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!2/2±!�/�2#/�$�/�#z 22/�!,�/,�,/!2z/!�" !$/!�,, �#/!2" 

!�/2±,2/�",/�"$/"$� 22/z"�2/�22/!$�/��2 22/!�"� "�/!!z 

!"/2±�,/�$,/�$�/,�, !2/#��"/!2!"/22#/�$# �2/�#�� 22/!"� 

3��� 2.N@�`� �N@�`� �& {8~ ?�1���Y �K��� ?&�B/�����/ ���)� � *��T� ?���0��
  ��&�)� �� �b 6���@ ?��� C U+12 236.

expAThAK2
0(MeV) exE(MeV) RE(MeV) fB!I(MeV) effℑ

2h
I< >2(MeV)mcE .

2#/2±�#/!�2/!#�/�,$ 22/,�!,/��$/��z/!�2 "!/$�� 22/z#

2�/2±z#/!z2/!,z/��z �$/$�z!/�!2/�,#/!�" z,/z$� �$/#�

!2/2±2#/��$/!!2/"2! z,/�!!2/,z,/!!�/�2! zz/!!", "z/��

!!/2±"$/��2/�#z/",# �$/z,22/��,/!�,/�!! "$/!�z$ ��/!2� 

!�/2±,2/�,z/�!#/,!� $�/�!$2/#$#/2!2/��� !#/�"#" ,,/!�$ 

3��� 8.N@�`� �N@�`� �& {8~ ?�1���Y �K��� ?&�B/�����/ ���)� � *��T� ?���0��
  ��&�)� �� �b 6���@ ?��� B Np+11 237.

expAThAK2
0(MeV)exE(MeV)RE(MeV)fB!I(MeV) effℑ

2h
I< >2(MeV)mcE .

2z/2±,�/!�z/!$�/�2" ,$/,2#!/2�2/�22/!�# 2$/�!# $$/$z

2�/2±z,/!z"/!�2/�z� z#/$z22/"2,/�22/!�! 2�/#!z $�/z�

!2/2±!!/�!"/�22/,", ,2/�!2,/z�z/2��/�"# ,"/!�z" !2/!!" 

3��� 9.N@�`� �N@�`� �& {8~ ?�1���Y �K��� ?&�B/�����/ ���)� � *��T� ?���0��
  ��&�)� �� �b 6���@ ?��� N Th+14 232.

expAThAK2
0(MeV) exE(MeV) RE(MeV)fB!I(MeV) effℑ

2h
I< >2(MeV) mcE .

2#/2±z�/!"$/!�"/�2� !�/,z2,/!$,/�""/!$, ,2/�#� "�/z�

2�/2±##/!$2/!$#/�!" ,2/$2$z/!,2/��#/!$z 22/,"2 22/#2

!2/2±�z/!�!/!z!/��! #!/$���/!"2/�$2/!$� "2/$,2 z�/#�

!!/2±2"/�z"/!�2/�"! 22/$�,2/�!#/�22/!�� ,2/��� #"/#$
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3��� :.N@�`� �N@�`� �& {8~ ?�1���Y �K��� ?&�B/�����/ ���)� � *��T� ?���0��
  ��&�)� �� �b 6���@ ?��� B U+11 235.

expAThAK2
0(MeV)exE(MeV) RE(MeV) fB!I(MeV) effℑ

2h
I< >2(MeV) mcE .

2z/2±$!/!,�/!!$/!�, 2�/,"!"/!$!/�#,/!"2 ",/"2z 2$/�!

2#/2±$�/!�"/!#!/!�2 "/,�z$/!"$/��2/!,� ,!/,#! #2/�,

2#/2±$�/!z$/!22/��2 z�/,�,/�!#/�22/!�" "!/��, z,/�#

3��� ;.N@�`� �N@�`� �& {8~ ?�1���Y �K��� ?&�B/�����/ ���)� � *��T� ?���0��
  ��&�)� �� �b �������	
 C Th+12 232.

expAThAK2
0(MeV) exE(MeV) RE(MeV) fB!I(MeV) effℑ

2h
I< >2(MeV)mcE .

2�/2±"2/!�!/!,/�2� "#/"#��/2�,/�,#/!z" �$/!z" �#/�,

2z/2±,2/!"�/!�z/�!, �2/,222/!$$/�,�/!z$ ""/�z2 !,/�z

2z/2±,z/!"�/!"�/��! ��/,���/!,#/�##/!z� ,"/"," 22/��

2z/2±,#/!,,/!22/��$ "�/,","/!,"/�#,/!zz "z/"�! ��/z2

2#/2±�2/!,#/!22/��� ,�/,,�2/!,2/�#2/!z# z!/,"� ,$/z!

2#/2±�,/!$�/!��/�"� �"/,z2"/��#/��,/!#! !$/$�! $,/z,

2�/2±#,/!�#/!,2/�,� 22/$2,�/�!�/��,/!#" #2/�#! �!/zz

�<��.(a)&�B/�����/ ?'���8 K��� ?� 6���@ ?��� *��T� ?�� O Th+16 232.K8��/� 0��
  ��)/ �� K�BW���8b �& K�� ?��Q ��4� ��&�)� 04C��
*@� K�� '���)� &���/��@� 0C�8 'c)/ ?���b Z�� �& K���bV*@� *��9� �@ F�^ �� .(b)�':H�6��4�@ ?��4� '��W� C U+12 236(c).  4� '

�:H6���@ ?��� '��W� B Np+11 237.(d)�':H�6���@ ?��� '��W� N Th+14 232(e). �':H�6���@ ?��� '��W� B U+11 235.(f)�':H�
6���@ ?��� '��W� C Th+12 232.
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3���=.N@�`� �α�BGα���)� ��A�BC@ �:� �� 0��)(� *��T� ?�1����@ ?��� �1/b A�� .

�6�
,> αααα�BGαααα	��,> BGαααα	��,> αααα)�*+� �"� 
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��56�� 

BGα α<#�/2#z/2O Th+16 232

BGα α<#�/2�2/2C U+12 236

BGα α<#�/2�!/2B Np+11 237

BGα α<#�/2##/2N Th+14 232

BGα α<#�/2�!/2B U+11 235

BGα α<#�/2�2/2C Th+12 232 

?&��� Z�/�Y 0��� ���)  {�> *��Y�k4��a  ��8 L�:D '� 

0� &:� :

)z(,
( )
( )

T P

T P

A A
A A

α
−

=
+

�b �& 'YTA�PAX4� �  '4� � 7�4� '��4� 04��� &�4> 

*44@� '44�� �� 044��� &�44> .044��� ���44)  {�44> *44��Y 

���4C�8:� 0/��`�IA(�4Q�04� k4��a  �4�8 L�:4D '4� &&�4Q 
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,

BG

BG

χ χ
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>

<
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( )

BG
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q

χ χ
χ χα

 −
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0

'4(&�a� A�� �&"��/2=BGχ�!�/!=p��,/2=q*4@� .χ

*��T4444� ������4444� 4444c��� �4444� '4444Y *4444@� ?��e4444��

( )/ /

Z
A

N Z
A

χ =
 −  −  

   

2

2

50 883 1 1 7826

 0� K&�& &:� .6���@ ?���

 'T/b x�@� �� A�BC@ �:� �� 0��)(� *��T�α*�4@ {��Y �& 

BGα& ���O 0� 6Wn '� 0 ��^�� ?������� ���� '��� &�:P .�&

0��BC� 0	Y *(�< '4YBGα α>�4Q� � ?&�4> ��4��� ��4��� 

BGα α>K���W4� ?&�B/��4���/ �& ?&�4> �4�M ��4��� ���� 

044� &:44�]!��!"[.?�441���Y x�44@� A44�� �44�α�BGα�� 

Z��44� �& � K&�44Y 'N44@�`� �1���44�@ 8� {��44Y �44� ?��44��

K&�& ��W/ 6��.

____________________________________________ 
 .! Entrance-channel mass asymmetry 

.� Businaro-Gallone critical mass asymmetry 

��44�� �:44H ?�1���44�@ &�:44� �& 6��44��& ��44R�/� '44Y

O Th+16 232�N Th+14 232�& g&�444> �444�M ��444��� 5444�

'4444���8 g&�B/��4444���/ ?�1���4444�@ �& � g� C U+12 236�

B Np+11 237�B U+11 235�C Th+12 232 �& ?&�444> ��444��� 

'���8 ?&�B/�����/ 0� K���W� g� &:�.

2.�1�B C@ �� �� ����� ��� �� <����� ����� 
���

�!@�	�@ A�2B 
���� '� '�� �� &�:P�� ����4� V�TW  � 7�� ��& �& �X4Y�� 

� ��� :/ '	<�� ��� 8�04� V��4Q XY�� &:4� .8� Z�� '4	<��

 ��4� V�TW  'R`(�4c)/ '4� �b ���4@� �4  X4Y�� �'4Y A4�8 

c)/ ��� ?�1/�� :/ �� '	<�� A�� �& 0	��Q ?�1/�� :/�A4�8 �

c)/ 8� XY�� '��� ��eQ 'R`( 8� {�& '	<�� � K����/��4  A�8 

c)/ '� �b ���@��'4	<�� A4�� �& 0	��Q ?�1/�� :/ 'Y F�c)/� 

�A�8 'c)/ |� ?�1/�� :/ ��0� �C��/],�!,[.�41/�� :/ V��Q

 ����1/ � 0B�.�B/��� ?\�/� ���Y XN@ "?&�B/��4���/ �����

0� &:� .[NH ��� :/ V��Q A���Q �R/ �& �� 0B�.�B/��� ?\�/�

0� K&�& ��8 'c��� &:�]!$I�2[:

)�(.ex c m f R nE E Q B E Eυ= + − − − 

�b �& 'Yυ� K�4� V��Q ?�1/�� :/ &��a  nE*4@� ?\�4/� 

0� V�< �1/�� :/ 8� {��Y �� U@:  'Y&:� .'4Y ?\�/� U@:��

 04� V4�< 0	��4Q ��� :4/ �� U@:  �� &:4� MeV$�υ�� 

____________________________________________ 
 ." Pre-saddle neutrons 

., Post-saddle neutrons 
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�<�2.(a) '���8 ?&�B/�����/ K��� ?� �6���@ ?��� *��T� ?� O Th+16 232.s�`=  A���Q �R/ �& ���� �� ?&�B/�����/ A�n UP 0C`C�
 V��Q ?��� ��� :/ V��Q s�`=  A���Q �R/ �& �� �� ?&�B/�����/ ~�� '� A���� 8� X� �  '� '�@:�� ?�1�C`C� � ��� :/ V��Q,�"���! ��� :4/ 

0� ��W/ �� �C�&.(b)�'W� �:H6���@ ?��� '�� C U+12 236.(c)�'6���@ ?��� '��W� �:H B Np+11 237.(d) 4� '6��4�@ ?��4� '��W4� �:4H 
N Th+14 232.(e)�'6���@ ?��� '��W� �:H B U+11 235.(f)�'6���@ ?��� '��W� �:H C Th+12 232.

�� '4a(�c� &�:4� ?�1����@ ?�!���"�,04� ��4.�/� 6�4CY.

��� ��&�)� '4���8 ?&�B/��4���/ 04C�� ?�1���4�@ ?��4� �� ?�

 � ��� :4/ V��4Q s�`=4  A���4Q �4R/ �& ���� 'a(�c� &�:� 

� K&�44Y 'N44@�`� ��� :44/ V��44Q s�`=44  A���44Q �44R/ �& �44� 

V944� �&,K&��b 644�� .Z�44� 8� K&�^�44@� *44	> '44� A�44C��� 

044� f�44� L�N44@�`� �& &���/��44@� 044C�8 '44c)/ ?��44�b &:44� 

��� ���@� 8� VNO �1/�� :/ 'Y�4c)/ '4� X4Y�� �V��4Q A4�8 

�/:�.

2./.
 �2B ��!@�	�@ ���@��- �=��>- 

&���/��@� 0C�8 'c)/ ?���b Z�� �1/b �& 'Y 0��1����@ &�:� �&

 '���8 ?&�B/�����/ ?����&:�/ '� '�:  �� �*@� _&�D ?��� 'Y

� ��� :/ V��Q s�`=  A���Q �R/ �& 'K��b *@& A�B/��� ��/�

 ?�:�  ��&:�/ A�� j8��� A���1� x�@� �� �� 0	��Q ?�1/�� :/

K&�& �44� ��44� 044��
  ?�44� ?�1	T44� �& � K&�44Y 044C��$�44  #

K&��b 6�� .

D.�E�1@ � F>� ��B 
�� *��T4� ?�1���4�@ &�:4� �& K�4� {�
/� L�N@�`� x�@�

��)(�0��A�BC@ �:� � ��8 y���/ 'K��b *@& �/� :

!(��44�� ?�44���&:�/ 644@� ?��44� 6�&�44Y �44YS '44Y �:44H

?&�B/��44���/'44���8 ?�K��44� ?�1���44�@ �& *��T44� ?�44�

 *4��Y �& �A�BC@ �:� 0��)(� *��T�RE�fB*4��m �� 

6����Q �R/ �&.T4� ����W� �� �e( V"�j8��4� ?�41�C`C� 

K&�& �� ?�:�  0��
  ?��)6���@ �& 8� ��M '�N Th+14 232

�O Th+16 232?&�B/��4���/ �& ?&�4>��M ����� ?���& 'Y

�/&:� (0� '
��/ 'Y 6���Q &�:� �& 0��)(� *��T� ?�1����@

 '��� 'Y A�BC@ �:� XY�� ?�� �R/ 8� 04��� &�> L��4^  

�/���/ �B��T� �� 0/��Cn K��4� ?&�B/�����/ �*��T4� ?�4�

 *��Y �& '� *N�/RE�fBx��< K&:4N/ A4�� ?��4� �

'4� 0(:4)a� V4�> *4��Y �& A�� A���Q *��m ��1����@ F:/

0� �R/ �@�.

�(?&�B/��44���/'44���8 ?�K��44� ?\�44/� '44� *��T44� ?�44� 
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A

. /c m bE V

���8.K��4� ?&�B/��4���/ ?�:4�  ��&:4�/ j8��4� A��4�1� ?�4�
 6���@ ?��� 0��
  ��)/ �� *��T� B Np+11 237.�*4(�< A4�� �&

 0	��Q ?�1/�� :/ A�B/����/!ν =��� *@� K�� 0C��.

A

. /c m bE V

���:.K��4� ?&�B/��4���/ ?�:4�  ��&:4�/ j8��4� A��4�1� ?�4�
 6���@ ?��� 0��
  ��)/ �� *��T� C Th+12 232 . �*4(�< A4�� �&

0	��Q ?�1/�� :/ A�B/��� z/�ν =��� *@� K�� 0C��.

*4@� '��4��� 0B�.�B/����'4Y 0��1���4�@ �& �e4( '4� �4
C� 

�44� V�TW44 � ���44� X44Y�'��W44� 044B�.�B/��� ?\�44/� �& 

44� 0/��44T�/:��44R�/� ��044� ���44T� ?&�B/��44���/ '44Y &�� 

���� .

�(�ea����� Z���4� �& '4Y �:H"�4  $}.W4� K�4�

 XY�� ���� 'Y 0��1����@ �& *@� Cf248K�� V�TW  *@�

 '44�� �� ?�441�\�/� 8� 044P�� �&�]�44N��)  044B�.�B/��� ?\�44/� 

A

. /c m bE V

���9.K��4� ?&�B/��4���/ ?�:4�  ��&:4�/ j8��4� A��4�1� ?�4�
 6��4�@ ?��� 0��
  ��)/ �� *��T� C U+12 236.�*4(�< A4�� �&

0	��Q ?�1/�� :/ A�B/��� �/�ν =��� *@� K�� 0C��.

A

. /c m bE V

���;.K��4� ?&�B/��4���/ ?�:4�  ��&:4�/ j8��4� A��4�1� ?�4�
 6��4�@ ?��� 0��
  ��)/ �� *��T� B U+11 235.�*4(�< A4�� �&

 0	��Q ?�1/�� :/ A�B/����/!ν =��� *@� K�� 0C��.

��� *@� ���T���&�)� 0 ��^�� ?&�B/�����/ K���W�0�&:4�

)� �& *�a;� A�� &�: XY�� ���� Bk246 *4@� _&�4D �/(.

0� �e( ?�41�\�/� �& ���4T� X4Y�� ���� 'Y *��Q '
��/ ��: 

 0��)(� *��T� ?�1����@ &�:� �& ���T� 0B�.�B/��� �4� �:4�

 �& 0��Y ��� �A�BC@���T� &:4� ���:./ ?&�B/�����/ �&:� 

� '�� �� ?\�/� �'�� �� F:/ ��/ 7�� ����0� �C/�: ���eQ��m

�C���.
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"(VT4� '4� '4�:  �� ,?�1���4�@ 8� {��4Y �4� &�:4� �& 

*��T� 0��)(� �4� �A�BC4@ �:4� ��4� ���4)� K�4� 04C��

 '���8 ?&�B/�����/ K��� ?� Z�4� x�4@� �4� *��T� ?��

 ��� :4/ V��4Q s�`=4  '4� &���/��4@� 0C�8 'c)/ ?���b

*@� x��< .0� K���W� ��� s�`=  A�� 'Y &:� 0P�� ?

�44� ?�:44�  044C`C� V44��Y j8��44� '44� �44
C� �1���44�@ 8�

K&�& 0� 0��
  ?�� &:� .�e(�&A���Q �R/ s�`=  V��Q

 Z�4� x�4@� �� ?&�B/�����/ ?�:�  �N@�`� �& ��� :/

?���b C�8 'c)/ &���/��@� 0�& 0��Y � {8~ ��� ���4@�

 '� '4
��/ �:4	c� K��4� ?&�B/��4���/ �N4@�`� �& ?�4�

 *��T��:P&:� ��.

,(���� 0� ��W/ 0��
  0@��� �� K���� 'Y �:H '4Y ��&

 �4c��� �4Q� A�BC4@ �:4� 0��4)(� *��T4� ?�1����@ �&

)G.Bα>α(�& ?&�444> ��444��� ��444R�/� �444��� ���444O��

&��& &:44�� ?&�B/��44���/ �& ��44�M ��44��� L�:44D A44��

 ?&�B/�����/ �& ?&�>��M 04� K���W� &:4� .��4��� A4�� 

044� �� ?&�44>��M �< ��:44 44D&��44��� 8� 044T� 8� V?�� �

*��T� 'N� �J��@ *��T�!*��T� �� �Z&�4a  8� VNO �

*�/�&.�:4� 0��)(� *��T� ?�1����@ �& J��@ *��T�

 0� ?�� 0/��8 A�BC@ � K&:� &��8 *��T� ������� 'Y ��&

 �44��� �44n:Y ����44� *��T44� �44@ F�44^ �� '44
��/ �& 

]�!�����"[.�&A�� ���4@� 8� VNO XY�� ���� *(�<

 Z&�a  '� J�8: K)��:= I*��T� �:`� ?�� �� (�&

0� '���T� A�8 �c)/ &:�.&�:4� �& ��W4�� *��T4� 'N�

 0� ?�� 0��1����@ �4��� A�BC4@ ����4� '4�� �� 'Y ��&

)�2=A(]�!��$I�z[.*��T� Z&�4a  8� VNO *4	> '4� 

���� �:l<��M XY��"�� �&����� �& XY�� '��� �� K�

 *44@� *��T44�]�z[.044@��� '44Y 0��1���44�@ &�:44� �&

K�44� �44/� 6��44�@ �& O Th+16 232�N Th+14 232?���&

 ?&�B/�����/ �& ?&�>��M ����� �4/&:�.�&A���4Q �4R/ 

s�`=  V��Q :/ 6���@ �& ���O Th+16 232)7GP ��

 6���@N Th+14 232(�& 0@:�4`� ���o  X�:� Z�4)�/�

 '4���8 ?&�B/��4���/ ?�:4�  ��&:�/ 04� ?� &:4� .��4���

 04�/ 6��4�@�& �4� �& ?&�B/�����/ ?&�>��M '4� �4/�: 

 �� � J��@ *��T� �:l< *	> 'N� �4��� *��T� .��4�8 
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