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(1. /��Qz�p|mQ*���~ 222005 � 2. %+℄sJQ�"|sa5C&Qz�!B 637002)	���jZ'qf���}:Æy$��%E$3_�2"j β r'
Uh:�j��}:Uy$k6q�Uo8�H�=��4Æ8,�w�_�2"j 56Cr U β r'Uh:�S�+���OZ�f���f.Æ_�2"d β r'
n�1U�E��j%E�5X.�=AE�nTaq'3n)[Uh:�S \ I�	�!{O� β r'
�_�2"��">�%EX.�vQbU�P142 � P144 ��� y|Cpf�A
1 �d��VI#�T$D�4W-r6#2TU4*<k��4�b�U4*<kgb�<�D�BIT>�^3Tze�̂ 3{4TR�^3nIWm β q&��j4pTg9�_�d2:[$�3$�3��e ρ ≤ 1011 g · cm−3 _�y$DGmK8�BIT>�&��U4*<k	TI=2�Pg9Q$D�4W-��BI�}�?$T$3-:$�3|^	S`�ipX℄1��$D�4W-:xNem(ZT`a� 20 hB 80(LC Fuller WS [1∼3](FFN) 5kHMn7�G�Æ���|9T��&����|9T<e�D$D#2 21 ≤ A ≤ 60T 226'u3��/�e��e℄VT^3{4	�
90 (L Aufderheide WS [4](AFWH) u	� FFN T�<5k�r FFN n7�G4tT>?m�|9=	T?v$i3�p&T|9&�,x�5�|[TY&Irxy5�N�&�T��Ix,;�[tEz�Æ� A > 60 T� GT(Gamow-Teller) |9�D� 150 �emN<|9T:z�u�℄?N(ZT�e��e℄VT β q&	� Kar WS [5] k β /i<e�n�Æ�;XDQh A > 60 �uT β q&	���L�-D� [6] �Æ��$D��0^-^�1!i^3{4	Tg9R�*�Æ℄g9jN0,T-��� rRok�2005-11-14 � �Zok�2006-5-16[℄~g��C6QmQ7V2-< (10347008)



� 4 5 {C=X�%E$3_�2"j β r'
Uh: 381�D<�DT;XDTR	:'v�BIT�}WW-�fTzÆS`ek�^�1!Tg9�[(v β q&TS`�Dt�YTHeger � Woosley[9] 7+[�D�/#�T$D�4W-�?$I2x(Z�uT^3{4� β q&	* Itoh � Tomizawa [10] S`$D��e0^-H-^31!i^3{4� β q&	TI�_:m}�T β q&$�u3&lNS`yT�'5 [11] TS`\JS�℄?�X	����Æ�^�1!i��U4*<kTg9Axk��^�1!>ex#6i$D#2 β q&	Tg9<�~37+?v^�1!ipe 56Cr → Mn(e−1, νe) Tq&	Tg9���$&�_ mec
2�M��_ mec �M��e T _ 109 K �M��

2 �&F%4�`�3#aV β s(���i$D#27T β q&	T?vx�����5�|[TY&Iq&	 λ0 �����|9�,T�&Iq&	 λBGT �$ i, j x,*g�3TC��&��d�2 [4] $T�Æ β q&	p*g�
λk(ρ, T, Ye) ≈ ln 2

2J0 + 1

G(Z, A, T )
exp[−Epeak/KBT ] × 1

fteff
ξ(ρ, T, Ye, Epeak + Q00)+

ln 2 exp

[

−EBGTR,0

KBT

]

G(Z + 1, A, T )

G(Z, X, T )
× ξ(ρ, T, Ye, Q00 + EBGTR,0)

ft0→BGTR,0
=

λ0 + λBGT . (1)Vf$ J0 ���TC�M� G(Z, A, T ) j�,x�n�
G(Z, A, T ) ≈ (2J0 + 1) +

∞
∫

0

dE

∫

jπ

dJdπ(2J + 1) × ρ(E, J, π)exp[−E/KBT ] , (2)

ρ(E, J, π) �)0�e�
ρ(E, J, π) =

1√
2πσ

√
π

12a1/4
× exp[2

√

a(E − σ)]

(E − σ)5/4
f(E, J, π) , (3)6$�

f(E, J, π) =
1

2

(2J + 1)

2σ2
exp

[

−J(J + 1)

2σ2

]

, (4)

σ j)0�e6n σ = (2muAR2/5h2)1/2[E − σ/a]1/4(R j�_mu = 1/NA ju3 #M�) �O�e� 0.3∼0.8 MeV, ^3T-Ni&� 0.5∼8 MeV r�#_ Epeak �
v� [4]

Epeak ≈ E0
peak + δ(T, µe), E0

peak = 5T − Q00 + µe , (5)

µe �^3T/ix3� δ �n*g&�l$p*g�
δ(T, µe) = −0.6604 + 0.9429T − 0.02119µe−

0.9432Tµe − 0.0009542µ2
e + 0.06224Tµ2

e , (6)
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fteff jie|9&��5�|[TY&IT ft m>�FFN�D6n�� fteff = 6.06×104�
ft0→BGT,0 jie|9&��xy5�T��ITm>�6n��Ll��|9gb�

ft0→BGT,0 =
103.596

|MBGT,0|2
, (7)

ξ(ρ, T, Ye, Qij) j β q&T4rF8x*g� [5]

ξ(ρ, T, Ye, Qij) =
c3

mec2

∫ Q00

1

dP · ρ2(Q00 − Ee)
2 × F (Z + 1, Ee)

1 + exp[(Ee − ue)/KBT ]
, (8)Æ} dP jM�&�F/�n me �^3℄�#��� G(Z + 1, Ee) = F (Z + 1, Ee)P/Ee 

(8) fpX℄1*g�
ξ(ρ, T, Ye, Qij) =

c3

mec2

∫ Q00

1

dEeE
2
e (Q00 − Ee)

2 × G(Z + 1, Ee)

1 + exp[(Ee − ue)/KBT ]
, (9)f$ KBT �^3TR�&����M�"-� 0.1688T9(T9 �ej_ 109 K �M�)· ue�^3T-Ni6��9-f [7] �

ρ/µe = 1/(π2NAλ3
e)

∫

∞

0

{

1

1 + exp[(Ee − ue)/KBT ]
− 1

1 + exp[(Ee + ue + 2)/kBT ]

}

P 2dP .

(10)

3 �>`�3#/V β s(�O^3Tw�&xIp^3T/is&_^3Tx0=(ji�T�Æ_^3i�T1!�<1!�;J6�J� ηe > 1023Z3  ηe �^38�Tn�e��� z$IlnG-^38��9�J� ρ/µe > 5 × 103 mol/cm3 ��<1!-℄� Wenger-seiz y3F7T1!i� [7] � 1.764 × 10−5Z5/3(ρ/µe)
1/3 MeV. �i�℄�mU/i��^3T1!i�

D = 1.764× 10−5Z2/3(ρ/µe)
1/3MeV . (11)O)�1!i^3.�nTg9Wk�^�1!i^3&�Tg9�<1!-4rFb3eI��

ξ′(ρ, T, Ye, Qij) =
c3

mec2

∫ Q′

00

+D

dE′

eE
′2
e(Q

′

00 − E′

e)
2 × G(Z + 1, E′

e)

1 + exp[(E′

e − ue)/KBT ]
, (12)~_<1!-T β q&	e�

λ′

k(ρ, T, Ye) ≈ ln 2
2J0 + 1

G(Z, A, T )
exp

[

−E′

peak/KBT
]

× 1

fteff
ξ′(ρ, T, Ye, Epeak + Q00)+

ln 2exp

[

−EBGTR,0

KBT

]

G(Z + 1, A, T )

G(Z, X, T )
× ξ′(ρ, T, Ye, Q00 + EBGTR,0)

ft0→BGTR,0
=

λ′

0 + λ′

BGT , (13)
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e = Ee + D  Q′

00 = Q00 + d  D �^3T1!i&���%p�Æ^�1!i β q&	Tg9ba1!b3� C1 = λ′

0/λ0, C2 = λ′

BGT/λBGT, C = λ′

k/λk, p_jD C1 pj^�1!iY&|9 β q&	Tg9 C2 pj^�1!i��|9 β q&	Tg9m
C TI=pj�^�1!i7 β q&	Tg9?e�
4 EBGT,0  MBGT,0 VAx��?v (1) feGD EBGT,0 � MBGT,0  EBGT,0 ����T�! MBGT,0 ���℄T GT |9�t5kn7�G EBGT,0 � [4]

EBGT,0 = ∆E1 + ∆E2 + ∆E3 , (14)6$ ∆E1 ��T����5��FTM�3ÆR&�9 ∆E2 �3�$T�3 – rR+�& ∆E3 �O3�j*$3r*#3_Ti& ∆E2 �;J 2MeV  ∆E3 = 12A−1/2  A��3n�m GT |9�t�9 [8] �
∣

∣

∣

∣

MBGT,0

∣

∣

∣

∣

2

=
1

2
× nP

i nh
f

2jf + 1

∣

∣

∣

∣

M sp
GT

∣

∣

∣

∣

2

if

. (15)Æ} nP
i � nh

f x,j��CeÆRVT#3n�3�&�ÆRVTrRn jf �&�ÆR7M�� |M sp
GT|2if �M�3 GT |9�tT/u* 1 $�D��Tn� [2] �D 1 �J� GT �m_Æ��

ji jf

l + 1/2 l − 1/2

l + 1/2
l + 3/2

l + 1/2

2l

l + 1/2

l − 1/2
2l + 2

l + 1/2

l − 1/2

l + 1/2

5 �`�3#k 56Cr →56Mn(e−1, νe) Vi;;7T�ip β q&b#Vj℄�$3l GT |9.-�℄�#3T�?i�� 56Cr mU:�7T 4 �$3d�p 2p3/2 ÆRVbF�9M�b��LT|9�&j|9Q 2p3/2 T#3�m3� 56Mn T5�:�#3n7j 1f7/2 ��
EBGT,0 = (ε2p3/2

− ε1f7/2
)

∣

∣

∣

∣

n

+ 2.0 + 12A−1/2 =

[

112.6− 94.7

561/3
+ 2.0 +

12√
56

]

MeV =

16.186424 MeV.
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f
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∣
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∣

∣

∣
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2

if

=
1

2
× 4 × 6

4
× 5

3
= 5 .ipe 56Cr → 56Mn(e−1, νe) mU6vD β �3T:I&�� Q00 = 4.2096619�Æ 1 �D�1!b3 C1 � C2 � C ��e 5 × 109K -y�e ρ/µe (104∼109 mo1/cm3)T&-Bt6$K3�g,3�b3x,*g C1 � C2 � C �℄�e-TR��GÆ$p_jD�Y�e-1!b3H[p 1 <1!iq&	Tg9#=Ny1�eT�D1!i{v{I6g9q&	*K\�bpj 56Cr → 56Mn(e−1, νe) mU��?�e – �e℄Vlp1!2 β q&	\�HQ 30% �Nj��e_/�e-T1!b3oHp℄ Ai�eT^w�)I=Æjlp���e-^3T&�+Zl6w�&gbmr�eT�)/ITw��1m�Y�e-7T1!b3 C r C1 5�℄ m���e-oH[p C2 ÆjlY&|9���|9T ~gbT�Y�e-^3Tw�&NYbmY&|9�+P[�~_7T1!b3+Zl C1 gb�Ny1�eT�D^3Tw�&�I��|9~� ~*K�IZ��hiT+P[����e-7T1!b3 C o*KH[p C2 T��

� 1 �2"4 C1 Æ C2 � C ��f 5 × 109 K .z�f
ρ/µe (104

∼ 109 mo1/cm3) (Kjo) U'.Æ 2 $g,3�b3x,*g C ��e 5 × 109 � 10 × 109 K -y�e ρ/µe (104∼
109 mo1/cm

3
) (Jin) T&-Bt�p_jD���e/�_1!iT<k N�0N��e#�TBt-1!iT<kpmI=�Æj/"zUTlp�e{�̂ 3T/i&�{I1!ib4iLY�A��e#Y�#�TBt-1!b3djH[p 1 TÆ�Æ

1 $TBtj℄ T���V�Tx#p_jD^�1!i β q&	Tg91j�0T�,j�NYT�e�℄bT�e℄V�OP6g9?e1re�T�m�)u�VYTuop_GS
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� 2 C ��fk 5 × 109 K � 10 × 109 K `z�f
ρ/µe(10

4
∼109 mo1/cm3)(Kjo) U'.��peT1!b3-
?D6g9?e�~_�N�\O�Æ β q&i$DW-Tg9_k�^�1!Tg9jvj$JT�Fax{�
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The Influence of Electron Screening on β-Decay Rate

in Stellar Interior

SUN Qing-qiang1, HUANG Zeng-guang1, PIAO Hong-guang1, LUO Zhi-quan2

(1. Department of Maths and Physics, Huaihai Institute of Technology, Lianyungang 222005, China; 2. Institute

of Physics and Electronic Information, China West Normal University, Nanchong 637002, China)

Abstract: Aiming at the low-energy reaction and Gamow-Teller resonant transition, the influ-

ence of electron screening on the β-decay rate in stellar interior is investigated in this paper. As

an example, the effect of the screening on β-decay by 56Cr is calculated. It is shown that the

screening increases the β -decay rate evidently in lower temperatures and higher densities. The

screening effect may importantly influences the study of stellar late stage evolution and supernova

burst.

Key words: astrophysics; β-decay rate; electron screening; nucleosynthesis; stellar evolution
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