', §Ý¦�¥f(Ô��ØrP �Uþ�Ý

ε�m���5'X��²w, l
§Ý�¦��þ

��»�m���5��âÑ. 3ã5!ã6¥, éu

BAù�ã­�, dM/dεc > 0, ��þO�, ¥%Uþ

�Ý�O�, �±/¤­½¥f((�, éAu¥f

(�­½(�; éuACù�ã­�, dM/dεc < 0, �

�þ~�, ¥%Uþ�Ý%O�, ØU/¤­½¥f

((�, éAu¥f(�Ä�Ø­½(�«. Ø­½

�Ì��Ï, ´du3ACù�ã­�, Úå�u|±

å, 3¥f(SÜdu(Æ�Ä
E¤Ø­½, ù«

�Ä¦�¥f(�¥%�Ý4�/��Jp, ?
¦

¥f(¥ �çÉ
[3]

.

ã 7 Uþ�Ýε�ØrP �m�'X

¢­��T=15MeV��(J, J­��"§��(

J. ±þü«�¹Ñ�Ä
σ∗ ,φ0f��z.

L1�Ñ
¥f(5��O�(J. ùpρc, εc,

pc, Mmax, R©O´¥%âfê�Ý, ¥%Uþ�Ý,

¥%Ør, ���þÚ�A��». O�¥¥f(�

§Ý��15MeV. �vk�Äσ∗,φ0f��¹�',

¥f(����þl1.7068M�ü�1.6796M�, 
�

A��»l13.7420kmO��13.9700km, ¿�, ¥%

âfê�Ý!¥%Uþ�ÝÚ¥%ØrÑC�
.

L 1 ¥f(�5�

ρc/ 1015
×εc/ 1035

×pc/ Mmax

fm−3 (g/cm3) (dyne/cm2) /M�

R/km

without σ∗,φ 0.7927 1.5982 2.2639 1.7068 13.7420

with σ∗,φ 0.7588 1.5145 1.9793 1.6796 13.9700

ρc, εc, pc, Mmax, R © O � ¥ f ( � ¥ % � Ý ! ¥ %

U þ � Ý ! ¥ % Ø r ! � � � þ Ú � � � þ ¤ é A � �

». d? U
(N)
Λ = U

(N)
Σ = 3U

(N)
Ξ =−30MeV, U

(Ξ)
Λ = U

(Ξ)
Σ =

U
(Ξ)
Ξ =−40MeV, T=15MeV.

5 o(

o�, |^�éØ²þ|nØ, �Ä­fl­�

{n,p,Λ,Σ−,Σ0,Σ+,Ξ−,Ξ0}, ïÄ
σ∗,φ0fék�

§Ý¥f(Ô��,
5��K�. uyéu¥f(

Ô�5`, �§Ý�T=15MeV�, �Äσ∗,φ0f�

�z�, Ñy�f��.�Ýü$
, �f��éâ

fê�ÝO\
, 3Uþ�Ý�p�Ô��§C^


, ¥f(����þC�
�A��»O�, ¿�,

¥%âfê�Ý!¥%Uþ�ÝÚ¥%ØrÑC�
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. éuΣ0,Ξ0,Σ+ �f, �§Ý��$�T=5MeV,

10MeV�, σ∗,φ0f4�/ü$
§�Ñy��.�

Ý, ��§Ý��p�T=15MeV, 20MeV, 25MeV�,

K�K��. éuΛ,Σ−,Ξ− �f5`, 3þã¤k§

Ýe, σ∗,φ0fé�fÑy��.�Ý�K�ÑØ²

w.
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Effect of σ∗, φ Mesons on the Neutron Star Matter at

Finite Temperature *

ZHAO Xian-Feng1,2;1) WANG Shun-Jin1 ZHANG Hua1 JIA Huan-Yu3

1 (College of Physics Science and Technology, Sichuan University, Chengdu 610065, China)

2 (Department of Basic Courses of Emei Campus, Southwest Jiaotong University, Emeishan 614202, China)

3 (Institute for Modern Physics, Southwest Jiaotong University, Chengdu 610031, China)

Abstract Within the RMF approach, considering the contribution of σ∗,φ mesons and baryon octet {n,p,Λ,Σ−,Σ0,Σ+,

Ξ−,Ξ0}, some properties of neutron star matter have been investigated in the temperature region between 5—15MeV.

It is found that when the contributions of σ∗,φ mesons are included, (1) the critical baryon density decreases (but for

the Λ hyperon, the effect is not obvious), but the number of hyperons increases; (2) the equation of state becomes soft at

higher energy density; (3) the maximum mass decreases while the corresponding radius increases; (4) the central density,

the central energy density, and the central pressure all become smaller. At T=5MeV and 10MeV and for Σ0,Ξ0,Σ+,

the σ∗,φ mesons make critical baryon density greatly decrease; but at T=15MeV, 20MeV, and 25MeV, the effect is not

obvious. However, for Λ,Σ−,Ξ− hyperons, at all the above temperatures, the effect is not obvious.

Key words neutron star, hyperons, equation of state
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