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Chapter 1

Introduction
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1 � Introduction
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1.1 � Light neutron-rich nuclei

1.1 Light neutron-rich nuclei
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1 � Introduction
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1.1 � Light neutron-rich nuclei
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1.1 � Light neutron-rich nuclei
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1.1 � Light neutron-rich nuclei
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Chapter 2

The experimental setup

} '7%-$U" _�3�$+L�T&%P)�,G�5)g�`"�4W4�Q�" _�3+*�_�_�%-$�)�%P)M3+$�'U"^3�L�4�L+_ETU)N3N%P_g,/)+4^L&%P)MQ	%P.�%-$�)8)ES�T�)�,["�V()�'&%��

} 'X.�,/Q�)�,H%P.6_Y%-*�QU�(%-$�)6��)�$+L& U"^.�*�,�.�Z²%-$�)6'�*�3+4 )ML�,²Z�.�,�3M)�'�)�L�,H%-$�)8'�)�*&%-,/.i'gQ@,2"WT�4|"W'�)7$
�5)¨'�)N)MQ�)MQ L�' )-S�TU)�,["�V()�'&%YL�4 Z[L+3�"�4|" %2� %P.¡V()�L�_�*�,�) %-$�) .���_Y)�,B +L���4 )M_ "W'&%-,/.�Q@*�3M)NQ "�'
3�$+L�T&%P)�,  ��JK$�)7)ES�TU)+,2"WVX)+'&%YL�4²,/) �@*U"W,/)+VX)+'&%P_(�5)+,/)�L�$�)�L& &�c" .�'RL�3M3M)+4 )+,OL&%P.�,�L���4 )7%P.
T+,/.� U" Q�)c,/)+4^L&%]"  U" _Y%]" 3cT+,2"�VXL�,B���U)�L�V(_KZh,�.�V¥�K$U" 3�$�%-$�)§_Y)M3N.�'�Q�L�,B�c)-S�.�%]"^3R'�*�3�4 )+"�3N.�*�4 Q
�U)�T+,/.�Q@*�3M)NQ ���	'�*�3�4 )�L�,zZh,OL�#�V()�'&%YL&%]"^.�'!$@L	$U"^#�$R,/)N_�.�4|*&%]"^.�'	VgL�#�'�)N%]" 38_�T�)M3N%-,�.�V()N%P)�,
) �@*U"WT�TU)NQ7�`" %-$�Q�" ��)+,/)�'&% Q�)�%P)M3�%P.�,�_�%P.�"^Q�)+'&%]" ZO�8L�'�Q§Q�)�%P)�,�V8"�'�)(%-$�)K%-,/L��h)M3�%P.�,���.�Z¤T�,�.�0
�h)M3�%]"�4 )N_5L�'�Q8Zh,/L+#iVX)+'&%P_5L�'�Q6LK#�L�V6VXLKQ�)�%P)M3N%P.�,²L���4 )j%P.�V()�L�_�*�,�)j%-$�)j¦	Q�)E0h)ES�3�" %YL&%]"^.�'
.�ZzZh,OL�#�V()�'&%P_N�
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2 � The experimental setup
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2.2 � The fragment separator �����
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2.3 � Detectors
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2 � The experimental setup
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2 � The experimental setup
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2 � The experimental setup
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Chapter 3

Data analysis
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3 � Data analysis
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3.1 � Mass and charge identification
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3 � Data analysis
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3.2 � One- and two-neutron removal cross-sections

" 1 " # A�� ��� � �  A9@�\9 "
� $�)+,/)�� "^_K%-$�)§3�,�.U_Y_P0A_�)N3N%]"^.i'!$ � " _K%-$�)�L&%P.�V8"^36Q�)�'�_-" %[�R.�Z5%-$�)7%YL�,�#U)N% $�L�'�Q��g" _

%-$�)�%-$U"^3+¬�'�)N_�_K.�Zz%-$�)8%YL+,/#U)�%��

} 'K.�,/Q�)+,�%P.�.��&%YLU"�'(L+3N3�*�,/L�%P)  +L�4W*�)N_¤Z�.�,@%-$�)gV()�L�_�*�,�)�V()�'&%P_5.�Z " # L�'�Q " " %5" _ "�V`0
TU.�,B%YL�'&%j%P. *�_�)8 �)�,B��)���3�"^)+'&%(Q�)�%P)M3�%P.�,�_M�6}~.�'U"^_�L�%]" .�'�3+$+L�V6�U)+,/_ $ � � �'�\_ $²L�'�Q=T�4 L+_P%]"^3
_Y3+"�'&%]"W4W4 L�%P.�,/_gZh*�4 �²4|4 )NQ %-$U" _§,/) �@*U"�,�)�V()�'&%�L�'�QC�5)+,/)�*�_�)NQ "W'o%-$�)CVX)ML+_E*�,/)+VX)+'&%P_M���g'�)
"^.i'U"^_�L�%]" .�'�3�$+L�V6�U)�, $�%[��. � � �'�\_�$HL�'�QC.�'�)�T�4^L�_P%]"^3§_Y3+"W'&%]"�4|4^L&%P.�, 4 .�3�L&%P)MQg�-*�_P%X"W'�Zh,/.�'&%
.�Z�%-$�) �+,/)ML�¬+*�TC%YL�,�#U)N%  �_Y)M)o��#�*�,�)	I��|9 "K��)�,�) *�_Y)MQ=%P.�"^Q�)+'&%]" ZO�	%-$�) T+,/.-�h)M3�%]"�4 )M_6L�'�Q
3M.i*�'&%�%-$�)�V�"�'�%-$�)73�L�_�)7.�Z�%-$�)	��'�0],/)+VX.� +L�4�3�,�.U_Y_P0A_�)N3N%]"^.i'�_M� � '&Z�.�,B%-*�'+L�%P)+4 ���5)R$+L+Q
'�.�%�T�,�.�TU)+,²Q�)�%P)M3�%P.�,�_�4 .�3�L&%P)MQj�]*�_P% ��)�$U"�'�Q6%-$�)�%YL�,/#U)�%��j}^%¤� L�_�%-$�)�,�)NZ�.�,/)8'�)M3N)M_Y_1L+,��g%P.
*�_Y)7%-$�)6Q�)N%P)M3�%P.�,/_gL&% %-$�)6Z�.i3ML�4�T�4 L�'�)6��pR%P.	.��&%YLU"�'7%-$�)R'�*�V6�U)+,�.�Z�3M.�,/)8Zh,OL�#�V()�'&%P_
)�V()�,�#i"�'�# Zh,/.�V %-$�) 3N.�,2,/)N_�T�.�'�Q�"�'�# ,/)ML+3�%]"^.�'�_N� �¤.�%P)�%-$+L�%7%-$�)�,/) L�,�)°%-,/L�'�_EV6" _�_-"^.i'
4 .�_�_Y)M_��U)�%[��)M)+'6�@I7L�'�Q��ip $�L�'�Q7_�)N3M.�'�Q�L+,���,�)�L�3N%]"^.i'�_ 3ML�'(%YL�¬])8T�4 L+3N)8"W'X%-$�)��+,/)�L�¬+*�T
%YL�,�#U)N%�" %P_Y)�4 Z L�'�Q L�'&��4^L��M)+,�.�ZjVXL&%h%P)�, "W'�%-$�)§Zh,OL�#�V()�'&%P_8T+L�%-$���)N%��5)M)+'C��ICL�'�Q �ip��
J`$�)M_Y)6%��5.c)��²)M3N%P_�,�)MQ@*�3M)6%-$�)�'�*�V7��)�,¤.�Z¤Zh,/L+#iVX)+'&%P_`%-$+L&%�L+,�,2"  �)6L�%�%-$�)7_Y3+"W'&%]"�4W4 L�%P.�,
L&%���p $@L�'�Q $+L+QR%P.��U)�%YL�¬])�'c"W'&%P.	L�3M3N.�*�'&%��

JK$�)g%-,/L�'�_EV8"^_Y_E" .�'�.�ZG%-$�)gZh,/L+#�V()�'&%P_�%-$�,/.�*�#�$6%-$�)6k`lmbg�5L+_ 3�L�4 3�*�4 L�%P)NQo�`" %-$7%-$�)
"^.i'�0h.�T&%]" 3�L�4²,/LN��0A%-,/L+3�"�'�#C3N.iQ�) � ����x �zd �/} � L+�U��$ � ���²x��zd �h�(JK$U" _§��.�'&%P)N3�L�,24 .C_-"�V`0
*�4^L&%]"^.i'RL+3N3M.�*�'&%P_KZ�.�,�_�)N3M.�'�Q�L+,���,/)ML+3�%]"^.�'�_8"�'�%-$�)	�+,/)ML�¬+*�To%YL�,/#�)N%(L+_��5)+4W4���} '�.�,�Q�)�,
%P. )�'�_E*�,/)�%-$+L&%K%-$�)�_-"�V6*�4^L&%]"^.i'c��%h%P)MQ=L+_6V7*�3+$CL�_§TU.�_�_-"���4 )�%-$�)C,/)�L�4|" %2��$�%-$�)�_E$+L�T�)M_
.�Z(%-$�)°_-"�V6*�4^L&%P)MQ TU.U_-" %]" .�' Q�" _Y%-,["���*&%]"^.i'�_  P"�' 
±L�'�Q  "§)N +L�4W*+L&%P)MQ L&%§%-$�)�T�.U_E" %]"^.�'
.�Z�%-$�)c_E" S � � �'�\_R*�_Y)MQ "W'�%-$�)C)ES�T�)�,2"WVX)+'&%g�5)+,/) L�QE�-*�_P%P)MQ %P. %-$�) V()�L�_�*�,�)MQ .�'�)M_N�
J`$�)c%-,OL�'�_EV6" _�_-"^.�' .�Z�'�.�'�0A3M)+'&%P)�,/)NQ "^_Y.�%P.�TU)N_  [Z�.�, )ES�L�V7T�4 )7$�%-$�)°'�*�3�4|" Q�) 
�
 � "�� L�_
3�L�4 3+*�4^L&%P)MQ��`" %-$6%-$�)�_E"WV7*�4 L�%]" .�'�L�QE�]*�_Y%P)NQ�%P.o%-$�)�,�)NZ�)+,/)�'�3N)�"^_Y.�%P.�TU)  P"�'8%-$�)�)ES�L�V6T�4 )
%-$+L&%¤�5)(L�,�)(3N.�'�_E" Q�)�,["�'�# $�%-$�)6'�*�3+4|" Q�) 
�& � " $��K$U" 3�$X�5L+_ 3M)+'&%P)�,�)MQ��5JK$�)�,�)�4^L&%]"  �)`)+,�,/.�,
%-$+L&%��5)o"�'&%-,�.iQ@*�3N)6)� +L�4|*+L�%]"W'�#R%-$�)8%-,OL�'�_EV6" _�_-"^.�'7�K" %-$ � ����x �¤d5"^_�)M_P%]"�VXL&%P)MQC%P. �U)
L�,�.�*�'�Q �&� � �7JK$�)�%-,OL�'�_EV6" _�_-"^.�'	)N +L�4W*+L&%P)MQ Z�.�, %-$�)oQ�" ��)+,/)�'&%6"^_Y.�%P.�T�)M_§"^_�_E$�.��K' "�'
%YL���4 )69@� ���

� )�$+L� �)�'�.�%�3M.�,�,�)M3�%P)MQ§Z�.�,H_�)N3M.�'�Q�L+,��§,�)�L�3N%]" .�'�_ .�*&%�.�ZH%-$�)8��,�)�L�¬�*�T(%YL�,/#U)�%�� � )
$+L& �)�)M_P%]"�VXL�%P)NQ=%-$+L�%K%-$�)o)�,2,/.�, %-$�)N� "�'&%-,/.�Q@*�3M)C"W'c%-$�)o3�,�.U_Y_P0A_�)N3N%]"^.i' VX)ML+_E*�,/)+VX)+'&%
"^_�_EVXL�4|4�L�'�QoZ[L�4|4 _("W'�_E" Q�)8%-$�)6)�,2,/.�,z3M.�'&%-,["���*&%]" .�'�.�Zz%-$�) � ���²x��zdz_-"�V6*�4^L&%]"^.i'��

¯�.i'&%YL�V8"�'+L&%]"^.�'�_GZh,/.iV .�%-$�)�,��+,/)ML�¬+*�T`3�$+L�'�'�)�4 _�L+,/) )-S�3�4|*�Q�)MQ�����%-$�) Q�.�*���4 )`" Q�)�'�0
%]" �i3�L&%]"^.i'6L�'�Q	���g%-$�)64^L�,�#U)X3+$+L�'�#U)�"�' � �C�U)�%[��)M)�'8%-$�)K%[��.	VgL�#�'�)�%]"^3X_P%YL�#U)M_ .�Z�%-$�)
k`lmbj.�ZmVX.�,�) %-$+L�'(� �  Y"W'�%-$�)j3�L�_Y)j.�Z�%-$�) 
�& � #U.i"�'�#K%P. 
�
 � " $��K$U" 3�$�"^_G�5)�4|4&.�*&%P_-"^Q�)
%-$�)7k`lmb7L�3M3M)+T&%YL�'�3N)7.�Z 	 � � � �GC �

9U9



3 � Data analysis
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3.3 � Momentum distributions of core fragments
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3.3 Momentum distributions of core fragments
3.3.1 Position measurements
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3 � Data analysis
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3.3 � Momentum distributions of core fragments
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3 � Data analysis
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3.3 � Momentum distributions of core fragments
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3.3.3 Transversal momentum distributions
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3 � Data analysis
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3.4 � -ray spectra
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3.4.1 Energy information
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3.4 ��� -ray spectra
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3 � Data analysis
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3.4 ��� -ray spectra
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3.4.2 Time information
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3.4.3 Add-back procedure
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3 � Data analysis
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3 � Data analysis
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3.5 � Coincidences between � rays and momentum distributions of core
fragments
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3.5 � Coincidences between � rays and momentum distributions of core
fragments
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3 � Data analysis
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3.5 � Coincidences between � rays and momentum distributions of core
fragments
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3.5.3 Specific treatment of the different nuclides
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3 � Data analysis

%��5.R3M.�V6TU.�'�)+'&%P_�$�_Y.�V()7L�Q�Q�" %]" .�'+L�4�L�'+L�4 ��_-"^_(" _g,/) �@*U"�,/)NQ��

«�_g_P%YL�,�%]"W'�# TU.i"W'&%��5)�L�_�_E*�V()�%-$+L�%8�U)�Z�.�,/)§%-$�)C�+,/)ML�¬+*�T ,�)�L�3N%]" .�'o%-$�)	T�,�.-�h)M3�%]"�4 )
"^_RVgL�Q�)C.�Z(L 3M.�'&%-,["���*&%]" .�'=.�ZK%-$�)	3M.�,/)="W'°%-$�)�#i,/.�*�'�Q�_P%YL�%P) L�'�Q�$5)+" %-$�)�,KL°_E"W'�#�4 )
3M.i'&��#�*�,/L�%]" .�'�.�Z�%-$�)63M.�,/)�"�'oL�'�)-S�3+" %P)MQC_P%YL�%P)7.�,�L�_E*�TU)+,�T�.U_E" %]"^.�'�.�Z�Q�" ��)+,/)�'&%`3N.�'�0
�i#�*�,OL&%]"^.�'�_ .�Z�)-S�3+" %P)MQC_P%YL�%P)N_M�

} '�%-$�)c�²,�_Y%73�L�_�) $ L�'�Q L�_�_E*�V8"�'�# %-$+L&%6%-$�) ,/)�L�3N%]" .�'°Q�.i)N_c'�.�%7L���)N3N%8%-$�)C3N.�,�)7$
%-$�)7Zh,/L+#iVX)+'&%g,/)+VgLU"�'�_�"�'�%-$�)7_1L�V()§_P%YL�%P)�L�_g" %j�5L+_�"�'�_-"^Q�)6%-$�)cT+,/.-�h)M3�%]"�4 )U�6}~Z¤%-$U"^_�"^_
L�'7)-S�3+" %P)MQ	_P%YL&%P)8Z�.�,�%-$�)�Zh,/L+#�V()�'&%K'�*�3�4 )�*�_ $�" % �`"�4W4�Q�)N3�LN�6%-$�,/.i*�#�$§Q�" ��)+,/)+'&%j)ES�3�" %P)NQ
_P%YL�%P)N_¤%P.(%-$�) #�,/.�*�'�QX_Y%YL&%P)7$����`)�V8" %h%]"W'�#X¦ ,OLN��_N� }^Z@%��5.�.�Z�%-$�.U_�)�)�V8" %h%P)NQ8¦ ,/LN��_ $+L& �)
_-"�V8"�4^L+,�)�'�)+,/#��RL�'�QCZ[L�4W4�"�'�_-"^Q�)§%-$�)�#UL�%P)o"�'�%-$�)§_ETU)N3N%-,2*�Vs�5)7�`"W4W4�$+L& �) � �  �)ES�3�" %P)NQ
_P%YL�%P)`3M.i*�'&%P)MQ7%��`"^3N)7$iL�'�Q�%-$U"^_��`"W4W4+#i"  �)(*�_ L�'8"�'& +L�4|" Qo'�*�V6�U)+,H.�Z�)-S�3+" %P)MQ§_P%YL&%P)M_�%-$+L&%
V6*�_Y%7�U)�3M.�,2,/)M3�%P)MQ�� ( .�, %-$U"^_�T�*�,2TU.U_Y)��5) T�4^L�3M)MQ°%-$�)�Z[L+3�%P.�,���"�'	) �@*+L&%]"^.�'	9@� -�%P.
.��&%YLU"�'6%-$�)83M.�,�,�)M3N%j#�,/.�*�'�Qc_Y%YL&%P)8Q�"^_P%-,2"W��*&%]"^.�'��

} '`%-$�)j3ML+_Y)�.�ZG$+L& U"�'�#gQ�" ��)+,/)�'&%¤)ES�3�" %P)NQ§_P%YL�%P)N_�3M.�'&%-,["���*&%]"W'�#8%P.g%-$�)�3N.�'&�i#�*�,OL&%]"^.�'
.�Z¤%-$�)§3M.�,�)R"�'�_-"^Q�)8%-$�)cT+,/.]�P)N3N%]"W4 )7$�%-$�)§_-" %-*+L&%]"^.i'	"^_�V(.�,�)§3N.�V7T�4\"^3ML�%P)NQC%-$+L�'�%-$�)6.�'�)
L�'+L�4 � N)NQ°��)NZ�.�,/) $�L�4 %-$�.�*�#�$6%-$�)oT+,/.i��4 )�VXL&%]"^3�"^_j%-$�)8_1L�V()U�

J�.o*�'�Q�)�,/_P%YL�'�Q�%-$�)7'�)M3N)M_Y_E" %2�8Z�.�,�%-$U" _ L+Q�Q�" %]"^.�'+L�4�3N.�,�,/)N3N%]" .�'�%-$+L�%j"W'&%-,/.�Q@*�3M)N_ %-$�)
� Z[L�3N%P.�,5�5)��`"�4|4²_P%-*�QU�	%-$�)R3�L�_Y) "W'c�K$U"^3+$c�5) T+,/.�Q@*�3M) " Zh,/L+#�V()�'&%P_g%-$+L&%g3ML�' �U)
"�'R%-$�)o#�,/.i*�'�Q�$�"�'	%-$�)��H,/_P%g)-S�3+" %P)NQ=.�,�"�'R%-$�)o_�)N3M.�'�Q )-S�3+" %P)MQ=_P%YL&%P)U� � )§�`"�4|4²3N.�'�0
_-"^Q�)�, .�'�4 �c%-$�)R)ES�3�" %P)NQ=_P%YL�%P)N_8%-$+L&%g3N.�'&%-,2"W��*&%P)R%P. %-$�)�TU)ML�¬  Y�U.�%-$c.�Z %-$�)+V{"�'c%-$U"^_
)ES�L�V6T�4 )�"�� !�)N%R*�_�_E*�T�TU.U_Y)C%-$+L&%6%-$�)CZh,/L+#iVX)+'&%P_	T�,�.iQ@*�3N)MQ¨"�' %-$�)�_Y)M3M.i'�Q )ES�3�" %P)NQ
_P%YL�%P)  [�`" %-$RL�TU.�T�*�4 L�%]" .�'CT+,/.��+L��U"�4\" %[�o.�Z�� "`Q�)N)ES�3+" %P)§ U"~L�%-$�)§�H,/_P%`)ES�3�" %P)NQ°_P%YL&%P)	�N�
)�V8" %h%]"W'�#�Lo3�L�_�3ML+Q�)�.�Z�%[��.C¦ ,OLN��_��`" %-$o_-"�V8"�4^L+,5)�'�)+,/#��M�(J`$�)cT+,/.��+L��U"�4\" %[��Z�.�,�Q�"W,/)M3�%
TU.iT�*�4^L&%]"^.�'6.�Zz%-$�)��²,�_Y%�)-S�3+" %P)MQ	_P%YL&%P)��`"W4W4��U)��	� ��� �  �,�)�V()�V6�U)+,¤%-$+L&%���)7L+,/)8.�'�4 �
3M.i'�_E" Q�)�,2"W'�#R%-$�)8)-S�3+" %P)NQC_P%YL�%P)N_ "��

}~Z �5)°TU.�T�*�4 L�%P)�%-$�)o�²,�_Y%g)ES�3+" %P)MQ _P%YL&%P)7$G%-$�)°T+,/.��+L��U"�4\" %[�	Z�.�, %-$�)RQ�)�%P)M3�%]"^.�' .�ZjL
_-"�'�#�4 )j¦ ,OLN�8"^_�) �@*+L�4&%P.6%-$�)�%P.�%YL�4�)���3�"^)+'�3N� �M�j} '(3�L�_Y)`%-$+L&%G�5)8TU.�T�*�4 L�%P)j%-$�)`_Y)M3M.i'�Q
)ES�3�" %P)NQR_P%YL&%P)7$�,�)�V()�V6�U)�,["�'�#�%-$+L&%5�5)§$+L& �)X_Y)N% %-$�)§V6*�4 %]"�T�4\"^3�" %[�6%P.	�.$���)g3�L�'6Q�)N%P)M3�%
%-$�)g¦ ,/LN�8%-$+L�% 3M.�,�,�)M_ETU.�'�Q�_j%P.�%-$�)�%-,OL�'�_E" %]"^.�'7Zh,/.�V�%-$�)6_Y)M3N.�'�Qc%P.�%-$�)��H,/_P%j)ES�3�" %P)NQ
_P%YL�%P) $��K" %-$(%-$�) 3M.�'�Q�" %]"^.�'K%-$+L�%m��)�Q�.�'�.�%zQ�)N%P)M3�%¤%-$�)�.�%-$�)�,�¦°,OLN�  2%-$+L&%5"^_Nt����	� � � � " $.�,m U"^3N)8 �)+,/_�L  �	� � � � �6" $m,/)M_E*�4 %]"W'�# "W'�L§%P.�%YL�4�T+,/.��+L��U"�4\" %[��.�Z 
 ���	� � � � �
� )83�L�'c'�.�� L�Q�QCL�4W4�%-$�)83N.�'&%-,2"W��*&%]"^.�'�_j%P.o%-$�)�TU)�L�¬6L&%�%-$�)�¦�0],/LN�§_ETU)N3N%-,2*�V�t

� � � ��� � " % 
 ���	� � � � � " 1 � � % � � 
 ��� � � "  �9@� �&� "

��I



3.5 � Coincidences between � rays and momentum distributions of core
fragments
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4.1 � Valence nucleon(s) removal cross-sections

4.1.2 Two-neutron removal on a carbon target:
projectiles
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4.2 � Momentum distributions of core fragments
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4.2.1.1 Carbon target:
projectiles ���	��
�# N, ������
�& O and 
�����
�' F

� )�T+,/)M_Y)�'&%C"W'=�i#�*�,/) p��~�  �4 )�ZO%	"§%-$�) k����Gy  ( *�4W4 � " QU%-$�L&% ��L�4 Z���LMS�"�V6*�V "§.�Z
%-$�)�4 .�'�#�" %-*�Q�"�'+L�4mV(.�VX)+'&%-*�V�Q�"^_P%-,2"W��*&%]"^.�'�_�.�Z %-$�)�Zh,OL�#�V()�'&%P_�"�'R%-$�)�,/)�L�3N%]" .�'c�`" %-$
%-$�)�3ML�,���.�'�%YL�,/#�)N%�� � )7_�$�.�� %-$�)	,/)N_�*�4 %P_XZ�.�,�%-$�)§%-$�,�)M)�_P%-*�Q�"^)MQ _ETU)N3+"^)N_  �'U" %-,/.U#�)�'!$
.MS+��#U)�'°L�'�Q 3²*�.�,["�'�)�"�L&ZO%P)�,j_�*��&%-,/L+3�%]"�'�#�%-$�) T+L�,�%]" 3�*�4 L�,g"�'&%-,["�'�_-"^3 ,/)N_�.i4W*&%]"^.i'=.�Z`%-$�)
k`lmb8Z�.�,z)�L�3�$�3ML+_Y)  �V()�L�_�*�,�)MQ "W'�L�Q�" �²)�,�)�'&%�_Y)N%h%]"W'�#°"W'7�K$U"^3+$�%-$�)�T�,�.-�h)M3N%]"W4 )N_`��)�,/)

��p



4.2 � Momentum distributions of core fragments
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4.2 � Momentum distributions of core fragments
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4.2 � Momentum distributions of core fragments
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4.2 � Momentum distributions of core fragments
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4.2 � Momentum distributions of core fragments

JmL���4 )jp@�|�@t ����� ���)� �� "	��
 ��� �  ��� 	�� 	������E�1�,�:�;�3�)�,&$�6���>�E��5 �$�;�3�:�%��+��2�'�C� 56�2�)�,  !,+��:�E�%�)�,	 ��@2��� ����	?� �6�
�6��	����J��� �(	(��56�7�
	1+ 	(�J	���� 	��7����� @����3�?��� 	���	����)	��
	 �:� � 	��K�E!��)	?� �1���� �E� �
+ �� 	��2���>� � ���3���)	 � � ��	(�6&$������
��� 	��3��5��$�>4#����+25����A�����3& �2�:� �E���9��7	(�$�L������������� ��� ����	��
 ���� ����	����������	����� ��� �� �6��������������
	 ���35��,	  �"	��
 � % +�* +8�,� 	/&2���%�)� 	(� 	��2������ � ��� � � �>	(�  5 � "	��
 � % +�* +�������� �2�:� 	 ��� � D,�)� � �,�8�$<	����
���� � ��� � � �>	(��4>���2�"	����"! �I�F�$��)���$�8�:� � 	��K�E!��)	?� �1�/�$�%�/��� � �A�,�2�����>�

( ,/L+#iVX)+'&% ��yXb �\��� k�� �zy �|��� #�0Pk����Gy �|��� # 
 �  � � � � � 1��)�� �+3�"  1��)�� ��3�"  ]��) � ��3�"
��' � �&�U9@� ����p�� � IU�@� I�I�p�� �U���\�
��� � �&�U�@� ������� � IU�@� I�9U9@� �@�\�
��, � �&����� I�9�p�� � I.-@� I�9�p�� ��p��\9
��� � �&��p�� I�IU�@� � I.-@� I�IU�@� �&�@�~�
��, � �U�U��� I�pUp�� � 9U�@� I�pUp�� 9@�\�
��� � �U�U��� I�p�9@� � 9U�@� I�p�9@� 9@�~�

�# � �U��p�� I��Up�� � I.-@� I��Up�� �@�\�

�� � �U�&9@� I���9@� � I.-@� I���9@� ���\�

�
 � �&����� Ii�&�@� � 9���� Ii�&�@� p��\�

�� ( �U�&�@� I������ � 9U�@� I������ 9@�\I

�
 ( �U�&�@� I���p�� � IU�@� I���p�� -@� �

�& ( �U�U��� I�I���� � 9U�@� I�I���� ���\�

�� ( �&�U�@� ���U�@� � 9�p�� Ii����� -@� �

�* ( �&�U�@� ���U�@� � �@��� ���U�@� 9@� -

%-$+L&%��5)8)-S�TU)M3�%P)MQ	Zh,�.�V %-$�)8Q�L&%YL�.��&%YL�"W'�)MQ��`" %-$§%-$�)83ML�,���.�'§%YL�,�#U)N%��

� )	,�)M3M.�,�Q�"W'�%YL���4 )�p�� -c%-$�)7 +L�4W*�)N_X.�Z�%-$�)ok����Gy �\_  [�`" %-$�%-$�)�"�,53N.�,�,/)N_�T�.�'�Q�"�'�#
)�,2,/.�,/_�"�L+_Y_-"^#�'�)NQ°%P.C%-$�)�%-,/L�'�_P �)�,�_1L�4mVX.iVX)+'&%-*�V©Q�"^_P%-,2"W��*&%]"^.�'�_  P"�' > L�'�Q � "(.�Z %-$�)
Q�" �²)�,�)�'&% "^_Y.�%P.�TU)N_5.�Zz'U" %-,/.�#U)�'!$�.MS+��#U)+'gL�'�Q 3H*�.�,2"W'�)(L&ZO%P)�,HL ��
�����
i����������
��A�@�	����D@F
������D ����? ����D���������
 .�'cL FW��Di� %YL�,/#�)N%  [�K$U"^3+$ $+L& �)	�U)N)�'c.��&%YLU"�'�)MQ ���cQ�"W,/)N3N%g)� +L�4 0
*+L&%]"^.�'°.�' %-$�) $U"^_P%P.U#�,/L�V "�L&ZO%P)�,�_E*��&%-,OL�3N%]"W'�# %-$�)="W'&%-,2"W'�_E" 3 ,�)M_Y.�4W*&%]" .�' .�Z�%-$�)°k`lmb
3M.iV7T+L�,�)MQ§%P.8%-$�) � " 	����� " �X�i%P_N��J`$�) ��yXb(.�Z�)ML+3+$�Q�"^_P%-,2"W��*&%]"^.�'7"^_ L�4 _Y.7_E$�.��('���J`$�)
VXL�"W'c)+,�,�.�, _Y.�*�,/3N)M_�$�)+,/)oL�,�)�%-$�)�_1L�VX)oL�_XZ�.�,5%-$�)�%-,OL�'�_P �)�,/_�L�4�3M.�V6TU.�'�)+'&%P_(�`" %-$	L
3�L+,��U.i'�%YL�,/#�)N% $G��*&%�%-$�)7_P%YL�%]" _Y%]" 3M_8"^_�4 .��5)+,5L�'�Q	%-$�)R"W'&%-,2"W'�_E" 3c,/)N_�.i4W*&%]"^.i'�.�Z�%-$�)§k`lmb
�`" %-$7%-$U"^_j%YL�,�#U)N% ��.�,/_Y)o"W'&%-,/.�Q@*�3+"�'�#RLc4 L�,/#�)�,z)�,2,/.�,h�

�U9



4 � Results on ���	��
�� N, ������
�� O and 
�����
�� F

Px (MeV/c)

C
ou

nt
s

0

500

1000

1500

-200 0 200

Py (MeV/c)

C
ou

nt
s

0

500

1000

1500

-200 0 200

( "^#i*�,/) p��\�@t � ��	/&��$� � � �1�*!$��	#�L�)�$�-	���� 	��)�2�����%�)�*	��7����� @����3�?���&	���	 �$��	��"	 �>� �(	�� �E!��)	?� �1���� ���,7	
&�������� �J�E�"	��2���� �:�E�%�)�,	?� �6�>� � � 51�)	/&����2�$� �B�E�"	����9+�� �>�E�3����	?� �1��+ �$������ ��7	(��� �6�2� �?�2�$��	��3�1�-�%� 	 �$@����
�6�8�G�����H!$�1�  �1&$�$�8�2�E�%�$� ����+ �����A�6�8��� �)���9	 ���%5��,	1 �1&$�$�8�?06���$�%����+,� � �$	��9�:� � 	��K�E!��)	?� �1��� ����@��A!$�)�$�
�2�:�#	 ��� � D��)�9�$�;!$� 	��7���K�E� +G�E�B�:�%���$� 	(�A�,� 	/&2���%��	��2�2�E��&$�%� � � �)�<�E�/�"&$�%�6&$��� � ��+)� � �2�/�%������� 	(� &$�%���'�$��	(�)�
�2�$�%�G����@2�A����	�!$�����G�,�:�;�%�)��	(���-!,+B	��2�G�E�)	�� �E����� �G�3�)� �6� ��	?� �6�B�� 	��2�*"%$
�F+��,	��

4.2.2.3 Two-neutron removal on a carbon target:
projectiles 
�� N, 
�� O and 
�� F

� )�_E$�.��¡"�'K%YL���4 )`p��|�g%-$�)j +L�4W*�)N_5.�Z�%-$�)Xk�� �zy �|_  [�`" %-$(%-$�)�"�,H3M.�,�,�)M_ETU.�'�Q�"W'�#7)+,�,�.�,�_ "
L�_�_-"^#�'�)NQ %P.®%-$�) VX.iVX)+'&%-*�VQ�" _Y%-,["���*&%]"^.i'�_ "W' ��$ > L�'�Q �  AL&ZO%P)�,(_�*��&%-,/L+3�%]"�'�# %-$�)
"�'&%-,["�'�_-"^3	,�)M_Y.�4W*&%]" .�'R.�Z5%-$�)ok`lmb§%-$+L�%`3N.�,�,/)N_�T�.�'�Q�_XZ�.�,�)ML+3+$R3�L�_�)�" $�%P.	%-$�)§Q�" �²)�,/)+'&%
"^_Y.�%P.�T�)M_z.�Z�'U" %-,/.U#U)+'!$�.MS+��#U)+'`L�'�Q 3²*�.�,2"W'�)jL&ZO%P)�,@L � �K� �N
i�@�����A��
c�A�@�	����D@F ������D ����?
����Di��������
 .�'6L ��Di� ����
 %YL�,�#U)N%  [�K$U" 3�$o$+L� �)6�U)N)�'8.��&%YLU"�'�)NQC�N�8Q�"W,/)M3�% )N +L�4W*+L&%]"^.�'8.�'
%-$�)=$U" _Y%P.U#i,OL�V "§3N.�V7T+L+,/)MQ�%P.�%-$�) � " 	�� � � " �°�i%P_N� J`$�) ��ygbC.�ZK)ML+3+$=Q�" _Y%-,["���*&%]"^.i'
"^_§L�4 _�.=_�$�.��K'���JK$�)=4 .�� _P%YL�%]" _Y%]" 3M_	" _7%-$�)=VXL�"W'°)�,�,�.�,�_�.i*�,/3M) L�_Y_�.�3+"^L�%P)NQ %P. %-$�)N_�)
V()�L�_�*�,�)�V()�'&%P_N�	«�Q�Q�" %]" .�'+L�4²)+,�,�.�,�_Y.�*�,/3N)M_6L�,/)�%-$�)R.�'�)M_6L�4W,�)�L�QU� V()�'&%]" .�'�)MQ®"W'	%-$�)
3�L�_Y)6.�Z¤%-$�) � �  � �  �	 ! � � � �  �	 � � "�$ 
�" �  ��

JK$�) "�'&%-,2"W'�_E" 3 ,/)N_�.i4W*&%]"^.i'±k����Gy " _ L�,�.�*�'�Q � � � � ��
 ���2$�� 
�� � ��
 ���®L�'�Q
� � � ��
 ���XZ�.�,���' $ �

�
L�'�Q � � $�,/)M_ETU)N3N%]"  �)�4 �M�

� )j�`"�4W4+3N)�'&%P)�,�.�*�,HQ�"^_Y3�*�_Y_�$�)�,/)K.�'(%-$�)K3N.�,/)`Zh,OL�#�VX)+'&% 4 .�'�#i" %-*�Q�"W'+L�4�V(.�V()�'&%-*�V
Q�"^_P%-,2"W��*&%]"^.�'�_KQ�L&%YLit(} '7%-$�)§3�L�_Y)§.�Z ��� � L�'�Q 
�
 � $��5)§.i��_�)+,� �) �@*U" %P)c�+,/.�L�Q=V(.�V()�'�0
%-*�V Q�"^_P%-,2"W��*&%]"^.�'�_ $i�K$U"�4 )(%-$�)X_-" %-*+L&%]"^.i'�"^_ %-$�)X.�T�T�.U_E" %P)8"W'�%-$�)X3ML+_Y)X.�Z 
�* ( ��J`$U"^_�4^L�_P%
'�*�3�4\"^Q�)�3N.�VX)N_jZh,/.�V 
�� ( $��K$U"^3�$8�5)�T�.i"�'&%P)NQc.�*&% L�_�L �1T�.U_Y_E"W��4 ) �o%��5.�01'�)�*&%-,�.�'	$+L�4 .
�K$�)�'6�5)8Q�"^_Y3�*�_Y_�)NQC%-$�)�%[��.�0]'�)+*&%-,/.�'C,�)�V(.� +L�4�3�,/.�_�_h0h_Y)M3�%]"^.�'�_g"�'§_�)N3N%]" .�'�p�� ���\I@�

��p



4.2 � Momentum distributions of core fragments
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4 � Results on ���	��
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4.4 � Coincidences between � rays and momentum distributions of core
fragments

JmL���4 )gp@�q�&I�t ����� �2���<�$ "	��
 � � �  !� � 	��B	��2�2�E� �,�:�;�%���,&$�1�2�>�E�258�$�;�%�:�3��+ �2� �C� 51�����   !,+G�>�E�3����	<�,@���� �2���
	?� �6�F�$@2�$�#	����B��� �(	(��56�7�
	1+ 	(�B	��2� 	(��	 ���E4�	��2��56�%�6�����B�(	 ��	(��4������B	��2� � �%�(	����$��� 	(���/�(	 ��	(� �,�6��	�� �E!���	?� �6�
	(� 	���� � �1��5>� 	��2�>�E�2��� 	 ��	����)	��
	 �>� �(	�� �E!��)	?� �1� �� ��� - ��7	(�$� � ����������� ��� �� �	��
 � ��� � ��	��� ��� �
�	��� � � ��  �3� 	 ��� - �6�=� ����� ���� 	 ���%5��,	  �"	��
 � +B�,� 	/&2���%�)�-	(� 	��2� ������ ��� � � �>	(�  5 � "	��
 � +,�
� �2�9���:� 	 ��� � D,��� � ���<�� 	��2� ������ ��� � � �>	(��4>���2�A	��2�"! ���J�$��)�����8�>� �(	�� �E!��)	?� �1�8�$�%�B��� � �A�,�2�����>�

n " _Y%-,["���*&%]"^.i' ��ygb k�� �zy #+0Yk����Gy # 
 � � � �
 ]��)�� ��3�"  1��)�� �+3�"  1��)�� �+3�"

J�.�%YL�4 �U�@� �&�U9@� � �&��� ��-�p�� �@�|�
���|��� �U�@� �&9�p�� � IU��� ��-U�@� �@�\�
ª��\��� -U9@� ��-.-@� � IU��� ��-U�@� �@�|9

¯�.�,2,/)M_ETU.i'�Q�"�'�#�.�'�)E0]'�)�*&%-,�.�'8,/)+VX.� +L�4�3+,/.U_Y_h0h_Y)M3N%]" .�'�_�Z�.�,�%-$�) 3M.�'�_-"^Q�)+,/)MQ�,�)�L�3N%]"^.i'
3�$+L�'�'�)�4 _�$�"�'j�K$U"^3+$�%-$�)j3M.�,/) Zh,OL�#�V()�'&%�"^_ T+,/.�Q@*�3M)MQ�"W'�Q�" �²)�,�)�'&%z_Y%YL&%P)M_ $�L�,�)(T+,/)M_Y)�'&%P)NQ
"�'7%YL���4 )�p�� �&9@�

JmL���4 )Kp�� �&9@t
�"��&$���K�'	 �$��	 ���$�6�2� �?�����)	��%�6�G�3� 	��$@��������%���'� � � �)�,	?� �6�2�  �� � ��� +��� � � - 4$K�:� 	����F�,�1����� � �
�$�%�)� �3������	?� �6�/�$�2��������� �)41�E� � �$� �$�F	��2�B�,�:�%�F �%�25 	��$��	  ��� - + � �F&$�%�>�6���,�����E�8�:� � �$�%�$��	I� 	 ��	(���2 �����+,�
� �2�F	(�$	 �����6�2� �?�����)	��%�6�A�%� 	���@2���:���%��� � �;�'�)�,	?� �6�G� � ��� � �A�,�2�����>�

� �  ]��) ��" � ��� �  YV7� "
� p�I@� � �&I��

�U�q� 9���� � �&I��
� �U9@� � �&���

JK$�)cQ�L�%YL°L�4 _Y. .�*&%-4|"W'�)M_§L°3+4 )�L+, � � L& �)	3M.i'&%-,2"���*&%]" .�'� ��� *	��
 .�, � � &	��
 "8%P.=%-$�)
L�'�#�*�4^L�,GV(.�V()�'&%-*�V .�Z�%-$�)` +L�4 )�'�3N)6'�)+*&%-,/.�'g.�Z 
�# �  ���)NZ�.�,/)`%-$�)8��,�)�L�¬�*�T "��K$�)�'g%-$�)
3M.�,�)§"^_K"W'8%-$�)g)ES�3�" %P)MQR_P%YL�%P)�� ( .�,m%-$�)�#�,�.�*�'�Q�_Y%YL&%P)7$i%-$�)�VgLU"�'83N.�'&%-,2"W��*&%]"^.�'§L�T�T�)�L�,�_
%P. �U)8L�' � �5L� �)  
 � ����
 "N�

4.4.3 Projectile
���

O
J`$�)�_E" %-*+L�%]" .�'R�`" %-$	%-$U"^_�'�*�3+4|" Q�)	"^_�V(.�,�)o3M.�V6T�4|" 3�L&%P)MQ���J5�5.C¦¡,/LN��_g3M.i'&%-,2"���*&%P)�%P.
%-$�)§T�)�L�¬7"�'�%-$�)(¦�01,OLN�8_ETU)N3N%-,2*�V��K$�)�,/)K�5)�$+L& �)X)M_P%YL���4|"^_E$�)MQR.�*�,�#�L�%P)(Z�.�,²%-$�)g3M.�"�'�0
3+" Q�)�'�3N)RV()N%-$�.�Q4 2_�)N)8�i#�*�,�)6p@�q�&9."N�

-U�



4 � Results on ���	��
�� N, ������
�� O and 
�����
�� F

« '+L�4 ��_-"^_`.�Z�%-$�)73M.�,�,�)M_ETU.�'�Q�"W'�#c¦�0],/LN��_ETU)N3N%-,2*�V L�4W4 .&��_�*�_�%P.	Q�)�%P)�,�V8"�'�)73M.�'&%-,[" 0
��*&%]"^.i'�_j%P.o%-$�)�T�)�L�¬7$@%-$+L&%j3ML�'R�U)8Q@*�)�%P.�t

0 
�# �s"�'o%-$�)6�²,�_Y%()ES�3�" %P)MQ _P%YL�%P)7%-$+L�%`Q�)N3�LN��_K%P.C%-$�)§#�,�.�*�'�Q�_Y%YL&%P)C���o)�V8" %h%]"�'�#
.�'�)g¦ ,OLN�M��JK$�)�,/L�%]" . "W'7%-$U" _�3�L�_�)�"^_Nt�.�'�)8_P%YL�%P)�%P.R.�'�)�¦ ,OL��

0 
�# � "W'g%-$�)X_Y)M3N.�'�Q�)ES�3�" %P)MQ§_Y%YL&%P)7$�%-$+L�%5Q�)N3�LN��_ %P.7%-$�)`�H,/_P% )ES�3+" %P)MQ�_P%YL�%P) $i%-$�)+'
%P.6%-$�)X#�,�.�*�'�Q�_P%YL�%P)���} 'g%-$U" _�_-" %-*+L&%]"^.i'!$���)7$+L& �)K%��5.§¦�,/LN��_ .�Z�_-"�V8"�4 L�,�)+'�)�,/#��
 [%-$+L�%¤3M.�'&%-,["���*&%P)�%P.8%-$�)K_�L�VX)�TU)ML�¬�"�)�V8" %h%P)NQc"�'(3�L�_Y3�L�Q�)(L�'�Q7LX_E"W'�#�4 )`.�,2" #i"�'+L�4
)-S�3+" %P)NQ	_P%YL�%P)��5JK$�)�,OL&%]"^.C" _X"�'6%-$U"^_`_E" %-*+L�%]" .�'�t�.�'�)8_P%YL�%P)�%P.o%[��.R¦ ,/LN��_

��'�)°T�,�.���4 )+VgL&%]"^3	_E" %-*+L�%]" .�' L�,2" _�)N_�$jT+,/)� U"^.�*�_E4 � 3N.�V7V()�'&%P)NQ "�' 3�$+L�T&%P)�, � toJ`$�)
_Y.�4W*&%]" .�' " _8%P. *�_�)cL ���1 ��"�'	%-$�)cQ�)�%P)�,�V8"�'+L&%]"^.i' .�Z %-$�) VX.iVX)+'&%-*�V Q�" _Y%-,["���*&%]"^.i'
Z�.�,G%-$�)73N.�,�)6Zh,/L+#iVX)+'&%�)ES�3�" %P)MQ	_Y%YL&%P)M_ $G"W'�.�,/Q�)+,¤%P.cL�,�,["  �)7L�%�%-$�)73N.�,�,/)N3N%�'�*�V6�U)+,�.�Z
)N �)+'&%P_M�

( ,�.�V�%-$�)�acv�x��mw _E"WV7*�4 L�%]" .�' " %7"^_�T�.U_Y_E"W��4 )o%P. .��&%YLU"�'R%-$�) T�,�.��+L��U"W4|" %2�cZ�.�, %-$�)
)�V8"^_Y_-"^.�'�.�Z�%-$�)o%[��. ¦¡,/LN��_83M.�'&%-,["���*&%]"W'�#°%P. %-$�)c.i��_�)+,� �)MQ®TU)�L�¬  1���U� �L�'�Q -U� �
�`" %-$cLR%P.�%YL�4�)+,�,�.�, .�Z � IU� � "��6J`$�)§%P.�%YL�4�)���3+"^)+'�3N�	.�Z5%-$�)oL�,�,/LN�cL�%K%-$�)�)+'�)�,/#��	.�Z
%-$�)8TU)�L�¬g"^_ )N_Y%]"WVgL&%P)MQ�%P.o�U)  ����\9.- � �@�~�Up!" � � � )`3�L�'g%-$�)�,�)NZ�.�,/)XL�T�T�4 �XZ�.�,�V6*�4^L�9@� �U�
%P.oQ�)N%P)+,�V8"�'�)8%-$�) �RZ[L+3�%P.�,ht

� 1 � � ��� % � � F�� � 
 A���� � � ��F A ��� F�� 1 � � � �  �p�� �2"
�G_E"W'�# %-$U" _X +L�4W*�)c"W'c.i*�, L�'+L�4 ��_-"^_ $²�5)�.i�&%YL�"W' ,�)M_E*�4 %P_X%-$+L&%gL+,/)CT+,/)M_Y)�'&%P)NQ®"�'o�i#�0

*�,/)`p�� �&�@� � )�,/)+T�,�)M_Y)�'&%5%-$�) ! � ! "�$ $�%-$�)�M � � 	 ��� � ! " !  L�'�Q8%-$�)  � 
 �&!  � ��! " !  (V(.�V()�'�0
%-*�V Q�" _Y%-,["���*&%]"^.i'�_M�5J`$�)�Q�"^_P%-,2"���*&%]" .�'�_`L�,�)�'�.�,2VgL�4|" N)NQc%P.�%-$�)�,/)+VX.� +L�4�3+,/.U_Y_P0A_�)N3N%]" .�'
%-$+L&% 3N.�,2,/)N_�T�.�'�Q�_�%P.c)ML+3+$�3�$+L�'�'�)�4��

} '7��#i*�,/)8p�� �&����)73ML�'§_�)N)6%-$+L&%j%-$�)8Q�"^_P%-,2"W��*&%]"^.�'�_K3M.�,2,/)M_ETU.i'�Q�"�'�#c%P.o%-$�)6#�,/.�*�'�Q
_P%YL�%P)oL�'�Q°%P.�%-$�)�)-S�3+" %P)NQ=_P%YL�%P)N_�3M.�'&%-,["���*&%P)C"�'c_-"�V8"�4^L+, �@*+L�'&%]" %]"^)M_g%P.C%-$�)�%P.�%YL�4�Q�"^_h0
%-,2"W��*&%]"^.�'��°JK$�)c#�,/.i*�'�Q _Y%YL&%P)�L�3M3N.�*�'&%P_7Z�.�, � � � �  � ��� $m�`" %-$ %-$�)	)-S�3+" %P)NQ _Y%YL&%P)M_
VXL�¬�"�'�#�*�T§%-$�)�,�)�VXL�"W'U"�'�# � � � �  � ��� �

�z,�.��H4 )M_z.�Z�%-$�)KVX.�V()�'&%-*�V Q�"^_P%-,2"W��*&%]"^.�'�_ "�'�Q�"^3ML�%P) %-$+L�%m%-$�)(VgLU"�'�3N.�'&%-,2"W��*&%]"^.�'�%P.
%-$�)(L�'�#�*�4 L�,zVX.�V()�'&%-*�V 3M.i'&��#�*�,/L�%]" .�'�.�Z�%-$�)( +L�4 )�'�3N)6'�)+*&%-,/.�'�"W'�_E" Q�)(%-$�)8T�,�.-�h)M3�%]"�4 )
"^_jL � � L& �)�Z�.�,m%-$�)73N.�,�)�Zh,OL�#�VX)+'&%j#�,�.�*�'�QcL�'�QR)ES�3�" %P)MQ	_Y%YL&%P)M_N�

JK$�)�T+,/.��H4 )N_8.�Z %-$�) VX.iVX)+'&%-*�V£Q�" _Y%-,["���*&%]" .�'�_  2_�)N)R%YL���4 )op�� ��p!"g3N.�*�4 Q �U) *�_�)NQ
%P. )ES+%-,OL�3N%R"�'&Z�.�,�VXL&%]"^.�'®,/)�4 L�%P)NQ %P. %-$�)=L�'�#�*�4^L+,�VX.�V()�'&%-*�V 3N.�'&��#i*�,OL&%]"^.�'=.�ZX%-$�)
 +L�4 )�'�3N)�'�)�*&%-,/.i'��

�U�



4.4 � Coincidences between � rays and momentum distributions of core
fragments
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4.4 � Coincidences between � rays and momentum distributions of core
fragments
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4.4 � Coincidences between � rays and momentum distributions of core
fragments
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Chapter 5

Experimental data compared
to theory
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5 � Experimental data compared to theory
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5.1 � Theoretical framework

�U)�%[��)M)+'g%-$U"^_�_P%YL&%P)(L�'�Q8%-$�)�.�%-$�)�,�_M�j��LU"�,["�'�#83M.�,2,/)�4 L�%]" .�'�_ L�,�)�_Y%-,�.�'�#U)�,m"W'7'�*�3+4 )+"&�`" %-$
'�.�'�0A3�4 .�_�)NQc_E$�)�4|4 _ $�L+_`" %`"^_ )ML+_-"^)+,G%P.�)ES�3+" %P)�'�*�3�4 )M.�'�_X"W'�_E" Q�)8L7_E$�)�4W4 $�L�4 _Y.�"W'8%-$�)�3�L�_�)
.�Z�4 .&� Q�)+'�_E" %2��'�*�3+4 )�L+,gVgL&%h%P)�,  �Q@,2"WT�4|"W'�) '�*�3�4 )+" "N� }^%§" _§3�4 )�L�,�%-$�)�' %-$+L&% $�Z�.�,(VXL�'&�
'�*�3�4 )+" $@T+L�"W,2"�'�#�3N.�,�,/)+4^L&%]"^.�'�_�T�4^LN�(LKZh*�'�Q�L�V()�'&%YL�4U,/.�4 )7$U#�"  U"�'�#�,["^_Y)j%P.�3M.�4|4 )N3N%]"  �)�_P%YL&%P)M_
L�'�Q°V(.iQ�" ZO�U"�'�#�%-$�)8_E"W'�#�4 )�T+L�,B%]"^3+4 )8)�'�)+,/#i" )M_ $²L�'�Q	_E$�.�*�4 Q°��)8%YL�¬-)+'	"�'&%P.RL�3M3M.i*�'&%��

��LU"�,2"W'�#�3M.�,�,�)�4 L�%]" .�'�_gV7*�_P%K�U)§'�.�%P)NQRZ�.�,m3ML�*�_-"�'�#oL6_E" %-*+L�%]" .�'8�($�)+,/)+�N�6%-$�)§"�'&%P)+,B0
L�3N%]"�'�# T+L�,�%]" 3�4 )M_7L�,/) '�.�%�L&%�Q�)��²'U" %P)c.�,��U" %YL�4 _�$ ��*&%�3M.i'�_Y%YL�'&%-4 ��3+$+L�'�#�"�'�# $�"�'C_�*�3+$ L
� L��§%-$+L&% %-$�)+"W,GZh*&%-*�,/)8)�'�)+,/#i" )M_KL�'�Qo� L& �)�Zh*�'�3N%]"^.i'�_�Q�)�TU)+'�Q	.�'7%-$�)+"W, T+,/)N_�)+'&%`)�'�)+,B0
#i" )M_  2%-$U" _ �AQ�)�T�)�'�Q�)+'�3M) �°"^_�3ML�4|4 )MQ �A_Y)�4 Z/0A)�'�)+,/#�� ��" ��!�)+'+�U9i���h�

JK$�,�)M)g%[��TU)N_ .�Z5,�)M_-"^Q@*+L�4@"�'&%P)�,/L+3�%]"^.�'�_jL�,/)§VXLU"�'�4 ��*�_Y)MQoZ�.�,�3ML�4 3�*�4^L&%]"^.i'�_ � �¤)N�+��p��At
)��²)M3�%]"  �) %[��.�0]��.iQU�KVXL�%-,[" Sj)�4 )+VX)+'&%P_�$+�($�)+,/) L�4W4-%-$�)`T+L�,OL�VX)�%P)�,�_ ,�)�VXL�"W' Zh,�)M)7$�,/)ML�4\"^_P%]"^3
"�'&%P)+,OL�3N%]" .�'�_�$�Q�)+,2"  �)MQcZh,�.�V�Zh,�)M)�'�*�3�4 )M.�'�01'�*�3�4 )M.�'o"�'&%P)+,OL�3N%]"^.i'!$�L�'�Q�T�$�)�'�.iVX)+'�.�4 .U#�" 0
3�L�4@"�'&%P)+,OL�3N%]" .�'�_�$�3+$�.U_Y)�'o"�'7_�*�3+$�L6�5LN�8%-$+L�% %-$�)N�RVXL�%P3+$7%-$�)�)-S�TU)�,["�V()�'&%YL�4�,/)N_�*�4 %P_M�
� ) ��.�,2¬-)MQ6�K" %-$g) ��)N3N%]"  �)�%��5.�01�U.�QU�7VXL&%-,2" Sg)�4 )�V()�'&%P_  2%-$U" _�� L�_�Z[L& �.�,�)MQo�N�(%-$�)�_�)N3�0
.�'�Q��@*+L�'&%]" ML&%]"^.i'§Z�.�,�VXL�4\"^_EV¢_E"W'�3M)�" %(*�_�)N_`.�TU)+,OL&%P.�,�_�Q�)N�H'�)MQ°�N�cVgL&%-,2" S�)+4 )�V()�'&%P_�"N�

( "^#i*�,/)C��� ��t �>���2� 	F��	?� �-&�� ��	G�%�$&$�%���'�$��	?�E��5 �2��� 	��2���,�2�:�
	9�7����5�� &2���E� �E��5 �,�:�;�3��� ��	?� �6�2�G!$��	#�L�)�$�
	 �L� &2���
	?� �$� ���   � �,7	�+/���%����!��'�:�H!$��� �E��	��2� �%�)��� � ��� 	?� �6����<	��2��51�3�1����� �(	 ��	(�  H���,K�:� 	 ��	?� �6���� 	����
�,����&$�B�6!2� ���
@2�)���E�B	��2�A� � 56��	�&�� ��	����3��+,�

JK$�)�T�)�,�VXL�'�)�'&%�V(.iQ�" ��3ML�%]" .�' "�'	%-$�)R_P%-,�*�3N%-*�,�)c.�Z %-$�)o#�,/.i*�'�Q=_P%YL�%P) $ ,�)M_E*�4 %]"�'�#
Zh,/.iV %-$�)`T+LU"�,2"W'�#(Z�.�,/3N)7$�3�L�'g�U) %-,/)ML�%P)NQX�K" %-$j%-$�)`$�)�4WT`.�Z�%-$�) _�*�T�)�,/3N.�'�Q@*�3N%]"W'�#g%-$�)M.�,��
 ]r¤¯���" � �¤)N�+��p���$@�K$U"^3�$c,/)NQ�)N�H'�)M_`%-$�)8��.�,2¬+"W'�# �+L�_E" _g�N�§3�$+L�'�#i"�'�# T+L�,B%]"^3�4 )§L�'�Q $�.i4 )
.�T�)�,OL&%P.�,/_ "�'&%P. �@*+L�_E"WT+L�,�%]" 3�4 )�.�TU)+,OL&%P.�,�_ ���¨VX)ML�'�_c.�Z�%-$�) 3ML�'�.�'U" 3�L�4`r�.U#U.i4 �]*��U.� �0
�¤L�4 L�%]"W'�%-,OL�'�_YZ�.�,2VgL&%]"^.�'  2_�)N) L�T�TU)+'�Q�" S �

�

� "N�±JK$�) '�)N%o) ��)N3N%o.�Zg%-$U" _c3+$+L�'�#�) "�'
%-$�) �+L�_-"^_�"^_�%-$�) VXL�_�¬�"�'�# .�Z %-$�)°VgLU"�' T+L�,�%8.�Z�%-$�) T+LU"�,["�'�# Z�.�,�3M) $z�K$U"^3+$��U)M3N.�V()M_
L���_�.�,���)MQ ����%-$�)��@*+L+_-"�T+L�,B%]"^3+4 )�.�T�)�,/L�%P.�,/_KL�'�Q	%-$�)§_E*�TU)+,/3N.�'�Q@*�3N%]"W'�#  ]r¤¯���"�#�,/.�*�'�Q
_P%YL�%P)� �_Y)M)°��#�*�,�) �@�q�2"�� J`$U"^_C$+L�_RL�' "�V6TU.�,�%YL�'&%�3M.i'�_�) �@*�)�'�3M)�t %-$�)®r¤¯m� #�,/.�*�'�Q

�&�U9



5 � Experimental data compared to theory

_P%YL�%P)7Q�.i)N_7'�.�%�T+,/)N_�)+'&%XLo3M.i'�_Y%YL�'&%8'�*�V7��)�,�.�Zj'�*�3�4 )M.�'�_  �#�,/L�'�Q�3ML�'�.�'U" 3�L�4@)+'�_�)+VK0
��4 )�" � .i'�4 ��%-$�)	V()�L�'o +L�4|*�)§.�Z5%-$�)	'�*�V6�U)+,5.�T�)�,OL&%P.�, "^_(3M.�'�_Y)�,B �)MQ�$���� ,/) �@*U"�,/)+VX)+'&%
.�Z %-$�)°r¤¯m� #�,/.�*�'�Q°_P%YL�%P)RQ�)N�H'U" %]" .�'��RJ`$�)�,�)NZ�.�,/) $ " %7" _�'�.�%§T�.U_�_-"���4 )�%P.°%YL�4W¬RL��U.�*&%
�1T+L�,B%]"^3+4 )M_�"W'j%-$�) Q�" �²)�,/)+'&%54 )� �)�4 _ ��$�L�'�Q`�5)`V7*�_P%�,/)�Z�)�,�%P. �A.�3M3+*�T+L�%]" .�'XT+,/.i�+L��U"W4|" %]" )M_ ���

JK$�) �@*+L�_-"�T+L�,B%]"^3�4 )gTU"^3�%-*�,/)�T�,�.�TU.�_�)NQR���(%-$�)8r¤¯���%-$�)M.�,��6$+L�_�%-$�)`L+QU +L�'&%YL�#U) %-$+L&%
T+L�,B%]"^3�4 )  �T "jL�'�Q�$�.�4 )  Y$ " QU��'+L�V8"^3N_�L�,�)g%-,/)�L&%P)MQR_P��V7V()N%-,["^3�L�4W4 �+$��K" %-$c��.�%-$6%2��T�)M_j.�Z
)ES�3�" %YL&%]"^.�'�_§Q�)M_Y3�,2"W�U)NQ "�' L®*�'U" ��)NQ �5LN�M�®J`$U"^_cV()�L�'�_§%-$+L&%�9�0 ��� )ES�3�" %YL&%]"^.�'�_§3�L�'
Q�)M_Y3�,["���) � � $ 
 � � ��� $ ��� � 
�� $�.�,'���°)-S�3+" %YL�%]" .�'�_M�

TIME

p

p

h

p

( "^#i*�,/)K���|I�t � �2��� ���:� �251�%�
	  �E� 	��2�����E��51� �J&2���3	?� ��� �B&�� ��	����3��+L���6��	��K�E!��)	?�E�25J	(�/	��2�B�%�$�2�:�#	F��� � D���	?� �6�
�$�	��2�8�$� ����	?� @2�"�E��	(�$�7����	?� �1��!$��	#�L�)�$�8	 �L� &��$�3	?� ��� �)�   &�+B!,+ &2���
	?� �$� � �?���1� �  (&��'� + �,�:�;�3��� ��	?� �6�2�)� �����
� �:�6& �,�:�;�3�)�,&$�6����� 	(��	��2�I��&�&$�)���%�����,�L��1�<@$�E�3	��������:�E&$�1� �  (&��'� + � �$� �$��&$�1� �$� � D,��� 	������������ ���$� 	��)�>�E�"	
 H���:�3�9&$�1� �$� � D���	?� �6� +,�

� $�)+'	%-$�)  ]r¤¯���"�#�,/.�*�'�Q _Y%YL&%P)�"^_8)M_P%YL���4\"^_E$�)MQ�$G�5)	3ML�' T�,�.i3N)M)NQ %P. Q�)�%P)�,�V8"�'�)
Q�" �²)�,�)�'&%�)-S�3+" %P)MQC_P%YL�%P)N_M� ( .�,¤)N �)+'�0h)N �)+'	'�*�3+4 )+"��5)63�L�'	*�_Y)8%-$�) �g*+L�_E"WT+L�,�%]" 3�4 ) ��L�'�0
Q�.�V�z$+L�_�)�«�T�T�,�.�S�"WVgL&%]"^.i'  ����z�U« "0� �¤)N�+��p $j!�)+'+�U9UL���$��K$U"^3+$ %-,�)�L&%P_�%-$�)�#�,/.�*�'�Q
L�'�Q=%-$�)c)-S�3+" %P)MQ�_P%YL�%P)N_R"�'�L 3N.�'�_-"^_P%P)�'&%g� L��  �_Y)M)CL�T�TU)+'�Q�" S �

�

� "N� � �¤�U« Q�)N�H'�)M_
%-$�)R)ES�3+" %YL�%]" .�'�_�"�'�%P)�,2VX_6.�Z�.iTU)�,/L�%P.�,�_6%-$+L&%8L�3N%8.�'C%-$�)c#�,/.i*�'�Q _Y%YL&%P) ����3+,/)�L&%]"^.i'
L�'�QcQ�)N_Y%-,2*�3N%]"^.i'�.�Z ��*+L�_E"���L�,B%]"^3�4 )  ��8� "(T+LU"�,/_  2_�)N)6�i#�*�,�)M_����\IoL�'�QR���\9 "N�

JK$�)8) ��)N3N%]"  �)R,/)N_E" Q@*+L�4�"�'&%P)+,OL�3N%]"^.i'C*�_�)NQc�`" %-$�� �¤��« �5L+_�"�'§.�*�,z3�L�_�)7L�Q�)�'�_-" %[�
Q�)�T�)�'�Q�)+'&%X"�'&%P)+,OL�3N%]"^.i'�Q�)�,["  �)MQcZh,/.�V¢3N)�'&%-,OL�4HT+L�,�%P_K.�Z�%-$�) � � � �g0]VXL�%-,[" S �/r�)�,/�U���
����*�_E"W'�#§%-$�) ! � �sL�T�T+,/.MS�"�VXL&%]"^.�'8.�Z��  �M	 �$  �B��)N#���p���Z�.�,²%-$�)g)ES�3+$+L�'�#U)(3M.�'&%-,["���*�0
%]"^.i'�_�$��($�)+,/)X%-$�)X_Y%-,�)�'�#�%-$�_("W'�%-$�)XQ�" ��)+,/)�'&%�_ETU"�'�01" _�.�_�TU"W'83�$+L�'�'�)�4 _ �5)+,/)8L�QE�-*�_P%P)MQ�%P.
,/)+T�,�.iQ@*�3N)�%-$�) � " ��� " 	 ��� � M � "�$iT+L�,OL�V()N%P)�,�_ ���²T�)��U���5"W'c'�*�3+4 )�L+,�VXL�%h%P)+,h�

�&��p



5.1 � Theoretical framework

p

TIME

p

p

h

p

h

pp

p

h

p

h

p p

p

p

p
h

h

h

( "^#i*�,/)`���\9@t �L���>� 	?� �6������&$�1� �$� � D���	?� �1���:� �251�%�
	�� �E��	��2� �C�E�256� �F&��$�3	?� ��� �J&�� ��	����%��� �:�3� 	 � ��7	�	(�G� � 56��	�4
	��2� � �%�(	 �:� �251�%�
	 �,�:�;�3�)�,&$�1�2��� 	(�9	��2�B���2� �F�$�01�2�2���E!$��� �1�J�$�3����	?� �6�B�6&$���%��	(�:�%� �6��� + 	 �����J�� &����E�3�
�$�� � �$�3����	?� �6�=�1&$�$�7��	(�:�3��� � �2���'�)���6���*�>� �256�7�
	 �,�:�;�3�)�,&$�6�����B	(� 5��������%��� 01�2�2���E!$���'�6�-�$�3����	?� �6�
�6&$���%��	(�:�%�  H��!�� �A	(�*�$�3����	(�����2� ���)�(	��%�2+ &2���E�%�B�$���� +,�.- �:�#	 ����� � � � &$�%��� ���)	(�J	��2���'�A	#�L� !��2�C� �
	;+�&$�)� ��I�:� �251�%�
	 �)4 ��� 	����1��51�A�����:� 	?� �1�2���6���:�H�%�)�,	?� �6�2������� !$�A�,�6�2�C� ���$�%�)��	�����	�5:� @2��� � � �8	(�*��� 56�2�$�
�:�7������� � � ���)� ���$� ��� �<	����B�)�2� �J�$ 	����F	����E�%���:� �251�%�
	 � � 	��B	��2��� �'�$�3�)�$���E��5 /�$� ����	�4 � �$� �$�8�����2� ���
�9�������%�)�2�C�E�25��E�/	����J� 	��3����5�	��/�$ 	����9&����E�K�E�25"�,�:�;�3��� ��	?� �6�2�)�

���z�U« "^_ L+_Y_E*�VX)NQR%P.C��)( +L�4|"^Q	"W'8%-$�)§4|"WV6" %�.�ZG_�VXL�4|4@T+LU"�,2"W'�#�3M.�,�,�)�4 L�%]" .�'�_�$��($�)+,/)
%-$�)�.�T�)�,OL&%P.�,/_ %-$+L�%�3�,�)�L&%P)8L�'�Q�Q�)N_Y%-,�.��6%-$�)�)ES�3�" %P)NQc_P%YL�%P)N_ Zh*�4 �H4W4�L�T�T+,/.MS�"�VXL&%P)�4 �o��.�0
_Y.�'�3N.�'�V7*&%YL&%]"^.i'	,/)+4^L&%]"^.�'�_  �@*+L+_-"���.U_Y.�'�L�T+,/.MS�"�VXL�%]" .�'.�/!�L�'+��p�� "N�5J`$U"^_j3N.�'�Q�" %]" .�'c" _
'�.�,�VXL�4|4 �`Z�.�,/3N)MQo�N�K3�$�.�.U_-"�'�#8L8'�)��¨#i,/.�*�'�Q6_Y%YL&%P)jZ�.�,@%-$�) �@*+L�_E"W�U.U_Y.�'K.�TU)+,OL&%P.�,/_N��«�_
LX3N.�'�_�) �@*�)�'�3N)7$i%-$�)6r¤¯��R#i,/.�*�'�Q7_Y%YL&%P)  �'+L�VX)NQ7Zh,/.iV '�.&� ���@*+L+_-"�T+L+,�%]"^3+4 )� +L�3�*�*�V ��$
_-"�'�3M) " %R" _	'�. 4 .�'�#�)�,�%-$�)�#�,�.�*�'�Q _Y%YL&%P)�"�L�'�Q %-$�) � �¤��«¥#i,/.�*�'�Q _P%YL�%P)C�`"�4|4GQ�" �²)�,
����L�Q@V6" S+%-*�,/)M_�.�Z�L&%X4 )�L�_Y% p�0 ������} '7�i#�*�,�)6�@�\p��5)oT+,/)M_Y)�'&%�L§_�3+$�)�VXL�%]" 3cT�4 .�% .�Z¤%-$�)
� �¤�U« #�,/.i*�'�Qc_P%YL�%P)��

( "^#i*�,/)`���~p�tF�>���2� 	F��	?� �F&�� ��	 ��#	��2��� � � � 56�%�6���2�/�(	 ��	(�  (� ��7	�+ �E��	(�$�;&$�3��	 ��	?� �6� �2�L� �,��&$�$�;&$����� 	?� �6�
 (� � 56��	�+ ���	���� � �=56�%�6���2���(	 ��	(�"&�� �2� 	#�L� &����
	?� �$� � �;	#�L� �2�6� �/� ���2� 	 ��	?� �6�2�)� � �9	������ �,7	 �C� ���8���	����
�)01����	?� �6� �L�*����@2� �2� ��� 	���� 01�2�2���E&2���
	?� �$� � &�� ��	����3��4 � �$�E� �-�6� 	��2� � � 56��	8��� ���=	���� ���E��51� �*&��$�3	?� ��� �
&�� ��	����3�A���2�F!$���$�8�$����� ���BK�:���E� � ��� 	��%��	?� @2�9&����;&$��� �)�)�

��LU"�,2"W'�#®3N.�,�,/)+4^L&%]"^.�'�_o3ML�' T�,�)M_Y)�'&%oQ�" ��)+,/)�'&%cT�,�.�TU)+,�%]" )M_oQ�)�T�)�'�Q�"�'�# .�'°%-$�) _ETU"�'
 A� "KL�'�Q°" _�.U_ETU"�'  �J "�.�Z�%-$�)6_Y%YL&%P)7$m,/)N_�*�4 %]"�'�# "W'�_Y.�V()73ML+_Y)M_(L�%h%-,/L+3�%]"  �)7L�'�Q "�'§.�%-$�)�,

�&���



5 � Experimental data compared to theory

( "^#i*�,/)R���\�@t �>�$��� 	 ��	?� �=�3��&$�3�)� ���)	 ��	?� �1���$F����� 	��2� � � � � � ��@���� �A!$�$����@�� ��� 	�� �3�)�,&$����	F	(� 	����
&����E�K�E�258� 	��3����5�	��:�&� ��� +J	����F�����
@2�FK�:� &$���C� 	?� @2� �������35>� ���I���:�H�%����&$�6����� 	(��&��)+2�C� �)���$� �1� �)	?� �1����� 	
�J	����
���$�
	/&�� �J&�� ��	 	(�)�9�2�$�%��4�	���� 	����%��� �C�E�256� �J&����
	?� �$� � � ��@���� �  K@2�$�3	?� �����:� �E�2����+���	��������35>� ����� �� 4 � �� ����� � � 
 H���;!$� 	��7�$�3+-����� 	(��+ �1!)	 ���E�2�)� � � 	�� � �����%� 	��>�:� �6���-�E�9�,�����9�� ��+8	�����	�����&$�$�������1�8	��2�8�������%���,	(�$�
�����"�(	��%�$�25$	��9�$�	�����&2���E� �E��5=�E��	(�$�7����	?� �1�:� ���E�2� � �3��&$�%��� ���)	(�����A��	 	��%���,	?� @���&2���E� �E��5 �E�)	(���%���,	?� �6�8��
�(	��%�$�25$	�� 0� H���;!$� 	��7�$�3+ ����� 	(��+����*�9�����A� ���/	��2��	F� 	(�B�2�,	��$� ����	F� ��	(���,��� 7	B� �,@2�$� � 	(�*� ���L�$� �������35>� ���
 (!�� ����."&$�>�E�)	(��+,4 �,&$����� ��� � +9	������ ���L��� 	 �1���� H���6� � �)�,	?� @��8�(	 ��	(��+��
	  �L�"�E�2�$�3���2� �/	��2��&����E� �E��5=�(	��%�$�25$	��
 (� �E�2��� +,4#	����9� �1� �)	?� �1�8K�:��	��2�9���6� � �)�,	?� @���� �,@2�$� !$���,� 	����F�,��	8&�� � �>�2� ��� � �)���=!$���E��	(�$�;&$�3��	(�)� �2�J�
56�%��� �E�25-�E�2�(	 ��!��E� � 	H+��E�A	����G@��E!$�%��	?� �1�2��� ����	����3�9�$L	��2�9�(	 ��	(�A���2�=	��2�9��&�&$�)���%�����,�G�$I� &$�$� 	 �������)	
���,K�:� 	 ��	?� �6�>� �:�E����� � +)4�� �E�2��� �,�:�;�3�)�,&$�1�2����	(� � �%�$&���� �C� @2�"�E��	(�$�7����	?� �1�,� �$� �$�"�,��� 7	(� 	��2�A�(	 ��	(�)��	(�
��� 56�2�$� �������35>� ����41��&$�)��� ��� � +9	��2�"�$� 51���)�(	 �6�2��4 ����� ����� �����6� � �)�,	?� @��G���2� 4 � <� 	 	��3�)�,&��2� � �)� 	��2��&��$�3	?� ��� �
� 	B� � �C� �1�J	����%�������1� ��� 	�!$�)����	��)� ���%���'�6�����2�����

3�L�_Y)M_	,�)�T�*�4 _-"  �)�� � � M	 �  � "�$ $��U)N3�L�*�_�)�.�Z`%-$�)�_E$�.�,�%A0],/L�'�#�) L�%h%-,/L+3�%]"  �)�3�$+L+,OL�3N%P)�,K.�Z
%-$�)�'�*�3�4 )M.�'�01'�*�3�4 )N.�'7"W'&%P)�,/L+3�%]"^.�'!$�%-$�)�T+L�,�%]" 3�4 )�0]$�.i4 )g"�'&%P)+,OL�3N%]"^.i'7"^_ L&%h%-,OL�3N%]"  �)g"�'§4\"^#�$&%
'�*�3�4 )+"�Z�.�, � 1 ��_P%YL�%P)N_8L�'�Q ,/)+T�*�4 _-"  �)�Z�.�, � 1 �o_P%YL�%P)N_ � �H.&� �U���h�§J`$�)C,/)N_�T�.�'�_�)
.�Z¤%-$�)7)+'�)�,/#��	4 )� �)�4 _K3ML�4 3�*�4 L�%P)NQ	�K" %-$�� �¤�U« %P.c%-$U" _KQ�" ��)+,/)+'&%g�U)+$+L� U" .�*�,5"^_`Q�)�V(.�'�0
_P%-,OL&%P)MQ®"W'	�i#�*�,/)R���~� $z%P.�#U)N%-$�)+, �`" %-$�L+Q�Q�" %]"^.�'+L�4H3M.�'�_-"^Q�)+,OL&%]"^.�'�_�,/)+4^L&%]"�'�#°%P. � �¤�U«
V(.iQ�" ��3ML�%]" .�'�_ %P.o%-$�)6_-"�'�#i4 )�T+L�,�%]" 3�4 )o4 )N �)+4 _`.��&%YLU"�'�)MQ��`" %-$�� ( �

�`Q�Q '�*�3�4 )+" L�,/) 3N.�'�_E" Q�)�,�)MQ±L�_�3M.�V6TU.�_�)NQ .�Z6%[��. T+L�,B%P_Mt L�' )� �)�'�0h)� �)�' 3M.�,/)
Q�)M_Y3�,["���)MQ �N��� �¤�U« L�'�Q L� +L�4 )�'�3N)CT+L�,�%]" 3�4 )  �T+,/.�%P.�'c.�,j'�)�*&%-,�.�' "N�R} 'c.�,�Q�)�,5%P. L�3�0
3M.i*�'&%KZ�.�,¤%-$�)	T+L�"W,2"W'�# "�'&%P)+,OL�3N%]"^.i' "W'cLR3N.�,2,/)N3N%KZ�.�,2V�$¤�N0`L�'�Q 9+0 �8� )ES�3�" %YL&%]"^.�'�_XL�,/)

�&�U�



5.1 � Theoretical framework

3M.i'�_E" Q�)�,/)NQ��	J`$U"^_§"^_6L�3�$U" )N �)MQ°�K" %-$	%-$�)���*+L�_-" ��L�,B%]"^3+4 )�0�¯�.�,�)	3M.i*�T�4|"�'�# V(.iQ�)+4  ��8��0
¯ " ��!�)�'+��� $�ª�3+¬��U��$²!+)�'+�U9�L��A��J`$�)7�N0 �8�	3M.�V6TU.�'�)+'&%53M.i*�T�4 )M_ %-$�)K3M.�,/)K#�,/.i*�'�Q§_P%YL�%P)
%P. .�'�) �@*+L+_-"�T+L+,�%]"^3+4 ) $¤�K$U"�4 )R%-$�)�9+0 �8� 3M.iV7T�.�'�)�'&%83N.�*�T�4 )N_ �@*+L�_E"WT+L�,�%]" 3�4 )M_7%P.=3M.�,/)
)ES�3�" %P)NQC_Y%YL&%P)M_N�

JK$�) ����0�¯±V(.iQ�)+4HZ�.i4W4 .���_X �)+,��c3�4 .�_�)+4 �	%-$�) � �¤�U« Z�.�,�VXL�4\"^_EV L�'�Q Z�.�,/3N)M_6L�'&%]" 0
3M.i'�V7*&%YL&%]"^.�' ,�)�4^L&%]"^.i'�_(Z�.�,�%-$�) �@*+L�_E" Z�)�,2V6" .�'R.�TU)+,OL&%P.�,�_K�K$U"^3+$	3+,/)ML�%P)�%-$�)�Q�" ��)+,/)+'&%
_P%YL�%P)N_6.�Z�%-$�)o.�Q�Q '�*�3+4 )�*�_�Zh,�.�V %-$�)o)N �)+'�0h)N �)+'C3N.�,�)U� }^%6" _§"�V6TU.�,�%YL�'&%X%P.�V()�'&%]"^.i'
%-$+L&%j%-$U"^_�V(.iQ�)+4 $�*�_Y)M_(L+_`#�,�.�*�'�Q	_P%YL�%P)8%-$�) ���z�U« #�,�.�*�'�Q	_P%YL&%P)  ��($U" 3�$	" _�'�.�% %-$�)
_�L�V()�L�_K%-$�) �@*+L+_-"�T+L+,�%]"^3+4 )§ +L�3�*�*�V " $�%-$U"^_XL�4 _�.°VgL�¬-)N_6" %�T�.U_Y_E"W��4 )7%P.	.��&%YL�"W'��N0jL�'�Q
9+0 �8�¨)-S�3+" %YL&%]"^.i'�_��N�	Q�)M_P%-,/.&�U"�'�#®�N0 ��� L�'�Q 9+0 �8� "W'	%-$�)R#�,/.�*�'�Q _Y%YL&%P)7$z_-"�V8"�4^L+,�%P.
�K$+L�% .�3M3+*�,�,/)NQR�`" %-$ � �¤�U«j�iJ`$�)�,/)�Z�.�,/)7$@%-$�) �@*+L+_-" Z�)+,�V8"^.�'73�,�)�L&%]"^.�'7.�TU)+,OL&%P.�,/_(V6*�_P%
�U)`3N.�V7T�.U_Y)MQ�.�Z¤4|"W'�)�L�,²3M.�V6�U"�'+L&%]"^.i'�_5.�Z��N0�L�'�Q�9+0 �8�	3�,/)ML�%]" .�'8L�'�Q§Q�)N_Y%-,2*�3N%]"^.i'8.�T�0
)�,/L�%P.�,�_(" Z���)(� L�'&% %P.�3M.� �)+,GL�4W4�%-$�)7TU.U_Y_E"W�U"�4\" %]"^)N_M�5« '�.�%-$�)�,�"WV7T�.�,B%YL�'&% 3+$+L�,OL�3N%P)+,2"^_P%]"^3
.�Z`%-$U"^_RVX.�Q�)�4¤"^_7%-$+L&%8%-$�)��N0 ��� 3M.�V6TU.�'�)+'&%�"^_§3N.�V6TU.U_Y)MQ .�Z`3M.i'&%-,2"���*&%]" .�'�_§Zh,�.�V
Q�" �²)�,�)�'&%CVXLY�P.�,K_E$�)�4W4 _�%-$+L�%c$+L� �)�%-$�) _1L�V() ( *@� «�_RL=3M.i'�_�) �@*�)�'�3M) $j%-$�) ��3M.�,�,�)�0
4^L&%P)MQ6_-"�'�#�4 )8T+L+,�%]"^3+4 )j� L& �)jZh*�'�3N%]" .�'�_ �7Z�.�,�%-$�)� +L�4 )�'�3N)gT+L�,�%]" 3�4 )  ��8��01¯ "z�`"�4W4���)�4|"�'�)ML�,
3M.iV7�U"W'+L�%]" .�'�_�.�Z�_E"W'�#�4 )CT+L�,B%]"^3+4 )�� L& �)�Zh*�'�3N%]"^.i'�_  �� ( "XZh,�.�V�Q�" �²)�,�)�'&%§VXLY�P.�, _E$�)�4|4 _
 �)+'�)�,�#��CV8" S�"�'�# "N�jJ`$�)M_Y)��A3N.�,2,/)+4^L&%P)MQ�_-"�'�#�4 )cT+L�,B%]"^3�4 )6�5L� �)8Zh*�'�3N%]" .�'�_ ��L�,/)8�($+L&%g,�)�0
VXL�"W'�_(Zh,/.iVs%-$�)�_P%YL�%]" 3CVX)ML�'�0���)+4 Q°3M.�'&�i#�*�,OL&%]"^.i'  � ( "���JK$�)c,/)�VXLU"�'�Q�)�, .�Z5%-$�)�Zh*�4W4
� L& �)oZh*�'�3N%]"^.i' "^_83M.�V6TU.�_�)NQ�.�Z`L=V6*�4 %]" %-*�Q�)c.�Z�3N.�'&��#i*�,OL&%]"^.�'�_��K$�)�,/)R%-$�)c +L�4 )+'�3M)
T+L�,B%]"^3�4 )R" _8,�)M_Y3�L&%h%P)�,�)MQ="�'&%P.c.�%-$�)�,¤.�,��U" %YL�4 _8���c"W'&%P)�,/L+3�%]"^.�'�_��`" %-$�%-$�)63M.�,/).�/!+)�'+�U9i���A�
� $�)�'cL�T�T+,/.UL+3+$U"�'�#�%-$�)�Q@,2"WT�4|"�'�) $�%-$U"^_g_Y)M3N.�'�Q T+L�,�%(.�Z %-$�)§� L& �)§Zh*�'�3N%]" .�'°�U)M3N.�V()M_
V(.�,�)8"WV7T�.�,�%YL�'&%���JK$U" _�VX)ML�'�_�%-$+L&% $�"W'�L�Q�Q�" %]" .�'X%P.8%-$�)(_P%YL&%]"^38VX)ML�'�0���)+4 Q	�U"W'�Q�"�'�# $@" %
"^_�#UL�"W'U"�'�#	"�'�3H*�)�'�3N)§L�'�.�%-$�)+,G.�'�)�%2��T�)6.�Z �U"W'�Q�"�'�#RQ@*�)g%P.c3N.�,�,/)+4^L&%]"^.�'�_g��)N%��5)N)�'�%-$�)
3M.�,�)8L�'�Q�%-$�)X +L�4 )+'�3M)�'�)�*&%-,�.�'  �3N.�,�)�TU.�4 L�,2" ML&%]"^.i' "N� ( .�,�'�*�3�4 )�"�3�4 .U_�)g%P.�%-$�)XQ@,2"�T�4\"�'�)
%-$U"^_o4^L�_P%83M.�'&%-,["���*&%]"^.i' 3M.�*�4 Q �U)M3N.�V()	Q�.�V8"�'+L�'&%  Y" ��)U��$+L�4 .®'�*�3�4 )+" "N�°�²$�.�*�4 Q %-$U"^_
$+L�T�TU)�'!$H_E$�)�4W4�_Y%-,2*�3N%-*�,�)M_(�`"�4|4���)M#i"W'�%P.CQ�"^_Y_Y.�4  �)§L�'�Q�L�_-"�V6T�4 )7Q�)M_Y3�,2"WT&%]"^.�'�"W'�%P)�,�V(_
.�Z�L§_P%YL�%]" 3RV()�L�'�0A�i)�4 Q T�4W*�_jL	,/)M_-"^Q@*+L�4�"�'&%P)+,OL�3N%]"^.i'c"^_g'�.�4 .�'�#U)�,¤L�3M3N)�T&%YL���4 )U�

� .�,�¬�"�'�#X�`" %-$U"W'`%-$U"^_G%-$�)M.�,/)�%]"^3�L�4&Zh,OL�V()��5.�,2¬7$���)XTU)+,�Z�.�,�V()MQ83�L�4 3+*�4^L&%]"^.�'�_zZ�.�,@.MS+��0
#U)+'	"^_Y.�%P.�T�)M_ $².��&%YLU"�'U"W'�#o�5L� �)6Zh*�'�3N%]" .�'�_�,/)�4 L�%P)NQC%P.	Q�" ��)+,/)�'&%j3M.�'&�i#�*�,OL&%]"^.i'�_M�`��S+��0
#U)+'	"^_Y.�%P.�T�)M_(L�,/)§L�'	"W'&%P)�,�)M_P%]"�'�#="^_Y.�%P.�TU" 373+$+L�"W'�%P.	_P%-*�QU��_-"�'�3M)7%-$�)N�C$+L& �)�� VXL+#�"^3
'�*�V6�U)�, $mL�4 %P)�,2'+L�%]"W'�#C)N �)+'cL�'�Q�.�Q�Q � $H_�.iVX)	'�*�3+4 )�"HL�,/)7 �)�,��o3+4 .U_Y)§%P.C%-$�)7Q@,2"�T�4\"�'�)
 
�
�) 
�& � " $ L TU.�_�_-"���4 )=_E$�)�4W4�3�4 .U_�*�,�) L�T�TU)ML�,/_  AL&% " 1 � � "§Z�.�, 
�� � $�L�'�Q®%-$�)®$+L�4 .
3�L�'�Q�"^Q�L&%P) 
�& �¢"^_�3N.�'&%YLU"�'�)MQ "�'7%-$�)�" _�.�%P.�TU"^383�$+LU"�'��

�&�U�



5 � Experimental data compared to theory

5.1.2 Reaction mechanism description
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5.1 � Theoretical framework
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5 � Experimental data compared to theory
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5.1 � Theoretical framework
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5.2.1 Cross-sections
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5 � Experimental data compared to theory
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5.2 � Comparison between experimental data and theory for projectiles������
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5.2 � Comparison between experimental data and theory for projectiles������
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5 � Experimental data compared to theory
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6 � Summary and outlook
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Appendix A

Theoretical description of the
nuclear structure

A.1 Second quantization
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A.5 � QuasiParticle-Core coupling model (QP-C)

}~Z %-$�)�Z[L�3N%P.�,/_ � �� L�,/)�_EVgL�4W4 $�%-$�)�3M.�,2,/)�4 L�%P)NQ=#�,�.�*�'�Q _Y%YL&%P)�Q�.�)M_§'�.�%KQ�" ��)+,5 �)�,��
V6*�3�$�Zh,�.�V %-$�)�� ( #�,�.�*�'�QR_Y%YL&%P)7$HL�'�Qc%-$�)8.�TU)+,OL&%P.�,/_ 
 �� $ 
 ��Zh*�4 �²4|4iL�T�T+,/.MS�"�VXL&%P)�4 �
%-$�)��U.U_Y.�'§3M.�'�V6*&%YL�%]" .�'R,/)�4 L�%]" .�'  [%-$�)8_�.R3�L�4W4 )MQ � 	�" � � � 	 � � � � " � � � � � ��	 " ! � � � "�t

� 
 � � 
 ��
� � = � � �

�
 2«��\IU� "

JK$�)8) �@*+L�%]" .�'�.�Z V(.�%]"^.�'6Z�.�,G%-$�) 
 �� .�T�)�,OL&%P.�,/_�3ML�'R�U)g�K,2" %P)�'oL�_Mt

� 
 ��
� �

1 � � � 
 �� � ) � � 1 � � 
 �� ) � �  2«��\9U� "
JK$�)� +L�,["~L&%]"^.�'K.�ZH%-$�)`) �@*+L&%]"^.�'`�`" %-$7,/)M_ETU)N3N%�%P. � �� L�'�Q � �� $�L�'�Q8%-$�)(L�T�T�4|" 3�L&%]"^.�'

.�ZYt

� ��) 
 �� 1�� ��) � 
 �� 1 �  2«��\9��2"
�5"  �)N_j%-$�) � �¤��« ) �@*+L�%]" .�'�_Mt� � �

� � � �  � � �
�
�  1 � � � � �

� � �  � � �
�
�   2«��\9UI "

A.5 QuasiParticle-Core coupling model (QP-
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A � Theoretical description of the nuclear structure
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A � Theoretical description of the nuclear structure
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