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FkV{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
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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.NuG
HrS-HoDRD�H�D?L��kJAH�> � S-`3T.NPD�V{D�FkHoT�DaFkT¼JiLop
�.`3Q�LxD�`\VAQRHajkQ�V{d
V{J BHo�\V BHvj.`3F�Q�LxjkjkQR`x��`\T.G
VAQvT�`eNIS_`3TkT.L�ViNRN�LxT7S-H�NvN�F�QIJAH8NKNP�kNPD^yHofhH�N�yL
G
HoT7N�VAD BH
LxT�`3Q�f LxJAH^faHoT�D«��LxVA��JAHqHoD�JiLgfwLxDRV�yHoQRHqG
HqTkHoFkDRQ�`3T7N©��LxV{�kJAH^faHoT�D�J{V BHoH|HoD°G
V£bcF.N�He>k��H�NETk`���L�Fk�



<.< +_,­����/0	�1�23�8�;/.,

de`\T
D©G
`3T.S|Q�H^jkQ BH�NPHoT�D�HoQ�Jzª BHojkQ�`\FkdeHoDRD�H|G�H|Jzª�V{T
DRHoQ?L\S-D�V{`3T ����d
F�H<| |PV{Tvd
V{de` } } �3j.`3F�Q�G�H�NETkHoF
p
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{`3QRHoQUG
H�Ngde`\VAH�NnT�`3FkdeHoJ{JAH�N'G«ª BHoDRF.G
He�cHoTrG
Ho�k`\Q?NWG
F%S?�kHofhVATw�.Lx��VAD�F�HoJ°G
F%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�LUG
H8NµS_`3T.N BH�l[F�HoT.S-H�N�VAfaj.`3QRD?L�T
DRH�NEN�F�QµJ{H�N
f BH�SoLxT�ViN�fhHoN|G
HWQ 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 BH8NEG
FhS-`3T�D�V{T
FkF�f��xH^Tvj.LxQPp
DRViS-F�JAVAH^QEL�Fk� BHoD?L�D?N�G
FwS_`3T�D�VAT�FkFkf*G
Hqj.L�Q�D�VMS-FkJ{H�N-�eNPHoQ�`\T
D�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`\TuG
HIJMLOG
V£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�G
HojkF�ViN�d�VATk�\D�LxT7N©`\T
D
NPF.N�S_VAD BHWJzª H�N�j.`3V{QqG
H�G BH�S_Q�VAQRHWG
H�NqN�D�QRF.S-DRFkQ�H�N|T�F.S-J BH8LxVAQRH�N�Tk`\FkdeHoJAJ{H�N�HoD'G
HIfhVAHoFk�hS-`\TkT.L 	�{D�QRH
J�ª�V{T
DRHoQ?L\S-D�V{`3TaH-bcH�S_D�VAdeH'JA`3V{TuG
HIJML d\LxJ{J BHoH G
HvNPD?Lx��VAJAV{D BHe>��nH�NqG
ViNPj.`eN�V{D�V£��N Ho��j BHoQRVAfaH^T
D�LxFk��NPH
NP`3T�DEG BHodeHoJA`\jkj BH�N.j.`3FkQ BHoD�H^T.G
Q�H�JML�jkQ�`�G
F7S-D�V{`3TvG�H�N´V{`3T.N0Q?L\G
VA`®L3S-DRV���N0G
H�jkJ{F.N0HoTUjkJAF.N«J{`3V{TIG�H
JMLgd3L�JAJ BHoHqG
HUNPD?Lx��VAJAV{D BH��e`3T BHoD�F.G�VAHqLxV{T.N�VcG
H8N©T�`x��L�Fk�hl[FkV�`3T�D�FkT��3Q�LxT.GwG
Ho�\Q BH'G«ªsL\N���f BHoDRQ�VAH
T�HoFkD�QR`3T
p�jkQR`3D�`\T0�eHoD�G
`\T
D�JMLgN�j.H�S-DRQ�`®N�S-`\jkVAH|`�b«QRHnJMLnj.`eNRN�VA��VAJAV{D BHqG
H|DRH�N�DRHoQEJ{H�N�S_`3faj.`eNRLxT�D�H�N
G�H|Jzª�V{T
DRHoQ?L\S-D�V{`3TWH-bcH�S-D�V{deH|leFkV.G BH^j­H^T.G
HoT�D�G
HqS-HqG�Ho�3Q BHgG
H|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�3fhHoT
DRHoQ�Jzª H-bcHoD°G
H�NµDRHoQ�fhH�NEG BHoj.HoT7GkLxT�D|G
H'Jzª�VMN�`®N�jkV{TaHoD
H^TwG BH�G
F�VAQ�H'G
H�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`\TwG
HgJ�ª�VAT�D�H^Q?L3S_D�VA`\T
H_b«H8S-D�V{deH ����>

§�ª Ho�
j�JA`3Q�LxDRVA`3ThG
HqJiLnf LxD�V�yHoQ�H°T
F7S-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�G
H|j�Q BH�NPHoT
DRHoQ�G
H�NEG
V£b BHoQ�HoT7S-H�N�G
H���`3QRfaH�HoT�D�QRH�J{H�NEG
HoT7N�VAD BH�N�G
H|TkHoFkDRQ�`\T.NEHoDEG�H
j�Q�`3DR`3T.NEHoD°G
H8NEN�DRQ�F.S-DRFkQ�H8N�VATk�7Lx�kV{D�FkHoJ{JAH�N_�3leFkV.NPH|D�Q�L3G
FkVMN�HoT�DEj.L�Q�JiLgj.HoQ�DRHqG
H|fwLx�\ViS-V{D BH°G
H�N
QRHofajkJ{ViNRN�Lx�\H�NEG
H'S-`\F.S¾��H�N->
��H'N�`\T
D l[F�HoJileFkH�NzpzFkT7NEG
H�N�N�F8��HoD?N°G«ª BHoDRF.G
HqG
HqTk`\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�G
F²¯®HoQ�d�ViS-H G
Hq¡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�G
Hq	����°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.GrG
HvJiLwG
H^T.N�V{D BH�G
H�N'X T�`x��L�Fk�
V{T
DRHoQ?L��3VMN�N�L�T
D
H^DIG�HaJzª VAT�D�HoQ�L3S-DRVA`3TuH-bcH�S-DRVAdeH ���¨��`\T%JAH�NgFkDRVAJ{ViN�H�S_`3fafaHWFkTkHhN�`\T.G
Haj.`3F�QvJAH�NUG
HoT7N�VAD BH�N
H^DµJ�ª�V{T
DRHoQ?L\S-D�V{`3T0>
±qTafhH�N�FkQRHqLxJ{`3Q?N°G
H�N°G
ViNPD�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{�kJAH8NEG
HgTk`���L�Fk�aNPD?L��kJAH�N°S-`3T�T
F.N_�
HoD�J{Hg�kFkD G
HgJzª BHoD�F7G
H
H8N�DuG
H S-`3faj7LxQ�H^QaJAH�NwNPH�S-D�V{`3T.NaH�� SoL\S-H�NaHo��j BHoQ�V{faHoT�D?L�J�H8NOLodeH�S�G
H8N²S^LxJiS_FkJiNaD�� BHo`3QRVileFkH�N
j.`\FkQwS-`\T
DRQ?LxV{T.G
QRHr�;���%��/0	�������
��,c1�2e�3��
���;�����²HoD�JAH�NvVAT�D�H^Q?L3S_D�VA`\T.NvH-bcH�S-D�V{deH�NvmnF.S_J BHo`\T
p



+_,­����/0	�1�23����/., <�5

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'G
HITkH^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�NwG
Ho�3Q BH�N
G
H�J{VA�.HoQ�D BH
V{T
DRHoQ�TkH8NOS-`\fafaHwleF.L�Q���N-��f BH8N�`3T7N-�A>{>A>�NP`3T�DaVAT.S_JAF.NvVAfaj�JAViS_VAD�H^fvHoT
D^�0JAH�NOH_b«H^D?N
Q�H^JiLxDRVAd�ViNPD�H�N|HoDgJ�ª�Ho��ViNPD�HoT.S_H BHodeHoT�D�F�HoJAJ{HUG
Hv��`3Q?S_H�N�yL j�JAF.NgG�HaXwS-`\Q�j.NUN�`\T
DWS-`\fajkJ�yHoD�HofhH-T�D
VAT�D BH^�3Q BH8N«GkL�T.N�JiLµ��`\Q�faH©G
H�Jzª�V{T
DRHoQ?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`\T¼G
H�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£HUG
HWJiLaG
VMN�S-V{jkJAV{TkHe��fwLxVMN
S?�.L3leFkHwHo��j BHoQ�V{HoT.S-HhH�N�DaF�T BHoJ BHofaHoT�DWG
H
JML¥��/.�o��� � �01��.��H^DaS?�.L3leFkH BHoJ BHofhHoT
DUH�NPDOH8N�N�H^T
p
D�V{HoJEj.`3F�QvS-`\fajkQ�H^T.G
Q�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�G
HvJiLaD�Lx�kJ{H�G
H�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{T
D 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^T
D�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.G
HqG
H�N�NPFkj.HoQ�p
JA`\FkQ?G�N �?�\S?�.LxF.G 
��3Q�LxT.G
H BH^TkHoQ��\VAH G«ª�Ho��S-V{D?LxDRVA`\T
�?>^mn`3F.N�LxJAJ{`3T.N�faHoTkHoQ0F�TkH BHoDRF.G
H°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�G
H�NKT�`x��L�Fk�c�´H^DvG
HwS_`3fajkQRHoT.G
QRH�S-HoQRD?LxV{T.NIL\N�j.H�S-D�NvG
HaJML²fwL�D�V�yH^Q�HvT�F
p
S-J BH�LxV{Q�HqJA`3V{TwG
HUJiLUd\LxJAJ BHoHUG
H N�D?L��kVAJ{VAD BH(�kL\N���f BHoD�QRVAHe����LxVA��JAH BHoT�HoQ��\VAH'G
HUJAViL�ViNP`3TwG
H8N|G
HoQ�T�VAHoQ�N
T�F.S-J BH^`3T.N_�.G BHoj.HoT.GkL�T.S-H�G
HWJzª VAT�D�HoQ�L3S-DRVA`3TwH-bcH�S_D�VAdeHWLodeH�SgJzª ViNP`eN�j�VAT0>0§cLaG
V£b«F7N�VA`\T BHoJiL\N�DRVileFkH
H�NPDµF�TOfa`��eHoTUjkQRVAd�VAJ BHo�3V BH�j.`3FkQ BHoD�F7G
VAHoQ�JiLgG
H^T.N�V{D BH'G
H|fwLxDRV�yHoQRH|G
H'S-H�N�Tk`���LxFk�vHoD�D�H�NPD�HoQ�JAH8N
fa`�GcyH^JAH�N�j.`3F�QgJAH�N|j.`3DRHoT
DRVAHoJMNnGcª�VAT�D�H^Q?L3S_D�VA`\Tul[FkV���F.NRl[F0ªMyLOjkQ BH�N�HoT�Dq`3T�DnHoF¨G
FrN�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{�3TkHWG
HUJiLId\L�JAJ BH^HUG
HWN�D�Lx�kV{JAVAD BHe>
��HoJMLnTk`3F7N�LUS-`3T7G
FkVAD'yLgjkQR`3j.`eNPHoQo��LxFw¤g¦'mg=�§��eG
H�NEHo��j BHoQRVAHoT.S_H�N�G�HqG
V�bcF.NPVA`3T BHoJiL\N�D�VMl[F�H|G
H
��LxVMN�S-H8LxFk�aH^�
`\D�VileFkH�N°G«ª �"!nHe��G
H # � &�H'HoDqG
H #%# &�HUN�FkQ'G
H�N|S_VA�kJ{H�N�G
HUjkQR`3DR`3T.N|HoDqSoL�Q��.`3TkH®>
§.HhS¾�.L�jkVADRQ�Hh=njkQR`3JA`\Tk�3H^Q?L�S-HoDRD�HvV{T
DRQ�`�G
F.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|G
HWJzª BHoD�F.G�H �kDRH�N�DRHoQqJAH�N�j.`3DRHoT
p
D�V{HoJiN_�eS-`\fajkQ�H^T.G
Q�H°JiLUN�DRQ�F.S_D�FkQRHgG
H8N©T�`x��L�Fk�vHo��`3DRVileFkH�N���!nH®� #	� &�He� #%# &�HWyLUD�Q?LodeHoQ�N�Jzª BHoD�F7G
H
G
H|JMLgG
V�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{T
DRHoQ?L\S-D�V{`3TWfaViN
HoT���HoF�GkL�T.NgJAH�N|Q BH8L3S-DRVA`3T7N->0��HoJiLaS_`3T.G
F�VAQ?L¨yLOjkQ BH8S-ViNPHoQ|JAH�G
ViNPj­`®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{`3TrG
H�Tk`eNg`\����H�S-D�V£��NnD�� BHo`3QRVileFkH�N->0§.HhG
ViNPj­`®N�V{D�V��
Ho��j BHoQRVAfaHoT�D?L�J�G
H�N�G
HoF��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�ViNPHwG
HhG
`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�uG
H
#	��� #�# &�HhN�HhN�`\T
D�G BHoQ�`\FkJ BH^H�NgHoT¥T�`xdeH^fO�kQRHa@^�3�3���|yLwJzªsL�ViG
HhG
F G
ViNPj.`eN�V{D�V£�U¯�=�¯k¯�= 'Y¯[¡µC�¤ �



< � +_,­����/0	�1�23�8�;/.,

¯[=�¯�¯�= 
;HoT7N�Hof��kJAHWG
H�N�`\J BHoTk` � �iG
H8NgN�Fkj�Q?L3S_`3T.G
F7S-D�HoF�Q?N �'LOj.HoQRfaViN|JiLvjkQR`�G
F.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��%G
H #�# ���\�EjkFkViNhG
H #	�����\��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°G
V�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{`3TuG
H�	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�DqG
H�NUG BHoDRH�S-DRHoFkQ?N'G
HI��LxVMN�S-H�L�F BH^D?LxV{DUjkQ�VMNgLxF%T�VAdeH�L�FrG
F¥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�G
V£b«F7N BH�N_�eS-HqleFkV.LUG
ViNPD�`\Q?G
F�JAHqNPVA�3T7LxJ.j.HoQ�p
fhHoD�D�LxT�D0G«ª¬L3SoS BH8G
HoQ°yLnJ�ªsLxT��3JAH°G«ª VAT.S_ViG
HoT7S-H�N�F�QEJiLqS-VA��JAHe>���HoJiL|Ho��jkJAVMl[FkH�JAH�N�G
V�� S-FkJ{D BH�N0leFkV�NPH
NP`3T�D�jkQ BH�N�H^T
D BHoH�N|yLUJzªsL�T.LxJ{�kNPH ��SoL�JAV{�kQ?L�D�VA`\TOj.`\FkQ�J�ªsLxT��3JAHqVAT7S-ViG
H^T
DEV{T.S-`\fajkJ�yH^D�He��L��.N�HoT7S-HgG�H
fhH�N�FkQRH|G
`\TkT.L�T
D°JiL ��`\Q�faH|Q BHoHoJAJ{H|G
Fv��LxVMN�S-H8LxFvVAT7S-ViG
H^T
D^>[§.H�NEjkQR`3�kJ�yHofaH�N�G
HqTk`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�fafaHWG
H�NPVAf�FkJiL�D�VA`\T
t
`\T
DRH-pR�°LxQ�J{`uG
H�NgG
VMN�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 `\T
D BHoD BH�L�T.LxJ{�kN BHoH�N�yL²J�ªsL�ViG
H�G
HhS-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�NUG
H G
V�bcF
p
NPVA`\T BHoJiL\N�DRVileFkH�G
HaJ�ª � !nHhN�FkQ�G
H�NIS_VA�kJ{H�NgG
H * � ��¡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|G
H�N|G BHoD�H�S_D�HoFkQ�N�G
Hg��L�ViN�S_H�LxF0��HoD�J{HUG
VMN�j.`eNPVAD�V£�
S_`3fajkQRHoT.L�VAD'G
H�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�G
F¥��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°G
H�N°G BHoDRH�S-D�H^FkQ?N�G
Hn��L�ViNRS-H�LxF >­��HoJMLKLIj.HoQRfaViN�G
Hgd\LxJ{ViG
HoQ�JMLKf BHoDR�k`�G
H
H^�
j.`eN BHoHWLxF¨S¾�.L�jkVADRQ�HU=R=�=?>

§�ª `3����HoD�G
FvS?�.L�jkVADRQ�H°=	� N�H^Q?LqG
H�jkQ BH�N�H^T
DRHoQ0JAH�N«fh`�G«yHoJAH8N0G
`3T�D�`\T�G
ViNPj.`eN�HqL\S-D�F�HoJAJ{HofaH_T
D
j.`\FkQ BHoDRF.G
VAH^Q0JiL|fwLxDRVzyHoQRHET
F7S-J BH�L�VAQRHe�?JiLqN�D�QRF.S-DRFkQ�H G
H�N0Tk`���LxFk�UHoD0J{H�j.`3DRHoT
DRVAHoJ�Gcª�VAT�D�H^Q?L3S_D�VA`\T
G�LxT.N�J{H|SoL\NEG
H°JiLgG
V£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^FrG
HOQRHofaHoDRD�QRHIHoT SoLxF7N�H�JiLad\LxJAVMG
VAD BH�G
HhS-H�N
V{T
DRHoQ?L\S-D�V{`3T.NIH_b«H8S-D�V{deH�NKj.`3F�QOJ�ª BHoDRF.G
HwG
H8N Tk`���L�Fk�%Ho��`3DRVileFkH�N->�mn`3F7NOLode`3T7NOG
H8NITk`���LxFk�
j�Q BH�NPHoT
D�LxT�DEFkTkH|�\Q?L�T.G
HqG
V£b BH^Q�HoT.S_H�HoT�D�QRH$� HoD �U�\FkTv�.LxJ{`�
 #%# &�He� � !nH � G
`\T.S|G
H�N�G
HoT7N�VAD BH�N
G�V�bcF.N�H8N-�kL�F.N�NPV�N-ª VAT�D BHoQRH�N�NPHoQ?LopzDPpz`\TryLvG
H�N�fa`�G«yHoJ{H�N�LxF
p]G
HoJ]yLvG
FwS?�.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�NgG
H�G
V£bcF.N�V{`3T BHoJML3N�DRVileFkHvG�H�NnTk`���LxF��
G�H
� !qHe�0G
H #	� &�HOHoD�G
H #�# &�He��N�FkQ�G
H�NWS-VA�kJ{H�NUG
H�jkQ�`\D�`3T�HoDWG
H SoLxQR�­`\TkHe��Tk`3F.NWLxjkj�Q�HoTkT�HoT
D
NPFkQaJ{H
D�Q�LxV{D�HofaH^T
D�G
H
JML¥fwLxDRV�yHoQRHaJA`\VAT G
H
JML¥d\LxJAJ BHoHuG
HrN�D�Lx�kV{JAV{D BHwHoDwS-`\fafaHoTeD BHod\LxJ{FkHoQ
J{H�NgH-bcHoD?NUJAV BH�NgLxF��%S-`\FkjkJMLx�3H8NILxF S-`3T�D�V{T
FkF�f�>«mq`3D�QRHa�kFkDUH�NPDvG
HhG 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�T
DqJAH8NnNPH�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��/.,



+_,­����/0	�1�23����/., <. 

����;�k�_��� �01���G
HvTk`���LxFk�wHo��`3DRVileFkH�N|J BHo�\HoQ?NWyLOJ�ª BHoTkH^Q��3V{HUG
Hv�®�at
H �)j.LxQ'T
F.S_J BHo`\T0>«=zJ«��L�F.G
Q?L
G
V{Q�H�yLIJ�ª�ViNRN�FkH'G
HUJzª¬LxT.L�JA��N�HUNPV«FkT�HKDRHoJAJ{HgNP`3T.G�HKH8N�DqL3G�LxjkD BHoHhyLIJzª BH^D�F.G
H'G
H�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_T
DqHoT�d
VMN�Lx�\HoQgj.`3F�Q�L3SoS BH8G
HoQ�yLwJiL
N�DRQ�F.S_D�FkQRHaG
HhS-H�NqTk`���LxFk��HoDhyLuG
H�NgVAT
��`\Q�fwL�D�V{`3T.NUN�F�QKJ{Hvj.`3D�H^T
DRVAHoJ°G«ª VAT�D�HoQ�L3S-DRVA`3T¨G
HhS-H�N
Tk`���LxF���Ho�
`\D�VMl[FkH8NgLodeH�SvG
H�NgTk`���LxF��rN�D?L��kJAH8N->E§�ª�`\����H�S-D�V£�°H�N�DWG«ª¬LxD�DRHoVAT7G
Q�HvFkT�HOfaH^VAJAJ{H-F�Q�H
S-`\fajkQ BH^�kHoT.NPVA`3T G
H�N|H-bcHoD?N|G
H�2e/.1����;� �«�����k1 2e/.,­����,«1�1�� faViN�HoTv��H^F²J{`3Q�NnG
HUJMLOG
V£bcF
p
N�V{`3T BHoJML3N�DRVileFkHUG
HUTk`���L�Fk�aJ BH^�3HoQ�Nµ��LxVA��JAHofaH^T
D�JAV BH�N->
±qTafa`\T
DRQ�HoQ�LKHoT �7TwS-`3fhfaHoT�DEjkQ�`\JA`\Tk�3HoQqS_HoD�DRH BHoDRF.G
HWLxFwTkV{deH�LxFhD�� BHo`\Q�VMl[FkH
�kD�QR`3FkdeH^Q�JAH8N
Q�H^f�yH�G
H�N_�-jkQR`�S BH�G
H^QqyLnFkT�S?�.LxT��3HofaH^T
D0`\FuyLnFkTvQ?L �aT�HofaHoT�D0G
H8N�fa`�GcyHoJ{H�N->{>A>_HoDEHo��j BHoQRVAfaHoT�p
D?L�J �kFkD�V{JAVMN�HoQ G
H�N�Ho��j BHoQRVAHoT.S_H�N]p]N�`\T.G
H�N°L3G BH�leF.L�D�H�N|j.`3FkQqD�H�NPD�HoQ|J{H�N|N�DRQ�F.S_D�FkQRH�N|G
H�N�Tk`���L�Fk�
Ho��`3DRVileFkH�N->



< � +_,­����/0	�1�23�8�;/.,



<.�

� � ��� $0#¥(%� �

� #%$��Y�*#%$�� �  

���
	���
��������������� � �.GkLxT7Nnt BH�S^LxTkVMl[FkH �nF7LxT�D�VileFkHgH^Dq� Hoj�Q BH�NPHoT
D�LxDRVA`3TuG
Fut
`\T.G
H �
| |�� ��!�"$#&%(')+* ') %+�-,&"/.�01% ) �2#(��!3%�4 ) "657��.�8) 4 ) " �:9;.<')>= !�9�?@" ) ?A,B�-,7C3%+9-0D"+E:F�9-%+G�#(��!3% = !6HI!>, )

. ) "+JK%K0�#(?L0M�-,N"O�P0Q?("-!�"+J ) #(?M0SR34 ) .(HDT) ?M% ) C>%U9-0 ) G ) 414 ) .��-0@?6#(��!�C��-01%VT) ?M% ) JU�-5W#�9-%(')-) .�01% ) J-? ) 5 ) ,B?
9�C ) J/4 ) " * 9-0@?Q" ) !3XZYD5[T) 5 ) "UE�\(,^] ') ,_') %U9-4MG�J ) 4L9`,/H ) "U?$#�92"a#(�2"K"b0cR34 ) #(��!>%<,:�2"d57��.�8) 4 ) "UE } }

¦njkQ^yH�NILode`3V{Q BHode`�leF BHaJ{H�NvSoL�Q?L3S_D BHoQRViN�DRVileFkH�NUG
HwJzª VAT�D�HoQ�L3S-DRVA`\T¥H-bcH�S_D�VAdeHvfhViS-QR`eN�S_`3jkVMl[FkH
mnF.S_J BHo`\T
pPmqF.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�NPViG
H^T
D yLIJiLvfa`�G BHoJ{V�p
N�L�D�V{`3TwG
H'JiLgfwLxDRV�yHoQRH|T
F7S-J BH�L�VAQRH|HoD°G
H�Nµj.`\D�HoT�D�V{HoJiN_>
±qTadeHoQ�Q�LgHoT.N�F�VAD�HqJAH8NµS^LxQ?L\S-D BH^Q�ViNPD�VMl[FkH8N
G
H�NqTk`���LxFk�uN�V{D�F BH8NnJA`\VAT�G�HvJiLOd\LxJ{J BHoH�G
HvNPD?L��kVAJ{VAD BHWHoDgJ{H�NnG�HoT.N�V{D BH�NqG
H�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-HqleFkHnJMLUG
V�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'G
HvJzª � !qHvleFkV�j.`®N�N_yH8G
HoT�DKQRH�N�j.H�S_D�VAdeH^fOHoT�D�F�T
�.L�JA` yLOFkT�TkH^FkD�QR`3T0�.HoDUG
H^Fk�wTkHoFkDRQ�`3T7N->
±qT
deHoQRQ?LvL�F.N�NPVEleFkHUJiL�S-`3fhjkQ BHo��HoT.N�V{`3TuG
HUJiL�G
V£b«F7N�VA`\T BHoJML3NPD�VileFkHWLodeH�SUG
H�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�G
F S-`3Fkj�JiLx�\HwLxF S-`3T�D�V{T
FkF�f�G
HOj7LxQ�DRViS-F�JAH�N_>
±qT N_ªsLxj�jkFkVAH^Q?LrN�FkQhG
H�NvHo��HofajkJ{H�NgD�VAQ BH�N�G«ª�Ho��j BHoQRVAHoT7S-H�NgjkQ BH8S BH�G
HoT�D�H8NIj­`\FkQwG BH^�eLx�\HoQhG
H�N
j.HoQ?NPj.H�S-D�V{deH�N�GcªsLxT7LxJA��N�HUHoD|JMLIf BHoDR�k`�G
HgHo��j BHoQRVAfaH^T
D�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{T
DRQ�`�G
F7S-D�V{`3TvS_`3fafaH^T
DcJzª�V{T
DRHoQ?L\S-D�V{`3T�mnF.S-J BHo`3T
p]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^T
D^�¾j7LxQEJ�ªsLxT7LxJA��N�H G
HqN���N�D^yHofaH�N0NPVAfaj�JAH�N
D�H^JiN�l[FkH|J{HqG
HoFkDR`3T0�\HoDEJzª BHoD�F7G
H|G
H8NEG BHojk�7L3N�L��3H�N�G
H|JMLUG
V�bcF.NPVA`3T ����>k§.H�NES^LxQ?L\S-D BH^Q�ViNPD�VMl[FkH8N



< � � 
������i�����
+��¼6}/k���i9.�
�8�;/.,��

j�Q�VAT7S-VAj.L�JAH�NqG
H�D�`\FkD�H�NgJ{H�NnVAT�D�H^Q?L3S_D�VA`\T.N ����leFkVEQRHojkQR`�G
FkViNPHoT�DKJ{H�NgG
`\TkT BHoH8N H^�
j BH^Q�VAfhHoT
p
D�LxJ{H�N�G
HnJMLIG
V£bcF.N�V{`3T ���YH^D�G�FwG
HoFkDR`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�T
DRH�N$�

� JAH�N�jkV{`3T.N|G�`3faV{TkHoT�DUyLI�3Q�LxT.G�HvG
VMN�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�G
VMLxV{Q�He�Rl[F�VeQ BH�NPFkJADRH�G
HEJ�ª BH�S?�.LxT��3H
G
Hvf BH�NP`3T.NUN�S^LxJiL�VAQRH�NnJA`\FkQ?G�N H^DIleFkVEH8N�DUJAHvjkJ{F.NUN�`\FkdeHoT�DUG BH�S-QRVADRH�G
HI��L �S-`\T%jk� BH^Tk`xpf BHoTk`\JA`3�\VileFkH �

� VAJ«H^�
VMN�D�H'FkTkHWN�`\FkQ?S-H�G
HUQ 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.G
Q�H S-`3faj�D�H'G
HUS-H�N�D�QR`3ViN
BH^J BHofaH^T
D�N-�3J{H�N fh`�G«yHoJAH8N�leFkV BHoJiL��.`3Q�H^T
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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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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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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

1 nF

���� "! ���  !� ��� �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 

F1 F2 F3 fil V ~ 1,5 kV

anode V     ~      0 kV

grille  ~ -1 kV

particule

���� "! ���  ��	� � � +3.�&&�2. ��� ��� ��
 �
��
��102+ ���
 .�%'&�.�% 
�- .�%'&�	
K>= �
�*�S�_]
]2�3" �/ �,/ 0� �]�] ]$�-" . �� ����a]
��"  !�����Eag] "�&*�(���3� � "c]$&*. � . � � ��. "  !� �*�O]$��a
������� "  1" &7�]��?= &*�

f���.��]2�3 �� "  � 
 %������ �0� � � ��. ".�]-&� &*�O]�"c]$���  !� � � � �  !"  d,6](a �P�] � �
.c]-�!:���� &*�O]<�_]��g]
���I]2��"  1�����g K �
�b]
� &*.c]��S]6�0� �!:��
.9I`] �����1�^]
��"��]�]+� &*. �q]
� " . �� ��(�%�*�S�S]
�r�/�����O] � � � � 
2� � . � $� [ � 
 s�� � � ��*�
��� �q]��C�]$">]
��">]$&*.� �K9](�3 dI ���%�G]2�3"x]$��� &* !">]-" . �
 !"��] � �%. ���+�!:���
+!�O]��?=9�]$�q]
��" . ���* � &�] � .��]
�I] �/"��]�]
]$�Sf�I &*.c] ���  ����  
� � � � � � �	�wv�� � �  '� [ ��� � � ��� � � 
 � � � �

�Q=z]
� "+&*�O]����A�b] �_] �"��% ��� 
 � L � ���$� �-���
.9I`]|�_] � � �E�4aP�S] �)� �g� �_]B:��
&*"c] &*.r]$"
�_]�� �E� �T=U�] � �% 0� �I] &*.� � � � � � �g&] �_](&*�O]l]4- �$� �� !"��] � �1&��$I�.4�%�9�S] � &X= &*� �$�]$"c]2��"c]$&�.c&� � �0� � &O]
�
� �
. �%�1��&]$�q]
� � ��&�.x�/� �*�O]$. �^] �3 �I����
�G�_] "c]#� � ����� . .>]
� � ���B�*�%�#"c&�-�<=  1���3"4�%�#"��_] � ��� � �AI`]��T= &��O]
� �
. "  0��&*�q]( 
� ����� � ,6]$. "  1" &*��] �,.4����"  !��� �_]+�0� � ]$. "c] �T=U�] �O]$.9I  ^] �_]6��=  1��� � &* ��^]+" . ��,6]$.4�I]r]$�  d� � &*���  !����!&��� !�O] &��I] 
 � �%.[�$�]
�I]#F*�� 1" �
"  !� �r�_]2� �����#�]
��&*�q]
� � �� !�#"  1�!�0�%�#"c]
���! 2�<]$&.F � :*� " �3� &*�1"  � �! �� �%"c] &*. �

 ���#� a � � . "��]2�S&� " �%a
��&	(ea � �����?�]
�-&� I �
&��!:O]�] "S&�|�/. �  !">]b�/& � ��� �3"  � &�]r]$" � &* ��1&* �3���#"��� & � �#�]2�6� � "  � &O]��b] �/"#a���� �!�^]2��"c]$�#"+�^]2�6 d� � &*���  !����� �1&.�� !��]$&��I]2�o]$"��^]2�������P,6]$. "  �� �I]$�#"r]$���� &*. �
�/"��T=U�] �^]
��" . � ���E �� & � � � � �JI`] �T= &*�O] � �%. "  ���&��^](a#��� ��)�"  ^] �/"8&���!:�� � &O]�]�F#" .��]��� 1".�]��_]
��3 �I����
&.F � &� �3���#"Q�����6]$�*�7�]
���*�
��� �q] ">]�� � �ga*�g] � &* ��� ���3"  !" &�] �q](�3 dI ���%���_]-.��]3�%�]$.c]$���g]l]$�"c]#� � � 
 i � ����	�� �!a � � &*.-�^]��C�]
� �^]$���!:O]���]$�#"x�_]+��= � � � &� ��3 1"  1���"�S]
� �3 �I����
&.F��,��&�. �* 0� � �%.�^]2�l�$�]$">]
��"c] &*. �g K9] �3 �I����
�
�S] � � � �$]
�3"��C�] �! d,#.��] � �%.-&*� �  dI ���%� � �#���!:*. � �O]��_] ���6.4�`�/ 1� �
�,.��] � &O] ���g]��/&|�_]$&.F# �&]�� ] �4�*� �!��" . � �Xa_]$" ��� ��)*"  ^]$�#"
�
�!��.4� �^] ">]�� � �)�_]i, � �G�_]
� � �%. "  ���&��^]
�ga
�	� '�,
i�
 � � 
 �
� 
 � � � 
���� 
>a7&� &*�O] � �]$.  1�S�_] . �`�# !� �,.��] � &O]$���g] � .#&]
�E � � � ]$&*" �%&�� �3 ��, �� 1.&*�O]( !���,� .9���
"  1����� &*. �^]-">]�� � �)�_];, � � � �%. �0���# bD �]$.c] ���g]�]$�#" .c]-�q] �  dI ���%� "c]�� � �
�/& � ����� �"  � &�],]$" �g] �!&* �/� �*�*�] � �
.
�^]
�HI �%�^] " "c]2�i&�)�  ���. �#�$�%���
&.F? K9] �����#" �AI`] �]$�^]
� " . � �* � &O] 
 ���  � � �



��� � ��� � ����
 � ����� � � ��$� 
�� � [% �,�

� &* �" . �% 1"c](�^]
�
�  dI����%&.F|�_]
� ��� �C�]$�1 d,#.c]��S]
� �  dI ���%&.F|�T=U�]$�O]$.UI� q];L �$KXNj]$"QL �7K��8aR]$"<�_]
��  dI ���%&.F|�_]-">]�� � � � �7KXN}] " � �7K��8 
� ���/���*��] &*��]�.��] � � ���I] �!&��� !�O] &��I] �,������"  1���Xa �3�  !"e�_] ��=U�]$��]$.9I  ^](a��  �0� � �%. "  0��&*�^]|]
�3"�
. .�
]$"��]�] �*�
��� �q]�� �� !�#"  1�!���
"c]$&�.�a �3�� 1"r�_] ��� � ]$. ">]b�T=U�]$�O]$.UI� q](a��3 ��0� � �
. "  0��&*�q]�]$� �3� . "# � � �.�
���q]o]
� "l�/� ���r�_]��,��&*. �* !. &��O]  1���,��.U���%"  !��� ���3� � �#�]�� ]��#" �
 !.c]��3&�. ��� � ]$. ">]��T=U�]$��]$.9I  ^] 
 � &��=U�]$��]$.9I  ^]�� �_]
� � �%. "  ���&��^]
�g ��  1���3 �a%� � ,C�]$.  bf9]
�q]
�*�/� �*�*�]�]
� � � �S] �0� �@:��J� )*.c] &�  !� �* �� �%"  1���X 

" HF " signifie :

HF  CSS1 CFD

10 ns Et- Lecroy

Et- Lecroy

ret 30 ns

signal ( 300 ns )  TPLD 

P
la

st
iq

u
e

TAC

"HF"

FIFO
 logique

Porte
Leblanc

FIFO
  lin CFD

10 %

2 ns

retard

start

EPLG

TPLG

TPLD
PMD CFD

10 %

2 ns

FIFO
  lin

retard

"HF"

start
TACFIFO

 logique

Porte
Leblanc

EPLD

PMG

TTL

AL

C
h

. I
o

n
is

a
ti

o
n

PA

bip DE

DGG

Start Y1,Y2

Bidiv MCR

ET TPL/TGAL

FIFO
 logique trigger et start pour d’autres tdc

lin. inp.

gate  inp.
DGG

start

start

10 µs

10 µs

Linear Gate
Stretcher

���� "! ���  ���� � � �
���� � 
 ����� � ��������4- + %'&�. � *&� �'* ����
 %3-/. � * � � - ������
 �
��
��102+�� �
 .�%'&�.�% 
�-/.�%'& 	
7�798 �<8�� �$E 	,LFAIM�A;Q�AaTFC

K>=U�]$�^]
� " . � �* � &O]<�_]2� �C�]$"c]
� "c]$&*.4���/& � �0�%�1�,�#�$�%��a*�!:��J� )*.c]2�$&���$�]$.  �,6](aJf�I &*.c] ���  !�*%.a � ��� � �"  � &O]�]$" �@:��J� )*.c] &�� 1���* 0� �%"  !� � 
 ���  ������!aP] "r�_]
�r�C�]$"c]
� "c]$&*.4�o�_] � �% �� �g]
�
& 
 ���  B�����!aP] "r�_]
�
I �%�q]$" ">]
�
�_] �� ���. �#�$�%���%&.F 
 ���  !�)� �!a 
 ���  B�	��� 
 L
����� � a��,��&*. �* !"<�S]
� �  dI����%&.F � &* �3� �/"
" . �
 !"��]2�Ea
�  ��o]$� �,��.U�b]e]$" ���S�$�]
� � � &*. 
]$" .c]e]$�P, � �C�]
�+�
& � ���3"#&]#�b]e�T= ��� � &* ��  !"  !��� � &* � ]$.9� ]$" " . ��q]$&*.l] �*.c]�I  �� " .c]#�b]$�#"
�3 ��0�������Pf�I�&*.4�%"  !��� �]$" &9�# ��]�]�]
�3"i, �
�! ��C�]�]( � �@:�� � &�] �]�,C�] �O]��b]$�#"�a#�^]
� �S�/&*�^]��S]���� � +1���� �_]$���g]2� .4� �  �_]
� 
 � � 	 � a �$�]
���q]$���!:*�] � �
. �q]��  dI����%� .4� �  �_] �$�]$�! �,/.��] � �%.



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

�^] � �  !�#"  !�1���
"c]$&*. � ��� �3"  � &�](a��%���%�����I] ����� ��� f�I &*. �
"  1��� � & =  !��.>]*����� 1"(�3&*. �I]
��� , �� q]
���T=z] ���" .��]�]( �  ����� ��� f�I &*. �
"  1��� ]
�3"8, �%�! �$�]�](a��q] � � 	 I �]$� &]$.c]�&�� �3 �I����
�<�T= � �$�g] � "4�%"  !��� 
 � � �
� &* )�$�]
���q]$���!:O] ��= ��&�,6]$. " &*.c]��_]2� � ��. "c]
���_]�" � &�� �q]
� � � �Q L �'f�� �S]����S�*�AI`](a �^]
� � � �
�C�]$�1 d,#.c]$�#" &*� K ���Oa �%�!� . �(���3�S� ]$���g]-�����^]
� " &*.>] ����� � �Q HK9]
�(���S�_]$&�. �o�C�]$�! �,/.>]$�/" �_]
��3 �I����
&.F )*. &*" �,] �*.c]�I  �� " .��]2� �3&*.(�$� � �a]$" ">]
�,]�F��%),�/">]
�x]$"l]$� � �
. "  ^]+" .4�% 1".�]
�,] � �1 dI���] � �
. �q]
� . �3I�.4�J�S� ]o�?= ��� � &* 0�3 1"  !� � � &* �^]
�
" .4�%��� �,��.9� ]o]$� � �
. �A�'&]$" .>]
� � :����3 � &�]
� 
 "c]�� � �Ea � � �  �"  1�����gaQ�] �O]$.9I  ^]�� � &* 0��I �] �X&]$.c] �_]
� � � ]
��" .>]
� � &* �3� �/" �����#" .�
���#�]2�E � � � ]$&�"-�% 1���3 >,C�] .  bfB]$. �q]
�,������"  1���*�O]#�b]$�#"
�S]
�x�$�]$">]
��"c] &*. ��]$"
.c]
� "  bfB]$. �]�,6] �/" &O]$�!�q]���]$� "��^]$&*.4�'.��]�I��0�JI`]2�E 

K9]
�$f �@:� ^]$.4� �3&� d, �%�#" �
� ���#"  1�����!&��
�*�
��� �q] � . �%I�. �A�S�b]��T= � � � &* ��  !"  1���!�
� �  ��!:* ^] . �l�_] � .  ��I] �_] �/�����*�]�]
�gaP�?= � � .�&]
�-���������P,6]$.4�3 !� � ] � I . �%�B�_]$&*.4� �]$�q]
��" .  � &O]
�

�_]
� �3 �I����
&.Fo] � , ���C�]
� � �%. �^]
� �$�]$">]
��"c] &*. � 
 ">]�� � �G�_] � ��� � �AI`](a � � �  !"  1�����ga � ]$. ">]x�T=U�]$�O]$.UI� q]��! 
��]$�0� �,��&*. �* !"
�q]
� � �%.4�J�4&] " .c]2�')*. &*" �g 

� �  ��!:* q]$. ���_] �_]
� � .  � "  !� �e�_]
� � �%. �A�'&]$" .c]
� � � �$�
����&*�#�]
� � � � � � �  !"  !����� � � � � � ��� a �,�#�$�
�^]
�$& ' )9a��9& ' )9a � & ' ) a ��m�a �3 �I����
�)�_]+"c]�� � �x�_]
� � ����� "  � &O]2���X�$� � a � ]$. ">]��T=U�]$��]$.9I  ^]r���%��� �^]2�� �  !�#"  !�1���
"c]$&*.4� � � � ad d � 

� �  ��!:* q]$.)�_]��_]
� � .  � "  !� �|�_]
�
� � ]
� " .c]2�E 
� �  ��!:* q]$. ���_]��_]
� ��.  � "  1���|�_]
�
� �6]4-��  ^]$�#" � 
 �*� " �J� �b]$�#"'�q]
�
�I] &* !�0�
�_]��C�]$">]
��"  !��� �! 
K9]
� � ��� "c]$&*.4�r�T=U�] " �%�1���*���JI`] �_]
�+�!:��J� )*.c]2� &�"�C�]$.  �,6](a��$�
����&*�#�]
��] � �! �I��O](a �3� �/"+ 1�����!&��

�*�
��� �^] � . �3I . �A�S�b] �T= � � � &� ��3 1"  1���X � � �$�
����&*�q]��
�!� . � �^]2� " .4� +c]
��" �� 1.c]
��]$"�� &('�)9a ��&('�)9a ]$"�<= �%�.I �^] � &O] � �% 1"
&*�O] � �
. "  0��&*�q]��/ bD &��P�]�] � �%. . � �.� ��. "-&� �<= �JFS] � � "  � &O]( 
K���.4�b�_] L
�C�	�%ax�_]
���/ 0� � � �  !"  1����� � �
. "  0��&*�1 <&]$.>]
� ��, �% q]$�/" �] ".�] �`�/� � "��]�]
� � � &*.G�]$" &9�/ ^] .��� �/ �D &��3 !� �  !�7�] ����� "  � &O] �/& � �

��� � &*.6&��O] �� !)��^]|�_] � �1�3� )X K9]
� �] � �% 0� �a]$&*. � �_] �� 1)*�^]2��7�]
�y]
� � �% !.>]
� � � &*.-.��]
�
�! 0�I]$. ��=z]�F � �]$.  ^]$���g] �! ��� !"4�% q]$� " � � .  !��.  ���� ..�]
� ���!&�"  !� � &�b]$� ,# !. ��� �C���
&6] (1a �g] � &� ]2�3"+� &	- � �%�#" � � &*.+�P�] � �%.>]$. �q]
�'�]$" �
" � �,���9�*�A�b]$�#" �
&.F"�_]2� �]$"4�%" ��]�F��� !"��]
�l�/&� ` �
]e]$"��/& � p �
](a>���% 0� �*� � � ��&*. �P�] � �%.>]$.6�q] � .>]��� ^] .]�] " �%"�]�F��� !"��]b�#& � � ��� � &* )]
�3"4&�
"��$� &6] (e � � ��, �% 1" �
�!� . � ��� + �� 1�/"(�
& �/ �� � � �3 1"  �<�_] �$�]$">]
��"  1��� �/& � � ]
��" . �3�4&]$" .>]+&*� ] ����I]#�6)*�q]<�_]��$�]$">]
��"c] &*. � � � � a � �����?�]
�
�%&*" ��&*.��_]-���+�  !)*�q]1&�+&*�O]��/ 0�3" �
���g]��T=f]$� ,# !. ��� ��� �E�'a
� ��&*.<�C�]$"c]
� "c]$. �^]
� � :*��" ����� � . �J,6] ���%�#"x�_]-�0�o�C�]
�a]�F��� !"4�%"  1���e�#& � � �
]����!� . �x�_]-���-.��]
� ��"  1���
p<`�� ��) 
 � � �
](a � � �
] � � p<`�� ��)X � � �C�] "c]
��"4�% 1" �%�!� . �
�^] � � �
]o]$� ��� � +!���  ��_]$���g](�/,6]2� �y]
� � � � a � &� 
� ]$.9� ]$" "4�% ^] �/"#a*��,6]
� &��O]6)�� �*�O]�]4-�� ���� 1".�]��_] �$�]$"c]2��"  1��� � � &*.-�^]
� � :*��" ����� p aG�_] �P�] � �%.>]$.�^]2�
�/ �D &��3 !� ���B�]$��� �3"  � &�]
�x�_]
�  1�*�]$��� �3"  � &O]
�E 

� ��&�.cL
�C�	�%a �^] � . �%I�.4�J�S�b]-" . �% 1" �
 !"��/� ��� �0�b�C�]$">]
��"  !��� �/& � � �
] �%& � �0�%���,�#�$�
�*]$" ���
�C�]$">]
��"  !���e]$� ��� � +!���  ��_]$���g] � �
. �q]
� � � � aO]$"��_]�, �
 !" � ]$.9� ]$" " .c]��T= ���$�?�] �_]$. �%&.F|�/� �*�*�]�]
�<�_]
�/ �D &��3 !� �  1�*�]$��� �3"  � &O]e�*�
���6�^] �$� ���S]���� .��]2����"  !��� � &*. � �!�3� )X � � ��,��
 !" �%�1��. � ���%�S�b]
�	��

���������������������
� �������������� �"!#�	���$�&%'���(��)*��+�'�-,#�()*�/.�!#��)*,0+�21*�$����!3)546�����278�:9�;

<�=78�:9/����� 1*�$����)*���>�:1

? ��)
�=1*�2.'��)*1*1*�����@��!A��%'�B)5�B�C�D�	� ����)*�A��)*1*1E�(��)5!3�
;



��� � ��� � ����
 � ����� � � ��$� 
�� � [% �,�

] �/" ..�]�]
�)�/& � � 	 �
� � � �ML$Nj�/ d,# ��P�](a � � � �ML$N8a�" � ��� � �/ d,# ��P�](a % � � � � a � ��N��%�^] " "c]2� 
 �%� � :����
K9] �  dI����%���_] ">]�� � �+. � �  ��S]"�/& � �0��� "  � &O]'I �%&��!:O] �/� �*���% 1"��^] �$�]
���q]$���!:O]��b] � "r�_]
�

� ]$"  !">]
�+�@:��J� )*.c]
�g �� �%���+�<=f]�F � �]$.  q]$���g]-L
����� a��^]|�C�]2���^]$���@:O]#��]$�#"��_]2� � ] "  !">]
�+�!:��J� )*.c]2�
�] " �% 1" ��� �3&*.��] � �
.
�^]
�$I �%�^] " "c]2�c&� �� 0��. �#� �%���
&.F � �����?�]�]
�x�_]�, �
�/"
�0�+�� !)*�q]( 
K9] � � 	n�S];L
���������%� � ��. " �% 1"
�^]
��]$�#" .��]�]
� �

� � � �ML$N;a�� �.I �
�^]$" "c]-�  !)*�q](a." � ����� �3"  � &O] � � � :���% � �  !�1 ��� 1&.� �%� � :��  �  ��^] � ��� �3"  � &O] � �ML$N}]
�3"
" ��&��!:7�](a*�0�;, �%�^] &*.<�/& � � 	$]
� "B�]�I �
�^] &� � �
]$�1�^]i, �
&*" �+�  ��^]
�$I �%�q]$" ">]
�
�3 1" &7�]�]2�
�/, �
�/"
�0�+�� !)*�q] ���#" �]$"��] " ��&��!:7�]�]2� �
]$"�� � � �li "6�  �g]
�x�_] &.F���� �9�/ !"  !� ���
�3� �/" .��]
�
�! 0� �]�]
�g 
� �
�����^] � . �3I . �J� �b])�T= �
���%���*�a]<�_]QL
� ���Pa � �%.�]�FS]�� � �q](a ���-, � �P�]$�^]2��"  1���*�O] .��^]
�8�]#,C�]$��]��

� ]$�/"4��"c]$�0� � &O]�� � � ��i �3a��g] � &* .c]�,# ^]$�#"c&� ��] � .c]$�9�#.c]�]$�����%� � ">] � &�] �q]
�-�]#,C�]$��]��b]$�#" ��?&& �q] � ��� �3"  � &O](�r�$�]
���q]$���!:*�]( 
7�798 �<8�� � X ? X UWVJGQ_?BJPM E XMY EPL YRZJ M

��
���� �  ��/Z
��
 ���
� K9]
� � � �3 1"  1������� ]$" � �3� �/" �/���*�7�]�]
� � �
.+�^]
�(�@:��A�6)�.c]
�1&�"�C�]$.  �,6]b�_] � �ML7N8 &�

� �%. "  !. �/& �3 �I����
�<�/. �  !"�]$"��/& �3 dI ���%�CI �
&��@:�] � ��&*. �!:���� &*�O] �_]
�+�!:��J� )*.c]2�Ea���� ��)*"  ^]$�#".>]
� � ]
� "  d,6]#�b]��#" � ��&�. ��� ��]$" ��� � � � �C��i �2�C�)(
�
�2�C� � ]$"��!����i � �	�)(

�
�!��� �  K9]
�$� ]
�3&*.>]
�*�_] � � �3 1"  !� � � �%.
�q]
� �!:��J� )*.>]
�*&�o�C�]$.  �,6]l�/� �*�O]$�#"�a�� � .#&]
�'.>]
��� ���3" . &���"  !� �

�S]
� " .4� +c]
��" �� 1.c]
�ga$�^]$� �3�b]$�#"9]$"���= �%��I��^] �_]
� � �%. "  0��&*�^]2�P�/ �D &��P�]�]2���%&+�* �,6]
�%& �/& � �0�%� �,�#� �%�< 
� K9]2� � ]$"  1"c]
� �!:��A��)*.c]2�x�/���*��]$�/"��^] � . �Jf����/&�� �% 0� �g]2�%& 
 � � �3 !"  !� ���i:*��.   $� �/"4�%�^]2�,]$"

,6] . "  0�$�%�q]
�iF ]$"1� �(��, �%�#" ��� �� 1)*�^](a ]$� �_]$&.F � 
��">]
�  �b]$"  � �3&*. �<= �JFS]�� � "  � &O](a��g] � &* 
� ]$.U�b]$" �_]��$�] �/&* 1.c] ��= �
�.I��q]��T=  1���� �_]$���g] 
 � a � �)�/& � �% �� �g]
�
&���, �%�#" ���+�� 1)*�^]( 

�M:�� � &�] ">]�� � ���_] �$�]$.  �,6]l���%��� ��= &*�e�S]
�$���S�/&*�q]
���T= &��O] � ]$"  1"c]-�!:��A�6)*.>],]2�3"$� ]
�3&*.��]
� �%.
. � �.� ��. "1&�+&*��"c]�� � ���_]-..�]4�J�]$.>]$���g]��/� �*�*�] � �%. �^] � ��� �3"  � &�]-�3 1" &7�](�%&��* �,6]
�%& �/& � ���
�
�,�#� �%� � ��� �e�/� ��� �^]2� � �%.4�J�4&] " .c]2� )*. &*" ����� �EF��Ta���� �EFPI.a���� �4�P:Xa ��� �4�#) � ��&*.-�q] � .c]��  ^]$.
�C�]$"c]
� "c]$&*.#a_]$" ���&�AFO�Ta����&�JFPI.a������ �P:Xa����&���/) � ��&*.��^]��_] &.F/ �&]��b]( 

��� �*���% 0� � �%�#" �0� ,# !"c]2� �I]|�_]2� �]$�^]2��" . ����� � �$��� �����
�E�'a�� �n�C�] �/&* 1"b�_] �g]
�+"c]�� � � �q]
�
� � �3 !"  !� ����]�F � .  d�^�]�]2�
]$� � �'a9� �EF��Ta � �gF I�aP���4�P:Xa � �4�#)Xad � d � R]$" � � �$�%�0��&*�q]+�^]
� � � �3 !"  !� ���
:���.   $���#" �
�^]
�
] "*,6]$. "  ��$�
�^]
� �

� � � i 

� � � ( � � � � � � ��� ]$" � � ��i 


� � � h ��� � ��� � ��� �
K ���/ �� " �
���g]<]$�/" .c] �^]
� � � ]$"  1"c]
���!:��J� )*.c]
� ]
�3"Hf�FC�]�]e&� &��O]i, �%�q]$&*.)�_]�� �4a`]$"����b]#F � .  d�b]



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

�%�1��.4� �q]
� �
�.I��q]
� � &O]�� �% 1" �0� " . � +c]
� " �� 1.c]��_](��� � �%. "  �� &*�^](��,6]
� ��= �JFS]-� � "  � &O](a�.c]
� � ]
��"  �,6]��
�b]$�#")�*�%��� �q]
� � ���
��� 
 "ea � ��]$" 
 #1a � � �

� &�i
�


� � � � � � � � � ���$��� ]$" � &�i 


� � � ��� � �&� � �����$� �
� �  (Z�[ � �	
 �% �����Z�[ . �,� ��
���� �  ��AZ ��
 �,�

K � .c]
� ����� " . &���"  1���|�_]
��" . �)+c]
��" �  !.>]
�
�_]2�' !� ���c&� ���(�3� . "  q]��/&�� � ]
� " . �%�'&]$" .c]<]
�3" �*�]
�g]
� �� �
 !.>] � � &*. ��������� 
+1" .c] � ..�]
�� 0�P�]�� ]$�/" �<=U�]$�O]$.UI� ^])�_]
�0� � �
. "  0��&*�q]
�%���%�����P�]�]( K9]
�*�C�]$"c]
� "c]$&*.4�����
�,��&�. �* 0� �I] �/"-�^]2� � � ��.��#���*�7�]�]
� 
 ��� � ��� � �	� � � ]$.9�b] " " �
�/" �_]�.c]2������� " . &* !.>]+�^]
� " .4� +c]
��" �� 1.c]
�ga&� � �
. "  1.r�_]2� � &O]$�!�q]
� ��� �C�] �#&* !"+�q]
� � � �  !"  !�����;:*��.   $� �/"4�%�^] � & '�) ]$"8,6]$. "  ��$�
�^] � & '�) �_] ���
� �
. "  0��&*�q]b�*�
��� �^] � ���
� �,�#�$�%�8&����= � .��/� �*�*�]�] � & '�)!a ]$" �q]
�-�%�.I �^]
� 
 � &('�)9a � &('�) �-��,6]
�+�<= �JFS]� � "  � &O]( (K9]��$�%�0��&*�9�_]�� &('�)G]
�3"  �� � &b�?= &*�O]*�  !�* ��� 1� �%"  !� �o�S]�
�pQ&� � �%. "  !.��S]
� � � �3 1"  !� ��� � 

�b]
� &*.��]�]
�P���%��� �@:�� � &�]<�$�]$"c]2��"c]$&�. ��� �,] " ��� �  � ���@:�]$. �!:O] � &('�) ���3� �b]��<=  1�/">]$. �a]
��"  !���
�_]
�0� " . � +c]2��" �  !.c] �_] ��� � �%. "  0��&*�^]5a`�T=U�] � &��%"  !��� �ei
����� � ������,6]
� �^] � ���%� �,�#� �%�<a � &* �� � ��&*.
�] � &��%"  !� � � � i 
 �

�
� ' ��� ��,6]
��� i � � ���Ca�� �]$" �
�/" �<= �%�.I �^] � &O] � �% 1" �q] � �0�%� �,�#�$�%� ��,6]
��<= �JFS] � � "  � &O] � �"���%���
�^] � ���%� 
 "1a � �! ����G]$"?��� � ���#" �q]
�  !�������*�#&O]
�g 

K>=  1�/">]$. �a]
��"  1�����g=U�]
� .  !" ��� 
 �
�
��'���i������ � ��� �/����� � &('�) i ����' � ���

�
�
��� a

]$"�� &('�)[i � � 
 ��� ' � � � �
�
�
��� � ���M 

K9]�
*px]
�3" � �%��� &*�#�] � �%. �

 p i�� 
 � 


�
����� 
 � ���
� p
�?&& ����� �3�S� �%"  1����� � � . ">]��3&*.(�^]
�(�3 �I����
&.F(�C�]$�! �,/.��]
� � �%.(�<=U�] �^]
��" . � �* � &O]r�S]
� �!:��J� )*.>]
�Ea

� �%�3a�� �%� (?a��!�	�%a � �	�)(? 
�  !���3 � � � � i � � �! i � � � 
 ����� �)]$" � p � i � p �� i ��� � � 
 ��� � �  
�,]��0� �� !�� d�� 1� �
"  1��� �/&"
*p ��#�$&%# *(' i �"]$")#�$*%# � ' i � a'� � ]�F#" .4�% 1"+�,�x]$" ���x]$"b�#�����

� &('�) � &('�) aR]$" ��=9�] � &��%"  !� �"�_]+�0� " . � +c]2��" �  !.c]5 .- �O] �3&�)*. � &*"  1�O] �$�%�0��&*�q]r�_]+�0� � 
]��b]"� ���������<= ��.D�/���*�7�]�] ��&('�)*]$"
��= �%��I��^] � & ' )i&� � �
. "  1.l�S]����l]$" ���P � & ' )F]
� " � . � � � . "  !�����O]$� &� �0� , �%�^] &*.��_]6��=  �� � &*�0�3 ��� � ] "o�#�����+�! #�]B&� ��=U�]$��]$.9I  ^]r�S]+���
� �
. "  0��&*�q]��$�]$">]
��"��]�]( jK>=U�]$�O]$.UI� ^]�]
�3"��%�1��. � �$�
����&*�#�]�]e&� � �
. "  !.��_] � & '�) � � .#&]
�B�]$" �
�!�������JI�]r�/&
� �0�%� �,�#�$�%�� 

K9]
���%��I��^]2� � &('�)_]$" � &('�)9�_]
� " . � +c]2��" �  !.c]2� � �
. .4� �.� ��. "*&� ��= �AF_]�� � "  � &�]
�#& � � ]
��" . �3�4&] " .c]��� �9�/&* 0�I]$�#"8&� ���r�C�] "c]$.U�� !���
"  1���e�_]-��= �%��I��^] �_]��/ bD &��  !��� �_]-��� � �
. "  ���&*�q]( 
K � �3&�)*. � &*"  1�O] ���*L�	 
 � ����� �$�
����&��^]��^]
�+�
�.I��q]
�$+ &�� "c] � � .#&]
� �0� �  !)*�q] I . 
� �g] &� &*�O]

� �
. �J�^�]$" .  �� �
"  1�����/� �/"��^]2�'� �6]4-��  ^]$�#" � �3� �/"� �� �3&��)�_] �$�
����&*�0���_]
" .4�%��� � � . "<�_] � �
 �� �g]
�%& �_]" � � ]��XN � -�� � 
  �� �]$���%"
�� �L �1�^]��/� �*�O] � � a � � aO] " �q])� �3�b]$�#" � � ]$� "c]$���
�/"����%� � "c] �_]
�



� � � ��� � ����
 � ����� � � ��$� 
�� � [% �,�

�
)9]$. .4�%"  1�������/& � .c]��� q]$.
��.D�/.c]r] " � p a � p a � p �
& �a]
��� �9����.D�/.c]( L �1�^] �$�%�0��&*�^]�]$��� &* !">] ���
� � �6] �*�O]l]$�#" .>]-�^]
�$, �%�q]$&*.4� �%& � .c]��  ^]$. ��.��#.c]o] " �
& �I]2�����9� � � . a � . a � .  � &� d, �%�#" �q]
�.��]�I��0�JI�]
�-�`�/� � "��]
� � ��&�. �<=f]�F � �]$.  q]$���g] 
 �*� " �J� �b]$�#" �3&* �,��
�/"-�q]
��, �%�q]$&*. ���_]
�-�@:��J� � �<�_]
�
�S]$&.F|�/ � 
���^]2�,�_] � �ML$N � ��� �!:*�� 0�3 !.4�6� �3�S�b] ,��
�^]$&�. �<�_]
� �%�.I �^]
�,] "l�/&'� �3�b]$�#"�a#�g] �!�^]2�� ���9�/&� �� �
�/" &��&*�O]�� ��. .>]
��"  !��� �`�C�] � &��
"c]e�_]2� �%)9]$. . �
"  !� ���+��)��a]$.9,C�]�]
�ga � �%.r]�FS]�� � �q] �1��. �
�S]
� � �%�! 1)*. �
"  1����� �%�.I &*���
 !.>]
�E ?L��"]ED ]$"�a*��= ��.D�/.c] � ]2�3" � �%. �,�� �� " . � � ����. .  �IH�]�]$"  !� ]
�3"��%�1��. ��7�]
�g]
� � �% 1.c]��_] � .>]$�9�/.>] � �!&*"�
��"
���1�����6]$�*��],]$�#" .>] �^]2�x�_]$&.F�� .��/.>]
�E � ��&*. L
�C�	�(��� � � .  ��
� . a � . ]$" � . aO]$" � � &*.iL
����� a � p a � p ]$" � p  
� ��� � �,� ��
 �,� . ����� �.['s ��� . � .�� � � � ��Zj[

� �
)* !" &O]$�1�^]��b] �#"�a
�!��.4� � &X= � ���X= � � � �
���$�%&]2� �%&�F��
�.I��q]
�
�T=  !���  ��_]$���g](a�� ���3& ��� � �I]��*�
���&�� � .>]��� q]$.�"c]�� � � � &O]
��=  !���� ��_] ���g] �3&*.��0� �  !)*�q]
]
� "'����.9� �%�^] 
 f�I &*.c] ���  ��3" � a`]$"�� �3�S�b]�� �
�# �� � � �I]��_] 
 � )�� � ,�� �(� )�� � ,����!a*�
 !���  � &O]��_]-��= �%��I��^]��3� &��
�^] � &O]$��� ���#"x]ED ]
��" &*�]�]
���^]
�M�b]
�3&�.c]
� �
� �  �  %a$ 1�6]
�3" � � � �3 1)*�^])�_] �$�%�0��&*�^] . �<= �%�.I �^]��S]
�# bD &��3 1��� ��� ( � ����� � � �
. �0���,��.U�6&*�q]��3&� d, �%�#"c] �

��� � 
 � � ( � ����� � �)i ��� � 
 � �  �  � � )�� � ,�� �

 � � � p � )�� � ,�� � "4�%� p � )�� � ,�� � " �
� p � )�� � ,�� � ��� p 
 ���  B��� �

θ
π

S

F M

A

y

faisceau

C
cible

trajectoire d’une 
particule diffusée

axe optique

ϕ
cib

θcib

θspeg

diff

���� ! ���  �3" ��#8& ��� � ��� �'. �8* % .�%'&!� 
�� �2*�� �� 
 � ���1.�&&�2. ���5&&���1& %'+ � 
�� � % *,+ ��
 �2.�0�� � 	
K�� � . �3I�.4�J�S�	�*�
��" . �% 1"����	�$�/" �
�2�G�/���*�7����
� &*"  !�! 0�
� �%�1��. � ���$" "�� �,� .9� &*��� ��&-&*��� ,�� . �3 1����  d� � �! bf ���� � ��&*.��$�%�0��&*���$. � � ( � ����� � &� � �%. "  !.<�
� � )�� � ,����$" � )�� � ,��E 

� ��&*.��*� &��Ea � )�� � ,������$�
�! 1) 
 � . ���$" � )�� � ,������$�
�! 1) 
 � . �! ����$" "���� �.� . �#�!:����
�3"�" ��&*"C&� � �% 1"X,��
���
)*���
� � &*. ���
� � �
 �� ���
�%&.F � " �
)*���
���/���#" ��= � &.,��$. " &*.�� �
�.I�&����% 1.����
�3" � �$"  1"��( � ��&*.(���
� � �% �� ���
�
&.F



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

��F#��"  � &��
�Ea � . �S�/&* !"4� ���%�S� ���!� . �)�
� ���$" " � ��F � ��$.  ��$����� � �%. �,. �AI3� � �/"4�%"  1��� � &*. �0� �  !)*���x�
�
� � � � � a��<=U����� !" " �
����� �
� "�I . �
�9�
�(a �$" ���]���S�/ �f��+��� " "�� �,� .9� &*��� � ��&*. � . �$�9�/. � �$� ���%� � "���<= ��&.,�� . " &�.�� �%�.I &*���
 !.�� �/& � �% 0� ���
�
&(�3&*.��0�
�� !)*���( � � �
��,# ��$�#" �7��2���
� � �% 1.����
� ��� �*����
+!" . ���<= �
�.I����
�T=  !���� �
�$�����l�/& � �
 �� ���
�%& �3&�. �0�+�� !)*��� �$"<�T= �$��"��$�� !.
� �3� � " ���*�
��� ���
�
�$�
����&*�0�E 

 dans le plan horizontal :

f
ϕdiffϕ = ϕs −

θs

détecteurs de faisceau

cible

SPEG

θf

X

Z

θsθdiff θf= −

 dans le plan vertical :

anglediff = +θdiff
2

diffϕ 2√
���� "! ���  ��&%�� #8& ����� ��� �'. �8* % .�%'&!� 
�� �2*�� �� 
 � ����� � % ���)-/.�- � % �
��
��10 + � %

� �(�/ 0� � � � �b� �
�-�%�.I ���
� 
 � .Qa � . ��� � .#&�
� ������ !)����+� � .#&�2� � �%�! 1)*. �
"  1��� �$�#" . �+��� � �0�%� �$���, �%���
� �0� �� 1)*��� �$" ��� � ���
� �,�#�$�
�< (K��
� � �$"  !" �
� �!:��A�6)*. �
� ����&��*�#���*��� �/" �<= �%�.I ���)�T=  1���� �
�$�����
� &3a � &(�3&*.
�0�6�� 1)*���5 � � �$�
����&*���-�%�1��.4� �

� & � � � ��� � � � � ����� 
 � &	�
� & � � � ��� � � � � ����� 
 � & �

� �� !�#" . �S�#&* !"
��= �%��I���� �%& � &��$��� � �1�� ������(� � �2��" . �3�4&�$" .�� � � � ��� �

� � � � . � � � � ���
� � � &(& � � �

�
� &

� � � &(& � � � � � &
K�� �$�%�0��&*�)�
���<= �%�.I ���e�
� �/ bD &��  !��� � �%��� � �.� . �AF/ ����%"  !� � � �$. ��" . ��&�,C�� �$� �
�*����F �BL* 

� � &��'&*"  !�1 ��
� . �����
�*�
��� ���(�3&* 1"�� &*��� ��F � .��
� �3 1����� �.� . �#�!:7���� 
 &�;�� ��$&.F��
� ��� �	�
���<= �
�.I����
�
�
�/ �D &��3 !� � � ��&�. ���
� �
�.I����
�  1���%��$.  ��$&*.4�i&�A�	���
��I��*�
���
���-���
) � . �
" �� 1.�� �



����� � ��� � ����
 � ����� � � ��$� 
�� � [% �,�

� � � &(& ��� ���� � & & � � �� � & & �

�	��
 �
����� ������ � ��
 . ��� . � [ � � �  �� � � Z�[ . ��
 ����� � �  
�
� ��
 '

� � 
 � � � � � � � � � �
��� � �
�3"-&*���1�	�
�3&*. � �
�+��=U��$���$.9I  �� .���
�3 �/&��$�1���
�
�
� � �
. "  ���&*���
�� � .#&�2� �0� " . ��,��$.4�P���� �
�
�
�!:��J� )*.��2��&���C��$.  d,�� �$" �
�-��� �!:��J� )*.��e&�  !� �* �� �%"  !���  

K��
� � �%.4�J�4&�$" .��
�*� �
� &*.���2� � �$.9, �%�#"-&�6��=  �
�$�#"  bf �$�%"  !��� � ���#" ���+" ��� � � �
�1, � � � �
�  !� ���Ea
������. ��� � " ���$&*. � �$. "�� �T=U�� ���$.9I  ��(a � � . ���! � � � ����� "  !" &��+&*��� .�� � .���
� �$�#" �%"  !� � )* �/ �� �$����  !� �*���$�1���
�/&�"���� � � �
�c, ��� �$���,����� "  !� � �
�(��� � �$. "�� �?=9��$��� .9I� ��(a/�0� ��� � � �  � . ��� . � [ � � �
 
 �� � � Z�[Ma��?&&����
�	�/ �D �� .��$�#" � ""! � �
�	�T=  1�������3� �/" .�� � ��$.���
� � �%. ���$&*. � � �3 1"  !� � 
 � � '�, a � � �  �# �
������ �$��� �
� � �
. "  0��&*���
�������I�&�$.��
�ga%�0�-�����*���% �� � �
����� �
� �<= ��� � �0�����#� �$�/" � �
�<= &���� �T= � �!���2� � �$.9� � "
�?= ��)�"��$�* 1. �
� � . �#�!:����$� � . �#�!:�� " ��&�"��
� ���2� �
&*" . �
�Ea � �%.(�����! �I���� � $ � �
� � �$"-���+.���2�
�
�
&
� �
� ��� &*. )��
� �
�
�� ��3� " � � �2�E .L�� � ��� . �AF# d���
"  !� �+�*����. �$���
"  d,# �� "��(a �$"��$���3& �.� � � �
�/" � &�� ��%
, �
.  ��&� �
 !)*����� �$�#"
��,��
� � & ' )9a ���2��I�.4�%� �
� &*. �i� �
� &*.��� �
� 
 �/� �/"�&*��� � . ���� �&� .��]��
��.  !" &�.�� �
�3"
�#���*�7�� � � �%. ���
����F � . �
� �  !����� ���  !�%a ���  �� a ���  �" �$" ���  %�� a*�3� �/" "�� �!���2� � &�� �

' �)( �� 
 ��% ` � � 
 � � � � � &('�) � �

� ' �
� � � �
( �

�

 ��% ` � � 
 � � � � � &('�) � �

�*��� �
�

(
�


 ��% ` � � 
 � � � � &('�) � 
 � � � � & '�) � �

�?&& � & '�)��2�3"���= �%��I���� �
� �0� " .4� +��
��" �� 1.�� � �
��� � �%. "  �� &*��� �%���
��!�� ���� ��,��
���<= �AF
��� � "  � &��5a �*�
�������
� ���%�1:���.   $���#" �
�X&� ��� �3��. "  �� �/&+� � �2��" . �3�4&�$" .��( 3K �����3� )* !���% �� ���
�
� ���2� I . �%� �
�$&*.4������� �/&* !"�
&.F � �
. �A�'&�$" . �
� �T=  �
�$�#"  �f �$�
"  !� ��� �$�!� �����
�'. �$���
"  !� ��� ���  � a ���  � �$" ���  ,+( 

K ��" �%)���� ���  �%� � .���
�
�$�#"��+&�� .���
� � �  1" &*�0�%"  ,� �3&*.(���
� � �
. �J�4&�$" . �
� &*"  !�! 0�P��
� �*�%��� ��= ��F � ����.  ��$����� �$"
��= �%���%��!��
�5 



�����1� � ����� � �  �� � � Z�[ . � 0 � � 
  � � � 
 �  (Z�[ .�� � � � .
�.[ 
 � � 
 � �  � �AZ����� � � � � �
� h��������

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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�pL E ~�jL C G A�=BA Lrv �FA � ?<C L�� =B? LwG.�gx = � E �����jL
zhv�� ���G
�pL �=o{ G C L[N
� CFE LYxyv ED{ L = ���jx�x � C � �r~� � C N A L � ? x J = z { zhvGb�� ? � ��v ? N ?<A � E|{ME ~� A�=BA Ntv ?
L#� E�= �<v ?F? ~�
��� A x�vSz {:=jE ~�
� �=Y? v�L E ~�jL C G A�=BA L�� ? L*�jx A N�v ? �Y� � �),a��7wv C L ��� EDE v ? L ����z =j? N �� E �
L[N�z { G�N + ~�
�rG.�jL �/-)� A L ���pL ���MxyN A�=BA N�v ? L ?aC xyG�~� = N E �jL � A xyv C G�vSz � N.� ?F? �jL ���jL£zhv����jL �<N { v G = N E �jL
R R	�<v C � Z Z � =B? LwG = �aN2- C LONtv ? ~��G = L A NQP C �����YGU} �D� � � A � C �#� ! �h� �Y�65 � � Aw? v C L ��� { v�L#� E v ? LWG
�
x = GQx C G ���jL { v A � ?aA N.��GQL ��� ADE�=j? LON A N�v ? �Y�75M� 1 9 x �YP C N ? v C L { � E z�� A|ADE�= � ? L C N A � ����z��jL CFE � E
GU} �/-)� A ���jL@xyv CF{ G =B� �pL =jC ��~� A�=jA L ���MxyN A ~�jLrL CFE G = �<N.- C LON�v ? ~��G = L A NmP C � ? vCb =BC8-,{FE v A v ? �

9 =j? L@G = ��� ED? N �� E � {:=jE|A N
�W�Y�&% 9a? v C L �<NmL|x CFA � E v ? L����jLrzhv�� ���G
�pL � 3=jA NQL { v CFE ~� A|C �<N.� E G.�jL? vGb =jC � ���<v A NQP C �jL � Ag? v C L � ? �aNQL =j� � E v ? LWG.�jL = z¢~��G�Ntv E�=jA Ntv ? L �= G.� CFEg=j{F{ v E|A � E�9�= N ? L[NrP C �
G.�jL { NQL A �jL �= L C N�� E � { v CFE ��~������G�v {F{ � E ���jLWv CMA N�GmL + =B� G.�jLgP C N ����� E�= N.� ?<A]? v C L { � E z�� A|A|E �
�>} ��� { G�NmP C � E G = �<N;: C L[N�v ? ~��G = L A NmP C � ���jL ? vCb =BC � ���<v A NQP C �jL]xyvSz { v�LON A �jL 9>{:=BE G = xyv z {FE ~� �J � ? LONtv ? ziNQx E v�LDxyv { NmP C � ���pL �$:)� A L ���Yxyv CF{ G =j� �jL =BC xyv ?aA N ?<CMC z ���jL�~� A�=BA L����MxyN A ~�jL � AW=jC
x�v ?aA N ?aCFC z ���jL@x�G C L A � E Ly�
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UWVYX�VZX []\L^�_`�ab`c`�dfe \/gih a _hkj amlon dp`ql/rsn�t \ r j n
;>=iA|J ~u�v E Nvu�wPuyxIG =jCF� u E 0)*w��xIG = %{z 2 wPuYG = waN;: C LONtv ? z C G A N { Gvu = ~u A ~u �A|=jA Nvu �= G�}�v E N � N ? u{ v CFE G = w<N;: C L[N�v ?k{FE v A v ? L CFE0? vCb =BC ��/%G�G}u E u { v�Lbu]L CFE GU} =j{F{FE vj�aN�z =jA Ntv ? u�N���v ? = G}u 9 N ? L { N E ~u$u

wPucG�}D~u A|C wPu~wPucG = w<N;: E�= x A N�v ? w =B? LwGvu�w<v z = N ? ugv {FA NQP C u 9 P C N�L CF{F{ v�LbuhP C ucG =YA|E�=$� ujx A vSN E u
L C N��aN}u {:=jE Gvu {FE v � ujx A NtG}u�ujL A�= LDLONtziN�G =B� Gvu �=WCF? u�w E v N A u�� �Du ADA u J b { v A|J �ujLbuiujL A � = GtN�wPuIL[NFG�}�v ?{ u CFA xyv ? LON�wr~u E u E P C uYG�}D~u ? u E|� N}ugN ? xyN�wPu ?<A u6�����$��w C�{FE v � ujx A NtG}u~ujL AgA|E��ujL � E�=B? wPuyw�u�� =B?aA Gvu{ v A u ?<A N}u�G�w�} N ?<A u E�= x A Ntv ?�� w�u G = waN;: C LONtv ? �
�I}�upL A G}uIx = L { v CFE wPujLc~u ? u ED� N}upLq�����4��� M ¤ ¤g¥��S��u��Y� ; u@zhv�w �u�G}u�wPu�xIG =BCF� u E%E ujP C N}u EDA u ?P�
L C N A u =jC zivSN ? L�G}ujL ADE v NQL%L CF{F{ v�L[N A Ntv ? L�L C Nt� =B?aA ujL { v CFE0{ u E zyu ADA|E u£GvujL%x = GQx C GQLAwPuiwaN;: C LONtv ?
~u�G = L A NQP C u��

� GvujL ?aC xyG�~u�v ? LAwPu@G = xyN � Gvu@L[v ?aA R R � u�G�~ujL�Z Z { u ? w =B?aA G = w<N : C LONtv ?�9 xS}�ujL A G�} =B{F{FE vj�<Ntz =BA N�v ?
w<N A u�R RDL[v C w = N ? u Z Z 9 v C u ? xyv E u � ������� � 	 ��� � 
L�

� Gvu {FE v � ujx A NtG}u�w<N;: C LpugN ? w�~u { u ? wPu�ziz�u ?aA L CME x J:= P C u ?<C xyG�~u�v ? wPugG = xyN � G}u 9 x�ugP C N�� =
u ?aA|E�=�|�t? u E GU} = w w<N A N��aN A ~u�wPupL {FJ:= LpujLiwPu~w<N;: C L[N�v ? �

� �=�J:=jCFA u�~u ? u ED� Nvu 9 G = w<N;: C L[N�v ? LbuW  = N Ac�= G�} = � =j?<A �
H v CME u�� = ziN ? u E wPujL E ~u = x A Ntv ? Lwz�u ? ~u$ujL = ��ujx�wPupL   = NmL|x�u =jC � E�= w<Ntv = x A N  UL 9 N�G�ujL A upL|Lbu ?P�A Nvu�G6P C uYGvujLwziv�w �u�G}ujLiwPu E ~u = x A Ntv ? N ? xyv ED{ v E u ?<A GvujLgx =BE�= x A ~u E NmL A NQP C ujLIxyG�~ujL�wPujLWL A|E|C x A|CFE ujL

u��av A NQP C ujLy�>¥wN ? LON 9 wPujL E ~u = x A N�v ? L = ��ujx�w�ujLgL&bML A��u�zyujL � v EDE v z ~u$u ? L A u�GmL P C uY���Lu 9��p�|; NDu A
��� ! u E ujP C N �u E u ?aAb� u�G�Gvu�L CF? zhv�w �u�G}u~wPu�w<N;: C L[N�v ? P C N-N ? xyG CFA G}ujLIxyv E|E ~u�G =BA N�v ? L �=YA|E vSNmLWxyv ED{ L
w C�{FE v � ujx A N�Gvu�u A ~u ��= Gvu�zyu ?aA G}upL N ?<A u E�= x A Ntv ? LLu ?<ADE u�GvujLWxyG C L A u E L]P C N�G}u�x�vSz { v�Lpu ?aA u A G =
xyN � G}u���'�G�Ly} =B� N A w<v ? x1wPu �A|=BA N EICF? ziv�w �u�Gvu �= P C =BA|E ucxyv ED{ Ly�; uYziv�w �u�G}u1u�N���v ?:= G �=�{ G C L[N}u CME LWxyv E|{ LiujL A ~u A�=j� G�N6L CME G}ujL@z¢~u ADJ v�wPujL/u�Nt��v ?:= G}u�u AW= w<N =j�:=��A NmP C u 9j= z¢~u�G�N�v E ~u$upL { v CFE N ? xyG CME u0G}ujL�u$:�u A LAwPu E upx C G�w C x�  CFE u A w�u@xyv E|E ~u�G =BA N�v ? ���Du@zhv�w �u�G}u
Ly} =B{F{MC N}ucL CME wPu C � J b { v A|J �upLbujL1�

� GU}|~u ? u E|� Nvuyw�u�La~u { =BE�=jA Ntv ? w C ��wPujL �W? u CMA|E v ? ��L � w�ui� = G}u ? x�uyujL AYA|E��ujL�  = N � GvuIwPu�� =B?aA
GU}|~u ? u E|� NvuwN ? xyN�wPu ?aA u�w C   = NQL|xFu =BC�9T¡ ��¢N�����4�2£ M �

� CF? u =j{F{FE vB�aN�z =BA Ntv ? u�Nt��v ?:= G}u { u CFA/|u A|E u CMA N�GtNQLa~u$u { v CFE G = w<N : C LON�v ?�=BC � =j?F� GvujL = � =B?aA�Z¤ , ¤{¥ � �
; ujL�L&bML A��u�zyujL�wPuWx�v�v E wav ?F? ~u4ujL�u�z { GtvCb�~ujL {:=jE x�u@ziv�w �u�G}u/u�Nt��v ?:= G 9 u A£{ =BE Gvuwzhv�w �u�G}u = w<N =���:=jA NQP C u �=w{ G C LON}u CFE L�xyv ED{ L 9 LOv ?<A6{FE ~ujLpu ?aA ~ujL�L CFE G =/¦:�SCFE ur�Y� M 9 w =B? L-G}ujL�x = LAw�} CM?�{FE v � ujx A N�G}u



����� ����� � �
	���
�� � �~	 ��� 
P
�	���	 � � ��
�
�� ��
 � 
���
�	 � � � ��
���	4	���� � 
����

�= ,Yxyv E|{ L/u Ac�=�� xyv ED{ Lou ? {ME ~ujLpu ? x�u1w>} CF? ucxyN � G}u��;>=�{ME u�ziN �u E u � ~u ? ~u E�=jA N�v ? w�}�u�� { ~u E N}u ? x�ujL = ��ujxr  = NmL|x�u =jC � E�= waN�v = x A N  UL = ~u A ~ugx�v ? w C N A u �= wPujL
~u ? u E|� N}ujLgN ?aA u E z ~u,w<N = N E ujL��	� %S¤ ¥��¦��u�� ��9 w<vSz = N ? uiv �C G}ujL =B{F{FE vj�<Ntz =BA N�v ? L�u�N���v ?:= Gvuyu A= w<N =j�:=BA NQP C u]LOv ?aA � = G =j� G}upL { v CFE G}ujL =j?F� GvujLDwPu�w<N;: C L[N�v ? w�}�N ?aA ~u E,|u A � 9 ~ujL[v E z = NQL 9 Gtv E L|P C } v ?
L�} v E N}u ?<A u���u E LwG = x�vSz {FE ~u J u ? LON�v ? wPu E ~u = x A N�v ? L �=i{ G C L �:= L|Lpu ~u ? u E|� N}u 9 N�G-  =jC w E�= ~u A|C w<Nvu E
GvujLrG�NtziN A ujLDwPu � = L|Lpu*~u ? u ED� Nvuk��w<vSz = N ? u v �C GvujLou :Tu A L/u ? ��vSN}upL@xyv CF{ G�~u$ujLILOv ?<AI{ G C LwL[N � ? N �
¦ x =BA N  UL � w�ujLrziv�w �u�GvujL�wav ?aA v ? waNQL { v�Lbu��

n1
C12

n2 Cible

He  4coeur

b

r

b TC

b T1

b T2

ρ

⊗ Z

n1
C12

Cible

Be  10coeur

b

b TC

b T1

⊗ Z

ρ

(a)

(b)
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* ? � = wr~ujx E N E u CF? zhv�w �u�G}uiw�u�w<N : C LONtv ?�= w<N =j�:=BA NQP C u �= P C =BA|E uWx�v E|{ L£P C N>Ly} =B{F{MC N}u]L CFE
GvujL_~ujP C:=jA N�v ? L1wPu�G = z ~ujx =j? NQP C ucP C:=B?aA NmP C u 9 u A P C N ? u E ~upxyG = zyu =BC x CM? u =j{F{FE vB�aN�z =BA Ntv ?
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Lbu�ziN � xyG = L|L[NQP C u�� 0 � JFE z�� = 2 9 0 � JFE z�� � 2 � �

UWVYX�V
	 []\L^�_`�ab` hD^ d h���h�
 d��Lli` _hkj amlon dp`ql/rsn�t \ r j n
H v CME wPupL {FE v � ujx A N�GvujL G�~u � u E L �= ~u ? u E|� Nvu�wPurGtN = NmLOv ?   = N � G}u 9yA u�GQL�P C u0Gvu�w�u CFA v ?�9 � �Lu 9 ��� � ; N 9

�p�|; N 9 G}ujL/u$:�u A L/w�uYx = L|L CME u � v C u ?aA@CF?oEN|vSGvu�N�z { v E|A�=B?aA w =j? LwG}u {FE vax�ujLDL C LiwPu�G = waN;: C LONtv ?
~u�G = L A NQP C u����g���Sv JF? L[v ?�=j? w H ����v { u E 0��Sv���v��j¤ 2 v ?aA ziv ?aA|E ~u0xyvSzhzyu ?�A G}ujL>xyv ?aA|E N �FCMA N�v ? L�wPu
x = L|L CME u { u C ��u ?aA/|u A|E urN ? xyG C LpujLTu ?YCFA N�GtNQL =j?<A G�} =B{F{ME vj�<Ntz =BA N�v ?�= w<N =j�:=BA NQP C u�� ; ujL-z¢~u A|J v�wPupL= waN =B� =BA NmP C ujL�u A w�ujLr�0vSN}upL/w C xyv ?aA N ?<CFC z �0v CF{ G�~u4ujL 9 NQLDx E ~u A NQLa~u$ujL@� �0v CF{ Gvu,w 9 NQLDx E u A NQLpu,w
�0v ?aA N ?<CMC z � J:=j?F? u�GmL � � 9 � � � 0�� = ����� 2 v ?aAIE ~u C LDLON �= zhv ?aA|E u E xyv zizyu ?aA G = x = LDL CFE u�w C{FE v � ujx A N�G}uiu ? wPu C ��x�v E|{ L = :Tupx A ugG}upL@Lbujx A N�v ? Lou #�x = x�ujL�~u�G = L A NmP C ujL�u A N ? ~u�G = L A NmP C ujL2u A G}upL
v � Lbu E � =j� G}upL/wPu { v G =jE NQL =BA N�v ? � ; ugziv�w �u�G}u = w<N =B�:=jA NQP C u { u CFA�|u A|E u�~u A u ? w C�{ v CFEIA|E�= N A u E G =
x = L|L CME u~w Co{ME v � ujx A N�GvuLu ? ADE v NQLIxyv ED{ Ly�
� ? ziv�w �u�G}u wPu�w<N;: C L[N�v ?��= P C =BA|E u@xyv E|{ L 0� J:= z % � 2 9 N ? xyG C:=B?aA�CF? u�wPupL|x E N {FA N�v ?�= w<N =B�:=jA NQP C u�= ADE v NQLrx�v E|{ L�w Ci{ME v � ujx A N�Gvu = w�~u �j�= ~u A ~u�w�~u���u�G�v {F{ ~u/u A�CFA NtG�NQLa~u { v CFEI=j?:= G<bFLpu E wPujL E ~u = x A N�v ? L
N�z { G�NmP C:=j?<A GvujL ? vCb =BC ��wPu �p� ; N 9 ��� ! u�u A � �Lu�� �Dugziv�w �u�G}u�u :Tupx A|C u CF?_A|E�= N A u�zyu ?aA�= w<N =���:=jA NQP C u~wPujLIxyv�v E w<v ?F? ~u$ujLIN ?aA u ED? ujL/w C_{FE v � upx A NtG}u = ��ujxWG�} =B{F{ME vj�<Ntz =BA N�v ? wPu�xIG =BCM� u E v C
G�} =B{F{ME vj�<Ntz =BA N�v ? u�N���v ? = G}u�� ;>= xyvSz { =BE�= NQL[v ? u ?aA|E u�x = Gmx C GQL/u�Nt��v ?:=jC ��u A u�� = x A LgL CF�S�M�u E u
P C uwGU} =j{F{FE vj�aN�z =jA Ntv ? upL A � = G =j� G}u]Lbu C G}u�z�u ?<A�{ v CFE wPujLY~u ? u E|� NvujLDw�} =jC zhvSN ? L 5�¤c��u�� { =BE?aC xyG�~u�v ? � ;>=i� ~u ? ~u E�= GtNQL =BA Ntv ? wPuYG = z ~u A|J v�wPu = w<N =j�:=BA NQP C u�wPu!�g�"�Sv JF? LOv ?2=B? w H �"��v { u E? u ? ~ujx�upL|LON A u {:= L�wPuI  = N E uwGU} =j{F{FE vj�aN�z =jA Ntv ? u�N���v ? = G}u/u A£{ u CMA@= Gtv E L |u ADE uI� = G =j� G}u { v CFE wPujL
~u ? u E|� NvujL�w�u E ~u = x A N�v ?�{ G C Lr  = N � G}upLy�; uoziv�w �u�G}u�ujL A u ? x�v E uIu ? w�~u���u�G�v {F{ u�zyu ?aA � ; upL =j{F{ G�Nmx =BA N�v ? L6w C zhv�w �u�G}u�LOv ?aA wPujL
x = GQx C GmL�wPu~w<N : C LONtv ?�{ v CFEICF? u~wPujLDx E N {FA Ntv ? x�vSz { G �u A u �=YA|E v NQL@xyv E|{ L/w C � ; N�u A w C(�b�D; N�u A
G}u CFE xyvSz {:=BE�= NQL[v ?�9FE ujL { ujx A N���u�zyu ?aA�9�= ��ujxWG}upL A|E�= N A u�zyu ?aA L = w<N =B�:=jA NQP C ujLIxyv ? ��u ?aA Ntv ?F? u�GQL
u ? xyG C L A u E L �= wPu C ��xyv E|{ L/u A wPu�xIG =jCF� u E �

UWVYX�V
# []\L^�_`�ab` hD^ d h���h�
 d��Lli` _h �Ll h�
 r�` t \ r j n hDj�j apd��Ll%$` _h a h ^ d�&�'
&$lin d \og $`�a h n 
 d��Lli`)(�* `,+ -/.�0

9 =B? L GU} =B{M{FE vax J u = w<N =B�:=jA NmP C u �= P C =BA|E ucxyv ED{ L 9 Gvu { v A u ?aA Nvu�G�w�}�N ?aA u E�= x A N�v ?
���iu - �
� � ujL AwCM? u�LOv zizyu1wPu ADE v NQL { v A u ?aA N}u�GQL 9 u ?<ADE u�G = xyN � G}u1u A x J:= x CF? w�ujLWxyG C L A u E L 9
G}u $21V8!(Du A G}ujL/w�u C � {:=jE|A NQx C GvujL�w�u � = G}u ? xFu �43Lu A ��Oy�

5 �768:9 6; 9 6< �>= 5 $?1V8!(�@ $9��R �768:9 6; ��- 5 �A3�@ $9��R �768B9 6; 9 6< ��- 5 �!OC@ $+��R �768D9 6; 9 6< �



����� ����� � �
	���
�� � �~	 ��� 
P
�	���	 � � ��
�
�� ��
 � 
���
�	 � � � ��
���	4	���� � 
����

v �C 68:9 6; 9 6<�L[v ?aA G}ujL@xyv�v E w<v ?F? ~u$upL E u�G =jA N���upLKN ? w<NmP C ~u4ujL2u ?y¦:� CFE ug�Y�&, 9 P C N>N�GtG C L A|E u =BC LDLON�G =
w�~ujxyvSz { v�LON A N�v ? w C L�bFL A��u�zyu�� 9 CME�=B?aA G�}�N ?aA u E�= x A N�v ? w C	? vCb =jC xyvSz { v�LON A u = ��ujx�G = xyN � G}u 9
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� G = xyv ? ��vSG CFA Ntv ? u ? x�G C L A u E L 9 P C Ngxyv ? LONmL A u �= x = GQx C G}u E G}u { v A u ?aA Nvu�G�w>} N ?aA u E�= x A N�v ?
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xyv EDE ~u�G�~u$ujL 9 u A u ? L[vSziz =B?aA G}upL { v A u ?<A N}u�GmL/w�} N ?<A u E�= x A Ntv ? x�G C L A u E - xyN � G}u 0 � - �
� �{FE NmL �= M % �<9 ,���u���� � � 9 � ¥��¦��u�� ��9 u A � - ��� � �=3� � 9 � ��u�� 2 �4/ ? L C N A u 9 x�u { v A u ?aA Nvu�G
ujL A@CFA N�GtNQLa~u w =B? L@G}u]ziv�w �u�Gvu1wPucxyv ? ��vSG CFA Ntv ? �

� G}u]x = Gmx C G = w<N =B�:=jA NmP C u]P C N ? u]xyv ? LON�w �u E u�P C uIG = xyv ?�¦:�SCFE�=BA N�v ? u ? v ? wPu �1w Ci? v �a=jCxyG C L A u E�{ v CFE G}ujL@x = GQx C GQL/wPucxyv CF{ G =B� upL �

� G}u�x = GQx C G = w<N =B�:=jA NQP C u
��������P C N@N ? xyv ED{ v E u A v CFA ujL GvujLYxyv ?P¦:�SCME�=BA N�v ? L6w�ujL v ? wPujL
� ������u A G}ujL�xyv CF{ G =j� ujL = LDLOvaxyN�~ujLy� ¥w��ujx�G}ujL ? v A�=BA N�v ? L-N ? waNQP C ~u$ujL>L CFE � �), 9 x�u�G = L[N �S? N ¦ u
P C u�x�ugx = GQx C G:N ? xyG CMA G = x = LDL CFE u � 9 � 9 ��L C Nt� =B?aA G = xyv�v E w<v ?M? ~u$u:; 9 u A G = x = L|L CFE u~wPujL
v ? wPupL �1u A �kL C N�� =j?<A G = xyv�v E w<v ?F? ~u$u <��

; u x = Gmx C G = w<N =j�:=BA NQP C u�zyu ? ~u = ��ujxWG}ujL =j? xyNvu ? L { v A u ?aA Nvu�GQL � ��ujL A w�~ujL[N � ? ~uYL CFE G =�¦ �SCFE u{ =BE R R =j? xyN}u ?Y{ v A u ?aA Nvu�GyZ Z � GvujL0x = Gmx C GQL�u$:�ujx A|C ~ujL = ��upxrG}ujL ? v C ��u =jC � { v A u ?<A N}u�GmL0LOv ?aA0A|E�= x>~ujL
u ?	ADE�= N AW{ G C Lw fv E|A �+* ? v � Lbu E ��uiL CFE x�u A|A u ¦:�SCME u��Y�)%iP C u�G}u�x J:=B?M� u�zyu ?<A w C { v A u ?aA Nvu�G
� - ��� � =Y{ v CFE u :Tu A wPucx E u C Lbu E G�~u �M�u E u�zyu ?aA G}u {ME u�ziNvu E ziN ? N�z C zQwPugG = w<NQL A|E N �FCFA N�v ? u A
w�u�w�~ujx = Gvu E w�u - M ¥wGvujL@Lbupx A Ntv ? L�u$#�x = x�ujLy�
H v CFE�A ujL A u E G = Lpu ? LON � N�GtN A ~u =BC �W fv ? x A Ntv ? L w�} v ? wPuDu�z { Gtv � ~u$upL 9 wPujL�x = Gmx C GmL = w<N =B�:=jA NQP C ujLCMA N�GtNQL =B?aA CM?I� u C wPu� fv ? x A N�v ? L�w�}�v ? w�u �= ADE vSNmL�xyv E|{ L 9 wPu E�=�� v ? LcP C = w E�=BA NmP C ujL ziv � u ? L

� =jE N =j?<A wPu , 9 � 5� fz �= , 9 �,z  fz v ?aA ~u A ~u�u$:�ujx ADC ~ujL {:=BE �F� � JFE NmL A Gvu � = ��ujxkGvujL ? v C ��u =BC �{ v A u ?aA Nvu�GQL � -Q�
� � u A � -Q�
� �!P C u ? v C LwG C N = ��v ? L  fv CFE|? NQLy� � v C L = ��v ? L�u�� { G�NmP C ~u =jC
x J:=j{ N ADE u '��Y� M �75nxyvSzhzyu ?�A GvujL� fv ? x A Ntv ? L�w>} v ? wPu�v ?aA ~u A ~u � ~u ? ~u E ~u$ujL�� ; ujL E ~ujL C G A�=jA LYLOv ?<A{ME ~ujLpu ?<A ~ujL@L CME G =;¦:� CFE uY� � J � 9 uY¤ �= MNM ¥ 9 GvujL@xyv CME|� ujLWLpu�L CF{ u E|{ v�Lbu ?aA � �Du�G = Ly}�u�� { GtNQP C u 9
w>} CF? u { =BE|A�9�{:=jE G =k{FE ~u,w<vSzhN ?:=j? x�u�w�ujLLu$:�u A L x�v C GtvSz � N}u ? L {:=BEgE�=j{F{ v EDAi�= GU} N ?aA u E�= x A N�v ??aC xyG�~u = N E u L CFE G = w<N : C LONtv ? ~u�G = L A NmP C u ? v �a=BC -1? v �a=jC�=jC � { u A N A L =B?F� G}ujLY��u ?<ADE u�¤yu A J ¥{ v CFE GvucL � L A��u�zyuW���Lu - ��� � � � � v C LrGU} = ��v ? L/wr~u �j�=Y? v A ~u$u1u A@CFA NtG�NmL<~u$u { v CFEW? v E z = G�NQLpu E GvujL
wav ?F? ~u4ujL�wPu�Lpujx A Ntv ? Liu$#�x = x�ujL =BC x J:=B{ N A|E u ' ' '��&%<� M � 9 } =BCMA|E u { =BE|A�9 G}upL  fv ? x A N�v ? L�w�}�v ? w�u? u {FE ~ujLpu ?aA u ?aA w�ujLAw<N :]~u E u ? xFujL ? v A�=j� G}upL%P C } =BC � E�=�� v ? L%L CM{ ~u E Nvu CFE L �= %w fz 9 w<v ? xrG}u x = Gmx C G= w<N =j�:=BA NQP C u ? uYziv ?aA|E u {:= L1wPuhLbu ? LON � N�GtN A ~u �= G =  fv ? x A N�v ? w>} v ? wPu =jC � { u A N A L =B?M� G}upL;w�u
waN;: C LONtv ? � �Du A|A u�Lbu ? L[N � NtG�N A ~uyujL A�ADE��ujL E ~u,w C N A u 9 u A z |u�zyu�LON@GU} v ? ~u A�= N A x =j{:=B� Gvu 9 w =B? LYG}u
x = w E u�wPu�x�ucziv�w �u�Gvu 9 w�u E u {FE v�w C N E u�GU}�u��Mx �ujL/w�uYLbupx A Ntv ? u #�x = x�u =jC � =j?F� GvujLLu ?aA|E u M 5Iu A
, ¤{¥ 9 G}upL �:=BEDE ujLDw�}�u E|E u CFE w C ujL �= G =   = N � GvuIL A�=jA NmL A NmP C u ? u { u E zyu ADA|E�= N}u ?aA�{:= L�w�}D~u A�=j� G�N E-CF? u
La~u�G}upx A Ntv ? u ?aA|E uWG}upL@xyv CFED� ujLy�
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w�u �SE ~ujLAwPuIG�N � u E|A ~u w C L � L A��u�zyu 9 w�~ujx E N���u ?<A�= L|Lbu�� � Nvu ? G}u {FE u�ziN}u E zhN ? Ntz C z�z = NQL�w<v ?F? u ?<A
w�ujL@Lbujx A N�v ? L2u #�x = x�ujL A|E v {   = N � G}ujL �=�{:=BEDA N E w�u M % ¥ ���Du A|A ugxyvSz {:=BE�= NQL[v ? G = NQLDLbugL CF{F{ v�Lpu E
P C uiGvujL�x = GQx C GQL �=o{ G C LONvu CFE Lcxyv ED{ L 9�{ v CFE G = w<N;: C L[N�v ? ~u�G = L A NQP C u�wPuiGU} ���iuiL CFE x =BED� v ? u 9{ME ~u,w<NmLbu ?aA wPupL;u$:�u A L�wPuhx = LDL CFE uIwPu�G�}����Lu A|E v {�{FE v ? v ? x>~ujL�� � �7� = � CFE�=j� N�� = G�� 0�� = ��� , 2
 fv E z C G = N}u ?aA G = z |u�z�u E ~ujLpu E ��u =jC L C,� u A wPupLix = Gmx C GmL = w<N =j�:=BA NQP C ujL 9 u ? v � Lbu E � =B?aA P C u
GU} =j{F{FE vj�aN�z =jA Ntv ?�= waN =B� =BA NmP C u�L CFE upL A NtzyuILOv C ��u ?aA GvujL2u$:�u A L/wPugx = L|L CFE u~w Ci? v �a=jC�9<{ =BE xFu
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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�\�
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 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$:�ujx A N���uI� ��� 9 u A L CFE G =  fv ? x A Ntv ? w>} v ? wPu�u ? xyG C L A u E L�� - �
w C � ; N�� ; ujL�x = L|L CFE ujL~w C � ; NDu ? � - �(w =j? L GvujL ~u A�=BA L�w�}�v ? wPupL E u�G =jA N  UL L 9-{ u A w�LOv ?aA= N ? LON�N ? xyG C LbujL��;>= z =BA|E NQx�u wPu~w<N;: C L[N�v ? ~u�G = L A NmP C u ¡ v �FA u ?<C u { =BE x�ucx = Gmx C G�u ? ��vSNvujL@xyv CF{ G�~u4ujL = ��ujx
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 	 9 u Ar? v E z = G�NmLa~u$u�w�} CF?   = x A u CFE
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z�u ?<A GvujL@xyv CM{ G =j� ujL =BC ����v N}ujL/wPucx = L|L CFE u�� ; u { v A u ?<A N}u�G�wPu { v G =jE NQL =BA N�v ? P C N�ujL A wr~u,w C N A{ =BE xFu A|A u A ujx JM? NQP C u/u�� J N � u CF? u { =BE|A N}u E ~u$u�GtG}ur fv EDA u�z�u ?<A6E ~u {FC GQLONt��uiw =B? L£G = ��v ? u1wPugL CFEb�
  = x�u ?aC xyG�~u = N E u�� ;>=i{:=jE|A N}uYN�z =B� N ?:= N E u~w C�{ v A u ?aA N}u�G A v A�= GDw�}�N ?aA u E�= x A N�v ? ujL A]A|E��upL {FE vax J u
w�u � � �(� � 
 	 � =jC x CF?�A u E zyuIN�z =j� N ?:= N E ugL CF{F{ G�~u�zyu ?aA�= N E u ? }�ujL A�? ~ujx�ujLDL = N E u��
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 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 ?
w C�{ v A u ?<A N}u�G 9 { =BEYCF? x = GQx C G�wPu�xyv ? ��v G CFA N�v ? u ? x�G C L A u E L 9 P C N ? ~u � G�N � uiGvujLgxyv EDE ~u�G =BA Ntv ? L
u ?<ADE u�G}ujL�xyG C L A u E L�w C {ME v � ujx A N�Gvu�� * ? ? v A unx�u { v A u ?aA N}u�G � ��� � � � � � ���&250."7� � � v C L = ��v ? L � C u ?{ =BE|A N}uc�Y� M �75 � G = xyv CFED� u�wPuYLpujx A Ntv ? Liu$#�x = x�ujLrv �FA u ?<C u = ��ujxgx�u { v A u ?<A N}u�GU� ; u { v A u ?aA Nvu�G
w�u { v G =BE NQL =BA Ntv ? ujL AI= G�v E LLw�~u,w C N A@{:=BE w<N;:w~u E u ? x�u�u ?<ADE uWGvu { v A u ?aA Nvu�G A v A�= G�u A�� ��&250."7� 9 u A N�G{ u CMA�|u A|E u;u�z { G�v � ~u�w =B? LiwPujL@x = GQx C GQL2u ? x J:= z { ziv � u ? �H v CFE�=B? = G � Lbu E G = w<N : C LON�v ? P C:= LON � ~u�G = L A NQP C uiwPu �p�|; N 9��b� � -���� � �= w�ujLY~u ? u ED� N}upLAwPu@G�}�v E w E u
w�u J ¤o¥c�¦��u�� 0  J *�z % � 2  J v =a9 � =jA x J G}u E u A ��v ? *iu E|A �$u ?_CFA NtG�NQLpu ?aAW= N ? L[N CF? { v A u ?aA Nvu�G
w�u { vSG =jE NmL =BA N�v ? x�vSz { Gvu���u � 5 � ����� 8 � = � � � � � 8 � - ��� � � ����� 8 � w<v ?aA GvujL { =BE�= z �u ADE ujL0LOv ?<A
¦ ��~ujL { v CFE w<v ?F? u E wPujLI� = G}u CME L =BC�{ vSN ?<A � = J 9 %  fz {FE vax J upLLwPu x�u�GtG}ujLrv �FA u ?aC ujLiw =j? L
Gvu�x = w E u�wPuhx = Gmx C GmL E ~u = G�NmL A upL �= P C:=jA|E u�xyv ED{ L 0  J:= z % = 2 9 0  J:= z % � 2 � ;>=i{:=BEDA N}u E ~u4u�G�Gvu�w�u
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GU} =$� v CFA u EW�=�CM?i{ v A u ?<A N}u�G>x = GQx C G�~u � E{|= x�u =BC ziv�w �u�G}u�wPugxyv ? ��v G CFA N�v ? � ; ujL {:=jE|A N}ujL E ~u$u�GtG}uiu A
Ntz =B� N ?:= N E u�wPu�x�u { v A u ?aA Nvu�GAw�u { v G =jE NQL =BA N�v ? w �<? = ziNmP C ugv ?<A ~u A ~u�x = Gmx C G�~u4ujL { =BE �F� �_¥wG �
 J:= G�NtG�N 0  J:= x�v�z�� 2 ��/%G�GvujL%LOv ?<A�E u {ME ~ujLpu ?<A ~u$ujL�L CFE G =�¦ �SCFE uw�Y�&, , = ��ujxrG}u { v A u ?aA Nvu�GFv {MA NQP C u
w�u1w<N;: C L[N�v ? ~u�G = L A NQP C uwv �FA u ?<Ci{ =BE@CF? u�xyv ? ��vSG CFA Ntv ? u ? xyG C L A u E LDu A G}u { v A u ?aA N}u�G A v A�= G�w C
zhv�w �u�G}u �=�{ G C L[N}u CME L@xyv E|{ L��
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N�z =B� N ?:= N E u����Du�G = xyv E|E upL { v ? w =jC �yu$:�u A LrP C u ? v C L = ��v ? Lrv � Lpu E ��~ujLL� CF? u1w<N�zhN ?aCFA Ntv ? w C
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wPu�% J ��u�� 0 ��=BJ � J 2 �
UWV #iV�� 0 h r h t 
 $` r�dpn 
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v C ��� �{z {FJ ~u ? vSz¢~u ? vSGtv � NQP C u�� �Du ? }�ujL A0{:= LrG}ugx = L { v CME G}uW� ; N 9<{ v CFE G}ujP C u�G:Gvu { v A u ?aA N}u�G
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P C ugG}ujL�xyv CFED� ujLLw�u�Lpujx A N�v ? L�u$#�x = x�ujL A|J ~u�v E NmP C ujL E u {ME v�w C NmLbu ?aA G}upL/w<v ?F? ~u$ujLy�
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9 } =B{FE��ujL-GvujL�xyv ? LON�w�~u E�=jA N�v ? L ADJ ~u�v E NQP C ujL�wPu � ��� = � CFE�=j� N�0 � = ����� 2 9 G}u { v A u ?aA Nvu�G�wPu { v G =$�E NQL =BA Ntv ? ujL A N ? w�~u { u ? w =j?<A wPu0G�}D~u ? u ED� N}u ��u ?aA|E u , ¤ �= M ¤S¤g¥�� ��u�� � � � v C L�G�} = ��v ? LW~u ��= G}u�zyu ?aA
zhv ?aA|E ~u~u ? CFA NtG�NQL =B?aA G}uYz |u�zyu { v A u ?aA N}u�GDwPu { v G =jE NQL =BA N�v ? 9 { v CFE w�~upx E N E u�GvujL�w<v ?F? ~u$upL;w�u
waN;: C LONtv ? ~u�G = L A NQP C u�w�} CM?	? v �a=jC w<v ?F? ~uhL CFE xyN � G}u�w�u {FE v A v ? 9@�= w<N;:w~u E u ?aA ujL_~u ? u E|� N}ujLIN ?P�
x�N�wPu ?aA upLy� � v C L = ��v ? L�~u ��= G}u�zyu ?<A xyv ? L A�=BA ~u_P C u 9%{ G C L�G}u ? v �a=BC = G =o{ v�L|L[N � NtG�N A ~uIwPu_Lpu
x�G C L A ~u E NQLbu E�9 w<v ? x { G C LYLOv ? ~u ? u E|� Nvu9wPu_L<~u {:=jE�=jA N�v ? ? u CFA|E v ? v C , ? u CFA|E v ? L�ujL A   = N � Gvu 9
u AY{ G C L�Gvu { v A u ?aA Nvu�G/w�u { v G =BE NQL =BA Ntv ? ujL AY{FE vB fv ? w�� 9 ujL�zyujL CFE upL�wPu_Lbupx A Ntv ? L�u$#�x = x�ujL
w�u �FE u = � �UCF{ w�u ? v �a=jC �(u��av A NmP C ujLWxyv ?P¦:E z�u ?<A x�ujL�wPu C � xyv ? L A�=BA�=BA Ntv ? L�� ;>= E ~u�  ~u E u ? x�u
0 � v�L �Nz 2 {FE ~upLbu ?aA u�wPujL6Lbujx A N�v ? L�u$#�x = xFujL�w�uIx = LDL CFE uiw =B? L%Gvu@x = LAwPujL ? v �a=jC ��w�u@� ; N u A � ; N��; upL E ~u = x A N�v ? L���� � ; N�� { 9 { } � L[v ?aA ~u ADC w<N�~u$ujL �= G�} = N�wPu�w�u   = NQL|xFu =BC � wPu {FE v A v ? L { vSG =BE NQLa~upL 9@�=
w�u C ��~u ? u E|� N}ujL�N ? xyN�wPu ?<A ujL 9 � � = J %g��u�� u A �S¤c��u��Y� ; ujL0Lpujx A Ntv ? L�u$#�x = x�ujL�w<v CF� G}u�zyu ?aA
waN;:]~u E u ?<A N}u�GtG}ujL % � '%() % � v ?aA ~u A ~uYzyujL CFE ~u4ujL { v CFEcCF? u A|E�=B? x J u�u ? ~u ? u E|� Nvu�w�}�u��MxyN A�=BA Ntv ?�9 ���
= M 9 5C� � �<9 %c��u�� { v CFE G}u � ; N%��L[v ? ~u A�=BA  fv ? w = zyu ?aA�= G�ujL A GtN�~u]Lbu C Gvu�zyu ?aA wPu M 9 5��c��u�� ��9
u A � � = , 9 5�� � % 9 � %Y��u�� { v CFE Gvu � ; N0�fG�N�~u {:=BE , 9 5 J � ��u�� � � H v CFE@CF?�? v �a=BC w<v ?F? ~u 9 GvujL
w�u C ��waNQL ADE N �FCFA Ntv ? L wPuILbujx A N�v ? L%zyujL CFE ~u$upL =BC �2~u ? u E|� N}ujL J %g��u��
u A �S¤g��u���LOv ?<A0ADE�= x>~u$ujL
u ?  fv ? x A N�v ? wPu�GU} =j?F� Gvu�w�u�waN;: C LONtv ? w =j? L@G}ucx�u ?aA|E u�w�u z = L|Lpu���/%G�GvujL@Lbu L CF{ u ED{ v�Lbu ?aA�9 x�u
P C N�ziv ?<ADE uWGU} N ? wr~u { u ? w =B? x�u�u ? ~u ? u ED� N}u~w C�{FJ ~u ? vSz �u ? u1wPucx = L|L CFE u�wPujL ? v �a=BC �¢~u A|C w<N�~ujL
L CFE@{FE v A v ? ���DujL@Lbujx A N�v ? L@LOv ?<AI{ G C LrN�z { v E|A�=j?<A ujL�w =B? L@G}ugx = Liw C � ; N�P C u w =B? LIx�u�G C N�w C
� ; N 9 x�ucP C ugG�}�v ?�{ u CFA@E u�G�N}u Eg�= G =Y{ G C L£  = N � G}uWGtN = NQLOv ? w C � ; N��
� v C L = ��v ? L%� C P C u@G}u { v A u ?<A N}u�G�wPu { vSG =BE NmL =jA N�v ?iA|E�= w C NQL = N A GvujL%xyv CF{ G =B� upL =jC xyv ?aA N ?<CMC z
w�ujL�~u A�=BA LLu��MxyN A ~ujL2u A�9 w =B? LIG}ucx = L�wPujL ? v �a=BC �_xyv z { v�LON A ujL 9 N�G�N ? xyG CMA G}ujL {FE v �:=B� N�G�N A ~ujL/w�u
x = L|L CFE u9w C*? v �a=jC�9 u A w<v ? x�GvujLYxyv CF{ G =j� ujL =jC xyv ?aA N ?<CFC z u ? xyG C L A u E L�w C*? v �a=jC � {:=BE
u��Pu�z { G}u 9 G = �<N �FE�=jA N�v ? w�ujL�xyv z { v�La~ujL1w C � ; Ni� � - w*u A G}upL x�v CF{ G =B� ujL�wPupL x�G C L A u E L �=
G = xyN � G}u_� � 9 � ��- { � H%=jE xyv ? La~ujP C u ?aA�9 GvujL v � Lbu E � =BA Ntv ? L�u�� { ~u E N�z�u ?<A�= G ujLIxyv ? x�u E|? =B?aA G =
x = L|L CFE u�wPujL ? v �a=BC ��u��<v A NmP C upL@xyv EDE v � v E u ?aAw? v�Liwr~u,w C x A N�v ? LIL CFE G}u { v A u ?<A N}u�G�wPu { v G =BE N �
L =BA N�v ? NmL|L C ujLiwPu�GU} =B? = G � Lbu�wPu�G = waN;: C LONtv ? ~u�G = L A NQP C u�� ; v E L|P C uYG�}�v ?�=j?:= G � LpuYG = w<N;: C L[N�v ?
~u�G = L A NmP C ug� ; N -){2�= GU} = N�wPu~w Co{ v A u ?aA Nvu�G+��� �{zYv ? =YCF? u E u ? v E z = GtNQL =BA Ntv ? w C_{ v A u ?aA Nvu�GE ~u$u�G = L|Lpu
�   = N � Gvu 9 wPuwGU} v E w E uiwPuI¤ 9 � %k� A�=j� G}u =jC � � � � � v E�9 u ? � ; N>L CFE xyN � G}u wPu �
� � �fv C ��� ��N 9
� � � = 0 � = ����� 2 � G =�E u ? v E z = GtNQL =jA Ntv ? w C_{ v A u ?<A N}u�G � ���)CFA NtG�NmL<~u { v CME w�~upx E N E uWGU} N ?aA u E�= x A N�v ?
upL ArCM?   = x A u CFE � E �)¤<�&% � ¤<� J � H v CFE P C v N�x�u A|A u�w<N :]~u E u ? xFu�� / ?   = N A�9 G = xyvSGtG�NQL[N�v ? ~u�G = L A NQP C u
u ?<ADE u�N�v ? L G�v CFE wML�ujL A = :�ujx A ~u$u {ME N ? xyN {:= G}u�z�u ?<AI{:=jE wPujL1u$:�u A L~wPu�L CFE   = x�u = Gtv E LYP C u�G =
x�vSG�GtNQL[N�v ? w�} CF? N�v ? G�v CME w�L CFE x�N � Gvu�wPu {FE v A v ? � ==|u ADE u1w�~u { u ? w =B?aA u w�}�u$:�u A L�w<NmL ADE N �MC ~ujL2u ?
��v G C z�u��FG = xyv ?<ADE�= N ?aA u 9 w =B? L@G}u {FE u�ziNvu E x = L 9 ujL A G}u {FE N ? xyN { u�w�u H6=BC GtN�P C N�� = N ?aA u E w<N E u=jC � ?<C x�G�~u�v ? LDwPuwG = L CFE   = x�u�w>} vax�x CM{ u E G}upL£x�v C x J ujL%N ?aA u E|? ujL w Ci? v �a=BC�{:=jE|A u ?:= N E u�� 9 =j? L
G = w<N;: C L[N�v ? L CME {ME v A v ?�9 Gvu {FE v A v ? � =i{ ~u ? ~u A|E u EW{ G C L {FE vB fv ? wr~u�zyu ?<A w =B? LWG}u ? v �a=jC�9 u A
Gvu { v A u ?<A N}u�G�w�}�N ?aA u E�= x A N�v ? Lpu E�= ziv N ? L { u E|ADCFE|� ~u {:=BE GvujL2u$:�u A L/wPugL CFE   = x�u�� * E�9 G}u { v A u ?��
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A Nvu�G wPu { vSG =jE NmL =BA N�v ?	E ~ujL C G A u�wPupLLu$:�u A L�wPuY��vSNvujLWxyv CF{ G�~u4ujLwP C N =j� NmL|Lbu ?<Ah�= G =   = �xyv ? w>} CF?{ v A u ?<A N}u�G�w�u�L CFE   = x�u E ~u {FC GmLON   9 w�} =B{FE��ujL G = E ~uy  ~u E u ? x�u 0 � = ����� 2 9 u A G�}D~u A|C wPugP C u ? v C L = ��v ? L
zyu ? ~u$u�w =B? L@G =�{:=jE|A N}u {FE ~upx�~u,wPu ?aA u]�Y� � �75F� ; u { v A u ?aA N}u�G�wPu { vSG =BE NmL =jA N�v ?�=jCFE�= wav ? x { v CFE
xyv ? La~ujP C u ? x�u�wPu�w<NtziN ?aC u E@{ G C Lw fv EDA u�zyu ?<A G}u { v A u ?aA N}u�GDw�} N ?<A u E�= x A Ntv ?_E ~u$u�GqwPuywaN;: C LONtv ?
~u�G = L A NQP C ug� ; N%L CFEI? v �a=BC P C u x�u�G C N�w C � ; N6L CFE]{FE v A v ? � 9 } =BCFADE u {:=BEDA�9 G = z ~u A|J v�wPu�w�}�N ?P�
��u E LON�v ?_= ~u A ~u =j{F{ G�NmP C ~u$u �= G = w<N;: C L[N�v ? ~u�G = L A NQP C u 07'�v�� � % 2 0 � = x�� 5 2 � ; ujLWxyv ? xyG C LONtv ? LIP C N
Lbu~w�~u ��=B� u ?aA wPujL/w<N :]~u E u ?aA ujL =B{F{ME vax J ujLILOv ?aA N�w�u ?<A NQP C ujL 9 u A w =j? L GvujL �SE�=B? w�ujL GtN � ? ujL 9 v ?
v �MA N}u ?<A G}upL£x =BE�= x A ~u E NQL A NmP C upL � G�v �:= GvujLrL C N�� =B?aA upLrL CME G}upL£x�vSz { v�L =B?aA ujL�w Ci{ v A u ?aA N}u�G A v A�= G
5 = 5 ��&2 0."7� - � 5 � �����

� w =j? L£G =WE ~u � N�v ? wPuIG = L CFE   = x�u ?<C xyG�~u = N E u 9 G = x = LDL CFE u {FE v�w C N A0CF? u :Tu A£E ~u {FC GmLON  �L CFE Gvu{ v A u ?aA N}u�GPu$:�ujx A N   A v A�= G 9 x�u P C N E ~u,w C N A G =w{ =BE|A N}u E ~u$u�GtG}u�w C�{ v A u ?<A N}u�G�wPu � ¤ � �= 5�¤��=jC ��vSNmLON ?:=B� u/w CcE�=�� v ? w�} =j� LOv E|{FA N�v ?  fv E|A u�� ;>= � = G}u CME w Cc{ v A u ?<A N}u�G�wPu { vSG =jE NmL =BA N�v ?{ u CFA1|u A|E u {FE NQLbu � G�v �:= Gvu�zyu ?aA L[v C L@G =  fv E z�u�� � � ��� =���� � 5 � � � � � �U¤ 9 � � ¤ 9 5 �Y� � �
� G =�{:=BEDA N}ugNtz =B� N ?:= N E u�L CF� N Aw{ u C wPucziv�w<N ¦ x =BA N�v ? L 9 G}u A u E zyuIN�z =j� N ? = N E u �=�=$� v CFA u E=jC�{ v A u ?aA Nvu�G 5 ��&250."7� x�v � ��? xyN�wPu = ��ujxWG =Y{:=jE|A Nvu�Ntz =B� N ?:= N E u {FJ ~u ? vSz¢~u ? vSGtv � NQP C u~wr~u �j�=N ? xyG C Lbu�� � � ��� =�� � � 5 � ��� = � - � � � ��� � � �
� GU}�u$:�u A ujL AI=jA|A|E�= x A N   =BC x�u ?aA|E u w C�? v �a=BC �
� Gvu { v A u ?aA Nvu�GDwPu { vSG =BE NmL =jA N�v ? ujL AW� Gtv �:= G}u�zyu ?<A N ? w�~u { u ? w =B?aA wPu�G�}D~u ? u ED� N}u { v CFE G =E ~u � Ntv ?��= G = P C u�G�G}u ? v C L ? v C L N ?<A ~u E upL|LOv ? L 9 u ?aA|E u ,S¤�u A M ¤ ¤k¥�� ��u�� w�}D~u ? u E|� N}uWN ? xyN �
wPu ?<A u�� �¥ A|E��ujL �:= LDLbuh~u ? u E|� N}u 9 ��u E L M ¤I¥�� ��u���v ? Ly} =BA|A u ? w �= v � Lbu E ��u E�CF? u�ziv�w<N ¦ x =��A N�v ? w C�{ v A u ?<A N}u�G�w�u { vSG =BE NQL =jA Ntv ? w C u �= G�} =BCF� zyu ?aA�=jA N�v ? wPupL6 fv E x�upL2w�uWxyv CF{ G =B� upLy�

/%G�GvujLrL[v ?aA L[N�ziNtG = N E ujL �= ? v�Lwx�v ? xyG C LONtv ? L�u ? { =BE|A N}ug�Y�&,<� � �
! "	� 
 E?8i02: 798;: 8��(-i+F0A.102+4365(: 5I@(-L) G8�. +4BD8;: 8L0 -/36@()436< �

	*+48;5(5981: 7981: < 3=7981: 7(+$& 36)$.�+4B281: 
 
�7936@���� � 79. 5(:
)�� J K 8 8L0 )48 MNM O 86"

9 =B? L A v C L GvujL ? v �a=BC �oP C N {FE ~ujLbu ?<A u ?<A wPujLIL ADE|C x ADCFE upL {:=BEDA NQx C G�N �u E ujL 9 xyv zizyuIG}u J:= G�v
� ���Lu 9 �p� ! u 9 �p�|; N � v C wPujL�xyv ?P¦ �SCFE�=BA Ntv ? L�u ? xyG C L A u E L@� � ; N = � - � ��9 v ?i{ u CFA L�} =jA|A u ? w E u 9
G�v E L�wPuhG�}�u��FxyN A�=jA N�v ? w�uiziv�wPujL�GtN�~ujL �= G = �<N �FE�=jA N�v ? wPujL�L[v C L � L A|EDC x A|CME ujL 9W�= wPupL {FJ ~u ? v �
z �u ? ujLgP C N�N ?�� C u ?aA L CME�A v CFA upL�G}ujL���v N}ujL�~u�G = L A NQP C ujL 9 N ? ~u�G = L A NmP C ujL�u A wPu ADE�=B? L¡ �u EDA � * ?{ u CFAc= N ? LON�u ? �<NmL =B� u E Gvu {FJ ~u ? vSz �u ? u�wPu { vSG =jE NmL =BA N�v ? w C x�  CFE w�} CF? ? v �a=BC¢�= J:= G�v 9 v C
u ? x�v E u�w�}�u��FxyN A�=jA N�v ? Lw��u E L GvuYxyv ?<A N ?aCFC z 9 P C } CF? x = Gmx C G�u ? ��vSNvujLIxyv CF{ G�~u$ujL�wPu�� E�= N ? xyv Ep�{ v E u E � � C L|P C } �=�{FE ~upLbu ?aA�9 G}ujL�~u ADC wPujL~wPujL E ~upLOv ? =B? x�upL�w<N { v G = N E upL�wPu ? v �a=jC � �=oJ:= Gtv A u�GmL
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P C ugG�}����Lu 9 G}u �p�|; N�u A Gvu �p� ! ugLpuYL[v ?aA xyv ? x�u ?aA|E ~u$ujL�L CFE G�}�u��Fx�N A�=jA Ntv ? wPugziv�w�ujL/w<N { v G = N E ujL
R R w<v C �0Z Zh��L[vB  A w<N { vSGvukzhv�wPujL 9 � 9 � �w{ =BE u :Tu A w �a?:= zhNQP C uYxyv C G�v z � N}u ? � 9 ujLcx = Gmx C GmL �=ADE v NQLIxyv ED{ L { v CFE GU} ���Lu�� 0 � JaC z � 2 0 
 CF? z�5 2 � u AI{ v CFE G}u �p��; N 0 9 =B? z�5 2 v ?<AI{FE ~u�w<N A@CF? u� fv E|A uADE�=j? LON A N�v ? w<N { v G = N E un~u�G}ujx A|E NmP C u / M ��u E L%G}ugx�v ?aA N ?aCFC zQw�u �:= LDLbu ~u ? u E|� Nvu 9 LON A|C ~u �|C L A u =BC��
w�ujL|L C L/w C Lpu C N�G �=�A|E vSNQL�xyv ED{ Ly� �Du A|A u A|E�=B? L[N A N�v ? ~u {MC NQLpuWG =gE��u � G}u1wPu�LOvSzhzyu = LDLOvaxyN�~u$u �= G =E ~ujLOv ?:=B? x�u � 9 ���
� v C L = G�Gtv ? LDw =j? L CM?i{FE u�ziN}u E�A u�z { LAw<v ?F? u E GvujLAu�� {ME ujLDLON�v ? L�w�ujLDwPu ? L[N A ~upL2w�u ADE�=B? LON A N�v ?
w =B? LwGvuW fv E z = G�NmLOzyuiw�u6xIvSG�w J:=B� u Ep� ��u�GtG}u E�9 u A@? v C L {FE ~upLbu ?aA u E v ? L@G�}�u���u�z { G}uiwPucG = w<N;: CP�
L[N�v ? N ? ~u�G = L A NQP C u�w C(�b� ! u�L CFE xyN � G}u�wPu { GtvSz ��9 u A G = z ~u A|J v�wPu�w�u�x = GQx C G�w C�{ v A u ?aA N}u�GTw�uADE�=j? LON A N�v ?�?<C x�G�~u = N E u { v CFE G�}�u��MxyN A�=BA Ntv ? w�ujLrziv�wPujL�� = M 9�� = M � � v C Lr��u E|E v ? LrG}u A|E�= N �A u�zyu ?aA wPuIG =gE ~ujL[v ?:=j? x�u:� 9 � = LDLOvaxyN�~u$u �= G�}�u��MxyN A�=BA Ntv ? xyv C G�v z � N}u ?F? u/wPuWG = L A|E|C x A|CFE uLu ?J = G�vM� ; u�x = w E u�w�}D~u A|C wPu�~u A�=B?aAW{FE ~ujxyNQLa~u 9F? v C L ? v C LWN ?<A ~u E ujLDLbu E v ? L =BC �_ziv�wPujLiw<N { v G = N E ujL
u��FxyN A ~ujL w =B? L0G�} � �Lu 9 ? v ?i{ G C L {:=jE u��MxyN A�=BA N�v ? x�v C GtvSz � N}u ?M? u = ��ujx CF? u]xyN � G}u@G�v CFE w�u 9 z = NQL
Gtv E L/wPugG = w<N;: C L[N�v ? ~u�G = L A NQP C ugL CFEI{FE v A v ? �
UWV���VYX ��`�n j~\>
 ` g�
 dp`�apn ^ ` 
 r h�g n d 
 d \/g ^ `�n � \i^ `�n ^ d j�\ a h dfr�`�n

9 =j? L GvuYziv�w �u�Gvu�z = x E v�L|xyv { NQP C u�wPuyxIvSG�w J:=B� u Ep� ��u�G�Gvu E�9 G}ujLgL {MJ��u E upL�wPu � ? u CFA|E v ? L
u A wPu � {FE v A v ? L E N � N�wPujLIv�L|x�N�G�Gvu ?aA G�} CM? u {:=BEgE�=B{F{ v EDAh�= GU} =jCFA|E u�u ? ��=jE w =j?<A G}u CFE xFu ?<ADE u
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thetaf convoluée = (thetaincoinc) normalisation = ∆Ω ∗ N
inc

par tranches en 
diff

α
Ncoups{ = ( np)
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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

%'&)( * # ) [W, ��� 6	� � >�
�
 F+HIF 290
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                       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



➤

➤

≠

≅

%'&)( * # ) GI,	� � �A>AB70 � � >�
�
 FZHIF � > 290
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