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Á� ^U?�þf©fÄåÆ�.ïÄ
�\�Uþ�'�lfLÜ³^. �X\�U�ü$�

±*	�ÄåÆ³^��$�, ù��$ÄåÆ³^�ý9³^�~�C¶ÄåÆ³^�X\�U�

O\,p, �ª�Cu·�³^ (�ý9³^). ÄuÄåÆ³^�ïÄ, éulfLÜ�A��	

íÄ (extra-push)�Ñ
�*n), é³^0B�Ñ
�«#�)º. �?�Ún)ÄåÆ³^, �ï

Ä
¶Ü�/¤ÚNX�ÄåÆ/C, ©Û
ÄåÆ³^ü$��Ï.

'�c þf©fÄåÆ�. ÄåÆ³^ ¶Ü

1 Úó

����Ü¤��´ØÔnÆ[ØäJ¦�

�8I��, ����Ü¤���'�´éLÜ

Å��ïÄ. 3£ãlfLÜ�A¥, \����

ÚqØ�m��p�^³^�ü
���~���

Ú, Ï�ü��fØLÜ7L�Ñù�¥Õ³^. �

\�Uþpu¥Õ ^� (Ï~¡“^þ”), �Ø��

¥Õ³^�qØ�>, �\�Uþ$u¥Õ ^

� (Ï~¡“^e”)NX��UÏLþf³^0Bu)

LÜ�A. 3¢�þÏLÿþLÜ�A�-u¼ê5

J� ^. 3nØþ<��±ÏL�«�.5O�¥

Õ³^, ~^�kBass³
[1, 2]

!÷*�*³
[3]

!�C

³
[4]

!±9��*³
[5]

�. Ï~<�¤`�^þÚ^

e�õ±Bass³^��ë�. Nõ¢�®²ÿÑl

f^eLÜ�¡'�� ^Bß�.ýÿ�LÜ�¡

�éõ, $��ÐA�þ?
[6]

. u´<�ØB¬¯3

³^NC�^eLÜL§ (é��XÚ)½öÐ¼L§

(éXÚ)�.´³^0B (tunneling)�´³^��

(pass over)L§?

�ý9Cq�¡�â,Cq½È(Cq, b�Ø

��Ý©Ù3-E¥Ú-Ec���Ó, ù«b�=

@�üØ3-EL§¥�p�^�méá, Ø¬Úå

ØSØf;�$Ä�wÍCz. ù�^�´éJ÷v

�. ¤±, î�/ù, ù«±üØ�%ål5L«��

p�^³, �·^uüØ�ÝÃU½=k�þU

��¹. ù3��NX�LÜ�A¥�Cq÷v.

XJ�O�üØ�ÝU'����^³�, �

ØLÜ, AO´LÜ/¤�Ø�, Ò�½��Ä

Ø��Ý©ÙÉ�,��Ø�K�¯K. �\�Uþ

3¥Õ ^NC�, ?u�> .�üØ��é$Ä

ÄU®²Ä�þÑ=z�NX�SÜ-uU, �é$

Ä�ÝC�éú, k����-E�m (ù�^�3

$UlfØ�A¥~~U��÷v), K�æ^ý9

Cq. ¤¢ý9Cq´�3�½�üØ�%åle,

üØ��ÝÑòN��Uþ��$:. ü�Øý�a
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��Cuâ,Cq´<�²~�Ø�¯K.
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¥k��2��A^, ¿¼�é�¤õ. §UJø�

AL§¥�«��ÄåÆ&E, �«�*Å�. ·

�rQMD�.\±U?, ¦§U
^uC^LÜ�

A�ïÄ
[7]

. Äuù«U?� ImQMD�., ïÄ
�

qLÜ�\���p�^³, &¢
gU�ÄåÆ³

�O��{, *	
du�Ý©ÙgUUC���Ä

åÆ³^ü$.

2 nØÄ:

2.1 U?�ImQMD�.{0[7]

3QMD�.¥, z�Øf^pdÅ�5£ã,

φi(r) =
1

(2πσ2
r)

3/4
exp

[

−
(r−ri)

2

4σ2
r

+
ipi

•r

~

]

, (1)

Ù¥ri, pi ©O´1 i�âf3�IÚÄþ�m¥�

Å�¥%. ÏLWignerC�òþfåÆ�Å¼ê=

z¤²;�N -N��mØf�Ý©Ù¼ê

f(r,p) =
1

(π~)3

∑

i

exp

[

−
(r−ri)

2

2σ2
r

−
2σ2

r

~2
•(p−pi)

2

]

,

(2)

dØf��m©Ù¼ê�±��XÚ��Ý©ÙÚÄ

þ©Ù:

ρ(r) =

∫
f(r,p)dp =

1

(2πσ2
r)

3/2

∑

i

exp

[

−
(r−ri)

2

2σ2
r

]

,

(3)

g(p) =

∫
f(r,p)dr =

1

(2πσp)3/2

∑

i

exp

[

−
(p−pi)

2

2σ2
p

]

,

(4)

Ù¥σr , σp ©O´Å�3�IÚÄþ�m�°Ý, §

�÷v��ÿØO'X:

σr
•σp =

~

2
. (5)

Ú©z[7]��, ùp�æ^
�NX��Cz�Å�

°Ýσr = 0.16A1/3 +0.49fm. 3QMD�.¥, Øf3

gU�)�²þ|¥$Ä, ri,pi ��müzÄu�K

�§:

ṙi =
∂H

∂pi

ṗi =−
∂H

∂ri

. (6)

Ù¥H ´XÚ�M�îþ, �)ÄU!Skyrme�p

�^³U±9¥Õ�p�^³U:

H = T +U = T +Uloc +UCoul, (7)

T =
∑

i

P 2
i

2m
, (8)

Uloc =

∫
Vloc(r)dr, (9)

ùp�Vloc(r)´³U�Ý, 3 ImQMD�.¥�±^

eªL«�:

Vloc =
α

2

ρ2

ρ0

+
β

γ +1

ργ+1

ργ
0

+
g0

2ρ0

(∇ρ)2 +

gτ

ρη+1

ρη
0

+
Cs

2ρ0

(ρ2−κs(∇ρ)2)δ2, (10)

ùp, δ =
ρn−ρp

ρn +ρp

L«¥f�fØé¡Ý. r(10)ª�

\(9)ª�È©, ·�Ò�±��Û��p�^³U�

)ÛL�ª:

Uloc =
α

2

∑

i

∑

j 6=i

ρij

ρ0

+
β

γ +1

∑

i

(

∑

j 6=i

ρij

ρ0

)γ

+

g0

2

∑

i

∑

j 6=i

fs

ρij

ρ0

+gτ

∑

i

(

∑

j 6=i

ρij

ρ0

)η

+

Cs

2

∑

i

∑

j 6=i

titj

ρij

ρ0

(1−κsfs), (11)

Ù¥

ρij =
1

(4πσ2
r)

3/2
exp

(

−
(ri−rj)

2

4σ2
r

)

,

ti =

{

1, �f

−1, ¥f
, fs =

3

2σ2
r

−

(

ri−rj

2σ2
r

)2

.

11, 2�©O´áÚ� (üN�)Úü½� (nN�),

13�´L¡�, 15�é¡U� (�)Né¡U�Ú

L¡é¡U�). Ù¥14�Vτ = gτ

ρη+1

ρη
0

´��?�

�, é�fØ�½5å�^. ù� ImQMD�.Ú

\�ëêÒ�±ÚSkyrme-HF�.
[8]

�ëê�p'

ìë�.
α

2

1

ρ0

=
3

8
t0; (12)

β

γ +1

1

ργ
0

=
1

16
t3, γ = σ+1; (13)

g0

2ρ0

=
1

64
(9t1−5t2−4t2x2), (14)

¥Õ�p�^³U�)���ÚùgU?Ú\�¥Õ

���
[9]

, de¡�L�ª�Ñ:

UCoul =
1

2

∫
ρp(r)

e2

|r−r′|
ρp(r

′)drdr′−

e2 3

4

(

3

π

)1/3 ∫
ρ4/3

p dR. (15)

U ? � þ f © f Ä å Æ � . ImQMD � ~ 5

QMD�.�', Ì��
XeU?: (1) ^lSkyrme

�p�^gU���L¡U��OYukawa�, ¦Ä

�Ø��Ý©ÙC��\Ün. (2) æ^��mÓk

ê�å�{UõØ�¤�fá5. (3) Ú\�NX�



430 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

�Cz�Å�°Ý. (4) Ú\L¡é¡UÚ¥Õ��

��. �ó�æ^�ëê�3L1.

L 1 �.æ^�³ëê

α β γ g0 gτ η Cs κs ρ0

/MeV /MeV /(MeV·fm2) /MeV /MeV /fm2 /fm−3

−310.0 258.0 7/6 19.8 9.5 2/3 32.0 0.08 0.165

2.2 Ø–Ø�p�^³

^U?�þf©fÄåÆ�.Ø=�±�Ñ·�

Ø–Ø³��±�Ñ3�AL§¥ü�Øý�aÉ�

�³——ÄåÆ³. ·�uyÄåÆ³^QØÓuý

9Cq�ØÓuâ,Cq. Ï�ü�Øý�aÉ��

Ø–Ø�p�^³Ø=��ANXk'�Ú\�Uþ

k'.

\��Ø–Ø³��üØ�målR�¼ê, 3

ImQMD�.¥´ÏLe¡�L�ª�*O��Ñ�,

V (R) = E12(R)−E1−E2 (16)

Ù¥R´üØ�%�m�ål; E12(R)´�p�^N

X�oUþ; E1, E2 ©O´��ÚqØ�Uþ. §�

�±^Uþ�Ý�¼H [ρ(r)]LãXe:

E12(R) =

∫
H [ρtot(r)]d3r, (17)

E1 =

∫
H [ρ1(r)]d3r, (18)

E2 =

∫
H [ρ2(r)]d3r, (19)

ρtot(r), ρ1(r)Úρ2(r)©O´oNX!�ØÚqØ¥

�Øfê�Ý©Ù¼ê.

3 ImQMD�.¥, �
rUþ^Ú���Ý©

Ù¼êρ(r)5£ã, æ^
¯¤±��Thomas-Fermi

Cq

τ(r) =
3

5

(

3π
2

2

)2/3

ρ5/3. (20)

ù�, ÄU��±^ρ(r)5£ã. é²w, V (R)´�

m�¼ê, ρtot, ρ1 Úρ2 ´��müz�. ==O�·

�³�, Ø�Ý´È(�, d�o�Ýρtot = ρ1 +ρ2,

�üØkU��ÿ, UÜ©�Ý¬C¤�5�ü

�, ·�Ø–Ø³�¬C�é�, ��L§¥LÜé�

ÄåÆ�Avk�Ä; ,, 3ý��LÜ�A¥, �

ØÚqØ��Ý©Ù3²þ|�K�e´��mU

C�. ù���LÜNX�/C�¶Ü����´�

�mC�. oNX��Ý©Ù´ÏLL�ª(3)�Ñ

�, ¦Ú�H
��ÚqØ¥�¤kâf. î�/`,

üØl�> .�EÜØ�/¤ù�L§¥��Úq

Ø®²ØU²(�«©m5. �EÜXÚé\���

k¤“PÁ”, =�3
\�Ø�,
A:. �
ïÄ

¯K��B, 3O�ÄåÆ ^�E,�«©��Ú

qØ. ùÒ�¦7L�¶Ü��²(�½Â.

3LÜ�AL§¥, U
�Ñ?������Ý

ã. ã1´�¶Ük'��
Ônþ�«¿ã, §�/

Gd�Ý�p�ρ = 0.02fm−3 �Ñ. ã1¥�1, 2©O

´��ÚqØ��%, §��m�ål^RL«; L

�%1, 2����üØL¡��:©O�CÚD, @

oCD�½Â�NX�.�, ^L = R+a1 +a2 L«;

β1,β2 L«��ÚqØ�/CÝ. ÷X��ÚqØ��

%1!2é¶�ã1!2�m�Ý���:O, LO:3

xz ²¡SxCD�R��NXL¡��:©O�A,

B, �ãAB½Â�NX¶Ü�°Ý, ^∆L«. rAB

�>�Ü©E,À���, ABm>�Ü©E,À�

qØ. rd��“��”Ú“qØ”¡�a�Úaq, §

�®²ØÓu�>�c���ÚqØ.

ã 1 ¶Ük'��
Ônþ�½Â

3 (JÚ©Û

3.1 \��ÄåÆØ–Ø�p�^³

± Ø–Ø�p�^³�ïÄÄ�Ñ´·åÆ³,

b�Ø��Ý©Ù3-E¥Ú-Ec���Ó. ·

�³¿Ø´ü��p�^Øý�aÉ��³. 3�[

Ø�AL§¥, �ØÚqØ��Ý©Ù3²þ|��

^e��mÄ�üz, üØ�m��p�^³Ø=�

6u�ANX, ��6u\�UþÚ-Eëê (�©

��Ä-Eëê�u"��¹). ·�Ø-Ø³ØU

r�6u\�Uþ��¹L«Ñ5, ¤±IÄåÆ³

5£ã.

3O�\��ÄåÆØ–Ø�p�^³�, oN

X!��ÚqØz�����Ý©ÙÑ´ÏLL�

ª(3)�Ñ. �ü-EØ*d�>±�, ��ÚqØ�

�Ý©Ù3²þ|��^e��mUC. rU
�

Ñ¥Õ³^���>:¿�)LÜ¯�P¹e5, ¤
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¦��\��ÄåÆØ–Ø³Ò´ù
¯��²þ�.

3LÜ´»¥, LÜé¤²{���ÄåÆ³½Â�

ÄåÆ³^�pÝ.

ã2�Ñ
�ANX 86Kr+100Moé%-E�·

�Ø–Ø³Ú�C³±93ØÓ\�Uþe�ÄåÆ

³. ���¢�´3V¥%��.Ä:þ^÷*�

*�{O��ý9³, ¢:´·�Ø–Ø³, ��´

�C³�O�(J. lã2�±é²w/wÑ, Äå

Æ³^p�\�Uþ�ØÓØÓ, �ÄåÆ³^

�'·�³^$éõ. éu 86Kr+100Mo�A, 3-

Eëê b = 0�, §�·�³^p´175.4MeV; ã¥

�¢n�!J�!��¬![¢�!:x�!o¢

�©O´\�Uþ�300.9, 203.9, 183.9, 173.9, 163.9

Ú153.9MeV��ÄåÆ³, §�éA�ÄåÆ^p

©O�171.7, 167.2, 165.0, 162.7, 158.9Ú151.2MeV.

ùp�·�³Ò´�ý9³——U�ÝÈ(O��(

J. �±wÑ, ImQMD�.�Ñ�·�Ø–Ø³��

C³�(JÎÜ��Ð (�C³´<��@����

³), �´3�C³�º:��üöâk�
����

O, ImQMDO��·�Ø–Ø³^p�175.4MeV, 

�C³�^p�173.9MeV, ��C³ØUO�üØ

�ÝU����¹. lÄåÆ�O�¥, U
wÑ,

�\�Uép�, ~XEcm=300.9MeV�, §¤éA

�ÄåÆ³^��171.7MeV, �~�C·�^p. �

X\�Uþ�ü$, ~XEcm=173.9MeV�, ¤éA

�ÄåÆ³^ü$�162.7MeV; �X\�Uþ�?

�Úü$��$u·�^±e, XEcm=153.9MeV�

¤éA�ÄåÆ³^?�Úü$�151.2MeV, �~

�Cý9³�^p152.0MeV.

ã 2 �ANX 86Kr+100Moé%-E�ÄåÆ³

Ú·�Ø–Ø³±9�C³

¢:´·�Ø–Ø³, ��´�C³, ���¢�´^

V¥%��. (TCSM)O��ý9³.

ã3Ð«
6��ANXé%-E�ÄåÆ³Ú

·�Ø–Ø³±9�C³. ¢:´·�Ø–Ø³, ��

´�C³, ��´æ^©z[10]O��ý9³. ã3¥

z��ANX�ÄåÆ³�±�Ñ�ã2�ANX

86Kr+100Moaq�1�. �C³@�üØ��Ý´È

(�, ��u·��·�³, ý9Cq@�3�½

�üØ�%�åle, üØ��ÝÑòN��Uþ�

�$:. ã3d6��ã|¤,�
¦ãwå5�{ü,

�xÑ
ü�ÄåÆ³^, ��´±\�Uþ�u·

�^p (�©þ±�C³^�ëì)¤éA�ÄåÆ

^, §��u^þLÜ ^©Ù��$U¶,��´

�$ÄåÆ^. ùüö��éAue©�extra-push.

ã 3 6��ANXé%-E�ÄåÆ³Ú·�Ø–Ø³±9�C³

¢:´·�Ø–Ø³, ��´�C³, ��´æ^©z[10]O��ý9³.
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dþã©Û, �Ñ±e(Ø: (1) ÄåÆ³^$u

·�³^. (2) ÄåÆ³^´Uþ�6�. ÄåÆ^p

�X\�Uþ�O\O\, �\�Uþ,p��½

§Ý, ���ÄåÆ³^Czéú, �5��Cu·

� ^. ù´Ï�\�UþEcm ��, üØ-E�Ý

��, üØ��ÝN���, Ò��Cuâ,Cqe

���·� ^ (�ý9³^); ÄåÆ^p�X\�

Uþ�ü$*	�ÄåÆ³^��$�. ù��$�

ÄåÆ³^�Cý9³^, ù´Ï�Ecm ��, �q

��p�^�m��, 3�> .�üØ��é$Ä

ÄU®²Ä�þÑ=z�NX�SÜ-uU, �é$

Ä�ÝC�éú, üØ��Ýk�mN��Uþ��

$:, ��Cuý9³^.

3.2 extra-push��*n)

�â·� ^nØ, XÚ\�Uþ7L��·

�LÜ³^âUu)LÜ. ÷*ÄåÆ�.
[11]

@�,

3$Ulf-E¥ÑÑåX���^, du�

Þ, ��LÜ³^�c, �Ü©�é$ÄÄU®=z

�S�-uU, I�k�	�ÄU∆E 5Ö��Þ

Úå�ÄU�Ñ. Ïd, ÄåÆLÜ³^pÝ�u·

�³^pÝ\þ∆E. éu��XÚ∆E = 0, éu

�XÚ∆E > 0, u´ÄåÆLÜ³^pu·�³

^, ±d5)ºLÜ�¡�ü$, ∆E �¡� extra-

push. 3©z[10]¥extra-push´LÜ�¡�uSÅá

Â�¡��LÜKU (Ethr)~�ý9³^ (Vadiab), =:

Eex = Ethr −Vadiab. ©z[10,12]®²�Ñ¢�LÜK

U�±l¢�Ä�Ñ�LÜ ^©Ù¥��$Uþ

�Ñ. ý9³^�g©z[10]. l�*ÄåÆ�.�*

:5w, extra-push5u�\�Uþ�'�ý¢³

^ÚÄåÆ�A. Ïd, �±�OÑextra-push��,

@�: ±\�Uþ�u·�³^ (��u^þ�$U)

¤éA�ÄåÆ^, ~��$ÄåÆ^(�Auý9³

L 2 ^ ImQMD � . O � 9 � � A N X � Ñ

extra-push�êâ�©z[10](J�'�

extra-push energy/MeV
�ANX

©z[10] ImQMD
40Ca+48Ca 1.5±0.3 1.9
40Ca+90Zr 3.0±0.6 5.0
40Ca+96Zr 2.6±0.3 6.2
58Ni+58Ni 2.0±0.3 4.7
58Ni+64Ni 2.5±0.3 5.7
64Ni+64Ni 3.5±0.3 7.2

40Ca+124Sn 4.3±0.4 6.8
86Kr+100Mo 5.6±0.4 11.5
48Ca+208Pb 2.5±2 2.9

^), ©OéAuã3�Ñ�ü�ÄåÆ³. 3L2¥

�Ñ
9��ANX� extra-push��©z[10]¥�

Ñ��?1
'�. O�ØI�Ú\ëê, extra-push

gU��)u¶Ü�/¤ÚNX�/CÚåÄåÆ

³^�,p.

3.3 ¶Ü�ÄåÆ1�

�
?�Ún)Uþ�'�ÄåÆLÜ³^, ·

�ïÄ
�ANX 86Kr+100Mo�¶ÜÄåÆÚNX

�/G��m�UC. ã4(a)Ú (b)£ã
\�Uþ

©O3^þ10MeVÚ^e20MeV�é%-ELÜ�

A¥NX�.� (����¢�), ü�¬��%ål

(��n��¢�)±9¶Ü�� (�¢:��)��m

üz��¹. '�ã4(a)Ú (b), uy\�U3^þ

'3^e�¶Ü�/¤�m@òC100fm/c, cö3

t = 120fm/c�m�¶Üm©/¤¿Åì��, NX�

o�Ý�Åì~�, �� t = 500fm/c�¶Ü����

NX�.���Ø�, d�NX®�C¥/, ü�¬

��%ålR�é�. �ö3 t = 220fm/c�¶Üm©

¤�, ��¶Üq~�, �� t = 420fm/c�¶Ü¯�

��, ��qÅì��. 3ù��200fm/c��mS¶

Ü���Øä��, �´duù«��, ¦LÜNX

3�> .�±�é����ã�m, ü�¬��

%ålRA��±ØC, d�LÜNXkv
���

ã 4 86Kr+100MoLÜ�A¥NX�.�!�q

�m��%ål!±9¶Ü�����m�üz

(a) éAu\�UþpuLÜ³^ Ecm = 183.9MeV

��/; (b) éAu\�Uþ$uLÜ³^ Ecm =

153.9MeV��/. Ù¥�%��L«NX�.�;

�%n�L«�q��%ål; ¢%�:L«¶Ü�

��.

mN�§��/G, ¦§��m�³^ü��$. \

�UEcm ��, §éA�ÄåÆ³^��Cuý9³

^, �^�º:�m²£�ål��. lã2�±w

Ñ\�UEcm = 153.9MeV�ÄåÆ^p�ý9³^

®²�~�C, §¤éA�^�º:�éu·�^�

º:�m²£�2fm, ù�`²üØþ.�é�3�

%�å����ÿÒ�>
.
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ã 5 \ � U þ 3 ^ e 20MeV L Ü � A 86Kr+
100Moé%-E�LÜ´»

ã¥��L«LÜ¯��ÄåÆ³^�²þ�, §

´�q�m�%ål�¼ê. fã (1a), (2a), (3a)

´�ANX3�A�� Vb(R)þIÑ�ØÓ��

(t = 150, 200, 300fm/c)��Ý©Ù; fã(1b), (2b),

(3b)´3�g�A���üâf³.

ã 5 £ ã 
 \ � U þ 3 ^ e 20MeV L Ü � A

86Kr+100Moé%-E�LÜ´». ã¥��L

«LÜ¯��ÄåÆ³�²þ�, §´�q�m�%

ål�¼ê. 3ù�ã¥, p�I´ÄåÆ³^Vb, î

�I´�Ø�qØ��%ålR. ùp�Ø�qØ�

�Ý©Ù´��mCz�. �dÓ�, 3fã¥·�

�xÑ
3�ØÓ�� (�>c!f�>±9�>�)

NX��Ý©Ù±9üâf³. üâf³´ÏLe¡

�L�ªO��

Vsp =

∫
ρ(r′)V (r−r′)dr′ (21)

ª¥�ρ(r′)´NX��Ý©Ù, V (r− r′)´Øf�

m�k��p�^. fã (1a)Ú (1b)�Ñ
3LÜ´

»¥:1��Ý©Ù±9üâf³©Ù. lùü�f

ã�±wÑ3ù���ü�Ø�vk�>þ (ã(1a)),

üØ�m�³^�'�pl��ØfBL³^?1

��. 3:2?, ÄåÆ ^�����, 3ù���

Ý©Ù (fã (2a))w«Ñü�Ød�f�>þ, ¶Ü

m©/¤, üØ�m�³^k¤ü$ (fã(2b)), l

�þØfU
3�q�mBL³^?1��. lã¥

�±wÑ�LÜNXBL ^�p:±�, NX/¤

� ^Km©eü. 3:3?, fã (3a)Ú (3b)w«


d�¶Üké²w�¤�, ³²¥m�³^�²w

/ü$, l�Ø�qØ�m�Øf���±c�N

´. EÜØ3d�ÒÅì/¤. lùÌã�±
)�

LÜNX�(�÷XLÜ´»�uÐ�¹, �±wÑ

LÜ ^��ANX3ØÓ��¤/¤�ØÓ/G(

�kX���'X. lÏLïÄ¶Ü�ÄåÆ1�

�±��LÜ�AL§¥�
��[��&E.

ã 6 � A N X 86Kr+100Mo 3 \ � U þ Ecm =

153.9MeV -Eëê b = 0 ���;.�LÜ¯

�, NX3¶Ü/¤�ØÓ�� (t = 300, 400,

500, 600fm/c)¥f (a—d)Ú�f (e—f)��Ý

�pã

3ïÄ¶Ü�ÄåÆ1��uy, 3¶Ü/¤�

Ð©�ã¶Ü�¥fê�é�õ. ã6�Ñ
�AN

X 86Kr+100Mo3\�UþEcm = 153.9MeV-Eëê

b = 0���;.�LÜ¯�, NX3¶Ü/¤�ØÓ

�� (t = 300, 400, 500, 600fm/c)¥f (a—d)Ú�f

(e—f)��Ý©Ùã. dã��, 3 t = 300fm/c�¶

ÜÄ�þ´d¥f�¤�. 3 t = 400fm/c/¤
k

¥f�Ý©Ù (ãb)Ú�f�Ý©Ù (ã f)�¶Ü. ã

b¥¶Ü�°Ý²w�uã f¥¶Ü�°Ý, d��`

²¶Ü¥fê�é�õ. 3 t = 500fm/c, ¶Ü�¥f

�Ý©Ù (ãc)°Ý?�ÚO�, �f�Ý©Ù (ã

g)qäm
. 3 t = 600fm/c, ¶Ü�¥f�Ý©Ù (ã

d)°ÝE²w�u (ãh)¥¶Ü�°Ý. lù4�ØÓ

��¥fÚ�f��Ý©Ùã�±wÑ, 3¶Ü/¤

�@Ï�ã, ¥fÄk$Ä�¶Ü, ò��ÚqØë

�å5, ,�¥fÚ�fÔ�6\, 3�ãá�mS

¶Ü¥f��fÔ��'²w �. ù´r¦ÄåÆ

³^ü$�Ì��Ï. Ï�¶Ü/¤�ÐÏ, �Ð?

3NX³^�p:NC, XJ¶Ü¿÷
�þ�¥f,

��u¶Ü�¥f�ra�Úaq¥��f©3ü

ý, Úd��ÝÈ(��¹�', �f�m�²þå

l�é��
, 2\þ¥m�¥f0��, ¦a�Ú

aq�m�¥Õ�p�^~�, l¦¥Õ³^ü$.

3LÜ³^�O�¥, Ccõ^Bass³��ÝÈ

(³, ³^'�p. ÄåÆ³^´LÜNXý�aÉ

�³^, '·åÆ³^$. Ïd, �é·åÆ^´³^

0B (tunneling)�L§, lÄåÆ³^5w�U´³

^�� (pass over)�L§ (ùp�^NC�¹), ù�

U´Nõ¢��Ñ�^eLÜ�¡'³^0B�.�

O�(J��õ��Ï��.
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4 o(

^U?�þf©fÄåÆ�. (ImQMD)ïÄ


¥Õ³^NC�\�Uþ�'�lfLÜ�A�Ä

åÆ³^. uyÄåÆ^p�X\�Uþ�O\þ

,, �\�Uþ,p��½§Ý, ���ÄåÆ³^

Czéú, �5��Cu�ý9³^; ,��¡, Äå

Æ^p�X\�Uþ�ü$�*	�ÄåÆ³^��

$�, §�Cý9³^. 3eLÜ�A¥, @�ù��

$�ÄåÆ³^¤éA�\�Uþ�U´Ü¤��

��Z\�Uþ�ÀJ. ÄuÄåÆ³^�ïÄ, é

ulfLÜ�A��	íÄextra-push�Ñ
��

�*n). é\�Uþpu�$ÄåÆ³^$u·

�³^�lfLÜ�A, �éu·åÆ^Ã¦´³

^0B (tunneling)L§, lÄåÆ³^5w�U´³

^�� (pass over)�L§, ù�U´Nõ¢��Ñ�

^eLÜ�¡'³^0B�.�O�(J��õ��

Ï��.
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Study on Dynamic Fusion Barrier in Heavy-Ion Fusion Reactions *

TIAN Jun-Long1,2;1) WU Xi-Zhen1,3 LI Zhu-Xia1,3,4;2)

1 (China Institute of Atomic Energy, Beijing 102413, China)

2 (Institute of Modern Physics, Shanxi Teachers University, Linfen 041004, China)

3 (Center of Theoretical Nuclear Physics,

National Laboratory of Heavy Ion Accelerator of Lanzhou, Lanzhou 730000, China)

4 (Institute of Theoretical Physics, Chinese Academic of Science, Beijing 100080, China)

Abstract By means of the improved quantum molecular dynamics model, the incident energy dependent dynamical

fusion potential barriers for heavy nucleus reaction systems are investigated. It is found that with decrease of incident

energy the lowest dynamic barrier is obtained which approaches to the adiabatic static barrier and with increase of the

incident energy the dynamic barrier goes up to the diabatic static barrier. Based on the dynamical study a microscopic

understanding of the extra-push in fusion reactions of heavy systems and a new explanation of tunneling process for

the fusion at the incident energy below the static and above the lowest dynamic barrier are presented. In order to

understand the energy dependence of the dynamical barrier we also pay a great attention to study the neck formation

and shape deformation during the dynamic lowering of the barrier.

Key words quantum molecular dynamics model, dynamic barrier, neck
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