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(N)
Σ i�,Zi
 (PNS) d
�mY4~��Mlx
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(N)
Σ (G"n0= -30 MeV� -20 MeV� -10 MeV � 0 MeV 5��,Zi
{2:qKWmYd
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n 127FhiUn=X3}�kwN\3}�va� 2008 ��Wang [ [12] -L(�=o 3 \zhw�W3dw��hp5OYh��VX3}�j Hiroshi[13] H9\�.5YtChkz�s5�%�z�s5Xoy� σ � ω � ρ �W3GJ�LoYh�X�V*�~ez��O� 2010 �� Wen[14] h�
�va 619 Hz X 4U 1608-52 Yh�X����VF�o-L�L�kwh5zhw�W3dw��X-L��;
0FQw�W���%?Ex�� Fattoyev [ [15] h5H$�OXzhw�W3���LoYh�
b�lh9Yh�iVfUn=X�z��7*\7�N%&R*azhw�W3dw�59-LYh�X����V�%jh5Sh PNS 
b�lX-L�L#b7�V�r&n��Eh5zhw�W3dw-L PNSX�l���4�$$a�hXv�/F**7h;�hXv�/F��hXv�/F\*7���iVX�V$a [16], j7h;�hXv�/FHR8=JX+$a� [17]. [6�7lCh ω *M_7lCh
ρ ;7hXv�/F\*h5^℄��X SU(6) h;�WT�#lCh σ ;7hXv�/FH7
� Λ � Σ � Ξ 7hE���iVYX<.eWT [16]. h Λ 7haH�A#$��<.ea U

(N)
Λ = −30 MeV[18]. 86#$� Ξ 7hE�iVY<.eozhw�X!Sa -16 MeV[19] & -14 MeV[20] &M����j Dover [ [21] X(;FQrlH$��FSa -24 MeV∼-21 MeV, E6/-LY&�!=azhw�XS U

(N)
Ξ = −28

MeV[22]. h9 Σ 7hE�iVYX<.e U
(N)
Σ , �6#SR8=JX+$a�	m/<a -30 MeV, j
?<a +30 MeV[23−27], N\=JX+$a� %h7h;�h4Xv�/FFjh PNS X
b�l21=JX3}��eh5zhw�W3dw(Yt℄hÆ℄U {n, p, Λ, Σ−, Σ0, Σ+, Ξ−, Ξ0}, -L�Lo U

(N)
Σ h PNS 
b�lX3}�

2 7
"$�~�"� PNS J��!Yh�iVX Lagrangian ~e\�a [16]
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4
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4 +
∑
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Ψλ(iγµ∂µ − mλ)Ψλ ,�Y ΨB ?℄h BX Dirac�l�h1XVla mB. σ �ω � ρr%? σ Ch�ω Ch�
ρChX3Lw�mσ �mω � mρ ?N�ChXVl�j mλ $9�hXVl�gσB �gωB� gρB r%$9 σ Ch� ω Ch� ρ Ch;℄h B Xv�6F�U(σ) = 1

3g2σ
3 + 1

4g3σ
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B $9℄h B X8�Vl� µ � T r%a��<�de�h5 Oppenheimer-Volkoff (O-V) n=WT PNS X�J�Vl
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= −

(p + ε)(M + 4πr3p)

r(r − 2M)
, (4)

M = 4π

∫ r

0

εr2dr , (5)�Y r ?
�WY	XJ�S
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n 1297 O-V n= (4)∼(5) 8 A PNS XVlr, M(r) ���� (2)∼(3) 8�+\ An= (6)∼(9), HjWTYh�X
b�l��!BZ8a
d̟

dr
|r=0= 0 , (10)

ν(∞) = 0 , (11)

̟(R) = Ω − R
3

d̟

dr
|r=R . (12)

3 }.�:'-LY��hv�/F!a GL85[4](7$ 1). $Y�mn � m∗

n r%N$�hXVl�8�Vl� gσ � gω � gρ N$�hXv�/F�C3 ? ω ChXoy��/F� ρ0 ?��~e� B/A a�hE���iVYX���� K ?���iVX�QpF� asym?h;�pF� PNS de!a T=15 MeV[1].z 1 �K|-
Table 1 Parameters of nucleons

Parameter mn(MeV) mσ(MeV) mω(MeV) mρ(MeV) gσ gω gρ g2(fm−1)

GL85[4] 939 500 782 770 7.9955 9.1698 9.7163 10.07

Parameter g3 C3 ρ0(fm−3) B/A(MeV) K(MeV) asym(MeV) m∗
n/mn

GL85[4] 29.262 0 0.145 15.59 285 36.8 0.77a-�j	 xσh = gσh/gσ, xωh = gωh/gσ, xρh = gρh/gρ. ω * ρ Ch;7hXv�/F7^℄��X SU(6) h;�WT
gωN/3 = gωΣ/2 = gωΛ/2 = gωΞ , (13)

2gρN = gρΣ, gρN = gρΞ, gρΛ = 0 . (14)

σ Ch;7hXv�/F7
� Λ � Σ * Ξ E�iVYX<.eWT [16]:

U
(N)
h = mB(

m∗

n

mn
− 1)xσh + (

gωN

mω

)2ρ0xωh . (15)EC� h N$7h��! U
(N)
Λ = −30 MeV[18], U

(N)
Ξ = −28 MeV[22]. T9 U

(N)
Σ , �iVX6#S$�!Sm`1E -30 MeV∼+30 MeV P4 [23−27], .E�Eg{X-LYr%! U

(N)
Σ =-30 MeV, -20 MeV, -10 MeV, 0 MeV, 10 MeV, 20 MeV, 30 MeV, *Y1 U

(N)
Σ h

PNS 
b�lX3}�Q U
(N)
Σ ! -30 MeV� -20 MeV� -10 MeV� 0 MeV� 10 MeV� 20 MeV � 30 MeV4�7 (15) 8\ W xσΣ r%a 0.611 8� 0.565 5� 0.519 2� 0.472 9� 0.426 6� 0.380 3� 0.334 0. \7� xσΣ O U

(N)
Σ XIJj6��
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4 ���/"79 PNS X
b�l;Vl��J8��.Eg{ta�L Σ 7hE�iVYX<.e U

(N)
Σ h PNS XVl��JX3}�

U
(N)
Σ h PNS VlX3}99℄ 1 �$ 2. 7℄ 1 \7� PNS VlOY	�l~eXI0jIJ	QY	�l~eIT�&S4�Vl8&pJS�P�� PNS VlOY	�l~eXI0j6��h9R-LX PNS XVlj!�\*Ew6Xid;BY6wX?�pJS�.E�g{9℄^�L PNS VlXpJS**;Ph1X�J�
b�l�7℄ 1 \7�Q U

(N)
Σ !m/<4�Sh PNS pJVlX3}=J��Q U

(N)
Σ 'F! -30 MeV� -20 MeV� -10 MeV,+ xσΣ r%a 0.611 8�0.565 5� 0.519 24�PNSXpJVlIJ�Q U

(N)
Σ !
?<4�Sh PNS pJVlX3}H����Q U

(N)
Σ 'F! +10 MeV� +20 MeV � +30 MeV, + xσΣ r%a 0.426 6� 0.380 3 � 0.334 0 4�

PNS XpJVl+IJ�7$ 2 \7�Q U
(N)
Σ 'F! -30 MeV� -20 MeV� -10 MeV �

0 MeV, + xσΣ 'Fa 0.611 8� 0.565 5� 0.519 2 � 0.472 9 4� PNS XpJVlr%IJ 0.47%� 0.33%� 0.19%; jQ U
(N)
Σ 'F! +10 MeV�+20 MeV � +30 MeV, + xσΣ'Fa 0.426 6� 0.380 3 � 0.334 0 4� PNS XpJVlr%IJ 0.03% � 0.01%. U

(N)
Σ

^ 1 PNS ZXn<[
	n�gZ	q
Fig. 1 The mass of PNS as a function of central energy density
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n 131!m/<4h PNS pJVlX3}=P!
?<4h PNS pJVlX3}JF3��%O?H�=JX xσΣ hYh�XVl3}=J�z 2 PNS �N�D� Mmax

Table 2 The maximum mass Mmax of PNS

U
(N)
Σ

(MeV) εc(1015 g·cm−3) Mmax(M⊙) ∆Mmax(M⊙) Percentage

-30 1.4513 1.6807

-20 1.4555 1.6887 0.008 0.47%

-10 1.4585 1.6942 0.0055 0.33%

0 1.4632 1.6974 0.0032 0.19%

+10 1.4655 1.6990 0.0016 0.09%

+20 1.4650 1.6995 0.0005 0.03%

+30 1.4687 1.6997 0.0002 0.01%℄ 2 �$ 3 �A U
(N)
Σ h PNS �JX3}�7℄ 2 \7� PNS �JOY	�l~eXI0j6��Yt U

(N)
Σ X3}�Q U

(N)
Σ !m/< -30 MeV� -20 MeV � -10 MeV,+ xσΣ r%a 0.611 8� 0.565 5 � 0.519 2 4�h19 PNS pJVlX�J'F6��Q

U
(N)
Σ 'F!
?< +10 MeV� +20 MeV � +30 MeV, + xσΣ r%a 0.426 6� 0.380 3� 0.334 0 4�h19 PNS pJVlX�J6�Xve$���7$ 3 \7�Q U

(N)
Σ 'F!m/< -30 MeV� -20 MeV� -10 MeV � 0 MeV, + xσΣ 'Fa 0.611 8� 0.565 5�

0.519 2 � 0.472 9 4� PNS Xh19pJVlX�Jr%6� 0.08%� 0.07% � 0.08%;

^ 2 PNS Z�K<[
	n�gZ	q
Fig. 2 The radius of PNS as a function of central energy density
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(N)
Σ 'F!
?< +10 MeV� +20 MeV � +30 MeV, + xσΣ 'Fa 0.426 6�

0.380 3 � 0.334 0 4� PNS Xh19pJVlX�J'F6� 0% � 0.04%. \7�!m/<X U
(N)
Σ hz19pJVlX�JX3}=P!
?<X U

(N)
Σ hz19pJVlX�JX3}J�%O?H�=JX xσΣ hz19pJVlX�JX3}=J�z 3 	?� PNS N�D� Mmax �w�

Table 3 The radius corresponding to the maximum mass Mmax of PNS

U
(N)
Σ

(MeV) εc(1015 g·cm−3) R(km) ∆R(km) Percentage

-30 1.4513 14.4500

-20 1.4555 14.4380 -0.012 -0.08%

-10 1.4585 14.4280 -0.01 -0.07%

0 1.4632 14.41604 -0.012 -0.08%

+10 1.4655 14.4100 -0.006 -0.04%

+20 1.4650 14.4100 0.000 0.00%

+30 1.4687 14.4040 -0.006 -0.04%

U
(N)
Σ h PNS 
b�lX3}99℄ 3 �$ 4. 7℄ 3 \7� PNS X
b�lOY	�l~eXI0jIJ�QY	�l~eIT�&S4�
b�l8&pJS�P�� PNS X
b�lOY	�l~eXI0j6��YtT U

(N)
Σ X3}�Q U

(N)
Σ 'F!m/< -30 MeV� -20 MeV � -10 MeV, + xσΣ r%a 0.611 8� 0.565 5 � 0.519 24�
b�lIJ�Q U

(N)
Σ 'F!
?< +10 MeV�+20 MeV � +30 MeV, + xσΣ r

^ 3 PNS Zed
n<[
	n�gZ	q
Fig. 3 The moment of inertia of PNS as a function of central energy density
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n 133%a 0.426 6� 0.380 3 � 0.334 0 4�
b�l%IJ�PIJve=�M��$ 4 �Ao U
(N)
Σ hz19pJVlX
b�lX3}�7$ 4 \7�Q U

(N)
Σ 'F! -30 MeV�

-20 MeV� -10 MeV � 0 MeV, + xσΣ a 0.611 8� 0.565 5� 0.519 2 � 0.472 9 4�z19pJVlX
b�lr%IJ 0.44%� 0.29% � 0.08%; jQ U
(N)
Σ 'F! +10 MeV�

+20 MeV � +30 MeV, + xσΣ r%a 0.426 6� 0.380 3 � 0.334 0 4�z19pJVlX
b�lHr%IJ 0.06% � 0.10%. \7�!m/<4X U
(N)
Σ hz19pJVlX
b�lX3}=P!
?<4X U

(N)
Σ hSX3}JF�� T�:�=JX xσΣ hz19pJVlX
b�lX3}=J�z 4 6?� PNS N�D� Mmax �H�
�

Table 4 The moment of inertia corresponding to the maximum mass Mmax of PNS

U
(N)
Σ

(MeV) εc(1015 g·cm−3) I(1045 g·cm2) ∆I(1045 g·cm2) Percentage

-30 1.4513 1.5871

-20 1.4555 1.5941 0.0070 0.44 %

-10 1.4585 1.5987 0.0046 0.29 %

0 1.4632 1.6000 0.0013 0.08 %

+10 1.4655 1.6006 0.0006 0.04 %

+20 1.4650 1.6015 0.0009 0.06 %

+30 1.4687 1.5999 0.0016 0.10 %

U
(N)
Σ $h PNS X
b�l213}�?79Q U

(N)
Σ !+\S4$h σ � ω � ρChX<3�e213} (7℄ 4), N %$/� PNS �-`khorX"��j"�Xor %SU PNS �-VlX℄�r,�.j PNS X
b�l %$k1"��

^ 4 DjZ>5�g
Fig. 4 Field strength of mesons as a function of baryon number density
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5 M�mP��eh5zhw�W3dw(Yt℄hÆ℄U {n, p, Λ, Σ−, Σ0, Σ+, Ξ−, Ξ0},-L�Lo Σ 7hE���iVYX<.e U

(N)
Σ h PNS 
b�lX3}��Lkw	Q

U
(N)
Σ 'F!m/< -30 MeV� -20 MeV� -10 MeV � 0 MeV 4�PNS z19pJVlX
b�lr%IJ 0.44%� 0.29%� 0.08%; Q U

(N)
Σ 'F!
?< +10 MeV�+20 MeV� +30 MeV 4��+Yh�z19pJVlX
b�lr%IJ 0.06% � 0.10%. !m/<X U

(N)
Σ hz19pJVlX
b�lX3}=P!
?<X U

(N)
Σ hSX3}JF�� { � 1 4
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Potential Depth of Σ in Nuclear Matter and Moment of
Inertia of a Proto Neutron Star

ZHAO Xian-feng
(Department of Electronics Engineering, Chuzhou University, Chuzhou 239000)

ABSTRACT Within the framework of relativistic mean field theory for the baryon octet sys-

tem {n, p, Λ, Σ−, Σ0, Σ+, Ξ−, Ξ0}, the influence of the potential depth U
(N)
Σ of Σ in nuclear

matter on the moment of inertia of a proto neutron star is investigated. It is found that the

effect of the attractive potential depth U
(N)
Σ on the maximum mass of a proto neutron star

is more than several dozen times larger than that of the repulsive one, and the effect of the

attractive potential depth U
(N)
Σ on the radius corresponding to the maximum mass is larger

than that of the repulsive one. It is also found that the moment of inertia corresponding to

the maximum mass increases, respectively, by 0.44%, 0.29% and 0.08% for U
(N)
Σ =-30 MeV,

-20 MeV, -10 MeV and 0 MeV, and increases by 0.06% and 0.10% for U
(N)
Σ =+10 MeV, +20

MeV and +30 MeV. The effect of negative U
(N)
Σ on the moment of inertia corresponding to

the maximum mass is several times larger than that of positive one.

Key words stars: protostars, stars: evolution, stars: neutron


