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��>s~>¬X ¦njkj�Q�`�S?�kHvfaViS_Q�`eNRS-`3j�VileFkHWGF�j.`3D�H^TDRVAHoJ�G�Hvj`\JiL�Q�ViNRLxDRVA`3T GkL�T.NgJiL
GV£b«F7N�VA`\T
Tk`���L�F ')T�`x��L�F >K>W>U>I>U>I>U>U>I>U>I>U>W>K>W>U>I>U>U>I>�Xx��Z

��>s~>¬~ CE�DRQ?L\S-D�V{`3TrGFuj`\D�HoT�D�V{HoJ�GHWj`\JiL�Q�ViNRLxDRVA`3T LodeH�SgJAHUfa`�GcyH^JAHhyLOjkJ{Fp
N�V{HoFkQ�N|S-`3QRj.N >U>I>U>U>I>U>W>K>W>U>I>U>I>U>U>I>U>I>U>W>K>W>U>I>U>U>I>�Xx�®�

��>s~> � �°LxQ�L3S-D BHoQ�VMN�DRVileFkH�N�� BH^T BHoQ?L�JAH�N|G�F²j.`\D�HoT�D�V{HoJ�GHUj.`3JiL�Q�VMN�LxDRVA`\Tw>I>U>U>I>�Xx�®�
�v> ��C�bcHoD�NaGH�NvHo��S-VAD�LxD�V{`3T.NvT�F.S-J BH8LxVAQRH�NKH^DaS-`\FkJA`\fO��VAHoTkT�H�NIGH8N fa`�G�H�NOG�VAj.`xp

JMLxV{Q�H�N�| |RG`\Fk� } } GkLxT7NnJzª ��!qHKH^D|JAH #%# &�He>r>U>I>U>I>U>U>I>U>I>U>W>K>W>U>I>U>U>I>�X3��@
��>��k>{@ §.H�N|j.`3D�H^TDRVAHoJMN�GHUD�Q�LxT.NPVADRVA`3T¨GH�N�fa`�G�H�N|GVAj.`\JiLxV{Q�H�NW>K>W>U>I>U>U>I>�X3�\X
��>��k>¬X BCED�F.G�HqGH�N�fa`�G�H�N�G�VAj.`3JMLxVAQRH�N!| |RG`3Fk� } } �3Ho��S-VAD BH�N«JA`\Q?N�GH|JiLqGV�bcF.NPVA`\T

VAT BHoJiL\N�D�VMl[F�HUGF #%# &�HUN�FkQ'S-V{�kJAHUG�HKj�JA`3f�� >I>U>I>U>W>K>W>U>I>U>U>I>�X3�\~
��>��k>¬~ §.H�NqGHoT.NPVAD BH�N�HoDqj`\D�HoT�D�V{HoJiN°GHIDRQ?L�T.N�V{D�VA`\T
j.`3F�QnJ�ª BHoDRF.GHUGHWJiLvGV£�ip

��F.NPVA`3TuTk`���LxF ' j�Q�`3DR`3T >W>K>W>U>I>U>I>U>U>I>U>I>U>W>K>W>U>I>U>U>I>�X3�\�
�v>¬� �qViN�S_F.N�NPVA`3T¨N�FkQ|J{H�N�fa`�GcyH^JAH�N°LxjkjkJ{VileF BH�N|L�Fk�aTk`���LxF��aHo��`3D�VMl[F�H�NY>U>I>U>U>I>�X3�\�

��>s�>{@ =zT��.FkH^T.S-HUGHUJMLIGHoT7N�VAD BHUN�F�Q|JiLvGV£b«F7N�VA`\T BHoJiL\N�D�VMl[F�HgHoD | | D�LxV{JAJAH } } GH�N
Tk`���LxF�� >U>I>U>I>U>U>I>U>W>K>W>U>I>U>I>U>U>I>U>I>U>W>K>W>U>I>U>U>I>�X3�\�

��>s�>¬X §.H�N|j.`3D�H^TDRVAHoJMNµT�F.S-J BH8LxVAQRH�N >K>W>U>I>U>I>U>U>I>U>I>U>W>K>W>U>I>U>U>I>�X3��@
��>s�>¬~ ³0Q?LxV{D�HofhHoTD'� BHoT BH^Q?LxJqG�HaJiLuGV�bcF.NPVA`3T BHoJML3NPD�VileFkH�j.`3FkQvJ{H�NKTk`���L�Fk�

G`\TDqJzª BHoTkHoQR�3VAH'GH�kHoQ�fhVH8N�D|jkQR`�S¾�kHWGH�� BH^Q�` >I>U>W>K>W>U>I>U>U>I>�X3�\�

�W/.,�2e�;1��o��/,��	�|	����;� ��
 ���o���01���	�1!,�/ �c�k1*�[��/k�����01�� �� 2e���;���¥	�1!,�/��«��1
2e/.����/�^�:���h�[��	����o/., 2e/.,�8�;,c1�1�� < � 	



���������
	������������������ 4.4

� ��g���23����/.,�� �01�� <.� 	
� �����k,��o��/.�8�h	���v���k�o����2e1�����v2 
��k���g����� < � 4
� �W�k���k23��������;�-�8� �01���W	�1 �^�µ��23����/.�½��[������� �U��� < �  

�q>A@�� BH�N�`\JAFkDRVA`3T*>I>U>W>K>U>W>K>W>U>I>U>I>U>I>U>U>I>U>W>K>W>U>I>U>I>U>U>I>U>I>U>W>�X3�3�
�q>sX �k`�SoLxJ{HWS-VAT BH^fwLxDRVileFkHY>W>K>W>U>I>U>I>U>I>U>U>I>U>W>K>W>U>I>U>I>U>U>I>U>I>U>W>�X3�3�
�q>s~ t
H�NPFkQ�H�N|G�HKDRQ?L�T.N�faVMN�NPVA`3TuGH^jkFkViNn¯[=�¯�¯�=.��F.N�leF0ªsL�F
jkJMLxTw`3����H^DqGF¥¯�¡�C�¤ >�X3�[Z

� �U�x/02����	�1����
	��
������c�;�	�c�w	�1�
R�k���o2e���1 �o�2e/.,�	����;���
�39c��2�� +��� + < � 	
� �W�k��2e1��°	����k��� 
��k	���� �o��,��a��������/[�����������/, < 	.5
� �0���r1��������/., 6)/.,�8��� �W�k���;/ < 	« 
� 6 ��[� 
�/0	��
	��
2e�k��2e1��°	�1 2e��,�8�x�u	����c�x�39��i����u	 ��,��k��� �01�� < 	«�

� ���
k������,�2e��� 5 � 	
�a������e9��������/,�� 5«<�5
� ����o1����� 5«<. 





+_,����/0	�1�23����/., 4�5

��� #¥(�� � � � #%$�� �

��H¥DRQ?Lod\LxV{JUL%j`\FkQw�kFkDuG«ª BHoD�F.G�VAHoQaJ{H�NaNPH�S-D�V{`3T.N�H��wS^L3S-H�NhLxTk�\FkJiL�VAQ�H8N²G�H%	�� �°1��o��/,
����;�k�_��� �01��wGHv��LxViNRS-H�L�Fk�
Ho��`3DRVileFkH�N$��!qHe� #	� &�H�HoD #%# &�H�N�F�QIG�H�NUS-VA�kJ{H�NgGH�jkQR`3D�`\T.N-��SoLxQPp
�.`3TkHr`3��D�HoT�FkH�NOJ{`3Q�N²Gcª�Ho��j BHoQRVAHoT.S_H�NIfaHoT BH^H�NOL�F}¤qQ�LxT.G¼¦gSoS BH^J BHoQ�LxD�H^FkQam'LxD�V{`3T.L�JUG«ª¬=]`\T.N
§.`3F�Q?GkN�
�¤'¦gmg=�§���yL¨�°L�HoT��>�¡�`3FkQ�l[Fk`\V°N-ª�V{TD BHoQ�H8N�N�H^QvyLwS-H�NqTk`���LxFk��J BHo�3HoQ�NnQ�VMS¾��H�N H^T¥TkH^Fp
D�QR`3T.N_�.GVAD�NR| |PHo��`3DRVileFkH�N } } �.L�JA`\Q?Nql[FkHUJ�ª�HoT���H^FwGHUJiLv¡E���kNPVileFkHWmnF.S-J BH�LxV{Q�HUGHU�.L\N�NPH BHoTkH^Q��3V{H
H�NPDaJiL%G�H�N�S-QRVAjkDRVA`\T GH�J�ª�VAT�D�H^Q?L3S_D�VA`\T�H-bcH�S-D�V{deHumnF.S-J BHo`3Tp]mnF.S_J BHo`\T j.`3FkQwj.L�Q�deHoT�VAQ¨yL¥FkTkH
faHoV{JAJ{H-FkQRHvS-`\fajkQ BHo�kHoT.NPVA`\TrGH�NKj�Q�`3j�Q�V BH^D BH�NUGF%T�`x��L�F%HoDWGH�Ngf BH8SoLxTkVMN�faH8NnGH�Q BH8L3S-DRVA`3T��
mn`\F.NIL�JAJA`\T.N|��F.NPD�V��7HoQIVMS-V°S-HoD�DRH BH^D�F.GHhHoDUfa`3T�D�QRHoQWl[FkHhJAH�NUTk`���LxFk� S¾��`3ViNPViNUS-`\TDRQ�VA��FkHoT�D
yL²JMLwS-`3TkT7LxViNRN�L�T.S-HwGH�JiLwNPD�Q�F7S-D�FkQRHOT�F.S-J BH�LxV{Q�HvHoDWGH8NKf BH�S^LxTkVMN�faH^NnG�HOQ BH�L3S-DRVA`\T0>�=]J�Tk`3F.N
��LxF�DqLxJA`\Q?NqG BH��.T�VAQ�H^D|jkQ BH�S_ViN�H^Q|S-HoQRD?L�VATkH�N�Tk`3DRVA`\T.NnG�HU¡E���N�VMl[FkH mnF.S-J BH�LxV{Q�He��GHoj�FkViN�J�ª�VAT�D�H^Q�p
L3S_D�VA`\TrmnF.S-J BHo`3T�pPmnF7S-J BHo`\T�| |RJAVA��Q�H } } ��F.N�leF0ªMyLOJzª VAT�D�HoQ�L3S-DRVA`3T¨mnF.S-J BHo`3T�pPmnF7S-J BHo`\T�| |PH-bcH�S-DRVAdeH } } �
HoDWj.L3NRN�HoQhGF�Tk`���LxF N�D�Lx�kJ{HuLxF T�`x��L�F�Q?L3G�VA`eL\S-D�V£�R��j.`3F�Q �.T7LxJAH^faHoT�DKj�Q BH�NPHoTDRHoQIJ�ª�H�NPj0yH�S-H
GF | | T�`x��L�F
Ho��`3DRVileFkH } } �.HoD|de`\VAQqS-H�l[F0ª VAJ Lxjkj.`3QRD�H�GHUTk`\FkdeH�L�F0�T�`3T
j7L3NgL�F
TkV{deH�LxFuGHWJiL
�o`e`\JA`3�\VAHWGH�N|Tk`���LxF��afwLxVMNµHoTwDRHoQ�faH8NµGcª�VAT�D�H^Q?L3S_D�VA`\TaT�F.S-J BH8LxVAQRHe>

§�ªsL\N�j.H�S-DWH�N�NPHoTDRVAHoJ°G«ª FkTrTk`���LxF�GH ¶�TF7S-J BHo`\T.NgH�N�DWJzª VAT�D�HoQ�L3S-DRVA`3T�T�F.S-J BH�LxV{Q�H�GHhj`\Q�p
D BH^H �.TkV{H
leFkV L3N�NPFkQ�HuJiLwJAViL�ViNP`3T GH�Nv¶ S-`\T.N�DRVAD�F7LxT�D?N->�¯®FkVAd\LxT�DvJiLa��`3QRfOFkJ{HaG�H²f L3N�NPHwGH
&�HoDR�kH-p��¥HoVMN ���L\S �eH^Qo�cl[FkV°NPHoQ�D�GHa�.L\N�H yL
JiLuGH�N�S_Q�VAj�D�VA`\T¥f L3S-QR`eN�S_`3jkVMl[FkHhGHaJ�ª BHoT�HoQ��\VAH�GH
JAVMLxVMN�`3T GH�NµT�`x��L�Fk��N�D�Lx�kJ{H�N-��JAHgT�`x��L�FaH�NPD�d�FaS-`\fafaH|FkT�Hgj.`3Q�DRVA`\TwGHgfwL�D�V�yHoQ�H|T�F.S-J BH�LxV{Q�He�
fa`�G BH^JAViN BHoHUS-`\fafaHqFkTkHW�3`3F�D�D�HvJ{VileFkViG�He�j.`3F�Q�d�FkH�G«ª�F�TkH BHoT�HoQ��\VAHWGHIde`\JAFkfhHe�kGH�N�FkQP��L3S-H®�
G«ª FkTkH BHoTkHoQR�3V{HaJAV BHoHryL�JzªsL\N���f BHoDRQ�VAHvT�HoFkD�QR`3Tp�jkQR`3D�`\T0��HoD�G�H²J�ª BHoT�HoQ��\VAHwS-`\FkJA`\fO��VAHoTkT�He>0¦nF
TkV{deH�LxFafhViS-QR`eN�S_`3jkVMl[FkH®�3`3Tude`3F.GQ�LxV{D BH�S-QRVAQRHgFkTkHUVAT�D�H^Q?L3S_D�VA`\TaHoT�D�QRHUGHoFk��T�F.S-J BH^`3T.N�V{T.S-JAF7N
GkL�T.N�JAHqTk`���LxF0��j.`3FkQqG BH8S-Q�V{Q�H|Jzª HoT.NPHofO��JAH|G�H�NµjkQR`3jkQRV BHoD BH�N�GFwTk`���LxF0>k§�ª¬LxjkjkQR`�S¾��HIL\G`3j�D BHoH
H�NPDEJzª BHoJiL��`\Q?L�D�VA`\T�GHqJzª�V{TDRHoQ?L\S-D�V{`3ThyLgj.LxQRD�V{Q�GH|Jzª VAT�D�HoQ�L3S-DRVA`\TIJAV{�kQ�H mnF.S-J BHo`3T�pPmnF7S-J BHo`\T ����>
§�ª�V{TDRHoQ?L\S-D�V{`3TwJAV{�kQ�H ���¿H8N�Dqfa`�GV�� BHoHIj.L�QUGH�N|H-bcHoD�NgGF.NgL�F�faVAJ{VAHoFhTF.S_J BH�L�VAQ�H �cS¾�7L3leFkH
T�F.S-J BH^`3TrLx�\VAD�N�FkQ�N�H�Ngde`3VMN�V{T.NUGF%Tk`���LxF �´H^DKJ�ª�V{TDRHoQ?L\S-D�V{`3T
H^TDRQ�HhGHoFk��T�F.S-J BHo`3T.NUL�F�N�HoV{T
GFaT�`x��L�FOd\LvG BH^jH^T.GQ�H'GFwS?�.L�faj�S-Q BH BHnj.L�Q�DR`3F.N�J{H�N�LxFkDRQ�H�N�TF.S_J BHo`\T.N-�e`3ThJzªsL�jkj.HoJAJ{HgL�JA`\Q?N
VAT�D�H^Q?L3S_D�VA`\Tu���°��23���:9c� ���¨�j.L�Q?S-H�leF0ª HoJAJ{HgD�Q�L3GFkV{DnJ{H�Nq���°�e���O	�1¼� �����;��1�N�FkQ'Jzª�V{TDRHoQ?L\S¾p
D�V{`3T¨GVADRH | | TF�H } } `\F�JAV{�kQ�H(���¨>�±qT
TkH�NRLxV{Dnj.L\NUSoLxJMS-FkJAH^Q|Ho�kL\S-D�H^faHoT�D|S-HoDRD�HUVAT�D�H^Q?L3S_D�VA`\T
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J{VA�kQRHvyLIj7LxQ�DRVAQqGH8NµD�� BHo`3QRVAH�N°GHUJiLKf LxD�V�yHoQ�HqT�F.S-J BH8LxVAQRHe�3HoJ{JAHqH�N�DqG�`3T.Snfh`�G BHoJAVMN BHoHqHoD G BH�GFkV{D�H
G�HIG�`3TkT BH^H�N->

APPROCHES DE LA MATIÈRE NUCLÉAIRE 

propriétés de saturation 

renormalisation (Brueckner)

portée finie

~ 1 GeV 

1 1,5 2

0,4 

r =  r 
i

r 
j

(fm)

E 

échange de pions
      (OPEP)

VNN  ‘‘nue’’ :  diffusion NN
                  libre

N N

déphasages, paramètres 
basse énergie

cœur dur

interactions NN 
       réalistes

au sein de la matière nucléaire

potentiels d’Hamada-Johnston,
 de  Reid, Paris, Bonn

2

1

(LDA) 

 approximation 
de basse densité

r→ρ (    )

noyau (ρ)   • •
r→    1

2

V12 ∝
• •

r→    

V12

r→ρ (    )ρ =

NOYAU

ρ (fm  )   -3ρ  = 0,17   o

E/A 
(MeV)

(E/A)   = -16o

  équation d’état de la
matière nucléaire infinie

��������>A@ � h7A�A��$8.� ( �-,;�'�/�5�3��� " & *�����  1����E�����&)��� *�OAC��� " &)�K�'�<�-P &  '" ���$��� " &)8  ���� �5&)���^�9W

¤qQ
	L\S-H�LxF��²Q BH�N�F�JAD?L�D?NgG�H�N H^�j BH^Q�VAH^T.S-H�N|GH�GV�bcF.NPVA`\T ��� 
�jpzj�H^Dnjp�T�qNPFkQgFkT�HIJiL�Q��\H
�®LxfafhHaHoT BHoTkHoQR�3V{He�E`3T L¥jkF j7LxQ?L�f BHoDRQ�ViNPHoQIJ�ª�V{TDRHoQ?L\S-D�V{`3T���� JAV{�kQ�HuGHu�.L3NRN�H BH^TkHoQ��\VAH
H^D�N�H�N�G BHojk�7L3N�L��3H�N_>|¦nV{T.N�V|`\TD BHoD BHw� BHoT BHoQ BH�NIJAH�NIj.`\D�HoT�D�V{HoJiNvG«ª !gLxf L3GkLop �3`\�kT.N�`\T0� &�`\TkT0�
¡�LxQ�VMN H^Da¦nQR�3`\TkTkHe>|§cL �.�\FkQ�H >A@wfa`3T�D�QRH²J�ªsL�JAJAF�Q�HwGHuJzª VAT�D�HoQ�L3S-DRVA`3T | | Q BH8LxJAVMN�DRH } } ����> y¦
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JA`\Tk�3F�H|j`\Q�D BHoHe�3HoT�D�QRHg@\�s� ��f)HoD�X|��f��x`\T�G BH�S-QRVAD�Jzª VAT�D�HoQ�L3S-DRVA`3TUJ{VA�kQRH ��� j.LxQ�JAH ��/7�8�,.���;���
	 �o���2 
��k, �c�²���1�,r���;/., 
P±g¡�C�¡ �?>e¦qFk�gj.HoD�V{D�H�N�GVMN�D?L�T.S-H�N 
�� � � �n��f �kFkT�2��u1��q������1����o� 
	�1�� 
zGV{D�GH��|HoViG �cNPH�G BHodeH^JA`3j�jH®�-VAJ\H�N�D�L�D�DRQ�VA��F BH'yL�JiL|S-`\faj.`eN�V{D�V{`3TUHoTUleF.LxQ �kN�GH�N«T�F.S-J BHo`3T7N
leFkVV{TDRHoQ?L��3VMN�N�H^TD^>[§cLUj.LxQRD�VAH yLgfa`��eHoTkTkH�j.`3QRD BHoHe�®GkLxT.NEJMLnQ BHo�\VA`\TOV{TDRHoQ�f BH8GViL�V�QRHEHoT�D�QRHU@�HoD
Xn��f��oQ BH8N�FkJ{D�HqGH|J�ª BH�S?�.LxT��3HqGH|f BH8N�`3T7NEN�SoL�JiL�VAQ�H8N�JA`\FkQ?GkN_>±qTa	I���2e�x�i�|S_HoD�DRH���`3Q?S_H|TF.S_J BH�L�VAQ�H
HoT�D�QRHKJ{H�NqGHoFk�aT�F.S-J BHo`3T7N-�.`3T
T�HIJzª Ho��jkJAVMl[FkH'j.L3N_>´��`\fajkQ�H^T.GQ�HUJMLONRLxD�F�Q?LxDRVA`\TrGHIJML���`\Q?S-H
T�F.S-J BH8LxVAQRH(���¢HoDUN�L�j`\Q�D BHoH �.T�VAHIT BH�S-H�NRN�VADRHoQ?L�VADqGHWD�Q�L8d\L�VAJAJ{HoQqLodeH�SKJ{H�NqGHo�3Q BH�NqGHIJ{VA�.HoQ�D BH
GH�N�leF.LxQ �kNEHoD°GH8N©�\JAFk`\T.N�G�HnJML�����Q�`3fh`�G�T7LxfaVMl[FkH��qF.LxT�D�VMl[FkH 
��U�°� �?>��nH�N�L�jkjkQ�`�S?�kH�N
N���N�D BHofwL�D�VileFkH�N'N�`3T�D�LxV{T.N�V°faHoT BH^H�Nnj.`3FkQhS-`\T.N�DRQ�FkV{Q�HaFkT�HaD�� BH^`3Q�V{HwGHwS?�.L�faj¥H_b«H8S-D�V£�R�«HoD
G BHodeH^JA`3j�jH^Q�FkT�HnV{TDRHoQ?L\S-D�V{`3T ��� G BH8GFkVADRH|NPHoFkJAH^faHoT�D�GHnj�Q�VAT7S-VAj.H�NEG�H|jk���N�VMl[F�H|� BHoT BH^Q?LxJ{H
HoDqGHWS-`\T.N�VMG BHoQ�LxD�V{`3T.N|G�HINP�f BHoD�QRVAH�N_�[H^Dql[FkHUJ�ª�`3Thj`\FkQ�Q�LxV{DnQRHoJAV{HoQUyLvJiLvGV£bcF.N�V{`3T ����>

t�LxVMNIGkL�T.NIJAHwS^L3NIG�F T�`x��L�F0�0JAHwG BHoD?L�VAJ°GH�NvGH^�3Q BH8NIGHaJ{VA�.HoQRD BH�VAT�D�HoQRTkH�NUGF�TF7S-J BHo`\T
TkHvj.HoQRfaHoDgj.L\NIGHvQ BH�GFkV{Q�HvJ{HvjkQ�`\�kJ�yHofhHvGH�Jzª VAT�D�HoQ�L3S-DRVA`3TuTF7S-J BHo`\Tp�TF.S_J BHo`\T0>«CET%H_b«H^Do�«V{J
��LxF�D�L�JA`\Q?N�S-`3T7N�ViG BHoQ�HoQ�FkTkHqVAT�D�H^Q?L3S_D�VA`\TIT�F.S-J BHo`3Tp�T�F.S-J BH^`3T ����jkQ�VMN�HqLxFhN�H^VAThGH|JiLnf LxD�V�yHoQ�H
T�F.S-J BH8LxVAQRHe>�±qT%H�NPDvL�JA`3Q�NvS-`3T���Q�`3T�D BH LxF ����/.����������½��	� 
 ¶¿2e/�����aleFkHaJzª `3T%T�HwN�L�VAD
j.L\N Q BH�N�`\F.GQ�HUHo��L3S_D�HofaH^TD^>e�nHUf 	HofaHqleFkHUJAHUf BH8GH�S-V{TvT0ªsLvj.L3N��.H�NP`3V{T0�j.`\FkQ BH^D?Lx��JAVAQ N�`\T
GVMLx�3T�`eN�DRViSgHoDqNP`3VA�\TkHoQqNP`3T
f LxJiL\GHe��GHWS-`3TkT7L 	�ADRQ�HUJAHq��`3T.S-DRVA`\TkTkHofaH^TD°GHUJiLvS_HoJAJ{FkJAHqHoD|JAH8N
VAT�D�H^Q?L3S_D�VA`\T.N|HoTDRQ�HWS-H�NqS-HoJ{JAFkJ{H�N�j.L�QgfaH�NRN�Lx�\HvS?�kVAfhVileFkHe��LxV{T.N�V�l[F�HIJAH8N BH�S?�.L�Tk�3H�N'GHIjkQR`xp
D BH^VATkH�NqyLUD�Q?LodeHoQ�NµJMLKfaHofv��Q?LxT�H|JAVAj�ViGVMl[FkH®�xJ{Hnjk����N�ViS_VAHoT�TF7S-J BH�L�VAQRH|HoTa�.L\N�N�H BHoT�HoQ��\VAHe�3T�HUN�H
N�`\F.S-V{H|j.L3N°GH|JiLUN�DRQ�F.S_D�FkQRH|VAT�D�HoQRTkHqGF�TF.S_J BHo`\TvHoD�GH�N BH�S?�.L�Tk�3H�N�GH|�\JAFk`\T.NµH^TDRQ�H|leF.L�Q���N->
=zJ0T0ª�V{�3Tk`\Q�HWj.L3NqS-HoDRD�HWN�`\F.N]p]N�DRQ�F.S-DRFkQ�H®�«fwLxVMN�HoJAJ{HgTkHWJAFkV�L�jkj.`3Q�DRHvQ�V{HoTwj`\FkQgQ BH�N�`\F.GQ�H�N�`\T
jkQR`3�kJ�yHofaHe>§�ª VAT�D�HoQ�L3S-DRVA`\T���� T�FkHe��l[FkHUJ�ª�`3ThjH^FkDqG BH�GF�VAQ�H'Ho�j BHoQ�V{faHoT�D?LxJ{H-f�HoTeD^�3`3FwD�H^Tp
D�H^QwGHrG BHoDRHoQ�fhVATkHoQvDR� BHo`\Q�VileFkHofhHoTD^��H�NPDwjkQ�`���`3T.G BH^faHoT�DaGV£b BHoQ�HoT�D�H¨GHrJzª�V{TDRHoQ?L\S-D�V{`3T GH
GHoF��¥T�F.S-J BHo`3T.NUjkJA`\Tk� BH8NvGkLxT.NvJAHhTk`���LxF0>�C©T�DR� BHo`3QRVAHe��Jzª VAT�D�HoQ�L3S-DRVA`3T�H_b«H8S-D�V{deH ��� GkLxT.N
JAH8N Tk`���L�Fk�w`cyF N-ª¬Lxjkj�JAVileFkHUJAH�S¾�7Lxfajwfa`��eHoTwG�HodQ�LxV{D 	HoDRQ�HW`3�kDRHoTF�HIj.L�QgJiLvjkQ�`�S BH�GFkQRHvGH
Q�H^Tk`3QRfwLxJ{ViN�L�D�V{`3T�G�H &�Q �F7S ��TkHoQ� &�Q�F.�\����leFkVEd�ViNPHwyLwS-`\Q�Q�V{�3HoQ'Jzª�V{TDRHoQ?L\S-D�V{`3TuJAVA��Q�H ��� GH�N
H-bcHoD�NnGF7NIyLvJzª HoTd�VAQR`3TkT�HofaH_TD�T�F.S-J BH8LxVAQRHe>�CET
jkQ�LxD�VMl[F�He�kJAHUj.L\N�N�L��3H�GHWJzª VAT�D�HoQ�L3S-DRVA`3T����
JAV{�kQ�H�L�F�Tk`���LxF%H�NPDUQ�HoT.G�F�GV�� S-V{JAHvj.L�QIJiLuS-`3fhjkJAHo��VAD BHvGF jkQ�`\�kJ�yHofhHuyL�� S_`3Q�j7NIHoDWGH�N
SoL�JiS-FkJMN«TF�f BHoQ�VMl[F�H�N«LodeH�SEFkTkH°VAT�D�HoQ�L3S-DRVA`\TvleFkV�S-`3fhj`\Q�DRH�FkT�S��UFkQ�D�Q^yH�N0Q BHojkF�JiN�V£�R>3±qTvN�L�ViNPVAD
G`\T.S JMLaT BH�S-H�NRN�V{D BH�GHhG BHodeHoJ{`3jkj.HoQUFkT�Ha��,�������k23����/., ���°��23���i9«�ajk� BHoTk`3f BHoTk`3J{`3�\VileFkH�l[F�V
j.HoQ�fhHoD�DRHIJiLwGH8N�S-QRVAjkDRVA`3T�H^DgJiLajkQ BH�GViS_D�VA`\TrGH�NgjkQR`3jkQRV BHoD BH�NgGF%T�`x��L�F0�0NRL
N�j.H�S_D�Q�`®N�S-`\jkVAH®�
N�L�GHoT7N�VAD BHUGHUfwL�D�V�yH^Q�He>
�nTkHaDRHoJAJ{HwLxj�jkQ�`�S?�kH�L�S_`3T.GF�VADuyL�Jzª BH^JiLx�.`\Q?LxDRVA`\T G�H�NIVAT�D�HoQ�L3S-DRVA`\T%H-bcH�S-DRVAdeH�N(��� GH

¯����QRfaHe�eJA`�S^LxJAH8N-�.`3F
H^T.S-`3QRHvGH�¤q`3�3T��e��yL j.`\Q�D BH^H �.TkV{He>.CEJAJ{H�N `\TD BHoD BHIS^LxJiS_FkJ BHoH8NUyL j.L�Q�DRVAQ
GHWJzª BH^D�F.GHWGHvJML f LxD�V�yHoQ�H'TF.S_J BH�L�VAQ�HUV{T �.TkV{HIHoD'GHvNPH�NnjkQR`3jkQRV BHoD BH�NqGH��o���1��������/., 
�j.`3VAT�D
GH'N�L�D�FkQ�LxD�V{`3T 
�����¶ ��� 
 ����
'��{@xZn��f���� ��
 �W@o�It
H � �0HoD�j.L�Q?Lxf BHoD�QRViN BH^H�N|yLgj.LxQRD�V{Q�G�HnjkQR`xp
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j�Q�V BH^D BH�N|GH�l[F�HoJileFkH�N�Tk`���LxFk� �.TkVMN->«��H�N|VAT�D�H^Q?L3S_D�VA`\T.N�j.HoQ�fhHoD�DRHoTD GHvS^LxJiS_FkJAHoQ°Jzª BH�l[F7LxD�V{`3T
Gcª BHoD�LxDWGHvJiLafwL�D�V�yHoQ�HWVAT �.T�VAH�leFkV°G`3TkT�HOJ�ª BHoTkH^Q��3V{HIj.L�QIT�F.S-J BHo`3T � �?¶�H^T
��`3T.S-DRVA`\T%GH�JiL
G�HoT.N�V{D BH � 
zS-H^D�D�H���`3T.S_D�VA`\TIH�NPD�GH�NRN�V{T BHoH|NPFkQ�JiL �.�\FkQ�HU>{@ ��>[±qTIJ{H�N�LgLxjkj�JAVileF BHoH8N�L�Fk�UTk`���LxFk�
NPD?L��kJAH�N_�kHoD|HoJ{JAH�N°G BH�S-QRVAdeHoT�D��kVAHoThJAH�N�jkQR`3jkQRV BHoD BH�N|GHWS-H�N�T�`x��L�Fk�c>
t�L�ViNvJAH�NvTk`���LxF�� NPD?L��kJAH�N_��L�F Tk`3f��kQRH
G�H�X3�\~��QRHojkQ BH�N�HoT�D�H^TDvHoT�d�VAQ�`\T¼@oX � GH�NhX3X3�\�
T�`x��L�Fk��S_`3TkT�F.N->E§.`\Q?N�leF0ª `3TrQ�Ho�®LxQ?G�HOJML D�Lx�kJ{H�GH�NnT�`x��L�Fk��HoT �.�\FkQ�H >¬X�«JML �o`\TkHO�\Q�VMN BHoH
G�H�NgTk`���LxFk�uVAT.NPD?Lx��JAH�NUS-`\TkTF7N QRHojkQ BH�N�HoT�D�HvF�T¥`�S BH8LxT LxFkDR`3FkQ�GH�NUX3�\~²VAJ 	`3D�Ngl[F�HaNP`3T�DKJ{H�N
T�`x��L�Fk�wNPD?Lx��JAH�N �.�\FkQ BH8N j.L�QgG�H�N�j.`3VAT�D?N|Tk`\VAQ?N_>«±qT�Lxj�jH^JAJAH | | d\L�JAJ BH^HIG�HINPD?L��kVAJ{VAD BH } } S-HoD°HoTp
NPHof��kJAHqGHUj.`3V{TD�N�Tk`3V{Q?N_>«§.H�N�Tk`���LxFk�hVAT.NPD?Lx��JAH�N�`\TD|FkT�HIG�FkQ BHoH GHUdV{H �.TkV{He�`\T
G�VADqLxF7N�N�V
leFkH'S-H'N�`3T�D|G�H�NETk`���LxFk��Q?L\GVA`®L3S-DRV���N�S^LxQ�VAJMNµNPHUG BH�NPVAT�D^yHo�\Q�HoT�DEHoT BHofaH^D�D?L�TD©GH�NEj.LxQRD�VMS-FkJAH8N->

�������0>sX � �F��������'�$,  8��E��1EY���8  F 1E,L� " A��!���%�1E,��2h � g � �������.W
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§.H�N|Tk`���LxFk�wNPD?L��kJAH�N|NP`3T�Dnj�Q�`�S?�kH�NqGHUJiLIJAV{�3TkH(� 
��¼j.`3FkQqFkTuTk`3f��kQ�H GHUfwL3NRN�HW¶
��LxV{�kJAH®�VAT�� BHoQ�V{HoFkQWyL��)~3���H^DgN_ª�HoT BH�SoL�Q�DRHoTDWyLvfaH�NPFkQ�H l[FkH�¶)LxFk�\faHoT�D�H �kJiL�S-`3� BH�N�V{`3T
H8N�D
L3NRN�FkQ BHoHvj.`3FkQ'FkT BH�GV �cS-HU`cyF¥J{H�NnTkHoF�D�Q�`\T.NgNP`3T�DgjkJAF7N Tk`\fO��Q�HoFk� l[FkHWJAH�N|jkQR`3D�`\T.N-��S-H�l[F�V
j.HoQ�fhHoD�GHUS_`3T�D�Q�H^�.LxJMLxT.S-H^Q�Jzª H-bcHoD�Q BHoj�FkJiNPV���G�F
S?�.L�faj�S-`3F�JA`3f��kV{HoTvHoT�D�Q�H'JAH�NEjkQR`3D�`\T.N->«§cL
S-`\faj BHoDRVAD�V{`3ThN�H°��`3F�HKH^TDRQ�HgJ�ª BHoTkH^Q��3V{HgS_`3FkJ{`3f��kVAHoT�TkHnH^D�Jzª BHoTkHoQR�3V{HgGHWNPFkQ���L\S-He��yL�� G`3T�T BHe>
�qF.LxT7GO`3TuLo��`\FkD�HgH^T.S-`3QRHUGH�N�TkHoFkDRQ�`\T.N�L�F²T�`x��L�F0�`\TwN-ª BHoJA`\VA�\TkHgG�HgJiLUd3L�JAJ BHoHgG�HUN�D�Lx�kV{JAVAD BH
HoD�`3T S-Q BH^H�GH�N�Tk`���LxFk� VAT.NPD?Lx��JAH�N�G`3T�DaJ�ª BHoTkH^Q��3V{H�GHuJAVMLxViNP`3T¼GF T�HoFkD�QR`3T H�NPDwGH�jkJ{F.N
HoTujkJAF.N���LxV{�kJAH®�HoD'leFkV�de`\TD'G BH�S_Q�`
	�{D�QRHKj�Q�VAT7S-VAj.L�JAHofhHoTD�j.L�QgQ?L\GVA`®L3S-DRVAd�VAD BH��°�cS3ª�H�NPD�p¾yL8p]GVAQRH
j.L�QnV{TDRHoQ?L\S-D�V{`3Ta��LxV{�kJAHe>.¡�`3FkQgJ{H�N�Tk`���LxF��²V{T.N�D�Lx�kJ{H�N|jkJAF.N|JA`\FkQ?G�N-�.JAH�N�H-bcHoD�NnGcª�VAT�D�H^Q?L3S_D�VA`\T
BHoJ{H�S-D�QR`3fwL��3T BH^D�VileFkHWde`3T�D|��`3F�HoQvFkT%Q 	`3JAH®��HoD�G«ªsL�FkD�QRH�NKde`\VAH�NWGHwG BH�S_Q�`3VMN�NRLxT.S-H G`3faV{TkHoT�Do�
Tk`\D?LxfhfaHoT�DµJ�ª BHofhViN�NPVA`\T�GHUj.LxQRD�ViS_FkJAH�N����k`3FuHoT.S-`\Q�HgJML �N�N�V{`3TuN�j.`\TD�LxT BHoH®>

y¦}FkTuTF�f BHoQ�`��*G�`3TkT BH®�J{`3Q?NRl[F ª�`3T¨LxFk�\faHoT�D�HUJAHWTk`3f��kQRHIG�HITkHoF�D�Q�`\T.N-�c`3T �.TkV{Dnj7LxQ
LxDRD�HoV{T.GQRHKJMLIJAV{faVADRHgGHWNRLxD�F�Q?LxDRVA`\T�HoTwTkHoFkDRQ�`3T7NgGHUJiLvfwLxDRV�yHoQRHnT�F.S-J BH�LxV{Q�H(�.S\ª�H�NPD|JAHUj.`3VAT�D
`cyF0�ENPV�Jzª�`\T%L^��`3FkDRHOFkTrTkHoF�D�Q�`\T�LxFrTk`���LxF �´V{JETkHhN�HoQ�L²j.L\NKJ{V BHwyLuS-H�Tk`���LxF0>�§cLwJAV{�3TkHhl[F�V
S-`\Q�Q�H8N�j.`3T.G yL¥S_HoD�DRHaJAV{faVADRHaGkL�T.NvJAHwjkJiL�T 
�� � � �WH�N�DhLxjkj.HoJ BHoHwJiL�	����;� �?���;,�� ,���1´����/.,�>
�qF.LxT7G²`3TuGV{faVAT�FkHqJAHUTk`\fO�kQRHgG�HKT�HoFkD�QR`3T.NWyL�� �7� BHe��`3T¨LxD�DRHoVAT�D|Jzª¬LxFkDRQ�HUG�Q�VAj�pzJ{VATkHe��GVADRH
jkQR`3D�`\T0>0��HoD�DRH ��QR`3T�D�V�yHoQ�HgH8N�D|jkQ BH�GVADRHWN�LxT7NnL�fO�kV{�3F�� �{D BHqj.LxQ'GV{deHoQ?N�fa`�GcyHoJAH�N_��l[FkV«��`\TD|DR`3F.N
VAT�D�H^Q�deHoTkV{Q0GkL�T.NEJzª Ho�j�JAViS^LxD�V{`3TUG�HqS-HoD�DRH�J{VA�3T�H�JAH8N´H-bcHoD�NEGF.N yLnJzª VAT�D�HoQ�L3S-DRVA`3TWS-`\FkJA`\fO��VAHoTkT�He�
S-`\TkTF�He>´§.H8NgGV�b BHoQRHoT�D�H�N|JAV{�3TkH�NqleFkV �7�3FkQRHoTD N�FkQgJMLOD?L��kJAH�GH�NnT�`x��L�Fk� 
 �.��>E>sX �qN�`\TD GH�N
jkQ BH�GViS_D�VA`\T.N�GHqJiLgJAV{faVADRH|GH'N�L�D�FkQ�LxD�V{`3TwHoT�TkHoFkDRQ�`\T.N�GH'JiLgfwLxDRV�yHoQRH�T�F.S-J BH�LxV{Q�He>��H8NµJAV{�3TkH8N
N�`\TD S-HoJ{JAH�N�GH�N°N���N�D^yH^faH�N�j.`3F�Q�JAH8N�leFkHoJiNEJ�ª�VAT�D�H^Q?L3S_D�VA`\TK��`\Q�D�H'TkHnj.HoF�D�j.L\NµJAV{HoQEHoT�D�QRH|HoFk�h¶
T�F.S-J BH^`3T.N|j.`3FkQg��`3QRfaHoQqFkT�Tk`���LxF >�§.H�NnjkQ BH�GVMS-D�V{`3T.NqN�`\TDg��`3F�Q�TkV{H�Nnj.L�QUGVAdeH^Q?NqSoLxJMS-FkJiNqGH
��`3QRfOF�JAH�N|GHWfwL3NRN�H ��¦g�gm'�g³ �3� �z�.HoDg`\T�de`3VAD'leF0ª�HoJ{JAH�N|NP`3T�DgD�Q^yH�N BHoJA`\VA�3T BHoH�N|JAH�N|FkTkH�N'GH�N
LxF�D�Q�H8N->E��HoD�DRHaG�VAdeHoQR�3HoT.S_HvGH�Ngfa`�GcyHoJAH�NqVAJAJ{F.N�DRQ�H�NPVAfajkJ{Hof�HoTD|J{HI��LxV{DIleFkH�Jzª¬�;,.������k23�8�;/.,
������23���i9c�
	
1�2e�3���/., ��	
1�2e�3���/., 
���� �?�EH8N�DvfwL�J�S_`3TkT�FkHuGkLxT7N J{HwSoL3NvG�H�NITk`���LxFk�rD�Q^yH�N
VAT7N�D?L��kJAH8N-�«HoDUfwL�JEL\GkLxj�D BHoHaj.`\FkQIFkT 	����c����%	 �A�k� ������e��������,���1´�8�x/., �?����/7�8/, 
zS3ª H�N�DPp_yLop
GV{Q�HhG«ªs���o/.�o���;, � BHoJ{Hod BH®�0S-Hhl[FkV�H�NPDUJAHhSoL3NWl[F.L�T.G¥`\T�N-ª BHoJA`\VA�3T�H�GHaJiLad\LxJ{J BHoHhGHhN�D�Lx�kV{JAVAD BH
N�F�VAd\LxT�D|Jzª¬Lx��HUGH�N �¨>

�nH�N0VAT�D�HoQ�L3S-DRVA`\T.Nd\LxJ{ViGH8N´j.`3F�Q�JML�d3L�JAJ BHoH°GH°N�D?L��kVAJ{VAD BHµT�Hµj�Q BH�GVMN�HoT�D�G`\T.SEj.L3N�J{H�Tk`3f��kQ�H
fwL��V{fwLxJcGHWTF.S_J BHo`\T.NnleFkHWJzª�`\T
j.HoFkD'Lode`3V{Qnj.`3F�QUS-`3T7N�D�V{D�FkH^QnJ�ª BH�GV �cS-HgT�F.S-J BH�LxV{Q�H �.N�V�Jzª `3T
N-ª BHoJA`\VA�\TkHUdeHoQ?N|JAH�N|Tk`���LxF��
G�Hv¦}�\Q?L�T.GkN-� GVAD�N | | N�Fkj.HoQRJA`3F�Q?GkN } } �.Q�VAH^T²T�H�GVAD'l[F�HIJAHWSoL�JiS-F�J
GHUJAH^FkQ�fwL\N�NPHKj7LxQ'GH�Nµ��`3QRfOF�JAH�NED�� BHo`3QRVileFkH�N|N�`\VADqS-`\� BHoQRHoTDqLodeH�SqJiLIfaH�NPFkQ�H®>
¡EL�Q�faVcJAH�N�Tk`���L�Fk�wVAT.NPD?Lx��JAH�N|leFkHIJ�ª�`\T²j�Q�`�GFkV{DgHoTwJiL��.`3Q?L�D�`\VAQ�H®�«S-H^Q�D?L�VAT.N|`3T�DqQ BHod BHoJ BH'j`®N]p
N BH8GHoQvG�H�NINPD�Q�F7S-D�FkQRH�NKQRHofwL�Q?leF.Lx�kJ{H�N(�EL�VAT.NPV�Jzª BHoD�F7GHaG�H�NINPH�S-D�V{`3T.NUH�� SoL3S-H8NKG�HaQ BH�L\S-D�V{`3T
faHoDRD?L�TDqHoT���HoFrGH8N T�`x��L�Fk��J BH^�3HoQ�NnQ�VMS¾�kH8N HoTrTkHoF�D�Q�`\T.NULafa`3T�D�Q BHvleFkH�S-HoQRD?LxV{T.Nn`\TDUFkT
Q?Lo�e`\TaGHqfwL�D�V�yH^Q�H|�3Q�LxT.G�j.LxQ°Q?Lxj�j`\Q�DWyLUS-HoJ{FkV.GH'JAHoFkQ�NEViN�`\D�`\jH8N�N�D�Lx�kJ{H�N � ³�L�T.�3X �z��S-`\fafaH



4 � +_,����/0	�1�23�8�;/.,

J{H #%# §.V ����� ~ � @ ��f��\LxJ{`3Q�N�leFkHnJ{H|Q?Lo�e`3ThleF.L3GQ�LxDRVileFkHgG�HnfwL�D�V�yHoQ�HqGH'N�`\TaViNP`3DR`3j.HUN�D�Lx�kJ{He�J{H��-§.V��eLgj`\FkQ�d\LxJAH^FkQ�� �¼X � �'��f¨> �nT�H|LxT7LxJA��N�HqjkJ{F.NELxj�jkQ�`���`3T.GV{HvyLgj.L�Q�DRVAQ�G«ª Ho��j BHoQ�V{HoT.S-H8N
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BH^faHoQ��\HoQ°GFwjkQ�`\�kJ�yH^faHvyLvjkJ{F.N�V{HoFkQ?N°S-`3QRj.N->.¦qVAT.NPVz�J�ª � !nHUH�NPD|FkTwTk`���LxFuG`3T�D|Jzª BHoTkHoQR�3V{H � * �G�HIN BHoj.L�Q?LxDRVA`\T�GH�N|G�HoFk�aTkH^FkD�QR`3T.N_� BHo�eL�JAHhyLv��¬�[Z���t
H �v��H�N�D|DRQ^yH�Nµ��L�VA�kJ{HUGHod\L�TD|J�ª BHoTkH^Q��3V{H
G�HgJAVMLxViNP`3Ta�7Lx�kV{D�FkHoJ{JAH'G«ª�F�T²T�F.S-J BHo`3ThleFkV«H�NPDqGHU�vt
H �¼HoD GHod\LxT�D�J�ª BHoTkH^Q��3V{HgG�HgJAVMLxViNP`3TwG�H
JMLIj.LxQRD�VMS-FkJAH �%l[F�V«H�NPDqGHWX3�vt
H �v>�=zJ«j.HoFkD 	HoDRQ�HUG BH�S-`3fhj`®N BHUS_`3fafaH|F�T
S �KF�QqS-`3T.NPD�V{D�F BH
Gcª�FkTkHUj.L�Q�DRViS-FkJ{H �¥HoDqG�HIG�HoFk�aTkH^FkD�QR`3T.N���`3QRfwLxT�D�J{H�
����;/0>«§�ª � !qHgH�N�DqG�VADq��/.�x��/.������, �
BH^D���fa`\JA`3�\VileFkHof�HoTeD�S-HnDRHoQ�fhH�d�VAHoT�D�GHqJiLg��LxfaV{JAJAH &�`\Q�Q�`\faHo`WG`\TD�JAHq�kJML3N�`\T BHoD�LxVAD°S-`\T.N�DRV�p
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D�F BH�GH�~wLxTkTkH8LxFk�uHoTDRQ�HoJML3S BH8NnS-`\fafaHWN�F�QgJAH�NRS¾� BH^fwLOG�LxT.NgJAH�S-`3V{T��eL�F.S¾��HaGHvJML �.�\FkQ�H
=?>s~��[J{H�N�~vNP`3T�D|JAV BH�NµfwL�ViN�N�V0`\TuS-`3Fkj.HUJzª FkThG«ª�HoF��«��JAH�N°XvLxFkDRQ�H�N�TkH N�`3T�D|jkJ{F.NµJ{V BH�N_>�qª�H8N�D�J{H
SoL\NgGHvJzª ��!nH®�Tk`���L�F
��LxVA��JAHofaH^TD|J{V BHe�.G`\TDWL�F.S-FkTrGH8NgN�`\F.N]p]N���N�D^yHofaH�Nn��VAT.L�VAQ�H8NnT0ª�H8N�DgJ{V BHe�
TkV0J�ª��%!nHe�kTkVcJAH�N|XvTkHoF�D�Q�`\T.N->
§.H�NnT�`x��L�Fk�uS-`3fhfaH � !qHe�kJAH #�# §.Vz�.JAH #�# &�HITkH�N�`\TDqj.L3NUNPHoFkJAH^faHoT�D�G�H�N | | LxTk`\fwLxJ{VAH�N } } `3F
GH�NM| |RS-FkQRVA`®N�VAD BH�N } } �«�3Q 	L3S-H¨yL
S-H8NnTk`���LxFk� yLw�.LxJ{`k�«V{J�H�N�Dgj.`®N�N�V{�kJAH G«ª BHoDRF.GV{HoQnJ{H�Nn��`3T.S_D�VA`\T.N
G«ª `3T.GH�@nTkHoF�D�Q�`\T 
 #%# &�H ��HoD|XUTkHoFkDRQ�`3T7N 
 ��!qH �EJ{`3VAThGFwS �KF�Qo�eHoD�J�ª �"!nHn`�bcQ�HgFkT SoL3N�Q�LxQ�H®�
S-`\fafaH|JAH(#%#�§.V��.GHW��/0	�����;�r��
����/����2e/�����v�, ��
 ���o� �01�� 	u1�2e�3����k�;���.>

Table des noyaux légers

N

Z

halo à 2 neutrons

noyaux stables

noyaux instables

 halo de proton

 halo à 1 neutronnoyaux instables
particuliers

α + 4 N  
α +4 n: He8

Li8α + 3 n + p: {

2 4 6 8 10 12 14

2

4

6

8

10

Be et 10 Be11He, 6

T
n

��������> � � �C������O�'�-,  8�����1`Y����� N ���-,.W

§.H�NaTk`���LxFk� H^�`\D�VileFkH�NvQ�VMS¾��H�NOHoT TkH^FkD�QR`3T.NuGHrS-HoDRD�H�D?L��kJAH�> � S-`3T.NPD�V{D�FkHoT�DaFkT¼JiLop
�.`3Q�LxD�`\VAQRHajkQ�V{dV{J BHo�\V BHvj.`3F�Q�LxjkjkQR`x��`\T.GVAQvT�`eNIS_`3TkT.L�ViNRN�LxT7S-H�NvN�F�QIJAH8NKNP�kNPD^yHofhH�N�yL
GHoT7N�VAD BH
LxT�`3Q�f LxJAH^faHoT�D«��LxVA��JAHqHoD�JiLgfwLxDRV�yHoQRHqGHqTkHoFkDRQ�`3T7N©��LxV{�kJAH^faHoT�D�J{V BHoH|HoD°GV£bcF.N�He>k��H�NETk`���L�Fk�
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de`\TD©G`3T.S|Q�H^jkQ BH�NPHoT�D�HoQ�Jzª BHojkQ�`\FkdeHoDRD�H|G�H|Jzª�V{TDRHoQ?L\S-D�V{`3T ����dF�H<| |PV{TvdV{de` } } �3j.`3F�Q�G�H�NETkHoFp
DRQ�`\T.N J{`3V{T
G�F
S �KF�Qo>.=zJiN�`xbcQ�HoT�D'LxVAT7N�V0JiLIj.`®N�N�V{�kVAJ{VAD BHIG�HKQ BHoVAT�deH�NPD�VAQ�JMLvN�D�QRF.S-DRFkQ�HUT�F.S-J BH8LxVAQRH
H^DUG«ª�H^�jkJ{`3QRHoQUGH�Ngde`\VAH�NnT�`3FkdeHoJ{JAH�N'G«ª BHoDRF.GHe�cHoTrGHo�k`\Q?NWGF%S?�kHofhVATw�.Lx��VAD�F�HoJ°GF%S?�.L�faj
fh`x�eH^T0>

§.HU�.L�JA`vH�NPDo�kS?�kH �'S-HoQRD?L�VAT.N�Tk`���LxFk��J BHo�\HoQ?N�VAT.NPD?L��kJAH�N_�FkT�HgfwLxT�V���H�NPD?LxDRVA`\T | | Ho�`\D�VMl[FkH } }
G�H|JAHoFkQ���LxVA��JAH|JAVMLxVMN�`3T >et�LxVMNµS_HoD�DRH���LxVA��JAH|JAVMLxVMN�`3T�LUGH8NµS_`3T.N BH�l[F�HoT.S-H�N�VAfaj.`3QRD?L�TDRH�NEN�F�QµJ{H�N
f BH�SoLxT�ViN�fhHoN|GHWQ BH�L\S-D�V{`3TrLodeH�SUJAH�N|Tk`���LxFk�wHo��`3DRVileFkH�N��«HoJ{JAHUHoT�D�Q?L 	�ATkH�l[F�H����o��,�����c���
	��
�0�����������/02 
��a	����������/´�®G`3T.SqJAH�NES_`3FkjkJMLx�\H�N�L�Fk� BHoD?L�D?N�Ho�kS_VAD BH8NEGFhS-`3T�D�V{TFkF�f��xH^Tvj.LxQPp
DRViS-F�JAVAH^QEL�Fk� BHoD?L�D?N�GFwS_`3T�D�VAT�FkFkf*GHqj.L�Q�D�VMS-FkJ{H�N-�eNPHoQ�`\TD�V{faj.`3Q�D�LxT�D?N�J{`3Q�NµG�HnJ�ª�VAT�D�H^Q?L3S_D�VA`\T
G�HvS-H�N�T�`x��L�Fk�uLodeH�SgFkTkHvS_VA�kJ{He>§cLaS_`3fajkQ BHo�kHoT7N�VA`\TuGHIJMLOGV£bcF.N�V{`3T BH^JiL3NPD�VMl[FkHUQ BH�S-JiL�faHoQ�L
L�JA`\Q?N|FkTwD�Q?L�VADRHofaHoT�D°�,�9«/.����v2e/.1����3�����3>

§.H�NEHo��j BHoQRVAHoT7S-H�N0LodeH�S�G�H�N´��LxVMN�S-H8LxFk�WQ?L3G�VA`eL\S-D�V£��NEleFkVk`3T�DEHoFvJ{VAHoF�GHojkF�ViN�d�VATk�\D�LxT7N©`\TD
NPF.N�S_VAD BHWJzª H�N�j.`3V{QqGH�G BH�S_Q�VAQRHWGH�NqN�D�QRF.S-DRFkQ�H�N|T�F.S-J BH8LxVAQRH�N�Tk`\FkdeHoJAJ{H�N�HoD'GHIfhVAHoFk�hS-`\TkT.L 	�{D�QRH
J�ª�V{TDRHoQ?L\S-D�V{`3TaH-bcH�S_D�VAdeH'JA`3V{TuGHIJML d\LxJ{J BHoH GHvNPD?Lx��VAJAV{D BHe>��nH�NqGViNPj.`eN�V{D�V£��N Ho��j BHoQRVAfaH^TD�LxFk��NPH
NP`3T�DEG BHodeHoJA`\jkj BH�N.j.`3FkQ BHoD�H^T.GQ�H�JML�jkQ�`�GF7S-D�V{`3TvG�H�N´V{`3T.N0Q?L\GVA`®L3S-DRV���N0GH�jkJ{F.N0HoTUjkJAF.N«J{`3V{TIG�H
JMLgd3L�JAJ BHoHqGHUNPD?Lx��VAJAV{D BH��e`3T BHoD�F.G�VAHqLxV{T.N�VcGH8N©T�`x��L�Fk�hl[FkV�`3T�D�FkT��3Q�LxT.GwGHo�\Q BH'G«ªsL\N���f BHoDRQ�VAH
T�HoFkD�QR`3Tp�jkQR`3D�`\T0�eHoD�G`\TD�JMLgN�j.H�S-DRQ�`®N�S-`\jkVAH|`�b«QRHnJMLnj.`eNRN�VA��VAJAV{D BHqGH|DRH�N�DRHoQEJ{H�N�S_`3faj.`eNRLxT�D�H�N
G�H|Jzª�V{TDRHoQ?L\S-D�V{`3TWH-bcH�S-D�V{deH|leFkV.G BH^jH^T.GHoT�D�GHqS-HqG�Ho�3Q BHgGH|J{VA�.HoQRD BH|HoD�leFkV.NP`3T�DE��LxVA��JAH�N�j.`\FkQ
J{H�NETk`���LxFk�hN�D�Lx�kJ{H�N->.±qTaH�N�j yHoQ�HUL�Fk�3fhHoTDRHoQ�Jzª H-bcHoD°GH�NµDRHoQ�fhH�NEG BHoj.HoT7GkLxT�D|GH'Jzª�VMN�`®N�jkV{TaHoD
H^TwG BH�GF�VAQ�H'GH�N|S_`3Q�QRH�S-DRVA`3T7N�leFkV.jH^Q�faHoDRD�HoT�D�G«ª¬Lxf BH^JAVA`\Q�HoQ�JiLIG�H�N�S-QRVAjkDRVA`\TwGHgJ�ª�VAT�D�H^Q?L3S_D�VA`\T
H_b«H8S-D�V{deH ����>

§�ª Ho�j�JA`3Q�LxDRVA`3ThGHqJiLnf LxD�V�yHoQ�H°TF7S-J BH�L�VAQRH�d\LIG`\T.SqN-ªsL�jkjkFk�eH^Q�N�FkQ S-H�N�T�`x��L�Fk�vVAT7N�D?L��kJAH8N-�
NPF.N�S_HojkD�V{�kJAH8N�GH|j�Q BH�NPHoTDRHoQ�GH�NEGV£b BHoQ�HoT7S-H�N�GH���`3QRfaH�HoT�D�QRH�J{H�NEGHoT7N�VAD BH�N�GH|TkHoFkDRQ�`\T.NEHoDEG�H
j�Q�`3DR`3T.NEHoD°GH8NEN�DRQ�F.S-DRFkQ�H8N�VATk�7Lx�kV{D�FkHoJ{JAH�N_�3leFkV.NPH|D�Q�L3GFkVMN�HoT�DEj.L�Q�JiLgj.HoQ�DRHqGH|fwLx�\ViS-V{D BH°GH�N
QRHofajkJ{ViNRN�Lx�\H�NEGH'S-`\F.S¾��H�N->��H'N�`\TD l[F�HoJileFkH�NzpzFkT7NEGH�N�N�F8��HoD?N°G«ª BHoDRF.GHqGHqTk`\D�Q�Hq�3QR`3Fkj.HUG�H
¯®D�Q�F7S-D�FkQRHqmnF.S-J BH�LxV{Q�H�HoD �.L�ViN�S_H�LxFk��CE�`\D�VileFkH�N�GF²¯®HoQ�d�ViS-H GHq¡E���N�VMl[F�H|mnF.S_J BH�L�VAQ�H 
��°C�¦ p
¯[L3S-JML8�®�k�K¯�t��8�n¦'¡µm'=�¦��3¯�¡E�.m ��>

��`\fafaH�JAH�N�N�H�S-DRVA`\T.NEH��wS^L3S-H�N�GHq	����°1��^�;/.,!�����k�-�����01��KNP`3T�D°N�HoT.NPVA�kJ{H�NEL�Fa��/k����,������
	 �{�;,.������k23�8�;/.,¼,�/��c�k1 ��,�/��c�k1¼l[FkV©G BHoj.HoT.GrGHvJiLwGH^T.N�V{D BH�GH�N'X T�`x��L�Fk�
V{TDRHoQ?L��3VMN�N�L�TD
H^DIG�HaJzª VAT�D�HoQ�L3S-DRVA`3TuH-bcH�S-DRVAdeH ���¨��`\T%JAH�NgFkDRVAJ{ViN�H�S_`3fafaHWFkTkHhN�`\T.GHaj.`3F�QvJAH�NUGHoT7N�VAD BH�N
H^DµJ�ª�V{TDRHoQ?L\S-D�V{`3T0>±qTafhH�N�FkQRHqLxJ{`3Q?N°GH�N°GViNPD�Q�V{�kFkDRVA`3T7N�LxT��3FkJMLxVAQRH�N�G�HUN�H�S_D�VA`\T.NµH�wSoL\S-H�NEG�H
T�`x��L�Fk��Ho�`\D�VMl[FkH8N©J BHo�3H^Q?N�N�FkQqG�H�N�S-V{�kJAH8NEGHgTk`���L�Fk�aNPD?L��kJAH�N°S-`3T�TF.N_�HoD�J{Hg�kFkD GHgJzª BHoD�F7GH
H8N�DuGH S-`3faj7LxQ�H^QaJAH�NwNPH�S-D�V{`3T.NaH�� SoL\S-H�NaHo��j BHoQ�V{faHoT�D?L�J�H8NOLodeH�S�GH8N²S^LxJiS_FkJiNaD�� BHo`3QRVileFkH�N
j.`\FkQwS-`\TDRQ?LxV{T.GQRHr�;���%��/0	���������,c1�2e�3�����;�����²HoD�JAH�NvVAT�D�H^Q?L3S_D�VA`\T.NvH-bcH�S-D�V{deH�NvmnF.S_J BHo`\Tp
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mnF.S_J BHo`\T0>k§�ªsLxj�jkQ�`�S?�kHUfaViS_Q�`eNRS-`3j�VileFkHql[F�HgTk`3F7N|L3G`\jkD�`\T.NgN�F�jkj.`eN�HWleFkHgJ{HgTk`���LxFaH8N�D|FkT
HoT.NPHof��kJAHUG�HIjkQR`3D�`\T.NgHoD'GHITkH^FkD�QR`3T.NgG�`3T�Dg`3T�V{�3Tk`\Q�H�G BH�NP`3QRfwLxVMN�JiLOT.L�D�FkQRH�S-`3fhj`®N�V{D�He�
N�L�T.NwN�DRQ�F.S-DRFkQ�H®��VAT�D�HoQ�Lx�\ViN�NRLxT�DwX¼yL�X j7LxQwJzª VAT�D�HoQRf BH�G�ViLxV{Q�HwGcª�FkT j.`3DRHoT�D�VAH^Jz>|§.H�NwGHo�3Q BH�N
GH�J{VA�.HoQ�D BH
V{TDRHoQ�TkH8NOS-`\fafaHwleF.L�Q���N-��f BH8N�`3T7N-�A>{>A>�NP`3T�DaVAT.S_JAF.NvVAfaj�JAViS_VAD�H^fvHoTD^�0JAH�NOH_b«H^D?N
Q�H^JiLxDRVAd�ViNPD�H�N|HoDgJ�ª�Ho��ViNPD�HoT.S_H BHodeHoT�D�F�HoJAJ{HUGHv��`3Q?S_H�N�yL j�JAF.NgG�HaXwS-`\Q�j.NUN�`\TDWS-`\fajkJ�yHoD�HofhH-T�D
VAT�D BH^�3Q BH8N«GkL�T.N�JiLµ��`\Q�faH©GH�Jzª�V{TDRHoQ?L\S-D�V{`3TqH-bcH�S-DRVAdeH ����>3��HoDRD�H°Lxjkj�Q�`��V{fwLxDRVA`\TKH8N�D���F.NPD�V�� BHoH
GkL�T.N T�`3D�QRHWS-`3T�D�Ho��D�H l[FkV0H8N�DqS-HoJ{FkV0G�HI������
 ���o���01�� 	
1�2e�3���k�����%��¥���k�o�o�)���,�����c�;�.>

��`3fafhH²J{H
Tk`\D?L�VADu¡ELxF�J�&�`3T.S?�kHe��Jzª Ho��jkJA`\Q?LxDRVA`\T¼GH�JiL¥f LxD�V�yHoQ�HwT�F.S-J BH�LxV{Q�H
T�HrS-`3fOp
j.`3QRD�Hvj.L\N@| |�FkT�HIfwL�TkVAjujk�.LxQRHvNPF.N�S-H^jkD�V{�kJAH�G«ª BH�S_JiLxV{Q�HoQ|J�ª�HoT7N�Hof��kJ£HUGHWJiLaGVMN�S-V{jkJAV{TkHe��fwLxVMN
S?�.L3leFkHwHo��j BHoQ�V{HoT.S-HhH�N�DaF�T BHoJ BHofaHoT�DWGH
JML¥��/.�o��� � �01��.��H^DaS?�.L3leFkH BHoJ BHofhHoTDUH�NPDOH8N�N�H^Tp
D�V{HoJEj.`3F�QvS-`\fajkQ�H^T.GQ�HWJzª HoT.N�H^fO�kJ{H ��N_ª�V{JET0ª��rLajkJ{F.NUL3NRN�H �wGcª BHoJ BHofaHoTeD�NnS-`\TkT�F.NUGkLxT.NUFkTkH
j.L�Q�D�V{H�GHvJiLaD�Lx�kJ{H�GH�NnTk`���L�Fk�«�c`3TrTkH�S-`3fhjkQ�HoT7G
jkJAF.NqQ�VAH^T0>«�|Ho�®LxQ?G�HoQWS-HoD�DRHIfa`®N�L � �ileFkH
LodeH�SgG«ª¬LxFkDRQ�H�N|S_Q�VAD^yHoQ�H8N-�kS\ª�H�NPD�JiLIf BH�S-`3T�T.L 	�{D�Q�H } } >.¡�`3FkQqHoTuLxjkj�Q�HoT.G�Q�HUjkJAF7N|N�FkQqJAHUTk`���LxF �
`3T�j.HoFkD�N_ª�V{TD BHoQ�H�NRN�HoQhyL�NPH�NvSoLxQ�L3S-D BHoQ�VMN�DRVileFkH�NKJ{`3Q�N�leF0ª�V{JµH8N�D�G BH-��`\Q�f BH 
zNPD�QRF.S-D�F�Q�H�NhyL �.L�FkD
N�j�VAT���kL3NP�f BHoD�QRVileFkH 
�G BHojkJML3S-H^faHoT�DµJ{HgJA`\Tk�hG«ª�FkT�HUN BHoQRVAHUViNP`3DR`3jkVMl[FkH'deHoQ?N�J{H�N�G BH�cS-VAH^TD�NµHoT
TkHoF�D�Q�`\T.NE`3FaJ{H�N�QRViS?�kH�N�HoT�TkHoF�D�Q�`\T.N ���eJA`3F�Q?G 
��3Q?L�T.GvTk`3f��kQ�HqG�HnfwL\N�NPHe� BHoDRF.GHqGH�N�NPFkj.HoQ�p
JA`\FkQ?G�N �?�\S?�.LxF.G 
��3Q�LxT.GH BH^TkHoQ��\VAH G«ª�Ho��S-V{D?LxDRVA`\T�?>^mn`3F.N�LxJAJ{`3T.N�faHoTkHoQ0F�TkH BHoDRF.GH°Q�H�NPD�Q�H^VAT�D�He�
fwL�ViNUG`3T�DIJ�ª�`\����H�S-D�V£� N�HoQ�L�G«ªsL�jkj.`3Q�DRHoQ�leFkHoJileFkH�NgjkV�yH�S-H�N 
�J BHo��yHoQ�H�N(� � !nHe� #	� &�He� #%# &�H � LxF
jkF � �oJAH-p�fa`®N�L � �Ml[F�H�GH�NKT�`x��L�Fk�c�´H^DvGHwS_`3fajkQRHoT.GQRH�S-HoQRD?LxV{T.NIL\N�j.H�S-D�NvGHaJML²fwL�D�V�yH^Q�HvT�Fp
S-J BH�LxV{Q�HqJA`3V{TwGHUJiLUd\LxJAJ BHoHUGH N�D?L��kVAJ{VAD BH(�kL\N���f BHoD�QRVAHe����LxVA��JAH BHoT�HoQ��\VAH'GHUJAViL�ViNP`3TwGH8N|GHoQ�T�VAHoQ�N
T�F.S-J BH^`3T.N_�.G BHoj.HoT.GkL�T.S-H�GHWJzª VAT�D�HoQ�L3S-DRVA`3TwH-bcH�S_D�VAdeHWLodeH�SgJzª ViNP`eN�j�VAT0>0§cLaGV£b«F7N�VA`\T BHoJiL\N�DRVileFkH
H�NPDµF�TOfa`��eHoTUjkQRVAd�VAJ BHo�3V BH�j.`3FkQ BHoD�F7GVAHoQ�JiLgGH^T.N�V{D BH'GH|fwLxDRV�yHoQRH|GH'S-H�N�Tk`���LxFk�vHoD�D�H�NPD�HoQ�JAH8N
fa`�GcyH^JAH�N�j.`3F�QgJAH�N|j.`3DRHoTDRVAHoJMNnGcª�VAT�D�H^Q?L3S_D�VA`\Tul[FkV���F.NRl[F0ªMyLOjkQ BH�N�HoT�Dq`3T�DnHoF¨GFrN�F7SoS3yH�NqLodeH�S
JAH8N�N�D�Lx�kJ{H�N-�kf LxViN|NP`3T�D|Q�HofhViNEHoTuSoLxF7N�HvleF.L�T.G²`\T
N_ª BHoJ{`3V{�3TkHWGHUJiLId\L�JAJ BH^HUGHWN�D�Lx�kV{JAVAD BHe>
��HoJMLnTk`3F7N�LUS-`3T7GFkVAD'yLgjkQR`3j.`eNPHoQo��LxFw¤g¦'mg=�§��eGH�NEHo��j BHoQRVAHoT.S_H�N�G�HqGV�bcF.NPVA`3T BHoJiL\N�D�VMl[F�H|GH
��LxVMN�S-H8LxFk�aH^�`\D�VileFkH�N°G«ª �"!nHe��GH # � &�H'HoDqGH #%# &�HUN�FkQ'GH�N|S_VA�kJ{H�N�GHUjkQR`3DR`3T.N|HoDqSoL�Q��.`3TkH®>
§.HhS¾�.L�jkVADRQ�Hh=njkQR`3JA`\Tk�3H^Q?L�S-HoDRD�HvV{TDRQ�`�GF.S_D�VA`\T%HoT G BHodeHoJ{`3jkj7LxT�DKJ{H�NgjkQ�`\�kJ�yH^faH�NqN�`3F�JAHod BH�N
j.L�QnJ{H�N T�`x��L�Fk�aHo��`3DRVileFkH�N|HoD|JAH8N fa`\D�V{d3L�D�V{`3T.N�DR� BHo`3QRVileFkH�N|GHWJzª BHoD�F.G�H �kDRH�N�DRHoQqJAH�N�j.`3DRHoTp
D�V{HoJiN_�eS-`\fajkQ�H^T.GQ�H°JiLUN�DRQ�F.S_D�FkQRHgGH8N©T�`x��L�Fk�vHo��`3DRVileFkH�N���!nH®� #	� &�He� #%# &�HWyLUD�Q?LodeHoQ�N�Jzª BHoD�F7GH
GH|JMLgGV�bcF.NPVA`\T BHoJiL\N�D�VMl[F�H�HoDqyLgj.L�Q�DRVAQ�G«ª VAT��`\Q�fwL�D�V{`3T.N�N�FkQ�JAH�N�j.`\D�HoT�D�V{HoJiN�G«ª�V{TDRHoQ?L\S-D�V{`3TWfaViN
HoT���HoF�GkL�T.NgJAH�N|Q BH8L3S-DRVA`3T7N->0��HoJiLaS_`3T.GF�VAQ?L¨yLOjkQ BH8S-ViNPHoQ|JAH�GViNPj`®N�V{D�V��©Ho�j BHoQ�V{faHoT�D?LxJcQ�H�leFkVMN
HoDUNPH�NUl[F7LxJAV{D BH�NqT BH�S-H�NRN�L�VAQ�H8NvyLaJiLOQ BH�LxJ{ViN�L�D�V{`3TrGH�Tk`eNg`\����H�S-D�V£��NnD�� BHo`3QRVileFkH�N->0§.HhGViNPj`®N�V{D�V��
Ho��j BHoQRVAfaHoT�D?L�J�GH�N�GHoF��vHo�j BHoQ�V{HoT.S-H�N0HoD�JAH8NµS^LxJAV{�kQ?L�D�V{`3T.N�N�H^Q�`3T�D�H^T.N�FkV{D�HqG BH^D?LxV{JAJ BH�NELxF S¾�.Lop
jkV{D�Q�Hh=�=?>E§cL²j�Q�ViNPHwGHhG`3T�T BHoH�NWN-ª�H8N�DIH_b«H8S-D�F BH^HaL�F�S-`3F�Q?NIG�HwX²Ho��j BHoQRVAHoT7S-H�NnfaH^T BHoH�Nnj7LxQ
FkTkH�S_`3JAJMLx�.`3Q�LxDRVA`3T%¤'¦gm'=�§��c=P¡�m ±qQ?NRL8�uHoDI¯�L\S-JiLo�e>0§.H�NnfhH�N�FkQRH�N|j`\FkQgJ{H�N ��LxVMN�S-H8LxFk�uGH
#	��� #�# &�HhN�HhN�`\TD�G BHoQ�`\FkJ BH^H�NgHoT¥T�`xdeH^fO�kQRHa@^�3�3���|yLwJzªsL�ViGHhGF GViNPj.`eN�V{D�V£�U¯�=�¯k¯�= 'Y¯[¡µC�¤ �
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¯[=�¯�¯�= 
;HoT7N�Hof��kJAHWGH�N�`\J BHoTk` � �iGH8NgN�Fkj�Q?L3S_`3T.GF7S-D�HoF�Q?N �'LOj.HoQRfaViN|JiLvjkQR`�GF.S-DRVA`3T ��LodeH�SgFkT�H
�.`\TkTkH�VAT�D�H^T.N�V{D BHe��G«ª FkT�
��k�;�^2e��k1��o��2e/.,�	��k���x�¼�e��/7�8� �01��%GH #�# ���\�EjkFkViNhGH #	�����\��HoD
¯[¡µC�¤ 
�¯®jH8S-D�QR`3f¨yHoDRQ�HWyLW¡�HoQ�DRHqG«ª BCETkH^Q��3V{HgG�F
¤'¦gmg=�§ ��LKL\N�NPFkQ BHUJiLUN BHoJAH�S_D�VA`\TvHoD�JiLWG BHoD�H8S¾p
DRVA`\T
G�H�N j7LxQ�DRViS-F�JAH�N°GV�bcF.N BHoH�N->«§�ª Ho��j BHoQ�V{HoT.S-H�
zC�X\�@ � BHoD?L�VAD|jkV{`3TkTkV�yHoQ�H'HoTuS-HWl[FkV�S_`3T.S-H^Q�TkH
J�ª�FkDRVAJ{ViN�L�D�V{`3TuGH�	I��[����23����1�����	�� 
R�k���o2e���k1%jkJiL\S BH�NgLod\LxT�DgJMLaS-VA��JAHe��GkLxT.NgJMLaN�L�JAJAH�¯�¡�C�¤I>
§.HhG BH�S_JAHoT.S?�kHof�HoT�DqGH�NUG BHoDRH�S-DRHoFkQ?N'GHI��LxVMN�S-H�L�F BH^D?LxV{DUjkQ�VMNgLxF%T�VAdeH�L�FrGF¥j�JiLxT���`�SoL�J�G�F
¯[¡µC�¤W��G`3T7S j.`3T7G BHoQ BHqj.L�QµJ{H�Tk`\fO��Q�H|G�HgS-`\Fkj.N�GV£b«F7N BH�N_�eS-HqleFkV.LUGViNPD�`\Q?GF�JAHqNPVA�3T7LxJ.j.HoQ�p
fhHoD�D�LxT�D0G«ª¬L3SoS BH8GHoQ°yLnJ�ªsLxT��3JAH°G«ª VAT.S_ViGHoT7S-H�N�F�QEJiLqS-VA��JAHe>���HoJiL|Ho��jkJAVMl[FkH�JAH�N�GV�� S-FkJ{D BH�N0leFkV�NPH
NP`3T�D�jkQ BH�N�H^TD BHoH�N|yLUJzªsL�T.LxJ{�kNPH ��SoL�JAV{�kQ?L�D�VA`\TOj.`\FkQ�J�ªsLxT��3JAHqVAT7S-ViGH^TDEV{T.S-`\fajkJ�yH^D�He��L��.N�HoT7S-HgG�H
fhH�N�FkQRH|G`\TkT.L�TD°JiL ��`\Q�faH|Q BHoHoJAJ{H|GFv��LxVMN�S-H8LxFvVAT7S-ViGH^TD^>[§.H�NEjkQR`3�kJ�yHofaH�N�GHqTk`3QRfwLxJ{ViNRLxD�V{`3T
leFkV�HoTrG BH�S_`3FkJ�yHoQ�HoT�Dq`3T�D BHoD BHWQ BH�NP`3J{F.Nnj.L�QgJzª BHoJiL��`\Q?L�D�VA`\TrG«ª�F�T�jkQ�`\�3Q?L�fafaHWGH�NPVAf�FkJiL�D�VA`\T
t
`\TDRH-pR�°LxQ�J{`uGH�NgGVMN�DRQ�VA��FkD�V{`3T.NULxT��3FkJMLxVAQRH�NUG BHoDRH�S-D BH^H�N j7LxQUJAHa¯�¡�C�¤W>E±nTrdeHoQRQ?LaGkL�T.NgJAH
S?�.L�jkVADRQ�H�=�=R=gS-`\fafaHoT�D|JAH�NUG`\TkT BHoH8N `\TD BHoD BH�L�T.LxJ{�kN BHoH�N�yL²J�ªsL�ViGH�GHhS-H�jkQ�`\�3Q�LxfafaH®�«leFkV
H8N�DId\L�JiLx��JAHwG BH8N�`3QRfwLxVMNgj`\FkQvD�`\FkD�H8NKJAH8NKHo��j BHoQRVAHoT.S_H�NnH-bcH�S-DRF BHoH�NULodeH�SvJAH�NUG BH^D�H�S-DRHoFkQ�NKG�H
��L�ViNRS-H�LxF >�CET%f LxQ?N�@o�\�3��EJ�ª�Ho��j BHoQRVAHoT7S-HWCµX\�3�rL²faH8N�FkQ BHvJAH�NUN�H8S-D�V{`3T.NUH��wS^L3S-H�NUGH GV�bcFp
NPVA`\T BHoJiL\N�DRVileFkH�GHaJ�ª � !nHhN�FkQ�GH�NIS_VA�kJ{H�NgGH * � ��¡E�0� # * �)H^DKj�Q�`3DR`3T0>�C�X3�3��Lw� BHoT BH�cS-V BH�G�H
J�ª�Ho��j BHoQRVAHoT7S-HqL3SoleFkVMN�HgJ{`3Q?N|G�HUC�X3�@WLxF¨N�F���H^D|GH�N|G BHoD�H�S_D�HoFkQ�N�GHg��L�ViN�S_H�LxF0��HoD�J{HUGVMN�j.`eNPVAD�V£�
S_`3fajkQRHoT.L�VAD'GH�Nn�®LxJAH^D�D�H8N fhViS-QR`�SoLxT.L�Fk�uGkLxT7NKJAH�NPj.H�S-D�QR`3f¨yH^D�Q�HW¶g·£¸k¹.ºwHoDULod\LxT�DKJMLwS-VA�kJ{H
G�HOQ BH�L3S-DRVA`\T0�0S-Hhl[F�V©��`\FkQ�T�ViN�NRLxV{DKJMLO��`3Q�fhH�GF¥��LxVMN�S-H8LxF LxQ�QRVAd\LxT�DWN�FkQUJML
S-V{�kJAHe�.HoDUFkT G BH-p
S_JAHoT.S?�kHofhH-T�DES_`3Q�QRH�S-D°GH�N°G BHoDRH�S-D�H^FkQ?N�GHn��L�ViNRS-H�LxF >��HoJMLKLIj.HoQRfaViN�GHgd\LxJ{ViGHoQ�JMLKf BHoDR�k`�GH
H^�j.`eN BHoHWLxF¨S¾�.L�jkVADRQ�HU=R=�=?>

§�ª `3����HoD�GFvS?�.L�jkVADRQ�H°=	� N�H^Q?LqGH�jkQ BH�N�H^TDRHoQ0JAH�N«fh`�G«yHoJAH8N0G`3T�D�`\T�GViNPj.`eN�HqL\S-D�F�HoJAJ{HofaH_TD
j.`\FkQ BHoDRF.GVAH^Q0JiL|fwLxDRVzyHoQRHETF7S-J BH�L�VAQRHe�?JiLqN�D�QRF.S-DRFkQ�H GH�N0Tk`���LxFk�UHoD0J{H�j.`3DRHoTDRVAHoJ�Gcª�VAT�D�H^Q?L3S_D�VA`\T
G�LxT.N�J{H|SoL\NEGH°JiLgGV£bcF.N�V{`3T BHoJML3N�DRVileFkHe>3§.H�N0VAT�D�H^Q?L3S_D�VA`\T.N0H-bcH�S-D�V{deH�N«D�� BHo`3QRVileFkH�N�N�`3T�DEDRH�N�D BHoH�N
NPFkQ|JAH8N�Tk`���LxFk�wNPD?L��kJAH�N_�HoD|J{H�Nµj�� BHoTk`\f BHoTk`\JA`3�\VileFkH�N°N�`3T�Dq� 	LxDRVAH�N|NPFkQ|JAH�N°SoLxQ�L3S-D BHoQ�VMN�DRVileFkH�N
G�H�NgTk`���LxFk�rNPD?Lx��JAH�N_>©±qTrdeHoQ�Q�LaleF0ª�V{JE�rLaJAVAH^FrGHOQRHofaHoDRD�QRHIHoT SoLxF7N�H�JiLad\LxJAVMGVAD BH�GHhS-H�N
V{TDRHoQ?L\S-D�V{`3T.NIH_b«H8S-D�V{deH�NKj.`3F�QOJ�ª BHoDRF.GHwGH8N Tk`���L�Fk�%Ho��`3DRVileFkH�N->�mn`3F7NOLode`3T7NOGH8NITk`���LxFk�
j�Q BH�NPHoTD�LxT�DEFkTkH|�\Q?L�T.GHqGV£b BH^Q�HoT.S_H�HoT�D�QRH$� HoD �U�\FkTv�.LxJ{`�
 #%# &�He� � !nH � G`\T.S|GH�N�GHoT7N�VAD BH�N
G�V�bcF.N�H8N-�kL�F.N�NPV�N-ª VAT�D BHoQRH�N�NPHoQ?LopzDPpz`\TryLvGH�N�fa`�G«yHoJ{H�N�LxFp]GHoJ]yLvGFwS?�.Lxfaj�fa`��eHoT0�7yLIjkJAF.NPVAHoF�Q?N
S_`3Q�j7N->

§.H�S?�.Lxj�VAD�QRH �*Ho�j.`®N�HoQ�L²S_HvleFkHIJ{H�NnG�`3TkT BH^H�NgGH�GV£bcF.N�V{`3T BHoJML3N�DRVileFkHvG�H�NnTk`���LxF��
G�H
� !qHe�0GH #	� &�HOHoD�GH #�# &�He��N�FkQ�GH�NWS-VA�kJ{H�NUGH�jkQ�`\D�`3T�HoDWGH SoLxQR�`\TkHe��Tk`3F.NWLxjkj�Q�HoTkT�HoTD
NPFkQaJ{H
D�Q�LxV{D�HofaH^TD�GH
JML¥fwLxDRV�yHoQRHaJA`\VAT GH
JML¥d\LxJAJ BHoHuGHrN�D�Lx�kV{JAV{D BHwHoDwS-`\fafaHoTeD BHod\LxJ{FkHoQ
J{H�NgH-bcHoD?NUJAV BH�NgLxF��%S-`\FkjkJMLx�3H8NILxF S-`3T�D�V{TFkF�f�>«mq`3D�QRHa�kFkDUH�NPDvGHhG BHodeH^JA`3j�jH^QIG�H�Ng`3FkDRVAJiN
GcªsLxT7LxJA��N�H��cLx��JAH�NgG�H�NnQ BH8L3S-DRVA`3T7NgLodeH�SKJ{H�N T�`x��L�Fk�wHo��`3D�VMl[F�H�N H^TrS-`3faj7LxQ?L�TDqJAH8NnNPH�S-D�V{`3T.N
H�wSoL\S-H�NgHo��j BHoQRVAfaHoT�D?L�JAH^NgLxF��%SoL�JiS-F�JiNgD�� BH^`3Q�VMl[F�H�N->E§cL��o/.,�	��rS¾��`3ViNPVAH�H�N�DWJiLu	����°1��o��/.,
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����;�k�_��� �01���GHvTk`���LxFk�wHo��`3DRVileFkH�N|J BHo�\HoQ?NWyLOJ�ª BHoTkH^Q��3V{HUGHv�®�at
H �)j.LxQ'TF.S_J BHo`\T0>«=zJ«��L�F.GQ?L
GV{Q�H�yLIJ�ª�ViNRN�FkH'GHUJzª¬LxT.L�JA��N�HUNPV«FkT�HKDRHoJAJ{HgNP`3T.G�HKH8N�DqL3G�LxjkD BHoHhyLIJzª BH^D�F.GH'GH�N�T�`x��L�Fk�¨yLI�.LxJ{`k�
HoDWleFkHoJAJ{H�NgL�FkD�QRH�NKQ BH�L3S-DRVA`\T.Ng`3T%j.`3F�Q�Q?L�VAD BHodeHoT�D�FkHoJ{JAHof�H_TDqHoT�dVMN�Lx�\HoQgj.`3F�Q�L3SoS BH8GHoQ�yLwJiL
N�DRQ�F.S_D�FkQRHaGHhS-H�NqTk`���LxFk��HoDhyLuGH�NgVAT��`\Q�fwL�D�V{`3T.NUN�F�QKJ{Hvj.`3D�H^TDRVAHoJ°G«ª VAT�D�HoQ�L3S-DRVA`3T¨GHhS-H�N
Tk`���LxF���Ho�`\D�VMl[FkH8NgLodeH�SvGH�NgTk`���LxF��rN�D?L��kJAH8N->E§�ª�`\����H�S-D�V£�°H�N�DWG«ª¬LxD�DRHoVAT7GQ�HvFkT�HOfaH^VAJAJ{H-F�Q�H
S-`\fajkQ BH^�kHoT.NPVA`3T GH�N|H-bcHoD?N|GH�2e/.1����;� �«�����k1 2e/.,����,«1�1�� faViN�HoTv��H^F²J{`3Q�NnGHUJMLOGV£bcFp
N�V{`3T BHoJML3N�DRVileFkHUGHUTk`���L�Fk�aJ BH^�3HoQ�Nµ��LxVA��JAHofaH^TD�JAV BH�N->
±qTafa`\TDRQ�HoQ�LKHoT �7TwS-`3fhfaHoT�DEjkQ�`\JA`\Tk�3HoQqS_HoD�DRH BHoDRF.GHWLxFwTkV{deH�LxFhD�� BHo`\Q�VMl[FkH�kD�QR`3FkdeH^Q�JAH8N
Q�H^f�yH�GH�N_�-jkQR`�S BH�GH^QqyLnFkT�S?�.LxT��3HofaH^TD0`\FuyLnFkTvQ?L �aT�HofaHoT�D0GH8N�fa`�GcyHoJ{H�N->{>A>_HoDEHo��j BHoQRVAfaHoT�p
D?L�J �kFkD�V{JAVMN�HoQ GH�N�Ho��j BHoQRVAHoT.S_H�N]p]N�`\T.GH�N°L3G BH�leF.L�D�H�N|j.`3FkQqD�H�NPD�HoQ|J{H�N|N�DRQ�F.S_D�FkQRH�N|GH�N�Tk`���L�Fk�
Ho��`3DRVileFkH�N->
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	������������������ � �.GkLxT7Nnt BH�S^LxTkVMl[FkH �nF7LxT�D�VileFkHgH^Dq� Hoj�Q BH�NPHoTD�LxDRVA`3TuGFut
`\T.GH �
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¦njkQ^yH�NILode`3V{Q BHode`�leF BHaJ{H�NvSoL�Q?L3S_D BHoQRViN�DRVileFkH�NUGHwJzª VAT�D�HoQ�L3S-DRVA`\T¥H-bcH�S_D�VAdeHvfhViS-QR`eN�S_`3jkVMl[FkH
mnF.S_J BHo`\TpPmqF.S-J BH^`3T0�e`3T¨G`3T�TkHoQ?LvJAH8NµjkQRVAT.S-V{j.H�N�HoD|���j.`3DR�0yH�NPH�N|l[F�V0jkQ BH�NPViGH^TD yLIJiLvfa`�G BHoJ{V�p
N�L�D�V{`3TwGH'JiLgfwLxDRV�yHoQRH|TF7S-J BH�L�VAQRH|HoD°GH�Nµj.`\D�HoT�D�V{HoJiN_>±qTadeHoQ�Q�LgHoT.N�F�VAD�HqJAH8NµS^LxQ?L\S-D BH^Q�ViNPD�VMl[FkH8N
GH�NqTk`���LxFk�uN�V{D�F BH8NnJA`\VAT�G�HvJiLOd\LxJ{J BHoH�GHvNPD?L��kVAJ{VAD BHWHoDgJ{H�NnG�HoT.N�V{D BH�NqGH�NqTk`���LxFk�uHo�`\D�VMl[FkH8N
J BH^�3HoQ�N�Q�VMS¾�kH8N�HoT�TkHoFkDRQ�`3T7N->k±qTOHo��LxfhVATkHoQ�L H^T.N�FkV{D�H'S-HqleFkHnJMLUGV�bcF.NPVA`3T BHoJML3N�DRVileFkHqLxj�j`\Q�DRH
S-`\fafaHEV{T��`3QRfwLxDRVA`3T7NEN�FkQ©�;�a�_����1�23��1����O	����g,�/��c�k10�%�e��/k��� �01����©T�`3D?L�fafaHoT�D0G�F #%#%&�H®�
HoD'GHvJzª � !qHvleFkV�j.`®N�N_yH8GHoT�DKQRH�N�j.H�S_D�VAdeH^fOHoT�D�F�T
�.L�JA` yLOFkT�TkH^FkD�QR`3T0�.HoDUGH^Fk�wTkHoFkDRQ�`3T7N->
±qT
deHoQRQ?LvL�F.N�NPVEleFkHUJiL�S-`3fhjkQ BHo��HoT.N�V{`3TuGHUJiL�GV£b«F7N�VA`\T BHoJML3NPD�VileFkHWLodeH�SUGH�N�Tk`���L�Fk�wHo�`�p
D�VMl[F�H�N j.`®N�N BH8GkLxT�DIFkT��7LxJA`w`\F¥FkT�H�S-`3T �7�3FkQ�LxD�V{`3TrHoTrS-J{F.N�DRHoQ?Nnj7L3N�NPHOj7LxQgFkT�HvQ�HofaVMN�HUHoT
SoL�F.N�HwG�H�Ngfa`�G«yHoJ{H�NgHoDUJiL²j�Q�ViNPHOH^T�S-`3fhjkD�H�GF S-`3Fkj�JiLx�\HwLxF S-`3T�D�V{TFkF�f�GHOj7LxQ�DRViS-F�JAH�N_>
±qT N_ªsLxj�jkFkVAH^Q?LrN�FkQhGH�NvHo��HofajkJ{H�NgD�VAQ BH�N�G«ª�Ho��j BHoQRVAHoT7S-H�NgjkQ BH8S BH�GHoT�D�H8NIj`\FkQwG BH^�eLx�\HoQhGH�N
j.HoQ?NPj.H�S-D�V{deH�N�GcªsLxT7LxJA��N�HUHoD|JMLIf BHoDR�k`�GHgHo��j BHoQRVAfaH^TD�LxJAHWyLvL\G`3j�D�HoQ^>

��0-e &�gfih5a ^ a ^ ] m j�f o hlkmf�h ov^ n hlk ] &^ m q_o�^
o&pKqmpKq o�r�sZt6uwvix:sZySzdr{t�|}t(x:s
yQ~mt���ySx:u&z/�Zx�z/� yS�<��t�����x��:�t$z�r��>����x��:�t(zdr

mn`3F7NµLode`\T.N BHode`�leF BHqGkL�T.NEJzª�V{TDRQ�`�GF7S-D�V{`3TvS_`3fafaH^TDcJzª�V{TDRHoQ?L\S-D�V{`3T�mnF.S-J BHo`3Tp]mnF.S_J BHo`\TvL
BHoD BH|S-`\fajkQ�VMN�H�D�`\FkD�G«ª¬Lx�.`3Q�G j�� BHoTk`\f BHoTk`\JA`3�\VileFkHofaH^TD^�¾j7LxQEJ�ªsLxT7LxJA��N�H GHqN���N�D^yHofaH�N0NPVAfaj�JAH�N
D�H^JiN�l[FkH|J{HqGHoFkDR`3T0�\HoDEJzª BHoD�F7GH|GH8NEG BHojk�7L3N�L��3H�N�GH|JMLUGV�bcF.NPVA`3T ����>k§.H�NES^LxQ?L\S-D BH^Q�ViNPD�VMl[FkH8N
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j�Q�VAT7S-VAj.L�JAH�NqGH�D�`\FkD�H�NgJ{H�NnVAT�D�H^Q?L3S_D�VA`\T.N ����leFkVEQRHojkQR`�GFkViNPHoT�DKJ{H�NgG`\TkT BHoH8N H^�j BH^Q�VAfhHoTp
D�LxJ{H�N�GHnJMLIGV£bcF.N�V{`3T ���YH^D�G�FwGHoFkDR`3T0�eJ{H�NEjkQ�`\jkQ�V BHoD BH�NET�F.S-J BH�LxV{Q�H�N�H^DµJ{H�NEjk�.L\N�H�N°N�`3T�D�J{H�N
NPFkVAd\L�TDRH�N$�

� JAH�N�jkV{`3T.N|G�`3faV{TkHoT�DUyLI�3Q�LxT.G�HvGVMN�D?L�T.S-H�
;j.`\Q�D BH^HIG BHoD�HoQRfaVAT BHoHnj7LxQ @
���

 @\���v��f �?�

� VAJ3H^�VMN�D�H�FkTkH°NP`3FkQ�S-H°G«ªsL�D�D�Q�L3S-DRVA`\TIG�Hµj.`\Q�D BH^HEVAT�D�HoQRf BH�GVMLxV{Q�He�Rl[F�VeQ BH�NPFkJADRH�GHEJ�ª BH�S?�.LxT��3H
GHvf BH�NP`3T.NUN�S^LxJiL�VAQRH�NnJA`\FkQ?G�N H^DIleFkVEH8N�DUJAHvjkJ{F.NUN�`\FkdeHoT�DUG BH�S-QRVADRH�GHI��L �S-`\T%jk� BH^Tk`xpf BHoTk`\JA`3�\VileFkH �

� VAJ«H^�VMN�D�H'FkTkHWN�`\FkQ?S-H�GHUQ BHoj�FkJiNPVA`3T yLvS-`\FkQ�DRHUj`\Q�D BHoHe>

��H8N|SoLxQ�L3S-D BHoQ�VMN�D�VMl[F�H�N�N�`3T�D|VAJ{JAF.NPD�Q BHoH�N�N�FkQ|JML �.�\FkQ�HW=?>A@\>k¡�`\FkQ|Q�H^T.GQ�H S-`3faj�D�H'GHUS-H�N�D�QR`3ViN
BH^J BHofaH^TD�N-�3J{H�N fh`�G«yHoJAH8N�leFkV BHoJiL��.`3Q�H^TDqJzª VAT�D�HoQ�L3S-DRVA`3T��Op �»��`\TD'Lxjkj.HoJ yL�GV�b BHoQRHoTD�N f BH�SoL8p
T�ViN�fhH�N�jk���kNPVileFkH�N->cm BH�L�Tkfa`\VAT.N_�kfwLxJ{�3Q BHWS-H8NgGV�b BHoQRHoT.S-H8N-�.JzªsL\SoS-`\Q?G
LodeH�SgJ�ª�Ho��j BHoQRVAHoT.S_HgH�N�D
`\�kD�H^TFw�3Q 	L3S-HWL�F
�3Q�LxT.GwTk`3f��kQRHUGHUj.LxQ�Lxf¨yH^D�Q�H8N|Lo��F.N�D�Lx�kJ{H�N|GH�N�fh`�G«yHoJAH8N->
¯®HoJA`\TOFkT�j.`3V{TD GHnd�FkHqjkJAF7N©fh`�GHoQ�T�He�3HoJ{JAH�H8N�D�VAT�D�HoQRjkQ BH^D BHoHqS-`\fafaH�Jzª BH�S?�.LxTk�\HqGHqf BH�N�`\T.N
G�LxT.N�JAHqSoL\GQ�H'GH|JiLgDR� BHo`3QRVAH'GFh2 
��k���%��/��«��,����������i9����-���.>3��HoD�DRHnV{TDRHoQ?L\S-D�V{`3T��	�
��NPH
S_`3faj.`eNPH|GH|DRHoQ�fhH�N0G BH�GF�VAD?N�GH|jkQRVAT.S_VAj.H�N0� BHoT BH^Q?LxF��vGH N���f BHoD�QRVAH�N_�-HoD©G BHoj.HoT.GvGFvdeH8S-D�HoF�Q
��UleFkV0N BHoj.L�Q�HgJ{H�N�GHoFk��TF7S-J BHo`\T.N-�eHoD°GH8N�GV£b BH^Q�HoT�D?N BHoD?L�D?N�G�Hgfa`3fhHoTD�LxT��3FkJMLxVAQRHe��GHUNPjkVAT.N

 �� # � �� * �?�cHoDUGH�j.LxQRVAD BHe>0mn`\F.NUL8de`\T.NgdFrL�F.N�NPV°l[FkH�JiL�Tk`3DRVA`3T GHhS¾�7Lxfajufa`��eHoTuLxF�NPHoVATG�F�Tk`���LxF S-`3T.G�FkViNRLxVAD yLOQ�HofhjkJiL\S-HoQ|Jzª VAT�D�HoQ�L3S-DRVA`\T ��� JAVA��Q�He�.j.`3FkQRdFkHhG«ª FkTa| |RS��UFkQ } } GFkQ
V{T �.TkV{faHoT�D0Q BHoj�FkJiNPV��cGH'S-`\FkQ�DRH|j`\Q�D BHoHe�3j.L�Q�FkTkHqVAT�D�HoQ�L3S-DRVA`3T�GVADRHq���°��23���i9«�qHo�kS_JAF.L�TDEDR`3FkD
S �KF�Q�G�FkQ � &�Q�F.�\���z>��gL�T.NµJ�ªsL�jkjkQ�`���VAfwL�D�V{`3Tv`cyFwJiLIS_`3T�D�Q�V{�kFkDRVA`3ThG«ª BH�S¾�7LxTk�\HgGH GHoFk�vjkV{`3T.N
H8N�D|Q�H^jkQ BH�NPHoT�D BHoHgj7LxQqJzª BH8S¾�.L�Tk�3H GHvGH^Fk�a�.`eNP`3T.N_�«HoDqGkL�T.N JML J{VAfaV{D�H|Tk`\Tp�Q�HoJMLxD�V{dVMN�DRHe�kLodeH�S
F�T%G BH^deHoJA`\jkj.HofaHoT�DgL�F¥j�Q�HofaV{HoQq`3Q?G�Q�H�HoT @ ����U�´`cyF���)H�NPDKJMLafwL3NRN�HhGF¥T�F.S-J BHo`3T �«JAH
j.`\D�HoT�D�V{HoJ«H-bcH�S_D�V���Lvj.`3FkQ|��`3QRfaHg� BHoT BHoQ�LxJAH � ��t�LxD��[Z � �

��������
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 �� � 
�� � 
 � � '��
#

 � � �� #�� �� * '��	��
 � � ��~�
 �� #�� �� � 
 �� *�� �� � � �� #�� �� * � '����! 
 � � �" � �� 
z=?>{@ �

=zJgH8N�DwL�VAT.NPVgHoT�D�V�yH^Q�HofaH^TD�G BHoD�H^Q�faV{T BHwj.LxQwJAH8NaS-`3T7N�D?L�TDRH�NwGHrS-`\FkjkJiL��3Hrf BH�NP`3Tp�TF7S-J BHo`\T

$#&%k�'#&( �?��J{H�NaTk`3f��kQ�H8Nal[F7LxT�D�VileFkH�N�HoDwJiL%fwL3NRN�HrGH8N²f BH�NP`3T.N BH�S¾�7LxTk� BH�N 
 � (.� � %��A>A>{> ��>
�qª H�N�D°Jzª BH�S¾��HoJAJ{H|�.L3GQR`3TkVMl[F�HIleFkVcVAfaj.`eNPHgJAH8N�	I������,�	��k,�2e��v��,��o����, �e�v��, ���o/.�o����,%	��
�%�{�;,.������k23�8�;/.,�GHW,«1�2e�3��/.,�� ��r�����o�o�}���,������«���.>
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~ 1 GeV 

1 1,5 2

0,4 

r =  r 
i

r 
j

(fm)

E 

cœur répulsif
‘‘dur’’ de Reid

modèle en ‘‘sac’’
(bag model)

échange de pions
      (OPEP)

échange de ρ, ω

échange de mésons
  scalaires lourds (σ)
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CE�kL�faVATk`\T.N|S?�.L3S-F�TwGH�N|D�HoQRfaH�N �
� � � 
 � ��H�NPDnJMLIj.LxQRD�V{HIS_HoTDRQ?L�JAH �
� j.L�Q�DRVAHWN�jkV{Tp]N�jkV{T � �

#

 � � �� #�� �� * �

� �	� 
 � � � ~ 
 �� #�� �� � 
 �� *!� �� � � �� #�� �� * �AH�NPD�JiLvj.L�Q�D�V{HgD�H^T.N�HoF�Q �
� � �! 
 � � �" � �� H�NPDnJ{HUN�jkV{Tp�`3Q���VAD�HhyL�S-`3F�Q�D�HUj.`3QRD BHoH �

§.H�NIj.L�Q�DRVAH�NWS-HoT�D�Q?L�JAH�HoD�GHwNPjkVAT�pz`\Q��kV{D�HajkQR`�dV{HoTkTkHoT�DvNPFkQ�DR`3FkD�G�HaJzª BH�S¾�7LxTk�\HaGHwf BH8N�`3T7N
ViNP`eNRSoLxJMLxVAQRH�N � H^D � ��HoD�J{H�Nµj.L�Q�DRVAH�N�DRHoT.N�H^FkQ�HoD N�jkV{Tp]N�jkV{T
G�HgJzª BH�S¾�7LxTk�\HgGH'f BH�N�`\T.NµVMN�`�deH�S¾p
D�`\Q�V{HoJiN�� HoD � ��t�L�D?�\���z> y¦ J�ª�`3Q�GQ�H G`3faV{T.LxT�D|HoTr@�����¼`3Twj.HoFkD BH�S-QRVAQ�H � � HoD � �! �

�	 
 � � � � # *%���
� �����	�
�

'
# *(
���
� ����
��
�  ������� � '�� �!��qA G«ª `3Q?G�Q�H�@3>

� �! 
 � � � � @
X  *�

@
�
�
� � 
 ������� � ��� �!��tA � G«ª�`\Q?GQRHO@ �� * >

¦nFvTkV{deH�LxFhGF�j.`3D�H^TDRVAHoJkj�Q�ViN�GkL�T.NµJMLnJAV{faVADRH | | Tk`\TpzQRHoJiL�D�V{dVMN�D�H } } �e`3T�D�Q�`\FkdeH'G BHP��yLgFkTkH'S-`3QPp
Q�H8S-D�V{`3TUQ�HoJMLxDRVAd�ViN�DRHe�oleFkV�H�N�D�JAH ��/7�8�,.���;���.	��v�^����, ��/.�x���i���>^=zJkNP`3Q�D�| |PT7LxD�F�Q�HoJ{JAHofaH^TD } } GkLxT.N
JiLgDR� BHo`3QRVAHUG�HgS?�.Lxfhjvfa`��eHoTvQ�HoJMLxDRVAd�ViN�DRHe�3HoD�H�NPD�V{TDRQ�`�GFkV{D°S-`3fafhH�D�H^Q�faH ��� ( 8.� GkL�T.N�JAH8N
SoL�JiS-FkJMNµTk`\T
QRHoJiL�D�VAd�ViNPD�H�N_>
=zJ´��L�F.GQ�LxVADUjkQRHoT.GQRHvHoTrS-`\fajkD�HUFkT�HOj.L�Q�DRVAH�G«ª BH�S¾�7LxTk�\HIQ�H8N�j.`3T.NRLx�kJ{HaG�H�NnH-bcHoD�N Q BHojkFkJMN�V£��N
GHUJzª VAT�D�HoQ�L3S-DRVA`\T � � ����
� � ����� �g�k`cyF�Jzª `3j BHoQ�LxDRHoFkQ|Gcª BH�S?�.LxT��3H�� � H8N�D|D�H^J�l[FkH �
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* � � # �?>.�gL�T.N|JAHWSoL3G�Q�HWGH�N�DR� BHo`3QRVAH�N|G�F�S?�.Lxfaj�fa`��eHoTaQRHoJiL�D�V{dVMN�D�H®�[J{H�N�8�������v	 �o��2 
��k, �c� 
zS-`\Q�Q BHoJiL�D�VA`\T.NvGHw¡�LxFkJ{V �gH^DIJAH8NI2e/.��������������/,�����½2e/.1��8�8�¥��/.�o�����
`\TD BHoD BHOQ BH�S-HofhfaH-T�D|VAT7S-JAF.NUGkL�T.NKJ{H�NUSoLxJMS-FkJMN 
�GH�D���j.H &�QRFkH�S��T�HoQ�p !gLxQRD�QRHoH-p �7`�S�� �?�kfwL�ViN
V{JiN�Q�H�NPD�HoT�DqGV�� S-V{JAH�NqyLvD�Q?L�VADRHoQ|TF�f BHoQ�VMl[F�HofvHoT�Do>e=zJiN�Q�H�NPD�HoT�DqN�`\FkdeHoT�D|T BHo�\JAVA� BH�N->
§.H8N jkQR`3jkQRV BHoD BH�NµH8N�N�H^TDRVAHoJ{JAH�N�GHWJzª�V{TDRHoQ?L\S-D�V{`3T�H-bcH�S-DRVAdeH���� N�`3T�DqJAH�N°N�FkV{d3L�TDRH�N$�

� JiLIj.`3QRD BHoH �.TkV{HWGHWS¾�.L\l[F�HKDRHoQ�fhHgGHUJ�ª�VAT�D�H^Q?L3S_D�VA`\T �

� JiLvG BHoj.HoT7GkLxT.S_HKH^T²V{fajkFkJMN�V{`3T �
� JiLvG BHoj.HoT7GkLxT.S_HKH^T
G�HoT.N�V{D BH �

� JiLnQRHojkQ�`�G�F.S-D�V{`3ThGHqJiLgNRLxD�F�Q?LxDRVA`\TwGH|JiLgfwL�D�V�yHoQ�H�T�F.S-J BH8LxVAQRH 
��3Q
	L\S-H�yL JMLgG BHoj.HoT7GkLxT.S_H
HoTuGHoT.NPVAD BH'`3F
H^T²d�VADRH�N�NPH � �

� JAHgj.`3DRHoT�D�VAH^J�GHWN�jkV{Tpz`\Q��kV{D�H �

� JiLvG BHoj.HoT7GkLxT.S_HKH^T²VMN�`®N�jkV{T
G�HgJzª BHoTkHoQR�3VAH GHgJAVMLxVMN�`3TwHoDqG�F²j.`\D�HoT�D�V{HoJ0GHWNPjkVATp�`3QR�kVADRHe>
CET%DR� BHo`\Q�VAH�Q�H^JiLxDRVAd�ViNPD�He�cS-H�NgjkQR`3jkQRV BHoD BH�NINP`3T�DvG BH�G�FkVADRH�NUGVAQRH�S-D�H^faH-T�D'GHOJML
S-`\TkT.L�ViN�NRLxT.S_H
G�H�NEf BH�SoL�TkViNPfaHoN0G��T.L�faVileFkH�N�G«ª BH�S¾�7LxTk�\H�N�GH|f BH�NP`3T.NEleFkV.VAT�D�H^Q�d�VAHoTkT�HoTD�NPFkQ�JiLn��`3QRfaH|G�F
j.`\D�HoT�D�V{HoJ ����>c¦nFuS-`3T�D�Q�LxVAQRHe�H^JAJAH8N�N�`\TDqVAfhjkJ BHof�HoTeD BHoH�NEGkL�T.N|JAH�N�V{TDRHoQ?L\S-D�V{`3T.N�H-bcH�S_D�VAdeH8N
j�� BHoTk`\f BHoTk`\JA`3�\VileFkH�N�GHqD���j.Hg¯����QRfaHe��leFkV.S-`\TDRVAHoTkT�HoTD�FkT�j.HoD�V{DETk`3f��kQRH|GH|j.L�Q?L�f�yHoD�QRH�N
L^��F.N�D BH�NnNPFkQqJAH�N|jkQ�`\jkQ�V BHoD BH8NnGHUJML fwL�D�V�yHoQ�HgT�F.S-J BH�LxV{Q�HUHoD|J{H�NnS^LxQ?L\S-D BH^Q�ViNPD�VMl[FkH8N|GHWl[FkH^JileFkH�N
T�`x��L�Fk�c>
��H^jH^T.GkLxT�Do�.VAJ0T�HvS-`\Td�VAHoT�D|j.L\NgG«ª�`\jkj.`eNPHoQgJAH8NnGH^Fk�wD���j.H�NqG«ªsL�jkjkQ�`�S?�kHe�.JiLvD�� BHo`3QRVAHUQ�HoJML8p
DRVAd�ViNPD�H'N�HofaV£pzj�� BHoTk`\f BHoTk`\JA`3�\VileFkH|leFkV S-`3T.NPHoQ�deHqJiLvNPD�QRF.S-D�F�Q�HgfaVMS-Q�`®N�S-`\jkVileFkHqGFhj`\D�HoT�D�V{HoJ
�����eHoDEJ�ªsL�jkjkQ�`�S?�kH|jk� BHoTk`3f BHoTk`3J{`3�\VileFkHqLodeH�SµFkT�HnV{TDRHoQ?L\S-D�V{`3TIH_b«H8S-D�V{deH|GHqDP�j.Hg¯����QRfaHe>
=zJET�H�N-ªsL��3V{DKj7L3N-�0j.`3F�QIJzª VAT.NPD?L�TD^�«G«ª BHoD?L��kJAV{QgFkTkHv��V BHoQ�LxQ?S?�kV{HvleFkV�S-`\T.N�VMG BHoQ�H^Q?LxV{DgJiLaDR� BHo`3QRVAH
QRHoJiL�D�V{dVMN�D�HUfaVMS-Q�`®N�S-`\jkVileFkHUS_`3fafaH'jkJAF.N|��`3T.GkL�faHoT�D?L�JAHWl[F�HIJiL�D�� BHo`\Q�V{HIFkDRVAJAVMN�L�TDqFkTkHWVATp
DRHoQ?L\S-D�V{`3T LxFk�rD�H^Q�faH�NqLo��F.NPD BH�N_>µ§.H�D�Q�LxVADRHofaHoT�DqHoT�S?�.Lxfaj�fh`x�eH^T
Q�H^JiLxDRVAd�ViNPD�HvT BH�S_H�N�NPVAD�H®�
J{FkV�LxF7N�N�V���.H�L�F.S-`\FkjrG«ªsL�jkjkQR`x��VAf LxD�V{`3T.N�H^DgGH8N j.L�Q?L�f�yHoD�QRH�N->.¦qVAT.NPV0JiLvfwL3NRN�H � %OH�NPD�p�HoJAJ{H
L^��F.N�D BHoHe�0SoL�QWS-HvT0ª�H8N�DUj.L3Ngd�Q?L�VAfaHoT�DqFkTkH�Q BH�NP`3T.L�T.S-H�HoDo�0NPV°S-HoQ�D�LxV{TkH�NgGH8NKS_`3T.NPD?LxT�D�H8NKG�H
S_`3FkjkJMLx�\H|N�`\TD �.� BHoH�N_��G«ªsL�FkD�QRH�N-�oDRHoJAJ{H�N #&%�\N�`\TD�LxF7N�N�V�Lo��F.NPD?L��kJAH�N_>3�qHµj�JAF.N_�x`\TvLqGVAD�leFkH�J{H�N
S^LxJiS_FkJiN�N�`\TD°HoT�� BHoT BH^Q?LxJcfaHoT BH8NEN�`\F.NµJ�ªsLxj�jkQ�`���VAfwL�D�VA`\T !gLxQRD�QRHoH 
�LodeH�S�JAH�NEDRHoQ�faH8NEGVAQRH�S-D�N �
H^D|Tk`3T¨L8deH8SnJAH�N�D�HoQRfaH�N°G«ª BH�S?�.L�Tk�3H 
�GVAD�N|GH�k`�S � �?>

±qT NRLxV{Dvj.LxQ�Lxf BHoDRQ�VMN�HoQWJzª�V{TDRHoQ?L\S-D�V{`3T�NP`3F.NvFkTkHw��`3QRfaHajk� BH^Tk`3f BH^Tk`3J{`3�3VMl[F�Haj.`3FkQ�HoTp
NPFkVADRH�LxT.L�JA��N�HoQUJ{H�NgjkQ�`\jkQ�V BHoD BH�N'GHOJMLafwLxDRVzyHoQRHIT�F.S-J BH8LxVAQRHIHoDWGH8N T�`x��L�Fk�c>0CET¥� BHoT BHoQ�LxJz�0`\T
T�HvG BHoD�LxV{JAJAHUj.L\NgJAH�N|VAT�D�HoQ�L3S-DRVA`\T.N T�F.S-J BH�LxV{Q�H�NUyL�D�Q�`\ViNqS-`3QRj.NgG`\TD'`3TrLaGH8NnjkQ�H^FkdeH�N|Ho�j BH-p
QRVAfaH^TD�LxJAH8N 
�N���N�D^yH^faH�N�S-`3fhjkJAHo��H�N�DRHoJiN°l[F�HnJ{HgD�QRVAD�V{Fkf �cHoD|leFkV N�`3T�D�j7LxQ���`\ViN�V{T.S-JAF7N�H�N�GkL�T.N
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GH�NvS^LxJiS_FkJiNvS-`\fajkJ{HoD?NWGH
JML
fwLxDRVzyHoQRHaTF7S-J BH�L�VAQRHe>E§.H�NOS^LxJiS_FkJiNIHo��L3S_D?NvHoT S¾�.L�faj%fa`��eHoT
TkH�j.HoFkdeHoT�D 	HoDRQ�HvfaHoT BH�N T�Fkf BH^Q�VileFkHof�HoT�Dql[F�Hvj`\FkQIJ{H�NUN���N�D^yHofaH�NWyLaD�`3F�DIj.HoD�V{DUTk`3f��kQ�H
GHWTF.S_J BHo`\T.N->c¡ELxQ'Ho�H^fajkJAH®�kGH�Nq2e�k��2e1����a6)/.,����� �W���x��/��01��k,.��� �01����K`3T�D BHoD BHIQ BH�LxJ{ViN BH8N
Q BH8S-Hofaf�HoTeD�j.LxQ &g>e¡EF.GJAV{TkHoQ^� ��>e¡ELxT7GkLxQRVAj.L�T.GHe���K> � VAQRVATk�®LKHoD°S-`\JAJMLx�.`3Q�LxD�H^FkQ?N ��¡EF.Gk�\���
HoDU`3T�DUj.HoQ�faVMNgG«ª `3�kDRHoTkVAQWGH8N Q BH�N�F�JAD?L�D?NgVAT�D BH^Q�H�NRN�LxT�D?NUNPFkQIJ{H�NnTk`���LxF��r¶���Z®��S-`3faj7LxQ BH8N
yLOJ�ª�Ho��j BHoQRVAHoT.S_He>�=]JMN `\TD'Lxj�jkJAVMl[F BHWFkT�D�Q�LxV{D�HofaH^TD t
`3T�D�H-pR�°LxQRJA`wLodeH�SgjkQRVAT.S-V{j.HKd\L�Q�ViL�D�V{`3Tp
TkHoJ°NPFkQvFkT%�.L�faVAJ{D�`\TkVAHoTrleFkV°S-`\faj.`3Q�DRHaJAH8N j.`\D�HoT�D�V{HoJiN �nQR�.LxT.L�=�� yL
D�QR`3ViNUTF7S-J BHo`\T.NgHoD
¦nQR�3`3T�TkH��

# � yLrGHoF��%TF7S-J BHo`\T.N->�§.H�NvTk`���LxFk�%J BHo�3H^Q?NvjH^FkdeHoT�D 	HoDRQ�HuG BH�S-QRVAD�NvS-`3fafhH�GH�N
S-`\faj.`eN BH8NOyLu¶YS-`\Q�j.NUJAV BH8N j7LxQIF�TkH ��`\Q?S-H�����J{VA�kQRHO`\F%T�FkHe�0VAT.S_JAF.L�TDUG�H�NIS-`\Q�Q BHoJiL�D�VA`\T.N
G«ª `3Q?G�Q�HuN�Fkj BHoQ�V{HoFkQo��S_`3fafaH�FkTkHa��`\Q?S-H yL�D�Q�`\ViN�S-`3QRj.N->|§.H
DRQ?L�VAD�H^faHoT�DIG�H�N T�`x��L�Fk�%jkJ{F.N
JA`\FkQ?G�N�H�N�DqH-bcH�S-DRF BHUGkL�T.N J{HWSoL3GQRHWGFwfa`�G«yHoJ{HgHoTuS-`3F7S¾�kH8N->

o&pKqmp�� � z�� �t(�byS�
v�sZySzdr	� t �Sv ��v�sZy�
t�u&t�r���x��:�t(v�yQu&t�t�s�� t$� � z�s
t�r�s
ySt(�S�
¡�`3F�Q�D�Q�LxV{D�HoQEJ{HnT�`x��L�F0�e`3T�Q�H�S_`3FkQRDgyLUJiLU����[� 
�/0	��I9.�k���������/,�,�����;��u�k�o�������� �0/02��E�

G`\TDwJzª ViG BH^H�`3Q�V{�3V{TkHoJAJ{H�H�N�DuGH S-`\T.N�VMG BHoQ�H^Q²JML¥��`3T.S-DRVA`\T G«ª `3T.G�H�GF N���N�D^yH^faHrS-`3fhfaHwJiL
��`3T7S-D�V{`3T�Gcª�`3T7GHvGHUj.L�Q�DRViS-FkJ{H�N�VAT7G BHoj.HoT.GkL�TDRH�N-�cS-HWleFkV0H�N�Dqd\LxJMLx�kJ{HIHoTwJzª¬Lx�.NPHoT.S-HWGH�S-`3QPp
Q BH^JiLxDRVA`\T.NwLxF N�HoV{T GF¼Tk`���LxF >n¡�LxQwJiL�N�F�VAD�H®�|GH�Naf BHoDR�k`�GH�N�jkJAF.N BHoJMLx�.`3Q BHoH�Nade`3T�D 	HoD�QRH
G BHodeH^JA`3j�j BHoH�N|j.`3FkQWjkQ�HoT7GQ�H�HoTrS-`\fajkD�H�S_H�NgS-`\Q�Q BH^JiLxDRVA`\T.N->�mn`\F.NgJAH�NgHo��j.`eN�H^Q�`3T7NKG�LxT.NUJiL
N�H8S-D�V{`3Tu=	�v>A@\>sX>

§.H�N|VAT�D�HoQ�L3S-DRVA`3T7NµH-bcH�S-DRVAdeH�N�� 	LxDRVAH�N�j.`\FkQnj�Q BH�GV{Q�HUJAH8N�jkQ�`\jkQ�V BHoD BH�N|Gcª�FkTuN�H^FkJ0Tk`���LxFw`3T�D
j.`3FkQWj.`3VAT�DUGHhG BHoj7LxQ�DUJML²G�H�N�S-QRVAjkDRVA`\TrGHOJ�ª�V{TDRHoQ?L\S-D�V{`3T ��� LxF N�HoV{T%GHvJMLafwLxDRVzyHoQRHIT�Fp
S-J BH�LxV{Q�HvVAT
�.TkVAH®�«HoT���`3T.S-DRVA`\T�GH�JiL
G�HoT.N�V{D BHe> C©J{JAH�NgFkDRVAJ{ViN�H^TDqJAH�NUSoL�Q?L\S-D BHoQRViNPD�VileFkH�NUGH�Jzª VATp
D�H^Q?L3S_D�VA`\TwJAVA��Q�HUmnF7S-J BHo`\Tp]mnF.S-J BHo`3TaH^DqGH�NqLxjkjkQR`��V{fwLxDRVA`3T7Nµj.`3FkQqD�Q�LxV{D�HoQqS-`\Q�QRH�S-D�H^faHoT�DµJ{H
| | S��UFkQqGFkQ } } � &�Q�F.�\���z>
¡�`\FkQvj.L3NRN�HoQ�L�F Tk`���L�F G�HaD?L�VAJAJ{H �.TkV��E�%�A��������/[�����������/,)	�� 	��,��o�i���� ��/02e�k��� 
P§c�n¦W�
§.`�SoL�J0�nHoT7N�VADP��¦nj�jkQ�`���VAfwL�D�VA`\T�0H�NPD�V{Tde`�leF BHoH���N�`\VAD°FkTkHgj.L�VAQRHgGH'TF.S_J BHo`\T.N-�eNPVADRF BHoH'GkLxT.N
FkT�Tk`���L�F �.T�Vz��yLaFkTkHvj.`®N�VADRVA`\T¥j.L�QUQ?Lxj�j`\Q�D�LxF S-HoT�D�Q�H�G`3T�T BHoHvj.L�QKJ{HvdeH�S-DRHoFkQ ��[�c`cyF JiL
GHoT7N�VAD BHvH�N�D � 
 �� � �«J�ª�V{TDRHoQ?L\S-D�V{`3T�G�HaS-H8NnTF7S-J BHo`\T.NnH�NPDWN�Fkjkj.`®N BHoH 	HoD�QRHvJiLaf 	HofhHUl[F�H�GkLxT.N
FkTwfaV{JAVAH^FaGHUfwL�D�V�yHoQ�HqTF7S-J BH�L�VAQRHnV{T �.TkV{HIG�HIG�HoT.N�V{D BHgF�TkV���`\Q�faH BH^�eLxJ{HhyLIJiLvd3L�JAHoF�Q � 
 �� �?>
¡�`\FkQWG BH�S-QRVAQ�HvJ{HOj.`\D�HoT�D�V{HoJ�G«ª VAT�D�HoQ�L3S-DRVA`3T�H^TDRQ�H�GHoF���Tk`���LxFk�c�0`3TrjH^FkDIFkDRVAJ{ViN�H^QUGH�Ngj.`xp
D�H^TDRVAHoJMN jk� BHoTk`3f BHoTk`3J{`3�\VileFkH�Nn`\�kD�HoT�F.N�yL²j7LxQ�DRVAQUGcªsLo��F.NPD�HofhHoTD�NnNPFkQIF�T¥�\Q?LxT7G¥HoT.NPHofO��JAH
GHWG`\TkT BHoH�N|G�HINPH�S-DRVA`3T7N�H��wS^L3S-H�N_>��H�N�j.`\D�HoT�D�V{HoJiN|G BH^jH^T.GHoT�D|GHUJ�ª BHoTkH^Q��3V{HgGcª�VAT�D�H^Q?L3S_D�VA`\T
HoD'GH�N|Tk`3f��kQRH�N|GHIT�HoFkD�QR`3T.NqHoDgG�HvjkQ�`\D�`3T7NgGH�NqGHoFk�wTk`���L�Fk�«>c�nHWD�HoJMN j.`3DRHoT�D�VAH^JiNqN�`3T�D
HoT�leFkHoJMl[F�HaNP`3Q�DRHaJAH8NKVAT7GViS-H8NKG�H�NvSoLxQ�L3S-D^yHoQ�H8NKS_`3faf�FkT.NvyL
J�ª�HoT7N�Hof��kJAH�GH�NUVAT�D�HoQ�L3S-DRVA`3T7N
Tk`���LxF�pzTk`���L�F0>
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�Wª�FkT j`\VAT�DaG�H
d�FkHwD�� BHo`\Q�VMl[FkH®�E`3T j.HoFkDhLxF.NRN�V'S-`3T7N�D�QRFkVAQRH�GH8N V{TDRHoQ?L\S-D�V{`3T.NIfaVMS-Q�`®N�S-`�p
j�VileFkH�N-�_ViNRN�FkH�N�GH°SoL�JiS-FkJMN«jkQ�H^T.LxT�D0HoTWS-`3fhjkD�HEJML f LxD�V�yHoQ�H�T�F.S-J BH8LxVAQRHEVAT
�.TkVAH�HoD0F�D�VAJ{ViNRLxT�D0GH�N
j�Q�H�NRS-Q�V{jkD�V{`3T.N|GH�S¾�7Lxfajafh`x�eH^TaHoD|Jzª¬Lxjkj�Q�`��V{fwLxDRVA`\TwGHI�7L3N�NPHvGH^T.N�V{D BHvS_`3fafaHqJzª VAJ{JAF.NPD�Q�H
JML �.�3FkQRH�>A@\>���H�NUVAT�D�HoQ�L3S-DRVA`3T7NgN�`\TD�LxJA`\Q?NWS-`3faj�JAHo��H�N-�.NRLxT.NUj.LxQ�Lxf¨yH^D�Q�HvJ{VA�kQRHe�«VMN�N�F�H�NUGV�p
QRH�S-DRHofaHoT�D�G«ª�F�TkH|fa`�G BHoJ{ViNRLxD�V{`3T�GH|J�ª�V{TDRHoQ?L\S-D�V{`3T ��� GkLxT.N�JiLgfwL�D�V�yH^Q�H�T�F.S-J BH�LxV{Q�He��S_`3fafaH
j7LxQIH^�HofhjkJAHWJzª�V{TDRHoQ?L\S-D�V{`3TrGH �3HoF �eH^TkTkH-pR§.HP��HoFkT�H-pPt�L��.LxF�� � �§ct¥Z3Z �|leFkH�Tk`3F.NUdeHoQ�QR`3T.N
H^T²j7LxQ�DRVAHW=?>sX�>sX>

o&p q/p�� �gt$� r�z��/v/��� t���z�s
yS�<��t(�	� � ��
�v��bz�t�s � t(� x��K����sZt�u&�
�gL�T.N
JAH SoL\N
GH�NaTk`���L�Fk�½H^�`\D�VileFkH�N_��VAT7N�D?L��kJAH8N-�|JiL�GHoT7N�VAD BH%G�H%fwLxDRV�yHoQRH
T0ª H�N�Dwj.L\N

S_`3TkT�FkHe>\=zJ3��LxF.GQ�LgQ�H�S-`\FkQ�V{Q°yLgGH�N�fa`�G«yHoJ{H�N«j.`3FkQEH^�DRQ?LxV{Q�H°GH�N�G`3TkT BHoH�N�Ho��j BHoQRVAfaH^TeD?LxJ{H�NJ{H�N
G�HoT.N�V{D BH�N�GH'fwLxDRVzyHoQRHqGHgS_H�NµTk`���L�Fk�«��L�JA`3Q�N|l[F�HgGkL�T.N�JAH'SoL\N�GH�N°N�D�Lx�kJ{H�NµJ{H�N�GHoT.NPVAD BH8N�N�`\TD
��VAHoT¨S-`3TkT�FkH�N_>0CET�H-bcHoDo�.`3Trj.HoFkDn��L�VAQRH�GV�bcF.NPHoQUGH�N BHoJAH�S_D�Q�`\T.NqN�FkQgF�TkH�S-VA��JAHvS_`3T.NPD�VADRF BHoH
G�HvJzª BH^J BHof�HoT�D|N�D�Lx�kJ{HIHoD S-HoJiL�G`\TkTkHvJiLhGHoT.NPVAD BH�G�HvS?�.LxQR�3H �������leFkV�S-`3T7GFkVAD yLOJiLaG�HoT.N�V{D BH
H^T
jkQR`3D�`\T
j.L�QUG BH�S_`3T�de`3JAF�D�VA`\TwGHWJiL�GHoT.NPVAD BHWGHWS?�.LxQR�3H�GH�N|TF.S_J BHo`\T.N->.CET.NPFkVADRHe�.N�L\S¾�.L�TD
leFkH�GkL�T.NgJiLOd\L�JAJ BH^HvGH�NPD?Lx��VAJAV{D BHWJAH�NgG�HoT.N�V{D BH�N'GHvTkHoFkDRQ�`\T.NUN�`3T�DWN�V{faVAJMLxVAQRH�N�L�Fk�rGHoT7N�VAD BH�N
G�HnjkQR`3DR`3T.N|GkL�T.NµJ{H ��L\S-D�H^FkQ � � 
;j.`3F�Q�JAH8N©T�`x��L�Fk�hN�F � N�L�fafaHoT�D0J BHo�\HoQ?N�D�HoJMN�l[FkH'¶ � �\� �?�
`\TuL3SoS\yH8GHvyLIJMLIGH^T.N�V{D BHUGH'fwLxDRVzyHoQRH|D�`3D�LxJ{He>��HoDRD�HqjkQ�`�S BH�GFkQRHKT ª�H�NPDµj�JAF.N�d\LxJMLx�kJ{Hgj.`3FkQ|J{H�N
T�`x��L�Fk��Ho��`3DRVileFkH�N(��S-H�NKT�`x��L�Fk�rN�`\TDWQ?L\GVA`®L3S-DRV���N-� yL
S-`\FkQ�DRHaG�FkQ BHoH GHOd�VAH®�0G`3T7SO`3T%T�H
j.HoF�DIHoT¥��`\Q�faH^QUGH�NWS-VA�kJ{H�N->�§.HoFkQvG�HoT.N�V{D BHhGHwS?�.LxQR�3HaT�HOj.HoFkD 	HoD�QRHafaH�NPFkQ BH^HIj.L�Q�GV�bcFp
NPVA`\TwG«ª BH^JAH�S-DRQ�`\T.N->e�qHgjkJAF7N-��GkLxT7NµJAH'SoL\N�G«ª FkTaHo��S3yH�N�GHqTkHoFkDRQ�`\T.N-��JAH�N�S-`\faj.`3Q�DRHofaHoT�D?N�GH�N
G�HoT.N�V{D BH�N'GHvTkHoFkDRQ�`\T.NgHoDUGHvjkQR`3DR`3T.NgTkH�NP`3T�DKj�JAF.Nn��`3fa`\D�� BHoDRVileFkH�N_�«G`\T.SvJiLaGH^T.N�V{D BHvG�H
T�HoFkD�QR`3T.N�T ª�H�NPD�jkJ{F.N|L3SoS_H�N�NPVA�kJ{Hnd�ViLWS-HoJAJ{HgG�H�NµjkQR`3DR`3T.N_>«§.H�N|GHoT.NPVAD BH�N�NP`3T�DqLxJA`\Q?N�`\�kD�HoT�FkH�N
H^T
H-bcH�S-DRF.LxT�DqGH�N'GV�bcF.NPVA`3T7N BHoJML3NPD�VileFkH�NWyLv�.LxFkDRH BHoT�HoQ��\VAHWN�FkQ GH�NqS-VA�kJ{H�N|GHWjkQ�`\D�`3T7Nnj.LxQ
H^�HofhjkJAHe��HoDUHoTrHo�DRQ?Lo��LxT�Do�.d�ViLaFkTrfa`�G«yHoJ{He�J{H�NgGH^T.N�V{D BH�N_>�§.H�NUGViNPD�QRVA�kFkDRVA`\T.NUGHaG�HoT.N�V{D BH
DR� BHo`\Q�VileFkH�NvNP`3T�Da� BH^T BHoQ?L�JAHofhHoTDWSoL�JiS-F�J BHoH�NwyL�Jzª¬LxVMGHuGF fa`�GcyHoJAH !'LxQ�DRQ�HoH_p%�k`�S��«�E`\F GkL�T.N
J{H�SoL3G�Q�H�GF�fa`�GcyHoJAHWHoTrS-`3F7S¾�kH8N->�§.H�Ngfa`�GcyHoJAH�N|faVMS-Q�`®N�S-`\jkVileFkH�N|SoL�JiS-F�JAHoT�DnJ{H�N ��`\T.S-D�V{`3T.N
Gcª�`3T7GHWGH�N�Tk`���LxF��«�kHoDqG�`3TkTkH^TD|J{H�N|GHoT.NPVAD BH�N�TkHoFkDRQ�`\T²H^D|jkQ�`\D�`3Tuj.LxQqJzª Ho��jkQ�H�NRN�V{`3T �
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 � �UH�N�DvJML ��`\T.S-D�V{`3T G«ª `3T.GHwj.`3F�QvJAH�NIjkQR`3DR`3T.NIHoDvJ{H�NKT�HoFkD�QR`3T.N 
�j�`3F�T�WS-`\T �.T BH�NyLrJzª�V{TD BHoQ�V{HoFkQ�G«ª�FkT j�FkVAD�NaGH
j.`\D�HoT�D�V{HoJz>�¯eF�VAd\LxT�DaJzª BHoTkHoQR�3V{H
G�H
JAVMLxVMN�`3T¼G�H�NOj.L�Q�D�VMS-FkJ{H�N
yL
J�ª�V{TD BHoQ�V{HoFkQ|G�F�jkFkVAD�N-�.`3T�`\�kD�V{HoTD GH�N|D?LxV{JAJ{H�NnG�V�b BHoQ�H^TDRH�N j.`\FkQUJiLI��`3T.S-DRVA`\TrG«ª�`\T.GH �.jkJAF.N
J�ª BHoT�HoQ��\VAH'GHUJAViL�ViNP`3T
H8N�D���LxV{�kJAH®�jkJ{F.N�JiLID�LxVAJ{JAHgfhH�N�FkQ BHoHgHoTwDRHoQ�faH8NµG�HKQ�Lo�e`3Tul[F7L3GQ�LxD�VMl[F�H
fh`x�eH^TwN�HoQ�LOVAfhj`\Q�D�LxT�D�He�kjkF�ViN�leFkHWJAH�N|j.LxQRD�VMS-FkJAH8N-���LxV{�kJAH^faHoT�D�JAV BHoH�N_�kj`\FkQ�QR`3T�DULode`3V{QnFkT�H
j�Q�`3�7Lx�kV{JAVAD BHUGHWjkQ BH�NPHoT.S-H'jkJAF.N�V{faj.`3QRD?LxT�D�H yL �\Q?LxT7GHvGVMN�D�LxT.S-HWGFwTk`���L�F0>
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�nHWTk`3f��kQ�H^F.N�H�N BHoD�F7GH�N|D�� BHo`\Q�VMl[FkH8N�`3T�D BHoD BHUfaHoT BHoH8Nµj.`3FkQ S-`3faj�Q�HoT.G�Q�HgJMLONPD�Q�F7S-D�FkQRHWGH�N
Tk`���LxF��%Ho��`3D�VMl[F�H�N-��HoDITk`\D?L�fafaHoT�DUJAHoFkQvQ�Lo�e`3T.NvL�FpPG�H�N�NPF.NOG�H²JML
Tk`3QRfwLxJ{He�EG BH�S-`3F�deHoQ�D�N
j.`3FkQWJiLajkQRHofaV�yH^Q�Hg��`3VMNayLaj.LxQRD�V{QIG�HOfaH8N�FkQRH�NgGH�JAHoF�Q?NUN�H�S_D�VA`\T.NnH�� SoL\S-H�NUGH�Q BH�L\S-D�V{`3T.N�yL
GH�N BHoTkHoQR�3V{H�NUGHaJzª `3Q�GQ�HhGHhS-HoT�D?LxV{TkH�NUGHwt
H ��j.L�QIT�F.S-J BHo`3T � ³�L�T.�3� �z� ��³�LxT.�\X��z>��nHhS-H�N
faH�NPFkQ�H8NKNP`3T�D�G BH�GF�VAD?NIJ{H�NKQ�Lo�e`3T.NvGHwfwL�D�V�yHoQ�He�cHoT�FkD�V{JAViNRLxT�DIJML²D�� BHo`3QRVAHwGH�¤qJiL�Fk�.HoQ�GH
GV£b«F7N�VA`\TuN�HofaV£pPS_JiL3NRN�VMl[FkH ��³�LxT7�3����>
§.HUD?L��kJAH�L�Fu=¾>{@njkQ BH�N�H^TDRHgJAH�N�Q?Lo�e`3T7N|l[F.L\GQ?L�D�VMl[FkH8N|GHUfwLxDRVzyHoQRHqGHWl[FkH^JileFkH�NETk`���LxFk�hHo�`�p
D�VMl[F�H�N�jkQ BH8N�HoT�D?L�TD'GH�NqN�DRQ�F.S-DRFkQ�H8NIyLO�7LxJA`hGHWFkT�TkHoFkDRQ�`\T0�«S_`3fafaHqJAH(#%# &�He��yL�GHoFk�wTkH^Fp
D�QR`3T.N � �"!nH
� #%# §.Vz� # �&�He�«`\F G«ª�FkTrTk`���LxF N�`3F�j

�
S-`3T�T BHuGHOj�Q BH�NPHoTDRHoQUFkT%�.L�JA`¨GHajkQR`3D�`\T0�

S-`\fafaHqJAH ��&g�.G`\TDqJzª BHoTkHoQR�3V{HUGHvN BHoj.L�Q?LxDRVA`\T�jkQ�`\D�`3T�H8N�D|D�Q^yH�N���LxVA��JAH � � 
*@-�e� �eH � # >«§cL
jkQRHofaV�yH^Q�HWS-`3J{`3TkT�HaGF D?Lx��JAH�L�F%G`\TkTkHwGcªsLxT7S-VAHoT�TkH�NgH�N�DRVAfwL�D�V{`3T.NgG�HaS-H8NnQ?Lo�e`3T7NK`3��D�HoT�F.N
GkL�T.NIJAHhSoL3G�Q�HwGF fa`�G«yHoJ{H�GH��ULxQR`3Jz� yL²JML²JAV{faVADRHI`\jkD�VMl[FkH®��LodeH�SvJzª ���j.`3DR�0yH�N�HhGHwG�HoT.N�V£p
D BH8Nn�eL�F.N�NPVAHoTkT�H�N��³�LxT.�\���z>E§cLwGHoF��V�yHofaHUS-`\JA`\TkTkH�jkQ BH�NPHoT�D�HvG�H�Ngd3L�JAHoF�Q?NgSoL�JiS-F�J BHoH�N|j.L�QKJ{H
fa`�GcyH^JAH�yL jkJ{F.N�V{HoFkQ�N|S-`3QRj.N ���g�.L\�3����>

Tk`���LxF � ��� ��� � 
:��f �
d\L�JAHoFkQ � ³�L�T.�3� � Tk`\FkdeHoJ{JAHgd\LxJ{HoFkQ ��� �7L3�3� � NP�kNPD BHofwL�D�VMl[FkH	� 

� �!� ¶ #�� �

� !nH X����®X �*���s�3~ X�¬�3X �*��¬�3� X�{@o�
� & X��s~\� �*���s�x� X>¬�3� �*��¬�x� X� �
#�# §.V ~��A@^� �*���A@xZ ~�¬�x� �*��{@o� X�¬�[Z
#%# &�H X���Z®@ �*���s�3� X�¬�3� �*��¬�3� X�¬�[Z
#  &�H ~��A@\@ �*���s~3� ~�¬X3� �*��¬~3� X�¬�3�

³�Lx�kJ{H�LxFw=?>{@ � �e, " &)��� " &)8  ,@�'�-,/�$���E8  ,K091'�����$� " &)0�1F�-,R��8�� �  ,/�'�K0�1F���50�1F�-,  8��E��1EY *� ( �E�58
AC���o�_�<��8.� *���_�/�'� � ���-8E� ���C�  �����;� " ��R��8=� *�?�� *��AB�51E,9&2��1��?,@��8��~AF, � �<( ����� �R��8���AC���!��$,K��1`Y
%��E��^1'�-,O�'�/�5�4,9�
, " ������ " &)091�� � 

� ��� ¶ #� � 	 � � � ��	���69�4W

¡�`3F�QnFkT�H�GV�bcF.NPVA`3T yLO�.L�FkD�H BHoTkHoQR�3VAH®�kJiLODR� BHo`3QRVAHWGH�¤nJMLxFk�.HoQ LxjkjkJ{VileF BHoHhyLOFkTuTk`���LxF
S-`\faj.`eN�V{D�H 
�j.LxQ°Ho�H^fajkJAH®�oJzª �"!nHe��LodeH�S|N�`\TwS��UFkQ°G«ª � HoD°NPH�N�GH^Fk�vTkHoFkDRQ�`\T.N �©S-`3T.NPViGcyH^Q�HqJiL
GV£b«F7N�VA`\T�GH�S¾�7L3leFkHWS-`3faj.`®N�LxT�Do�kj�FkViN|H-bcH�S-DRFkHIFkT�HKfh`x�eH^TkTkHUNPFkQnDR`3FkDRH�N|JAH�NqS-`3T
�.�3FkQ�L8p
D�V{`3T.N°GFwNP�kNPDoyHofaH®>��HoD�DRHgL�jkjkQR`�S¾�kH L BHoD BH|��Q�F.S_D�FkHoF7N�Hqj`\FkQqGH | | �.`3T7N } } T�`x��L�Fk�c�kLxF��kleFkHoJMN
`3Thj`\Fkd\LxV{D|Lxj�jkJAVMl[FkH^QEJAH'S¾�7Lxfajvfa`��eHoT ���g`��k�eZ ��� ��³�L����3� �z>�t�LxVMN©J�ª�FkDRVAJ{ViN�L�D�V{`3T�GFafh`�G«yHoJAH
GHI¤qJMLxFk�.HoQ � ³�L�T.�3� �0HoD|GH'Jzª BH8l[FkV{Q BHoj7LxQ�DRVADRVA`3T�G�HgJiLvGH^T.N�V{D BH'GHUfwLxDRVzyHoQRH|HoTDRQ�HqJAH�N°S-`3fhj`�p
N�L�TD�NEGFvTk`���L�FvT0ª�H�NPD�d\L�JiLx��JAHqleFkH|NPV.S¾�7L3S-FkT�GH�NES_`3faj.`eNRLxT�D?N�H^faj.`3Q�DRH�JMLnf 	HofaH0��Q?L\S-D�V{`3T

������� ������������ �!��#"$� %� '&)(+*�,	"-�/.�0�,1��,� ��2���3��,� 4�� �5)%��6 �!��#")(+ -�7*��/��(+%��8"-�/0�9�:(+!����;,� =<6>?��@A./B C)D3(E9�6��9�
"�����!6%���9�F.)(+0HGJIK��LNM�O:P����HG QR��!:M1S:P�T�UV�������XW�%���������,1 Y�����V0��6*;�:9���H(+%Y.�0�,�Z�*\[��]/�K(+����0�,�.�&�^�����W�%��X"��F*A(H.�0�9�6"���!�����,1 
"$� %� ��F_\,�0�]#(+����,� 7��%�0(`Z),� �")(+ ����a"��Hb�>c")(+ ��K*��ad�,�*;�6�;*fe�W�%��g"K9��.h�� �"i"�%#�(`%��	[(3Z)(+�����89�6 ���0�j����k<6>V�1@A.3B ChD�T
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G�HKf LxD�V�yHoQ�HqG�F
Tk`���LxF �kS-HUleFkV0T0ª H�N�D°j.L3N|JAH SoL3N�j.`3F�QnJ{H�NµTk`���L�Fk�ryLI�.L�JA`k>«§.H8N d\LxJ{HoFkQ�Nµ`3��p
DRHoT�FkH�N|j.LxQ ��³�LxT7�3���°GkL�T.NnJMLOJAV{faVADRHK`\jkD�VMl[F�HvGHa¤qJiL�Fk�.HoQUNP`3T�DIG�`3T.SvNP`3F.NzpzH�NPD�V{f BHoH�N_>´§.H�N
�7LxQ�QRH�NEG«ª HoQ�QRHoFkQ�N�VAT.G�VileF BHoH�N«jkQRHoTkTkH^TDEH^T�S-`3faj�D�He�oTk`\T�N�HoF�JAHofaH^TD0J{H�N´H^Q�Q�H^FkQ?N�H^�j BH^Q�VAfhHoTp
D�LxJ{H�N-�kfwL�ViN°LxF.NRN�V0Jzª HoQ�QRHoFkQ°JAV BH^H�yLIJzª Ho�DRQ?L\S-D�V{`3Taj.L�QnJ{Hgfa`�GcyH^JAHe>

����� �k=?>sX � �����������	��
����	������������������������������������������� �!�"��
���������#�������$�%'&�
)(*�� ��
+�������� ,!- &�./-�
�0
.'�� ���1�$&��325476�&�8�&�9:&�4

§cL �.�\FkQ�; =¾>¬XKjkQ B;�N<;^TD=;nJ>;�N@?�;^T.N�V{D B;�NET$;oF�D�Q�`\TA;oD�jkQ�`\D�`3TB?�;8NµTk`���LxF��DC-§.V�� #%# §.V�� #	��� #�# &@;
S^LxJiS_FkJ B;�;8N j.L�Q(!I>�¯�Lx�®LFE L%yLaj.L�Q�D�V{Q�?F%fa`+?cy;^J�;G?+; !gL�Q�DRQ�;�;-p �k`�S �c>0§�;DC-§.V�;�NPDKF�T¥Tk`���L�F
NPD?L��kJ�;e��NH;�N�?�;oT.NPVAD B;8NI?+;nT$;^FkD�QR`3T.N�;oD�?�;gj�Q�`3DR`3T.N°N�`\TD°N�V{faVAJMLxV{Q�;�N_>3¡�`\FkQ�J�;�N�L�FkD�Q=;�NETk`���LxFk�
?+;|SJ;oDRD�; �.�3FkQ=;e�eleFkV�N�`3T�DK;o��`3DRVileF$;�N_�xJ>;�N�S_`3Q�Q B;oJiL�D�V{`3T.NENP`3T�DEjkQRViN<;8NL;oT�S_`3fajkD=;�j.LxQ�Jzª FkD�V{JAVMN�L8p
DRVA`\TA?«ª�F�Tafa`+?cy;oJ>;3;oTwS-`\F.S?�$;�NEj.`3FkQqSoL�JiS-F�J�;oQ�J�;8N©j�Q�`3�7Lx�kV{JAVAD B;�N@?cª�`�SoS-F�j.LxDRVA`3TM?�;�NµT�VAd�;�L�Fk�
j.`\FkQ�J�;�N�TN;oFkD�QR`3T.N�?�;qd\LxJ>;oT.SJ; � ¯�L��e�3X �z>k§cL#O�L�VA�kJ>; B;oTN;oQ��\V�;1?�;qN B;oj.LxQ�LxDRVA`3TM?�;�NK?�;^Q�TkV>;oQ?N�T�Fp
S_J B;o`\T.N 
;VMS-V7?�;8N�T$;oFkDRQ�`3T7N �!;�N�D|FkTN;5?�`3TkT B;�;5?�F�SoL�JiS-FkJ���;oD|j�;oQ�fD;^D3?�;UjkQ=;oT�?Q=;P;^T
S_`3fajkD=;
J�ªQ;-b�;oD�?F �7LxJA`R?�LxT.NvJiLR?ViNPD�QRVA�kFkDRVA`\TS?+;T?+;oT.N�V{D B;A?+;�N TN;oFkD�QR`3T.N_��SJ;ul[F�V|N<;uD�Q�L�?FkV{D�N�FkQ
JML �.�3F�Q�;u=?>sX
j.L�QOFkTN;²�\Q?L�T�?�;T;^�D=;oT.N�V{`3TU?+;
S�;oD�D=;A?�;oT.NPVAD B;²j.`\FkQOJ>;�NKT�`x��L�Fk�%QRViS?�$;�NP;^T
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T$;oF�D�Q�`\T.N->«§�ª ;-b�;oD3;�NPD3;oT.S-`\Q�;gjkJ{F.N�jkQR`3Tk`\T.S B;vleF.L�T�?aJ�;UTk`���LxFwjkQ B;�N<;oT�D�;'FkTw�.LxJ{`k�.S-`\fafD;
J�;#�# &@;�;oD|J�; #%#?§.V�>

¯�LxT7NgLo��F.NPD�;ofD;^TD3;ofhjkVAQRVileF$; ?+;IJzª B;oT$;oQR�3V>;5?+;vN B;^j.LxQ�LxD�V{`3T0�.J�;8NnL�jkjkQ�`�S?�$;�Nq�.Lx�kV{D�F$;^JAJ�;8N
;oT�S¾�.L�fajgfa`���;oT B;�S¾��`3F$;oT�D ?kL�T.N�J�;^FkQ0D�;oT�D?L�D�V{d�;@?+;�Q�;^jkQ�`+?F�VAQ�;°J�;�N«Q�Lo�e`3T.N ?�;�f LxD�V�y;oQ�; ?�;�N
Tk`���LxF��5;o��`3DRVileF$;�N->�=zJ$;8N�D�L�JA`3Q�N�T B;�S�;�N�NRLxVAQ=;1?«ªsL�JAJ>;oQEL�Fp ?�;oJPyL�?�;|Jzª¬LxjkjkQR`��V{fwLxDRVA`3T�?FhS?�.Lxfaj
fa`���;oTA;oD�?cª�VAT7S-JAFkQ=;�?�;�NUS-`3QRQ B;oJMLxDRVA`3T7N ;oT�D�Q�;WJ�;�N'S-JAF.NPD�;oQ�NgleFkVENP`3T�DUJ�;�NgNP`3F.NzpPNP�kNPD^y;of ;�N ?F
Tk`���LxF yLv�.LxJ{`k>

He6Un noyau borroméen: 

configuration dineutron

distance coeur - n
n (fm

)

configuration cigare
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distance n-n (fm)

α

n n

B.Danilin, M.Zhukov, J.S Vaagen,
J.M.Bang, PLB302(1993)129

�������.=?>¬~ ��� ���� &�����. ������#������������������G����- ����K�� ./&����	��B����.�� �J2�� �
��� 
���� � 4

�gLxT7N´J>;�SoL3N7?+;µT�`x��L�Fk�gJ B;o��;oQ�N";o��`3DRVileF$;�N_�oleFkV3jkQ B;�N<;^TD=;oTD ?�;�N0NPD�Q�F7S-D�FkQ=;�N«NPj B;�S-VMLxJ>;�N-��?�;�N
fa`+?cy;^J�;�N�yL�jkJAF.NPV�;oF�Q?N0S-`\Q�j.N0NP`3T�D�T B;8SJ;�N�NRLxV{Q�;�N.j`\FkQ�J�;�N7? B;8S-Q�V{Q�;EfaVMS-Q�`®N�S-`\jkVileF$;of ;oT�Do>���`3T.NPV�p
? B;oQR`3T.N�L�VAT.NPVJMLUN�D�QRF.S-DRFkQ�;�?�;qJzª �"! ; 
 �7�3FkQ=;U=?>s~ � jkQ B; ?�VAD�;|j7LxQ3?+;�NED�� B;o`\Q�VMS-V�;oT7N-�et%> �.�F �e`xd
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cadre  vide

trou

 2CH(   )  3

Tantale   0,1 mm

Pb208   1 mg/cm2

C12

 2CH(   )  3 10 mg/cm2

E269

cadre  vide

trou

 2CH(   )  3

Tantale   0,1 mm

 2CH (   )  3

LES 2 PORTE-CIBLES

 E251

LE PORTE-CIBLES

  1 mg/cm2

  5 mg/cm2

  5 mg/cm2

10 mg/cm2

  5 mg/cm2

10 mg/cm2

10 mg/cm2

10 mg/cm2
Pb208

Pb208
Pb208

Pb208
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CATHODE

Cathode par bandes
du compteur  proportionnel

Fil de multiplication
800 V

− 800 V

TRAJECTOIRE

ANODE
GRILLE DE 
FRISCH 0V

Vue de côté

Vue de face
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CD1

TAC

CFD

CFD

CFD

CFD

DGG

DGG

TAC

TAC

TAC

X11G

AFR

X12G

X12D

X11D

FIL1

EFIL1

X11

X11G

Y1

X12

CFD

AFR

AFR

PA

PA

PA

PA

PA

AL

AFR

AFR

Chambres à dérive verticales

X21G

X22G

FIL2

X22D

X21D

Y2

X22

X21

X21G

EFIL2

CD2Identique pour avec 

0,5 µs

2 µs

10  µs

2,0 µs

70 ns

70 ns

70 ns

50 ns

50 ns

50 ns

70 ns

50 ns

50 ns

30 %

70 ns

10  µs

5 µs

2,0 µs
stop

stop

TPL
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module 1

module 2

module 3

module 4

particule
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ÉCHELLES VME
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(latch)
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NIM
and NIM → ECL
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1

30 %  
70 ns

CD1XG 300 ns afr2 cfd

CD1XD 300 ns afr2 cfd

CD1YH 300 ns afr2 cfd

CD2XG 300 ns afr2 cfd

CD2YB 300 ns afr2 cfd

CD2XD 300 ns afr2 cfd

CD2YH 300 ns afr2 cfd

CD1YB 300 ns afr2 cfd
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700 ns
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TPL 500 ns
plastique SPEG
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Porte 
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YGAL

XGAL

750 ns

750 ns

750 ns
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3 anodes

grille 

Temps 

Y                         X
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faisceau 

Y

Z

X

grand Y au-dessus du faisceau
grand X à gauche du faisceau

cible: 0,5 µm mylar + 40 µg / cm   2

Al + 20 µg / cm   CsI − 1200 V2
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GALOTTE

cible: 0,5 µm  mylar + 40 µg / cm    2

Al + 20 µg / cm   CsI − 1200 V

Temps 

faisceau 

2

bobine x,y

galettes -2500 V

CFD

2 ns

TGALOTTE
ret 300 ns stop

CTA 500 ns

Tsi

ret 30 ns

ret 30 ns

E +

E − AFR2

1

3
CFD

8 ns

30 %
xgalotte-g

XGALOTTE
CTA

50 nsE +

E − AFR2

8

6
CFD

8 ns

30 %
xgalotte-d

YGALOTTE
CTA

50 ns

E +

E − AFR2

2

4
CFD

8 ns

30 %
ygalotte-bas

E +

E − AFR2

7

5
CFD

8 ns

30 %
ygalotte-haut

AR

Temps

FILTRE
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���� "! ���  !� ��� �6 � ���3- + %'&�. � *&� ��� % � 
����)- -�� % 7 # 
�� � � 6 � �2.�0�� � � 	

��]��I �%�^] " "c]2�1&� �� 0��. �#�$����%&�F � �/"4�]$"��] �$�]�,6]$�1� �.� �]�]� �&ON ��� � K>a2] " &*"  1�! 0� �]�]� � � &*.-���
� .>]��� �&] .c] �,�� 0� �1��.4�x�_]-�<=z]#F � �] .  ^] ���g]<�_]c�b]� &*.c]2�
�_]c��� � �I]��_]-��=9�]$"4�% !� ����� 
 "U: � � �8� �< 

N �)K � �
�*L&]$" N �)K �*L:�3� � �3� �/"  ��_]$�#"  � &�]� ] "e�/ �� � � �I] �/"e�?= &*� � �*� "�&]��b] �_] �!����$��! �� �%"  !��� F?a � ]$"��_]B�b]� &*.c]2�o�_]�"c]#� � �Ea �g] � &* 
]2�3" �*�]�g]� � � !.c] � � &*. .c]��� ���3" . &* 1.c]��^]2�" .4� +c]��" �� 1.c]�ga � �%. "  0��&*�^] � �%. � �. "  0��&*�q](aG�*���� �q]��$� �o�T=f]�F � �]$.  q]$���g]2� ��,6]� � � �� �y]�%& �a]��� ���
�*� !.c]5 , � � �!:7�]�� � ���  �����] � ����& � ] �*�%��� �^] � ���� ,6] . "  0�$�%� 
 � �(a � {��!a � { �] " �%�#" ��= �JFS]��/&
� �% 0� �g]2�%&Xa � .��]�I] �/">] �q] � .  1���� � ]BI �] �*�]$. ��l�S] �,� ����"  !�����O]��b]$�#"r�S]��y]� I �%�q]$" ">]�E :� � &*.�]4� �
��]��" &O]$.-&*�O] �$�]$"c] .9�� 1���%"  !��� .4� �  �_]e�_]2� � � �  !"  1�����r�S]� � �. "  ���&*�q]�  !���  ��_]$�#"c]2�Ea���,6]�+&*�O]



�9� ����� � ���� � ����� � � ��$� �� � [% �,�
)�� �*�O]�.��]� ���1&*"  1���Xa �^]S���"��]$.  ��&  1�/">]$. � � �P�]��3&�.+����" .4� +c]��" �� 1.c] �/& � �% �� �g]�& �/�� 1" 
]$" .>]b�S]
� � !)*�q] �] � �% 0� �I] &*. � � ���

�
���$� �TI���E� p a � ��&�.+�O] � � �  !�9�/&� !.c] �_] � ]$. " &*. )��%"  1�����ga*]$"� � &*"  !�1 ��I] �_]� ��]$&* !�1�^]��f���]� � &* �]�� ]$" ">]$�/"��_]2�O�]$�^]� " . � ���+�I]2�����9���% !.>]�+�%& � ��� � �AI`] �_]�

� �%. "  ���&��^]�g � �
� �&*"x]$��� &* !">] � � &., �� 1. �3&* �,/.>] ��� " . � +c]� " �� 1.c]��S] �y]�S�]$�^]2��" . ����� �*&*� � ���3"#&]#�b]
�S]�I �%�^] " "c]2�i&�)�  ���. �#�$�%���&.F+�]�]$"��]���� �����&b]$"�">]�3"��]l�*���� �y] )*&�"
�%& N'� � � K 
 � �/� �8� �< � �O]�3"
� �����?�]
]$���_]#:*��.4�*�_]
���<{$���O]<�S] � ��� � �JI�]l�#& � �% �� �g]�& � � &*. � &�] �^]2���@:��J� � �T� �JI��7�]$"  � &O])]$"
�] �^]��" .  � &O]��_] �g]�$I ��^]$" "c]� ��];���S�/ �f9]$�#" � � � �q]� " .4� +c]��" �� 1.c]�x�_]2� � �. "  ���&*�q]�' 1���� �_]$�#"c]�ga
] " � &O] �^]2� I ��^]$" "c]� � =  !�#"c] . �g] � "c]$�#" � � � �^]�� !�����E TK9]�
�!:��J� � � d� ]$" d� �3� �/" � �.� �! � &7�]� �&� �*� "#&]�� ] � � &*.��,�#�$��! 0�I]$.��q]�c�]$�^]� " . � ���8�]��  ��E 3K9]2�;�]$�^]2��" . ������� �$�?�]$�#�]$.��]2�']$"��,�#�$�%�1 ��P�]2� �,. � �.� ]$�/"
] ���3&* 1"c] &��O];I .  !�1�^]��S] f���� � &* 
�,� &*. �* 1" &��O]c�b]�3&�.c]��_]-��� � � �3 1"  !� �|�_]�B�]$�^]� " . � ���E 
K ��.��]4�%�]$.c] ���g] 
 � �/� �8���]�F � �! � &O]-������� ���g] � "  !� � ]$"��^]��C�]�,6] �!� ��� ]#�b]$�#"x�_] �g]2�l�$�]$">]��"c] &*. �ga
] "���� �/" .c] � &X= &*��]+��� � f�I�&�. �%"  !� �(�_] �@:��J� � � d� ]$" d� � �. ��!��&] �^]�
�A�G�]$�! 1��.>] �0� .��]�3� �!&*"  !� �
�S]� I �%�q]$" ">]�E XK � ��]$&* 1�!�q]'�]��� 0� �3 �,6] &�"  !�1 ��P�]�]�]�3"��������3"  1" &7�]�]o�S] ��]$&* 1�!�q]�x�_];� �#���%. �� �_] � a�
� � ��!&.�  !�* 0� �]�]��� &*.�&*�O] � � �g] 
 �$� �?I	�2�E� p � � ��&�. � � � &*.c]$.��0� �����B�/&���"  d,# !"��] �]$�^]2��" .  � &O]( �, �
�  !���g] �$�] � 
� "l�T=  !�S�/&�.c]r�S]+�?�]�  !&.� 
 � ���$���� � �$�] � � �P�] �3&*. �<= � �!&��� !�* &.� � &*�1"  � �! ^]5a6�T= &��
� � ��"c] &*. �,]$�P,# !. � �Xa�^]
�*�%�6)*.>]x�T=U�]$�^]2��" . ����� �I]� ���9�*� !.>]� � . �S�/&* !"4�E ,�,]$&�F;I ��^]$" "c]�>�����#"��]�]2�
] ���!:O]�,#. � ���A� � �! �f9]$�#"��^] �*�%�6)*.>]<�T=U�] �^]��" . � ���� !���� �_]$�#" �ga6�T= &�� � � ��"c]$&�.$��� �A .L���� &* !">](a#�g]�
�] �^]��" . � ���+�3� �/" " .4�%��� �%�]$.��]�1,6]$.4� �^] � ���3"#&]��b]e�_] �!�#�$��! 0� �%"  !� �X $K � I �A�S�b]e�?=9�]$�O] .9I� q]e�_]�
�] �^]��" . � ��� � &* ��� . .c]2� � ���9� &� &��O]e]4-�� ���� 1".�]�� � "  ����%�q]b�_]2�;I �%�q]$" ">]�B&�'�� ���. �#�$�%���%&.F ]�3"�  !" &*�]�]x]$�#" .>]�������]$" ���$��] (1a ��� "c]$���3 !� �b�?= ��� �T�]$�#�] . �%"  !� �+&*"  1�! ��P�]�]
]2�3")�/�����,�_]����$�S&� % ����(1a
�S] � � ���� � &�SI �%.D�_]$.-&*�O] )����*��]�]4- �$� �� !"��]r�_] �$�]$">]��"  1��� � ��&�.o�S]� � �%. "  �� &*�^]� � �% !)��^]��b] �/" 1���* 0� ��/">]�E 
K9] � ���3"#&]#�b]x�_]��!�#�$��! �� �%"  !����]� "
��� ���3"  !" &7�]l�_] �_]$&.F �P�]$.  q]���_] )�� )* !���AI`]� � �%. ��!��&]$�^]�ga��<= &*�O]
] �b�/ 1.c]� "  !� � � ] "'��= �&*" .>]x]$� ��a6�_]*f��0� �S] " &*�.I � "#&]$��]l�/� .��]��_]�� �����T���_]��/ 0�J�4&]$" .c](a ]� � � ��?�]�*�_] �����$�T�' (K9]� f���� ����. .c]� � � �9�_]$�#" &� &*�O] �!� �.I�&�]$&*.��_] �$� ���E .K � � �%. "  q]<�_]<�$�]$">]��"  1���
�S]+���S���%" .  0�g](����&.,#.c]+&��O]�� &*. � � �g]��_] �%� � �%� � �ep9aR]$"-�q]� I �%�q]$" ">]� ���#" &�� �/ ��A�'&]$" .>]
�S] � � �S�' � � &*. �@:�� � &�] � ���%� a*]$� � ��& ��a��^]�)f��0�6� ���#"�� � � �#�� #�]���_]$&�F &� �_]$&�FTa���= &*�� ���!�q]��">] �����!:��%.UI`] �3� . " ��/"��_] ���e�_] &.F/ �&]��b]cI ��^]$" "c]��_]-�� 0��. �#�$����%&�FTa ��= �&*" .>]+�*���X HK9]��  dI ���%&.F �3� �/" �1&�� �&.F"�_] &.Fe]�F/" .��]��  !"��]2�
�_] �@:�� � &�] � � !.c]��S])f��0�Ea � &* ����J� � �1 bf �]2�E ��  1���3 �a
� �%.
�<= �J� � �! bf �$�%"  !��� �/ bD��]$.>]$�#"  ^] �!�^]5a%� � �] �! d�  !�O] �^]� ����& � ���JI�]�
�$� � ���� 1"  � � � �%. �3� &��3" . � ��"  1���
] �/" .c]��q]� �  dI����%&.F �/� �*�*�]� � �.+�^]�r�S]$&.F'f����g $K9]��  dI ���%�$f����%� ��� . .c]2� � ���9� �I]$&��^]��b] �/"-&��0�6�!:��.9I`] �����1�^]� ".�]�] 
 � �/� ����< � � ��� ���3"  !" &O] &*� �3 �I����� � " � �'� �. .4� �.� � . "(�%& �3 dI ���%� "c]�� � �.4� �  �_] 
 � "4�%. "�� �$�]$�! �,/.��] � �%. ��� � ���y]o�S] � ��. "  ^]��_]-�0���_] &.F/ �&]��b]*I �%�^] " "c]5 TK9]�S�]$�^]2��" . ����� � &* 
� ]$.4��&*">]$�/" �^]2� f��0�P�#&+) � )* !���JI`]  !�B�/&* ��a]$�#"�&*� �3 �I�����*�]$�^]2��" .  � &O]��3&�.��g]� f����E (K ���b]2�3&*.>]
�#&">]�� � �9]$�#" .c]���=  d� � ����" �_]2�i�]$�^]� " . � �����3&�. &*�cf��6]$"���= �%. .  �,C�]�] �%&.F��S]$&.F�]�F#" .��]#�� !"P�]�9�/& �3 dI ���%�
�] �^]��" .  � &O] ��� �9�/&* 1"Q&� &*��]<�$�]$"c] .9�� 1���%"  !�����_]
�0� � � �  !"  1��� �T= �. .  d,C�]�]x�_]
��=U�]$�q]��" . ���(� &*.��^] f��< 



����� � ��� $� � �  �����Z�[ � �������� �$�� �	 �,� . � ��� �& 6v�� � � ������Zj[ � �

K � ..�]� ���!&�"  !� �+ !�#" .  !���g&] � &�]
�S]
�<=U�] �^]��" . � �* � &O]�]�3"  !���J�]$.  ^]$&�.c] &�'� a��i�S�n]$"��0� .��]2�3���1&*"  1���
]$� "c]�� � �r�_] �<= ��.��#.c]|�_] ���$� � "��$� � � 
 �/�����*�]�]��] � ���.9I�]$&*. �4&� �� ��:��&*"c]$&�.�� �,]� "c]� " �
�C�]$"4�% 1�!�#�]2�x�*�%����
 � �/� ���� ���#"�� ���#" .��] � &O] ��=z]4- �$� �� !"��]��_]�*I ��^]$" "c]�<�_]+�y] " � � ]�]�3" � . �#�!:O]
�_] ���$��� � � &*.r�S]� � �%. "  �� &*�^]���_]������ &� &��O] �] �O]$.9I  ^]��_] ���9� ] ( � �. �#&����#�] ���X � .#a�*� &�� " . ��, �% 1�!�1�����-��,6]� �<= � �,]�] " � ` 1 � � -
]��T=U�]$��]$.9I  ^]�% � � ] ( � �%.(�/&����#�]$� �Xa �g]� � �%. "  0��&*�^]2��3� �/" � � !)*�q]��b]$�#"  1���* 0� ��/">]�EaG]$"-��� ,6]$. .4� � &O]+�q]� � ] . �,��.U���%���g]���_]�iI ��^]$" "c]�-� ���#" " .#&]�
�C�]�I . ���$�]�]�g 

faisceau galettes à
microcanaux

Électro-aimants ou
aimants permanents

     plaques 
équipotentielles 

feuille émissive
interceptant les 
particules incidentes 

direction des champs
électrique et magnétique 

grille de lignes 
à retard.  

���� "! ���  ���� � � �� �� % 
 �3& �)%'* ��� � � 
'& % ������� 
'& � �3+)- . � 
�� �)%'&�-��3& 
'&,- � � 
	��� �'* � 
'.�% ��� 
'* � �'*
����)-����4-��3*�+*)
 � 
�� �)-�- ��%���� %1. �2+ % � 
'&�
'* ��� � ��� � ��� 	

K>=U�]$�q]��" . ���� � &O]l�S] �y]�x�$�]$">]��"c] &*. ��]�3" � .��]2�I]$�#"��]�] �3&*.
�q]� f�I�&�.c]� ���  !�)�o]$" ���  B�	�  
7O798��<8;: Z�"C<JG?9\
AaJ M$U.J M2Lx? ZJ JPM(H X ? Y JPM H YIX M_Q�A
	,L<J M$JGQ YIX E � X U	,?9JWVX

AaTxC<AaM X QOAaTFC� . � [
�����  '�,��� Z�[ . �,� 0 ��_s � � [ � � . ��� � � $��� '
�*�%��� �q] � ���� �,�#�$�� �%. .  d,6] �/" � �!&��  ^]$&�. �+�3� . ">]���?=  !� ���Ea � . �S�#&* !"4� � �.6�0��.��]� ��"  1��� �_]

�/ �D &��3 !� � �/& � �% �� �g]�& � &*.+��� �� !)��^](aG]$" � &* 
� ��. .>]� � � �9�_]$�#" �%&.F , �� ^]2� �]$�0���3"  � &O]��]$"  1���
�]$�0���3"  � &O]�g �� � &*. �P�]$�^]2��"  1���*�O] .
]$"��%��������I]$.
�q]�S�]�+c]� "  !�q]�Ea# !� � �%&*"��/ �� � � �I] .��_] � �%.4�J�4&] " .c]2�
� ]$.9� ]$" "4�%�#" �^] &*.1� . � [
�	���  '������Z�[$]$" � &* <�$�] � ]$�9�S]$�/" � �� 1"b�_]��q]$&*.1��� � �I]5a��3�  !" �_]��^]$&�.



� � ����� � ���� � ����� � � ��$� �� � [% �,�
�] " �%" �_] �@:��%.9I�](a���& �_]�r�S]$&.F? � � �`�#� � ">] ���%��� �0� � . �"  � &O]��q]�"c]#� � ���_]S, � �x�*���� �^]� � ]��" . �3�4&] " .c] �_]-��� � �. "  0��&*�q](a*� � � ]$. "c]��T=U�] �O]$.9I  ^](a#� ��� �]$�O] .9I� q] " � " ��^]�]$"
.��]2�3 ��#&O]$�!�q]( � �
�# �� � � �I] �%�1��.4� &*�O] �@:��A�6)�.c]��T=  !� �* �� �%"  1��� 
 � � � � &* � ]�3&*.>] ��� � ] . "c] �T=U�] �O]$.9I  ^]��_]�
 !� ���Ea
] "
&*� � ��� �3"  � &�]-� �� 1�/"  !�1���%">]$&*. 
 �$K � � &� � ]$.9� ]$"��<= � )*"c] �/"  !��� �T= &*��]o�S]$&.F# <&]��b]*� ]�3&*.>]l�S]�0� � ]$. ">] �?=9�]$�O] .9I� q](aG]$"+&*� �3 �I�����<�_]�"c]�� � �o�_] � &���! 1".�](a ����. .c]� � � �9�*��/"4&���<=  !��� " �%�#"r�S]
� ��� � �JI�]��_]-��� � �. "  0��&*�q]( 

� �  ��S]$�/"  bf9] �% 1���3 -� �%�����A�6)* �I�&	� +1"��]��^]2� �,.4�JI3� ]$�/"4�6��, �%�#"|�_]'�b]$" " .>] �q]"�C�]#I�. ���_]$&*.� �@:�. �3� �%"  � &�]( 
K9] � ��&�, �� !.��T= �%. .�
]$" �E=U�]��.  !" �

�
���
� �
i � �Fp

 p�� � (
�%� Sp
�

��,6]�1� &*� ���6]4- �� ^] �/"<�C�] � ] �9�*�%�#"��/&'�� 1�! ^] &�. ��^]$�#"  0� �I] &*. �9]$"iI�.�
���g] &� ���6.>]$���"  !� � �� !�7�]��
� �%"  � &�],]$�#" .>]  ]$" � �

�
���
� �
i ��� ����� �<p

� � � ( 
��
	 ��
�

�?= �?&& �

���� ����� � p � 
 � � ( � 	�� � � ( 
 ��
���

� �3�S�b]-�q]+"c]$.U�b] � � ( 
��� �i, �.  ^] � � !)*�q]��b]$�#"x]$� �� a ����� � ]� " � . � � � . "  1���*��]$� &� ��� � p a� ��.c]$" . ��&�,6] � !���  ��� �1�� �_]��
]$"U:O] � &O] ����&��
��, �����x�/���*�7�]�]l]$�^�] � &��"  1��� ���  �"  �K �+����&*. )9]
LYi � 
 L �,]2�3"r�#����� I �!� )��%�q]��b]$�#" &��O] :,� � ] . )����q]G�] � &* !�0�%"#&] .c]o] "�aC&� � �. "  !.��_] ��� � ]�3&*.>]
�S]-L � �%.-�q] ����� �3"  � &�](aR]$" � � � �.-�����!:��J� )*.>]B&�� !� �* �� �%"  1���Xa ��� " . � �g]+&*� � � ]��" .c] � &* 
� ]$.U�b]$" �_]-.c] � �] .c]$.�� 
 ����&*. )9]� �P�] � �..�]�]�
] ��� ��] "B�]�,6]$�#" &O]$�1�^]���] �/"��O 

� �! �� � � "� � �����Zj[�� � ������Z�[

L��!�q] � ]$.9�b] "e�_]]�b]�3&�.c]$. �^]� � ]$. "c]�e�T=U�]$�O]$.UI� ^] � � �7�]2�g]� � �% 1.c]�]&� �<=  ��_]$�#"  �f �$�"  !� �
�S]� � �%. "  ���&��^]�g TL��!�q](�I] ���%� � � �I] �T= &��O]+��*�S�_](aG�?= &*�O]8I�.  !�!�q](a9�T= &*�O]+� �%"9:��S�_](a ���3�S� ] �^]
� ���#" .c] ���)f I�&*.>] ���  �	�% jK �+���.9I`] &*.
&*"  1�^]��_]-���+�!:��J� )*.>]x]�3"<�_]�� �+�E�'a#� �;:��&*"c] &*.
&*"  1�^]
�S] �	�+�E�4a �g] � &* ��� . .>]� � ���B�O&� ��=z]� � ���y]�I .  !�1�^]�� �$�"9:*�S�_]5a4] " ��� � . ���,���9�S]$&*.x]� "x�_] ���+�E�4 
� ]� ��]$� 
]$" .>]���T=z]$�#" .��]�]x]$" �_]-�3� . "  ^]��3���#"x]$��& � � " ���Xa9�T=U�] � � �� �a]$&*. �0� �?�' K9]iI �! �]�� � �!���C�]
]2�3"
�<=  �� ��)*&*"4�%�O] &�+&*�O] � .>]� �  !���|�_]-��= ��.D�/.c]��_]��$���1�6)��.� 



����� � ��� $� � �  �����Z�[ � �������� �$�� �	 �,� . � ��� �& 6v�� � � ������Zj[ �$�

A1 A2 A3 
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MCR

détecteurs dans l’α:      

Si:           ESi, TSi
Galettes:    Tgal

Plastiques: DEpla, Epla, ERpla, Tpla

plan focal de SPEG:

, ϕdiffθdiff

chambres à dérive:    X11, X21, 
                                  X11g, X21g,
                                   y11, y21, 
                                   fil1, fil2

lon1, lon2

foc∆focX focY

θ   ϕ
foc foc

θS
  ϕ

S

θ i
  ϕ

i ∆i  i=1, 2, m

ASZ, ZZ, TVC
plastique: Eplg, Epld

Tplg, Tpld
Epl, Tpl, Bρ

chambre à ionisation: AN ∆E

αdiff

θf , ϕf

θS
  ϕ

S

Paramètres bruts Paramètres calculésDétecteurs

Acquisition

temps : dixg, dixd, 
diyh,  diyb
d1x, d1y, 
d2x, d2y θf , ϕf

petites chambres à 
         dérive : 

cdixg, cdixd, 
cdiyh,  cdiyb i = 1, 2

i = 1, 2

NaI: EiNaI, TiNaI, i=1..4
dans la chambre 
    à réaction

positions, angles
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   Sans cible Speg = 0 degΘ
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np : normalisation

section efficace théorique lue

coups (exp)

section efficace 
     simulée
non normalisée

∆Θ   =  0.5   ∆ϕ  =  0.33  ff
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np : normalisation

section détectée 
( simulée par le prog.)
   non normalisée

section efficace 
expérimentale 
normalisée par np

section efficace normalisée par np = signorm

∆Θ   =  0.5   ∆ϕ  =  0.33  ff
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:Le   Be : côté structure 11

Etude VSM:

☛ couplage dynamique coeur            -neutron faiblement lié10Be  

oscillation du neutron entre les orbites 2s 1/2 et 1d 5/2.
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x�v CFED� upL6u ?aA|E u9u�G�GvujLy� 9 u { G C L 90A v C LiG}ujL�x = Gmx C GmLkL CFE ujL A Ntzyu ?aA G}upLkLpujx A Ntv ? L�u$#�x = x�ujL�w�u{ME ujLDP C u ,S¤�� u A N�G�  =BC w E�= N A%CF?YE�=�� v ?�� u =jC xyv CF{YA|E v {Y�SE�=B? w��#� �a9 ,  fz �:{ v CFE%E u {FE v�w C N E u
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UWVYX�V�� 0 � h � j � \�� ` g�� `�r�n lin j aYlin dp`Al/r�n t \ r j n
� v C L {FE ~ujLpu ?aA v ? L�L CFE G =2¦:�SCFE u0�Y� M ¤rG = x�vSz {:=jE�= NQLOv ? w�} CF? x = GQx C G = waN =B� =BA NmP C u@��xyv CFE|� u�SE NQLpu � u A w�} CF? x = GQx C G u ? x J = z { ziv � u ?�{ v CME G = w<N : C LONtv ? ~u�G = L A NQP C u����LuIL CFE x =BED� v ? u�� ; uE ~upL C G A�=BA w C x = GQx C G = w<N =B�:=jA NmP C u �= P C:=BADE ugxyv E|{ L = ~u A ~u {FE ~ujLbu ?aA ~u =BCM{:=BE�= � =j?<A L CFE G = ¦:� CFE u

�Y�&%<� ; u�x = Gmx C GTu ? x J:= z { zhv � u ? ujL ArE ~u = GtNQLa~u = ��upxwG}uWzhv�w �u�G}u�wPugx�v ? ��vSG CMA N�v ? � ; }�N ?aA u E�= x �A Ntv ? ujL A ! 9 � ��� M 9 u A G = wPu ? L[N A ~u~wPucG�}����Lu1ujL A  Ux J � H v CFE G}uW  = x A u CFE wPu E u ? v E z = G�NmL =jA N�v ?
w C�{ v A u ?<A N}u�G E ~u$u�G � ~u ? ~u E ~u {:=jE xyv ? ��v G CFA N�v ?�9 u A@{ v CFE G =�{:=BEDA N}u]N�z =j� N ? = N E uwv ?�= w<v {FA u~wPujL
� = Gvu CFE L {ME vax J ujLiwPucx�u�G�GvujL%v �FA u ?aC ujLiw =B? L@G�} =B?:= G � Lbu1w�u�G = waN;: C LONtv ? ~u�G = L A NmP C u1wPugG =�{:=jEb�A Nmx C Gvu � L CME x�N � Gvu�wPuhx =BED� v ? u 9 u A w<v ?aA v ?�= � C P C }�u�G�GvujLr fv CFED? NQLDL = Nvu ?aA CM? u�u��Mx�u�G�Gvu ?aA uE u {FE v�w C x A Ntv ? wPujLDw<v ?M? ~u$ujL@� �= M ¤�5Y��u�� 9 M 5 %Y��u�� 9 M � , 9 %c��u�� � � � E = M 9 , 9 u A G =�{ =BE|A N}u
N�z =B� N ?:= N E u�ujL A0{FE NQLbu]xyv zizyu CF? �	v�v�wFL � � = �av ? w�u {FE vB fv ? wPu CFE ��� = ,S¤c��u�� 9 wPu E�=�� v ?
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E ~u,w C N A < � = M 9 M �  fz u A wPuiw<N : C LONt�<N A ~u�� � = ¤ 9 J �  fz�� �Du�G = xyv E|E upL { v ? w �= w�ujL%L|x J ~u�z = L E ~u �
  E�= x A N  UL�wPujLAwaN;: C LONtv ? Lc~u�G = L A NmP C ujL�w>}��yu A w�} � �Lu�L CFE x =jE|� v ? u =jC � =j?F� GvujL%L CF{ ~u E N}u CFE L �= M$J ¥ 9{ v CFE wPujL�~u ? u ED� N}upL =jCFA v CFE wPu 5�¤Y¥��¦��u��Y� * ?i{ u CFA v � Lpu E ��u E L CFE G =�¦:�SCFE ug�Y�75cx�ujLDu$:�u A LE ~uy  E�= x A N  ULDw =B? LrGvuWx = L � -c��� �I� ; upL�wPu C � =j{F{FE vax J ujL 9 x J:= z { ziv � u ? v Ci{ G C L[N}u CFE Lrxyv E|{ L
L[v ?aA N ? L C #�L =B?aA ujL { v CFE N ?<A u E|{ME ~u A u E G}ujL�w<v ?F? ~u$ujL1w�} ���Lu�L CME x =BE|� v ? u�� � v C L = ��v ? L1w�~u �j�=
~u���vaP C ~ucG =k{ v�L|LON � N�GtN A ~uYP C uYG}u x = Gmx C G = w<N =B�:=jA NQP C u L CFE ujL A N�zyugG}upLLu$:�u A LIG�N�~upL =jC ��x = L|L CFE ujL
w C ? v �a=jC �F� = NQL0N�G ? u { u CMA@{:= LrGvujL£ziv�waN ¦ u E L[N�z { Gvu�zyu ?�A6{FC NQLDP C ugx�ujLDu$:�u A L@L[v ?aA N ? xyG C L{ =BE G�} N ?<A u E z¢~u,w<N = N E u�wPu�G =  fv ? x A Ntv ? w�} v ? wPu�w Co? v �a=BC � ; u { v A u ?aA Nvu�G�wPu { vSG =BE NmL =jA N�v ? ujL A
wav ? xkR R[N ?aA|E N ? L �ujP C u Z Z w =B? LWxFu�ziv�w �u�G}u�� '¡G�  =BC w E�= N AWE u���vSN E G}ujL@N ?F� E ~u,waN}u ?aA L�� {:=BE u��Pu�z { G}u
zhv�w<N ¦ u E G = waN;: C LONt�<N A ~u w Ck{ v A u ?aA Nvu�GFN�z =B� N ?:= N E u�wPuIG = waN;: C LONtv ? � - ��� � 9 u ? z = N ?aA u ? =B?aA� N}u ? L |CFE G�} = x�x�v E w = ��ujxgG}ujL�w<v ?F? ~u$ujL�� - ��� �I��'�G-  =BC w E�= N A w<NmL { v�Lpu E wPu�w<v ?M? ~u$ujLgL CME GvujL
Lpujx A N�v ? L�u$#�x = x�upL�wPu x = LDL CFE u { v CFE xyv ?<ADE�= N ? w E u@G}urzhv�w �u�G}u �=w{ G C LONvu CFE L�xyv E|{ LAu A z =�|�tA|E NQLbu E
GvujL�u$:�u A L/w C�{ v A u ?aA Nvu�G�wPu { vSG =BE NmL =jA N�v ? �

6He+12C

10
-1

1

10

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25

Θcm

dσ
/d

σ ru
th


����� �Y� M ¤P� � 0D25$98�2 "P�!�-2 0 ��� � 8 "+����� ��&250."7�?��
98)�P�!�-2#Jt���U��"+8!( ���
� �7� $ ��0 �K, ���
	1�7� �&�V�7�
���'� ;�&2G�P0�����0�R&0D����
98)� ;0 ,4258D"+� �78�( " $&��(�,)" ;0 T��.C?T � Y � ���AY

� C:=j?<Ag=jC x = GQx C G�u ? x J:= z { ziv � u ?�9 N�G ? u {FE u ? w {:= L�u ? x�vSz {FA ugG}ujLLu :Tu A LwGtN�~ujL �= G =
x = L|L CFE u9w C*? v �a=jC � * ?*? u�xyv z {FE u ? w E�= G}upL�w<v ?F? ~u$ujL����iu�L CFE x =BE|� v ? u_P C u�Gtv E LDP C uiG}u{ v A u ?aA Nvu�G�wPu { vSG =BE NmL =jA N�v ? =BCFE�= ~u A ~u � Nvu ?oADE�= N A ~u�� � ? u =B{F{ME vax J u�xyv ? ��u ?:=j� G}u =jCP� w�u�G �= w C
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x J:= z { zhv � u ? xyv ? LONmL A u E�= N Ah�= u$:�ujx ADC u E wPujLcx = Gmx C GmLwziNQx E v�LDxyv { NQP C ujLLu ? ��vSNvujLgxyv CM{ G�~u$upL= ��ujx£GU} N ?<A u E�= x A Ntv ? � ��� u A G =  fv ? x A N�v ? w>} v ? wPu �=WA|E v NQL0xyv E|{ L- Ux J w�u@G�} � �Lu 9 L C N�� =j?<A G = z¢~u �A|J v�wPuiwPuiw<NmL|x E ~u A NmL =BA N�v ? w C xyv ?<A N ?aCFC zcu�z { G�v � ~u4u {:=BE � ��� = � CFE�=j� N�0 � = ��� � 2 { v CFE ~u ADC w<N}u E
G = waN;: C LONtv ? ~u�G = L A NQP C uW���Lu - ��� ��NU� � ? u =BCFADE ucLOv G CFA N�v ? Lpu E�=�{ME v { v�L<~u$u~u ? Lbujx A N�v ? �Y�)%a�), 9= ��ujx CF? x = GQx C G�N ? x�G C:=j?<A@CF? u�N ?aA u E�= x A N�v ? � ��=B{F{:=jE|A u ?:=B?aA��=kCM? u ? v C ��u�G�G}u � ~u ? ~u E�=BA Ntv ?
w�}�N ?aA u E�= x A N�v ? L�w�~u { u ? w =B?aA wPugG = wPu ? L[N A ~u��

! "�� %'&(&(BD3=-��98 �6)43
	(. )48 7(@ & 3�0 8;5�02+48;) 798 & 36)4.~B +,:�.��
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¥w��ujxWG}ucziv�w �u�Gvu~wPuYG�}�N ?aA u E�= x A N�v ? xyv z { Gvu��Pu � ; � 9�? v C L ? } = ��v ? L {:= L;w>} N ? x�u E|A N ADC wPujL
L CME G =i{:=BEDA N}uYNtz =B� N ?:= N E u�w C { v A u ?<A N}u�G 9 x�u�P C N ? }�ujL AW{ = L Gvu�x = L { v CME G�} =B?:= G � Lbu ? v �a=jCP�? v �a=BC � � v C L�wPu���v ? L0Lbu C G}u�zyu ?<A�E u ? v E z = GtNQLpu E G}u { v A u ?aA Nvu�G4� ; � w =B? L0G}u]x = LDwPujL ? v �a=jC �
u��av A NQP C ujLy��¥ C LDLONaxyv zizyu ?��x�v ? L ��? v C L ? v A|E u�~u A|C w�u�w�u£GU} N ?��:C u ? x�uAw�ujL u :Tu A L�wPu�x = L|L CME u { =BE
G = w<N;: C L[N�v ? ? v �a=jC -�{FE v A v ? � � v CFA upLrG}ujL�xyv CFED� ujL@P C N�Lbu E v ?aAr{ME ~ujLpu ?<A ~u$ujL%v ?aA ~u A ~uWxyv ? ��v �
G C ~u$ujL = ��ujxIG =YE ~ujL[vSG CMA N�v ?_=B?F� C G = N E ucP C N�G}u CFE xyv EDE ujL { v ? w � N ? w<NQP C ~u$u�u ? Lpujx A N�v ? '��Y�&%<�),1u A
w =j? L Gvu A�=j� G}u =BC '"' '��), � �

UWV 	iVZX � ` gi\ r � h apdpn h� d \og'^ l j~\> ` g� dp`�a���� [

� v C L = ��v ? L � CY=jC x J:=j{ N ADE u '��Y�)%a� � P C u0G}ujL�Lbupx A Ntv ? LTu$#�x = x�ujL {FE ~u,w<N A ujL {:=jE wPujL�x = Gmx C GmL= ��ujxWG}ujL { v A u ?<A N}u�G7� ; � v C ��� �Nz ~u A�= N}u ?aA L CME ujL A N�z¢~u$ujL {:=jEWE�=j{F{ v E|A�=BC � w<v ?F? ~u$ujLiw =B? L
G =WE ~u � Ntv ?h=B?F� C G = N E uIN ?aA u E z¢~u,waN = N E u 9 u ?<ADE u ,S¤1u A J ¤~¥ � Gtv �:= G}u�z�u ?<A � �Du A u$:�u A ujL A0? v A ~ugL CFE
G�}�u ? Lpu�z � G u~wPu ? v�L~w<v ?F? ~u$ujL 9 L CFE G}ujL1w<v ?F? ~u$ujL =B?aA ~u E N}u CME ujL�w�u / , ,Nz�u A L CFE GvujL1w<v ?F? ~u$ujL
wPu � Nt��u ? xyv ? xFu E|?:=j?<A Gvu �p��; N 0��ov�v�z , 2 � � v C L = GtG�v ? L�w =j? L CM?i{FE u�ziN}u E6A u�z { L%xyv EDE N � u E x�u
w�~ujL = x�x�v E w1u ?�E u ? v E z = G�NQL =B?aA�9 LOvSN A G =w{:=jE|A Nvu E ~u$u�GtG}u@�Q  = x A u CFE ��� ��9 L[vSN A G =@{:=jE|A NvurNtz =B� N ?:= N E u
w Ci{ v A u ?aA Nvu�G�� � � � wPuw  =��xyv ?��= ziN ? N�z�NQLpu E GU}D~ujx =BE|A P C:= w E�=BA NQP C uY�fG}u � ��� u ?<ADE uIG}ujL�xyv CME|� ujL
wPucLbupx A Ntv ? L/u$#�x = x�upL@x = Gmx C G�~u4ujL�u A G}upL/w<v ?F? ~u$ujLy� ; ujL {:=BE�= z �u A|E upLrv �FA u ?<C L { v CFE G�} � �Lu 9 Gvu
��� ! u�u A G}u �p� ! uYL[v ?aA E ujL { ujx A N���u�zyu ?aA w<v ?F? ~ujL~w =B? LWGvujL A�=j� G}u =BC ���Y� �<9 � �75yu A �Y�)%a� ; ujL
¦:� CFE ujL��Y� M{M 9 � � M ,�u A �Y� M � {FE ~ujLbu ?<A u ?<A G}ujL�Lpujx A N�v ? LTu$#�x = x�ujL�x = GQx C G�~u$upL = ��ujx-GvujL { v A u ?<A N}u�GmLE u ? v E z = GtNQLa~upLy�
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�oujx J u E x J uWL CFE Gvu���L �0{:=BE�= z �u A|E u���L �

L CFE � � L CFE � � L CFE � � u A � � � � = ¤ 9 �
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� =jE N}u { u C�9 u A xFu A|A uw� =BE N =jA N�v ? ujL A u ?aA N �u E u�zyu ?aA N ? xyG C Lbu�w =B? L@G}u { v A u ?aA Nvu�G���� �{zYP C ugG�}�v ?=gE ujx = GQx C G�~u �= � M ¥�� ��u��Y� 9 u { G C L 9 xyvSziz�urv ?�= CF? u]N ?aA u E�= x A N�v ?�? v �a=BC���{FE v A v ?�9 x�u]LOv ?<A
GvujL/u$:�u A L ?<C xyG�~u = N E ujL@P C N�w<vSziN ? u ?aA � ; u { v A u ?aA Nvu�G�wPu { v G =jE NQL =BA N�v ? P C N wr~u { u ? w9wPujLWx�v CP�{ G =B� ujL1wPujL_~u A�=BA L�u��Fx�N A ~upLLw C ? v �a=BC = ��ujx�G = xyN � G}u ? uiL CF� N AW{:= L1wPu�� =BE N =BA N�v ? LgLbu ? L[N � GvujL
Gtv E L|P C } v ? { = L|Lpu�wPu � � 9 � ¥�� ��u�� �= � M ¥�� ��u��Y�
��N�G�}�v ? u�� = ziN ? u@z = N ?aA u ?:=j?<A GvujL�w<v ?F? ~u$upL/wPu~w<N;: C L[N�v ? ~u�G = L A NQP C ugL CFE@{FE v A v ? w�} CF?�=jCFA|E u? v �a=jC   = N � Gvu�zyu ?aA G�N�~u�u A L C LDx�u {FA N � Gvu�wPuhxyv ?F?:=�|�tA|E uywPupL x�v CF{ G =B� ujL Ntz { v E|A�=B?aA L = ��ujx�GvujL
~u A�=BA LLu��MxyN A ~ujL 9 v ? ��v C w E�= N AW{ v C ��v N E GvujL =j?:= G � Lpu E w =j? LwG}uYz |u�zyu]x = w E uI� = N ? L[N 9 �p� ; N0L CFE{ME v A v ?¢�= J ,�¥�� ��u�� 9 w<N : C LONtv ? zyujL CFE ~u4u �= �@N���u ?�{:=jE �ov�v ? u AW= G�� 0��ov�v�z , 2 � ;>=�¦ �SCFE u
� �),S¤iziv ?<ADE ucG}ujL�wav ?F? ~u4ujL�u A G = xyv CFE|� u�wPuhLbujx A N�v ? L�u$#�x = x�ujL@v �MA u ?aC ujL = ��ujx ��� �Nz 9 u A
xFu�G�Gvu A|E�= x>~u$u �=Y{:=BEDA N E wPu ��� �Nz u A w�} CF?_{ v A u ?<A N}u�G�wPu { vSG =BE NQL =jA Ntv ?�9 w<v ?aA G}ujL {:=jE�= z �u A|E ujL
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? v �a=BC � �}� � "A���,�0�(	0D������� � <��&��� + ��� � � ���%����u�� � � � ��� � �U��u�� �
��� =��
	���� ����u�� � �Q fz � ��� �{z � � ���-�Q fz � � � �H�� = M 9 � ��� �

� �LuY�U¤ � � ������ = �
 � � � � � ¤ 9 zC��% , 9 % , ¤ 9 �j¤ � 5�� 9 , � = = M 9 �D�  fz � 5�� 9 ,

� �LuY�U¤ � � ������ = , � � � � ���<9 M , 9 J ¤ 9 � 5 � % J 9 5 � = = M 9 J 5Y fz � J 5 9 5

� ����� ��� ��� % �� ; N M 9 5�� 5 , 9 %�� ¤ 9 � % � 5�¤ 9 5 � = = ¤ 9 � M  fz � M � 9 �

����� � ��� ��� � �
� ; N , 9 5 J � �a9 � z ¤ 9 z % � J � = = M 9 , �  fz � J

�p�|; N�� 
 � � � � ��p� � � � � � ¤ 9 � � �a9 %�5 ¤ 9 � M � % , 9 � � = = M 9 ¤ J  fz � � � 9 �

��� ! uY��¤ � � ����� � J 9 � M , 9 5 � ¤ 9 � M � ,�� 9 ¤ � = = M 9 % J  fz �Q� 5

�p� ! uk� �� � � ����p� ����� � ¤ 9 % M , 9 zS¤ ¤ 9 �C��% � 5 5 9 5 � = = M 9 J �� fz � % M 9 J

� =B� G}u =jC �Y� ��� H%=jE�= z �u A|E ujL�wPujL ? v �a=jC �(u��av A NmP C ujLwG�~u � u E Ly� � �}�IujL A G = z = LDLbu E ~u,w C N A u�w C? v �a=jCh�=rJ:= Gtv 9 L � L A��u�zyu �=r{ G C L[N}u CFE L�xyv ED{ Ly� ��� ujL A Gvu-  = x A u CFE w�u ? v E z = GtNQL =BA Ntv ? wPu0G =r{ =BE|A N}u
w�ui��vSG C zyu E ~u$u�G�w C�{ v A u ?aA Nvu�G ��� �{za� ; } = � =B?aAb� wPu ED? N �u E uhxyvSGtv ?F? u�w<v ?F? uiG}ujL {:=jE�= z �u A|E ujL
w Ci{ v A u ?<A N}u�G�wPu { vSG =BE NmL =jA N�v ?T� � ��� u A � � ��� wr~u,w C N A L�wPuWG�} =B?:= G � Lbu1w�uWG = w<N;: C L[N�v ?�? v �a=jC L CFE{ME v A v ? u A wPuYG�} =$�|C L A u�zyu ?aA L CFE GvujLLwav ?F? ~u4ujL 9 G = w�u E|? N �u E u xyvSGtv ?F? u�w<v ?F? uYG =k{FE vB fv ? wPu CFE
� � ��� � v �FA u ?<C u1u ?y¦ � =B?aA G = waN;: C LONt�<N A ~u �= M 9 �D�  fz��
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UWV #iVZX � ��`  n ^ `�nyt \ l j a h � `�n h l � ��\ db`�nId g $`�a h n  d��Lli`�ny` yh l � ��\ db`�n
^ ` t h n n l/r�` ^ l go\���h l

* ? L�} =BADA u ? w �= x�uhP C uYG =   = N � G}uYGtN = NmLOv ? wPupL x�v ? L A N ADC:=B?aA L~w C ? v �a=BC ziv�w<N ¦ uYG}u { v �A u ?<A N}u�G0v {MA NQP C u9wPu9w<N : C LON�v ? ~u�G = L A NQP C u 9 xyvSzhzyukv ? GU} = u ? �<NmL =j� ~uIw =j? LkG =o{:=BEDA N}u '��),a� � �
9 =j? L Gvuix = L�wPu�G = w<N : C LONtv ? ~u�G = L A NQP C u�wr~ujx E N A u {:=BE G}uYziv�w �u�G}u = waN =B� =BA NmP C u �= { G C LONvu CFE L
xyv E|{ L 9 G}ujL�u$:�u A L2w�u@x = L|L CME ujL0LOv ?<A w�~u �j�=w{FE NmLbujL�u ? xyvSz {FA u�w =j? L%G =  fv ? x A Ntv ? w�}�v ? w�u �=�ADE v NQL
xyv E|{ L1wPu�G�}����Lu �=�A|E�= ��u E LwG}upL E u�G =jA Ntv ? L�w�u  �u E zyu ADCFE u P C N6N ?aA u E �<Nvu ?F? u ?aA w =B? LgG}u�x = GQx C G
wPujL = z { GtN A|C wPujL�w�u�waN;: C LONtv ? � '�� � J vSz { LOv ? u A ��� � =B��=jE�=$��=j? 0�� J � = � M 2 v ?aA zhv ?aA|E ~u
P C uYG�}�N ? xyG C LONtv ? wPujLLu$:�u A L1w C L �= G = x = LDL CFE uyw C � ; N 9 w =j? L CM? x = GQx C G = w<N =j�:=BA NQP C uyw�uYG =
w<N : C LON�v ? ~u�G = L A NQP C unL CFE xyN � G}u9wPu�x =BE|� v ? u 9 x = GmxyN C z u Ak{ G�vSz �!�= M % J ��u�� = z¢~u�G�Ntv E�= N A
G�} = x�x�v E w = ��ujxrGvujLAw<v ?F? ~u$upLy� 9 } =jCFA|E u { =BE|A�9 G�}D~u A|C wPu�zyu ? ~u4u {:=jE �g� � =BA x J G}u E u A LbujL0xyv G�G =B� v �E�=jA u CME L 0 ! E � = zC� 2 L CFE GvujL ? v �a=jC �6u��<v A NQP C ujL = xyv ? w C N A =BC ��xyv ? L A�=jA�=BA N�v ? LwL C N�� =j?<A ujLL�aG =
w<N : C LON�v ? ~u�G = L A NQP C u1ujL AWE u {FE v�w C N A uYxyv ? ��u ?:=B� Gvu�zyu ?aAr{ =BE Gvu�ziv�w �u�G}u~wPuYx�v ? ��vSG CMA N�v ?�9 u ?= wav {FA�=B?aA G�} N ?<A u E�= x A Ntv ? � ���Y9 LON>G�} v ?�{FE u ? wkG}ujL�wPu ? L[N A ~ujL = wr~ujP C:=BA ujL { v CFE G}ujL ? v �a=BC ��u ?
N ?aA u E�= x A N�v ?�9 u A LONFGU} v ? w<NtziN ?aC u0G =W{:=jE|A Nvu E ~u$u�G�G}u w C�{ v A u ?aA Nvu�G�w�} CF?   = x A u CFE � � = ¤ 9 J � * ?{ u CFAg= G�v E L E u ? w E u�xyvSz {MA u~wPuYG = w<NtziN ?aCFA Ntv ? wPucG =k{:=jE|A N}u E ~u4u�G�Gvu { =BE GU} N ?aA|E v�w C x A N�v ? w C{ v A u ?<A N}u�G�w�u { vSG =BE NmL =jA N�v ? P C N%L�}�u�� { G�NmP C u {:=BE wPujLIxyv CF{ G =B� ujL  fv E|A L�wPu�GU}|~u A�=BA  fv ? w = zyu ?P�A�= G�w C�? v �a=BC u��av A NQP C u =BC xyv ?aA N ?<CMC z w�ujLi~u A�=jA L�u��MxyN A ~ujL�� � ? u =B{F{FE vax J u zhNQx E v�L|x�v { NmP C u
w�~u�zhv ?aA|E u]x�u A u :Tu A �
UWV #iV
	 � j�j r \ t �i` � dptTr \ n t \�j d �Llo` ^ l j�\� ` g� db`�a ^ ` j~\ a h r�dpn h� d \/g

^�h�g n a hQ^ d��6lin�d \/g go\���h l + go\���h l
; ujL@xyv CFE|� ujLrv �FA u ?aC ujL = ��ujxIG}ugx = GQx C G = waN =B� =BA NmP C u { v CFE G}ujL�w<N;: C L[N�v ? L�~u�G = L A NmP C upL�w C

� ; N L CFE w<Nt��u E LpujL%xyN � G}upL%LOv ?<A LON�zhN�G = N E ujL �= x�u�G�G}upLAw<v ?M? ~u$ujL {:=jE G}u { v A u ?<A N}u�GswPuWx�v ? ��vSG CMA N�v ?
w<v ?<A G = {:=jE|A N}u E ~u$u�G�G}uiujL A@E u ? v E z = G�NmL<~u$u�� � � � = � CFE�=j� N =�{FE v C ��~u 9 u ? u$:�ujx A|C:=j?<A@CF? x = GQx C G
ziNmx E v�L|xyv { NQP C uDu ? ��vSNvujL�xyv CF{ G�~u$ujL 9S= ��ujx0G =wA ujx JF? NQP C u�w C xyv ?aA N ?<CMC z w<NQLDx E ~u A NQLa~uW� � 9 � � ��9
P C ugG =YE u ? v E z = G�NmL =BA N�v ? wPu�G = { =BE|A N}u E ~u4u�G�Gvu1w Co{ v A u ?aA Nvu�G�wPucxyv ? ��vSG CFA Ntv ? xyv E|E upL { v ? w = N A=BC �(u$:�u A L�w�uix = L|L CFE u�w C ? v �a=BC�9 P C uYGvuYziv�w �u�Gvu = waN =B� =BA NmP C u �=i{ G C LONvu CFE L]xyv ED{ LWN ?aA|E v �
w C NmL = N Ag�SEN|= x�u �= G =  fv ? x A N�v ? w�} v ? wPu�u ? x�G C L A u E L;w C � ; N]� 0�� = ��� , 2 9 0�� = � �C� 2 � ��'¡G = ~u A�=B� GtN
LOv ? x = GQx C G>L CFE GU} N ?aA u E�= x A N�v ? u$:�ujx A N���uI� ��� 9 u A L CFE G =  fv ? x A Ntv ? w>} v ? wPu�u ? xyG C L A u E L�� - �
w C � ; N�� ; ujL�x = L|L CFE ujL~w C � ; NDu ? � - �(w =j? L GvujL ~u A�=BA L�w�}�v ? wPupL E u�G =jA N  UL L 9-{ u A w�LOv ?aA= N ? LON�N ? xyG C LbujL��;>= z =BA|E NQx�u wPu~w<N;: C L[N�v ? ~u�G = L A NmP C u ¡ v �FA u ?<C u { =BE x�ucx = Gmx C G�u ? ��vSNvujL@xyv CF{ G�~u4ujL = ��ujx
G�}�N ?aA u E�= x A N�v ?=��� 
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Gvu�ziv�w �u�GvuIwPu�x�v ? ��vSG CMA N�v ? = ��upxkG�}�N ?aA u E�= x A N�v ? �r� �?� � 
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 	0� 9 =B? LkGvujL
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� � = ¤ 9 J ,a�
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UWV #oV # � �  r h t  d \ogc^ l j~\> ` g� dp`�a ^ ` j�\ a h r�dpn h� d \ogch � `�t(ap` � \i^ _`�ap`
_hkj aYlin�db`Al/r�n t \ r j n

; ujL�x = GQx C GmL �= { G C L[N}u CFE L�xyv ED{ L� fv CFED? NQLDLbu ?aA�9�{ v CME GvujL�Lbujx A N�v ? L�u$#�x = x�ujL 9yCF? u {ME ~u,w<Nmx A Ntv ?
P C NFN ? xyG CFA G}upLqu :Tu A L%G�N�~ujL =BC�{ v A u ?<A N}u�GswPu { v G =BE NQL =BA Ntv ? � 9 u]x�ujL0Lpujx A Ntv ? LAu$#�x = x�ujL-v ?k{ u CFA
u�� ADE�= N E uWGvu { v A u ?aA Nvu�G�w�}�N ?aA u E�= x A N�v ?kA v A�= G0� = � �� 250."7� - � 5 � ���
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* ? x = Gmx C G}u�u ? L C N A u�G}u A u E zyu�wPu�w<N;: C L[N�v ?�{FCFE u�zyu ?aA ~u�G = L A NQP C u�u A L =B? LYxyv EDE ~u�G =BA Ntv ?
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      la dépendance 
         en isospin
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thetaf convoluée = (thetaincoinc) normalisation = ∆Ω ∗ N
inc

par tranches en 
diff

α
Ncoups{ = ( np)

P
O
U
R

C
H
A
Q
U
E

P
A
R
T
C
U
L
E

P
R
O
G
R
A
M
M
E

D
E

S
I
M
U
L
A
T
I
O
N

M
O
N
T
E

C
A
R
L
O

RÉSULTATS

∆Θf

      

                   suivant des gaussiennes d’ouv 2* f
∆ϕet 2 *

tirage aléatoire des angles incidents   θ  , f ϕ
f

 aléatoire des angles spectro   : θ  , s ϕ
s

dans l’ouverture du spectrotirage

angle de diffusion
diff

α = +√ f
ϕϕs − 2(          )f

θθs −(          )2

nind = (αdiff) *10. +1.

indice= (thetaf +10. )*10. +1

thetaincoinc (indice) = thetaincoinc (indice) + proba

proba = sectlab(k)  ⁄  10.k = nind

np ( nind ) = np ( nind ) +1

thetainbrut (indice) = thetainbrut (indice)  + 1.

Be 10 Pb208+ lecture des conditions du run:

∆ΘfHYP:
f

∆ϕSPEGΘ ∆Θ
SPECTRO

∆ϕ
SPECTRO

dσ

dΩ—(       ) diff
α(        )     lecture de 

N particules = 1000000tirage avec 

DONNÉES
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�
 F+HIF 290
b@�� >-:<0)6AB�� 6ABI:5F	� � > � � 6��



�D��� ������� � ��� 	 � �&% ���� ($��#�����#�� ($��� ���"$�&#

                       comparaison
  courbe théorique- courbe exp normalisée

                            comparaison 
thetaf convoluée (programme) - thetaf expérimentale

BUT: récupérer ∆Θf

   Θfla forme de est distordue

déclenchement des pch par le plast. du plan focal 

⇓

récupération de l’ouverture du faisceau incident
                     et de la normalisation

∆Θf

C 12Be 10 + ( mêmes conditions )valable pour le run 

par tranches en 
diff

α

Ncoups mesurés

Be 10 Pb208+lecture des conditions du run:

thetaf convoluée

∆ΘfHYP :

PROGRAMME DE SIMULATION MONTE-CARLO

normalisation globale= ∆Ω ∗ Ninc par tranches en 
diff

αdiff
α(        ) =norm

exp

dσ

dΩ—(       ) diff
α(        )  =

Ncoups

diff
α(        )norm
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