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Á� ÿþ
35MeV/u 36Ar+112,124Sn�A¥��'éÑ��¥��þ�¡ (IMF)�z�Ý'é¼ê.

(JL² 36Ar+124Sn�AXÚ¥��z�Ý'é¼ê3��z�Ý?��'é§Ý' 36Ar+112Sn�

AXÚ¥�r, LyÑ²w�\���65. �	Ñ�âfé�üØfoÄþ�, uyù«�ÉÌ�5

gupÄþâfé��z. ^nN��nØ�.MENEKA©OO�
ü�XÚ� IMFu��I, 3
36Ar+112Sn�AXÚ¥��150fm/c, 3 36Ar+124Sn�AXÚ¥, ��120fm/c. Ó ^�'�þf

©fÄåÆO�L², 36Ar+124SnXÚ¥ IMF�u��mÌ' 36Ar+112SnXÚÑkc£, �A/, Ù

¥%�Ýl�p:��m�eü½' 36Ar+112SnXÚÑ¯.

'�c ¥��þ�¡ 'é¼ê u��I Ó ^

1 Úó

3����Uþ��S, ��'éEâ�2�/

^5ïÄlf-E¥�9Ø5�
[1—14]. 'é¼ê

�±Jø9ØXÚüC���&E, Xâf�u��

I!u�gSÚu�����. �â± �ïÄ

(J, 3\�U�u50MeV/u�9ØXÚ�¥��þ

�¡�u��Iéá, ��´A� fm/c, LyÑ²w

�õ���A�
[15—18]

. �\�Uþd20MeV/u

O\�50MeV/u�, ¥��þ�¡�u��Idêz

fm/c á��u100fm/c, Ïù�U«´9ØXÚ

d�U�üNPC�õ���LÞU«
[19]

.

éu9Ø5��ïÄ, ·�3Ø§Ýÿþ!p-

uØ��CÚ9Ø��üz±9¥U�AÅ���

¡®k�
ïÄ(J. �â®k(J, �±��Xe

ã�: p-u9Ø3ÙÐ©�ãØ
u��âf±	,

�k�¡�u�; 3u�âfUÌþ�pUà�Ô

��U´5g9Ø�@ÏPC.

C5, Ó ^�'�ØÔ�G��§ (EOS)�ï

Ä´ISþ�,��9:. 3Ó ^�'�ØÔ�G

��§�ïÄ¥, Ú\
L��é¡ØÔ�Úé¡Ø

Ô�åPU�É�é¡U�Esym . ÏLïÄé¡U�

Esym, Ø=kÏu<�éÛÉØ(��@£
[20, 21]

, 

�kÏu<�n)éõ��UNL§
[22]

. <�J

Ñ
éõéEsym ¯a�&�, XÓ ^©2 (isospin

fractionation)
[23]

!¥fÚ�f��'
[24]

!�f–¥f

8N6
[25, 26]

��. ·�é9Ø5��Ó ^�A

®k�ïÄL², 9ØPCu��âfäkÓ ^

ÀJ5
[27]

, âfu�^S!��Ú§Ý�ÏdU

C
[28, 29]

.

�C, Ó ^�'�Ñ$nØ�. (IBUU)�O

�L², Øf–Øf'é¼ê´�Ý�6�é¡U

�¯a��
[30, 31]

. ��, 361MeV/u Ar+112,124Sn

�A¥, �ß/*	�
�âf'é¼ê�Ó ^�
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A
[32, 33]

. �©K��
35MeV/u 36Ar+112,124Sn�A

¥�¥��þ�¡'é¼ê�\���65.

2 ¢�Sü

¢�´3¥I�Æ�C�ÔnïÄ¤lf\

�ì (HIRFL)þ�¤�. æ^35MeV/u� 36ArñÂ

½Ó �q 112SnÚ 124Sn, 112SnÚ 124Snq�þÝ

©O�1.78Ú1.57mg/cm2, ÙÓ �´Ý©O�73%

Ú84%. �
ïÄ�>âfu�Å�ÚÓ ^¶þ,

3¢�¿X�Ý5◦—165◦ ©O{�
11¬∆E-E â

f"�º
[28, 29, 34—36]

. Ó��
¢y�5ÄÄþ=£

�ÀJ, 3c�«, ±å6�¶é¡/S�
6¬²1

�È�Oêì (PPAC)ÿþ{Ø
[37]

.

�
ÿþ��'é�Ñ�âf, 3c�«��


1@13ü��"�º&ÿì
�
[38]

. 
��z�ü�

þd1¬100µm�77¡^&ÿìÚ1¬50mm BGO

ðcN¬N|¤. T
�åq60cm, 
�¥%�å

6���Y��23◦, ��Y��29.5◦, ��Y��

16.9◦. 
�¥ü&ÿìm���Y��3.6◦, ��Y

��12.5◦. �
Jp&ÿì
���©E, &ÿì�

z�ü�Ñæ^
�»�8mm�1<, z�ü���

©E�±0.75◦. ã1(a)�Ñ
T
�¥¤k"�ºU

\¤ÿ�� 36Ar+124Sn�∆E-E Ñ:ã, lã¥�±

wÑT"�º
�éÙÿþ����±�Ð/�O.

ã1(b)K�Ñ
ü�XÚ¥&ÿì
�¤ÿ��¡

�>Ö©Ù.

ã 1 (a) 36Ar+124Sn�A∆E-E Ñ:ã; (b) �

¡�>Ö (2 6Z 6 5)©Ù

3 Uþ�Ý9?�

3'é¼ê�Ó ^�AïÄ¥, Uþ�Ý�°

(�Ä´c���. �ó�é&ÿì
�¥�Ü13

ü��"�º?1
c[�Uþ�Ý. éu∆E(Si)&

ÿì9Ù>fÆ, æ^
^ThC-C′ u��6.05MeV

�8.78MeV�αâfÚ°�óÀu)ìéÜ�Ý. �

éu��N&ÿì, BGOðcN¬N&ÿì��ÝÒ

�E,�õ. Ù�, ðcN�u1�Ç�\�âf�

Uþ�3X��5�'X. Ù�, ðcN�1ÑÑ�

\�âf�>ÖÚ�þê�', é�ÓUþØÓ��

�âf, $�uØÓÓ �, ðcN�1ÑÑÑ¬k

�O, ù�¤kØÓ�\�âfÑI�©O�Ý, 

Ã{�p�O. Ùn, XJ\�âf�Uþ��'�

�, ¤ÀJ�1>�O+vk�d����5Ä�

�A��, Ò¬��¬N�1ÑÑ�&ÒÑÑ�ÌÝ

(½>Öþ)���5, l��¬N&ÿìUþ�A

���5. 3êâ©Û¥, éBGO�Uþ�Ýæ^


U��í��{, =�ââf3®�þÝ���N�

¡¥�U�∆E, dU�§SO�ÑéA�âfoU

þ, l�í��âf3BGO¬N¥��ÈUþEr.

3U��í�c, æ^
©z [39]¤ã��{5(½

��N�k�þÝ.

du∆E(Si)&ÿìþÝ�þ!5±9§���

�k��K�, 3(½∆E(Si)�k�þÝ�¬�\

Ø�. ,	3dU��í\�âfUþ��¬Ú\Ø

�, AO´\�âfUþ�p�, ∆E �\�âfUþ

�UCC�é�ú, d�dÙ�í�\�U�Ø�C

�. duù
Û�5, dd�{���BGOðcN¬

N�Uþ�A¼êØ´é°(.

�
JpBGOUþ�Ý�O(5, ·�?�Ú

|^üâf'éA5é&ÿì|�Uþ�Ý?1�

O
[40—43]

. Ú\Uþ�Ý�OXê, ÏLUCù�Xê

¦�&ÿì�m��é°Ý�����Z�. 3�©

¥, |^5gu�âf 8BeÄ�PC�α-α'é¼

ê�Ä�¸?1
Uþ�Ý���, Ù¦âfUþ�

Ý���^αâf���Xê�O. ã2(a)w«�´

�Ý�O��lHe�B�âfUÌ, ã2(b)w«�K

´�Ý�O�α-α�'é¼ê, dã��, 8Be�Ä�

Ú-u�ÑéÐ/y.

ã 2 36Ar+124Sn �A¥� He-B âf�UÌ (a)

Úα-α'é¼ê (b)
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4 (J?Ø

éu�½�âf|Ü, 'é¼ê1+R(q)dTâ

fé�ÎÜ��Y12(p1,p2)ÚüÞ��Y1(p1), Y2(p2)

��, Ù½Â�

∑
Y12(p1,p2) = C12[1+R(q)]

∑
Y1(p1)Y2(p2), (1)

Ù ¥p1,p2 ´ ü � ' é â f � ¢ � ¿ X Ä þ, q =

µ|(p1/m1 − p2/m2)|�ü ' é â f m � � é Ä þ,

µ = m1m2/(m1 + m2)��z�þ, C12�8�zX

ê, ±�y3�q �� (âféÃ�éØåÚ>^�p

�^)R(q) = 0. dþª��'é¼ê

1+R(q) =

∑
Y12(p1,p2)

C12

∑
Y1(p1)Y2(p2)

=
Y12(q)

C12Ynorm(q)
, (2)

Y12(q)��éÄþ�q ��ÎÜOê, Ynorm(q)��é

Äþ�q ���Ã'éOê (ÏL¯�·ÜEâ¦�).

3'éÿþ¥, du�âf�Ó � (X�f!

�!��)Ï~U�Ð/�O, ÏÙ�þU°(�

�, Ï~æ^�éÄþ'é¼ê. éu¥��þ�

¡, duÏ~�U�OÑâf�>ÖZ�, Ã{°

(��Ù�þ, �¥��þ�¡����u�âf�

�. �
Bu\\ØÓZ ��¥��þ�¡'é¯�,

Ï~æ^�z�Ý'é¼ê. �z�Ý�'é¼ê

1+R(vred)½Â�

∑
Y12(p1,p2) = C12[1+R(vred)]

∑
Y1(p1)Y2(p2),

(3)

Ù¥vred = |p1/m1 −p2/m2|/
√

Z1 +Z2 ´>Ö©O�

Z1, Z2 �'éâf��z�Ý, m1 Úm2 ´ü�>â

f�²þ�þ.

ã3w«
 36Ar+124SnÚ 36Ar+112Snü��AX

Ú¥36 Z 65�¥��þ�¡�z�Ý'é¼ê�\

\(J. ã¥p�Ø��ÚOØ�, î�Ø�KL

«
3O�vred �, d&ÿì�Uþ©E!&ÿìü

���©E±9���²þ�þ�Ø(½5Úå�

Ø�. 3��é�z�Ý?, ü��AXÚÑLyÑ

²w��'é, ù´d3�mÚ/½�mþ�é�C

�üÑ��>âfm�¥Õü½�^Úå�. '�

ü��AXÚ, ü�XÚ�'é¼ê3��z�Ý?

�3'�²w��É, �é´¥f 36Ar+124SnXÚ�

�z�Ý'é¼ê3��z�Ý?�'é§Ý�r,

ù«�É�Ñ
Ø����.

ã 3 36Ar+112,124Sn �A¥ 36 Z 65 � IMF �

z�Ý'é¼ê

æ^nN��nØ�.MENEKA�[ØÓu�

�Ie�'é¼ê, ÏLÚ¢�(J�'�Ò�±J

�9ØXÚu�¥��þ�¡�u��I. nN��

nØ�.´��Monte-Carlo�[§S. §b�âf

él9ØXÚ�L¡u�, üâfu���m�Ñl

�ê©Ùexp(−t/τ), τ ½Â�XÚ�u��I, ¿�

�gdëêÑ\, ��ü�âfÚu�nNm��

é$Äd¥Õü½ÚØå�Ó�^�nN��L§£

ã, ���âüâf´Äá3¢�¥&ÿì
��k

�&ÿ��S, �Uþ´Ä÷v¢�¥&ÿìUþK

�5û½¯����
[44]

. du'é¼ê�/GØ=�

ûuü�âf�u��I τ , ��ûuu���

�. 3O�L§¥, u����d�qEÜXÚ�

�þêO��.

ã4w«
ü�XÚ¥�z�Ý'é¼ê�¢

� ( J Ú Ø Ó u � � I e � MENEKA � [ ( J.

'�¢�ÚMENEKAO�(J, éu 36Ar+124SnX

Ú, ¥��þ�¡�u��I��120fm/c, Ñáu

36Ar+112SnXÚ¥�150fm/c.

ã 4 36Ar+112,124Sn�A¥36Z 65� IMF�u��I

duØÓUþ�âf�U5gu9ØPC�Ø

Ó�ã, pUà�Ô��U5g9ØPC�@Ï
[2, 31]

.

·�Uü�'éâf�üØfoÄþmü�ØÓ�
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I, �	Äþé'é¼ê�K�, ±ïÄ'é¼ê�

É�5.

éu'é�ü¥��þ�¡, üØfoÄþ½Â

�

(p/A)tot = |p1/A1 +p2/A2| , (4)

A1, A2 ´ ü ' é ¥ � � þ � ¡ � ² þ � þ ê.

ã 5(a) w « 
 36Ar+124Sn � A ¥ ü ' é ¥ � � þ

� ¡ � ü Ø f o Ä þ Ì. X ã ¥ � Þ ¤ �, ±

(p/A)tot=320MeV/c�.rü'é¥��þ�¡©

¤$ÄþÚpÄþü|. ã5(b)Ú (c)©Ow«
$

ÄþÚpÄþI^�e�üXÚ�¥��þ�¡�z

�Ý'é¼ê. �±wÑ: éuÑ��$Äþ�¡, ü

XÚ�'é¼êvkLyÑ²w��É; 3pÄþ

I^�e, ��z�Ý?��'é3ü�XÚ¥Ly

Ñ²w��É. ã5(c)¥��´nN��nØ�.

�O�(J. éupÄþâf, 36Ar+124SnXÚ¥�

¡�u��I��50fm/c,  36Ar+112SnXÚ¥Ùu

��I��100fm/c.

ã 5 36Ar+124Sn�A¥�üØfoÄþÌ (a)!

$ÄþI^�e�'é¼ê (b)ÚpÄþI^�

e�'é¼ê (c)

ÃõÏ�¬K��¥��þ�¡'é¼ê��

'é§Ý, Äk�Äu����!�¡UÌÚ>Ö

©Ù�K�. �â{ü����LÜ�., �' 112Sn

XÚ, 124SnXÚ�¹
�õ�Øf, Ïk�é��

u�Ú�é$�üØf-uU. ½5/ù, XJu

���, ��þ�CÑ��ü�>âfò²É�é

�f�¥Õü½�^, Ï3 124SnXÚ¥ALyÑ

�éf��'é; Å�&ÿü�/'�Li, BeÚB�

UÌ, uyUÌ/G3ü�XÚ¥�vk�*	��

�É; lã1(b)¥�±wÑü�XÚ�¥��þ�

¡�>Ö©Ùk����É, 3 112SnÚ 124SnXÚ¥

Ù>Ö²þ�©O´3.60Ú3.59, ù«����É½

N�±n)�´dü�XÚ-uU��ÉÚå�,
112SnXÚk�ép�üØf-uU, Ï�k|uu

��é��¡. ®k�(JL², �é���¡

äk�é�á�u��I
[3]

, Ï 112SnXÚ¥��'

é§ÝnA�r. d±þ�?Ø��, u����

Ú�¡>Ö©Ùé'é¼ê�K�¥yÑ�¢�(J

���ª³, �¡UÌqvkLyÑXÚ�É, Ï

'é¼ê3ü�XÚ¥��ÉØUdu���!

UÌÚ>Ö©Ù��É��)º.

duqØ�þ��É, ü�XÚ�$ÄÆ�UÑ

kØÓ, 112SnXÚ�cÀ�A�²w
, ù�, �Ó

�¢�¿Xÿ��(J3�A��%X¥¬Ñk�

É, éu 112SnXÚó, Ù�%X�ÝÑ�. �
ï

Ä�¡��©Ù�Éé'é¼ê�K�, ·�'�


ü�XÚ¥&ÿì
�¤&ÿ�Z=3, 4, 5�¡�²

þ�©Ù. uyü�XÚ¥BeÚB���²þ�©Ù

A�vk�O, Li��3 124SnXÚ¥��, %��

uz��&ÿì�Ü�. ,��¡, du¢�ÿþ�

´üÞ¯�, �â�[��, d�5Äþ=£�Ñ�

5��ÝØ(½5���uduqØ�þØÓE¤�

$ÄÆ�É. Ïd, �¡�©Ù�É�K�, Øv±�

)Xd��\���6. �, ¢�¥du&ÿì=

=�Ñ
¥��þ�¡�>Ö©E, Ã{�Ñ�þ©

E, Ï·�^b½�²þ�þ5O��z�Ý. ,

3ØÓ�XÚ¥, éu�½>Ö�¥��þ�¡,

duÙØÓN/Z Ó ��|¤ØÓ, E¤Ù²þ�þ

�¬k¤ØÓ. ½5/, éu�½>Ö�¥��þ�

¡, 3 124SnXÚ¥Ù²þN/Z Ñpu 112SnXÚ, Ï

é 124SnXÚ�$��²þ�þ���z�Ý�p

�, �´½þ�O�L², ù�Ï�3 IMF'é¼ê

þØv±�)X¢�(J¤«�XÚ�É, ���©

z [45].

(J©ÛL², 3ÃXUþ©E!&ÿì�©E

Ú�¡�þ�Ø(½5�Úå�Ø�¥, k��Uþ

©E¤Úå�Ø��z��. �Ä¤kù
Ï�E¤



354 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

��é�z�ÝØ�, Xã3—5¥I½�, þvk¦

�ü�XÚ�'é¼ê3��é�Ý�u)�U. Ï

d, ¢�*	��'é¼ê�XÚ�Éé�U´u�

N/Z |¤��ÉE¤�.

k � � ´, 35MeV/u 36Ar+112,124Sn � A ¥ �

¥ � � þ � ¡ ' é ¼ ê � R.Ghetti � < ï Ä �

61MeV/u 36Ar+112,124Sn�A¥Øf–Øf'é¼ê

w«
�Ó�XÚ�65. R.Ghetti�<@�ù«X

Ú�65´Ó ^�A�yâ, ¿�Ñ, Øf–Øf'

é¼ê�±��Ó ^�'�ØÔ�G��§ (EOS)

ïÄ¥�&�
[1, 32, 33]

. ù�(Ø��
Ó ^�'�

Ñ$nØ�. (IBUU)O��|±
[30, 31]

.

5 þf©fÄåÆ(IQMD)O�

XJXÚÓ ^�ÉE¤
 IMF'é¼ê�\

���6, Kù�(Jé�U�ØG��§¥�é¡

U�Esym �'. Esym �±ëêz�
[30]

Esym(ρ) = Esym(ρ0) •(ρ/ρ0)
γ , (5)

Ù¥ρ0 ©OL«�~ØÔ��Ý, γ L�é¡Ué�

Ý��6, Ï~��l0.5�2�m, ©OéA^³Ú

M³ü«4à�¹. é¡U¤�)�SÜØå�±L

«�

Psym = δ2ρ2 ∂Esym/∂ρ , (6)

Ù ¥ δ L « � ´ X Ú Ó ^ � é ¡ 5. d u

36Ar+124Sn�Ó ^�é¡5�u 36Ar+112SnXÚ,

3 Ù - E ¤ / ¤ � 9 Ø u �  S Ü, Psym Ñ p u

36Ar+112SnXÚ, ã6w«�´Psym 3ü�XÚ¥�

�ÝCz�1�. dã��, =¦3�~Ø�Ý�¹

e, ùü�XÚ�w«Ñ�½��É. ½5/`, du

ù�Øå�É, 124SnXÚ¥��¡u��IK�UÏ

dÑ�, Ú¢�*ÿ��ª³´¬Ü�. ù�Ø

å�é'é¼ê, cÙ´é�¡�'é¼ê�½þK

�, I�3nØþc[/ïÄ.

~��Ñ$�.é IMF'é¼ê�£ãkÙÛ

�5, Ï�3�.¥¿Ø�ÄØf½�¡�¤�f½

ÅÚfA5, Ïd��éâf'é¼ê�O�éJ¢

y. âf�m�'éI/Ïu�Y�©Û§S
[46]

. ,

��¡, du�¡��ï3Ñ$nØ¥´Äu¿Ü�

{, T�{ò3é���mNÈ�3'é�Øf½Ø

¿Ü¤����¡, ù�U¬K��YO�¥�¡3

��éÄþ��'é. ¦+kù«Û�5��3, ·

�E,�±�	�¡u���mÌÚXÚ�Ý��m

Cz�1�±9§��U�3�XÚ5�É.

ã 6 SÜØåPsym ��Ýρ�Cz

ã7(a)w«�´ IQMDO�� IMFu��mÌ,

lã¥�±wÑ, 3Ñ´¥f�XÚ 124Sn¥, �¡�

²þõ5Ñp, �Ùu��mé 112SnXÚÑk

5—10fm/c�c£, Ó�, 124SnNX¥� IMF�©õ

5Ñpu 112SnNX, 3�Ó��m«m�S, 124Sn

NXu��âfõ5Ñp, LyÑ5�u��I�

�U �. ù�·�¢�*	��ª³´�Î�, �

½þþ¿vky¢�*	��wÍ�u��I�

É, Ù�ÏÿØ�Ù. ã7(b)w«�K´XÚ9«�

�Ý��m�üzª³, l�50fm/c?XÚ�Ýeü

L§, �±)º�XÚâfÑ��L§, l¥��±

wÑ 124SnXÚ��ÝeüL§' 112SnXÚ�Ñ¯.

ã 7 (a) IMFu��mÌ; (b) ¥%«�Ý��m�üz

6 o(

^13ü�"�º&ÿì
�ÿþ
35MeV/u
36Ar+112,124Sn�A¥�¥��þ�¡�z�Ý'é

¼ê. ¥��þ�¡�z�Ý'é¼ê3ü�XÚ

¥LyÑ
²w��É, �é´¥f� 36Ar+124SnX
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Ú¥��z�Ý'é¼ê3��z�Ý?�'é§

Ý�r. 3éüØfoþkI�, uyù«�ÉÌ�

5guXÚÑ��pÄþâfé, éuÑ��$Ä

þâfé, Ù�z�Ý'é¼ê3ü�XÚ¥vkL

yÑ²w��É. ^nN��nØ�.J�
ü�X

Ú�¥��þ�¡²þu��I, 3 124SnXÚ¥Ù

u��I�120fm/c, �áu 112SnXÚ¥�150fm/c.

ù«�ÉÃ{du����ØÓ�Ñ)º, ��Ñ
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Entrance Channel Dependence of the Correlation Function of

IMFs in 36Ar+112,124Sn at 35MeV/u *

HU Rong-Jiang1) XIAO Zhi-Gang WU He-Yu DUAN Li-Min WANG Hong-Wei YUAN Xiao-Hua

JIN Gen-Ming ZHU Yong-Tai LI Zu-Yu WANG Su-Fang XU Hu-Shan ZHANG Bao-Guo

WEI Zhi-Yong FENG Zhao-Qing FU Fen

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

Abstract The reduced velocity correlation functions of the Intermediate Mass Fragments (IMFs) were measured in

the reactions of 36Ar+112,124Sn at 35MeV/u. The anti-correlation at small reduced velocities is more pronounced

in 36Ar+124Sn system than that in 36Ar+112Sn system. The difference of the correlation functions between the two

reactions is mainly contributed by the particle pairs with high momenta. A three-body Coulomb repulsive trajectory

code (MENEKA) is employed to calculate the emission time scale of IMFs for the both systems. The time scale is

150fm/c in the 36Ar+112Sn system and 120fm/c in the 36Ar+124Sn system, respectively. A calculation based on an

Isospin dependence Quantum Molecular Dynamics code (IQMD) reveals that the emission time spectrum of IMFs is

shifted slightly leftwards in 36Ar+124Sn compared with that in the 36Ar+112Sn system, indicating a shorter emission

time scale. Correspondingly, the central density of the hot nuclei decreases faster in 36Ar+124Sn than in 36Ar+112Sn.

Key words intermediate mass fragment, correlation function, emission time scale, isospin
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