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�ÝÚÄþCz���ëêz/ª, ¿�Ñ��éØ

õN�*BHF1Æ³3p�ÝÚpÄþ«�áÚ5

Lr�Äþ�'5Lf. �ÄÄ�'é�A¿ØU²

wUõpÄþ«�BHF1Æ³�Danielewicz���

1Æ³�ÎÜ§Ý. ¯¤±�, lüNy¢ØåÑu,

��éØ�*õNBHFnØØU�(ýóØÔ��

²��Ú: �
[10]

. �
�(ýó²��ØÔ��Ú

5�, I��Ä�éØ�A
[11]

½Ú?nNØå
[12, 13]

.

ïÄL²
[14]

: 3BHFO�¥Ú\nNØåò��U

õéØÔ��Ú:5��nØýó. ©z[15]¥, ·�

3*Ð�BHFnØµeSïÄ
�*nNØåéØ

Ô�¥üØf³�K�, uynNØåéüØf³�

�zäkü½5, U3�½§Ýþ~fp�Ý«�ü

Øf³�áÚ5. ,, 3þãïÄ¥
[15]

, vk�Ä

nNØå�ü��AéüØf5���z. �
3

BHFnØµeSÚ\nNØå��z, I�ÏLé1

3�ØfgdÝ�²þònNØå�z����Ý�

6���üNØå
[12—16]

, ù��Ý�65¬��é

üØf²þ³|�ü (rearrangement)�z
[17]

. Ï

d, �
3��éØBHFnØµeSÜn/ýóØÔ

�¥Øf�²þ|¿A^u¥pUlf-EnØï

Ä, Ø=��ÄnNØåéüØf³��$�BHF�

z, �A�ÄnNØå�ü�A. �©�8�Ò´

�3�*BHFnØµeS¢y�*nNØåéüØ

f²þ³|�ü�z�O�, ¿?�ÚïÄnNØ

åü�z��Ý�65ÚÄþ�'5. (JL²:

nNØåü�AéüØf²þ|��zäkü½

5, ù��	�ü½�zäk�r�ÄþÚ�Ý�'

5, ��ØÔ��ÝÚØfÄþ�O�×�Or.

2 nØ�.

2.1 Brueckner-Hartree-Fock�{

æ^�*õNBHF�{O�ØÔ�¥Øf¤a

É��üØf³|. BHF�{�Ä�Ñu:´k��

p�^GÝ
. GÝ
÷vBethe-Goldstone (BG)�

§
[18]

G(ρ,ω) = vNN+vNN

∑

k1k2

|k1k2〉Q(k1,k2)〈k1k2|

ω−ε(k1)−ε(k2)+iη
G(ρ,ω),

(1)

Ù¥vNN ´y¢Øf–Øf�p�^, �¹üNØåÚ

nNØå��z; ω´å©Uþ; k≡ (k,σ,τ)L«üØ

fÄþ, g^ÚÓ ^1n©þ; ρL«Øfê�Ý. G

Ý
�±�w�Ø0�¥üØfm�k��p�^.

0��AÏL�|�fQ(k1,k2) = [1−n(k1)][1−n(k2)]

ÚUþ©1¥�üâfUþε(k)?\GÝ
. �|�

fQ(k1,k2){�ü�¥m��ØfÑ��Ù�g�

¤�¡±e�G�. n(k) = θ(kF − k)L«"§e¤

�©Ù¼ê. Uþ©1¥�BHFüâfUþ½Â�

ε(k) =
~

2k2

2m
+Ubhf(k), Ù¥Ubhf(k)�9Ï³. é9Ï

³ØÓ�ÀJû½
�Ç�Ðm�Âñ�Ý
[6, 18]

. Ï

~é9Ï³kü«ÀJ: �´mäÀJ (gap choice);

,�«´ëYÀJ (continuous choice). ïÄL²3

ëYÀJe, �Ç�Ðm�Âñ�Ý�¯�õ
[19]

. O

�¥æ^
ëYÀJ, 3ù«ÀJe, 9Ï³äk�

$�BHFüØf²þ|�Ôn¿Â
[20]

, d�é¡zG

Ý
�¢Ü�Ñ, =

Utbf(k) =
∑

k′

n(k′)Re 〈kk′|G[ε(k)+ε(k′)] |kk′〉
A
. (2)

2.2 �*nNØåÚk�nNØå

æ^��*nNØå�.´�â0f��6�

{ïá�. 'uTnNØå�.�äNÔn�ÄÚ©

Û, ��©z[12]¥Øã. ù��*nNØå�.¥

�ëê (�)0f�p�^~ê, Äþ�äÏf)´|

^Ø³�üÀÚf���.ÏLÎÜ¤æ^�üN

y¢Øå (�©æ^���Argonne V18 ³
[21]

���

*üNy¢Øå)5(½, äNê�®3©z[14]¥�

Ñ. �
;�¦)nNBethe-Faddeev¯K, Ï~æ^

��{´ÏLé1n�ØfgdÝ�²þlòn

NØå�z����Ý�'���üNØå (��©

z[12]¥éù��{Ün5�Øã). ù���üNØ

ådeª�Ñ

V eff
3 (r′

1,r
′

2|r1,r2) =
1

4
Tr

∑

n

∫
dr3dr

′

3φ
∗

n(r′

3)×

[1−η(r′13)][1−η(r
′

23)]W3(r
′

1,r
′

2,r
′

3|r1,r2,r3)×

[1−η(r13)][1−η(r23)]φn(r3), (3)

Ù ¥ η(r13) ´ ' é ¼ ê, ½ Â � η(r12) = ϕ(r12) −

ψ(r12). ϕ(r12)´ü�gdØf��é$ÄÅ¼ê;

ψ(r12)´Ø0�¥ü�'éØf��é$ÄÅ¼

ê. du'é¼ê�BHF�)���éX, Ïd§�

¹
Øf–Øfmá§'é (=F/ã). 3BHF�§

S�¦)L§z�Ú, Ñ7L#gU/O�'é¼

êÚ��ØåV eff
3

[14]
. Ïd, ÏLBHFgUS�L§,

þã��üNØå¥�(O9
�1n�Øfm�'

é�A. 3BHFCqe, éuäk�½Øfê�Ý�

ØÔ�, ÏLgU¦)�§ (1), (2)Ú(3), �±���
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A�GÝ
, ?dGÝ
�O�ÑØÔ�¥Øf¤

aÉ��²þ³|. ��5¿�´, ��ØåV eff
3 �

6uØÔ��Ý, �´duù��Ý�65��
Ø

0�¥nNØåéüØf²þ³|�ü�z.

2.3 üØf²þ³|¥nNØå�ü�z

3BruecknernØµeS, ØÔ�¥üØf³�

dØÔ�³UéüØfÄþ©Ù��¼C©�Ñ
[17 ]

,

=
U(k) =

δEV

δnk

=
∑

k1

nk1
〈kk1|G|kk1〉A +

1

2

∑

k1,k2

nk1
nk2

〈

k1k2

∣

∣

∣

∣

δG

δnk

∣

∣

∣

∣

k1k2

〉

, (4)

(4)ªL²: Øf3ØÔ�¥aÉ��ý¢�²þ

³|Ø=�¹BHFCqeüØf³��$��z

Ubhf(k) ≡
∑

k1

nk1
〈kk1 |G|kk1〉A

, ��¹duk��

p�^GÝ
éuØfÄþ©Ù��¼�6¤���

p�?�. XJØ�ÄnNØå, KGÝ
éuØf

Äþ©Ù��¼�65guBG�§¥�Pauli�f

ÚUþ©1; �3BHFµeSÚ\nNØå�, üØ

f³�p�?�¥�ò�¹dunNØå����N

Øå�z¤�5�ü�z. |^BG�§, ²L�


�Îü�, �±��(4)ª¥�¼�ûδG/δnk �L�

ª:

δG

δnk

=
δV eff

3

δnk

+G
Q

e

δV eff
3

δnk

+
δV eff

3

δnk

Q

e
G+

G
Q

e

δV eff
3

δnk

Q

e
G+G

δ(Q/e)

δnk

G, (5)

Ù¥�ªm>c4�5uk�nNØåV eff
3 ��Ý

�65, =3BHFnØµeSnNØå�5�ü�

zUtbf ; 15�K´duk��p�^GÝ
ÏL

Pauli�fQÚUþ©1éuØfÄþ©Ù��¼�

6¤���éüØf³�p�?�Ucor , �N
Ä�

'ééüØf5��K�ÚduõN'é���Øf

êÓâ�¹éu¤�©Ù� l¤�5�é�$�

BHF²þ|�p�?�
[6—8]

. 3nNØå�ü�z

¥, 11�åÌ��^; Ù¦3�þ�¹d¤�°S

�Ç��¤�¡�þâf�üØf�[��p�^Ý


�, Ï��u11���z. �
`²ù�:, ±

12��~, �ÑÙ3ÄþL�¥äNL�ª:

1

2

∑

k1,k2;k′

1
,k′

2

nk1
nk2

(1−nk′

1
)(1−nk′

2
)

e(k′

1,k
′

2)
×

〈k1k2 |G|k
′

1k
′

2〉

〈

k′

1k
′

2

∣

∣

∣

∣

δV eff
3

δnk

∣

∣

∣

∣

k1k2

〉

A

.

w,, 3Ý
� 〈k1k2 |G|k
′

1k
′

2〉¥, üØf�k1 Úk2 �

��3¤�°S, þ��Ç�; üØf�k′

1 Úk′

2 �

��3¤�¡�þ, þ�âf�. nþ¤ã, 3nNØ

å�ü�zUtbf(k)¥, �±Ñ��3�, =

Utbf(k)≈
1

2

∑

k1,k2

nk1
nk2

〈

k1k2

∣

∣

∣

∣

δV eff
3

δnk

∣

∣

∣

∣

k1k2

〉

A

. (6)

3 O�(J9?Ø

3ã1¥�Ñ
�Ý©O�ρ=0.085, 0.17, 0.34

Ú0.5fm−3 �ØÔ�¥, nNØåéüØf³|�

ü�zUtbf(k)�ØfÄþ�Cz'X. lã¥�±

wÑ: nNØåéüØf³�ü�zUtbf äkü

½5, ���ÝÚÄþ�O\O�. ��Ý�$

(ρ=0.085fm−3)�, ü�zUtbf é�, �ÄþO\

O���Ý�éú; �X�Ý�O�, nNØå�

ü�AOr, Utbf ×�O�; ��Ý�p (ρ=0.5fm−3)

�, ü�zUtbf äkér�Äþ�'5, ��Äþ

O\×�O�. þã(J´N´n)�: nNØå�

N
�«0��A, Ù�59Ù�Ý�65�Øf

ê�Ý�O\×�Or
[22]. ,	, nNØåü�

A���´�«0��A, ù?�Ú\¯
nNØå

ü�z9ÙÄþ�'5��ÝOr��Ý.

ã 1 �Ý©O�ρ=0.085, 0.17, 0.34Ú0.5fm−3

�, nNØåéØÔ�üØf³�ü�zUtbf

�Äþ�Cz'X

�
��Ù/`²nNØåü�AéüØf

³��5, ã2�Ñ
3«ØÓ�¹eüØf³�

ÄþCz�'X. ã¥(JL²: �Ø�ÄnNØå

�, üØf³�áÚ5�r, �3·�¤�Ä��

Ý��SüØf³²�Ý (=ØfÄþk = 0�, üØ

f³��)��Ý,püNO\; nNØåéüØf

³��zäkü½5, XJ=�ÄnNØå��$�

BHF�zØ�ÄnNØå�ü�A, KüØf

³�áÚ5òk¤~f, nNØåéüØf³��$

�BHF�z3$�Ý«� (ρ< 0.17fm−3)A��±�
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Ñ; nNØå�ü�AK3���§Ýþ?�Ú~

f
üØf³�áÚ5, AO´3pÄþ«�, nN

Øå�ü�zåÌ��^¿��unNØå��

$�BHF�z, �nNØå�ü�z��Or


üØf³�Äþ�'5. ,	, ÏL'�ØÓ�Ýe

�(J��±w�nNØå��$�BHF�zÚ

ü�zþ�Øfê�Ý�O\O�, �nNØå

ü�z��ÝO���Ý²w�uÙ�$�BHF

�z. dã¥(J��±wÑ: ��Ýv
p�, n

NØåéüØf³��z�ò��üØf³²�Ý

��ÝCz'X��=. ~X, �Ø�ÄnNØå�,

�Ý�ρ=0.5fm−3 �ØÔ�¥üØf³²�'�Ý�

ρ=0.34fm−3 �ØÔ�¥�üØf³²�; ��Ä


nNØå��z�, �Ý�ρ=0.5fm−3 �ØÔ�¥ü

Øf³²C�'�Ý�ρ=0.34fm−3 �ØÔ�¥üØ

f³²f.

ã 2 �Ý©O�ρ=0.085, 0.17, 0.34Ú0.5fm−3

�, 3«ØÓ�¹e, ØÔ�üØf²þ³|�Ø

fÄþ�Cz'X

· · · · · · Ø�ÄnNØå; - - - - - -�ÄnNØåéüØ

f³��$�BHF�z�Ø�ÄnNØå�ü�

z; ——Ó��ÄnNØå��$�BHF�zÚ

ü�z.

�
?�Ú?ØnNØåü�AéüØf³Ä

þ�'5�K�, 3ã3¥�Ñ
Øfk��þ�Ä

þ�Cz'X. Øfk��þ½Â�
[6]

:

m∗(k)

m
=
k

m

[

de(k)

dk

]

−1

, (7)

Ù¥e(k) ≡
~

2k2

2m
+U(k)�üØfUþ. Øfk��

þ´£ãüØf³Äþ�'5rf�Ä�Ônþ, �

N
üØf³��½�5. Øfk��þ��KL²

üØf³�Äþ�'5�r. dã3�±w�: ÃØ

´Ä�ÄnNØå�ü�z, Øf�k��þþ�

�Ý�O�~�, ùL²�XØÔ��Ý�O�ü

Øf³�Äþ�'5Or. nNØå�ü�z3�

�Äþ����Øfk��þ~�, =��üØf³

�Äþ�'5Or. �XØfÄþ�O�, nNØå

ü�zék��þ�K�ÑkOr. ��Ý��

(ρ=0.085fm−3)�, nNØå�ü�Aé�; �X�

Ý�O�, nNØåü�zéØfk��þ�K�

�5�r; 3²��ØÔ��Ú�Ýρ=0.17fm−3 ?,

nNØå�ü�AéØfk��þ�K�®C��

�²w; �ØÔ��Ý��ρ=0.5fm−3 �, nNØå

�ü�z¦Øfk��þü$�40%�m.

ã 3 �Ý©O�ρ=0.085, 0.17, 0.34Ú0.5fm−3

�, ØÔ�¥Øfk��þ�ØfÄþ�Cz'

X

- - - - - - Ø�ÄnNØå�ü�z; —— �ÄnNØ

å�ü�z.

Øf�k��þ(üØf³�Äþ�'5)él

f-E¥�8N6Ú²ïU�Ôn*ÿþþkwÍK

�. 3¥pUlf-E¥, ¥%�A«����Ý�

��2—3���~ØÔ��Ý, ÏdØÔ�¥Øfk

��þ��Ý�6'X���5éuJ�k'ØÔ�

G��§�&E���. �
��Ù/w«nNØ

åü�AéØfk��þ�Ý�65�K�, ã4

�Ñ
¤�Äþ?Øfk��þm∗

F/m≡m∗(kF)/m

��Ý�Cz'X. dã4�±w�: ÃØ´Ä�Ä

nNØå�ü�z, Øfk��þþ��ÝO�

~�. nNØåü�z��^´��Øfk��þ

�~�, �nNØåü�A��ÝO�×�Or,

(J��\¯
Øfk��þ��Ý,pü$��

Ý, �Ò´`nNØåü�AOr
Øfk��þ

é�Ý��65.
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ã 4 ¤�¡?Øfk��þ��Ý�Cz'X

- - - - - - Ø�ÄnNØå�ü�z; —— �ÄnNØ

å�ü�z.

4 o(

3�*õNBHFnØµeS, ¢y
üØf³¥

�*nNØåü�z�O�, ¿c[ïÄØÓ�Ý

enNØåü�zéüØf³9ÙÄþ�'5�

K�, �?�ÚO�
ØÔ�¥Øfk��þ¿X

?ØÚ©Û
nNØåü�A�K�. (JL²:

1) nNØåéüØf³�ü�zäkü½5, �

nNØå�ü�A�Øfê�ÝÚØfÄþ�O�

×�Or, 3p�ÝÚpÄþ«���~f
üØf

³�áÚ5, ÏU
3é�§Ýþ©��$���

éØ5BHF²þ³|3p�ÝÚpÄþ«�áÚ5

LrÚÄþ�'5Lf�¯K; 2) nNØå�ü�

zwÍ�unNØå��$�BHF�z, AO´��

ÝÚÄþ�p�, nNØåéüØf³9ÙÄþ�'

5�K�Ì�dnNØå�ü�z¤û½; 3) nN

Øå�ü�zäkér�Äþ�'5, �ÙÄþ

�'5��Ý,p×�Or; 4) nNØåü�A

éØfk��þk²wK�, Ù(J´��Øfk�

�þ~�; 5) nNØåéØfk��þ�K���Ý

O\×�Or, (J��\¯
Øfk��þ��Ý

O�~���Ý.du3¥pUlf-E¥, ��

Ø �Ý���2—3��ØÔ��Ú�Ý, Ï·�

�ïÄ(Jw«Ñ�
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Abstract Within the framework of microscopic Brueckner-Hatree-Fock, the contribution of the three-body force (TBF)

rearrangement to the single nucleon potential is calculated. The TBF rearrangement effects on the momentum and the

density dependence of the single nucleon potential are investigated. The influence of the TBF rearrangement on the

effective mass of nucleon is also discussed. It is shown that the rearrangement contribution of TBF is repulsive and

momentum-dependent. The TBF rearrangement effect and its momentum dependence increase rapidly as increasing

density and momentum. At high densities and high momenta, the repulsive rearrangement contribution reduces strongly

the attraction of the single nucleon potential and enhances considerably the momentum dependence of the single nucleon

potential.

Key words three-body force, rearrangement contribution, Brueckner-Hartree-Fock approach, single nucleon potential,

momentum and density dependence, heavy ion collisions
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