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Á� æ^Dirac Brueckner-Hartree-FocknØ�{, O�
"§ØÔ�¥zØf�(ÜU!ØrÚü

ØfUþ, X­?Ø
ØÓ�T Ý
�CL«éØÔ�¥Hugenholtz-Van Hove(HVH)½n÷v§Ý

�K�. (JL²: ØÓ��CL«éØfgU�©þ�Äþ�'5Ú�Ý�65þk­�K�, ?


éØ0�¥HVH½n�÷v§Ý�)­�K�. 3����¥þL«e, HVH½n;�
���§Ý

�»�, l
NyÑÄ�'é�AéüØf5��­�5, ¿���éØBHFnØ�{���(Ø�

�, Ï
����¥þL«�`u�IþL«.

'�c DBHF�{ ØÔ� ØfgU HVH½n

1 Úó

g20­V80c�±5, <�|^�éØDirac

Brueckner-Hartree-Fock (DBHF)�{
[1—11]

éué¡

ØÔ�G��§?1
�¦�ïÄ, (JL²DBHF

�{3£ãØÔ���ÚÅ���Ú:5���¡

��
é��¤õ. ,
, ù«nØ�{3äN[!

�¡Ekéõ¯KAO´k'ØfgU�O�¯K

k�?�Ún)
[5–11]

. 3DBHFnØµeS, duØ

fgUäkLorentz(�, ÏdI�òØ0�¥�k

��p�^T Ý
|^�C�fÐm��C/ª, ?

�ÚÏLT Ý
5(½gU�IþÚ¥þÜ©
[4]

. 3

ù«�{¥, T Ý
�dDirac�C�fÚLorentzØ

C�Ì5L«. du��Ä�U�, üØf�Dirac

^þ�m�z�4��m, Ï
üN�Î3^þ�m

k24=16�Ý
�, XJ2\þé¡5�¦���
[12]

,

Õá�3U� (on-shell)Ý
�~��5�
[4]

, ¤±¤

k�3U�üNÝ
��±^5��5Õá�Dirac

�C�Î��Ä¥5Ðm. 3DBHF�{¥, du�

Ñ
Ø0�¥k�Øf�KUþ�, Ï
ù5�Õá

�Lorentz�CÄ¥�À�Ø´���
[6—8]

, �3X

�«ØÓ�T Ý
�CL«. æ^ØÓ��CL«,

T Ý
3�Uþ�Dirac�mSäk�Ó�3U�Ý


�, �3ØÓ��CL«eO����ØfgU%

�Oé�
[7]

. Hugenholtz-Van Hove (HVH)½n
[13]

´

òØÔ�G��§(�N5�)�üâf5�éXå5

���Ä�ÚO9åÆ'X, �N
�6�{¥�½

Cq�?�S3gU5. 3©z[14]¥, ·�3��é

ØBrueckner-Hartree-Fock (BHF)nØµeS?Ø


HVH½n, (JL²�þ�f��$�Cq(BHFC

q)î­/»�
HVH½n, `²Ä�'é�AéØ

Ô�¥üâf5��­�5. �©?�Ú3�éØ5

DBHFnØµeS?ØHVH½n, ¿X­?ØØÓ�

T Ý
�CL«�K�.

2 �éØ5Dirac-BHF�{

2.1 DBHF�{

3 � é Ø 5 Brueckner� { ¥, Ø 0 � ¥ Ø

f � k � � p � ^ T Ý 
 ÷ v 4 � � é Ø Bethe-

Salpter(BS)�§
[15]

:

T = V +i

∫
V QGGT, (1)
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Ù¥V ´y¢Øf–Øf�p�^, Ï~æ^üÀÚ

f��³ (XBonn³
[3]

); Q´Pauli�f. Ø0�¥ü

ØfDÂf(Green¼ê)G÷veãDyson�§:

G = G0 +G0ΣG, (2)

Ù¥G0 L«gdØf�DÂf; Σ L«ØfgU, £

ãØ0�¥±�ØféüØf$Ä�K�. 3Brueck-

nernØ¥, gUΣ dk��p�^T Ý
û½. �Ä

�üØfG����é¡5, gU�¹���Ú��

�üÜ©
[4]

, �L«�

Σ =−i

∫
(Tr[GT ]−GT ). (3)

þã�§ (1)—(3)�¤
gU�BS�§|.

�Ä�gU÷v²£C�Ú=ÄC�ØC5!�

¡Åð!�m�üØC5Ú��5, Ù��/ª��

�
[8]

Σ(k,kF) = Σs(k,kF)−γ0Σ0(k,kF)+γ •kΣv(k,kF), (4)

Ù¥kµ ´Øf4�Äþ. gUΣ äk²w�Lorentz

(�, �¹��IþÜ©Σs Ú��¥þÜ©Σµ =

(Σ0,kΣv). gU�©þΣs, Σ0 ÚΣv þ´LorentzI

þ¼ê, dLorentzØCþk2, k · j Ú j2 (½ (jµ ´Ø

f6�Ý). 3ØÔ�·�ë�X¥ jµ = ρδµ0 (ρ´Ø

fê�Ý), ¤±LorentzØCþ�±^k0, |k|ÚkF 5

L«, Ù¥¤�ÄþkF �Øfê�ÝÏL¤�'X

ρ = 2k3
F/(3π

2)�éX.

3ØÔ�·�ë�X¥, Ø0�¥Øf¤÷v�

Dirac�§C��gdâfDirac�§aq�/ª, =

[γµk̃∗µ−m̃∗(k,kF)]u(k,kF) = 0, (5)

Ù¥k��þm̃∗ Úk�Äþ k̃∗µ ©O½Â�
[7—9]

k̃∗

µ =
k∗

µ

1+Σv(k,kF)
, m̃∗(k,kF) =

m∗(k,kF)

1+Σv(k,kF)
, (6)

m∗(k,kF) = M +ReΣs(k,kF), k∗

µ = kµ +ReΣµ(k,kF).

(7)

ÏL¦)Dirac�§, N´��Øf30�¥��U

þ^þ)

uλ(k,kF) =

√
Ẽ∗(k)+m̃∗

F

2m̃∗

F




1

2λ|k|
E(k)+m̃∗

F


χλ, (8)

Ù¥ Ẽ∗(k) =
√

k2 +m̃∗2
F , χλ(λ = ±1/2)´Øf�g

^Å¼ê, Dirac^þ÷v8�z^� ūλ(k,kF)uλ
•

(k,kF)=1. ���éØBruecknernØØÓ�´: 3

�éØ5DBHFnØµeS, Øf�DÂdDirac^

þ£ã, 3Ø0�¥dugU5^���¦, k�

Dirac^þ�6uØf�k��þ, ÏdgdØf–Ø

f�p�^Ý
�ÒC���Ý�'. ù�´�éØ

DBHF�{3£ãØÔ��ÚÅ��¡��¤õ�Ì

��Ï
[16]

. ,	, (8)ªL²: 3�éØ5DBHFnØ

µeS, dugU5�¦, Øf3Ø0�¥��Uþ

�Dirac^þ�¹gdØfKUþ���z, ù��

éØ�A¤���éØÔ�G��§�?�éAu�

«AÏ�nNØå�A
[16]

, =dugdØf–�Øf

éJ-uéØf�p�^¥Iþσ0f��Ü©�0

�?�¤���nNØå
[16, 17]

.

2.2 Ø0�¥k��p�^T Ý


�éØ54�BS�§�ê�¦)�©(J, Ï

~æ^��{´ÏLÚ?��3�DÂfCq��

BS�§¥�4�DÂf iGG, l
ò4�BS�§�

z�3��§
[4]

. �é4�BS�§?13��z�,

¦+¤æ^�3�DÂf7L÷vÄ�� Ôn�

¦: =�yLorentz�C5ÚüN�5Ñ�N�5

'X, �E,�3Nõ«�U�ÀJ
[18]

, Ù¥A^

��2��´ThompsonDÂf
[19]

ÚBlankenbecler-

SugarDÂf
[20]

. ·�òæ^Thompson�Y, �A�

3��§�¡�Thompson�§. 3üØf�%X¥,

Thompson�§���
[6]

T (p,q,x) =V (p,q)+

∫
d3k

(2π)3
V (p,k)×

m̃∗2
F

Ẽ∗2(k)

Q(k,x)

2Ẽ∗(q)−2Ẽ∗(k)+iε
T (k,q,x),

(9)

Ù ¥ q = (q1 − q2)/2, k Ú p © O ´ ü Ñ � Ø f Ð

�, ¥m�Ú"��3��é$ÄÄþ. üÑ�Ø

fXÚ�4�oÄþ� P̃ ∗ = q̃∗

1 + q̃∗

2 ; 3üØf�%

X¥, k P̃ ∗ = (P̃ ∗

0 ,0), Ù¥ P̃ ∗

0 =
√

s̃∗ = 2Ẽ∗(q) =

2
√

q2 +m̃∗
2

F � X Ú � Ð © U þ, Ø C � þ ½ Â �

s̃∗ = (Ẽ∗(q1) + Ẽ∗(q2))
2 −P 2. �§ (9)¥xL«Ù

¦�{�ëêx = {kF, m̃∗

F, |u|}[6]
.

3üØf�%X¥, �±|^IO�BHFS��

Y¦)Thompson�§
[6]

, l
O�ÑT Ý
�3U

� (on-shell)Ý
�. 3üØfDirac^þ�m¥, �

k42×42 ��5Õá�üNÑ�ØC�Ì. du�Ñ

KUþDirac°��z, üØfDirac^þ�m�{�

22×22 = 16�, Ï
ÕáØC�Ì��ê~��16�.

dué¡5 (�¡Åð, og^ÅðÚ�m�üØC
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5), 3T Ý
�16�3U�Ý
�¥, �k5�´Õ

á�
[4]

. �
¿©|^��éØõNnØ¥uÐå5

�ê��{, Äk3 |JMLS〉L�¥¦)Thompson

�§, ��T Ý
3 |JMLS〉L�¥�Ý
�; ,�

ÏLL�C�ò���T Ý
C��Ú^ÝL�, �

�T Ý
3Ú^ÝL�¥�©ÅL«; ò¤k�äk

(½o�ÄþJ ��©Å�zU\, Ò���T Ý


3Ú^ÝL�¥Äþ�m�Ý
�
[4]

, =

〈
pλ′

1λ
′

2

∣∣T I(x)
∣∣qλ1λ2

〉
=

∑

J

(
2J +1

4π

)
×

dJ
λ′λ(θ)

〈
|p|,λ′

1λ
′

2

∣∣T J,I(x)
∣∣ |q|,λ1λ2

〉
, (10)

Ù¥ θ ´q Úp�m�Y�, |p| = |q|, λ = λ1 − λ2,

λ′ = λ′

1 −λ′

2, k'dJ
λ′λ(θ)�äN/ª�ë�©z[4].

3¦)Thompson�§�, �
�ØØÓ�Äþ©Å

m�ÍÜ±B{zê�O�, Ï~^�²þ�f Q̄5

�OPauli�fQ, ��©z[4]. 3¦)Thompson�

§�S�L§¥, æ^Fuch���{, òThompson

DÂf¥�k��þ^¤�¡?�� m̃∗

F �O
[6—8]

,

3��éØ4�eéAuë�ÌCq, 'uë�ÌC

q3£ãØÔ��Ú­���Ün5�©z[21]. d

u�é¡z�¦, Ônþ�¢y��Äþ©Å÷ve

ãÀJ½K
[21]

: (−)L+S+I =−1.

2.3 T Ý
��IþÚ�¥þ�CL«

�
O�ØfgU, I�òT Ý
L«��C/

ª. 3üØf�Uþ�Dirac^þ�m¥, Thompson

�§�)�k5�Õá�3U�Ý
�, ¤±I�5

��5Õá�Lorentz�C�Î��Ä�f. du3

DBHF�{¥�Ñ
Ø0�¥ØfKUþ�, Ï
T

Ý
��CL«¿Ø´���. 3O�¥ò�Äü«

ØÓ��CL«, =�Iþ (pseudo-scalar)L«Ú�

���¥þ (pseudo-vector)L«
[8]

. éu�IþL«,

¤æ^�5��5Õá�Lorentz�CÄ�f©O�

S = 1⊗1, V = γµ⊗γµ, T = σµν ⊗σµν ,

A = γ5γ
µ⊗γ5γµ, P = γ5⊗γ5.

(11)

éu(½�Ó ^ I , T Ý
�L«�eã�C/

ª
[8]:

T I(|p|,θ,x) =F I
S(|p|,θ,x)S +F I

V (|p|,θ,x)V +

F I
T (|p|,θ,x)T+

F I
A(|p|,θ,x)A+F I

P (|p|,θ,x)P (12)

Ù¥pÚθ ©O´�%X¥3��é$ÄÄþÚØf

�m�Ñ��. 3Ú^ÝL�¥, þª�L«�

〈
p′λ′

1λ
′

2

∣∣T I(x)
∣∣pλ1λ2

〉
=

∑

m

F I
m(|p|,θ,x)

〈
p′,λ′

1λ
′

2

∣∣Γ I
m

∣∣p,λ1λ2

〉
≡

∑

m

Γ I
im(θ)Fm(|p|,θ,x), (13)

Ù¥Γm ≡ {S,V,T,A,P}; i ≡ {λ′

1λ
′

2;λ1λ2}�LÚ^

Ýþfê; Fm �LorentzØCþ, �¡�LorentzØC

�Ì
[4]. 5�ØC�ÌF I

m �ÏL(13)ª�_C�dT I

��. Ø0�¥Øf�gU�L«�
[8]

Σαβ(|k|,kF) =

∫
d3q

(2π)3
θ(kF−|q|)

Ẽ∗(q)
[m1αβFS(|p|,0,x)+

6q∗

αβFV (|p|,0,x)], (14)

ùpk Úq ©OL«ØÔ�·�ëìX¥ü��p

�^Øf�3�Äþ; pL«�A�üØf3�%

X¥�é$Ä3�Äþ, �k Úq ÏLØCUþ s̃∗ =

[Ẽ∗(k)+Ẽ∗(q)]2−P 2 �éX
[15]

: |p|=
√

s̃∗/4−m̃∗2
F .

Fm(|p|,0,x)≡ 1

2
[F I=0

m (|p|,0,x)+3F I=1
m (|p|,0,x)],

(15)

e¡{�?Ø�e����¥þL«
[7, 8]

. Äk½Â

eãÄ�f:

PV =
6 p̃∗

1− 6 q̃∗

1

2m̃∗

F

γ5⊗
6 p̃∗

2− 6 q̃∗

2

2m̃∗

F

γ5. (16)

�âØ0�¥Øf÷v�k�Dirac�§ (5), N´�

�eã�ª:

ū(p,kF)
6 p̃∗− 6 q̃∗

2m̃∗

F

γ5u(p,kF) = ū(p,kF)γ5u(p,kF). (17)

Ù¥u(p,kF)��UþDirac^þ. þªL²: 3�U

þDirac��m, XJ^PV O� (12)ª¥�P , T Ý


�Ý
����d, ùTT�N
�ÑKUþDirac

��5�T Ý
�CL«�Ø(½5. �â©z[7],

3����¥þL«e, T Ý
�L«�eã�C/

ª:

T I(|p| ,θ,x) =gI
S(|p| ,θ,x)S−gI

S̃
(|p| ,θ,x)S̃+

gI
A(|p| ,θ,x)(A− Ã)+

gI
PV (|p| ,θ,x)PV −gI

P̃V
(|p| ,θ,x)P̃ V ,

(18)

Ù¥�C�f S̃, Ṽ , T̃ , Ã, P̃ , P̃ V ½Â�

S̃ ≡ S̃S, Ṽ ≡ S̃V, T̃ ≡ S̃T, Ã≡ S̃A,

P̃ ≡ S̃P, P̃ V ≡ S̃PV, (19)

�f S̃ ��2�Øf�Dirac�I, = S̃u(1)αu(2)β =

u(1)βu(2)α. S̃, Ṽ , T̃ , Ã, P̃ �S,V,T,A,P �ÏLFierz
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C�
[12]

�éX. 'u����¥þL«��äNÚ�

[�?Ø, �©z[7]. 3����¥þL«e, gUd

eª(½:

Σαβ(k,kF) =

∫
d3q

(2)

Θ(kF−|q|)
4Ẽ∗(q)

{(˜6 k∗

αβ − ˜6 q∗

αβ)×

2q̃∗

µ(k̃∗µ− q̃∗µ)

4m̃∗2
F

gP̃V +m̃∗

F1αβ[4gS −gS̃ +

4gA− (k̃∗µ− q̃∗µ)2

4m̃∗2
F

gP̃V ]+

˜6 q∗

αβ[−gS̃ +2gA− (k̃∗µ− q̃∗µ)

4m̃∗2
F

gP̃V ]}. (20)

3 (JÚ?Ø

3.1 ØfgU9Ù�Ý�65

�
ïÄØÓ��CL«éØfgU9Ù�Ý

�65�K�, ã1Úã2¥©O�Ñ
3�Iþ (ps)

Ú����¥þ (pv)L«2«�¹e, �¤�Äþ©

O�kF=1.34,1.7Ú2.0fm−1 (éA�Øfê�Ý©O

�ρ = 0.16,0.33Ú0.54fm−3)�, ØÔ�¥ØfgU�

©þ�Äþ�Cz. dã¥�±w�, ÃØ´æ^�

IþL«�´����¥þL«, gU�IþÜ©

Σs ��zþäkér�áÚ5, 
gU�¥þÜ©

�a�m©þ��z−Σ0 þäkér�ü½5. Ø

Ô�G��§�´ùü�äk�Óêþ?�é��

����z�p-��(J. 3ØÔ�²��Ú�Ý

ρ0 = 0.17fm−3 ?, ¦+¤�ÄU tF ≈ 36MeV��uØ

f��þ, �ØfgU�Iþ©þΣs Ú¥þÜ©�a

�m©þΣ0 þäk�Øf�þ�Ó�êþ?, Ï
�

éØ�AéØfgU�IþÚ¥þ©þþ¬�)­�

?�. ØÔ�G��§�³UÜ©´däkáÚ5�

IþÜ©Úäkü½5�¥þÜ©��z�p-��

(J, �´du�éØ�AéØfgU�IþÚ¥þ

©þ?��ØÓ��
éØÔ�G��§��éØ?

�, ù��éØ?�´��ÝO\
Or�ü½�z,

é�(£ãØÔ��Ú:5�åX'�5�^
[16, 17].

3�IþÚ����¥þü«L«e, gUIþ

©þΣs �áÚ5Ú¥þ©þ−Σ0 �ü½5þ�Øf

ê�Ý�O�
Or. éu�IþL«, ØfgU�

©þþäk�r�Äþ�'5; 
éu����¥þ

L«, gU�©þ�Äþ�'5éf. ùÌ�´duπ

0fégU��z3�IþÚ����¥þL«e�

�É¤���
[7]

. ïÄL²
[10, 12]

: XJéπNN�p�

^º:æ^�Iþ?n, Küπ��é$Äþ«�Ø

fgU��zäkr��Äþ�65. ù�r��Ä

þ�65Ì�´du3�IþL«e, �Uþ�ÚK

Uþ�ÏLT Ý
�rÍÜ¤���
[7, 8]

.

¦+gU�©þ���éu�ÝäkwÍ��6

5, �3ØÓ�Ýe, gU�©þäk�Äþ�'5

%�©�q, �Ò´`gU�Äþ�'5éu�Ý�

�65�f. ù�L²T Ý
�ØÓ�CL«égU

�Äþ�'5åÌ��^.

ã 1 3T Ý
��IþL«e, æ^Bonn A��

y¢Øf–Øf�p�^, O����ØfgU�

Äþ�Cz'X

ã 2 3T Ý
�����¥þL«e, æ^Bonn

A��y¢Øf–Øf�p�^, O����Øf

gU�©þ�Äþ�Cz'X

�
?ØØÓ��CL«éüØfUþ9Ù�Ý

�65�K�, 3ã3Úã4¥©O�Ñ
3�Iþ

Ú����¥þL«e, �¤�Äþ©O�kF = 1.34,

1.7Ú2.0fm−1�, ØÔ�¥üØfUþ�Äþ�Cz

'X. 3DBHF�{¥, üØfUþdeª�Ñ
[3, 7, 16]

ε =
m̃∗(k)

Ẽ∗(k)
〈ū(k) |γ •k+M +Σ(k)|uλ(k)〉 .

ã¥(JL²: 3�IþL«e, üØfUþ�

�Ý,p
üNO�, AO´��Ýdρ = 0.33O\

�0.54fm−3 �, üØfUþ��Ý,p
O\�§Ý

c�ì�. ùÌ�´duØfgU�Iþ�zÚ¥þ

�z�Ý�6�ØÓ¤���. dã1�±w�: 3

�IþL«e, ��Ýdρ = 0.33O\�0.54fm−3 �,

ØfgU¥þ©þü½5Or��Ý�'ÙIþ©þ
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áÚ5Or��Ý¯�õ. ��IþL«ØÓ, 3�

���¥þL«e, üØfUþ��Ýk´��Ý,

p
O�, ,���Ýv
p�, Ù�Ý��Ý,p


Cf; 
�æ^����¥þL«¤ýó�üØf

Uþ��ÝCz�ÌÝ���uæ^�IþL«��

�(J. �æ^�IþL«�, O����üØfU

þ��Ý�65���éØ5BHFnØýó�(J

�Oé�; 
3����¥þL«eO����(J

�BHF�nØýó���C. ù�©z[7]ÏL?ØØ

fgUÄþ�'5���(Ø���.

ã 3 3T Ý
��IþL«e, æ^Bonn A��

y¢Øf–Øf�p�^, O����üØfUþ

�Äþ�Cz

ã 4 3T Ý
����¥þL«e, æ^Bonn A

��y¢Øf–Øf�p�^, O����üØf

Uþ�Äþ�Cz

3.2 Hugenholtz-Van Hove½n

Hugenholtz-Van Hove (HVH)½n
[13]

´òØÔ

�G��§ (�N5�)�üâf5�éXå5���

Ä�ÚO9åÆ'X, §�N
�6�{¥�½Cq

�?�S3gU5. ïÄL²
[14, 22—26]

: 3��éØ

BHFnØµeS, �þ�f��$�BHFCqî­

/»�
HVH½n, �N
Ä�'é�AéØÔ�

üâf5��­�5. �â9ÚOåÆÄ��n, é

u?u"§eØfê�Ý�ρ�ØÔ�, HVH½n�

L«�
E(ρ)

A
+

P (ρ)

ρ
= εF(ρ), (21)

Ù ¥ P (ρ) ´ Ø r, Ï L 9 å Æ ½ Â P (ρ) =

ρ2
∂[E(ρ)/A]

∂ρ
O�; εF(ρ)L«Øf�¤�Uþ, düØ

fUþû½
[7]

; E(ρ)/A�zØf�(ÜU. 3DBHF

�{¥, zØf�(ÜUdeª�Ñ
[7]

E/A =
1

ρ

∑

k,λ

〈ūλ(k)|γ •k+M +

1

2

∑
(k)|uλ(k)〉m̃

∗(k)

Ẽ∗(k)
−M. (22)

�
?ØØÓ�T Ý
�CL«éHVH½n�

÷v§Ý�K�, 3ã5¥©O�Ñ
3�IþÚ�

���¥þL«e, (21)ªüàE/A+P/ρÚεF ��

Ý�Cz'X. dã¥(J�±w�: 3�IþL

«e, O����E/A+P/ρÚεF �Oé�, üö¤é

ã 5 3T Ý
��IþÚ����¥þL«e, �

ª (21)üàE/A+P/ρÚεF �¤�Äþ�Cz

A � ­ � A � � � ­ Ü; A O ´ 3 � Ú : (kF =

1.34fm−1)NC, üö��Ø�1MeV. þã(JL²:

3�IþL«e, HVH½n�»��§Ý���f,

ù`²�IþL«3é�§Ýþ!K
Ø0�¥Ä

�'é�A, �Ò´`�IþL«ØU�NÑÄ�

'é�AéØfgU�­�K�. éu����¥

þL«, O����E/A+P/ρÚεF 3·��Ä��

��Ý��Sþäk����O, 
�üö� l

3p�Ý«�c�wÍ; 3�Ú�ÝNC, üö� 

l���11MeV, ���éØBHFnØ�{O��

��14MeV
[14]

���C. ùL²3����¥þL

«e, 3DBHFnØµeSØfgU��$�Cq�

�î­/»�
HVH½n, ù��´Ä�'é�A

éØÔ�¥üØf5��­�5��N, �3��

éØBHFnØµeS���(Ø
[14]

���. ïÄL

²
[27]

: 3U�πNNÍÜÄ�þäk�¥þA5. �X
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Fuchs�¤�Ñ�
[7, 8]

, T Ý
����¥þL«��

â�f–ØÑ�¢�êâ���k'²��£��Î

Ü; 
�T Ý
����¥þL«r�/³�
�K

Uþ��ÍÜ, �DBHFnØµeS�ÑKUþ��

z�Cq�Y����. Ï
Ï~@�T Ý
���

�¥þ'�IþL«����
[7, 8]

. þãk'HVH½

n�(JL²: 3�IþL«e, Ä�'é�AéØ

fgU�p�?�ØU��NÑ5, TT`²
�I

þL«äk�½§Ý�ØÜn5; 
æ^����¥

þL«KU
�NÑÄ�'é�AéüØf5�äk

­�K�. ØÔ�¥, Ä�âf–�Ç'ééüØf5

� (XüØfUþ, Øfk��þ, OâfrÝ, Øf

²þgd§�)k��wÍ��A
[14,22—26,28—30]

. Ä

�'é�A�Ì�Ly��Ò´: 3BHFnØµe

S, üØfUþ��$�Cq (BHFCq)î­/»�


HVH½n
[14]

. Ïdþã(Jl,��Ý?�Úy

¢
T Ý
����¥þL«�`u�IþL«.

,	, ÏL'�ã5¥¢�Ú:���±w�: 3

�IþÚ����¥þü«ØÓ��CL«e, HVH

½n¥�üØf5��éX�¤�Uþ εF ��é

�, ùÌ�´duØÓ��CL«��K�ØfgU

Lorentz(�¥�¥þÚIþ©þ; 3ü«ØÓ��C

L«e, �ØÔ��N5��'�Ü©(=E/A+P/ρ)

�äk�½�O, ùÌ�´duØÓ��CL«ÏL

ØfgUÚgUDBHFS�L§¬éØÔ��N5

��)m�K�
[6]. ,	, duØfgU�m�K�,

ØÓ�CL«eØÔ��Ú­��¬k�½�O
[8]

.

þã(J�`²
ØÓ��CL«éHVH½n÷v

§Ý�K�Ì�5guØÓ��CL«éuØfgU

�K�, Ï
�
�������üØf5�, Ø=

I��ÄØfgU�$�BHFCq, �I��ÄÄ�

'é�A���éØfgU�p��z
[14]

.

4 o(

3DBHFnØµeS, éT Ý
æ^�IþÚ�

���¥þü«ØÓ��CL«�Y, O�
"§Ø

Ô���N5� (zØfUþÚØr)ÚüØfUþ,

?Ø
ØfgU�©þ�Äþ�'5�Øfê�Ý�

Cz'X, ¿?�Ú?Ø
HVH½n, AO´X­ï

Ä
T Ý
�ØÓ��CL«éHVH½n÷v§Ý

�K�. (JL²: 1) ØÓ��CL«éØfgU�

©þ�Äþ�'5þk²wK�, 
éØfgUÄþ

�'5��Ý�6�K��é�f�õ. 3�IþL

«e, gUIþ©þÚ¥þ©þ3$Äþ«�þäk

ér�Äþ�'5, 
3����¥þL«e, Øf

gU�Äþ�'5��f; 2) 3ØÓ��CL«e,

O����üØfUþ��Ý�6'X�É���.

æ^����¥þL«���üØfUþ��Ý�

Cz'X���éØBHFnØ�{�(J���C;

3) 3DBHFnØµeS, æ^�IþÚ����¥þ

ü«ØÓ��CL«¤ýó�ØÔ�¥HVH½n¤

���÷v§Ý��ØÓ. 3�IþL«e, HVH½

nÄ�þvk�»�, ¿�Xæ^�IþL«ØU�

NÑÄ�'ééØfgU�­��A; 3����¥

þL«e, 3DBHFnØµeSØfgU��$�C

q��î­/»�
HVH½n, ���éØBHFn

ØµeS���(Ø
[14]

���, ��´Ä�'é�A

éØÔ�¥üØf5��­�5��«Ny. ùL²

T Ý
����¥þL«�'�IþL«����.

�
3�éØ5Dirac BruecknernØµeS½þï

ÄÄ�âf–�Ç'é�AéØÔ�¥üØf5��

�z, I�òykDBHFnØ�{\±*Ð, O�k

��p�^T Ý
�lU�Ý
�
[22]

, ?
O�Ä�

'é�AéØfgU�p�?�, dó��3?1¥.
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DBHF Approach and Thermodynamic Consistency for

Nuclear Matter Calculations *

LUO Pei-Yan1,2 ZUO Wei1;1) LI Zeng-Hua1,2 YONG Gao-Chan1,2 XU Zhong-Feng1

1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

2 (Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Within the framework of Dirac Brueckner-Hartree-Fock (DBHF) approach, we calculate the energy per

nucleon, the pressure, the nucleon self-energy and the single-nucleon energy in the nuclear matter by adopting two

different covariant representations for T -matrix. We mainly investigate the influence of different covariant representations

on the satisfiable extent of the Hugenholtz-Van Hove (HVH) theorem in the nuclear medium in the framework of DBHF.

By adopting the two different covariant representations of T -matrix, the predicted nucleon self-energy shows a quite

different momentum and density dependence. Different covariant representations affect remarkably the satisfiable extent

of the HVH theorem. By adopting the complete pseudo-vector representation of the T -matrix, HVH theorem is largely

violated, which is in agreement with the result in the non-relativistic Brueckner-Hartree-Fock approach and reflects the

importance of ground state correlations for single nucleon properties in nuclear medium, whereas by using the pseudo-

scalar representation, the ground state correlation cannot be shown. It indicates that the complete pseudo-vector

presentation is more feasible than the pseudo-scalar one.

Key words DBHF approach, nuclear matter, nucleon self-energy, HVH theorem
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