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112Sn+112SnV�AXÚ3E/A = 50MeV(400MeV)

¥%-E�~5ïÄÙéé¡U�¯a5.

2 nØ�.

�ïÄ´ïá3Í¶�BUUÑ$�.Ä:þ, ¿

Ó��Ä
Ó ^ÚÄþéüâf³�K�. Ù¥Ø

��)Øf, ��k∆,N∗ ���âfÚPion0f.

^�éØ²þ|nØO�Ð©�qØØf�Ý©Ù,

�«âfm��A�¡��d¢�êâ½öd[�²

ï�n, Breit-Wigner�����)�¡úª�Ñ. â

f��m©Ù¼ê�O�æ^Á�âfÚ��{Eâ

ê�¦), Ó��Ä
¤�fÓ ^�6��|{l

K�. ^?��Gognyk��^ÚHartree-Fock�{

O�Ñ�ëêz�üâfL«�
[24]

U(ρ,δ,p, τ) = Aunlike(x)
ρτ ′

ρ0

+Alike(x)
ρτ

ρ0

+

B

(

ρ

ρ0

)

σ

(1−xδ2)−8xτ
B

σ+1

ρσ−1

ρσ

0

δρτ ′+

2Clike

ρ0

∫
d3

p
′

fτ (r,p′)

1+(p−p′)2/Λ2
+

2Cunlike

ρ0

∫
d3

p
′

fτ ′(r,p′)

1+(p−p′)2/Λ2
, (1)

dªé�f��\þ¥Õ�^³. Ù¥é¥f(�

f) τ = 1/2(−1/2)� τ 6= τ ′, σ = 4/3, fτ (r,p)´�

�m©Ù¼ê. ëêAlike, Aunlike, B, Clike, Cunlike Ú

Λ�À��¦U(ρ,δ,p, τ)·ÜHartree-FockÚ (½ö)

Brueckner-Hartree-FockO�
[25]

, é¡ØÔ��Ú:

A5±9�~ØÔ��Ýe��30MeV�é¡U.

é¡ØÔ�Ø Xê��211MeV
[26–28]

. äN5`,

B = 106.35MeV, Λ = p0
F, p0

F ´é¡ØÔ��Øf¤

�Äþ, Cunlike = −103.4MeVÚClike = −11.7MeV.

Cunlike ÚClike �£ã�´äkÓ ^� τ �Øf3�

Ó ^� τ ′ ½ö� τ ��µ|¥�Øf�^�¼��

üâf³�Äþ�'Ü©:

Aunlike(x) = Aunlike(0)−
2B

σ+1
x,

Alike(x) = Alike(0)+
2B

σ+1
x,

(2)

Ù¥Aunlike(0)=−95.98MeV, Alike(0)=−120.57MeV.

ëêx�Ú\´�
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�Ý�6é¡U�ØÓýó. du�C�Ñé¡Ué

A�x�30�−1�m
[10]

, ¤±e¡��Äùü«�

¹, Xã1¤«. lã1�±wÑ3$��¹ex��

0�−1�éA�é¡U��O´é��.

lüâf³U(ρ,δ,p, τ)¼��Iþ³ (Un+Up)/2

�~�Cu¦^·ÜuØf–ØfÑ�, �NØåP

U±9ØÔ��Ú:A5�ý¢M�îþ�C©

õNO�
[29]

!nNå?��BHFO�
[25, 30, 31]

±9

DBHF�(J
[32]

. lüâf³U(ρ,δ,p, τ)¼��¥þ

³ (Un−Up)/2δ��Lane³
[33]

ÎÜ�éÐ, Xã2¤

«. 3$��¹e^�é¡U (x = 0)äk�r�é¡

³, 3p��¹eM�é¡U (x =−1)äk�r�

é¡³, ù«é¡³�=y�´du3p��$��

¹eé¡U�=E¤� (Xã1).

ã 1 x� 0, −1

�éA�é¡U

(ρ0�� ~ ØÔ

��Ý)

ã 2 x�0, −1 �

é A � � Ý ! Ä

þ�6�é¡U

düâf³U(ρ,δ,p, τ)�±�ÑØfk��þ,

m∗

τ

mτ

=

[

1+
mτ

p

dU

dp

]

−1

p
τ

F

. (3)

0�?��Øf–Øf�5Ñ��¡L«�

σmed ≈σfree

(

µ∗

τ,τ ′

µτ,τ ′

)2

, (4)

Ù¥µ´Ó ^�τ,τ ′ �-EØfé��z�þ, σfree

´¢�Øf–Øf�5Ñ��gd�¡, T�¡��

C^DBHF�{�Ñ�(ØÄ���
[34]

. e¡�Ñ

IBUUÑ$�.(Ü0�?��Øf–ØfÑ��¡

�Ñ�Vn/p'Ç��mÚîÄþ�üz.

3 (J�?Ø

Äk?Ø 124Sn+124Sn, 112Sn+112SnV�AXÚ

3¥%-E�¹e, E/A = 50MeV��c²ïu�Ø

fV¥–�'éé¡U��6�¹. Äkwü�AX

Ú�ü¥–�', Xã3¤«.

ã3¤«�x�0, −1�ü�AXÚu�Øf�

¥–�'��mÚÄU�üz. Äk3��100fm/c

�, ü�AXÚ�u�Øf�¥–�'Ä���

½, ´¥f�AXÚ 124Sn+124Snu��ØfcÙ´

¯Øf (¯Øf¥��fÉ�§¥Õ�^�K���,

lO\
é¡³�A, ��
���¥–�')�

¥–�'�¯aué¡U, ù´du´¥f�AXÚ

124Sn+124Sn3�AL§¥ØfÉ��r�é¡³�

^���. Ùgéu � M �é ¡ U (x =−1), u��
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ã 3 x�0, −1�ü�AXÚu�Øf�¥–�'

��mÚÄU�üz

Øf (cÙ´¯Øf)�¥–�'�^�é¡U (x = 0)

ê����
, ù´Ï�3$��¹e�M�é¡U

(x = −1) (Xã1)äk�f�é¡³ (Xã2), �^

�é¡U (x = 0)äk�r�é¡³. l3x = 0�

¹e¥f/�fÉ��r/f�ü½å�)�õ/��

gd¥f/�f, �u�Øf�¥–�'�x =−1��

¹���
. ���±wÑ, u�Øf¥–�'���

é²w�A�, =éuz���A�z���ã, u

�Øf�¥–�'Ñ´$U�pU�, ù´du�

fÉ�¥Õ³��^�íl�A��%X, 3$U

«k���f, 3pU«k�õ�f���. ü�A

XÚ�V¥–�' (Xã4)´x�0, −1�, ü�AX

ÚéA�u�Øf�¥–�'�'�.

ã 4 x�0, −1�ü�AXÚéA�u�Øf�V

¥–�'��mÚÄU�üz

�x�0, −1�, ü�AXÚéA�u�Øf�

V¥–�'3ØÓ��A�ãÑ´3pÄU�'Ç�

u½öÄ��u$ÄU�'Ç, ù´duV¥–�'

k�/Ø�
¥Õ�^�K�. ¯Øf�V¥–�'

�¯aué¡U�¯aÝ�´¥f�AXÚ�ü

¥–�'Ä���, =���10%—15%. Ùg�M�

é¡U (x = −1)äk���V¥–�'�^�é¡

U (x = 0)äk���V¥–�'. Ó�/, ù�´d

u§�éA�é¡³äkØÓ�rf5E¤�. d

u¯Øf (ÄU�u50MeV)�V¥–�'�¯aué

¡U, ù�Ò7m
&ÿìé$U¥f�Ø¯a5

¯K, ��¥f&ÿì�KU�u50MeVÒ�±. �


u�3p��¹eV¥–�'éé¡U�¯a5,

·�ïÄ
 132Sn+124Sn, 112Sn+112SnV�AXÚ3

E/A = 400MeV, b = 1fm��V¥–�'�ÄU�©

Ù�¹ (b½3p��¹eé¡U�3þ¡ü«�

¹x = 0, −1�m), Xã5¤«. du3400MeVz

Øf\�U��¹e, �A���¥%�Ý�Cu

2���~ØÔ��Ý, 3p��¹eM�é¡U

(x=−1)äk�r�é¡³, ^�é¡U (x=0)äk

�f�é¡³, �3$���¹�Ð�� (Xã2¤

«), ¤±éuM�é¡U (x=−1)V¥–�'��

éu^�é¡U (x=0)V¥–�'��. 3p��$

��¹e�k�
é¡³�=�&Ò, ·�ò,©�

�. $ØfÄU (��50MeV)�V¥–�'�¯au

é¡U, 3p��$��¹e·�ïÄ
V¥–�'é

-Eëê��65¯K, uy3p��¹e��-E

ëê¦�V¥–�'éé¡U�¯aÝeü3$�

�¹e��-Eëê¦�V¥–�'éé¡U�¯a

Ýþ,. Ï�8cü«�kF"�é¡U (x=−1�

x=0)��Oé�, E¤
�*ÿþ3ùü«�¹e

��Oé�, ¤±3¢�þ7L?14�°(�ÿþ.

ã 5 x�0, −1� 132Sn+124Sn, 112Sn+112SnV

�AXÚ3 E/A = 400MeV, b = 1fm ��V

¥–�'�ÄU�©Ù�¹

4 (Ø

|^Ó ^ÚÄþ�6��éØrfÑ$�.,

ïÄ
3p��$��¹eü«ØÓé¡UéA�u

�âfÌ¥�V¥–�'�ÄU�©Ù. ÃØ3p�

�´3$��¹eV¥–�'�ÄU©ÙÑ¯a/�

6ué¡U, duVn/p'Ç f
¥Õ�A�&ÿ
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Probing Density-Dependent Symmetry Energy by Using

the Double n/p Ratio *
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Abstract Based on a transport model IBUU04, the double n/p ratio is studied. It is found that the double n/p

ratio has almost the same sensitivity to the density dependence of nuclear symmetry energy as the single n/p ratio

does. Because the double n/p ratio of nucleon emissions taken from two reaction systems can reduce systemic errors

effectively, it is thus more useful for constraining the density-dependent symmetry energy further.
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