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Scintillateurs
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dérive des électrons d'ionisation

trace d'une particule chargée

enceinte en
matériaux composites

plaque H.T. 


axe 
des faisceaux

fils
d'amplification

pavés

chambre
proportionnelle
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192 fils sensibles

16 rangees de paves
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14 mm

8 mm

-2 0 2

Grille cathode 

 Cathode damier 

Grille porte

Géométrie des grilles des secteurs 
        et lignes du champ électrique

4 mm fil de champ
 fil sensible
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G#W)X Q F Q D9W)H�KG R G�D/FO^)\aD R NPG R KG Y KG)FD�G�deG�D/F R ^ i Fn��W�GVz+�zb§ {(º N¨\9F�G�D�^�\LD�MmGÆ�\¼¿G�F�H�G�W)H Q ^ i BPF²\ Y GaM i D)GVz i \LD/F�BPF�KGe^/G�d Qqi)Y G�deG�D�F^ Q D/FeN_\�^�BPH>GaMmF>B Q D-G R F!W�\LHc\LNEN��G�NEG¼�\�N�A�\ © G¡^�G R IÀ\aB R M
Ga\ i)©�{�¸ N i�R W)H�KGaMmB R KG�deG�D/F r N_\�W)H Q W Q H�F>B Q D^/GeMmG R W)X Q F Q D R F�G�N R z i G!N�A�\aD)`bNEG!W Q N_\aBPH>Ge^ i�Y GaMmF>G i Ho^�G�NPG i H�z i \aD�F>BPF�KG�^�G�d Qbi)Y G�d�G�D/FOG R FBED�IqKG�H>BPG i HU�\ 4 r s�G r NEBPdeBEF�G¡^�G�N�A \bM�M
G�W)F}\aD�MmG�^ iIH0J@K!L r G R F±^/G ¬ ¾wv {�¸ \LH¡M Q D R KG°z i G�D�F r NPG RW�X Q F Q D R KG�D)G�H�`ÉKG�F�BÊz i G R W)H�KG R G�D/F R ^)\aD R NPG R KG Y KG�D)G�deG�D/F R \ Y GaM#H�G�F Qbi H#Hc\b^�BÊ\LF�B»I�\ i W)BÊMy^ i T r G�FW�N i�R `ÉKG�D�KG�H}\aNPG�deG�D�F¨^)\aD R F Qbi�R KG Y KG�D)G�dVG�D�F R ^ i FJ�/W�Ggz+�z 8 D)§ ; r D�G RnQ D/FOW�\ R F Qqi�R ^¨KG�F�GaMmFc\L~)NEG RW]\LH(NPG¨^0KG�F>GaMmF�G i H {;M \LB R ^�\LD R MmG R M�\ Rmr NÀA�KG Y KG�D)G�dVGmD/F�\�^�G R M�\LHc\bMmF�KG�H�B R F�BÊz i G R F Q W Q N Q `bBÊz i G R F>G�NPNEG Rz i A BPNÂW�G i F!¿G�F>H�GtH>GaM Q D)D i M Q dedeGhKG�Fc\LD/FOB R>RJi ^ i W�H Q MmG R>RJi�R G � G�N � z+�z 8 D)§ ; { l G�FhKG�F�B_z i G�Fc\L`qGW�G i F!¿G�F>H�GtH�KGa\LNEB R KGe�\�NÀA�\aB_^�Gy^/G�^/BÄªoKG�H�G�D�F>G R0Y \LH�BÊ\L~)NEG Rm{| \Ò��` i H�G�¾ { ¾Òd Q D/F�H�G9W�\aHeG © G�deW)NEGeN_\Ð^�B R F�H�BE~ i F>B Q D ^ÂA i D)G Y \LH�BÊ\L~)NEG r Ø [<O r z i B#W�G�H>deG�F^�ACG R F�BPdVG�H�N�A>KG�D)G�H�`qBPG�Gmª�GaMmF>B Y Gy^)\aD R NPGyMmG�D�F>H�Gy^�Gyd9\ R�R G�^/G½NÊ\!M Q NENPB R B Q D r MqACG R F�F��\�F�^�BPH>G i D)GtI Q B Rz i GyNPG Qbi NPG R W)X Q F Q D R#º�Ë/ÌÇQ D/F9KG�F�KGoH}\�� Q D)D�KG Rm{�¸�Qbi HONEG R KG Y KG�D�G�deG�D/F R D Q D9H}\q^�B_\aF�BÄI R
r Ø [ O ^ Q BPF¿G�F�H�G R G�D R BE~)NPG�deG�D/F!KG�`�\aN¨�\�N_\ RnQ dedeG�^/G R KG�D)G�H>`bBEG R ^�G R IÀ\LB R MmGa\ i)©-8�RnQ BEF 4�¬74! G�® ^)\aD R NPGyM�\ R



�����������
	����������
	
	��	�	
	������������	����������� � s

e+e-→qq
–
(nγ) à √s = 161 GeV

0

5000

10000

15000

0 1 2 3 4 5

a)

Nombre de photons ISR

10 2

10 3

10 4

0 0.2 0.4 0.6 0.8 1

b)

|cos(Θγ)|

0

2000

4000

0 10 20 30 40 50 60 70 80

c)

Energie du photon ISR (GeV)

0

50

100

150

0 20 40 60 80 100 120 140 160

qq
–
(γ), Eγ > 10 GeV

processus standards

d)

Energie réduite √s′ (GeV)

nb
 d

'é
vt

s 
/ 2

 G
eV

����� �)¾ { ¾ 
 8#(��M2�S -�=,��:��`<�a�2@/1254�6 \ ��� �)4�G#�)4�:A=�O�.6q:A8@4�6����.6dO�.j$O�)4��)S*�)4@/R6$:��P/���<��`B�[B $ 4�i2( F 8�58@4 /
��4�� O�)4��)=>G@0��n6���<$O�)=>0��!��=�� =8�������� J
-�(��7O�)<�8@= /103/103254d<�2#�N890N=�� :��o<�a�2@/R254 \ ��� �)4�G#�)4�:A=�O�`:A8@4�6����.6dO�.j$O�)4��)S*�)4 /16q:��d/�� < �`B�[B�i J
-!( ��<��.-./?=�� �)4 O�)4��)=>G 0 �`:�� <�a�2@/1254 \ ��� �)4�G �)4�:A=5O�`:A8@4�6����.6oO�.j$O�)4��)S*�)4 /16$:�� /���<��`B�[B�i J
:�( /`0361/?=>0 -���/103254P:����]^>O�)4��)=>G@0���=�O�.:���03/ � =,�.-.254�61/?= ��03/ � :A8@4�6 � �.6�O�.j$O�)4��)S*�)4@/R6 :��M/�� < � a�89:A= 254�03B����p03616+��6
:��.6p:�254�4;O���.6 =�O������� �.6 $ <�2@0N4 /16+( F :��*�Q8P610NS*���N89/103254 :�� /12.��6�� �.6n<�= 25-��.616���6`61/?8@4�:A8@= :�6 $ a�0361/R2@G5=18@SPS*�!(
�./;:����N8 610NS*���N89/103254�:���<�=>25-��.6R6+��6q:���/���<�� B�[B�i�2 =���4P6 �!����<�a�2@/1254 \ ��� F :��`<�� ��6M:���� H � ��� F 8�O�./�O�
�)4�G �)4�:A=5O� $ a�0361/R2@G5=18@SPS*��G�=>036+( J

^�G�NÊ\���` i H>Ge¾ { ¾ ; � ^)\LD R NPGVM�\ R ^/G R KG Y KG�D)G�deG�D/F R \ Y GaM�H�G�F Qbi H½Hc\b^�BÊ\LF>BÄI�\ i W)BÊM�^ i T r Ø [! �G R F^�B R F�H�BE~ i KG¨\ i F Qbi H?^�G¨N_\0d9\ R�R G0^ i ~ Q�RnQ DeT {b| GOM�\LN_M i N/^�G Ø [! CG R F(G © W�NPB_z i KG�^�\LD R NPG�W�\aH}\L`qH}\aW)X)G« { 5/{ 5 ^ i M}X�\LW)BEF�H>G « {+| \�W�H Q M�KGa^ i H�GyM Q D R B R F>G#G R�R G�D�F>BPG�NENPG�d�G�D/FO�\yH�GaM}X)G�HcM�X)G�H�NÊ\½W)H�KG R G�D]MmGt^�A i DW)X Q F Q DÃKG�D)G�H�`ÉKG�F�B_z i G�^¨KG�F�GaMmF�KGt^�\LD R NÀA�KG Y KG�D)G�dVGmD/F r/Qbi&r�R BkMmG�F�F>G#H>GaM}X)G�H}M}X)GOG R F0BED�I�H i M
F i G i]R G r �\



�.� ���������
	����������	�����	�����������	�����	���� �"!$#%��&����('��)
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F�H Q d9\L`qDOKG�F>B_z i G { 1bG�D&A \LBÉMmG�W�G�D�^)\aD�FW]\ ROi F�BENPB R KG#G © W)NEB_MmBEF�G�d�G
D�FÉMmG R D Qbi)Y G°\ i)© ^¨KG�F�GaM
F�G i H Rm{/¸ \aHOM Q D�F>H�G r M Q dedVG 2 GtNÀACG © W)NPBÊz i GOW)N i�RN Q BEDe^)\aD R NPGOW�\aH}\a`bH}\aW)X)Gg¾ { « { 4 r 2 A \LB)W)H>B R�RJQ BPDV^�G�M Q D�F>Hb¿Q NEG�H�N�A BPD�I Q H�d9\aF�B Q D�KG�NPGaM
F�H Q d9\L`qDOKG�F>B_z i G\���D-^ÂA_¿G�F�H>G�G�DÒdeG RJi H>G!^�GeH>G�W�KG�H>G�HtNÊ\hW�H)KG R G�D�MmGV^�G�W)X Q F Q D R ^)\LD R NPG R H�KG�`bB Q D R �\ÅNÀA�\ Y \LD/Fy^ i^¨KG�F�GaM
F�G i H r)Q �i N_\!H�GaM Q D R F�H i MmF�B Q D�^�G R W�\aH�F�BÊM i NEG R M}X�\aH�`ÉKG�G R W�G i F�¿G�F�H�GgBPD)G��9M�\qMmGyG�FoM Q D�^ i BPH>G�\ i D)G RnQbi�R F�G R F�BEd9\LF>B Q D¡^�GyNÀA�KG�D)G�H�`bBEG {
| Gg~)H i BPF�^�GyI Q D�^¡^8¿i \ i)© KG Y KG�D)G�dVG�D�F R D Q D¡H}\b^/B_\LF>BÄI R W�G i F�\ i]R�R BO¿G�F>H�GyH�KGa^ i BPF { l G R KG Y KG�D)G)FdVG�D�F Rtr G�D±d9\ 2�Q H�BEF)KG r M Q D/F�BEG�D)D)G�D/FOG�D¡Gmª�G�Ft^/G i)© 2 G�F R B R>RJi�R ^�GgN�ACX]\b^�H Q D)B R \LF>B Q D�^�G R z i \aH�� RW�H�BPdh\LBPH>G Rmr�Qqi F>H Q B R 2 G�F R N Q H R z i GoN�A i D9^�G R z i \aH�� R \�H}\�� Q D�DOKG i D9`bN i)Q D Qqi N Q H R z i GtW)N i�R BEG i H RW]\LH�F>B_M i NPG R ^�A i D!d�¿G�deG 2 G�F Q D�F²KG�F�KGOW)H Q ^ i BEF�G�\ Y GaM0^/G R z i \aD�F>BPF�KG R ^/GOd Qbi)Y G�deG�D/FÂF�G�NPNPG R z i A i DD Qbi)Y Ga\ i 2 G�FOW�G i F�¿G�F>H�GtH>G�WOKG�H�KGtW�\LHONEG R \aNP` Q H�BEF�X)dVG R ^ÂA \L`qH)KG�`S\LF�B Q D 8}��� NEGyW�\LHc\L`bHc\LW)X�G!¾ { « { 5 ; {¸ N i�R H}\aH�G�deG�D�F r z i \aF�H�G 2 G�F R W�G i)Y G�D�Ft¿G�F>H�Gy^�B R F>BPD)` i KG Rmr M Q D�^ i B R \aD�F��\ i DÅ~�H i BEFO^�G#I Q D�^ÅW Qqi HNEG R BP`qD�\LN(^ i Fn��W�G ¹ � ¹ N � M}� R �M RÂ{l G�W+G�D�^)\LD/F r ^)\LD R F Qbi]R MmG R M�\ R
r N_\OH�KG�W�\LH>F�BPF>B Q D R W]\LF�BÊ\LNEG�^�G R W�\LH>F�B_M i NPG R G R F?M Q D�MmG�D/F�H�KG�G Y G�H RNEG R H)KG�`qB Q D R �\!N�A \ Y \aD�F�^ i ^0KG�F>GaMmF�G i H r G�D9H}\LB RJQ D�^ i IÀ\LBPFoz i GyN_\ R GaMmF>B Q DÅG��9M�\qMmGy^�B»ªoKG�H�G�D/F�BEG�NPNEG^ i W)H Q MmG R�Rni�Rmr W�\aHOH}\LW�W Q H�F��\!N�A \LD)`qNPG RnQ NEB_^�G r G R FOW�H Q W Q H�F�B Q D)D�G�NPNEGe�\ 8 4
	 M Q�R ¶���Á ; r)Q �i �°Á�G R FNÀA�\aD)`bNEG0G�D/F�H>G?N_\�^�BPH>GaMmF>B Q Dg^ i z i \LH��gztG�F&NÊ\#^�BEH�GaM
F�B Q Dg^�G0NÀA�\ © G¨^ i IÀ\aB R MmGa\ i ^ÂA>KG�NPGaMmF>H Q D Rm{ l G�F�F>GM�\LH}\qMmF�KG�H�B R F�BÊz i G¨^�G R KG Y KG�D)G�deG�D/F R ^ i Fn�/W�GOz+�z 8 D)§ ; W�G�H>deG�F(^�G¨NPG R ^�B»ªoKG�H�G�D]MmBPG�Hk^�G R KG Y KG�D)G�deG�D�F RM Q D/F�G�D�\aD�F i D)GyW�\LBEH�Gg^�Gy~ Q�RJQ D Rt¹� 8c��� W�\aH}\a`bH}\aW)X)G 4 { ³ { 4 r W { ¾ws ; {· GtW)N i]Rmr NEG R KG Y KG�D�G�deG�D�F R D Q D9Hc\b^�BÊ\LF�B»I R B R�RJi]R ^�GtNÀACBED�F>G�HJILKG�H>G�D�MmG¨§)Áa´bT)Ákz i BÂM Q D/F�BPG�D)D)G�D/F¨\ id Q BPD R F>H Q B R)2 G�F R�RJQ D/FtF>G�N R z i G!^�G i�©62 G�F R B R�Rni�R ^ÂA i D±d�¿G�deGoz i \aH�� r+Qqi ^ÂA i D�z i \LH��±G�Fo^ÂA i D`qN i)Q D±Hc\°� Q D)D�KGyW�\aH#NEG½W]\LH�F Q D r�RJQ D�F�W)H Q M�X)G R N�A i D±^/G½NÀA�\ i F�H>G { l GaM
B&D&ACG R FOW�\ R NPGgM�\ R ^�G R�2 G�F RB R�Rni�R ^�G R z i \LH�� R M0G�F R W)H QaY G�D]\LD/F�^ i dÒ¿G�deG?~ QSRJQ DV^�G ¹ BE`b` R M}X�\aH�`ÉKG r z i B RnQ D/Fp~�BPG�D R KG�W�\LH�KG Rmr^��G R N Q H R z i G!NÊ\ed9\ R>R G�^ i ~ Q�RnQ D-G R F RJi � R \adeG�D/F#`qH}\aD�^�G r MmG�z i B?G R FyNPG�M�\ R KG�F i ^�B�KG { l G�F�F>G\ i F�H>Ge^/BÄªoKG�H�G�D�MmGyG�D/F�H�G!NEG R KG Y KG�D)G�deG�D/F R ^ i�R BE`bD�\aN�G�F#NEG R KG Y KG�D)G�deG�D/F R ^ i ~)H i BEFy^�G�I Q D�^�^ iFn�/W�G�z��z 8 D)§ ; R G�H}\�\ i�R>R B i F>BPNEB R KG�Gy^)\LD R NEG R \LD�\aNP� R G R W�H)KG R G�D�F�KG�G R
{



�����������
	����������
	
	��	�	
	������������	����������� �bÞ
���_���Z���_� �0�/¥! (¢L£&¤��/¥�¥�¦(¥ G � G�N � N � N| A>KG�F}\LF(��D�\LN�NPG�W)F Q D)BÊz i GO^�GONÀACBPD/F�G�HJIqKG�H>G�D�MmG(§)Áa´bT)Á�D)G�M Q D R F>BPF i G i D!~)H i BPFÉ^�G0I Q D�^!BPdVW Q H�Fc\LD/Fz i GoW Qqi HONPG R KG Y KG�D)G�dVG�D�F R ^ i9R BP`qD�\LN ¹ � ¹ N � � ��� � � N � � {�| G R KG Y KG�D)G�deG�D�F R M Q H>H�G R W Q D�^)\aD�FW+G i)Y G�D/F½¿G�F>H�GtH>G 2 G�F�KG R G�D i F�BENPB R \LD/F0W�\aH#G © G�dVW)NPGONEG R \LD)`qNPG R G�D�F>H�GyNPG R ^�G i)© NPG�W)F Q D R j


 R B&NÀA�KG Y KG�D)G�dVGmD/F�D&ACG R FOW�\ R H}\q^�B_\aF�B»I r \LN Q H R NPG R ^/G i)© NPG�W�F Q D R0Q D/Ft^�G R ^�BEH�GaM
F�B Q D R ^�GyF�Hc\�F
2 GaMmF Q BPH>G R&Q W)W Q�R KG�G R
r MbA G R F F
�\<Fn^�BEH�G�z i GON�A \LD)`qNPGOG�D/F�H>GONPG R ^�G i)©!Y GaM
F�G i H R ^/G R z i \aD�F>BPF�KG R ^�Gd Qbi�Y G�d�G�D�F?G R FOW)H Q M�X)Gg^�G 4;� u G �


 R B�N�A>KG Y KG�D)G�d�G�D�FyG R FeH}\q^�B_\aF�B»I r \LN Q H R NÊ\¼M Q D R G�H Y \LF�B Q DÃ^�G¡N_\¼z i \aD�F>BPF�KG¡^�G¡d Qbi�Y G�deG�D/FBPdeW�NPB_z i G�z i G±NEG R�Y GaMmF>G i H R ^�G R z i \LD/F�BEF)KG R ^�G¡d Qbi�Y G�deG
D�Fg^�G R ^�G i�© NPG�W�F Q D R G�F�^ iW)X Q F Q D RnQ D/Fy^)\aD R NPGgdÒ¿G�deG�W)NÊ\LD r G�Ft^)\aD R MmG²M�\ R
r NPGyW)X Q F Q D¼\��/\aD�F�F�G�D]^)\LD�M
G!\�¿G�F>H�GKG�deB R NEG�N Q D)`Æ^�GeN�A \ © G�^ i IÀ\aB R M
Ga\ i&r NÀA�\LD�`bNPG�G�D/F�H>G�NEG RtY GaMmF�G i H R ^�G R NEG�W)F Q D R W�H Q 2 G�F�KG RRJi H¨NPG�W)N_\aD9W+G�H�W�G�D�^�BÊM i NÊ\LBPH>G!�\yN�A \ © Gt^�G R IÀ\LBÊMmGa\ i)© \yF�G�D]^)\LD�M
Gy\Å¿G�F�H>G#W�H Q M}X)Gy^�G 4;� u.G {| A>KG�F}\LF���D�\aN?�\g^�G i)© KG�NPGaMmF>H Q D R G R F�W�\aH�F�BÊM i NEBPG�H r M�\aH0BEN)W�G i FO\ i�R�R B�¿G�F>H�GOW)H Q ^ i BEFO^)\aD R NÊ\ Y�Q BEG
� r M Q dVdeGONPGyd Q D�F>H�G�NPGg^�B_\a`bHc\LdedeG RJi B Y \LD/F&j

∗

e e

e+e+

Z, γ∗

|�Q H R z i G½NEGt~ Q�RnQ DÛKG°M�X�\aD)`ÉKGoG R F i D9W)X Q F Q D r NPGoW)XOKG�D Q d��G�D)G�G R F�M Q D)D i9RnQbi�R NPGtD Q dÓ^�G�^�BÄª i FR B Q D��0X�\L~)X]\ {�¸ N i�R NÀA�\aD)`bNEGy^�Gg^�BÄª i�R B Q D±^/G R KG�NPG°MmF�H Q D R G R F0W�G�F>BPF r W�N i�R MmG R KG Y KG�D)G�dVG�D�F R?RJQ D�FW)H Q ^ i BPF R G�D!`qH}\aD�^ D Q d�~)H�G r M�\aHpNÊ\ R G°MmF�B Q D!G��hM�\bM
GO^�B»ªoKG�H�G�D/F�BEG�NPNEG0^ i W)H Q MmG R�RJi]Rmr W]\LH?Hc\LW)W Q H>F�\½N�A \LD)`qNPG RnQ NPBÊ^�G r M Q D�F>BPG�D/F�^�G R F�G�H>deG R W)H Q W Q H�F>B Q D)D)G�N R �\ 8 [b´ � ; ¶ r�Q �i � G R F�NPGoM�\LH>H�KGo^�G�N_\½W�G�H>F�G^�G�z i \LD/F�BPF�KG�^�G�d Qbi)Y G�deG�D�F(^�G�N�A>KG�NPGaM
F�H Q D!^�B»ª i�R KG {/¸ \aH¨M Q D R KGaz i G�D/F r BEN)G R FÉDOKGaMmG R>R \aBPH�Go^�GOH�KGa\�FNPB R G�H i DVH�G 2 G�FÉG��9M�\bMmG�^�G�MmG R KG Y KG�D)G�deG�D�F R W)H�KG R G�D/F R G�De`qH}\LD]^�D Q d�~)H>G r G�DVM Q D/F�Hq¿Q NÊ\LD/FpNEG�� i)©^ÂA>KG�D�G�H�`qBPGg^)\LD R NEG R H�KG�`bB Q D R �\�NÀA�\ Y \LD/Fy^ i ^¨KG�F>GaMmF>G i H r�Q �i NÊ\�H�G°M Q D R F�H i MmF�B Q D�^�G R F>H}\ 2 G°MmF Q BPH�G R^�G R KG�NEGaMmF�H Q D R G R F RnQbi)Y G�D�FOBED)G��hM�\bMmG 8}��� W�\LHc\L`bHc\LW)X�G�¾ { « { 4 ; {
��������� �! �'����
	� &"���%	��n$���'�����t ?*�������$
	)$���'

�#D¡\ i F�H�GyW)H Q MmG R>RJi�R�R Gtdh\LD)B»I�G R Fc\LD/F0W�\aHON_\ Y�Q BEG � r G�F�\��/\LD/F0W�\aH�M Q D R KGaz i G�D/F i D)G R GaMmF�B Q DG��9M�\bMmGtF>H��G R BEdeW Q H>F}\LD/F�G 8 ^�GyN�A Q Hc^�H�Gy^ i D/~ ; r G R F�N�A BPD/F�G�Hc\bMmF>B Q DÆ�\�^�G i)© W�X Q F Q D R
{�| A>KG�NPGaM
F�H Q DG�F!NPG¡W QSR BEF Q D RnQ D/FeG�D-IÀ\LBPF�G�D/F Qqi H�KG R M}X�\qM i D R ^�A i D D i \a`bGÆ^�G±W)X Q F Q D R�Y BPH>F i G�N Rm{
�#i NPBEG i^ÂA�\ Y�Q BEH i D KG°M�X�\aD)`bG�^/G±W)X Q F Q DÇN Q H R ^�G¡NPG i H�^/BÄª i�R B Q D r ^�G i)© W)X Q F Q D R ^�G�M}X�\bz i G9D i \L`qGW+G i)Y G�D/FeBPD/F�G�Hc\L`qBPHeW Qbi H±W)H Q ^ i BPH>G i D KG�F}\aFÅ��D]\LN�� M Q deW Q�R KG�^�GÒW�N i�R BPG i H R X�\b^�H Q D R
r#Qqi^�G�^�G i)© NPG�W)F Q D R
{�| \-^�B Y G�H R BPF�KG9^�G±NÀA>KG�Fc\LF!��D�\aNtG R FV^?¿i \ i IÀ\LBPFVz i G±NEG±W)X Q F Q D r \��/\LD/F�NEG RdÒ¿G�deG R D Q d�~)H�G R z i \aD�F>B_z i G R z i G�NPG R d KG RJQ D R�Y GaMmF>G i H R
r W�G i F9F Qqi F�\ i F}\aD�F-¿G�F�H>G RJi 2 G�F¼�\N�ACBED�F>G�H}\qMmF�B Q DÆKG�NPGaMmF>H Q d9\L`qDOKG�F�BÊz i G?z i A_�\ON�A BPD/F�G�Hc\bMmF>B Q D�I Q H�F>G r���� �OR G R M Q D R F>BPF i \LD/F R W�\aH�F Q D)BÊz i G Rm{| G R dVG RJi H>G R ^�G R ^�B R F�H>BP~ i F�B Q D R M�\aH}\bM
F)KG�H>B R F>B_z i G R ^¨KG°MmH�B Y \aD�F�M
G R KG Y KG�D�G�deG�D/F ROr IÀ\LBEF�G R \ i W)H��G R



Þ u ���������
	����������	�����	�����������	�����	���� �"!$#%��&����('��)

^ ie|�ßp¸(rLQ D�FÉW+G�H�deB R ^�G0d Q D�F>H�G�H�N_\ODOKGaMmG R�R BEF�KG¨^ÂA i F�BENPB R G�H&W)N i�R BEG i H R d Q ^��G�NPG R \°��D�^�G�^0KGaMmH>BPH>G0M
GW�H Q MmG R>RJi�R�� ³b³�� {�| G R ^/B_\L`qH}\adedeG R ^¨KG°MmH�B Y \aD�F(W Qbi H8M�X�\qM i D�^�G�M
G R d Q ^Â�G�NPG R NÀACBPD/F�G�H}\bM
F�B Q DtG�D/F�H>GNEG R ^�G i)© W�X Q F Q D R
r N Q H R z i G�N�A>KG�F}\aF?��D�\LN�G R F0X�\q^�H Q D)B_z i G r/RnQ D/FpH>G�W)H�KG R G�D/F�KG R ^�\LD R N_\#��` i H�Gy¾ { « {

γγ ρ,ω,φ

ρ,ω,φ

a

γγ

q

q

b

γγ

g

q
q

c

γγ

g

g

g

g

d

�����	�Â¾ { « 
 /`0Q8cG5=18@S"S?�.6M:���� ��� 4�S"8 4�-.254@/(=>0 -���8@4@/ F =8*�]^e25=>:A=,�	���U<�� ��6�-�896�:��.6p-.25=1=,�.-./103254�6MB���8@4 �
/103B����.6 F =8��N8pf]25=1SP89/103254 :����]^>O�./(89/�_�4�8���a�89:A=>2�4�0CB�������� $ 8#(�-.254 /?=>0 -���/103254�4�254"< �)=>/+��= -�8c/103j#� $ S�2�: =�����
��/
	6(�� $ -�(q-.254 /?=>0 -���/103254 :�0N=��.-./ � $ S�25: =������ 1 	6(�� ��>.�)S"<����.6`:�� -.254@/(=>0 -���/103254d2 =�E��4 $ -!(b2.�d:��!��>
$ :�(M<�a�2@/12�4�6M0N4@/ �)=R89G@03616 �)4 /�<�8@= ���!��= 61/?= ��-./���=��n<�8@=>/12�4�0CB���� $ S�25: =������
� /	( J

�&H Q B R d Q ^Â�G�NEG RtRJQ D�F i F�BENPB R KG R W Qqi H�^0KGaMmH>BPH>G!G�F R BPd i NEG�H#NEG R BPD/F�G�Hc\bMmF>B Q D R �\±^�G i�© W)X Q F Q D R
rN Q H R z i GyN�A>KG�F}\LF0�]D�\LN � G R F�M Q D R F�BPF i KGg^�GyX�\b^/H Q D R j
� d Q ^Â�G�NEG½® ·*M 8 W Qbi HeÍ>®�GaMmF Q H ·#Q dVBPD�\aD�MmG M±Q ^�G�NÊÎ ; j)d Q ^��G�NPGtD Q D�W�G�H�F i H�~]\LF�B»I Q �i NPG RW)X Q F Q D R BED�F>G�H}\a`bB R>R G�D/Fo^�G�d9\aD)BÀ�G�H�GV�\eMmH�KG�G�H�^�G R dÇKG RJQ D R0Y GaMmF>G i H R 8 W�\LH>F�B_M i NPG R������ÃQbi
� ; �

� d Q ^Â�G�NEG�� ¸�M�8 W Qbi HgÍ�� i \aH���F ¸ \aH�F Q D M±Q ^�G�NÊÎ ; j�d Q ^��G�NPG Q �i NPG R W�X Q F Q D R BPD/F�G�Hc\L`bB R�R G�D�F^�BPH>GaMmF�G�deG�D/F?W�\LH¡KGaM}X�\LD�`bGg^ÂA i D±z i \aH�� �
� d Q ^Â�G�NEG�� l · j�d Q ^Â�G�NPG Rni W)W Q�R \LD/F i D)G R F>H i M
F i H>GtW�\LH>F Q D)B_z i Gy^ i W)X Q F Q D9G�F¨H�G�W Q�R \LD/FRJi H�N_\ l X)H Q d Q ^/��D�\adeB_z i G�� i \LD/F�BÊz i G {| A>KG�F}\aF0��D�\aN&NPG�W)F Q D)BÊz i G#W�G i F r z i \LD/Fy�\�N i B r ¿G�F�H�G�^0KGaMmH>BPF�W�\LH i DÅd Q ^Â�G�NPG R BEdeBPNÊ\LBEH�G�\ i d Q ^��G�NPG

� ¸�M¼r IÀ\LB R \aD�FOBED�F>G�H Y G�D�BPH¨^�G R M Qbi W)N_\a`bG R ^�BEH�GaM
F R \ i�© NPG�W�F Q D Rm{



�����������
	����������
	
	��	�	
	������������	����������� Þ74
· \aD R MmG R KG Y KG�D)G�dVG�D�F ROr G�D±`ÉKG�DOKG�Hc\LN r D�B�NÀA�KG�NEGaMmF�H Q DeD�B&NPG�W QSR BPF Q D�^�B»ª i�R KGgD&ACG R F�^0KG�F>GaMmF�KG r MmGz i B(M Q D�^ i BPF²�\ i D¡~)BPNÊ\LD¡G�DÃKG�D)G�H>`bBPGyF>H��G R DOKG�`S\LF�B»I { l GyW)H Q MmG R>RJi�R W�G i Ft^ Q D�MÅ¿G�F>H�G i D)G RJQbi H}MmG^�G�~�H i BEF�^/G�I Q D�^�BPdeW Q H>F}\aD�F>G�W Qbi H�NPG R½R BP`qD�\ i)©�Q �i \ i d Q BED R NÀA i DÐ^�G R ~ QSRJQ D R�¹ tR G9^¨KG)FR BPD�F��G�`qH�G9NPG�W�F Q D�B_z i G�deG�D/F {(· G�W�N i�R
r N_\¼^�B R F>H�BP~ i F�B Q DÇ^/G±N_\�d9\ R�R G¡BPD Y \LH�BÊ\LD/F�G¡^ i R � R F��G�deGM Q D R F�BEF i KGo^�GtNÊ\½W�\aBPH�G�^�GtW)X Q F Q D R G R F¨W)B_z i KG�G Y G�H R NEG R IÀ\LBE~)NPG R�Y \LNPG i H R
{�¸ \LH�M Q D R KGaz i G�D/F r W+G i^�G�W�\LH>F�B_M i NPG R M�X]\LH�`ÉKG�G R&RnQ D/F&W)H Q ^ i BPF�G R ^)\aD R NPG R KG�Fc\LF R ��D�\LN R X]\b^�H Q D)BÊz i G Rm{ l G R W�\aH�F>B_M i NEG RÂQ D/FF�G�D�^�\LD�MmGg\±¿G�F�H>GyW)H Q ^ i BPF�G R \ Y GaM i D)G²z i \LD/F�BPF�KGg^�G�d Qqi)Y G�deG
D/F0^ Q D/F#NEG Y G°MmF�G i HO\ i DÆ\LD)`qNPGW Q N_\aBPH�G¨W�G�F�BEF { l G�F>F�GOM�\LH}\qMmF�KG�H�B R F�BÊz i G R G�Hc\ i F�BENPB R KG�G?W Qqi H?H�G 2 G�F�G�H(M
G R KG Y KG�D�G�deG�D/F R G��hM�\bM
G�deG�D/F

8Zi F>BPNPB R \aF�B Q DÃ^�G�N�A ���#������������� �
	 ����� �a��	��a� ^�G�N�A>KG Y KG�D)G�deG
D�F r ^0KGm��D)BEG�\ i W]\LH}\a`bHc\LW)X)G ¾ { « { 4 ; {
 Q F Q D R MmG�W+G�D�^)\LD/F�z i Gg^)\LD R NEGgM�\ R ^�GyNÊ\�H�GaM}X)G�HcM�X)Go^ i¡R BE`bD�\aN ¹ � ¹ N � � � � � � N � � r N�A>KG�F}\aF��D�\LNk�\y^�G i)© NEG�W)F Q D R Fc\ i ^�G¨N�ACBED�F>G�H}\qMmF�B Q DV�\t^�G i)© W)X Q F Q D R M Q D R F>BPF i G i D!~)H i BPFÉ^�G0I Q D]^!z i A Q DD)GyW+G i F9KG�NPBEdeBPD�G�H�M Q deW)NÀ�G�F�G�d�G�D/F {
��������� � � �#"]$ �½*�%	��n$�� �t � �
��"� (' �t ���$0'�$���'��

|�Q H R z i G�NÀA>KG�D�G�H�`qBPGy^�G R IÀ\LB R MmGa\ i)© G R F RJi � R \adeG�D/F0`bHc\LD�^/G r ^/G R W�\LBEH�G R ^�Gy~ Q�RnQ D R�� r X Q H RQbi�RJi H0M Qbi M}X)G�^�GOd9\ R�R G r W�G i�Y G�D�FO¿G�F>H�G�MmH�KG&KG�G R(RJi B Y \LD/F i D�W)H Q MmG R�RJi]R M Q d�~)BPD�\aD�F i D KGaM}X�\aD)`bG^�GyD)G i F>H�BPD Q ^)\aD R NÊ\ Y�Q BPG � r G�F#NÀACBED�F>G�HJILKG�H>G�D�MmG�§)Áa´bT)Ák^�GgN_\ Y�Q BPGg[ r z i B�BÊMmB&\�N_\!W�\LH>F�B_M i N_\aH�BPF�KG^�GtIÀ\LBPH>GtBPD/F�G�H Y G�D)BEH¨^�G R M Qqi W)N_\a`bG R �\!F�H Q B R ~ Q�RnQ D R j

| G R ~ Q�RnQ D R�� W�G i)Y G�D/F R G�^0KG R BPD)F�KG�`bH>G�Ht^/G!N_\!dÒ¿G�deGtdh\LD)BÀ�G�H�Ggz i G�NEG R ~ QSRJQ D R�¹��r d9\LB RNPG R KG�F}\aF R ��D�\aN R M R G�F � � � D)G RJQ D�FoW�\ R NPG RtR G i N R W Q�R>R BE~)NPG R jÂNPG R W�\LBEH�G R ^/G�I�G�H�deB Q D R0i ^ r G ���G�F�� ��� RnQ D/Ft\ i�R�R B?W Q�R�R BP~)NEG Rm{&| G�Hc\LW)W Q H�Fy^ÂA G�d�~)H}\aD�M�X�G�d�G�D�F¨^ i ~ QSRJQ D � G�D i D)G�W�\aBPH>G!^�Gz i \aH�� R G R F�^/GUs°uwv G�D Y BPH Q D � BPNOG R F�^�G 4 uwvÏW Qqi HVM�X�\qz i G±^¨KG R BED)F�KG�`qH}\aF�B Q D-NPG�W)F Q D)BÊz i G {p| GF}\L~�NPGa\ i ¾ { 4 BED�^�BÊz i GoNPG R W)H Q W Q H�F>B Q D R H�G�N_\LF>B Y G R ^�G R F�H Q B R Fn��W�G R ^�A�KG�Fc\LF R ��D�\aN R ^�G R W�\LBEH�G R ^�G
� {

� � � NÛÙ �
��� �� ¶ ������! «�³ r Þ v
��� �� ¶ N ��" « ¾ r sqvN � ���"$# � N ¶ ��"&% 4 u r « v

J('*) ��¾ { 4 
 1 =>2�<�25=>/R0C2�4�6�=����N89/103j#�.6p:��.6M/?=>2 0C6dO�./?89/R6$_�4�8��C6p:��.6dO�.j$O�)4��)S*�)4@/R6+:���/���<���+ � + N J
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ËSi B Y \LD/FtNEG!FJ�/W�G�^�G R BE`bD�\aN?H�G°M�X)G�H}M}XOKG r ^�B»ªoKG�H�G�D/F�G R F�GaM}X)D)BÊz i G R G © B R F>G�D�Fo\°�]D¼^�G�^/BPdeBED i G�HM
G½~�H i BEF�^�GtI Q D�^tj
� | G R KG Y KG�D)G�deG�D�F R �\!z i \LF�H>G 2 G�F R
r)R B�NPG R ^�G i)© ~ QSRJQ D R � RJQ D�FOW�H Q ^ i BEF RORni HONPG i HOM Qqi M�X�G^�Gtd9\ R�R G r W�G i�Y G�D�Fy¿G�F�H>Gt\aD�\LNE� R KG R ^�Gtdh\LD)BÀ�G�H�Gg�\�H>GaM Q D R F�H i BPH>G i D)G Y \aH�BÊ\L~)NEGtW)H Q M}X)Gy^/GN_\td9\ R>R G�^ i ~ Q�RJQ D � {�ß D�H�GaM}X)G�HcM�X�\aD�F(^/G R KG Y KG�D)G�dVG�D�F RÂQ �i N_\#dh\ R�R G0H>GaM Q D R F�H i BPF>GOG R FN_\LH>`bG�dVG�D�F(BPD/IqKG�H�BEG i H�Go�\tN_\�d9\ R>R G�^ i � r NEGO~)H i BPF�^�G0I Q D�^!H�G R F}\LD/F r ^?¿i \ i)© KG Y KG�D)G�deG�D�F R^ i Fn�/W+G � � � N r G R F0IÀ\LBP~�NPG {
� | G R KG Y KG�D�G�deG�D/F R �\�^�G i�© 2 G�F R G�F¡�\ i D NEG�W)F Q D-W+G i)Y G�D/F!\ i]R�R B!¿G�F>H�G9\aD�\LNE� R KG R \���DÇ^/GH�GaM Q D R F>H i BEH�G!NÊ\�d9\ R>R G�^ÂA i D Q ~ 2 G�FtW)H Q ^ i BPFyW�\aH½W]\LBPH>G Rmr d9\LB R NÊ\hH�KG RJQ N i F>B Q D RJi HgMmG�F>F�GY \aH�BÊ\L~)NEG�G R F9^¨KG�`bHc\b^¨KG�G�W]\LH9H}\aW)W Q H�F¡\ i M�\ R W)H�KGaMÂKGa^�G�D�F r ^ Q D�M�MmG�F>F�G¡dÇKG�F�X Q ^�G±D&A G R FW�\ RyRJi � R \LD/F�G { l G�W�G�D�^)\aD�F r N Q H R z i GgNPGgNPG�W)F Q D¡B R�Rni ^�G!N_\�^¨KG R BPD)F�KG�`bHc\LF>B Q D�^/G!N�A i D�^�G R~ QSRJQ D R�� G R F i D¯KG�NEGaMmF�H Q D Qbi¡i D±d i)Q D r�RJQ D¯KG�D)G�H�`bBEGyG R F R G�D R BE~)NPG�deG�D/F Rni W�KG�H>BPG i H�GV�\MmG�NPNEG!^�G R W�H Q ^ i BEF R ^�G!NÊ\Å^¨KG R BED)F�KG�`qH}\aF�B Q D¼^�A i D�Fc\ i&{?| A i F�BPNEB R \LF�B Q D�^�G�M
G�F�F>G�^�BÄªoKG�H>G�D�MmGW+G�H�deG�F�^�GyH�KGa^ i BPH>GtNPGy~)H i BPF�^�GtI Q D�^±^?¿i \ i W)H Q MmG R�Rni�R G � G N � � � � N {
� �0BPG�D�z i GON_\�W)H Q W Q H�F>B Q Dh^ÂA>KG Y KG�D)G�deG�D/F R W i H>G�deG�D/F&NPG�W)F Q D)B_z i G R
r W�\aH�deB/NPG R KG Y KG�D)G�deG�D�F R^ i Fn�/W+G � � � N r G R F�IÀ\aBP~)NEG r G�NENPGeG R F RJi � R \LD/F�G9W Qbi H9M
H)KG�G�H i D ~�H i BEF�^�GeI Q D�^ ^�BÄI�F��MmBPNEG�deG�D/F�H�KGa^ i M
F�BP~�NPG {�º MmBOG�D]M Q H>G r NEGÅIÀ\aBPF9z i G±F Qbi�R NEG R NEG�W)F Q D R W�H Q ^ i BEF R ^�\LD R MmG RKG Y KG�D)G�deG�D/F R D)G RJQ BPG�D/FtW�\ R ^�G R Fc\ i�R G�Fg\LBPG�D�Fy^ Q D�M�G�DÒd Q ��G�D�D)G!^�G R KG�D)G�H�`qBPG RoRJi W�KG!FH�BPG i H�G R \ i)© NPG�W�F Q D R F}\ i�R KG�F�B_z i G�F�KG R ^)\LD R NPG R KG Y KG�D)G�deG�D/F R ^ ieR BP`qD�\LN r W�G�H>deG�F�^�A�KG�Fc\L~)NEBPHi D)GV^�B R MmH�BEdeBPD�\aF�B Q D±G�D�F>H�G!NPG R ^/G i)© Fn�/W�G R ^ÂA>KG Y KG�D)G�deG�D/F Rt{&· G�W)N i�Rmr NPG R KG Y KG�D)G�deG�D�F R^ i Fn�/W+G � � � N Q �i NPG R ^�G i)© NPG�W)F Q D R W�H Q ^ i BEF RtRnQ D/Ft^/G R Fc\ i�R W�G i)Y G�D/F�\ i]R�R B�¿G�F�H>G½G�DW�\LH>F�BPG¨H�G 2 G�F)KG R G�DgBPdeW QSR \LD/F i D)G Y \LNPG i H&NPBEdeBPF>G Rni WOKG�H>BPG i H>Go�\#N�A>KG�D)G�H>`bBPG8^�G¨M�X�\qz i G0NPG�W)F Q DKG�F�BÊz i G�F)KG r M�\LH�N_\!d9\ R>R G r ^ÂA i D)GyW�\LH>F r G�FONPG R W�BPD r ^ÂA�\ i F�H>GyW�\LH>F r ^ i ~ Q�RnQ D � r�Q D/F#F>G�D F^)\LD�M
Ge�\!^ Q D)D)G�H�^�G R NPG�W)F Q D R F}\ i�R W)N i]R KG�D)G�H>`?KG�F>B_z i G R z i G�M
G i)© B R�Rni�R ^�G R KG Y KG�D)G�deG�D�F R^ i�R BP`bD]\LN {· \LD R M}X�\bz i G�M�\ Rmr N_\#H�KGa^ i MmF>B Q D�^ i ~)H i BPFÉ^�G0I Q D�^�^?¿i \ i)© KG Y KG�D)G�deG�D/F R ^ i FJ�/W�G � � � N�W+G i F¿G�F�H�GÐ\°ª�GaM
F)KG�G�W�\aH¡^�G R W)H Q ~)NÀ�G�deG R ^�GÒH>GaM Q D R F>H i MmF>B Q D {#| \Ñdh\ R�R G�^ i ~ QSRJQ D � W�G i F9W�\aHG © G�dVW)NPG�¿G�F�H�G¡H�GaM Q D R F�H i BPF�GÆ\ Y GaM i D)G Y \aNPG i H�F�H��G R BED�IqKG�H�BEG i H>G��\ÒN_\�d9\ R>R G9H�KG�G�NPNPG {�· G±W)N i�RmrN Q H R z i GÒNÀA Q D H�G°M�X)G�H}M}X)G�^�G R KG Y KG�D)G�deG�D�F R ^ iÃR BE`bD�\aN½F>G�N R z i G�NÊ\Òd9\ R�R G�^ i ~ QSRJQ D ¹� G R FW�H Q M}X)Gy^�GoMmG�NENPGO^ i ~ Q�RnQ D � 8 Fn�/W)B_z i G�dVGmD/F r �\tW�\aH�F�BEHO^�G ¬b³ F�s°u  G�®�´aµ
¶ r M Q dedeG¨NPGOd Q D�F>H�GNÀA>KG�F i ^�G9^ i M}X�\aW)BPF>H�G � ; r NPG R KG Y KG�D)G�dVG�D�F R#Q �i NÀA i D \ i d Q BPD R ^�G R ~ Q�RnQ D R � R G¡^0KG R BPD)F��G�`bH>GX]\b^�H Q D)BÊz i G�deG�D/FOM Q D R F>BPF i G�D�F i D±~�H i BEF�^�GtI Q D�^9BPH�H�KGa^ i M
F�BP~�NPG {l G°MmBÂG R F0~)BEG�D R ¿i Ho^ÂA�\ i F}\aD�F¨W)N i]R0Y Hc\LB&z i GtNÊ\ R GaMmF�B Q DeG��9M�\qMmGo^�GgMmGtW)H Q MmG R�Rni�R G R F0BPdVW Q H�FFc\LD/F�G { � H r MmGaM
B�D&A G R FoW�\ R NPG�M�\ R N Q H R z i G�N�A>KG�D)G�H>`bBPGg^)\aD R NEG!MmG�D�F>H�G�^�G!d9\ R�R G�^�G R M Q NPNEB R B Q D RG R FOBPD/IqKG�H�BEG i H�G�\ i¡R G i BPN&^/G½W�H Q ^ i M
F�B Q D�^�G R ~ QSRJQ D R�� RJi HONEG i HOM Qbi M}X)Gg^�Gyd9\ R>R G r/RnQ BPF�G�D Y B FH Q D 4�¬74e G�® { � BPD R B r MmGy~)H i BPF�^�G½I Q D�^±G R F�G�D�M Q H�GgW)H Q ^ i BPFtG�D±F�H��G R W�G�F>BPF�Ggz i \LD/F�BEF�KG²z i \aD�^Ø [ Ö 4 ¾bu  G�® {�· GyW)N i�Rmr �\�MmG�F>F�GÆKG�D�G�H�`qBPG r NPG R ^�G i)© ~ Q�RnQ D R�� D)G RnQ D/FOW�\ R W�H Q ^ i BEF R F Qqi�RNEG R ^�G i)©ÆRJi HyNEG i HyM Qqi M}X)G�^�G!d9\ R�R G {&¸ \LH�M Q D R KGaz i G�D/F r MmG R KG Y KG�D)G�deG�D�F RORJQ D/Fyd Q BED R IÀ\qMmBPNEG)FdVG�D�FoH�GaM Q D)D i�R M Q dedVG½W�H QaY G�D�\aD�Fy^/G R ^0KG R BED)F�KG�`bH}\aF�B Q D R ^�G�^�G i)©�Q ~ 2 G�F R ^�G�d�¿G�dVG½dh\ R�R G rG�F RJQ D/F�W Qqi HoMmG�F�F>GtH}\aB RnQ D±W�N i�R \aB R KG�deG�D/F0H�G 2 G�F}\a~)NPG R
{|�Q H R z i G Ø [ Ö 4�¬ 4� G�® r N_\ R GaMmF>B Q DeG��hM�\bMmGOG R FVKG�`�\LNEG��\�¾ r « W)~ 8 NPG R G © W�KG�H�BPG�D�MmG R \ i W)H��G R^ iU|�ß�¸ N�A Q D�F�deG RJi H�KG�G¡KG�`�\LNEG!�\!¾ r ¬qÞ�� u r «�³ W)~ � ³ � ; r G�F¨NPG R ~ QSRJQ D R � RnQ D/FOW)H Q ^ i BPF RORJi H¨NPG i H
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M Qbi M}X)G²^�G!d9\ R>R G {(| G!D Q d�~)H�G²^ÂA>KG Y KG�D�G�deG�D/F R ^ i Fn�/W�G � � � NoM Q dedeG�D�M}Gy\aN Q H R �\Å^/G Y G�D)BEHRJi � R \adeG�D/F&BPdeW Q H>F}\aD�F&W Qbi H0z i G�MmG0~)H i BPFÉ^�G0I Q D�^!^�G Y BPG�D�D)G�`+¿G�D�\aD�F r ~�BPG�D²z i G R G�D R BP~�NPG�deG�D�FH)KGa^ i MmF�BE~)NPG {b|�Q H R z i G�N�A>KG�D)G�H>`bBEGO\ i `bdeG�D/F�G¨G�D�M Q H�G r N_\ R GaMmF�B Q D!G��hM�\qMmG�^0KG�W�\ R�R G#Hc\LW)BÊ^�G�deG�D/F 4 uW)~ {�� 4�Þ 5  G�® r G�NPNPGoG R Fo^�G 4 s r ³ W)~ { �#D)GyW�\LH>F�BEG½BEdeW Q H>F}\LD/F�G�^�G!MmGy~)H i BPF�^/G�I Q D�^±^/G Y BEG�D/F\LN Q H R BPH�H�KGa^ i M
F�BP~�NPG {�¸ \LH²M Q D R KGaz i G�D/F r �\�MmG�F>F�G KG�D�G�H�`qBPG r BPN�G R F�D�KG°MmG R�R \LBEH�GV^�G9^�B R W Q�R G�H!^ÂA i D)G`bH}\aD�^�GyN i deBPD QSR BEF)KGo\°��DÆ^ÂA_¿G�F>H�G R G�D R BP~)NEGe�\!N_\�W�H)KG R G�D�MmGy^ i�R BE`bD�\aN {
��������� �! �'���* 	�"� (' ��"�$#%& (')'+*�'| G R \ i F�H>G R W)H Q MmG R>RJi�R�Q D�F RnQ BPF²^�G RgR GaMmF>B Q D R G��hM�\qMmG R W)N i]R W�G�F�BEF�G R
r(RJQ BEF�^�G R F Q W Q N Q `qBPG R\LB R KG�deG�D/FÂBÊ^�G�D/F�B»��\L~)NEG Rm{a¸ \LH¨M Q D R KGaz i G�D/F r d�¿G�deG R B]MmG R FJ�/W�G R ^ÂA>KG Y KG�D)G�deG�D�F R W�G i�Y G�D�F R BEd i NPG�H^)\LD R M
G�H�Fc\LBPD R M�\ R NEG R KG Y KG�D)G�deG�D�F R ^ i¡R BE`bD�\aN r BPN R W�G i)Y G�D�Fy¿G�F�H>G RJi � R \adeG�D/F0H>G 2 G�F�KG R W Qbi H�D)GW�\ R M Q D R F�BEF i G�H i D¡~)H i BEF�^�GtI Q D�^9BPdeW Q H�F}\aD�F {| GeW)H Q MmG R>RJi�R G � G�N � T)Á
G � G.N r W�\aH�G © G�deW)NEG 8ÀRJQ D ^�B_\a`bH}\adedeG�^�GVf)G��/D)d9\LD�G R F�H>G�W)H�KG)FR G�D/F�KG RJi H¨N_\t��` i H>Gy¾ { ³ ; r G R F0G�D�IÀ\aBPF i D)Gy^�B»ª i�R B Q DeG�D/F�H>G i DÇKG�NPG°MmF�H Q D�G�F i DVW QSR BEF Q D r)Q �i NÀA i D^�G R NPG�W�F Q D R \�KG�deB R�i De~ Q�RJQ D�T9G © M
BPF�KG {�| \ R GaMmF�B Q DeG��9M�\qMmG�^�GyM
G#W)H Q MmG R>RJi�R W+G i FO^ Q D�M!¿G�F>H�GF�H��G R `bHc\LD�^�G 8ZY�Q BEG �

; r ^ÂA�\ i F}\aD�FyW)N i�R N Q H R z i G!N_\ed9\ R�R G!BPD Y \aH�BÊ\LD/F�G�^ i ~ Q�RJQ D T)Á�G R FyW�G�F>BPF�G {¸ \LHoM Q D R KGaz i G�D/F r�RnQ BPF i D KG�NEGaMmF>H Q D9G R F Y/i W]\LHtNEG�^¨KG�F�GaM
F�G i H r G�F�N�A>KG Y KG�D�G�d�G�D�F�G R F�IÀ\qMmBPNEG�deG�D/FH�G 2 G�Fc\L~)NEG r/RJQ BPF�\ i M i DÃKG�NPG°MmF�H Q DeD&A G R F�^¨KG�F�GaM
F)KGtG�F�\LN Q H R NPG R W)H Q ^ i BPF R ^/G½NÊ\�^¨KG R BPD�F)KG�`qH}\LF>B Q D±^ iT)Á�^ Q D�D)G�D/F i DÛKG Y KG�D�G�deG�D/F¨^ i Fn��W�GyX�\b^/H Q D�B_z i G�\ Y GaM i D±~)BEN_\aD¯KG�D)G�H�`ÉKG�F�B_z i GyD�KG�`S\LF>BÄI {�· \LD RMmG!^�G�H�D)BEG�HtM�\ Rmr NPG�~ QSRJQ D-T)Ák\��/\LD/F#F>G�D�^)\aD�MmG¡�\�¿G�F>H�G KG�dVB R NPGgN Q D)`9^�G!NÀA�\ © G!^ i IÀ\LB R MmGa\ i&r NEG RW�\LH>F�B_M i NPG R ^�G!NÀA�KG Y KG�D)G�dVG�D�F RJQ D�Fy^¨KG�F�GaM
F)KG�G R ^)\aD R NEG R H�KG�`bB Q D R �\eN�A \ Y \aD�F r M
G�z i B(D&A G R FtW]\ R NPGM�\ R ^�G R KG Y KG�D)G�dVG�D�F R ^ i¡R BE`bD�\aN&W)H�KG R G�D/F}\aD�F i D¡^0KGm��MmBEF0G�D KG�D�G�H�`qBPG {/¸ N i�R NÊ\�d9\ R>R GtBED Y \aH�B_\aD�F>G^ i ~ Q�RJQ D T Á G R F�W�G�F>BPF>G r W�N i�R NEG R KG Y KG�D)G�deG�D/F R M Q H>H�G R W Q D�^)\aD�F9H>G R�R G�d�~�NPG�D/F9�\¼^/G R KG Y KG�D)G)FdeG�D/F R B R>RJi�R ^�G R BPD/F�G�Hc\bMmF>B Q D R �\9^�G i)© W)X Q F Q D Rmr IÀ\bMmBENPG�dVG�D�F¨H�G 2 G�F}\L~�NPG R
{Â¸ \aHgM Q D R KGaz i G�D/F r N_\R BPd i NÊ\LF�B Q DÐ^�G¡MmG9W)H Q M
G R�Rni�R G R F�IÀ\LBEF�G r M Q dedeG 2 G9NEGÅW�H)KGaMmB R GeW�N i�R N Q BPD r G�D-BPdeW Q�R \LD/F i D)Gd9\ R>R G!BPD Y \LH>B_\LD/F�G!dVBPD)BEde\aNPG r MmG�z i BpH�KGa^ i BEFtN_\ R GaMmF�B Q D�G��hM�\qMmG�^�G R KG Y KG�D)G�dVG�D�F R �\eW)H�G�D]^�H�GG�D¡M Q deW�F�G {
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| G9W)H Q M
G R�Rni�R G � G�N � T)ÁaT)Á¨G R F!H>G�W)H�KG R G�D/F�KGVW�\LH!NÀA i D-^/G R ^�B_\a`bHc\LdedeG R ^/GÅNÊ\Å��` i H�G¡¾ { ³ {Ë \ R G°MmF�B Q D G��9M�\qMmG�^/G Y BEG�D/F!BPdeW Q H>F}\aD�F>GÅN Q H R z i G�N�A>KG�D)G�H>`bBPGh^)\LD R NEG�MmG�D/F�H>G¡^�G�d9\ R>R GÆ^�G RM Q NENPB R B Q D R ^¨KG�W�\ R>R G�NPG R G i BPN�^�G�W)H Q ^ i MmF�B Q DÛ^�G R W�\aBPH�G R ^�G�~ QSRJQ D R T RJi HÅNEG i H9M Qbi M}X)G�^�Gd9\ R>R G { l G�W�G�D�^�\LD/F r NÊ\ Y \LNEG i H�^�GtN_\ R GaM
F�B Q DeG��hM�\bM
Gt^�G�deG i H>GOd Q ^�G R F�G r ^�GtNÀA Q H}^�H>Gt^�G 4 W)~ {¸ \LH�M Q D R KGaz i G�D/F r d�¿G�deG R BÂNEG R KG Y KG�D)G�deG�D/F R B R�Rni�R ^�GgMmG�W)H Q M
G R�Rni�R W�G i�Y G�D�Fo¿G�F>H�G i DÅ~�H i BEFO^�GI Q D�^±W Qbi H½NEG R BE`bD�\aN r BPN R W+G i)Y G�D/F!¿G�F>H�G RJi � R \adeG�D/F#H>G 2 G�F�KG R W Qbi H�z i G!NEG i Hoz i \aD�F>BPF�KG!D)G RJQ BPFW�\ R `�¿G�D�\LD/F�G {]| GyH>G 2 G�F¨^�GyMmG R KG Y KG�D)G�dVG�D�F R W�G i F�¿G�F�H>G#H�KGa\LNEB R KG�H r ^)\LD R NPGyM�\ Rmr W�\LH¨G © G�deW)NPG rLQ �i
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z i \aF�H�G 2 G�F RtRnQ D/F�M
H)KGkKG R
r G�D�H�GaM Q D R F>H i B R \aD�FtNÊ\�d9\ R�R G�^/G!N�A Q ~ 2 G�F�BPD)BEF�B_\aN�W�H Q ^ i BEFtW�\aH½W]\LBPH>G RmrW�H Q M}X)G!^�GyNÊ\�d9\ R>R Gy^ i T {
��D�\ i F�H>G�W)H Q MmG R�RJi]R M Q D R BÊ^0KG�H�KG�^)\LD R NPG R \aD�\LNE� R G R W)H�KG R G�D/F�KG�G R W�\aH&N_\ RJi BPF�GÉG R F&NÊ\0W)H Q ^ i MmF�B Q D^�A i D9~ Q�RnQ D � i D)BÊz i G 8 G � G�N � � G ��� ; r)Rni B Y \LD/FONPG R ^�BÊ\L`bHc\LdedVG R�RJi B Y \aD�F Rmr M Q H>H�G R W Q D�^)\aD�F�\!N�A Q Hc^�H�Gg^ Q deBPD�\aD�F�^ i ^0KG Y G�N Q W)W�G�dVG�D�FÉW+G�H�F i H�~�\aF�BÄI�j

| G R KG Y KG�D)G�deG�D/F R B R�RJi]R ^�GgMmGyW)H Q MmG R>RJi�R W�G i)Y G�D/Fy¿G�F>H�GtIÀ\bM
BPNPG�deG�D/F?H�G�W�KG�H�KG R M�\LH r�RJQ BPF�N�A>KG�NPGaM FF>H Q D9^�GtNÀA�KG�Fc\LF?��D�\aN+G R FO^¨KG�F�GaM
F)KGg�\½NÀA�\ Y \LD/F¨^ i ^¨KG�F>GaMmF>G i H rSRJQ BEF0BEN)G R F¨F�H Q WeW)H Q M�X�Gy^�G�N�A�\ © Go^�G RIÀ\aB R MmGa\ i�© G�F?\aN Q H R ^�G i�© 2 G�F R&Qbi�i D!NPG�W)F Q DgB RJQ N�KG RJQ D�F Y�i�R W�\aH?NPG¨^¨KG�F>GaMmF>G i H { l G�W+G�D�^)\LD/F r ^)\aD RNEG�M�\ R ^�G!N_\e^¨KG R BED)F�KG�`qH}\aF�B Q D�X�\b^/H Q D�B_z i G�^ i ~ Q�RnQ D � r N�A i D�^�G R z i \aH�� R W�G i F R ACX�\q^�H Q D)B R G�H^/G�d9\aD)BÀ�G�H�GV�\eW)H Q ^ i BPH�G�^/G i)© 2 G�F Rmr N�A>KG Y KG�D�G�deG
D�F¨W Qqi)Y \LD/F!\aN Q H RyR BPd i NEG�H i D KG Y KG�D)G�dVG�D�F�^ iR BP`qD�\LN ¹ � ¹ N � M R � � � { l G!W)H Q MmG R�RJi]R G�D)`qG�D�^�H>G!^ Q D�M i D±~�H i BEFt^�GyI Q D�^�z i B(W�G i Fy\�ªÂG°MmF�G�HNÊ\ R G�D R BE~)BPNEBPF�KGg�\½N_\tW)H�KG R G�D�MmGo^ i9R BE`bD�\aN r MmG�W�G�D]^)\LD/F�N_\ R GaMmF>B Q D�G��hM�\bM
G0IÀ\LBP~�NPGo^�GyMmG�W)H Q M
G R�Rni�R
8 u r Þ 5 W)~-�\ 4�¬74� G�® ; NEBPdeBEF�G�MmGoW)H Q ~)NÀ�G�dVG {
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| G9W)H Q M
G R�Rni�R!¹ � ¹ N � M�� R � M R ^ Q D�D)GeNPBEG i �\¡\ i d Q BED R z i \LF�H>G ��G�F R H�KG RJi NEF}\LD/F!^/GeN�A X�\b^�H Q FD)B R \LF�B Q D ^�G R z i \LH�� R
{ � i \aF�H>G±G R F i D D Q d�~)H�G9deBED)BPd9\aN¨M�\LHeBENOG R F�W Q�R>R BP~�NPG�z i G±NÀA i D ^�G Rz i \aH�� R Hc\°� Q D)D)G i D-`bN i)Q D {0Ë BOMmGV`bN i�Q D \ i D)G¡z i \LD/F�BEF)KG9^�GVd Qbi)Y G�deG�D/Ft^ Q D�F!NÊ\�M Q dVW Q FR \LD/F�G Q H�F>X Q ` Q D�\aNPGh�\ NÊ\�^�BEH�GaMmF>B Q D9^�G Y�Q Nk^ i z i \aH���G R F Rni � R \LdVdeG�D/F?BPdeW Q H�F}\aD�F>G r \LN Q H R0i DMmBPD�z i BÀ�G�deG���G�FyW�G i Fe¿G�F�H>Ge^/B R F>BPD)` i KG�G © W�KG�H�BEdeG�D/F}\LNEGmd�G�D�F {�� NÀA Q W�W QSR KG r BPN R G�W�G i F!z i G�NÀACX�\<F^�H Q D)B R \LF�B Q DÐ^�G�^�G i�© z i \aH�� R H)KG Rni NPF>G�G�D i D�G�D R G�d�~)NEGg^�G!W�\LH>F�BÊM i NPG R F�H Q WÐ^�B R W+G�H R KG�G R ^)\LD RN�ACG R W�\qMmGOW Qbi H�z i A i DV\LNP` Q H>BPF�X�deGOW i B R�R G�^�B R F�BPD�` i G�H¨^�G i)© ��G�F R
{/ß DVd Q ��G�D)D)G r M
G�W�G�D�^)\aD�F r NEG RKG Y KG�D)G�deG�D/F R ^ i9R BE`bD�\aN Q D�F�z i \LF�H>G���G�F R ^�B R F>BPD�MmF Rm{ l G R ��G�F RORJQ D�F�^�GyFn�/W+GoX�\b^�H Q D)BÊz i G r MbA G R F F�\�F�^�BPH>G±z i A BPN R M Q D�F>BPG�D�D)G�D/F�W)N i�R BEG i H R W]\LH�F>B_M i NPG R M�X�\aH�`ÉKG�G Rm{Éß D���D r NÀA�KG�D)G�H�`bBEG9^)\aD R NEG9MmG�D/F�H>G^�Gyd9\ R>R G!^/G�N_\�M Q NPNPB R B Q D¡^ Q BEF R G�H>G�F�H Qbi)Y G�HOW�H�G R z i GgBPD/F�KG�`qH}\aNPG�deG�D�F¨^)\aD R NÀA>KG Y KG�D)G�deG�D/F r NEG RD)G i F>H�BPD Q�R D&A>KG�Fc\LD/F¡KG Y G�D�F i G�NENPG�d�GmD/FOM
H)KGkKG R z i A�\ i D)B Y Ga\ i ^�G�NÊ\e^0KG R BPD)F�KG�`bHc\LF�B Q DÆ^�G�W�\aH�F>B_M i NEG RR GaM Q D�^)\aBPH�G Rmr MbA G R F F
�\<Fn^�BEH�GeG�DÑIÀ\LBE~)NPGhz i \aD�F>BPF�KG {0| \Æ�]` i H>G�¾ { ¬ BENPN i�R F>H�G R M�X�KG�d9\LF>B_z i G�d�GmD/FyN_\F Q W Q N Q `qBPG�^�G R KG Y KG�D)G�deG�D�F R ^ i�R BE`bD�\aN {&| \VIÀ\aBP~)NEG!W�G�H�F>G!^ÂA>KG�D)G�H>`bBPGgG�Fy^ÂA BPD�I Q H�d9\aF�B Q D9W�G�H�deG�F^�G�H>GaM Q D R F�H i BPH>G!NPG R z i \b^�H>B Y GaM
F�G i H R KG�D)G�H�`qBPG)FÀBPdVW i N R B Q D"!JÔ �  $# ^�G�M}X�\qz i Gg~ Q�RJQ D ¹� BED)BPF>B_\aN\ Y G°M i D)Gy~ Q D)D�G�W)H�KGaMmB R B Q D r G�D i F>BPNEB R \aD�F i D�\%� i�R F>G�deG�D/F¨MmBPD�KG�d9\LF>B_z i G�M Q D/F�Hc\LBED�F {
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| \ ^¨KG�d9\LHcM�X�G±^�A�\LD]\LNP� R G�G R FeN_\ Rni B Y \aD�F>G�j'��G R KG�NPG°MmF�B Q D)D)GÆ^)\LD Rhi D3W)H>G�deBEG�H!F�G�dVW R NEG RKG Y KG�D)G�deG�D/F R W)H�KG R G�D/F}\aD�F i D)G�F Q W Q N Q `qBPGÆ�\Åz i \aF�H�G(��G�F R W)H Q M}X)G�^�GVMmG�NENPGg^�G R KG Y KG�D)G�deG�D/F R ^ iR BP`qD�\LN � ��G!H�KG°\LNPB R G!G�D RJi BEF�G i D)Ge^/B R M
H�BPdVBPD�\aF�B Q D9G�D�F>H�G!NEG R KG Y KG�D)G�dVG�D�F R ^ iÐR BE`bD�\aN�G�FyMmG i�© ^�G~)H i BEF�^�GOI Q D�^�^ Q deBPD�\aD�F8^8¿i \ i W�H Q MmG R>RJi�R G � G.N � z��z)!ZD�§ # r �\tN�A \LBÊ^�G�^ÂA i D)G0I Q D�M
F�B Q D�NEBPD�KG°\LBPH>G�\hW�N i�R BPG i H RtY \aH�BÊ\L~)NEG R� ��A \*� i�R F�G!��D�\LNEG�deG�D/F�NPG R z i \LD/F�BEF)KG R ^/G�d Qqi)Y G�deG�D�F�^�G R z i \aF�H�G R ��G�F R^�G�dh\LD)BÀ�G�H�G¡�\±G R F�BEdeG�H�N_\Ådh\ R�R GeM Q ded i D)G²\ i)© ^�G i)© W�\aH�F�BÊM i NEG R BPD)BEF�B_\aNPG R X/��W Q F�X�KG�F>B_z i G R
rG�F+��A i F�BPNEB R G½NÊ\ Y \LNEG i Hy^�G�M
G�F�F>G!d9\ R>R G�W Qqi HyH�GaM}X)G�HcM�X)G�H i DÒG © Mq�G R#R BP`bD�BÄ��M�\aF�B»IO^�A�KG Y KG�D)G�dVG�D�F RH)KG�G�N R!R KG�NEGaMmF>B Q D�DOKG Rmr W]\LHeHc\LW)W Q H>F9\ i�© W)H�KGa^�B_M
F�B Q D R B R�Rni G R ^�G±NÊ\ R BEd i N_\LF>B Q D-^�G R W�H Q MmG R>RJi�RR F}\aD�^)\aH}^ R
{
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| G R dÇKG�F�X Q ^�G R ^/G±^/B R M
H�BPdVBPD�\aF�B Q D�G�F!^�A�\*� i�R F�G�dVG�D�FgMmBEDOKG�d9\aF�BÊz i G RnQ D/F�^0KGaMmH>BPF>G R ^)\LD R N_\R GaMmF>B Q D¡¾ { « {
��������� � ��' �t � ��	�$ �g$��n$�� �n ') �� �+* �n � 	�$�� ���#*� 
| A>KG�F}\aF#��D�\aN?H�KG RJi NEF}\LD/Fo^ i W)H Q M
G R�Rni�Ry¹ � ¹ N � M R � � � G R FyM�\aH}\bM
F)KG�H>B R KGgW�\LHoN_\�W)H�KG R G�D�MmG!^/GF>H Q B R ��G�F R
r ^�G i�© KG�Fc\LD/F½B R�Rni�R ^�G!N�A X�\b^�H Q D)B R \aF�B Q D¼^/G R z i \aH�� R G�FtNPG!F>H Q B R BÀ�G�deG�KG�Fc\LD/F�^?¿i �\eN_\^¨KG R BED�F�KG�`bHc\LF�B Q DÆ^ i NEG�W)F Q D±Fc\ i&{ l G R F�H Q B R ��G�F R�RJQ D�F�H�KG�W�\LH>F�B R ^)\aD R N�A G R W]\bMmGg^�Gyd9\aD)BÀ�G�H>GtW�G iM Q deW�\aF�BE~)NPG�\ Y GaM!N_\9W)H Q ^ i MmF�B Q D ^�GV^�G i)© z i \LH�� R W�H�BPdh\LBPH>G R KG�dVB R ^ QSR F��\�F�^ Q�R
{0· GeW)N i]Rmr ^ iIÀ\aBPF�^�GoN_\�W)H�KG R G�D]MmGy^ i D)G i F�H�BED Q W]\LH�dVBÂNPG R z i \LF>H�GtI�G�H�dVB Q D R BED)BPF>B_\ i)©Âr G�F�^ i IÀ\LBEF�z i GoNPGtFc\ iR Gg^0KG R BED�F��G�`bH>G#G�D i D R � R F��G�deG�M Q D�F>G�D�\LD/FO\ i d Q BED R?i D9D)G i F>H�BPD Q !+,.-+/ i DV~ QSRJQ D � Y BPH�F i G�N # rBEN&d9\LD]z i G�^�GyN�A>KG�D)G�H�`qBPG {

e

τ
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| A \LD�\aNP� R GÆ^�G R ^ Q D)DOKG�G R H�G�W QSR G¡G�D-`bH}\aD�^�G¡W�\LH>F�BPG Rni H�NÀA>KG�F>B_z i G�Fc\L`bGh^ i ��G�F�^ i Fc\ i&{OË G RM�\LH}\qMmF�KG�H�B R F�BÊz i G R H)KG Rni NPF>G�D�F�^/G R ^�B»ªoKG�H�G�D/F R d Q ^/G R ^/G�^¨KG R BED�F�KG�`bHc\LF�B Q DÆ^ i NPG�W�F Q D {Â| G�F}\a~)NPG°\ i¾ {CI H}\ R�R G�d�~)NEGyz i G�N_z i G R H�KG Rni NPFc\LF R ^�G R deG RJi H�G R ^�G R H}\aW)W Q H>F R ^ÂA G�d�~)H}\aD�M�X�G�d�G�D�F�^ i NPG�W)F Q DFc\ i G�D9NPG�W)F Q D R W�N i�R N�KG�`qG�H R�Qbi G�D9X�\b^�H Q D R
{· \LD R �q³ v ^�G R M�\ R
r�i D ��G�FO^�G�F}\ i G R F�M Q D R F�BEF i KGo^ÂA i D)GtW�\aH�F�BÊM i NEGtM}X�\LH>`ÉKG�G¡KG Y G�D/F i G�NPNEG�d�G�D�F\qM�M Q deW�\L`qDOKG�G�^�G i D Qqi W)N i]R BPG i H R W)B Q D R D)G i F�H>G R@J�K�r z i B R G�^¨KG R BPD/F��G�`bH�G�D�F&BEded KG°^�B_\aF�G�d�G�D�FÂG�D^/G i)© W)X Q F Q D R \ i)© ^�BPH>GaMmF>B Q D R ^�G Y�Q N]M Q NEBPD�KGa\aBPH>G Rm{q¸ \LH¨M Q D R KG°z i G�D�F r ^�G i)© Fn�/W+G R ^�A�KG�F>B_z i G�F}\a`bG^ i ��G�F¨^ i F}\ iVRJQ D�F¨W Q�R�R BP~)NEG Rm{)| A i D�G R FO^/GOFJ�/W�G#G © MmN i�R B»I r G�F0M Q D R B R F>G#W]\LH0G © G�dVW)NPGo�\tH�G�W�KG�H�G�HNEG#W�N i�R G��hM�\bM
G�deG�D/F&W Q�R�R BP~)NEG#NEG R ^¨KG R BPD/F�KG�`bH}\aF�B Q D R ^ i F}\ i G�D i D KG�NPGaMmF>H Q D Qbi�i Ded i)Q D!B RJQ N�KG r�\yN�A \LB_^/G�^ i W Qqi)Y�Q BEH0^�ACB_^/G�D�F>BÄ��M�\LF�B Q D�^ i ^¨KG�F>GaMmF>G i H {q· \aD R MmGoM�\ Rmr�Q D�G R F¨M�\aW�\L~�NPG r \ i deBEG i)©�r^/G R KG�NPGaM
F�B Q D)D)G�H(NPG R BP`qD�\LN�\ Y GaM i D)G#G��9M�\qMmBPF�KGO^�G�¾ ¬ v {�Ë B+NÀA Q D!F�BPG�D�F�M Q deW)F>GO^�G R BPD)G��9M�\qMmBPF�KG R^�ACB_^/G�D�F>BÄ��M�\LF�B Q D�G�FO^/GtdeG Rni H�Go^�G R \aD)`bNEG R ^ÂA B RnQ N_\aF�B Q D r MmGtD Q d�~)H>Gt^/G Y BEG�D/FpBED�IqKG�H>BPG i H��\!¾buwv {| A \ i F>H�G�^¨KG�d9\LHcM�X)G�^ÂA>KG�F>B_z i G�Fc\L`bGyG R Ft^/G½Fn�/W�G�BPD]MmN i�R BÄI r G�FtM Q D R B R F>G9�\�F Q N�KG�H�G�HONÀACG�D R G�d�~)NPGo^�G Rd Q ^�G R ^/G9^0KG R BPD/F)KG�`qH}\LF>B Q D-^ i F}\ i&r \ i ~�KG�DOKGm��M
Ge^ÂA i D)GeG��9M�\qMmBPF�KG!W)N i]R `bH}\aD�^�G9z i G9^�\LD R NEGW�H�G�deBEG�HyFn��W�G9^ÂA \LD�\aNP� R G r d9\LB R \ i ^¨KG�F�H>BPdeG�D/Fy^ÂA i D-~)H i BPF!^/G�I Q D�^-H�KG R B_^ i G�N�N i B�\ i�R>R B�W)N i�RBEdeW Q H>F}\LD/F r M Q dVdeG#BEN R G�H}\ Y/i W�\aHON_\ Rni BPF>G {
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� W�\aH�F>B_M i NEGyM}X�\LH>`?KG�G 	 D�G i F�H>G ! R # �b³ r ³ v^ Q D�F�j G�N ����� � �<� r uwv
�4N � �a� � � s r ¬ vX N � � � I�r Þ vXCN J K � � I ³ r sbvX0N IFJ K � � Þ r ¬ v¾!W�\LH>F�BÊM i NPG R M}X�\LH>`?KG�G R 	 D�G i F�H>G ! R # �m« r « v^ Q D�F�j X0N�XCN)X �&� � � r « v

J(' ) �(¾ {CI 
 � 6H0�0�;�1+5>2�D�� �)A*-�1>6H4�=.a��)A*�)4 5 D��32"0�1+9 4�=39 0�6#��> A�;�D��32�D�� D ?�32>9 4 5�?����1>685>9C;F4 D�� ���)0�5>;F4
5(6#� 5��): G�a D ?�32>9��F4������ 0�9C;F4 ;��@� �	�)68;�4�=�
�6H1�� ?� $�  ;.���  (3G

· \aD R NEG�M�\q^�H�GÐ^�G�MmG�F>F�G R KG�NEGaMmF�B Q D BPD�MmN i�R B Y G¡z i G ��A \LBy\q^ Q W�F)KG�G r¨Q DÛ\bM�MmG�W)F�G�z i G�NPG ��G�FM Q D/F�BEG�D)D)GyW)N i�R ^ÂA i D)G�W]\LH�F>B_M i NPG!M}X�\aH�`ÉKG�G rÂR \LD R M}X)G�HcM�X)G�Hg�\�NPG R B_^/G�D�F>BÄ��G�H {�ß D±IÀ\LBEF r ^�G R W)H Q F~)NÀ�G�dVG R ^�GgH�GaM Q D R F�H i MmF�B Q D±G�Ft^ÂA Gmª�G�F R ^ i ^0KG�F�G°MmF�G i H r ^�A i D)GgW�\LH>F r G�F�N�ACBED)G��hM�\bM
BPF�KGo^�G R \LNP` Q FH�BPF>X)deG R ^ÂA \L`qH)KG�`S\LF�B Q D�G�D ��G�F Rmr ^ÂA \ i F>H�GyW�\aH�F r�Q D/FOF�G�D�^)\LD]MmG9�\!\ i `bdeG�D�F>G�H�MmGtD Q d�~�H�G {�º N&G R FW�\LH�M Q D R KGaz i G�D�F(D�KGaM
G R�R \LBPH>G�^ÂA i F�BPNEB R G�H(^ÂA�\ i F�H>G R M�\aH}\qMmF�KG�H>B R F�B_z i G R ^ i ��G�F r G�D!W�\LH>F�B_M i NPBEG�H�NEGpIÀ\aBPFz i G�NPG ��G�F�KG�F�BÊz i G�F)KG�D)G9^ Q BPF�W]\ R \ Y�Q BEH i D)Ge`bHc\LD�^/GÃKG�D)G�H�`qBPG�G�D¼Hc\LB RnQ D-^/GeN_\9W)H�KG R G�D�MmGh^�G RD)G i F>H�BPD Q�Rm{
· A \ i F>H�GtW�\aH�F r d�¿G�dVG R B�NPG R D)G i F>H�BED Q�R B R�Rni�R ^/G R ^¨KG R BPD/F�KG�`bH}\aF�B Q D R ^ i ~ QSRJQ DÅG�FO^ i F}\ i G�dEFW Q H�F>G�D�F�^/G½NÀA>KG�D�G�H�`qBPG�G�F�^ Q D]M�^�GyN�A BPD�I Q H�d9\aF�B Q D RJi H�NPGtW�H Q MmG R>RJi�R W)X�� R BÊz i GtH�GaM}X)G�HcM�X�KG r BPN&G R FG�D�M Q H�G�W QSR�R BP~)NEGt^ÂA \LW)W�NPB_z i G�H i DV\*� i�R F�G�dVG�D�F8MmBPD�KG�d9\LF>B_z i G RJi H¨NPG R z i \LD/F�BEF)KG R ^�G�d Qbi�Y G�deG�D/FdeG RJi H)KG�G R ^�\LD R NÀA>KG Y KG�D)G�deGmD/F r \°�]De^�G¨H�GaM Q D R F�H i BPH�G¨NPG R M�\aH}\bM
F)KG�H>B R F>B_z i G R ^�G R z i \aF�H�G�I�G�H�dVB Q D RBPD)BEF�B_\ i)© G�F�^ÂACG�D9^0KGa^ i BPH�G i D�G½G R F�BEd9\LF>B Q D9^�GyN_\�d9\ R�R Gy^ i ~ QSRJQ D {
| \eH�GaM}X)G�HcM�X�G�^ i�R BE`bD�\aN�^)\aD R MmG�F�F>G�F Q W Q N Q `bBEG R G�^¨KG°M Q deW QSR G!^ Q D�M�G�DÆMmBPD]zÇKG�F}\LW�G R j i D)GW)H�KG R KG�NPG°MmF�B Q DyX�\b^/H Q D�B_z i G0H>G���G�F}\aD�F(NPG R KG Y KG�D)G�deG�D�F R M Q NPBEDOKGa\aBPH�G Rmr�i D KG�F>B_z i G�Fc\L`bG�^ i ��G�FÉ^ i F}\ i&ri D)Gy^�B R MmH>BPdeBED�\LF>B Q D!G�D�F>H�G�NPG R BP`qD�\LN&G�F¨NPG�W)H Q M
G R�Rni�R G � G�N � z+�z)!ZD)§ # �\�N�A�\aB_^�Go^ÂA i D)G#I Q D�MmF�B Q DNPBPD�KGa\LBEH�Gy�\tW)N i�R BEG i H R�Y \LH�BÊ\L~)NEG Rmr�i DV\*� i�R F�G�dVG�D�FÉMmBEDOKG�d9\aF�B_z i G�W�G�H�dVG�F�Fc\LD/F?^ÂA>KG Y \LN i G�H?NÊ\#d9\ R>R G^�GON�A Q ~ ��G�F?BED)BPF>B_\aN)W)H Q ^ i BPF¨G�D!W�\LBEH�G R
r G�F i D)Go\LD�\aNP� R Go^0KG�W�G�D�^)\aD�F¨^�GoMmG�F>F�GOd9\ R�R GOW Qqi H0F>G R F>G�HN�ACX/�/W Q F�Xk�G R Gy^�GyNÊ\�W)H�KG R G�D�MmGg^ÂA i D R BE`bD�\aN {

��������� � ��' �t �� ��	�$ ��$��n$�� �n �½*O"� ��  �
	 �n � 	�$�� ���#*� 
| G!W)H Q MmG R�Rni�Ry¹ � ¹ N ��� �&� � � N � � ^ Q D�D)G!NPBEG i �\ i D KG Y KG�D)G�dVG�D�F¨M Q D�F>G�D�\aD�Fo^�G i)© ��G�F R ^�GIÀ\LBP~�NPG9d i NPF�BEW)NPBEMmBEF/KG�B R�RJi]R ^�G±NÊ\Ò^¨KG R BED)F�KG�`qH}\aF�B Q DÇ^�G R NEG�W)F Q D R F}\ ik{0· A \LW)H��G R NPG±Fc\L~)NEGa\ i ¾ {<I�rQ D W�G i F�H>G�d9\LHcz i G�H!z i G±NÊ\±W)H Q W Q H�F>B Q D¯^ÂA>KG Y KG�D)G�deG
D/F R \��/\LD/F R G i NPG�deG�D/F�^/G i)© W�\aH�F>B_M i NEG RM�X�\aH�`ÉKG�G R G R F(^�GOs I v {b| \ R F�Hc\LF�KG�`bBEG0^/GpH>GaM}X)G�H}M}X)GÉM Q D R B R F}\aD�F��\�D�G R KG�NPG°MmF�B Q D)D)G�HÂz i G¨^�G R KG Y KG�D)G)FdeG�D/F R \��/\LD/F�^�G i�© W�\aH�F�BÊM i NEG R M}X�\aH�`ÉKG�G R B RnQ N�KG�G R BPdeW)NEB_z i G�W�\LH8M Q D R KGaz i G�D/F i D)GOBED)G��hM�\bMmBEF�KG¨^�G

I � vx\ Y \LD/F0F Qqi F�G R KG�NPGaM
F�B Q D { �#D�Gy\ i F>H�Gy^¨KG�d9\LHcM�X�G Y B R \LD/Fy�\tIÀ\ Y�Q H�B R G�H¨N_\yW i H�G�F)KGy^�G�N�A \LD�\aNP� R GG R F(^�G¨D)G R KG�NEGaMmF>B Q D�D)G�H(z i G�NPG R KG Y KG�D)G�deG�D/F R �\#^/G i)© ��G�F R ^ Q D/F�NÀA i DyD)G�M Q D/F�BEG�D�Fkz i A i DÐKG�NPGaM
F�H Q D
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Qqi9i D�d i)Q DeM Q dedeG¨W�\LH>F�B_M i NPG�M}X�\LH>`ÉKG�G {]| A \LD�\aNP� R GtDkACG R F0\aN Q H R0R G�D R BP~)NEGtz i �\�¾ ¬ vx^ i9R BP`bD]\LN r\ Y \LD/F�F Qbi F�G R KG�NEGaMmF>B Q D {Ë BPdeBEN_\LBEH�G�d�G�D�F�\ i)© M}X Q B © Gmª�GaMmF i KG R ^)\aD R N�A�\aD�\LNE� R G�^�G!N_\�F Q W Q N Q `qBPG R G�dVB FÀNPG�W)F Q D)BÊz i G r G�FG�DÒHc\LB RnQ DÐ^ i IÀ\LBPF�z i G�N_\�N i deBED Q�R BPF�KG�BPD/F�KG�`bH�KG�G!M Q H�H�G R W Q D�^�\LD/F!\ i�© ^ Q D)DOKG�G R G�D�H�G�`qB R F>H�KG�G R \KG�F)KG�H�G�NÊ\LF�B Y G�d�G�D�F�W�G�F�BEF�G r ��A \LB�\ i M Q D/F�H}\aBPH>GOdeB R \ i W Q BPD/F i D)G�\LD�\aNP� R G�BPD�M
N i�R B Y G r H>GaM�X�G�H}M}X�\LD/F^/G i)© ��G�F R ^�G�IÀ\aBP~)NEG#d i NEF�BPW�NPB_M}BPF�KG0G�F¨^�G�IÀ\LBP~�NPG¡KG�D)G�H>`bBPG r I Q H>F�G�deG�D�F�\qM Q NEBPD�KG°\LBPH>G Rm{/| \½��` i H>Gy¾ { �BENPN i�R F>H�G R M�X�KG�d9\LF>B_z i G�d�G�D�FÉNPGtFn�/W+Gg^ÂA>KG Y KG�D)G�deG�D�F R H�GaM}X)G�HcM�X�KG Rm{
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| A \LD�\aNP� R GyG R F R F�H i MmF i H�KG�G�^�GtN_\�dh\LD)BÀ�G�H�G Rni B Y \LD/F�G�j%��GyH)KGa\aNPB R G#F Qbi Fo^ÂA \L~ Q Hc^ i D)GyW)H�KG R KG�NPG°M FF>B Q D±^�A�KG Y KG�D)G�dVGmD/F R �\tIÀ\LBE~)NPG R d i NPF�BEW)NPBEMmBEF/KG0G�FVKG�D)G�H>`bBPG r G�DeW)H�G�D�\LD/F RnQ BPD¡^ÂA \ Y�Q BPHo�\gMmGtW)H>G�deBPG�HD�B Y Ga\ i¼i D¼~ Q D \qM�M Q Hc^ÒG�D/F�H>GeNPG R ^ Q D)D�KG�G R H)KG�G�NENPG R G�F�NEG R ^ Q D)D�KG�G R!R BEd i N�KG�G R � ��GVH�G���G�F>F�G!G�D�FRni BPF>G#NEG R KG Y KG�D)G�deG�D�F R W)H QaY G�D�\LD/F�^�G R BPD/F�G�H}\bM
F�B Q D R �\g^�G i)© W)X Q F Q D R ^/G#d9\aD)BÀ�G�H�GOW)N i�R�R F�H>B_MmF>G �
��A \L`qH��G�`qG�G�D��]D�NPG R W�\aH�F>B_M i NEG R G�DÆ^�G i)© ��G�F R G�F��A i F�BPNEB R GtNPG i H R M�\aH}\bM
F)KG�H>B R F>B_z i G R MmBEDOKG�d9\aF�BÊz i G RW Qqi HOH�G���G�F�G�H?NEG R KG Y KG�D)G�deG�D�F R \��/\LD/F¨^�G i)© NPG�W)F Q D R KG�deB R ^ Q�R F
�\<Fn^ QSRmr G�F¨NPG i H R M�\LHc\bMmF�KG�H�B R F>B_z i G RKG�D)G�H�`ÉKG�F�BÊz i G R W Qbi Hy^�BPdVBPD i G�H?NEG½~�H i BEF�^�GtI Q D�^9^?¿i \ i W�H Q MmG R>RJi�R G � G N � � � � N {
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| \ÒW)H�KG R G�D�MmG¡^ÂA>KG�D)G�H�`qBPG9d9\aD�z i \LD/F�G"!ÀMbACG R F�F��\�F�^�BPH>G9NPGeIÀ\LBEFez i G±NEG9~)BPNÊ\LD KG�D)G�H>`ÉKG�F>B_z i G RJQ BPFDOKG�`�\aF�B»I # ^)\aD R NEG R KG Y KG�D)G�deG�D/F R H>GaM�X�G�H}M}XOKG RtQ �i \ i d Q BPD R NÀA i D ^�G R ~ QSRJQ D R9¹�tR GÆ^0KG R BPD)F��G)F`bH�G�NPG�W)F Q D)B_z i G�deG�D�F r BPD�MmBEF�Gh�\ÅN_\edeB R G!G�D(' i)Y H�GV^ÂA Qqi F�BEN R W�G�H>deG�F�Fc\LD/Fy^ÂA>KG Y \LN i G�HtNPG�deBEG i)©W QSR�R BP~)NEG�NPG�� i)© ^ÂA>KG�D)G�H>`bBPGg^)\aD R M�X]\bz i GÐKG Y KG�D)G�deG�D�F {�ß ª�GaMmF�B Y G�deG�D/F r MmG�H�Fc\LBED R KG Y KG�D)G�dVG�D�F RW+G i)Y G�D/F#¿G�F�H>G#F>G�N R z i G�NPG R \LNE` Q H�BPF>X)deG R ^�G#H>GaM Q D R F>H i MmF>B Q D9MmH�KG�G�D�F8\LH�F>BÄ��M
BPG�NENPG�d�G�D�F i D9^¨KGmIÀ\ i F^ÂA>KG�D�G�H�`qBPG { l A G R FtFn�/W)B_z i G�dVG�D�F¨NPG�M�\ R N Q H R z i A i D)G!W�\aH�F>B_M i NEG�M�X]\LH�`ÉKG�G�G R FyF�H��G R#Y�Q B R BED)G!^ÂA i D)GW�\LH>F�B_M i NPG?D�G i F�H>G�W)N i�R KG�D)G�H�`bBÊz i G�z i ACG�NENPG {�| GO^¨KG�W?¿Q FÉ^ÂA>KG�D)G�H>`bBPG8^�G�N_\OW�\LH>F�B_M i NPG�D)G i F�H�G�G R F(\LN Q H R\ R�RnQ MmB�KGÆ�\ÅNÊ\eW�\LH>F�B_M i NPG�M}X�\LH>`ÉKG�G { l A G R Fg\ i�R�R B0NPG�M�\ R N Q H R z i G�NÊ\eF�H}\%��GaMmF Q BPH>G�^ÂA i D�G�W�\aH�F>B_M i NEGM�X�\aH�`ÉKG�GyG R F�d9\LN&H>GaM Q D R F>H i BEF�G�j�MmG�F>F�GyW�\aH�F�BÊM i NEG½W�G i F#W�\aHJI Q B R ^¨KG�W QSR G�H i D)G²z i \LD/F�BPF�KGyBPdeW Q H FF}\LD/F�G¡^ÂA>KG�D)G�H>`bBEG9^)\LD R i D M�\LN Q H>BPdÆ�G�F>H�G ! i D KG�NPG°MmF�H Q D ^)\LD R NEG±M�\LN Q H�BEd��G�F�H>Ge\ Y \LD/F �*),+ L rW�\LHtG © G�dVW)NPG # r ¿G�F�H>G�\ R�RnQ MmB�KG�G¡�\�N�A>KG�D)G�H�`qBPGg^�G²MmG!^¨KG�W?¿Q FtG�FtMmG�W+G�D�^)\LD/Fo\ Y�Q BPH i D)G²z i \aD�F>BPF�KG!^�Gd Qbi)Y G�d�G�D/FtdeG RJi H�KG�G�z i B RJQ BEF�IÀ\LBE~)NPG r&Qqi d�¿G�deG!D)GeW]\ R ¿G�F�H>G9M�X Q B R BPGeW Qqi H�M Q D/F�H>BP~ i G�H!\ iM�\LNÊM i NÉ^�G RtQ ~ R G�H Y \a~)NPG R ^�G�N�A>KG Y KG�D)G�d�G�D/F {(· \LD R NPG R ^�G i)© M�\ R
r D&A i F>BPNEB R G�Htz i G!NPG R z i \LD/F�BPF�KG R^�Gyd Qbi)Y G�deG�D/F0^/G R W]\LH�F>B_M i NPG R M}X�\LH>`ÉKG�G ROR KG�NEGaMmF�B Q D)D�KG�G R \L~ Qqi F�BEFy\LH>F�BÄ�+MmBPG�NENPG�d�G�D�Fo�\ i D¡~)BPNÊ\LDKG�D)G�H>`?KG�F>B_z i G#D�KG�`�\aF�BÄI {| GyW)H�G�deBPG�H¨M�\ R KG Y�Q z i KGtG R FOG�D9F�H��G R N_\aH�`qG½W]\LH�F>BPGyH�KG RJQ N i W�\aH#NÀA�\LNE` Q H�BPF>X)deG*-�.%/�/%0�1y~)H>B��G Y G)FdeG�D/FeKG Y�Q z i KGg\ i M}X�\LW�BPF�H>G I ! R GaMmF>B Q D I�{<I�{ ¬ # { l G�N i B F�MmB&M
H)KG�Gg^�G R W�\aH�F�BÊM i NEG R D�G i F�H>G R �\�W�\aH�F>BPH^�G R ^0KG�W?¿Q F R ^ÂA>KG�D)G�H�`qBPGeI Q H>d9\LD/FV^�G R d9\ © BPd9\±N Q M�\ i�© ^�\LD R NPGÆM�\LN Q H>BPdÆ�G�F>H�GeX]\b^�H Q D)BÊz i G {Oº NM Q H>H�BP`qG�\ i�R�R B½NEG R BED�I Q H>d9\LF>B Q D R ^�G R W�\LH>F�BÊM i NPG R M�X]\LH�`ÉKG�G R KG Y G�D�F i G�NENPG�d!G�D/F!\ R�RnQ MmB�KG�G R �\-MmG R^0KG�W?¿Q F Rm{�º NOW�G�H>deG�F!^�A�\Ld KG�NPB Q H�G�H½NÊ\±H�KG RnQ N i F�B Q D G © W�KG�H�BPdVG�D�F>\aNPGV^ i M�\LN Q H�BEd��G�F>H�G�G�Fe\%� Qbi F>G±¾ G�®¯G�D9d Q ��G�D)D)G²�\!N�A>KG�D)G�H�`qBPG�deG Rni H�KG�G�^�G R KG Y KG�D)G�dVG�D�F R ^�GyFn��W�GyX�\q^�H Q D)B_z i G � ³ I � {| G�^�G i�© BÀ�G�deGyM�\ R W+G i F�¿G�F>H�G�G�D�W�\LH>F�BPGgH�KG RnQ N i G�D�MmH�KGa\LD/Fy\ i�R�R B�^�G R W]\LH�F>B_M i NPG R D)G i F>H�G R
r �\W�\LH>F�BPH�^�G R BPD�I Q H�d9\aF�B Q D R0Rni HONPG R W]\LH�F>B_M i NPG R M�X�\aH�`ÉKG�G Rm{ l ACG R FOMmG�z i G$��A�\LB�H�KGa\LNEB R KGoW Qqi HON�A>KG�F i ^�G^�G R F Q W Q N Q `qBPG RoR G�deB F�NEG�W)F Q D)BÊz i GoG�F#NEG�W)F Q D)BÊz i G {�ß D i F�BPNEB R \LD/F i D)G!W)H Q MÂKGa^ i H>G R BPdeBEN_\LBEH�G r ��A \LB\ i�R>R BO^¨KGm��D)B�^�G R½Y \aH�B_\a~)NPG R W�G�H>deG�F>F}\LD/Fg^�G9M Q deW)N�KG�F�G�H�N�A>KG Y \LN i \LF>B Q D ^ i � i)© ^ÂA>KG�D)G�H>`bBPG Y G�H RN�A�\ Y \LD/FO^ i ^¨KG�F�GaM
F�G i H r G�DeF�G�D�\LD/F�M Q dVW)F�Go^�GyN�A BPD�I Q H�d9\aF�B Q D RJi HONEG R W�\aH�F�BÊM i NEG R M}X�\LH>`ÉKG�G R D Q DR KG�NEGaMmF�B Q D)D�KG�G R W Qbi HONEGyM�\LNÊM i Nk^�G RpQ ~ R G�H Y \L~)NEG Rm{32 G�^0KGaMmH>B R M
G�F�F>GtW)H Q M�KGa^ i H>G½G�FOMmG�F>F�G Y \LH�BÊ\L~)NEG r\LBPD R B(z i GtNPG i H R Gmª�G�F Rmr ^)\aD R MmGgz i B RJi BEF {
¸�Qqi H9KG�F}\a~)NPBEH�^�G R MmH�BEF��G�H>G R M Q H�H>GaMmF R ^�GgMmH�KG°\LF�B Q D9^/G½W]\LH�F>B_M i NPG R D)G i F>H�G R
r ��A i F�BPNEB R G i D9N Q F�^�G

��Þ � u KG Y KG�D)G�dVG�D�F R ^�GgFn��W�GyX�\b^/H Q D�B_z i G R KG�NEGaMmF>B Q D�DOKG R ^)\aD R NPG R ^ Q D)D�KG�G R H�KG�G�NPNEG R ^/G |�ß�¸ ��¬ � rMbACG R F�F��\�F�^�BPH>Gtz i B�M Q D�F>BPG�D)D�G�D�F¨\ i d Q BPD R ³ W�\LH>F�BÊM i NPG R M}X�\aH�`ÉKG�G R ~)BEG�DeH>GaM Q D/F�H i BPF>G R M Q H>H�G R W Q D F^)\LD/Fy�\ i D)GÆKG�D�G�H�`qBPG RJi WOKG�H�BEG i H>G!�\ � I vx^�GtN�A>KG�D)G�H>`bBEG�^)\LD R NPGoMmG�D/F�H>Gt^�G�d9\ R�R G {42 A i F�BENPB R G�\ i]R�R B« ubuqu KG Y KG�D)G�dVG�D�F R�R BPd i N�KG Rmr ^ i FJ�/W�Ggz+�z !ZD)§ # r \°�]D�^�G²M Q deW]\LH�G�H0NPG R z i \LNEBPF�KG R ^�G R W�\aH�F>B_M i NEG RH�GaM Q D R F>H i BEF�G R �\UW]\LH�F>BPH�^�G R ^ Q D)D�KG�G R H�KG�G�NPNEG R G�F�MmG�NENPG R H�G°M Q D R F�H i BPF>G R �\±W�\LH>F�BEH�^�G R ^ Q D)DOKG�G RR BPd i N�KG�G Rm{¸�Qqi H#F Qbi�R MmG R KG Y KG�D)G�dVG�D�F ROr ��A�KG�F i ^�BPGoNPG R M�\aH}\qMmF�KG�H>B R F�B_z i G R ^�G R W�\LH>F�BÊM i NPG R M�X�\aH�`ÉKG�G R \ R>RJQ FMmB�KG�G R �\ i De^¨KG�W?¿Q FVKG�D)G�H>`ÉKG�F>B_z i GtÔ6587�9�: R BE`bD)B»��M�\LF>B Y G�dVG�D�F&W�N i�R `bHc\LD�^Vz i G�N_\ Y \LNEG i H�deG Rni H�KG�GO^�GN_\!z i \LD/F�BEF)KGy^�Gyd Qqi)Y G�deG�D�F<; r MbA G R F F
�\<Fn^/BPH�GoF�G�NENPG R z i GÔ6587�9�:�Ù=;?> I � ³A@ u � «!B�C Ô*587D9E:



� ubu ���������
	����������	�����	�����������	�����	���� �"!$#%��&����('��)

R B&NPGg^¨KG�WÉ¿Q F�\!G i NPBPG i ^)\LD R�i DÆM�\LN Q H>BPdÆ�G�F>H�G¡KG�NPG°MmF�H Q d9\a`bD�KG�F>B_z i G r G�FÔ*587D9E:�Ù=;?> I � ³ @ � � « B C Ô6587�9�:R B?NPG�^¨KG�W?¿Q F�\hNEBPG i ^)\LD R NEG!M�\aN Q H�BPdÆ�G�F�H>G½X]\b^�H Q D)BÊz i G { l G R I Q H�d i NPG R W�H QaY BEG�D)D)G�D�Fo^�G!N_\�W)H Q FM�KGa^ i H>G!^¨KGaM
H�BPF>Gg^)\LD R NÊ\ H�KGmIqKG�H�G�D�MmG � ¾ Þ r�R GaMmF>B Q D ��³ � r G�Ftz i BÉM Q D R B R F�G9�\�F�H}\aBPF>G�H#NEG R W�\LH>F�B_M i NPG RM}X�\aH�`ÉKG�G R ^ Q D/FON_\!^/BÄªoKG�H�G�D�MmG�Ô6587�9�:!Ù=;¯G R F RJi W�KG�H�BPG i H�G��\ I/r ³ I Q B R N_\�H�KG RJQ N i F�B Q D Q ~�F�G�D i G Rni HNÊ\�deG Rni H�Gg^�GeÔ6587�9�: {Âß D�M}X Q B R B R�R \aD�FoB_MmB(u � «#B Ø Ô*587D9E: !�H�G R W�GaMmF�B Y G�deG
D�F � � « B Ø Ô*587D9E: # W Qqi HNEG R M�\aN Q H>BPdÆ�G�F�H�G R KG�NPGaMmF>H Q d9\L`qDOKG�F�BÊz i G R !ZH�G R W�GaMmF>B Y G�deG
D/F?X�\b^/H Q D�B_z i G R # r ��G RJi B R M Q D R G�H Y \LF>BÄI {
2 A Q ~ R G�H Y GyNEG R IÀ\aBPF R�RJi B Y \LD/F R j

� {½| G R W�\LH>F�B_M i NPG R M}X�\aH�`ÉKG�G R \��/\LD/F�MmG R M�\LH}\qMmF�KG�H�B R F�BÊz i G R D)G RJQ D�F�\ R�RnQ MmB�KG�G R z i A_�\^/G R ^0KG�W?¿Q F R ^ÂA>KG�D)G�H�`qBPG¡KG�NPG°MmF�H Q d9\a`bD�KG�F>B_z i G {+| A�\aNP` Q H�BEF�X)dVG,-4. /�/ 0 1g\�G�DeIÀ\LBPF�^¨KG��}\F>H}\aBPF�KGoNPG R \ i F�H>G R M�\ Rm{
I�{ l G R W�\aH�F>B_M i NEG R M�X�\aH�`ÉKG�G RtRnQ D/F#G�D�F>H��G R `bHc\LD�^/G!d9\*� Q H>BPF�KG½H>GaM Q D R F>H i BEF�G R \ Y GaM i D�GG�H�H�G i H?BPdVW Q H�Fc\LD/F�G RJi H0N_\tdeG RJi H>G�^�G#NÀACBEdeW i N R B Q D ! � ; > u � ³�B ; # {)· \aD R MmG R M�\ RmrNÊ\e^�BEH�GaMmF>B Q D�^�G!N_\ez i \aD�F>BPF�KG�^/G!d Qbi)Y G�deG�D/F0G R F RnQbi)Y G�D�F Q H�BEG�D�F�KG�G Y G�H R NÀA�\ Y \LD/F rG�FONPGtd Q ^ i NPG@� L�� W�\aH�F>B_MmBEW+G �\ NÊ\�H�GaM Q D R F>H i M
F�B Q D {¾ { ��D)G0W�G�F>BPF�G¨W)H Q W Q H�F>B Q De^�G�MmG R W]\LH�F>B_M i NPG R G R F(H�G°M Q D R F�H i BPF>GO\ Y GaM i D)G0G�H>H�G i H�IÀ\aBP~)NEGRni H(N�ACBEdeW i N R B Q D r dh\LB R ^)\LD R MmG�H>F}\LBED R M�\ R NÊ\O^�BÄªoKG�H>G�D�MmGOÔ6587�9�:�Ù#;-^¨KG�W]\ R�R G � u  G�® {« { l G R IÀ\LBEF RORnQ D/F Q ~ R G�H Y KG R ^�\LD R NPG R ^ Q D�DOKG�G R H�KG�G�NPNEG R G�FONEG R ^ Q D)D�KG�G R0R BPd i N�KG�G Rmr \ Y GaMi D)G±I�H�KGaz i G�D]MmG�MmG�W+G�D�^)\LD/FeW)N i�R `qH}\LD]^�G¼^�\LD R NPG R ^ Q D�DOKG�G R H�KG�G�NENPG R
r MmG�z i BtG R F\aF�F>G�D�^ i&r ^ i IÀ\LBEF0W�\aH#G © G�deW�NPGOz i GyM
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| G²M�\LNÊM i N�G R FOBED�MmN i]R BÄIÉ\ i�R G�D R0Q �i F Qqi F�G R NEG R W�\aH�F�BÊM i NEG R H>GaM Q D R F�H i BPF>G RORJQ D�F i F>BPNPB R KG�G Rmr dÒ¿G�deGR B�G�NPNEG R D)G Y KG�H�BÄ�]G�D�F�W�\ R NPG R MmH�BEF��G�H>G R ^�GVz i \LNEBPF�KG�\q^ Q W�F)KG R ^)\aD R M}X�\bz i G�\aD�\LNE� R G { 2 Ge^¨KG
��D)B R^/G i)©eY \LH>B_\a~)NPG R
r Ô���� 5¶ K�� G�FtÔ���� 5� K�� r z i G���G�M�\LN_M i NPGy^/G½NÊ\�d9\LD�B��G�H>G Rni B Y \LD/F�G�j


 � Qqi F�G!W�\aH�F>B_M i NEGgM�X�\aH�`ÉKG�G�G R F i F�BPNEB R KG�GyW Qqi HtNEG�M�\LN_M i N(^�G�Ô ��� 5¶ K � !ZH>G R W�GaM
F�B Y G�deGmD/FOÔ ��� 5� K � #R B RnQ DÃ\LD�`bNPG�W Q N_\LBEH�G Y KG�H>BÄ��G ��� I u�G3G�F � > ��¬ u�G�!�H�G R W+G°MmF�B Y G�deG�D�F ��� ¾qu�G3G�F
� > ��³ u�G # {*2 A i F�BENPB R G±NÀA>KG�D�G�H�`qBPG�^/G¼MmG�F�F�G¡W�\LH>F�BÊM i NPG r MbACG R F�F��\�F�^�BEH�G¼Ô Ö � �; ¶ 	 Ú ¶	 rQ �i Ú 	 G R F�N_\!d9\ R�R Gg^ i W)B Q D r�R \ i I R B i D�^¨KG�W?¿Q FoM�\aN Q H>BPd KG�F�H�BÊz i G#N i B&G R Fo\ R>RJQ MmB�KG r ^ Q D/FN�A>KG�D)G�H�`qBPG¨G R F R BP`qD)BÄ��M�\LF�B Y G�deG
D�F�W)N i]R `bHc\LD�^�Goz i GON_\tz i \aD�F>BPF�KG�^�GOd Qqi)Y G�deG
D�F�deG Rni H�KG�G rMbACG R F�F��\�F�^�BPH>Ggz i GyNEG R H>G�N_\aF�B Q D R�RJi B Y \aD�F>G R ^ Q B Y G�D/Fy¿G�F>H�G Y KG�H>BÄ��KG�G R j
!JÔ ��
 Ù=; # ´ !�u � «!B Ø ; # > � � ³ R B&N�A>KG�D)G�H�`qBPGo\ R>RJQ MmB�KG�G�G R F9KG�NPG°MmF�H Q d9\a`bD�KG�F>B_z i G r
!JÔ�#Ù=; # ´ ! � � «!B Ø ; # > � � ³ R B&NÀA>KG�D�G�H�`qBPGo\ R�RnQ MmB�KG�G�G R FOX�\b^�H Q D)BÊz i G {l G R H>G�N_\aF�B Q D ROi F�BENPB R G�D/FO^�G R H�KG RJQ N i F>B Q D R G © W�KG�H>BPdeG�D�Fc\LNPG R ^0KG�`qH}\b^¨KG�G R ^�G R M�\LN Q H�BEd��G�F>H�G R
rW Qqi HtH>G R F>G�HOM Q D R G�H Y \LF>BÄI {


 � Qqi F�GyW�\aH�F�BÊM i NEG#D)G i F�H>G r MbACG R F�F�\�F�^�BPH>GtF Qqi F�\L`qH�KG�`S\LF�M�\aN Q H�BPd KG�F�H>B_z i G0D Q D¡\ R�RnQ MmB�KGV�\ i D�GW�\LH>F�B_M i NPGgM}X�\LH>`?KG�G r G R F i F�BPNEB R KG�GtW Qbi H�NPG�M�\LNÊM i N&^/G Ô ��� 5¶ K � !ZH>G R W�GaM
F�B Y G�deGmD/F0Ô ��� 5� K � # R B RnQ D\LD)`qNPG�W Q N_\LBEH�G Y KG�H�B»��G ��� I u.G±G�F �!> ��¬ u.G !�H�G R W+G°MmF�B Y G�deG
D�F ���Ç¾qu�G±G�F �#> ��³ u.G # {
| G R ��` i H�G R ¾ { Þ G�Fg¾ { � u9W+G�H�deG�F>F�G�D/Fy^�GVM Q deW�\LH>G�HtNÊ\ Y \LH>B_\L~�NPG9Ô ��� 5� K � r N Q H R z i ACG�NENPG!D&A G R FyW�\ RD i NENPG r �\�N_\ Y \aH�BÊ\L~)NEG Ô � K�� M�\LN_M i N�KG�G R \aD R#Qqi \ Y GaMoMmH�KGa\aF�B Q D¡^�GyW�\LH>F�BÊM i NPG R D)G i F>H�G R j

� · \LD R NPGgM�\ R ^�G R KG Y KG�D)G�dVG�D�F R ^�G�Fn�/W+GyX�\q^�H Q D)B_z i G r Ô ��� 5� K � W�G i F!¿G�F�H>G R BP`qD)BÄ�+M�\LF>B Y G�deG�D�FW)N i�R BPdeW Q H�F}\aD�F8z i GyÔ � K � r dÒ¿G�deG¨M�\aN_M i N�KGOG�DVMmH�KG°\LD/F�^�G R W�\LH>F�B_M i NPG R D)G i F>H�G R
{�ß D�Gmª�G�F rN_\!W)H Q W Q H�F>B Q D�^�A�KG Y KG�D)G�dVG�D�F R F�G�N R z i G�Ô ��� 5� K � >¯Ô � K � 	 I u r W�\LH�G © G�deW)NEG r G R F�^�G �<� v^)\LD R NPG R ^ Q D)D�KG�G R H)KG�G�NENPG R
r G�F�^�G ��¬ v ^)\LD R NPG R ^ Q D�DOKG�G R�R BEd i N�KG�G R
{
� · \LD R NPG�M�\ R ^�G R KG Y KG�D)G�deG�D/F R ^�GOFn�/W+GONEG�W)F Q D)BÊz i G r NÀACGmª�G�F(G R F�F>H��G R BEdeW Q H>F}\LD/F r G�F?NÊ\y^�BÄI�FIqKG�H�G�D]MmGOG�D/F�H�GONEG R ^ Q D)D�KG�G R H�KG�G�NENPG R G�F�N_\ R BPd i N_\aF�B Q D!^ i W)H Q MmG R>RJi�R ^�Gt^/BÄª i�R B Q D �0X�\L~�X�\G R F�F�H��G R d9\LHcz i KG�G�jb¾q¾wvx^�G R KG Y KG�D)G�dVG�D�F R H�KG�G�N R?RnQ D/F0F�G�N R z i GyÔ���� 5� K�� >3Ô � K � 	 I u r MmG�F>F�GW)H Q W Q H�F>B Q D KG�F}\LD/F�^�G Þ I v W Qqi H�NPG R KG Y KG�D)G�deG�D/F R�R BPd i N�KG R
{

� BPD R B r NÊ\±W)H Q M�KGa^ i H>G±^/G±M
H)KGa\aF�B Q D ^�G9W�\LH>F�B_M i NPG R D)G i F>H�G R W�G�H>deG�Fg^�G9deBEG i)© W)H>G�D�^�H>GÅG�DM Q deW)F>G0NÀACBPD/I Q H�dh\LF�B Q DgW)H QaY G�D�\aD�F8^�G R M�\aN Q H�BPdÆ�G�F�H>G R KG�NPG°MmF�H Q d9\a`bD�KG�F>B_z i G R ^)\aD R F Qbi FÉNPG�^¨KG�F>GaM FF>G i H r F Qbi FyG�D�H�G R F}\aD�F�M Q D R G�H Y \aF�BÄI {?| G RtY \LH>B_\a~)NPG R Ô ��� 5¶ K � G�F!Ô ��� 5� K � W�G�H>deG�F�F>G�D/F r z i \LD/FV�\hG�NPNPG Rmr^�A Q ~�F�G�D)BEH i D±deG�BENPNEG i H�H�G���G�F�^�G R KG Y KG�D)G�deG�D/F R �\ `qH}\aD�^�G�\bM
F�B Y BPF�KGg^)\LD R NPG R H�KG�`bB Q D R �\!N�A \ Y \aD�F
!qKG Y KG�D)G�deG�D�F R ^ i FJ�/W�G�z+�z !ZD�§ # r ^/BÄª i�R B Q D �0X]\L~)X�\ # r z i BÉD&ACG R FyW�\ R N_\ÅH�KG�`bB Q DÐ^ i-R BP`bD]\LN r G�FQ �i NÊ\ R BPd i N_\aF�B Q D¡^�G R KG�NPGaMmF>H Q D R�Qqi ^/G R W�X Q F Q D R KG�D)G�H�`ÉKG�F�B_z i G R !ZN Q H R z i G!MmG i)© F�MmBÉMmH�KG�G�D�Fo^�G R`qG�H�~�G R ^�GOW�\LH>F�BÊM i NPG R M�X�\aH�`ÉKG�G R G�DgBPD/F�G�Hc\L`qB R�R \LD/F?\ Y GaM�N_\Od9\LF>BÀ�G�H>G # H>G�W)H Q ^ i BPFÉd9\LN�NEG R ^ Q D)D�KG�G RH�KG�G�NENPG R
{
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�#D Qbi F>BPN�I Q D�^)\adeG�D/F}\LN�W Qqi H0NEG R \aD�\LNE� R G R ^ÂA>KG Y KG�D)G�deG�D/F R �\t`bHc\LD�^�God i NEF�BEW)NPBEMmBEF/KG�G R F�N�A�\a`bH�KG)F`�\LF>B Q DeG�D ��G�F R
{ l G�F�F�G�W)H Q MÂKGa^ i H>G#W�G�H>deG�F r G�Dh\ R�RnQ MmB_\aD�F¨NPG R W�\aH�F>B_M i NEG R G�D/F�H>G#G�NPNPG R \ i9R G�BPDV^�G
��G�F R
r ^�G�M�\LN_M i NPG�H(NPG R z i \b^�H>B Y GaMmF>G i H R !nÔ r  �# ^�G R W�\LH>F Q D R BED)BPF>B_\ i�© !Àz i \LH�� R G�F²KG Y G�D�F i G�NPNEG�d!G�D/F`bN i�Q D R Hc\°� Q D)D�KG R W�\LHONEG R z i \aH�� R # B R>RJi�R ^/GtN�A BPD/F�G�Hc\bMmF>B Q D�G � G�N {�| G R \LNE` Q H>BPF>X)deG R ^0KG Y G�N Q W)W�KG R�\!MmG�F�F>G#��D¡D)Gg^�BÄªÉ�G�H>G�D�F¨G�D9`ÉKG�D�KG�H}\aN&NPG R0i D R ^�G R \ i F�H�G R z i GyW�\LHONEGgM�X Q B © ^�GyN�A G © W�H�G R>R B Q D9^�GN_\!^�B R F}\aD�MmGyGmª�GaMmF>B Y G�� �� G�D/F�H>Gy^�G i)© \L`bH�KG�`�\aF R -?G�F�� {| \�W)H Q MÂKGa^ i H�Gg^ÂA�\a`bH�KG�`�\aF�B Q D±G R FOFn��W)BÊz i G�deG�D/F?N_\ Rni B Y \aD�F>G�j


 BPD)BEF�BÊ\LNPG�d�G�D/F r F Qbi F�G R NEG R W�\LH>F�BÊM i NPG R0RJQ D�FoM Q D R BÊ^0KG�H�KG�G R M Q dVdeG�\ i Fc\LD/Ft^�A�\L`qH�KG�`S\LF R�

 NPG R ^/G i)© \L`qH)KG�`S\LF R NPG R W)N i]R W)H Q M�X�G R NÀA i DÆ^�GyN�A \ i F>H�G RnQ D/F�� Q BPD/F R W Qbi H#I Q H�deG�H i D R G i ND Qbi�Y G�N?\a`bH�KG�`�\aF r ^ Q D/FtNPG�z i \b^/H�B Y G°MmF�G i H !nÔ r  �# H�KG RJi NEF�G�^�G!NÊ\ RJQ dVdeGg^�G R z i \b^�H>B Y GaM FF�G i H R ^�G R ^�G i)© \L`bH�KG�`�\aF R BPD�BPF�BÊ\ i)©�r¨R B�NPG i HV^�B R F}\aD�MmG¡Gmª�GaMmF�B Y G9G R FeBED�IqKG�H>BPG i H>GÐ�\ i D)GMmG�H>F}\LBED)G Y \LNEG i H��  : ��� W)H�KGa\LNÊ\L~)NEG�deG�D/F?� © KG�G �

 MmGoz i B�W)H�KG°Mb�Ga^�GtG R FO\aW)W)NEB_z i KGy\ i D Qqi)Y G�N�G�D R G�d�~)NEG�^ÂA�\a`bH�KG�`�\aF Rmr G�FON�ACBEF�KG�Hc\LF>B Q DVM Q D�F>BPD i G
� i�R z i AÊ�\ Q ~)F>G�D)BPH i D)Gg^�B R F}\LD]MmGyG�D�F>H�Gy^/G i)© \a`bH�KG�`�\LF R z i G�N_M Q D�z i G R¨RJi W�KG�H�BPG i H�G��\��  : ��� {l G�Fg\LNP` Q H>BPF�X�deG�W�G i FÅ¿G�F>H�G�d Q ^�BÄ��KGe^�GV^�G i�© d9\aD)BÀ�G�H�G R
{Â· A i D)GeW]\LH�F r NÀA�\LH>Ha¿G�F�^�GeN�A BPF�KG�H}\aF�B Q DW+G i F!¿G�F�H�Gg^¨KG°MmB_^¨KGV�\�W]\LH�F>BPHo^ i D Q d�~)H�Gg^ÂA \L`bH�KG�`�\aF R#Q ~)F�G�D i�R j+NÊ\ W)H Q MÂKGa^ i H�G R A�\aH�Ha¿G�F�G!^��G R z i GMmG0D Q d�~�H�G¨\LF>F�G�BED�F i D)G Y \LNPG i H�W�H)KGa^¨KG
��D)BPG {b· A \ i F>H�GOW�\aH�F r \LW)H��G R M}X�\bz i G¨D Qbi)Y G�NPNPG�\L`qH)KG�`S\LF�B Q D rM�X�\qz i G�W�\aH�F>B_M i NEG�^�G�N�A>KG Y KG�D�G�deG�D/FOW�G i F9¿G�F�H�GV^�B R�RJQ M
B�KG�GV^�G RJQ D \a`bH�KG�`�\LFgW Qbi H!G�D�H�G � Q BPD]^�H�Gi D¡\ i F>H�GyW)N i]R W)H Q M�X�G !À\ i¡R G�D R ^¨KG R BE`bD�KGyW�\aH#NÊ\!^�B R F}\LD]MmGyGmª�GaMmF�B Y G # {

 Q d�~)H>G i�R G R�RnQ D/F9NPG R ^/B R Fc\LD�M
G R Gmª�GaMmF>B Y G R z i G�N�A Q DÇW�G i F9M}X Q B R BEH {�� W�H�B Q H�B r NÊ\Òd9\ R>R GBPD Y \aH�BÊ\LD/F�GeG�D/F�H>G9^�G i�© \L`qH)KG�`S\LF R G R F!NÊ\UW)N i�R D�\aF i H>G�NPNEG r d9\aB R MmG�F�F>G Q ~ R G�H Y \L~�NPG¡M Q D]^ i BPF¡�\\L`bH�KG�`bG�H!G�D-W)H�G�dVBPG�HtNEBPG i NPG R W�\LH>F�B_M i NPG R \��/\LD/F�^�GeIÀ\LBP~�NPG R z i \aD�F>BPF�KG R ^�G9d Qqi)Y G�deG
D/F r W i B R^)\LD R�i D9^�G i)© BÀ�G�deG¨F�G�deW R �\�\*� Qqi F�G�H0NPG R W]\LH�F>B_M i NPG R Hc\LW)BÊ^�G R \ i)© \L`qH)KG�`S\LF R
{Â| A�\aNP` Q H�BEF�X)deGOG R F\LBPD R B�H�G�D]^ i BPD R F}\a~)NPG {�¸(Qbi HgH)KG RnQbi ^�H>GeM
G�W)H Q ~)NÀ�G�deG r N_\9M Q NEN_\a~ Q H}\aF�B Q D 2 �t·tß \ÅW)H Q W Q�R KG9N_\^0KGm��D)BEF�B Q D9^�GyNÊ\�^�B R Fc\LD�MmG Rni B Y \LD/F�G � ³b¬�� r D Q ded KG�Go^�B R F}\aD�MmGy^/G�� '���� W�\LH�N_\ Rni BPF>G�j
�������! �" Ö I Ô � Ô  ! � Ù-M Q�R � �� #Ôy¶����� !�¾ {CI #

Q �i Ô � G R FgN�A>KG�D)G�H�`qBPG²^�G�NÀA�\a`bH�KG�`�\LF - r � �� N�A \LD)`qNPG�G�D/F�H�G�NPG R \L`qH)KG�`S\LF R -OG�F��±G�F!Ô ����� N�A>KG�D)G�H>`bBPGQ ~)F>G�D i Gt�\OW�\aH�F�BEH?^/GpF Qbi F>G R NEG R W�\LH>F�BÊM i NPG R ^�G�N�A>KG Y KG�D�G�deG�D�F {�|�Q H R z i G0NPG R d9\ R>R G R ^�G R \a`bH�KG�`�\LF R
-0G�F�� RnQ D/F�D i NPNEG Rmr \LN Q H R MmG�F�F�G!G © W)H>G R�R B Q D R ACBÊ^�G�D/F�B»��G9�\9N_\�d9\ R�R G!BPD Y \aH�BÊ\LD/F�G r \ i F>G�H�dVG!^�GD Q H>d9\LNEB R \aF�B Q DeW)H��G Rm{2M \aB R NÀACBPD R F}\a~)BPNEBPF�KGt^ i G9�\�N�A i�R \a`bGg^�GgN_\�d9\ R�R GoBPD Y \aH�BÊ\LD/F�Gg^�B R W�\LHc\L¿�EFOB_MmB {ß ª�GaM
F�B Y G�deGmD/F r G�D�� © \LD/F?N_\�d9\ R>R G0BED Y \aH�B_\aD�F>GO^�G R ^�G i)© \L`qH)KG�`S\LF R G�FÉG�D RJi W�W QSR \aD�F�z i G¨NPG i H Rd9\ R>R G R D)G RnQ D/F0W�\ R D i NPNEG Rmr � �����! �� G R F¨^ÂA \ i Fc\LD/F0W)N i�R W�G�F>BPF�z i G�NPG R z i \LD/F�BEF)KG R ^�G�d Qbi�Y G�deG�D/F^�G R \L`qH�KG�`S\LF R#RnQ D/F#`qH}\LD]^�G Rmr MmGyz i B&F>G�D�^��\!\ R>RJQ MmBEG�H#G�DÅW�H�G�deBEG�H�NPBEG i NPG R W�\LH>F�B_M i NPG R H}\aW)B_^�G RmrW i B R �\!NPG i H � Q BED�^�H�GyNEG R W�\LH>F�BÊM i NPG R W)N i�R d Q NPNEG R \ iÆR G�BED±^/G���G�F Rm{32 A \LB&G R>R G�D/F�BEG�NPNEG�d�G�D�F i F�BENPB R KGMmG�F�F>GO^�B R Fc\LD�MmG�Gmª�GaMmF>B Y G raR \LD R H�KGa\ R>RJQ MmBEG�H�NPG R W]\LH�F>B_M i NPG R \aW)H��G R \a`bH�KG�`�\aF�B Q D r ^�\LD R NPG R \LD�\aNP� R G RW)H�KG R G�D/F)KG�G R B_MmB {32 A�\aB(MmG�W�G�D�^)\aD�FoM Q deW�\LH�KGyNPG R W�G�HnI Q H�dh\LD�MmG R ^�G�NÊ\!^�B R F}\LD]MmG!^�G�� '����År W Qbi HM�X�\qz i Gt\aD�\LNE� R G r �\gMmG�NPNEG R�Q ~)F�G�D i G R G�D i F>BPNEB R \aD�F�NÊ\�^�B R F}\aD�MmGy^/G$#&%�')( '�* \ i9R G�BED9^ i d�¿G�deG
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(*),+ -�./102/13547628:9 ;</1=?>A@CBD4E6F3HGA02/1=?BE/13I8:9A=�4JBIGA6K4J/1=

LNMPORQTSVUWQYX[Z\Z\M^]_MHQ`MFabSWcedgfTQ`hNabf`ijSWck]lMFdnmM2o5mM,cpM,Z\M,c_fqd�]lMPrtsuL�vEwtx�hRf`ijyjizdgM^fTSVhNduyjMFdEd{ijUWceX[hR|
M,cRQTM2UWi}d{fTQpmMFdtONX[Q~y�MFd�]li���mM,QTM,c_fqdP]5mM2fTMFabf`M,hRQYd�ONSVhRQ~SW�Rf`M,cRi�Q�hRc�M,cNd{M,Zn�RyjM�]lM\ONXFQTfTizabhRy�MFd�aq�NX[Q (
U�mM,MFd�M2f\]lM<ONX[Q`fTizabhRyjM�d�cRM,hRf`QTMFdnX[hR|p��hRM,yjy�MFd�]_i���mM,QTM2clfYd�ONXFQqXFZA�M,fTQ`MFd�Z\MFd{hRQpmM�d�dgSVclf�XWd`dgS_abi2mMFdb�� MFduONX[QYX[Z��M2fTQTM�d7cRM�dgSWc_f�ONXVdHd{M,hRyjM2Z\M,c_f7y��`mM,cpM,QTUVijMtSVh�yzX:��hNXFclf`ijfpmM�]lMPZ\SWhRo�M2Z\M,c_fEXWd`dgS_abi2mM,M��
Z�X[izdHXFhNdTd{i7y���M,Q`QTM,hpQPdghRQCabM�dHZ\MFd{hRQTMFdK��SVh���M,c�abM���hpiEabSWceabM,QTcpM~yjMFdHOeX[QTf`i}abhpyjMFdtaq�NXFQTUJmM2MFdb��y�MFd
ONX[QYX[Z��M,f`QTMFdP]���ijZ\OeXWabfC]lM\yzX*fTQYX,�TMFabf`SWijQ`M:Q`MFabSVcNdgf`QThRi�fTM��JaW��MFd{f (��X;( ]lijQ`M\yjM�d�]lizdgfqXFcNabMFdCd_mM,OeX[QqXFclf
yjM�ONSVijc_fP]���i�clf`M,QqXVabfTi�SWc�ORQ`ijZ�XFijQTMC]lM~y���M,|_fTQYX[ONSWyzX[f`ijSWc�]_M�y}XnfTQqX2�TMFabfTSVijQ`M�ORQ`SF�TM,fpmM2M~dghpQtyjM~ORyzX[c
¡[¢C£ ONXFQqX[Z��M,fTQ`M~¤ ¡[¢¦¥ M2f1y�M�y�SWcRU<]lM~y��§X[|_Mn¨ £ ONXFQqXFZA�M,fTQ`M~¤q© ¥ ��ªHc�XFhRfTQ`M:OeX[QqXFZA�M,f`QTM�Z�MFdghRQpmMO�SVhRQ�y�MFd«OeX[QTf`i}abhpyjMFd�aq�NX[Q`UJmM,M�d"MFdgf�y}X�yjSVcRUWhpM,hRQE]lM5y}XHf`QqX,�TM�abfTSVijQTMEM,c_fTQ`MEyjMuOpQTM,Z\i�M,Q�M2f"y�M�]lM,Q`cRijM2Q
O�SVijc_fHhpfTijy�i}d_mMFduONSWhRQCdTXnQTMFabSVcNdgf`QThNaKfTijSVc���¬«SVhRfTMFd�abMFd�ijcl®SVQTZ�XFfTijSVcNduONM,QTZ�M,fTf`M,clf^]_M~dgMCQTM,ce]lQTM
abSWZ\OpfTM5]lMuyzXt��hNX[y�ijfpmMI]lM^]5mM,f`MFabf`ijSWc�]���hpcRMuONXFQTf`i}abhRy�M��,M,f�SF��QTM,c_fE]lSVcNauy}XHONS¯dTdgi��Rijy�ijfpmM�]lM^aq�RSWizdgi�Q
yjMFdEONX[Q`fTi}aKhRyjMFd���hRi°dgM,Q`SWc_fHhRf`ijy�i}d_mM2MFd�O�SVhRQPa,XFy}abhpyjM,QEyjM�duSW�Nd{M,QToVX[�pyjMFd^]lMFd�mM,o5mM,cRM2Z\M,c_fqdu�
LNMFd^abQTi�f2�M,Q`MFdu]_M~d_mM2yjMFabf`ijSVc�]lMFduONXFQTf`i}abhRy�MFduhRf`ijyjizd_mMFd�]pX[cNd�y}X�ORQpmMFdgM2clf`M�XFcNX[y�±Rd{MPSWc_f<mM,fpmMCabSWZK(
Z:hRced��X	fTSVhRfTMFdnyjMFdnX[cNXFyj±pdgMFdnQTMFaq�RM,QYa��NXFclf~y�M*�NS�d{SWc²]lM�wHi�UWU�d~cRM,hpfTQTM¯�ux³y}d~QpmM�dghRy�fTM,c_f\]���hRc
abSWZ\OpQTSWZ�i}d7M2clf`QTM�yzX:cImMFaKMFdTd{ijfpmM¯�RO�SVhRQCabM�f{±_ONMn]��`mM,f`hN]lMFdK��]_M�ONM,Qq]_QTM~yjMCZ\SWi�cNd�O�S¯dTd{ij�Ry�Mn]���i�c'(
®SWQTZkX[fTi�SWcnd{hRQEy³�`mM2o5mM,cpM,Z\M,c�fE��M,f�y���M,|_ijUVM,cNabMI]��§X,o�SVijQ�hRcn�NSWc�XVa,abSVQq]~M,clf`QTM^yjMFdJ]lSWcRcImM,MFd�QpmM,M2yjyjM�d
M,f"y�MFd�]lSVcRc�mM,MFdJdgijZnhRy2mM,MFd�M2c~abM5��hRiRaKSWcNabM2QTcRM5yjMFd�]lizdgf`QTij�phRfTi�SWcNd�]lMFd"OeX[QqXFZA�M,f`QTMFd�]lM�d«ONXFQTf`i}abhRy�MFd
dlmM,y�MFabfTi�SWcRcImM,MFdb� � ��MFd{ftXFijcNd{i³�NONX[Q^M,|_M,Z\ORy�M��_��hpM�yjM�d´ONXFQTf`i}abhRy�MFducRM,hpfTQTM�dHXVdTdgS_aKi,mM,MFd��X:hRcA]5mM,O�µSWf
]��`mM,cpM,QTUVijM�]RX[cNd�yjMCa,XFyjSVQTijZ��M,fTQ`M��NXW]lQ`SWcRiz��hpM~dgSVclf^XVa,abM,OpfRmM,MFd5dgi�y�M,hRQ�mM,cRM2QTUWi�MtMFd{f^dghROImM2QTijM2hRQTMn�X
¶ �§·A¸^M,¹~��s�c'({]_MRºa,Xl��abSVZ\Z\MCyjMnZ\SWc_fTQ`M~y}Xk»eUWhRQ`M\¼R��½W�"y��§XVa,abSWQY]¾M2clf`QTM�]lSWcRcImM,MFd�d{M�]5mM,UVQqXV]lM��¿HSWf`SWcNdn��hpM*aKM,fTf`M:»NUWhpQTMAX�mM,fpmM�SV�RfTM2clhRM�M,c�hRf`ijy�i}dTXFclfCyjMFd~]_SWcRcImM2MFd�QpmM,M,y�yjMFdPM,fndgi�Z:hRy2mM,MFdP]lM
L�s7v�½2ÀWÀl�uLNM�d~a��RSVij|ASVclfCM,c�Mb��M,fÁmM,fpmM:»e|5mMFdPM,cÂmM,f`hN]lizX[c_f�aKMFd�]lSVcRcImM,M�db�"OphRi}dPy³�§XVa,abSVQq]�XÃmM,fpmM
o5mM,Q`i�»´mM�O�SVhRQ^yjMFd5]lSWcRcImM,MFd^]lM~L�s7v�½2Äl½W�
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Séléction des particules
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LNMFd^abQTi�f2�M,Q`MFdu]_M�d_mM,yjM�abfTi�SWc�]lM�duONX[Q`fTi}aKhRyjMFd�d{SWc_f�yjMFd�d{hRijoVXFclfYd.-
.0/ L2143@#�5.68749;:=<89>6?3@1A9>:

*CBED ¶ =�F*¸^M,¹�dgiJy³�`mM2cRM,QTUVijMPMFd{f�]5mM,ONS�d_mM2Mn]RX[cNdty�MFdta,XFyjSWQ`ijZ��M2fTQTM�d\mM,yjMFaKfTQTSVZ�X[UVc�mM,f`i (��hRMFd
*CBGD ¶ =q·\¸HM2¹ d{i�y³�`mM,cRM,Q`UWijM�MFdgf^]5mM2O�S¯d_mM,MC]RXFcNd�yjMCa,X[y�SWQ`ijZ��M,f`QTM��NXV]lQTSVcRi}��hRM

.0/ L2143@#�5.68749;:=5+H LI1�$I9;9>:
*CJKD ¶ =,½~¸HM2¹
*ML ¤ ¡F¢ L4N ¼nabZ
OML ¤q© L�N ½ ¶ abZ

P�M,Z�X[QY��hpSWcNdP��h��§XFhNabhRcÁabQTi�f2�M,Q`M~cRMnQTM,ONS�d{M�dghpQ�y}X\y�SWcRUVhRM,hRQ�]lM:yzX�f`QqX,�TMFaKfTSWi�QTMn]lM�d�OeX[QTf`iRQ
abhRyjM�dHaq�NX[Q`UJmM,M�db��d{hRQty³� X[cRUVyjM~ONSWyzX[i�QTMn]lMny}X\]_ijQTM�abfTi�SWcA]_MFdP��hNXFclf`ijfpmMFdH]_M~Z\SWhRo�M2Z\M,c_f,�lSVh�dghRQ
yjM,hRQ�M2QTQTM2hRQ^]lMPZ\MFd{hRQTM�� � MFduONXFQqX[Z��M,fTQ`MFd�dgSVclf�X[h�abSWc_fTQYX[ijQ`MPhRfTi�yji}d_mMFduONSWhRQ�d_mM2yjMFabf`ijSVcRcRM,Q�ORy�hNd
dgfTQ`i}abf`M,Z\M,c_f�y�MFd´OeX[QTf`i}abhpyjMFd�]RXFcNd�yjMCa,XW]_QTM~]��§X[ceX[yj±pdgM�duolizdTX[c_f��X�Z\M�dghRQ`M,Q�]lM�d´ONXFQqXFZA�M,fTQ`MFdu]_h
SUTN�RabSVZ\Z\M�yzX:d{MFabfTi�SWc�MWVka,XWaKMP]lMPORQTS_]_hNabfTi�SWc<]lMCONX[i�QTMFd�]lMP�NS�d{SWcNdYX��
LNMFduONXFQTf`i}abhRy�MFd~mM,fqXFclf5XFijcNd{i�aq�RSWizdgijM�db�WhRcpMtZ�XWd`dgM^yjM,hpQ7M�dgf�XFQT�Ri�fTQYX[ijQ`M,Z\M,c_fJX[fTf`QTi��Rh�mM,M�� � M,f`fTM
Z�XWd`dgMtMFd{f�clhpyjyjM�db��i�y�dK�§X[UVijf�]���hpcRMtONXFQTfTizabhRy�M1cpM,hRfTQ`M��lM2f�mM,U�XFyjM��X�y}X�Z�XVdTd{M�]_h�OpijSWc
£[Z�\^]�_ ¶4` ½,À�a7¸^M,¹cbedWf ¥ db��ijy°db�§XFUWi�ft]���hRcRMtOeX[QTf`i}abhpyjMCa��eX[QTUJmM,M��r�� X[hRf`QTM�ONXFQTf,�_d{iRy³�`mM,cRM,Q`UWijM5]lM�yzXHONXFQTfTizabhRy�MuMFd{fEdghROImM,QTi�M,hRQTM��Xty³�`mM2cRM,QTUVijM5]lMFd��X[i}d`abMFXFhR|��¯abM���hRi
O�M2hRf�µM,fTQ`MtyjM�a,XWd�d{i�y}X�QTM�abSWcNd{fTQ`hNabfTi�SWc�MFd{f�Z�X[hRoVXFi}dgM¯�lXFyjSVQqd�hRc�QRmM°mMFaq�RM,y�SWcRcpM,Z\MKclfE]_h�o�M�abfTM,hpQ
]lMHyzX~��heX[c_fTijfpmMt]_MtZ\SWhpo�M,Z\MKclf�MFdgf5Mb��MFabf`h�mMt]_MtZ�X[cpi³�M,Q`MC�X~abMt��hRMPd{SWc�Z\S_]lhpyjM�dgSWi�f�mM,U¯X[yD�X�y}X
oWXFyjM,hpQ^]lMPy³�`mM2cRM,QTUVijM�]lh\�X[izdTabMFXFh��

(*)�g -�./102/13547628:9 ;</1= ./#h ./19</ji /19n47= k@ l�G<@14JB7/nm�/H4E=
L�X�dlmM,y�MFabfTi�SWc ]lMFdÁmM2o5mM,cpM,Z\M,c_fqd~�X���hNX[f`QTMC�TM,fqd�OpQRmMFd{M,clfpmM,M�abioQ{]_MFdTd{SWhNdnX mM,fpmM�hRf`ijy�i}d_mM2M���]RX[cNd
yjM�a,XW]lQ`M\]_M\y}X�QTMFaq�RM,QYa��RMn]_MFd1�NS�d{SWcNd~]_M�wHijUVU�dPcRM,hRf`QTMFd £ ]lhpSUT�SWh�]lhqSUTrT4S ¥ X,o�MFa�y�MFd]lSWcRcImM,MFduORQ`i}dgM�dHX,o�MFajs t _ ½,Ä_½�M,fP½%ueFk¸^M,¹��RONX[Q^fTSVhRfTMFd�yjM�d�X[cNXFyj±pdgMFduQ`MFa��pM,Qqaq�NX[c_fuhpc mM,fYX[f»NcNX[y5]lM�abMnf{±lONM���s�y�yjM~c�� X�]_SWcNa:OeXWd�mM2fRmM~SWOpfTijZ�i}d_mM2M��X�y��§XFi}]lMn]lMny}X�d{ijZnhRy}XFfTijSVcA]���hRcÁdgijUVcNX[y
ONX[Q`fTi}aKhRyji�M,Q,��ZkX[i}dtM,y�yjM�X mM,fpmM�X,�ThNd{fpmM,M<]lM�Z�X[cRi��M,QTM<�XAd_mM,yjM�abfTi�SWcRcRM2Q1M2clo_ijQ`SWcpuF·�v ]lMFd�mM,o5mM,cRMWQ
Z\M,c_fqdt]lM�f`SWhNd�y�MFd�d{ijUWceX[hR|�]_SWcRcNXFclfn]_MFd�mM,o5mM,cRM,Z\M2clfYd��XA��hNX[f`QTMC�TM,fYdb��fTSVhRf~M,c�QTM{�TM2fqX[c_fPyjM
ORyjhNdEMWVka,XWabM2Z\M,c_f�ONS�dTd{ij�Ry�MPyjMFdnmM,o5mM2cRM,Z\M,c_fqdJ]lh��RQThRi�f�]lMt®SVcN]�]lSWZ\i�cNX[c_f,�_]lhed�X[h*OpQTS_abMFd`dghNd
Mxw�M&y=z�{�|�}W{~A� �;�� £ cr� ¥ ��M,fPaKSWc_fTM,cNXFclf�]RX[cNd�u ¶ v!]lMFdPa,XVdPX[h�Z\SWi�cNd´hpc	OR�pSWfTSVc�]lM~ORy�hNdP]lM F ¶¸HM2¹~�5mM,Z�i}d�ONX[Q^y³��hRc<]lMFd�mM,y�MFabf`QTSWcedu]RXFcNdHd{SWc²mM,fqXFfHi�cRijf`i}X[y��
� M,f`fTM�dlmM,y�MFabfTi�SWc�dgM�]umM,Q`SWhRy�MHM,ck��hNXFfTQ`M<mM,fYX[ONMFdK��L�X1OpQTM,Z\i��M,QTM5MFdgfEhRcpMtORQpmM�dlmM,y�MFabfTi�SWc~o_i}d`X[c_ft�X
QTM{�TM,f`M,Q�yjMFd~mM,o5mM,cRM,Z�M,clfYdE�XtO�M2fTijfEcRSVZ:�pQTM�]_MHONXFQTf`i}abhRy�MFd"SVh��XH�X[ij�pyjM�mM,cRM2QTUWi�M��lL��`mM,fqXFO�M�dghpijoVX[c_fTM
hRfTi�yji}d{Mt]_MFd7oVX[Q`i}XF�RyjMFdEQTM,ce]RX[c_f^abSWZ�ORfTM^]lM�y}X1®SWQ`Z\M�]lMFdnmM2o5mM,cpM,Z\M,c_fqd��XC��heX[fTQ`M5�TM,fqdK�ls�cNd{hRijf`M��
y³���_±_O�SVfT�°�M�dgM~]_M�y}X�abSWcNd{M,QToVXFfTijSVc�]_M~y³�`mM2cRM,QTUVijMPM,f�]lM~y}X���hNXFclf`ijfpmM~]lM~Z\SVhRo�M,Z\MKc_fuMFd{ftfTMFd{fpmM,M¯�
L�X:d_mM,yjMFaKfTijSVc:»NcRi�f�ONX[Q�hpcAabQ`ijf2�M2QTMtQ`M,ONS�dTXFclf�dghpQ�yjMCa,X[QYXWabf2�M,QTM��NXW]lQ`SWcRiz��hpM~]lMCaq�NXW��hRME�TM,f2�
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LNM�d~mM2o5mM,cpM,Z\M,c_fqd�izdTdghed�]lhnORQTS_abM�dTdghedDM w M y=z�{)|�}W{~?� y w y y £ cr� ¥ M,fE]lM�d"ijc_fTM,QYXWabf`ijSVcNd��XP]lM,hR|COR�RSxQf`SWcNd<abSWcedgfTi�fThRM2clf\hpc��RQThRi�f<]lM*®SWcN]¦�XWaKijyjM2Z\M,c_f�mM,y�ijZ\i�cNX[�Ry�M���a2X[Q�ijyzd\abSWc_fTi�M,cRcRM2clfnONM,h ]_M
OeX[QTf`i}abhpyjMFdCa��NXFQTUJmM,MFd1SVh�ORQpmMFd{M,c_fTM,c_fPhRc�]5mMb»�abijfPijZ�O�SVQTfYX[c_f~]��`mM,cRM,Q`UWijM¯��X[y�SWQqd~��hRM\y�MFdAmM,o5mM,cRMWQ
Z�M,clfYd�QpmMFd{hRyjfYX[c_f�]_hndgijUVcNX[ypSWc_f"M,cCZ\SF±�M,cRcRMEhRcpMuUWQYX[cN]_M�Z:hRy�fTi�ORyjiza�i�f_mMDa��NXFQTUJmM,MuM,f�hRcRM�mM,cRM,Q`UWi�M
OpQTS_aq�RMC]lMHy��`mM,cpM,QTUVijM�]lMty}XCabSWy�yjizdgijSVc��lLNMFd7»eUWhRQ`MFdu¼R��½b¼<�X1¼p�j½2Ä £.-0/ O���½b¼¯Ä*�Xn½b¼�u ¥ ijy�yjhNd{fTQTM2clf5abMFd]_i���mM,QTM2cNabMFdK�"LNMFdHoVX[Q`i}XF�RyjMFd�13254 £ cpSWZn�RQTM�]lM~ONX[Q`fTizabhRyjM�dta��eX[QTUJmM,MFdtd_mM,yjM�abfTi�SWcRcImM2MFdH]pX[cNdty³�`mM,o5mMWQcpM,Z\M,c_f ¥ �B 254 £ mM,cRM,Q`UWijMCSW�Rf`M,c_hRMA�X\ONXFQTf`ijQC]lMFdHOeX[QTf`i}abhpyjMFdtaq�NXFQTUJmM2MFdb��X[hp|R��hRM,y�yjMFd�y}X\Z�XVdTdgMn]_h	ORi�SWc�MFdgf]_SWcRcImM2M ¥ ��M,f B7698:6 £ mM,cpM,QTUVijM\SV�RfTM,c_hRMÁ�X*ONXFQTfTi�Qn]lM�fTSVhRfTMFd~yjM�d1ONXFQTfTizabhRy�MFd~d_mM,y�MFabf`ijSWcpc�mM,MFd ¥ d{SWc_f]_SWcNa�hRfTi�yji}d_mM,MFdPO�SVhRQ�]li}d`abQTi�Z\ijcRM2QtyjMFdÁmM2o5mM,cpM,Z\M,c_fqdt]_h¦d{ijUVcNX[y�]lM<abMFdÁmM,o5mM,cRM2Z\M,c�fqdP]lM��RQ`hRijf
]_M1®SWce]��«LNM�d´y�ijZ\i�fTMFd�ijc_VmM,QTi�M,hRQTM�dudgSVclf�a��RSVi}d{ijMFd�]lMPZ�XFcRi��M2QTMn�XnabSWcedgM,Q`o�M,Q^X[h<Z\SWi�cNd aW·�v#]lMFd
mM2o5mM,cpM,Z\M,c_fqdP]lMFdn]li���mM2QTM,c_fqdndgi�UWcNXFhR|²�X	��hNX[f`QTM��TM,fqdK�EsDy�yjMFdn]5mMb»ecRi}d`dgM,c_f~yjM<abQ`ijf2�M2QTM � ½A]_M*y}X
d_mM,yjM�abfTi�SWc -
� ½�-;13254=<�½^Fl� B 254>< ¶�` À@?&s t7� B 698:6 < ¶�`�A ?&s t7�
LNM�dHMb��M,fqd�]lM~abM�abQTi�f2�M,Q`MC]lM~d_mM,yjMFaKfTijSVcAd{SWc_fHZ\SVclf`QpmMFd^]RXFcNdHyjMCfqXF�RyjMFXFh A �j½W�°vDy�hNd^]lM aWÄ�v#]lMFdmM2o5mM,cpM,Z\M,c_fqd�]lhÁdgi�UWcNXFy�M,cRUVM,cN]lQpmMFdPX,o�MFa�]lM�dHZ�XWd`dgMFd�]lh	�NS¯dgSWc w;BtdghpO�mM,QTi�M,hRQ`MFdHSWh�mM,U¯X[yjM�d~�X
ACA ¸^M,¹cbed f d{SWc_f~d_mM2yjMFabf`ijSVcRc�mMFdK� � M,f`fTMnMWVka,XWabi�fpmMCMFdgfCORyjhNdt�NXVdTd{M £ aVÀ�v ¥ ONSVhRQ�y�M:y�SWfC]��`mM2o5mM,cpMWQZ�M,clfYdtM,cRUWM2cN]lQpmM�d~X�o�M�a ZED�F _ A ½"¸^M,¹=bed f �"M2c QYX[izdgSWc ]lM�y}X*yji�Z\ijf`M~d{hRQE13254���hRiI]lM,o_ijM,c_f
f`QTSVO¦d{fTQ`i}abf`M\]RXFcNd~abM�a2XWdb�JrtX[ced�y}X*d{hRijf`M�]lM�aKM,fTf`M mM,f`hN]lM��_�,��hRfTi�yji}d{M,QqXFi�yjM�yjSWf�]��`mM2o5mM,cpM,Z\M,c�fYd
M2cRUWM,ce]lQpmMFd^X,o�MFa Z D F _ A u�¸^M,¹=bed f abSVZ\Z\M�y�SWf^]lMPQpmMKVmM,QTM,ceabM��rC�§X[OpQ,�MFd�y}X�dgi�Z:hRyzX[f`ijSWc°�7y�MFd�mM,o5mM2cRM,Z\M,c_fqd~]_h �RQThpijf<]lMA®SWcN] d_mM,yjM�abfTi�SWcRcImM�d:ORQTSFo_ijM,cpcRM,c_f,�
ONSVhRQ�ORyjhedu]lM a&F�v ]���M,c_fTQTM^M,hR|���]lh�ORQTS_abM�dTdgheduM w M y � �;�� £ cr� ¥ �HGHhNabhRc mM,o5mM2cRM,Z\M,c�fJ]lh\f{±_ONMy w y y c°��MFd{f~d_mM2yjMFabf`ijSVcRc�mM��E�X*y���M,|pabM,OpfTijSVc�]lM�QqXFQTMFd�mM,o5mM2cRM,Z\M,c_fqd^i}dTd{hNd~]lM\yzX*]li���hNdgi�SWcJIu�NX[�p�NX
��hRiESWc_fPORyjhed�]lM�]lSWhLK,M:OeX[QTf`i}abhpyjMFdPaq�NX[Q`U�mM,MFdK�"LNMFd�mM,yjMFaKfTQTSVcNdHSVclfCMb��MFabfTi�o�M,ZnM,clf�f`M,cN]RXFcNabM��X
aKQRmM,M,Q�]lMFd�UWM2QT�NMFdt]lMCONX[Q`fTizabhRyjM�duM,c*i�clf`M,QqXFUWi}d`dTXFclf�X,o�MFaPabM,QTfYX[i�cNd´ZkX[fpmM2QTi}XFhR|�d{ijfThImMFd��X~y³� X,oWXFclf
]_h�]umM,fTM�abfTM,hpQ,�Nx³y�QTMFd{fTM�X[hNd`dgiE��hRM,yz��hRM�d\mM,o5mM2cRM,Z\M,c_fqd�izdTdghedt]lMFd�ijc_fTM,QYXWabf`ijSVcNd��Xn]lM,hp|�Op�RSWf`SWcNd
aKSWcN]lhpi}dTXFclf��X�]_MFd�mM2fqX[fYd´»NcNXFy}dt�NXV]lQTSVcRi}��hRMFdK��s�cl»Nc°��hRcRM~f`QTM,c_fqXFijcRMC]��`mM,o5mM2cRM,Z\M,c_fqd5dgSVclfP]_hNd
XFh\ORQ`S_abMFdTd{hNd�]lM�abQpmM�X[fTi�SWc�]lM^ONX[i�QTMFd5]lM X���S��h�y³��hRc\]_MFdE]lM,hR|~�NS�d{SWcNdK�NX[h\Z�SWijcedb��d{Mt]5mM�dgijcpf,�MWQ
UVQTM^M,c�]lM,hR|���hNXFQ�Mpdb�lL�XPyjhRZ�ijcRS¯dgijfpmMEijc_fRmM,UVQRmM,M5hRfTi�yji}d_mM,MuONSVhRQ�a,XFy}abhpyjM,Q�yjMFd�cRSWZn�RQTM�d�]lh~fqXF�RyjM�X[h
A �j½�M,fEONSWhRQEcRSVQTZ�XFyjizdgM,Q�yjMFdJ]li}d{fTQTi��RhRf`ijSWced7]_MFd"oVX[Q`i}X[�pyjMFdE]lMFdCmM,o5mM2cRM,Z\M,c_fqd�izdTd{hNdE]lMFd�ORQTS_aKMFdTd{hNdd{fqXFcN]RX[QY]Rd~MFdgf�mM,U¯X[yjM¾�X al� aWÄ"Op� yLN �JdgSVijf�yzX\fTSWfYX[y�ijfpmMk]lMFdP]lSWcpc�mM,MFdCXWa,��hRi}d{MFd�X,o�MFa s t _ ½2Äl½¸^M,¹��
LNM�cRSVZ:�pQTM�]��`mM,o5mM,cRM2Z\M,c_fqdtd_mM,yjMFaKfTijSVcRcImMFdP]RXFcNd~yjMFdC]lSWcRcImM,MFd�QpmM2M,yjy�MFdtMFdgfnd{hRO�mM,Q`ijM,hRQ�]lM���v
XFh�cRSWZn�RQ`M mM,oVX[y�h�mM��XAONXFQTfTi�Q�]lMFd�]lSWcRcImM,MFdndgijZnhRy2mM,MFdb� � MA]5mM�dTXWa2abSWQY]¦c���MFd{f:OeXWd\a,XFQqXVabfpmM,Q`i}d_mM
OeX[QthRcAM2|RaV�M�duyjS_a,XFyji}d_mM~]RXFcNdHy�MFd�]li}d{fTQ`ij�RhRf`ijSVcNdH]_MFdHSW�edgM,Q`oWXF�RyjM�dH]lM�d*mM,o5mM,cRM,Z\M2clf`dH��L�X�®SVQTZ\M
]_MFd�]li}d{fTQ`ij�RhRf`ijSVcNdu]lM�d�]lSWcRcImM,MFduQpmM2M,yjy�MFd�MFdgfIX[h<abSWc_fTQYX[i�QTMt�Ri�M,c\Q`M,ORQTS_]_hRijf`MtONX[Q�yzX~dgi�Z:hRyzX[f`ijSWc°�
aKSWZ\Z\M�y�MFd�»NUVhRQTMFd A � F �X A � a�yjMAZ\SVclf`QTM,c_f,� � MÁ]5mMFd`XWa,aKSWQq]ÃabSVcNabM,Q`cNX[c_f�y}X	cRSVQTZ�XFyjizdTX[f`ijSVcdK��MFd{fnX[hNd`dgi5QTM,f`QTSWhpo5mM�XFh�cRijo�MFXFh�]lMFdPORQpmM�dlmM,y�MFabfTi�SWcNdC]lM\f`SWhRf`MFd�yjMFdPXFcNX[y�±Rd{MFd~]���M2olfYd�]lM\f{±_ONM
�eXW]lQ`SWcRiz��hRMC]RXFcNduyjM�a,XV]lQTMP]_Mty}XPQTMFaq�RM,QYa��RM^]_MFd7�NS�d{SWcNd^]lMPw^ijUWU¯d7cRM2hRfTQ`MFdu]RXFcNduy³��M,|_O�mM,QTi�M,cNabM
r�sIL�vEwtx^�RX,o�MFaHy�MFdu]_SWcRcImM2MFduORQTizdgMFd5X,o�MFajs t _ ½,Ä_½�¸^M,¹ £O-0/QP uFÀ�R ¥ M,f�X,o�MFajs t _ ½xuxF\¸HM2¹£O-0/SP u A R ¥ �Nx³yJX\X[hedTdgi�mM,fpmMCSW�Nd{M,QTo5mM~]RXFcNdHy�MFdHXFcNX[y�±Rd{MFdtX,±_X[c_f^O�SVhRQP�RhRf�]lM~Z\MFd{hRQTM2Quy}X�dgMFabf`ijSVc
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MWV�a2XWabM�]lMtORQ`S_]lhNabf`ijSVc*]_h�OpQTS_abMFd`dghNd�d{fqXFcN]RX[QY]�M w M y z { | } {~.� �;�� £ cr� ¥ XFhR|nZ	µM,Z\MFdCmM,cRM,Q`UWijM�d £ yjMQRmMFd{hRyjfYX[f�MFd{ft]lM�½,·�al�2�'W A � A OR��X,o�MFa s t _ ½2Äl½\¸^M,¹ P · A R ¥ � � M,f^M,|paW�MFduc���MFdgf^aKM,ONM,cN]RXFclf^ONXWddgijUVcRi�»�a,X[f`i��M2fuc�� X1ONXVd\mM,fpmMPaKSWcl»NQ`Z�mM�ONXFQ�yjMFdEZ\MFdghpQTMFdCmM���hRi�oVX[yjM2clf`MFd�Mb��MFabfThImM,MFd�ONX[Q�y�MFdEX[hRf`QTMFd
M,|lOImM,QTi�M,cNabMFd"®SVcNabfTi�SWcRceX[c_f^X[hRORQ2�MFd^]lh	L�sEv"�

;����� X �1YL� �J';��� ��[Z �� ")��\ � " � � � & ';��& �L�^] �
LNMFd~mM,o5mM,cRM,Z�M,clfYd�QpmMFdghRy�fqXFclfE]_M�y}Xt]5mM�dgijcpfRmM,UVQqX[f`ijSVcn]lh:�NS¯dgSWc`_~M,cn]lM,hp|��TM,fYd�X,o�MFa7y��TmM,Z\izdTd{ijSWc
]��§XFh�Z\SVijcNd�hRc~OR�RSVfTSVc\x)T4P mM,cRM2QTUJmM2fTi}��hRMEONM,hRo�M,c_f�µM,fTQ`M7�XWaKijyjM2Z\M,c�f�mM2fTi}��hRM,fpmMFd�]RXFcNd�y}X�ORyjhROeX[QTf
]lMFd^a,XWdK��v"SWhpQtZ\SWc_fTQ`M,Q^abMFaKi³�NabSVcNdgiz]umM,QTSVcNdHy�M~a,XVdtdgi�Z\ORyjM�]���hRc mM2o5mM,cpM,Z\M,c_f5]lhAf{±lONM=a`QTM,f`SWhRQ
QqXW]_i}X[f`i�JXFh\ORi}a�]lh=_�bl�_S��h�hpc*d{M,hRyNOR�RSVfTSVc mM,cRM2QTUJmM2fTi}��hRM�MFd{f�mM,Z�i}dE]RX[ced7y³�`mM,fqXFfui�cRijf`i}X[yImM,yjMFaKfTQTSxQ
cRi}��hRM���M2f1S��h ]lM,hp|n�TM,fqdCdgM,hRy�M,Z\M,c_f,�RizdTd{hNd�]lM�y³���eXW]lQ`SWcRizdTX[f`ijSVc�]lM�d�]lM,hp|���hNXFQ�Mpd1ORQ`ijZ�XFijQ`MFdb�
dgSWc_f�QTM�abSWcNd{fTQ`hRijfYdb��LNM�o�MFabfTM2hRQ5]lMPy}X���hNXFclf`ijfpmM�]lMtZ\SVhRo�M,Z\M,c_fJ]lh�OR�RSWf`SWc<O�M2hRfPµM,f`QTMtf`M,y���hRM
y}XAONX[Q`fTi}aKhRyjM�MFd{f:o_hRM��ESWh�cRSVc��EONX[Q\y�MA]5mM2fTMFabf`M,hRQ2��rtXFcNd\yjM�ORQTM2Z\ijM,Q�a,XWdK�7y��`mM,o5mM,cRM2Z\M,c�f�M�dgf
mM,fTiz��hRM2fRmMuOeX[QuyzXtORQpmMFd{M,cNabM^]���hRc�]umM,O�µSVf5]��`mM,cpM,QTUVijM�ijZ�O�SVQTfYX[c_fE]RX[ced7y³��hRcn]lMFdEa,XFyjSVQTijZ��M,fTQ`MFdPmM2yjMFa,Q
fTQTSVZ�X[UVc�mM,f`i}��hRMFdb�2rtX[ced"yjMI]lM,hR|_i��M,Z�M�a,XVdb�Fy³���RM,QTZ mM,fTizabi�fRmMJ]lh~]5mM2fTMFabf`M,hRQ�ONM,QTZ\M2f�]lMIabSWc_fTQYX[ijce]lQTM
abijcImM2Z�X[f`i}��hRM,Z~M,c_f�yjMFdJa,X[QYXWabfpmM,QTizdgfTiz��hpMFd�]lM^y³�`mM,o5mM2cRM,ZnM,clf@-bM,cn�NSWcRcRM�X[ORORQ`SF|li�Z�X[f`ijSWc°�[SVc:ONM,hRf
abSWcNd{i}]5mM2QTM,Q���hRMEyjMEo�MFabf`M,hRQ°]lMEy}X^��hNXFclf`ijfpmME]lMuZ�SWhRo�M,Z�Mbc_f�]lhPOR�RSWf`SWc~MFd{f"OeX[QqXFyjy��M,yjM^�X�y³� X[|_M5]lMFd
�X[i}d`abMFXFhR|<cVSWc�abSVclf`QqXFijc_fuXFyjSVQqd7yzX1cRSVQTZ\M^]_MPabM^o�MFabfTM2hRQEX[i�cNdgi���hRM^yjMFdEabSVZ\ONS�dTXFclf`MFd�Z\MFd{hRQpmM,M�d
]lMFd�o�MFabfTM2hRQqd^]lMFdt]_M,hR|C�TM,fqd^SW�Nd{M,QTo5mMFd~�X\aKSWcNd{M,QTo�M,Q^y³�`mM,cRM,Q`UWi�M1M2fHyzX\��heX[c_fTijfpmM~]lMCZ\SWhpo�M,Z\M,c_f
fTSWfYX[y�MFdb�
v�yjhNduOpQRmMFabizd_mM,Z�M,clf2�WaKSWcNd{i}]5mM,Q`SWcNd�yjM�dTaq�ImM,ZkX�dghpijoVX[c_f,�_QTM,ORQpmMFdgM2clfYX[c_fuyjM�d7o�MFabf`M,hRQYd7]_MFd���heX[c�Q
fTijfpmMFdu]_M1Z�SWhRo�M,Z�M,clfD]lMFd�]lM,hp|P�TM,fqd £ ½1M2f F ¥ ��M2f^]lh�OR�RSWf`SWc £ � ¥ �
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L�XnabSVcNdgM,Q`oVX[fTi�SWc<]lh���hNXV]lQTioQ³o�MFaKfTM,hRQ £ B `�� ¥ ijZ\ORy�i}��hRM��V]���hpcRMtONXFQTf,�p��hpMtyjMFdEfTQ`SWi}duo�M�abfTM,hpQqdd{SWc_fPijcNaby�hNd^]RX[cNdPyjMCZ	µM,Z\MtOpy}X[c°��M,fP��hRM���]��§XFhRfTQ`M~ONX[Q`f,��y��`mM,cpM,QTUVijM~]pX[cNdtyjM�abM,c_fTQ`M~]lM~Z�XVdTd{M
]_M1yzX�abSVyjy�i}dgi�SWc��rs tE�lM�dgf�mM,U¯X[yjM��X�y}X~dgSVZ\Z\M J N�� J f � J z ���^c�M,c�]5mM�]lhRijf5hRcRMtM2|lORQ`MFdTd{ijSVc*]_My��`mM,cpM,QTUVijMti�cNabSWcpclhRM�]lh*OR�pSWfTSVc -

B z _ s t
dgi�c £�� N f ¥dgi�c £�� N ¥ � dgi�c £�� f ¥ � dgijc £�� N f ¥ £ A �j½ ¥

� SVcRcNXFi}dTd`X[c_f\yjM�d1fTQ`SWizd~X[cRUVyjMFd��X*ONXFQTf`ijQ~]_MFd�Z\MFd{hRQTMFdPMb��MFabf`h�mM,MFdPdghpQ:y��TmM,o5mM,cRM,ZnM,c_f�� B z MFdgfXFijcNd{i«�XVabijy�M,Z\M,c�fESV�RfTM,c_h��
ª^cRMt®SWi}duy��`mM,cpM,QTUVijM�]lh*OR�pSWfTSVcAabSVcRc_hRM��ly��`mM,cpM,QTUVijM	��
�� -����� �^]RX[ced´y�M�aKM,clf`QTM�]lMPZ�XWd`dgMC]lMPy}XaKSWyjy�i}d{ijSWc°��aW��M�dgf Q��XeQ ]li�QTM~y³�`mM,cRM,Q`UWi�M�Z\izdgM�M2cn�TM,hAyjSVQqdP]lMny}X�abSWy�yjizdgijSVc*M,c_fTQ`M~yjMFd�]lM,hR| mM,y�MFabf`QTSWcedb�
XFORQ2�M�d�mM,Z�i}dTd{ijSVc�]lh�OR�RSVfTSWc°��ONM,hRfCµM2fTQTMCa,XFy}abhpy,mM,MPd{M,yjSVc�y}X1®SWQ`Z:hpyjM�dghRi�oWXFclf`M -
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mM,o5mM2cRM,Z\M,c_f`dt]lh�d{ijUVcNX[y�M,fCyjMFd�mM,o5mM,cRM,Z\M2c�fqdt]lhÁfg±_ONM��;��H�"�pQThRi�f~]lM:®SVcN]	M,ceabSWQ`M�]lSWZ�ijcNXFclf2�
v"SWhRQ^aKM,y}X_�lhRcRMt®SVcNabfTi�SWc�yji�c�mMFXFijQTM�]lMPORyjhNd{ijM,hpQqd7oVXFQTi}XF�RyjM�db�RcRSVfRmM,M � ���	��� �RM�dgf^a,XFy}abhRy2mM,MPd{hRijoVX[c_fy³�§XFyjUVSWQTi�fT�RZ�Mu]_M ("izdg�RM2Q,�FM,c:hpfTijy�i}d`X[c_f�hRc~yjSVf5]lM�½2Ä ¶V¶ mM,o5mM,cRM,Z�M,clfYd�]lh�dgijUVcNX[y��WM,cRUVM,cN]lQpmMFdEX,o�MFa
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fTi�SWcÁ]���hRcÁ��S¯dgSVc i�cRijf`i}XFy³�"L�� X[ORONXFQTi�M,Z\Z\M,c_f�cImMFaKMFdTd{ijfTMnhRc�aq�RSVij|A]_M�abSWZn�Ri�cNX[izdgSWc���hRM
�,��M,|_ORy�i}abi�fTM^X[h�ONXFQqXFUWQqXFOR�RM A � A �

9 �^cAO�M2hRfPM,cl»NcAhRf`ijy�i}dgM2QHy�M~Z	µM,Z\MPXFcRUWy�M:ONSVy}X[i�QTM���hpM~ORQpmMFa�mMF]lM,Z\ZnM,c�f2�lZ�XFi}dHM,cAy�Mna,X[yoQ
abhRyzX[c_f~�X\ONXFQTfTi�QC]lMFdt��hNX[c_fTi�fpmMFd�]lM~Z\SWhpo�M,Z\M,c�f^X,�ThedgfpmM2MFdtabSVZ\Z\M5�TM~yjM�]umMFabQ`i}dt]RXFcNdtyjM
ONX[QYX[UVQqX[Op�RM A � A ���WMPcRSVfTM ���D ] aKM,f�XFcRUWy�M��

LNM*aq�RSVij|�M,clf`QTM<abMFd~]_i���mM,QTM2clf`MFd1oVX[Q`i}XF�RyjMFd�M�dgfn]lizabfpmM�ONXFQ~yjMFd�QpmMFdghRy�fqXFfqdn]lM�y³�§XFORORy�i}a,XFfTijSVc�]lM
y³�§XFyjUVSWQTi�fT�RZ�MP]lM ("izdg�RM,Q2��]_SWc_ftyjM~fYX[�Ry�MFX[h A �Ru~Q`M,cN]AabSVZ\ORfTMCM,c*OeX[QTf`ijM�� �Hc�aKSWcNd{fqX[f`Mn��hpM~y}X]li}d`abQTi�Z\ijcNXFfTi�SWc~Z�XF|li�Z�X[y�MuMFd{f�SW�Rf`M,clhpMtM,c�hRfTi�yjizdTX[c_fuy��§XFcRUWy�M � 2��O4��Rr^M1OpyjhNdK�lijy�MFdgf�OpQRmMb[mM,QYX[�Ry�M]lMHy���hRf`ijy�i}dgM2QEdgSVhNduhRcRMH®SVQTZ\MCaTQ`M,ORy�i,mM,M#b £ L \ f ~ � 2��.4 L ¥ �lORy�hRfWµSVf���h���M,cnhRf`ijyjizdTXFclfEy}XPoVX[yjM2hRQ�XF�NdgSxQyjhRMC]lM�dgSWc�abS�d{ijc_hNdb��L�X:oVX[Q`i}XF�RyjM L \ f ~ � 2��.4 L ijc_fTM,Q`oli�M,clfI]RX[cedHy}XnabSWZ�O�S¯dgi�fTijSVc<]lM�yzX�®SVcNabfTi�SWc]li}d`abQTi�Z\ijcNXFclf`M�y�SWQqd~]_M\y}X*f`QTSWizdgi��M,Z\M~ijfpmM,QqXFfTi�SWc��EL�X�»NUWhRQ`M A �§Ä*Z�SWc_fTQTMny}X<abSWQ`QpmM,yzX[f`ijSWc�M,c_fTQ`M
y³�§XFcRUWy�M � 2��O4�M,f�y��§X[cpUWyjM �  J�Ja,X[yzabhRy2mM��X�OeX[QTf`ijQ�]lMFd1OeX[QTf`i}abhpyjMFdtM,cRUVM,cN]lQpmM,MFdK� � M2fTfTMkabSWQ`QRmM,yzX[fTi�SWcMFdgfCZ\SWc_fTQpmM,MndgSVhNd:]_M,hR|A®SWQTZ�MFd.-�hRc��Rizdgf`SWUWQYX[Z\Z�MA�XA]lM2hR|	M2clf`QRmM,MFdK��M,f~yzX*]lizdgfTQ`ij�RhpfTijSVc�]lM
dgijc £�� 2��O4 ¥ ~ dgijc £��  ¥ ��hRi^ONM,QTZ\M2f\]��`mM,oVX[y�hRM,Qny}X	QpmMFdgSVyjhRf`ijSWc SW�Rf`M,c_hRM�dghRQ�y}X	Z\M�dghRQ`MA]lM�abM,fX[cRUVyjM��lL�Xt»NUWhpQTMtZ\SVclf`QTMIX[hNd`dgi�yzXP]li}d{fTQTi��RhRf`ijSWc�]lM � 2��.4�ONSWhRQ5yjMFd�mM,o5mM,cRM2Z\M,c�fqd�]lh�dgi�UWcNXFy�M2f7y�MFdmM,o5mM2cRM,Z\M,c_f`dE]lh�fg±_ONMC�;�� £ cr� ¥ M2f X w X y �

S*SF±�M,cRcRMtM2f�mMFa,X[Q`f Q�f{±lONMFd
¹uXFQTizX[�Ry�MFd ]lMFduyjSVfqd^]��`mM2o5mM,cpM,Z\MKclfYd v"SWhpo�SWijQ

M w M y � w w w y M w M y � �;�� £ cr� ¥ ]li}d`abQTi�Z\ijceX[c_f£ B��&%('� )+* �&%(',.- ¥ ������� ½ �l� ·1W al� À A � Ä1WP·_�j½ ¶ � A ��F� f ¶ �§À�uFW ¶ �j½^F ¶ �RueF1W ¶ � F ¶ ¶ � A Ä4�
£ B��&%('� );* �&%(',<- ¥ ����� ½xu��ouBW al� À A �ouBW A �2� ¶ � A Ä ¶
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G abM^cRi�o�MFX[h�]lMty��§X[ceX[yj±pdgM¯�Wy³��ijcl®SVQTZ�XFfTijSVcndghRQ5y}XPZ�XWd`dgM�]lh\�NS�d{SWc*i�cRijf`i}XFyRc��§XPONXWd�mM2fRmM�abSWZcQ
ORy��M,f`M,Z\M,c_f�hRf`ijyjizd_mM,M¯�WL���MFd{fTijZkX[fTi�SWcn]lM�abM,f`fTM�Z�XVdTd{M�MFdgfEQpmM�X[yjizd_mM,MC�Xty��§X[iz]lM^]lM�]lM,hR|�X,�ThNd{fTM,Z\M2clfYd
abijcImM2Z�X[f`i}��hRMFd�d{hNa,abM�dTdgi��db�lLNM�d"ONX[QYX[Z��M2fTQTM�d�]���M2clf`QRmM,M5]lMFdEX,�ThedgfTM2Z\M,c_fqd�dgSVclfEiz]lM,c_fTi}��hRMFd5�XtabM2hR|
]lMPy³�§X2�ThNdgf`M,Z\M,c_f�hRf`ijyjizd_mMP]pX[cNd�y}X~d_mM,yjMFaKfTijSVc�]lMFd�mM2o5mM,cpM,Z\M,c_fqd^�Xn��hNXFfTQ`Mu�TM2fqdb�
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LNM�ORQTM,Z�ijM,QJX,�ThNd{fTM,Z\M2clfJabSWc_fTQYX[i�clfEyjM�d��TM2fqdEX,�ThNd{fRmMFd��X1o5mM,QTi�»NM,Q�yzX1aKSWcNd{M,QToVX[f`ijSVc�]lM^y³�`mM2cRM,QTUVijM
M2f�]lM^y}XC��hNXFclf`ijfpmM^]lMtZ\SVhRo�M,ZnM,clf2�WLNMFd��TM2fqdEX,�ThNd{fRmMFd5dgSWc_f�XFORONXFQTi2mM�d7M,fEyjM�dDZkXWdTd{MFd�ijc_oVX[QTizX[c_fTMFd
]_MFd«OeX[ijQ`MFd�dgSWc_fJa,X[yzabhRy2mM2MFdb�2x yV±CX´f`QTSWizd«ONS¯dTdgi��Rijy�ijfpmMFd�]��§XFORONXFQTijM2Z\M,c_f,�Kv"SWhpQ�aq�RSWizdgi�Q�y}X�abSVZ:�Ri�cNX[ioQ
d{SWc�y}XPORyjhedDOpQTSW�eX[�Ry�M��RaW��MFdgf�QK�X^Q{]_ijQTM�abM,y�yjM^��hRi�abSWQ`QTMFd{ONSWcN]:y�MHZ�ijM,hR|CONS�dTd{ij�Ry�Mn�X1hpc�mM,o5mM,cRM,Z\M2clf
]�µh �XkyzX:]5mMFdgi�clfpmM,UWQYX[fTi�SWc�]lM�]lM,hR|<ONX[Q`fTizabhRyjM�dH]lMCZ	µM,Z\M�Z�XWd`dgM��Ry�MFdH]_i���mM,QTM2cNabMFd�M,c_fTQTMCZ�XWd`dgMFd
i�cloVXFQTi}XFclf`MFd�]lMFd"ONXFijQ`MFd�]lM°�TM,fqd�d{SWc_fEa,XFy}abhRy2mM,MFd�ONSWhpQuaq�NXV��hRMIX[OROeX[QTi�M,Z\M,c_f,�WLNM^aq�RSVij|tMFd{f�ONSWQ`fRmM
d{hRQ^y}X~abSVZ:�Ri�cNX[izdgSVc�]lSWcpcNX[c_fHyzX�ORyjhedI�XFij�Ry�MP]li��HmM,Q`M,cNabM¯�
LNM�]lM,hp|li��M,Z\M5X,�ThNd{fTM,Z\M2clf�MFdgf5]lM�cpSWhRo�MFXFh:MK��M�abfThImM^d{hRQuy�MFd�a,XFQqXVabfpmM,Q`i}d{fTi}��hRMFd�Z\MFd{hRQpmM2MFd�]lMFd
�TM2fqdb� � M,hp|�Q abi³�°abM,ONM,cN]RXFclf2��dgSWc_f��X\ORQpmMFdgM2clf�mM,f`i}��hRM,fpmM�dHM,fCX[OROeX[QTi2mMFd1OeX[Q�yzX\ORQTS_a�mM�]lhRQTMnORQpmMFa�mMWQ
]_M,clf`M���v�X[QPaKSWcNd_mMF��hpM,clf2�Rijy�MFdgf�O�S¯dTd{ij�Ry�Mn]��§X,�TSVhRfTM2QHhRcpMnabijcN��hRi��M,Z\M�abSWc_fTQYX[ijc_fTM¯�N��hRiDdb�§X2�TSWhRf`M
�XPy}XPabSVcNdgM,Q`oVX[fTi�SWc�]_MHy��TmM,cRM2QTUWi�M�M,f5]lM^y}XP��heX[c_fTijfpmMt]_MHZ\SVhRo�M,Z\MKc_fA-,y³�`mM,U�XFyjijfpmM�M,c_fTQTM�y�MFd�Z�XWd`dgMFd
i�cloVXFQTi}XFclf`MFdE]lMFdE]lM,hp|~ONX[i�QTMFdE]lMJ�TM,fqdEaq�RSWizdgi�MFdb�CG y���izdTdghn]_MtabM2fuX2�ThNdgf`M,Z\M,c_f,�FSWc�]li}d{ONS�dgM�]���hRcpM
oVXFQTi}XF�RyjMPMFd{fTi�Z�X[c_fuyzX�Z�XWd`dgMP]lh<�NS�dgSVcAijcRi�fTizX[y�- Z���� 2��N��hRi�dK�§X,�TSVhRfTMCXFh � f �
L�X�»NUVhRQTM A � a�Z\SVclf`QTM^y}XC]li}d{fTQTi��RhRf`ijSWc<]lh � f ONSWhRQ�y�MFdnmM2o5mM,cpM,Z\M,c_fqd�]_MFdu]lSVcRcImM,M�duQRmM,M,y�yjMFd�M,f]_MFdt]lSVcRc�mM,MFd�dgijZnhRy2mM,MFd7f`M,y}d^��hRM�y��§X,�ThNd{fTM,Z�M,clfIabSWc_o�M,Q`UWM���LNMnabQ`ijf2�M,QTMC]lM�dlmM,y�MFabfTi�SWc � u~QTM,ONS¯dgM
d{hRQ^y}X�oVX[y�M,hRQ^]lMPy}X�oVXFQTi}XF�RyjM � f -
� u - � f
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LNM�duMb��M,fqd�]lM�abM,fTf`MPd_mM2yjMFabf`ijSVc\d{SWc_f�Z\SWc_fTQpmMFdE]RX[cNd�yjM�fqX[�pyjMFXFh A ��½ ¶ �Ns�c_oli�QTSVc � ¶ v�]_MFdnmM,o5mMWQ
cpM,Z\M,c_fqd�]lh�dgijUVcNX[y £ ]lSWc_fEy}XHoVX[y�M,hRQ�Z�S[±�M2cRcRM�]_h � f
 2 MFd{f7f{±_ORi}��hRM,Z�M,c�f�]lMYF ¥ d{SWc_fuaKSWcNd{M,QTo5mMFdb�L�X�OpQTSWONSVQTfTi�SWc<]��`mM,o5mM2cRM,Z\M,c�fYd«Q`M{�TM,fpmMFdE]RX[cNdEyjMFdE]lSVcRcImM,M�d7QpmM2M,yjy�MFd"MFd{fuhRcnONM,h\ORy�hNd7i�Z\ONSWQTfYX[c_fTM
��hRM�]RX[cedDy�MFdE]lSWcpc�mM,MFd�i}d`dghRM�d7]_M�y}XPdgi�Z:hRyzX[f`ijSWc�]lMFd�ORQ`S_abMFdTd{hNdud{fqXFcN]RX[QY]Rdb�_abSVZ\Z\M��TM^y³�§XFiR]5mM{�qX
d{SWhRy�ijUVc�mM~]RXFcNd�y}X~]lMFd`abQTi�ORfTi�SWc<]lMPy}X~d_mM,yjM�abfTi�SWc�]lM�d\mM,o5mM2cRM,Z\M,c_fqdI�X:��hNX[f`QTM5�TM,fYdb�
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LNMn]_M,QTcRi�M,Q^abQ`ijf2�M2QTMC]lM�yzX:d_mM,yjM�abfTi�SWc�QTM,ONS¯dgMndghpQty}X~oVX[yjM2hRQt]_M�y}X~Z�XVdTdgMCQTMFaKSWcNd{fTQThpijfTM Z���� 2��x³y°abSWcNd{i}d{fTM��X~dlmM,y�MFabfTi�SWcRcpM,Q�yjM�d:mM,o5mM,cRM,Z�M,clfYd"d{iNy}X1oVXFyjM,hRQI]lM Z���� 2WMFdgfIabSWZ�ORQTizdgM^]RXFcNduhRc\i�clf`M,Q QoVXFyjyjM�]umM,ONM,cN]pX[c_fP]lM~y³���l±_ONSWf`���MFdgMCfTMFd{fpmM,M�dghRQ�y}X~oWXFyjM,hpQP]lM ZED F ��LNMna��RSVij|<]lMCy}X:yzX[QTUVM,hRQP]_My���i�clf`M,QToVX[y�yjM5MFdgfE]5mMF]lhRi�fu]_MHyzX�QpmMFdgSVyjhRf`ijSVc:SV�RfTM,c_hRM^d{hRQ Z���� 2N��O�SVhRQ5]lMFd~mM,o5mM,cRM,Z�M,clfYd"]_h\d{ijUWceX[y³�
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L�Xt»NUWhpQTM A ��½ ¶ ONM,QTZ�M,f�]_M^dgM^QTM,cN]_QTM�aKSWZ\ORf`M�]lM�y���MWVka,XVabijfpmMu]_M�y³�§X2�ThNdgf`M,Z\M,c_f�abijcImM,Z�X[f`i}��hRM��
T¯hRQPabM,f`fTMt»NUVhRQTM�dgSWc_ftZ\SVclf`QpmM,M�d7yjM�dH]lizdgf`QTij�phRfTi�SWcNd^]lM�yzX�oVXFQTi}XF�RyjM Z���� 2N�X�]li���mM,Q`M,clfYd´cpijo�MFXFhR|]_M�yzX	d_mM,yjM�abfTi�SWc���ONSWhRQk]lM,hR|�yjSVfqdn]��`mM,o5mM,cRM2Z\M,c�fqdP]lh d{ijUWceX[y³�5¬�SWhRf`MFd�yjMFd~]_i}dgf`QTi��RhRfTi�SWcNd~d{SWc_f
Opi}��h�mM,MFd^X[hRf`SWhRQ�]���hRcpM�oVX[y�M,hRQ^abM,c_fTQYX[y�M1f`Q2�MFd�ORQ`S_a��RM�]lM�yzX:oVX[y�M,hRQ�]lM Z D F hpfTijy�i}d_mM,MtyjSVQqdt]_M�y}XUJmM,cImM,QYX[f`ijSWc°� G ORQ`ijSVQTi³�DmM,fYX[c_f�]lSVcRcImMP��hRMty�MFd��NS�dgSVcNd^w;BPdgSWc_fuM2cRUWM,ce]lQpmMFd5X,o�MFa´hpcRMty}XFQTUVM,hRQ�]_M
]5mMFdgi�cRfpmM,UVQqXFfTijSVc*c_hRyjy�M��RaKMFd�]li}d{fTQ`ij�RhRf`ijSVcNdH]_M,olQYX[i�M,clf5ONSWhRo�SVijQ~µM,fTQ`M�X2�ThNdgfpmM,MFd�ONX[Q^hRcRMt®SWceabfTi�SWc
U¯X[hNd`dgi�M,cRcRM��I]lSWc_f�y³�`mM�a,X[Q`f Q�fg±_ONM�QTM,cN]_QqX[i�f�abSVZ\ORfTM<]lMAyzX	ORQpmMFabi}d{ijSVc¦M,|_O�mM,Q`ijZ\M,c_fqXFyjM�� � M,ONM,c4Q
]pX[c_f,�"y�MFd�]_i}dgf`QTi��RhRfTi�SWcNdPORQpmM�dgM,c_fTM,c_fPXFhNdTd{i^]lMFd���hRM,hpMFd�]lhpMFd�XFhR|	OpQTSW�py³�M,Z\M�d1d{hRijoVXFclfYd.-"hRcpM
ZkX[hRoVX[izdgM�X[UWQpmM,U�XFfTi�SWc�]lMFd�ONXFQTfTizabhRy�MFd´M2c~�TM,fYdb�NhRc*Z�XFhRoVX[izdHXFORONX[Q`ijM,Z�M,clf2�lSVh*hRcRM~ZkX[hRoVX[izdgM
Q`MFabSVcNdgf`QThNabf`ijSVc�]lMFdtONXFQTfTizabhRy�MFdb��ªHcRM mM,f`hN]lM�X�Z\SVclf`QRmM P u�Ä RI��hRMny}X�a,XFhNdgM�ORQTi�cNabijOeX[yjM~M�dgf�M2c�XFijfty��§XFUWQpmM2U�X[f`ijSVc	M,cn�TM2fqdb����hRi�MFd{ftQTMFd{ONSWcNd`X[�Ry�Mn]lM~y}X:Z�SWijf`i2mMC]lM~yzX:ONSWORhRyzX[f`ijSWcÁ]lMFd���hRM2hRMFdb�
� MP�X[i�f�cRMC]umM,ONM,cN]\ONXVdH]lMPy��§X[y�UWSVQTijf`�RZ\M�]��§XFUWQpmM,U�XFfTijSVc*hRf`ijy�i}d_mM¯�
v�SWhRQÃmM,oVX[y�hRM,Qny}X�QpmM�dgSWy�hRfTi�SWc�M,|_OImM,Q`ijZ\M2c�fqX[y�M��R�,� X,�ThNd{fTM*»NcNXFyjM,Z�M,clf~yzX�]lizdgfTQ`ij�RhpfTijSVcÃ]lMAy}X
ZkXWdTd{M~QTMFaKSWcNd{fTQThpijfTM<�Xny³�§XFi}]lMn]_M~y}X\d{SWZ\Z\MC]���hRcRMnabSVcNdgfYX[c_fTMnM,fP]���hRcRM�®SVcNabfTi�SWcAU¯X[hNd`dgijM2cRcRM
]_SWc_ft�,��hRfTi�yji}d{M\y³�`mMFa,XFQTf Q�f{±lONM�ONSWhRQ�MFdgf`ijZ\M,QPyzX¾QpmMFdgSVyjhRf`ijSWc dghRQ Z���� 2R�´LNMFd~QpmM�dghRy�fqX[fYd:]_MAabM,f`fTMOpQTS_a�mMF]_hRQTM^d{SWc_f7i�yjy�hNdgf`QRmMFd�ONXFQEy}X´»NUVhRQTM A �j½ ¶ M2f"y�MufqXF�RyjM�X[h A ��½W½V�ls�c~ONXFQTf`i}abhRy�ijM,Q2�,y}X´»eUWhRQ`M A �j½ ¶
Z�SWc_fTQTM���hRMty}X�QpmMFdgSVyjhRf`ijSVc�db� X[Z mM,y�ijSVQTM�M,f5yjMFd5��hRM2hRMFdu]_MFdu]lizdgf`QTij�phRfTi�SWcNd�]li�Z\ijc_hRM,c_f�yjSWQYdT��hRMty�M
cpijo�MFXFh\]lM^d_mM,yjM�abfTi�SWcn]lMFd�mM,o5mM,cRM2Z\M,c_fqd�hRf`ijyjizd_mMFdJX[hRUVZ\M,c_fTM -VX[ORQ2�MFd�y}XtORQpmM�dlmM,y�MFabfTi�SWc~�NXV]lQTSVcRi}��hRM��
yzX*QpmMFd{SWy�hRfTi�SWc ]lM�y}X*Z�XVdTd{M\QTMFaKSWcNd{fTQThpijfTM�MFd{f~]lM F_�j½"¸^M,¹=bxd f ONSWhRQnyjM�yjSVfn]��`mM2o5mM,cpM,Z\MKclfYdt]lhd{ijUVcNX[yJ]lMPQpmMb[mM2QTM,cNaKM'c_X[ORQ2�MFd´y��§XFORORyjiza,X[f`ijSVc�]lh<abQTi�f2�M,Q`M � u��RM2yjyjM�MFdgf^]lMn½V�§À7¸^M,¹=bxd f �
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cRS�d{ijfpmM^ijc_fpmM2UWQpmM2M�MFdgf5abSVcRclhpMPX,o�MFauhRcRM^ORQpmM�abi}d{ijSWcnyji�Z\ijfpmM,MV�[y�MFd�dgM�abfTi�SWcNdEMWV�a2XWabMFdJ]lMFd7OpQTS_abMFd`dghNd
]lMt�RQ`hRijf^]lMt®SVcN]*d{SWc_f�MFdgf`ijZ mM,M�dH�X�OeX[QTf`ijQ^]lMPyzX~dgijZnhRyzX[fTi�SWc�]lMFd�mM,o5mM,cRM,Z\M2c�fqd��lM,f^]5mM,ONM,cN]lM,c_f
]lSWcNa�]lM�d�ORQTSVUWQqXFZ\Z\MFdP]lM�UJmM,c�mM,QYX[fTi�SWc�hRf`ijyjizd_mMFdK�7L�X�dgSVhRQqabM�ORQ`ijcNaKijONXFyjM�]lMFd~M,QTQ`M,hRQqdPMFdgfnaKMWQ
O�M2cN]RX[c_f~y³��M,cNd{M,Z:�pyjMn]lMFd~ijZ�O�M2Qg®MFabf`ijSVcNdP]lM*yzXAdgijZnhRyzX[fTi�SWc�]_MFd�mM,o5mM,cRM,Z\M2clfYd1]_MFd~]li��HmM,Q`M,c_fqd
ORQTS_abM�dTdghed~�X\y³��i�clfpmM,QTi�M,hRQI]lh�]umM,f`MFabfTM2hRQ,� � MFaKi�d{M~fTQqXV]lhRi�ftONX[Q�yjMFd^]umMFd`XWa,abSVQq]Rd�mM,o�M2clf`hRM,yjy�M,Z~M,c_f
SW�Nd{M,QTo5mMFd�]RXFcNdHyjM�d�]li}d{fTQTi��RhRf`ijSWced�]lMFduSW�edgM,Q`oWXF�RyjM�db�NM,clf`QTMty�MFd�]lSVcRc�mM,MFd�QpmM2M,yjy�MFd7M,f�y�MFd�]lSVcRc�mM,MFd
dgijZnhRy2mM,MFdb�Fr�X[cNdEyjM�a,XWdEORQpmMFd{M,c_f,�WM,fI]RX[ced7yjM^�RhRf5]lM���hNXFclf`i�»NM2QEabMFd5]li���mM,Q`M,cNabMFdK��]lMFdEabSVZ\ONXFQqX[ioQ
dgSWcedHd{SWc_f´�XFijfTM�duM,clf`QTMty�MFd�]lSVcRc�mM,MFd�XFh*cRi�o�MFX[h<]lMPyzX�ORQpmMFd_mM,yjM�abfTi�SWc\�NXV]lQTSVcRi}��hRMCM,f^X[h�cRi�o�MFX[h
]lM�yzX\d_mM,y�MFabf`ijSWc�]lMFdAmM,o5mM,cRM,Z�M,c�fqdP�X\��hNXFfTQTM^�TM2fqdb�°X�oVXFclfty��§X,�ThedgfTM2Z\M,c_f�abi�c�mM,Z�XFfTi}��hRMn�X���hNX[f`QTM
abSWc_fTQYX[ijc_fTM�db��s�c MK��M2f,�"y�MFd�mM2o5mM,cpM,Z\M,c_fqdtd_mM,yjM�abfTi�SWcRcImM�d:�X�abMFdC]lM,hR|�cRi�o�MFX[hR|�cRM�d{SWc_f~ONXWd~]_h
Z	µM,Z\Mtf{±_ONM -�XFORQ2�MFdty�MnabQTi�f,�M,Q`M � ½W��yzX:Z�X,�TSVQTijfpmM~]���M,c_fTQTMCM,hR|�dgSWc_fC]lMFdAmM,o5mM,cRM,Z�M,clfYdu]lh�f{±lONM
�;�� £ cr� ¥ QqXV]li}XFfTi��dP��hRiJ]lM,o_ijM,cRcpM,clf^fTQ2�MFdHZ\i�cRSWQ`ijfYX[ijQ`MFd�X[OpQ,�MFdty³� X[OROpyji}a2X[fTi�SWc�]lh�abQTi�f2�M,Q`M � À_� �^c
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ONM,hpfPX[i�cNdgiEaKSWcNd{fqX[f`M,QP��hRM�y�MC]umMFdTXVa,abSVQq]*M,c_fTQ`M�yjM�d´cRSVZ:�pQTMFd�]��`mM,o5mM,cRM,Z\M2clfYdud_mM2yjMFabf`ijSVcRc�mMFduONXFQ
y�M~abQ`ijf2�M,QTM � ½Cc���MFd{fHOeXWdt]�µh�X[hR|²mM,o5mM,cRM,Z\M2clfYdH�X���hNXFfTQ`M��TM,fYdH��hRi�dgSVclf�Z\ijM,hp|~QTM,ORQ`S_]lhRi�fqdHONXFQ
yzX:d{ijZnhRy}XFfTi�SWc�X[h*cpijo�MFXFh�]lMPy}X~d_mM,yjMFaKfTijSVc<]lh<abQTi�f,�M,Q`M � Àl�
G�»Nc�]��TmM,oVX[y�hRM,Qty���M,Q`QTM,hpQtd{±Rd{fRmM,Z�XFfTiz��hRM�dghRQPy�MFdtcRSWZn�RQTM�dt]��`mM2o5mM,cpM,Z\MKclfYd�dgijZnhRy2mMFd´M2fPd_mM,y�MFa,Q
f`ijSVcRc�mMFdPX[OpQ,�MFdtXFORORy�i}a,XFfTijSVc�]lh�abQ`ijf2�M2QTM � À_��yjM�dHoVX[yjM2hRQqdHy�ijZ\i�fTMFdEijZ\ONS¯dlmM,MFd^X[hp|*oVX[Q`i}X[�pyjMFdP]lMFd
aKQTijf2�M,QTM�d � F�M,f � À~SWc_f<mM,fpmM~]li�Z\ijc_hImM,M�dDOphRi}d^X[hRUVZ\M,c_fpmM,M�db�Rd_mM,ONXFQRmM,Z\M2clf2�l]���hRcRMC��hNX[c_fTi�fpmMC]5mMb» Q
cpijMtONXFQ^��heX[fTQ`Mt®SWi}dEy}X�QpmMFdgSVyjhRf`ijSWc�M,|lOImM,QTi�Z\M,c_fqX[y�MuSV�RfTM,c_hRMCdghpQuy}X�oVXFQTi}XF�RyjM�abSWcNd{i}]5mM2QRmM,M���M,c<d{M
�eXWdTXFclf�dghpQHy�MFduQpmMFd{hRyjfYX[fYd�]lMPy}X�QpmMKVmM,QTM,ceabM P À�a R���LNMFduoVX[QTizX[f`ijSWcedH]lMPZ�µM2Z\M^dgi�UWcRMPSW�pfTM,c_hRMFd�d{hRQy���MWVka,XVabijfpmMP]lM~d_mM,yjM�abfTi�SWc<]lMFd<mM2o5mM,cpM,Z\M,c_fqdE]lM�a��NXV��hpM�ORQ`S_abMFdTd{hNdtSWc_f<mM2fRmM~X2�TSWhRfpmM,MFd^��hNXV]lQqXFfTioQ
��hRM,Z�M,clf2��r^M\ORyjhed�]lMFd�mM,o5mM,cRM,Z\M2clfYdH]lhÁORQTS_abM�dTdghed~�;�� £ cr� ¥ SVclfÁmM,fpmMnM,cRUVM,cN]lQpmMFd1M2c	hRf`ijy�i}dTXFclfy�M:OpQTSWUVQqXFZ\Z\M����������	��
���X[hÁyjijM2h�]lM��
�����
����«ONSVhRQ�Z\S_]5mM,yjizdgM,QtyzX:®QqX[UVZ\M,c_fqXFfTijSVcAM,fPy³���NXeQ
]_QTSWcpi}dTXFfTi�SWc��uM2f~yjM,hRQYd�MWVka,XWabi�fpmMFd~]_M*d_mM,yjM�abfTi�SWc�SWc_f mM2fRmM�SW�Rf`M,c_hRMFdnX�o�M�a:y}XAZ	µM,Z\MnZ mM,f`�RS_]lM
]��TmM,oVX[y�hNX[f`ijSVcA]lMFd�M,Q`QTM,hRQYdb� � M,fTf`M�mM,f`hN]lMPONM,QTZ\M2f�]���MFdgf`ijZ\M,QEhRcpM1M2QTQTM2hRQ�QTM,yzX[f`ijo�MP]lM��l� ·�v�d{hRQ
y�MFd"MWVka,XVabijfpmMFd"]_M^dlmM,y�MFabfTi�SWc��FXFORQ2�M�d7XFORORy�i}a,XFfTijSVcn]lhnabQ`ijf2�M2QTM � À_��]lM�f`SWhNd�yjM�d«ORQ`S_abMFd`dghNdEdgi�Z:hpy,mMFdK�� M2fTfTM~M2QTQTM2hRQt]_M��l� ·�v?cRM~ONM,QTZ\M2f�ONXWdP]���M,|lOpyji}��hRM,Q5yjM�]umMFdTXVa,abSVQq]A��hNX[c_fTi�fqX[f`i�ESV�NdgM2QTo5mMnX[h
cpijo�MFXFh~]lM5y}XHORQpmMFd_mM2yjMFabf`ijSVc1�eXW]lQ`SWcRiz��hRM¯� � M,y�hRiRQ abi�MFd{f�XFfTf`QTij�ph�mMP�XHhpcRMuZ\S_]5mM,yjizdTX[f`ijSVc1i�Z\ONXFQg�X[i�fTM
]_h�ORQTS_aKMFdTd{hNd~�;�� £ cr� ¥ hRcRi}��hRM,Z�M,clf2�R�RQThpijfC]lM:®SVcN]�]lSVZ\ijcNXFclf��X*abMncRijo�M�X[hÁ]lM\y}X�d_mM,yjMFaKfTijSVc��G�»Nc�]lM<ORQTM2cN]lQTM<M,c�aKSWZ\ORf`M\yjM<]5mM�dTXWa2abSWQY]¦SW�Nd{M,QTo5mM���hRcRM<ijcNaKM,QTf`ijfThe]lM\QTM2y}X[f`ijo�M<]lM ��v MFdgf
X2�TSWhRfpmM,M~��hNXW]_QqX[f`i}��hRM,Z\M2clf��X�y���M,Q`QTM,hRQ�M�dgfTi�Z�mM,M�dghRQ^y³��MWVka,XWabi�fpmMP]_M~d_mM2yjMFabf`ijSVc�]lMFd�mM,o5mM,cRM,Z\M2clfYd
]_h*ORQ`S_abMFdTd{hNd^�;�� £ cr� ¥ �� M2fTfTM mM2fThN]lM�abSWce]lhRijf¾�X mM2oWXFyjhRM2Q:y�MFd:ijceabM,QTf`ijf`hN]lMFd~d{±Rd{fRmM,Z�XFfTiz��hRM�d~dghRQ�yjM�d�MWVka,XVabijfpmMFd:]_M
d_mM,yjM�abfTi�SWc�]lM�d	mM,o5mM,cRM,Z�M,clfYd����X u�� ¶ v�ONSWhpQ~y³��M2cNdgM,Zn�Ry�M~]lMFdPORQTS_aKMFdTd{hNd:]_M\�RQThpijf~]_M:®SWcN]�M,f
�X��l� Ä�v�ONSVhRQ�y�MndgijUVcNX[y���ijcN]5mM2O�M2cN]lM,Z\ZnM,c_f�]lMny}X\Z�XVdTd{Mn]lh	�NS¯dgSWc w;B�� � MFdtcRSWZn�RQ`MFdHd{SWc_f
hpfTijy�i}d_mMFduONSWhRQ^SW�Rf`M,cRi�Q�yjMtfYX[�Ry�MFX[h A �j½ A �

(*)�� ��� 3�@~3H6K4 ./1=���9<@�02/1= ;</ = ./P0,/P3u4E628:9 /H4 �ABuGA6K4 ;</ ��8:9A;
B ./1=�6F;AG</10

LNM~fYX[�Ry�MFX[h A �j½ A Z\SWc_fTQ`M��RONSWhRQCaq�NXW��hRMCijc_fTM,Q`oWXFyjy�MP]umMb»Ncpi}dTd`X[c_ftyjM�abQTi�f2�M,Q`M � �kM2ftXV]RX[ORfpmM<�X
y���hRck]lMFd�yjSVfqdu]��TmM,o5mM,cRM,Z�M,clfYd"d{ijZnhRy2mM�d"]lhkdgijUVcNX[y��ly�MHcRSVZ:�pQTM^]��`mM,o5mM2cRM,Z\M,c_fqd�d_mM2yjMFabf`ijSVcRc�mMFdE]RXFcNd
y�MFdn]lSWcRcImM,MFd~QRmM,M,y�yjMFdK�"y�M�cpSWZn�RQTM<]��`mM,o5mM2cRM,Z\M,c�fYd�XFfTfTM2cN]lhNd~M,c�d{M*�NXVdTXFclf�d{hRQnyjMFd~ORQTS_aKMFdTd{hNd
d{fqXFcN]RX[QY]Rd^dgijZnhRy2mMFdb�WM2fuy³��MWVka,XWabi�fpmME»NcNX[y�MP]lMCd_mM2yjMFabf`ijSVc\]lhkdgijUVcNX[y���LNMFduM2QTQTM2hRQqd5dgfqXFfTizdgfTiz��hpMFd7M,f
d{±Rd{fpmM,ZkX[fTiz��hpMFdud{SWc_f�M,c�ONX[Q`fTi}aKhRyji�M,Qui�cN]li}��hImM,M�db�
LNM�dkM�V�a,XVabijfpmMFd1»NcNXFyjMFd�]lM�d_mM,y�MFabf`ijSWc ]lhÃd{ijUVcNX[yPd{SWc_f<abSWZ\OpQTi}d{MFd�M,c_fTQ`M �WÀ�v�M,f�À�u&vÃ��LNM
cpSWZn�RQTM5Z\ijcRi�Z\XFyWMFd{f"SV�RfTM2clh~ONSWhpQ�yjM5yjSWfD]��`mM,o5mM,cRM2Z\M,c_fqdRM,cRUVM,cN]lQpmMFd�X,o�MFa Z D F _ A ½"¸^M,¹ bxd f �� M�abi�MFd{fP]�µhÁX[hÁabQ`ijf2�M2QTM�Q`M,ONS�d`X[c_f�d{hRQtyzXkoVXFyjM,hRQ�]lM s t � ��M2fPX[h�aq�RSWi�|A]lM~yzX\abSVhRORhRQ`MndghRQPy}X
®SVcNabf`ijSWc�]lizdTabQ`ijZ\i�cNX[c_fTM��KSWORf`ijZ\izd_mM,MEONSWhpQ�]lMFdCmM,o5mM2cRM,Z\M,c_fqd�]_hndgijUVcNX[yNM,cpUWM,cN]_QRmMFd�X,o�MFa5]lM^ORyjhNd
UVQqXFcN]lMFdHZkXWdTd{MFdb�NLNMFduMWVka,XWaKijfpmM�du]lMCd_mM2yjMFabf`ijSVc�]lMFd�mM,o5mM,cRM,Z\M2clf`d�M,cRUVM,cN]lQpmMFd�X,o�MFa
ZED�F < A A ¸^M,¹=bed f d{SWc_fHf`SWhRf`MFd�dghROImM,QTi�M,hRQTM�dP�X~À ¶ v��
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L�X^]5mM,ZkX[Qqaq�RMJ]��§XFcNX[y�±Rd{M5XW]lSVORfpmM,M5ONSWhRQJabM,f`fTM�mM,f`hN]lMEMFd{f�dgijZ�ijy}XFijQ`M5�XHabM2yjyjM�hRf`ijyjizd_mM,MJORQpmMFa�mMF]lM,ZcQ
Z�M,clf2�Wr^MFdE]li���mM,Q`M,cNabMFd�i�clf`M,QTo_ijM,cpcRM,c_f�abM,ONM,cN]RXFclf5XFh\cRijo�M�X[hn]lM^y}XPd_mM2yjMFabf`ijSVcn]lMFd~mM,o5mM,cRM,Z\M2clfYd
�X^��hNX[f`QTM��TM,fqdK�,s�c�MK��M2f,���Xt½2ÀWÀ1¸^M,¹��byjMJORQTS_abM�dTdghed«M w M y � X w X y X�hRcRM5dgMFaKfTijSVctMWVka,XWaKM�fTQ`SWOONM,f`ijf`MtONSWhRQPµM,fTQ`MHhRcpMPdgSVhRQqabM�]lMH�pQThRi�f�]lM�®SWcN]\UNµM,cNX[c_fTM¯��M2f7y�MtORQ`S_abMFdTd{hNd7M w M y z { |�} {~.�  � £ cr� ¥ XhpcRMCdgMFabf`ijSVc\MWVka,XWabM�mM,U�XFyjMn�X~]lM2hR|:®SWizd�abM,y�yjM^]lMn½,Ä_½�¸^M,¹��Rv�XFQ^abSWcNd_mMF��hRM,c_f,��yjMFdnmM,o5mM,cRM,Z\M2clfYd
]_h~fg±_ONM��;�� £ cr� ¥ abSVcNdgf`ijfThpM,clf�hRc~�RQ`hRijfJ]lME®SWcN]~]lSVZ\ijceX[c_f�M,f"OpyjhNd"i�Z\ONSWQ`fqX[c_fJ��h��z�X´OpyjhNd��NX[hpfTMmM2cRM,QTUVijM�� � ��M�dgftONSWhpQq��hRSWiEyjMCQTM{�TM2ft]lM�d*mM,o5mM,cRM,Z\M2clfYdu]lh�f{±lONM~�>��uX,±_XFclfPXFhAZ\SWi�cNd�hRcAOR�RSVfTSWc
x)T4P mM,cpM,QTUJmM,fTiz��hRM�MFdgfnQTM,c_®SWQqa�mM���XFh�]5mM,f`QTi�Z\M,c_f�]���hRcRM<ONM,QTf`M�M2c¦MWVka,XWaKijfpmM�]lM�dlmM,y�MFabfTi�SWc ]lMFd
mM2o5mM,cpM,Z\M,c_fqdE]lh<dgi�UWcNXFy³�
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L�XnORQpmMFd_mM,yjM�abfTi�SWc��NXW]_QTSWcpi}��hRM�MFd{f�i}]lM2clf`i}��hRMn�X\abM2yjyjM�hRfTi�yji}d_mM,MtONSWhpQty³�`mM,fThN]_M�]_MFdH]_SWcRcImM2MFdH]_M
L�sEv�½,Ä_½2-
� ½�-;13254=<�½ �l� B 254>< ¶�` À@?&s t7� B 698:6 < ¶�`�A ?&s t7�
s�y�yjM�U¯X[QY]lM a5��v!]lMFd<mM,o5mM,cRM2Z\M,c�fqd�]_h�dgijUVcNX[yD]lM�QpmMbVmM,QTM2cNabM £ abSVZ\ONS�d_mMn]lM�� ¶W¶ mM,o5mM,cRM,Z\M2clfYdM2cRUWM,ce]lQpmMFdCX,o�MFa ZED�F _ A A ¸^M,¹=bed f ¥ M2f~d_mM2yjMFabf`ijSVcRcRM�½ �4�WÀ�mM,o5mM,cRM,Z\M2clfYdH]RXFcNd�yjM�d1]_SWcRcImM2MFd
QpmM,M,y�yjMFdK��½,À ¶V¶ W=u £ M,QTQ`M,hRQnd{fqX[f`i}d{fTi}��hRM ¥ mM,fYX[c_f:y�M�cpSWZn�RQTM<X[f`fTM,ce]lhÃ]��§XFORQ2�M�d�y�MFd:d{ijZnhRy}XFfTi�SWcNdK�L�� XWa,aKSWQq]Ac_hRZ�mM,Q`i}��hRMtM,c_fTQ`M�yjM�dH]lSVcRcImM,M�dHQpmM,M2yjyjM�d´M,f^yjM�dt]lSWcpc�mM,MFdtd{ijZnhRy2mM2MFd7MFd{fP]lSVcNa~dTXFfTi}d³�X[ioQ
d`X[c_f,�lLNM�dJ®SVQTZ\M�d"]lM�d�]li}d{fTQ`ij�RhRf`ijSVcNd"d{SWc_f5X[hNd`dgiNabSVQTQ`MFabfTM2Z\M,c_f�QTM2ORQTS_]lhpijfTM�d"ONX[QEyzXtdgi�Z:hRyzX[f`ijSWc°�
aKSWZ\Z\MCy³��ijyjy�hNdgf`QTM,c_f^yjMFdH»NUVhRQTMFd A ��½%u £ O��E½,·�� ¥ �X A �j½�a £ O°�7½2·�u ¥ ����hRi5dgSVclfCQpmMFXFyjizdlmM,MFdn�X�ONX[Q`fTijQ]_MFd�mM2o5mM,cpM,Z\M,c_fqd"OpQRmMFd_mM,yjMFaKfTijSVcRcImMFdK�
v�y�hNd:]_M a5��v&]lMFd�mM,o5mM,cRM,Z�M,clfYdPabSWZ\ONS¯dTX[c_fnyjM��RQThpijfn]lM�®SWcN]�ORQTSFo_ijM,cRcpM,clfk�X	aKM�cpijo�MFXFh
]_h\ORQTS_aKMFdTd{hNd7M w M y � �>�� £ c � ¥ �RLNMFd�ijc_fTM,QYXWabf`ijSVcNd^�X�]lM,hp|~OR�RSWf`SWcNdu±~OeX[QTf`i}abi�ONM,clfD]lMtZ�XFcRi��M,Q`McImM,UWy�ijUWM�X[�Ry�M £ ¶ � ��v ¥ cFyjMFd�ORQ`S_abMFd`dghNd��X���hNXFfTQ`M7®M,Q`Z\ijSVcNd�d{SWc_f"yzXHd{SWhRQYabM�]lM�d"XFhRfTQ`MFd�mM,o5mM,cRM,Z�M,clfYdb�� M�d´i�cl®SWQ`Z�X[f`ijSWcedudgSVclf^QTM2UWQTSVhROImM,M�d�]RX[cNd�yjMPfYX[�Ry�MFX[h A ��½%u £ O���½2· A ¥ �
� � 
 ��� ����� ����������� � � � � � $�&'�:� &��	� "%�
LNM~Q`M{�TM,f�]lMFd<mM2o5mM,cpM,Z\M,c_fqd5]lhAf{±lONM~�>�� £ c � ¥ X,±_X[c_f�X[hAZ\SVijcNd�hRcAOR�RSVfTSVc�x)T4P�mM,cRM2QTUJmM2fTi}��hRMhpfTijy�i}d{M7f`SWhRfJ]�� X[�NSWQY]�y³�`mM2cRM,QTUVijM�QpmMF]lhRi�fTM s t � M,f�y��TmM,cRM2QTUWi�ME]lM5y}X�ONX[Q`fTi}aKhRyjMEcRM,hpfTQTM�mM,y�MFabf`QTSWZkX[UWcImMWQf`i}��hRM�y}XtORy�hNdCmM,cpM,QTUJmM,fTiz��hRM¯� B������z � � SWZ�Z\M��TM�y³�§XFiNX[cpcRSWcNa�mMHORy�hNd��NX[hpf,�WyzX1aKSWhRORhpQTM�X[ORORy�i}��h�mM,M
d{hRQ s t��qMFd{ftORy�hNdtdgf`QTizabfTM���hRMCONSWhRQPy³�`mM,fThe]lMPQRmMFXFyji}d_mM,M~X,o�MFa=s t _ ½,Äl½�¸^M,¹p-W�TMCQTM{�TM2fTfTMCMb��MFa,Qf`ijo�M,Z�M,clf�fTSWhed�yjMFdÁmM,o5mM,cRM2Z\M,c_fqdHQ`MFabSWcpclhNd~aKSWZ\Z\M�X,±_X[c_f~hRc�OR�RSWf`SWc ]lM\ORy�hNd~]lM�� ¶ ¸^M,¹~�d{SWi�f�M,c_oli�QTSVc¦½2·�v ]lM s tE��X[yjSVQqd~��hRMnO�SVhRQ�s t _ ½,Äl½*¸^M,¹����TM\QTM �TM,fqXFi}dn�X�y��§X[iz]lM�]lM�abM,f`fTMoVXFQTi}XF�RyjMPy�MFd\mM,o5mM,cRM,Z\M2clfYd�X,±_X[c_f�hRc�OR�RSWf`SWc�x T�P ]lMPORyjhed�]lMCÀW·\¸HM2¹~�Rd{SWijf �_½%v?]lM s tu�Rv�XFQ
aKSWcNd_mMF��hpM,clf2�,�TMCabSVclf`QWµSWy�MPy}X~��hNX[y�ijfpmM�]lMCabMPabQ`ijf2�M2QTMP]lMCd_mM,yjMFaKfTijSVc:M2cÃmM2fThN]lizX[c_f^dgSVc*Mb��M,f^d{hRQ�yjMFd
mM2o5mM,cpM,Z\M,c_fqdE]lh<fg±_ONMC�;�� £ cr� ¥ M2cRUWM,ce]lQpmMFd�X,o�MFaPXFh*Z\SVijcNdEhRc*OR�pSWfTSVc�]lMPORyjhedH]lMn½2·�¸^M,¹~�RaKM
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��hRiNMFd{fEORyjhNd5dgf`QTi}aKfu��h��z�X1ORy�hNd7�NXFhRfTM�mM,cRM,Q`UWijM¯��GHh\cRi�o�MFX[h�]lM^y}XPORQpmMFd_mM,yjM�abfTi�SWcn�NXW]lQ`SWcRiz��hpM��_abMFd
mM,o5mM2cRM,Z\M,c_f`d�QTM,ORQpmMFdgM2clf`M,clfYu ¶ v�]lMPfTSVhNd´y�MFd\mM,o5mM,cRM,Z�M,clfYd�]lh<fg±_ONMC�;����
LNM~aKQTijf2�M,QTM � ��QTM,UVQTSWhpO�M�]lSWcea1yjM�d�abSWhROphRQTMFd�d{hRQ s t��qM,f B �����z -
� �4- s t � D ¶�` � A ?&s t�M,f B������z N � ¶ ¸HM2¹
� M�abQTi�f,�M,Q`M^dlmM,y�MFabfTi�SWcRcpM uFÀ�v ]_MFd~mM,o5mM2cRM,Z\M,c_fqd�]_h\d{ijUWceX[y�]_M�QRmMb[mM,Q`M,cNabM�M2f�QTM{�TM2fTfTMYaVÀl� À�vÂ]lMFd
mM,o5mM2cRM,Z\M,c_f`d�QqXW]_i}X[f`i��d�]5mMK»NcRi}d5abSWZ�Z\M�ORQpmM�a�mMF]lM,Z�Z:M,c_f�M,f5ORQpmM�dlmM,y�MFabfTi�SWcRcImMFd7ONXFQ�yjMPaKQTijf2�M,QTM � ½W�
v�X[Q`Z\iRyjM�d:mM,o5mM,cRM,Z�M,clfYd"QqXV]li}XFfTi��d7QTM�dgfqXFclf2�RÄ ¶ v SVclf^XFh�Z�SWijcedDhpc�Op�RSWf`SWc<]RX[ceduy³�§XVa,abM,OpfqX[ceabM]lh<]umM,fTM�abfTM,hpQ,�
LNMFd�ONX[Q`fTizabhRyjM�du]lMFd�mM2o5mM,cpM,Z\M,c_fqdEdgSVclfC�X~ORQpmMFdgM,c_f�XFUWQpmM,UJmM,M�d´M,c<��hNX[f`QTM5�TM,fYdb��L�Xn]lizdgfqXFcNabMC]lM

�=681AH 5��¦MFd{f~hRfTi�yji}d_mM,MnO�SVhRQ�abM,y}X_��a,XFQ~y}XA]lizdTabQ`ijZ\i�cNX[f`ijSVc	SV�RfTM,c_hRM�M,c�»Nc ]�� X[cNXFyj±pdgM���M,c_fTQ`M
yjM~d{ijUVcNX[yEM,fty�M~�RQThpijfP]lM~®SWce]���MFd{f1Z�M,ijy�yjMKhRQTMC��hRM~yjSVQqdT��hRM~y��§X[UVQpmM,U¯X[f`ijSWc�MFd{ftQpmMFXFyjizdlmM,M�X�o�M�a�y}X
]li}d{fqX[ceabM5]lM �A5 � 9�� � M2fTfTM5]li���mM,QTM,ceabMEMFdgf�M,cCONX[Q`fTizabhRyji�M,Q�i�yjy�hNdgf`QRmM,MEONXFQ"y�MD�XFijfJ��hpM7y��§XFyjUWSVQTi�fT�RZ\M
]lM ("i}d{�RM,Q�XWdTd{S_abijM�X[hR| oVX[QTizX[�Ry�MFd�SW�pfTM,c_hRMFd<�X	y³��i}d`dghRM<]lM�y³� X[UVQRmM,U¯X[fTi�SWc�ONXFQ:yzX	]_i}dgfYX[cNaKMA]lM
�=681AH 5��¦hRc\ONSVhRo�SWi�Q^]li}d`abQTi�Z\ijcNXFclfDdghROImM2QTijM2hRQ5X[hR|\Z�µM,Z\MFd�oVX[QTizX[�Ry�MFd�a,XFy}abhRy2mM,MFd"M2c�hpfTijy�i}d`X[c_f
y}X~]lizdgfqXFcNabMC]lM �A5��89 £ o�SWi�Q�yjMtfYX[�Ry�MFX[h A ��½,Ä ¥ �rHM,hp|*a2X[QqXVabfpmM2QTi}d{fTiz��hRM�du]lMFd��TM,fYd�dgSWc_f^hRfTi�yji}d_mM,MFdEO�SVhRQtQ`M{�TM,fTM2QuyjM�d�mM,o5mM,cRM2Z\M,c_fTd�QYXW]lizX[fTi��d.-Ny}X
Z:hRy�fTi�ORyji�abi�fpmM�a��NXFQTUJmM,M�M,f^y³�`mM,cRM,Q`UWi�M�mM2yjMFabf`QTSVZ�X[UVc�mM,fTiz��hpM~� � MFd^]lM,hR|<oVX[QTizX[�Ry�MFd�O�M2QTZ\M,f`fTM,c_f^]lM
db�§XVdTd{hRQTM,Q���hpM:y�MFdE�TM,fqdPQTMFabSVcNdgf`QThRi�fqdPQRmMFd{hRyjf`M,clf�]lM\y³���NXW]_QTSWcpi}dTXFfTi�SWc�]���hRc�ONXFQTf`SWc���M,fPcRSWc ]lM
y³�§XFUWQpmM,U�XFfTijSVcA]���hRc*Op�RSWf`SWc�mM,cRM2QTUJmM2fTi}��hRMCX,o�MFaP]��§XFhRfTQ`MFd�ONX[Q`fTi}aKhRyjMFdK��L��`mM,cpM,QTUVijM�mM,yjM�abfTQ`SWZ�XFUWcImMWQ
fTi}��hRM�� B ��	� �RM,c�ONX[Q`fTi}aKhRyji�M,Q,�_MFdgf^a,XFy}abhpy,mM,M�]lMPy}X~Z�X[cpi³�M,Q`Mtd{hRijoVX[c_fTM -

9 dgi�hRcRMtONXFQTf`i}abhRy�MHcpM,hRfTQ`MtMFd{fuSW�pfTM,c_hRMn�XPONX[Q`fTijQ^]���hRc�]5mM,O�µSWfI]RX[ceduy³��hpc�]lMFd5a,X[y�SWQTi�ZA�M,f`QTMFd
mM,yjM�abfTQ`SWZ�XFUWcImM,f`i}��hRMFdu�Nd{SWc²mM,cRM,Q`UWijM�MFdgf^X,�TSVhRfpmM2M\�X B ��	� c

9 dgiPhRcRM�ONXFQTfTizabhRy�M�a��NXFQTUJmM,M	M�dgf<XWd`dgS_abi2mM,M��X�hRc�]5mM2O�µSWf<]��`mM,cRM,Q`UWijM B�
 2 2�]RX[ced�y³��hRc²]lMFda,X[y�SWQ`ijZ��M,f`QTMFdCmM,yjMFaKfTQTSVZ�X[UVc�mM,f`i}��hRMFd�� B�
 2�2uM�dgf^X,�TSVhRfpmM��X B ���� �
9 B ���� MFd{f^]lijo_i}d_mM,M^ONX[Q^y³�`mM,cRM,Q`UWijM�]lhC�TM,f2�RSW�Rf`M,clhpMtONX[Q^y}X~d{SWZ\Z�Mt]lM�d\mM,cRM,Q`UWijM�du]lMFduOeX[QTf`iRQabhRy�MFduXFUWQpmM2U�mM,MFdK�
�^Q,�Eijy�ONM,hRf�XW]_o�M,cRijQn��h���hRcRM�ONX[Q`fTizabhRyjM<aq�NX[Q`UJmM,M�dgSVijf�XWdTd{S_abi2mM2M*ONXFQ\M,QTQ`M,hRQ<�XAhRc�OR�RSVfTSVc
mM,cRM,Q`U�mM,f`i}��hRM��ly�SWQYdT��h���i�y}d�dgSVclf�O�M2h*i}d{SWy2mMFd´y���hRc�]lM�y��§XFhRfTQ`M��NrtX[cedtabM~a2XWdb�Ny³��ijcl®SVQTZ�XFfTi�SWc<dghRQ�abM
OR�RSWf`SWcAMFd{fHONM,QY]lhRM�dgip�TM�cRMCfTijM2cNd´OeXWdtabSVZ\ORf`M�]_M~abM,f`fTM�mM,cRM2QTUWi�MCXWdTd{S_abi2mM2M���aKM~��hRi"M�dgf^yjMCa,XWd
O�SVhRQ\y�MFd~a,X[yzabhRyzd~]lM s t � SVh�]lM B �����z �Ev�XFQ�abSVcNd_mMF��hRM,c_f,� B ���� ONM,Q`Z\M,fn]lM<QRmMFabhpO�mM,QTM2QnabM,fTf`Mijcl®SVQTZ�XFfTijSVc\M,fI]RX[cNd^abMCa,XVdb�NX�hRcRMPoVX[y�M,hRQ^d{hRO�mM,Q`ijM,hRQ`Mn�X~y³�`mM2cRM,QTUVijM�]lhC�TM,f,� � M�abi�M,|_ORy�i}��hRMHy�MFd
oWXFyjM,hpQqd�dghpO�mM,QTi�M,hRQ`MFdt�X�½1SV�NdgM2QTo5mM,MP]RXFcNd´yzX�»eUWhRQ`M A �j½ �l�
LNM~aKQTijf2�M,QTM�]lMCdlmM,y�MFabfTi�SWc � �~QTM2O�S¯dTXFclf�dghRQ�y�MFduoVX[Q`i}X[�pyjMFd,1 �254 M,f B ��	� MFdgf�y�M�d{hRijoVXFclfA-
� À4- 1 �254� �~M,f B ��	� N ¶4` a
� M~aKQTijf2�M,QTMCd_mM,yjMFaKfTijSVcRcRMPÄ�u&v ]lMFd�mM,o5mM2cRM,Z\M,c�fYdu]lh�dgi�UWcNXFy�]lMCQpmMb[mM2QTM,cNaKMtM,f�QTM �TM,fTf`M�a�u&v ]lMFd
mM,o5mM2cRM,Z\M,c_f`d7QYXW]lizX[fTi��duORQpmM�dlmM,y�MFabfTi�SWcRcImMFdb�pv�X[Q`Z\i�yjMFd�mM2o5mM,cpM,Z\M,c_fqd�QTM�dgfqXFclf2��� ¶ v SVclf�X[hAZ�SWijcedhRc�OR�RSWf`SWc�]RX[cNd�y³� XWa,aKM,ORfqXFcNabMP]_hA]5mM,f`MFabf`M,hRQ,�
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L�X^oWXFQTizX[�Ry�M7SV�RfTM2clhRM5M,cCXW]R]_ijfTi�SWcRceX[c_f"y�MFd�Z\SWZ�M,clfYdN]���SVQq]lQ`M�]lM ��M,f ��]lM (RSF|�Q X	SVy�®QYX[Z�MFdgf
hpfTijy�i}d_mM,MP�XPabM^cRijo�M�X[h~]_Mtd_mM,yjMFaKfTijSVc�� �WM�c���hRf`ijy�i}dgM5ONXWd5]��§XFhRfTQ`M�oVX[QTizX[�Ry�M���abSVZ\Z\M B��&%('� );* �&%(',.- SWh� ������ � �Ra2X[QuM2yjyjM�dDi�clf`M,QTo_ijM2cRcRM,c_fE]RXFcNduy}Xt®SWcNabf`ijSVc\Z:hpyjfTiz]lijZnM,cNd{ijSVcRcRM,y�yjM5hRfTi�yjizdlmM,M�ORy�hNduyjSVijc���M,f
X2�TSWhRf`M,QC]lMFdPabSWhpORhRQTM�d1d{hRQCabMFdHoVXFQTi}XF�RyjM�d�c°�§X[Z mM,yji�SWQTMPONXVdty}X�]li}d`abQTi�Z\ijceX[fTi�SWc<M,clf`QTMCyjMndgi�UWcNXFy
M2f�yjMt®SWcN]�M,c��NSWhRf�]��§XFcNX[y�±Rd{M���LNM�abQTi�f2�M,Q`M � �nMFd{f�yjMCdghRi�oVX[c_fA-
� �r- � f � � � N ½ `q¶
L�XPoVX[yjM2hRQ5]lMHyzX1y�ijZ\i�fTMEMFdgf5aq�RSWizdgi�M^]lMHZkX[cRi��M,QTM��X1SWOpfTijZ�i}dgM2Q"yzX1]_i}dTaKQTijZ�ijcNXFfTijSVc1»NceX[yjM^M,c_fTQ`M
y�MFd\mM,o5mM,cRM,Z�M,clfYdE]lh<dgijUVcNX[y�M2f�yjMFd�mM,o5mM,cRM2Z\M,c_fqdE]lh��RQThpijf^]lMt®SWce]*]lSVZ\ijcNXFclf2�_]lh*f{±_O�MC�;����
� M�abQ`ijf2�M2QTM^d_mM2yjMFabf`ijSVcRcRM�Ä ��vÂ]lMFd~mM,o5mM,cRM,Z�M,clfYd�]lh�dgijUVcNX[y�]lM^QpmMKVmM,QTM,ceabM�M,f�Q`M{�TM,fTf`MYa5�_�Ru&vÂ]lMFd
mM2o5mM,cpM,Z\M,c_fqd�QqXV]li}XFfTi��duORQpmMFd_mM,yjM�abfTi�SWcRcImM�db�
�)�	� ! � � & �	� 
� ��� � � &�
 ��� ��� � � � � 	�� �������&��	� ������& �� & ��$�� 	�
� ��$�&!� � � ���
LNM�]lM,Q`cRijM,QnaKQTijf2�M,QTMk]lMAd_mM,yjMFaKfTijSVc�]lMFd�mM,o5mM,cRM,Z�M,clfYdn�X	��hNX[f`QTM��TM,fqd�Q`M,ONS�dgM�aKSWZ\Z\M<�X�ORyjhNd
�eX[hRf`M�mM,cRM2QTUWi�MPdghpQHy�MtQpmMFd{hRyjfYX[f^]���hRc<X,�ThNd{fTM,Z\M2clf5abi�c�mM,Z�XFfTi}��hRM�i�Z\ONS�dTXFclf�yzX~abSWcedgM,Q`oWXFfTi�SWcA]_M
y��`mM,cpM,QTUVijMtM,f^]_M1yzX~��heX[c_fTijfpmMP]lMPZ\SVhRo�M,Z\M,c_f,�VªHcÃmM,o5mM,cRM,Z�M,clfJMFdgf�d_mM,y�MFabf`ijSWcpc�mMtdK��i�y�o5mM,Q`i�»NM -
� ·�- � f� 2 N À ` ·
G^ORQ2�MFd^abM,f`fTMCd_mM2yjMFabf`ijSVc*]_MFd�mM2o5mM,cpM,Z\M,c_fqd^�X\��hNX[f`QTM5�TM,fYdb�Ny³��M�V�a,XVabijfpmMt]_M~d_mM2yjMFabf`ijSVc*]_hAdgi�UWcNXFy
M�dgf�]_MPÄWÀ�v\�_ijcl[mM,Q`ijM,hpQTMC�X~abM,y�yjM�SV�RfTM,c_hRM�]RX[ceduy³�`mM2fThN]lM�]lMFd5]lSWcpc�mM,MFd5]lM�L�sEv�½,Äl½ £ u¯½%v ¥ a,XFQuy�MQ`M{�TM,f�]lMFd�mM,o5mM,cRM,Z\M2clfYdDQYXW]lizX[f`i��dHMFd{fHOpyjhNd^dgf`QTi}aKf,��L�X:ORQ`SWONSWQ`fTi�SWcÁ]��`mM,o5mM,cRM2Z\M,c�fqd5]lh�®SVcN]A]lSxQ
Z�ijcNXFclf5�;��ud_mM2yjMFabf`ijSVcRc�mMFdK��OeX[QTZ�i�abM,hp|:ORQpmMFd_mM2yjMFabf`ijSVcRc�mMFdK�WMFdgf^]_MP·l� À�v�� � MtyjSVf^abSWc_fTi�M,clfEM,ceabSWQ`M
½ ��v?]���M,olfYd7QYXW]lizX[fTi��duX,o�MFatXFh�Z\SWi�cNd7hRc�OR�RSWf`SWc�]lMPORyjhNd5]lMn½,·:¸^M,¹~�_Z�X[izd�ORyjhNd�]_M�a�a�v�]_M
aKMFd\mM,o5mM,cRM,Z\M2clfYdDOpQRmMFd_mM,yjMFaKfTijSVcRcImMFdESWc_f�mM,fpmMPQ`M{�TM,fpmM�db�RvJX[QTZ�i�abMFd�mM2o5mM,cpM,Z\M,c_fqd�QqXV]li}XFfTi��duQTMFd{fqX[c_f,�
hpc\fTi�M,QqdEabSVclf`ijM,c_fE]lM,hp|:OR�pSWfTSVcNdux)T4P#mM,cRM2QTUJmM2fTi}��hRMFdJX[hR|�]lijQ`MFabf`ijSWced�]lMto�SVy�SVORONS�d_mM,MFdb�_M,f^½,À�v
aKSWc_fTijM2clf^XFhAZ\SWi�cNdufTQ`SWi}d�OR�RSVfTSVcNdtx)T4PP��LNM~fqX[�pyjMFXFh �R��½,·:Z�SWc_fTQTM�y³�`mM2o�SWyjhpfTijSVc�]lMCy}X~O�SVORhRyzXeQ
f`ijSVc*]��TmM,o5mM,cRM,Z�M,clfYd��;�� £ cr� ¥ QqXV]li}XFfTi��d5X[h�abSWhRQYd�]lMty��§X[ceX[yj±pdgM¯�Rs�c�ONX[Q`fTi}aKhRyji�M,Q,��y}XCabSWhpORhRQTMCd{hRQyzX�®SVcNabf`ijSWc�ZnhRyjf`i}]li�Z:MKcNd{ijSWcpcRM,yjy�M^X[Z mM2yjijSVQTM^yjMtQ`M{�TM,f^]lMCabM�d:mM,o5mM,cRM,Z�M,clfYd��
G^ORQ2�MFd�y³� X[OROpyji}a2X[fTi�SWc�]lhAabQ`ijf2�M,QTM � ·l�°ÄWÄ mM,o5mM,cRM2Z\M,c_fqdud{SWc_fPd_mM2yjMFabf`ijSVcRc�mMFd�]RXFcNdHy�MFdH]_SWcRcImM2MFd
QpmM,M,y�yjMFdK�[y�M�cRSWZn�RQTMIX[f`fTM,cN]_h�mM,fqXFclfD]lMtÄ�al� a1W �_� ¶ £ M2QTQTM2hRQEdgfYX[f`i}dgf`i}��hRM ¥ �lLNMH�pQThRi�fu]_Mu®SWcN]nd_mM,y�MFa,Qf`ijSVcRc�mM^MFdgf�OpQTMFd`��hRM�M2|Raby�hNdgi�o�M,ZnM,clf°abSWZ�O�S¯d_mM^]��`mM,o5mM,cRM,Z\M2clfYd�]lhnf{±lONM^�;�� £ cr� ¥ £ o�SVijQ�y�MufqXF�RyjM�X[h
�p�j½xu ¥ �

���� �� � ")& ���)�L� \ +����L��';��\ � ")� ��!#";")�������
T¯ijZ\i�y}X[i�QTM,ZnM,c�f��X~y³�§XFcNX[y�±Rd{MC]lMFd^]lSWcRcImM,MFd^]lM~L�s7v�½2Äl½W��hRcpM�®SVcNabf`ijSWc<yji�c�mMFX[i�QTMP]_M�ORy�hNdgi�M,hRQqd
oVXFQTi}XF�RyjM�duMFdgfIabSWcNd{fTQ`hRijf`Mn�X�y³� X[i}]_Mt]lM�y³�§XFyjUVSWQTi�fT�RZ�M^]lM ("izdg�RM,Q5ONSWhRQ^]lizdTabQ`ijZ\i�cRM,Q�M�V�a,XVabM,Z\M2clf
M2clf`QTM\hRcpM\ONSWORhRyzX[f`ijSWc ]lM�½ ¶W¶V¶ mM,o5mM,cRM,Z\M2clfYdt]lh�d{ijUWceX[y�M,cRUVM,cN]lQpmMFd�X,o�MFa ZED F _ � �AM,f �¯Ä
¸^M,¹�bxd f M,f�hRcpM�O�SVORhRyzX[fTi�SWc�]lM � ¶V¶W¶ mM,o5mM,cRM,Z�M,clfYd�]lh~�pQThRi�fE]lMu®SWce]~]lSWZ\i�cNX[c_fJ�;�� £ cr� ¥ �¯¬«SVhNd
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P�M{�TM,fI]lMFd�mM,o5mM,cRM2Z\M,c_fqdE]lh�f{±lONMC�;�� £ cr� ¥� QTi�f,�M,Q`MP]lM ¿^�*]��TmM,o5mM,cRM,Z�M,clfYd mM,o5mM2cRM,Z\M,c_fqd�QqXW]_i}X[f`i��d
d_mM,yjM�abfTi�SWc ]lh�f{±lONMC�;�� £ cr� ¥ OpQTSWONSVQTfTi�SWc £ v ¥ M�V�a,XVabijfpmM £ v ¥� ½ � �_½,·�u Ä&al� a ½ ¶W¶
s t��F� B �����z Ä5��a5� ½,·l��½ Äl�ou

1 �254 · � ¶ � ½W½W� À Àl�*�
B ���� ��u �l½ ½ ¶ � � Àl��½� f � � � ½ �V·W· ½,Äl� · ½W� À
� f� 2 ½W½ � ¶ ½,Àl� � ½W� ¶
�����	��� ½ ��u al� � ¶ � ¶ �
� f
 2 ��u ½ ¶ � À ¶ � ¶ Ä
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yjMFd�mM,o5mM,cRM2Z\M,c_fqd7hpfTijy�i}d_mMFduo5mM2QTi�»eM,clf�y�MFd�abQ`ijf2�M2QTMFd � ½�M2f � �_�"LNMFd�oWXFQTizX[�Ry�MFdHhRf`ijyjizd_mM,M�d7ONSWhRQPy���M,c�Q
fTQqXFµ�jcRM2Z\M,c_f�]_M�yzX�®SVcNabf`ijSWc d{SWc_f:y�MFd�Z	µM,Z\M�d1��hRM�ONSWhRQny³�`mM,fThe]lM�]lMFdn]lSVcRc�mM,MFdn]lMAL�sEv�½,Äl½V�
sDc�ONXFQTf`i}abhRy�ijM,Q2�"y�MFd�oVX[QTizX[�Ry�MFd * �&%(',<- £ ORy�hNd�ONM,fTi�fnX[cRUVyjM*M2clf`QTM<]lM,hR|k�TM,fqd�ONXFQTZ\i5yjMFd~��hNXFfTQTM ¥ �B �&%('� £ ORyjhed´ONM,f`ijfTMÁmM,cRM,Q`UWi�M~]lMFdJ�TM,fqd ¥ �NyjM,hRQ^ORQ`S_]lhRijf B �&%('� );* �&%(',<- ��M2fHyzX\]li}d{fqXFcNabM~a2X[QqXVabfpmM2QTi}d[QfTi}��hRM^Z\ijcpijZ�XFyjMuM2clf`QTMP]lM2hR|t�TM2fqdb� � � � �pdgSWc_f�ijc_fTQ`S_]lhRi�fTMFd�]lM2hR|�®SVi}dK�Ra,XFy}abhRy2mM,MFdEM,c\hRf`ijyjizdTXFclf5y}X]li}d{fqX[ceabMP]lM � 681AH 5��¦M,fuyzX~]li}d{fqXFcNabMP]lM�� 5 �89:ONSWhRQ^XFUWQpmM2UWM,Q�y�MFd7ONXFQTf`i}abhRy�MFd7M2c���heX[fTQ`ME�TM,fYdb�
LNMtfqXF�RyjMFXFh �R��½,ÄPZ\SWc_fTQ`M�yjMFdEO�SVhRo�SWi�Qqd5]li}d`abQTi�Z\ijcNXFclfYd�]lM�abMFdEoWXFQTizX[�Ry�MFd�fTM,yzdu��hRMHy��§XFyjUWSVQTi�fT�RZ\M
]lM ("i}d{�RM,Quy�MFd�a,XFy}abhRy�M��

S*SF±�M,cRcRMtM2f�mMFa,X[Q`f Q�f{±lONMFd
¹uXFQTizX[�Ry�MFd ]lMFduyjSVfqd^]��`mM2o5mM,cpM,Z\MKclfYd v"SWhpo�SWijQ

M w M y � w w w y M w M y � �;�� £ cr� ¥ ]li}d`abQTi�Z\ijceX[c_f£ * �&%(',<- ¥ ����� ½V� ¶ �AW ¶ �§ÀWÀ ¶ � � ¶ W ¶ � ��a ¶ � · ¶ ·yjc £ �������� � ¥ Q �p�§À'Wn½W�j½ Q Äl�§Ä'W~½V� � ¶ � · ¶V¶
£ B��&%('� )+* �&%(',.- ¥ ������� ½2·l� À1W=u�� a Àl� Ä1WPÀ_�§· ¶ � ��a�a
£ B �&%('� );* �&%(',<- ¥ ����� ½ �R�*�1W=u��*� Àl�ouBWPÀ_�§À ¶ � �
�4�
yjc £ � �����#�� � ¥ Q{À_�§·'W ¶ �2� Q ·l�§·'W~½V�j½ ¶ � ��Ä �
£ * �&%(',.- ¥ �����#� ½V� ¶ uFW ¶ �§À � ¶ � �K�1W ¶ �§À ¶ ¶ � ��Ä ¶
L \ f ~ � 2��.4 L ¶ �§À&a'W ¶ � �5� ¶ �§·�a1W ¶ �§ÀV· ¶ � ¶ � �
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� SWZ�Z\M~abMnfqXF�RyjM�X[h�yjMnZ\SWc_fTQ`M���yzX\oWXFQTizX[�Ry�M:yzXkOpyjhNdP]lizdTabQ`ijZ\i�cNX[c_fTMCc���MFd{fPONXWdPyjM~ORQ`S_]lhRijf
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B��&%('� );* �&%(',<- abSWZ\Z�M�aV�TmM,fYX[ijf�yjM�a,XWdtONSWhRQ~y��§XFcNX[y�±Rd{Mn]lMFd�]_SWcRcImM2MFdP]lM�L�sEv�½,Ä_½W��Z�XFi}dHy��§XFcRUWy�M* �&%(',<- yjSVQqd`��h���ijy5MFdgf�a,X[yzabhRy2mM�M,c X[UWQpmM,UWM�X[c_f~yjMFd�ONXFQTf`i}abhRy�MFd1M2c¦��hNXFfTQTMC�TM,fYd\�XAy³� X[i}]_M�]lM\yzXA]li}d[QfYX[cNaKM^]lM � 6 1AH[5�� ��GHh�ONXVd�dghpijoVX[c_fE]lM5y³�§XFyjUVSWQTi�fT�RZ�M��qy}XHoVX[Q`i}XF�RyjM5yjc £ �������� � ¥ MFd{f�]5mM,fTM,Q`Z\ijcImM,MaKSWZ\Z\MJabM,y�yjM5��hRi_X[ORONSVQTfTM�yzXH]_i}dTaKQTijZ�ijcNXFfTijSVcHyzX´OpyjhNd�ijZ\ONSVQTfqXFclf`MEM,c�Q`M,clf`QqXFclf�]RXFcNd"yzXHabSVZ\ONS%Q
d{ijf`ijSWcn]_M�y}X´®SVcNabfTi�SWc���L�XP]li}d{fqXFcNabM^]lM � 6 1AH[5�� ONM,QTZ�M,f�XFijcNd{iRhRcRM5Z\M,i�yjyjM2hRQTME]_i}dTaKQTijZ�ijcNXFfTijSVc
M2clf`QTM�yjM^d{ijUVcNX[yNM,fEyjM��pQThRi�fE]lM�®SWcN]��RL�XPfTQTSVi}d{i³�M,Z\MEoVX[Q`i}XF�RyjM^ijc_fTM,Q`o�M,cNXFclfJ]RX[cedDy���M,|_ORQ`MFdTd{ijSWcn]_M
yzX�®SVcNabfTi�SWc�]li}d`abQTi�Z\ijceX[c_fTMuM�dgf L \ f ~ � 2��O4 L �_abSVZ\Z\MEONSWhRQ5y³� X[cNXFyj±pdgM�]lMFdE]lSWcpc�mM,MFd5]lM1L�sEv�½,Ä_½W�L�X�®SWceabfTi�SWc*ZnhRy�fTi}]_ijZ~M,cNd{ijSVcRcRM,y�y�M�SV�RfTM2clhRMCX~y³��M,|lOpQTMFd`dgijSVc�dghpijoVX[c_fTM -

� � � � � _ ½ ` u&u�À ) £ * �&%(',.- ¥ ����� � ¶�` �¯·5� ) y�c £ �������� � ¥ ~ ¶4` �l½�a ) L \ f ~ � 2��O4 L
L�X�»eUWhRQ`M �R��½%u\Z�SWc_fTQTM~yzX�]li}d{fTQTi��RhRf`ijSWcÁ]lM�aKM,fTf`M�®SWcNabf`ijSVc�ONSWhRQCyjMFdP]lSVcRc�mM,MFdPQpmM,M2yjyjM�dHM,fPyjMFd
]_SWcRcImM2MFd�dgi�Z:hRy2mM,MFdK�,yjSWQYdT��hRMty�MFdnmM,o5mM,cRM2Z\M,c�fqdJdgSWc_f�d_mM,yjM�abfTi�SWcRcImM�dDOeX[Quy�MtaKQTijf2�M,QTM � ½HM2fuONXFQuy³��M,c�Q
d{M,Zn�RyjMP]_MFdHaKQTijf2�M,QTM�du]lMCy}XndlmM,y�MFabfTi�SWc<]lMFd�mM2o5mM,cpM,Z\M,c_fqd^�X\��hNX[f`QTM5�TM,fYdb��L�X�»NUVhRQTM �p�j½�a�Z\SVclf`QTM
y�MFd^]li}d{fTQTi��RhRf`ijSWcedt]lMFd�oVX[QTizX[�Ry�MFd^abSWZ\ONS¯dTX[c_f � ���	��� �«L�� XWa,abSVQq]*M,c_fTQ`MC]lSWcRcImM,MFdHQpmM,M,yjy�MFduM,f�]lSWc4Q
cImM,MFd�dgi�Z:hpy,mM,MFd�MFd{f^dTXFfTi}d³�X[izdTX[c_f,�

H+H-→ cs
–
c
–
s à √s = 133 GeV

1

10

10 2

-6 -4 -2 0 2
Fcscs après critère C1

1

10

-6 -4 -2 0 2
Fcscs après critère C5
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� MnabQ`ijf2�M2QTMPabSVcNdgM2QTo�M~Ä���v?]lMFd<mM,o5mM2cRM,Z\M,c_fqdE]lh�d{ijUVcNX[y�ORQpmM�X[y}XF�RyjM2Z\M,c_f�d_mM2yjMFabf`ijSVcRc�mMFdK�Rx³y"M�dgf
]lSWcNa�ORy�hNd�dgf`QTizabf���hpMu]pX[cNd�yjM5a,XVd�]lMEy³�`mM2fThN]lMD]lMFd�]lSWcRcImM,MFd�]lM�L�sEv�½,Äl½V�WZ�XFi}d�ONM,QTZ�M,f�]���SV�RfTM,cpijQ
hRc�QqXFORONSWQTf���2,b�����mMF��hpijoVX[y�M,clf £ S��h��2n]umMFd{ijUWcpMAyjM*cpSWZn�RQTM�]��`mM,o5mM,cRM2Z\M,c�fqd~]_hÃdgijUVcNX[y��uM,c
ORQTM,ceX[c_f Z D F _ � �u¸^M,¹=bxd f �WM,f�����yjMucpSWZn�RQTMI]��`mM,o5mM,cRM2Z\Mbc_fqd�]lhnfg±_ONM��;�� £ cr� ¥R¥ ��L���M�V�a,XVabijfpmM]lM�d_mM,yjMFaKfTijSVc~]lM�d�mM,o5mM,cRM,Z\M2clfYd�]lhndgi�UWcNXFyRMFdgfD]lM^À&a_� ��v���·<mM2o5mM,cpM,Z\M,c_fqd�d{SWc_fEd_mM,y�MFabf`ijSWcpc�mMFd�]RX[cNd
yjMFd5]lSWcRcImM,MFd�QRmM,M,y�yjMFdK��O�SVhRQ^hRc*cRSVZ:�pQTM�X[fTf`M,cN]lh�]lM=u�� Ä1W ¶ �§Ä £ M,Q`QTM,hpQ�dgfYX[f`i}dgf`i}��hRM ¥ �� M,f`fTMAaKSWhRORhpQTMAaKSWc_fTQTi��RhRM�MWVka,XWaKM,Z\M,c_f��X	QTM{�TM2fTM,QCyjMFd�mM,o5mM,cRM,Z\M2clfYd�QYXW]lizX[f`i��d.-EZ\SWi�cNd~]lM
¶ � ¶ ��v ]lM�abM�dPmM,o5mM,cRM2Z\M,c_fqd�OpQRmMFd_mM,yjMFaKfTijSVcRcImMFd�d{SWc_fEabSVcNdgM,Q`o5mM�d�X[ORQ2�MFd"y��§X[OpORyjiza,X[f`ijSWcC]lM^aKM�abQ`ijf2�M2QTM��
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L�X~QTMFabSVcNdgf`QThNaKfTijSVc<]lMty}X�ZkXWdTd{MP]lh��NS�d{SWcAw�B�M�dgfuQpmMFX[y�i}d_mM,MPabSVZ\Z\MC�X�ORy�hNdu�NX[hpfTM�mM,cRM,Q`UWi�M -
yjMAORQ`M,Z\ijM2QnX,�ThNdgf`M,Z\M,c_f�abijcImM2Z�X[f`i}��hRM�O�M2QTZ\M,fk]lM�a��pSWi}d{ijQ�yjM�d\]lM,hR|�OeX[ijQ`MFd\]lM��TM,fYdkOeX[QTZ�i
yjMFd^dgi�|*ONS�d`dgij�pyjMFdK��]lM~Z�XFcRi��M,Q`M��XkZ�ijcRi�Z\i�dgM,Q5y}X\]li���mM,QTM,ceabM~M,c_fTQTMCyjMFd^Z�XWd`dgMFd�ijc_oVX[QTizX[c_fTMFd�]lMFd
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������tuX,�ThedgfpmM�d�cFM,f"hpcn]lM,hR|_i��M,Z�M�X,�ThedgfTM2Z\M,c_f�MFdgfJX[OROpyji}��hImMIX[hR|PONXFQqX[Z��M,fTQ`MFd«Z�MFdghRQpmMFd�]lMFd_�TM,fYdb�
abSWc_fTQYX[ijUVcNX[c_f^y}X~abSVcNdgM,Q`oVX[fTi�SWc�]lM�y��TmM,cRM2QTUWi�MtM,f^]lMPyzX:��hNX[c_fTi�fpmMC]lMPZ\SVhRo�M,Z\M,c_f,�VM,f�ijZ\ONS¯dTX[c_f
y³�`mM2U�X[y�ijfpmMHM,c_fTQ`MtyjM�duZ�XWd`dgMFdui�cloVX[Q`i}XFclf`MFdu]lM�dH¤�
�����)t�a��RSVi}d{i}duM,f^X,�ThedgfpmM�db�
LNM^abQ`ijf2�M2QTMEQTM,ONS¯dTX[c_f5dghRQJy}X^��hNXFyji�fRmM�]_M�y³�§X2�ThNdgf`M,Z\M,c_fNMFdgf�iz]lM,c_fTiz��hRM��XHy��§XFcNX[y�±Rd{M�]lMFd�]lSVcRc�mM,MFd
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GHORQ2�MFdty³� X[ORORy�i}a,XFfTi�SWc�]lM�abM�abQTi�f,�M,Q`M���À �R�ou&v$]lMFdAmM,o5mM,cRM,Z\M2clfYd�]lh�dgi�UWcNXFy5dgSWc_f~d_mM,yjM�abfTi�SWcRcImM�d
£ y}XtoVX[y�M,hRQEZ\SF±�M,cRcpM�]lh � f ��ONSWhRQ5yjM^yjSVfu]��TmM,o5mM,cRM,Z�M,c�fqd�M,cRUVM,cN]lQpmMFdEX�o�M�a Z D F _ � �u¸^M,¹cbed f �
MFdgfP]_M*½V�§Ä�OeX[QC]lM,UVQRmM�]lM:y�ij�NM,Q`fRmM ¥ � ��mM,o5mM,cRM,Z�M,clfYd´QpmM,M,yzdtdgSVclfCabSVcNdgM,Q`o5mM�db��XFyjSWQYd���hRMn·l��½+W ¶ �§·dgSWc_f�XFfTf`M,cN]lhNd5]��§XFORQ2�M�d7y}XPd{ijZnhRy}XFfTijSVc��lL���hRc�]lMFdE]lM2hR| mM2o5mM,cpM,Z\M,c�fYd«MFd{fuQ`MFabSWcedgfTQ`hRijf5X,o�MFa�hRcRM
Z�XWd`dgM�]lM�À ¶ �Ru�¸^M,¹=bed f �"oVXFyjM,hRQC�NXWd`dgM\ONSVhRQ~yjM\�pQThRi�f�]_M:®SWcN]��"M,fCy³�§XFhRfTQ`M\X*hpcRM\Z�XVdTdgM�]lMÄ �l� �7¸^M,¹=bxd f �loVX[y�M,hRQu�NMFXFhNabSVhRO\ORy�hNd7ORQ`SW�NXF�RyjMC]�� X[ORQ2�MFd7yzX�d{ijZnhRy}XFfTijSVcn]lh\�RQ`hRijfI]lMH®SVcN]���L�X»NUWhRQ`M �R� � ¶ £ O���½2·5� ¥ i�yjy�hNdgf`QTM^y³�§XVa,abSVQq]~M,clf`QTM^yjMFd5]lSWcpc�mM,MFd5dgijZnhRy2mM,MFd"M,f5yjMFdE]lSVcRcImM,M�duQRmM,M,y�yjMFdK�WM,cZ\SWc_fTQYX[c_fuyjM�du]lizdgfTQ`ij�RhpfTijSVcNd�]lh � f M2f^]lMPy}X~Z�XWd`dgMtQ`MFabSWcedgfTQ`hRijf`M Z ��� 2 �
LNMP]lM2QTcRi�M,Q5abQTi�f,�M,Q`Mt]lM�y}X�d_mM,yjM�abfTi�SWc~QTM2O�S¯dgMCdghpQuy}XPoVX[QTizX[�Ry�M Z���� 2�M,f�]5mM2O�M2cN]\]lM^y}XPoWXFyjM,hpQ�]lMy}X~Z�XWd`dgM Z D F f`MFdgfpmM,M���L���ijc_fTM,Q`oWXFyjy�M�]_M�oVX[y�M,hRQqd^X[hpfTSWQ`i}d_mM,MFdHONSWhpQ Z���� 2�MFd{ftaq�RSWizdgiCmM,U�XFy��X�abM,yjhpihRfTi�yji}d_mMPO�SVhRQPy³�`mM,fThN]_M�]_MFdt]lSVcRc�mM,MFdP]lMnL�sEv´½2Äl½V��dgSVijfthpcAijc_fTM,Q`oWXFyjy�M�]_MnÄ ¸HM2¹�bxd f abM2clf`QRmMCdghRQy}X�oVX[y�M,hRQ^]lMPy}X�ZkXWdTd{M Z D F fTMFd{fRmM,M -
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� MÁabQTi�f,�M,Q`M�abSWcNd{M,QTo�M � ¶ v ]lM�d�mM2o5mM,cpM,Z\M,c_fqdn]lh²dgijUVcNX[yPORQpmMFX[yzX[�Ry�M,Z\M,c_f�dlmM,y�MFabfTi�SWcRcImMFdb�EM,f
M,cRUWM2cN]lQpmM�d�X�o�M�a Z D F _ � �u¸^M,¹=bxd f �
LNM�fqX[�pyjMFXFh �p�j½%u�QpmMFdghRZ�M*y³� X[cNXFyj±pdgM<M,c Z�SWc_fTQqXFclfny³��Mb��M,f�]lMFd�abQTi�f2�M,Q`MFdn]lM�d_mM,y�MFabf`ijSWc dghRQ
yjMFdt]_SWcRcImM2MFdtQRmM,M,y�yjMFd^M,fPdgi�Z:hpy,mM,MFdK��LNM\]_M,QTcRi�M,QPabQ`ijf2�M,QTM~Z\SVclf`QpmMCMFdgfCabM,y�hRi�f`MFdgfYX[c_f1y����_±lONSVfT�°�MFd{M
Z D F _ � �u¸^M,¹=bxd f �
LNM�fqXF�RyjM�X[h �R��½��tQqXVdTd{M,Z:�pyjMEyjMFd�oVX[y�M,hRQqd�]lMFd�MWV�a2XWabi�fRmMFd�»NceX[yjM�d�]lM^d_mM2yjMFabf`ijSVc�]_hndgijUVcNX[y��WONSWhRQ
yjMFduf`QTSWizdHyjSVfqdt]��TmM,o5mM,cRM,Z�M,c�fqd5dgijZnhRy2mMFdb�_M,ft]_MFd´cpSWZn�RQTMFd�]��TmM,o5mM,cRM,Z�M,clfYdud_mM,yjMFaKfTijSVcRcImMFd�]pX[cNdHy�MFd
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]_SWcRcImM2MFdb��LNMFduM,Q`QTM,hRQYd�dg±pdgfpmM,Z�X[f`i}��hRMFd�±�d{SWc_fHM,c�ONXFQTf`i}abhRy�ijM,Q5ijcN]_i}��h�mM,MFdK�
s�fYX[c_f�]_SWcRcImMnyjM��XFijfP��h���hRc�]umMFd`XWa,abSVQq]AijZ\ONSVQTfqXFclf�X[OpONX[QYX[µ�jfCM,c�X[OpORyjiz��hNXFclf�yjMnabQ`ijf2�M2QTM~]_M
d_mM,yjM�abfTi�SWc�QTM,ONS�d`X[c_fndghRQCy}X\®SWcNabf`ijSVc�]lizdTabQ`ijZ\i�cNX[c_fTM¯��yzX*��hNX[y�ijfpmMn]_M\QTM,OpQTS_]lhNaKfTijSVc�]lM\yzX�]li}d[Q
f`QTi��RhRfTi�SWc ]lM<abM,f`fTMnoVX[QTizX[�Ry�M�ONX[Q~y�MFd~]lSWcpc�mM,MFd~d{ijZnhRy2mM,M�dHONM,hRf~ijc_fTQ`S_]lhRi�QTM\hRc��RizX[izd~]RX[cNd~y}X
d_mM,yjM�abfTi�SWc��Jv�X[Q�abSWcedlmMF��hRM,c_f,�p�,�§X,�TSVhRfTM��XAy³��MFdgf`ijZ�XFfTi�SWc�U�mM,cImM2QqX[y�M<]lMFd�M,Q`QTM,hRQYd~dg±pdgfpmM,Z�X[f`i}��hRMFdK�
OpQRmMFd{M,clfpmM,Mn]RXFcNd1yzX�d{MFabf`ijSWc �R� ·l��hRcRM mM,oVX[y�hNX[f`ijSVc	Q`M,ONS�dTXFclf�dghRQChRcRMnabSVZ\ONXFQqX[izdgSVc���hNX[c_fTi�fqX^Q
f`ijo�M�]lh�]5mM�dTXWa2abSWQY]:M,c_fTQTM�y�MFdE]lSWcpc�mM,MFdK� �R�§XFORORy�i}��hRM�ONSWhRQ^abM2y}XthRcRMtZ mM,fT�RS_]_M^]umM,fqXFijy�y,mM,M^]RXFcNduy}X
d{MFabf`ijSWc<·_�§Än]lh<a��NXFORijf`QTMC·l�RM2f^��hRM5�TMP]5mMFabQTizdu�RQTi��M,o�M,Z\M2c�f�i}abi -

½W���TM�abSWcedgi}]��M,QTM~y�MFdt]lizdgfTQ`ij�RhpfTijSVcNd^]lM~y}X�®SVcNabf`ijSWcÁ]lizdTabQ`ijZ\i�cNX[c_fTMtSV�RfTM2clhRM�d~�X\ONX[Q`fTijQ
]_MFd�]lSVcRc�mM,MFd�QpmM,M,yjy�MFd�M,fE]lMFdJ]lSWcRcImM,MFdEdgi�Z:hRy2mM,MFdK�bONSWhRQEy�MFd�mM,o5mM,cRM,Z�M,clfYd�d_mM,y�MFabf`ijSWcpc�mMFd
XFORQ2�M�duyjMCabQTi�f2�M,Q`M � · £ � f� 2 ¥ c

�l���TMCa,XFy}abhpyjM^y}Xn]li���M,Q`M,cNabMtM2clf`QTMty�MFduoVX[yjM2hRQqduZ\SF±�M,cpcRMFdE]lMCabMFd�]lM2hR|�]lizdgfTQ`ij�RhpfTijSVcNd�c
Àl���TM*�XFi}d:oVXFQTijM2Q\y}X�aKSWhRORhpQTM�dghpQ � � � � �J]lM�abM,f`fTM�]li���mM,Q`M,cNabM��EM,c�y��§X,�TSVhRfqXFclf\SVh M2c
yzX\dgSVhNdgf`QqX,±_X[c_f,��M,fE�TM�cpSWfTMnyjM�d´cRSVhRo�M,y�yjMFd�MWVka,XWabi�fpmMFd^]lM�dlmM,y�MFabfTi�SWc�]lMFdtORQTS_aKMFdTd{hNd
d{ijZnhRy2mM�db�

�R� X[OROpyji}��hRM�X[hNd`dgi�abM,f`fTM^ORQTS_a�mMF]lhRQ`MtXFhR|:oVXFQTi}XF�RyjM�d � f
 2 M,f Z���� 2N�lLNMFd5]li��HmM,Q`M,c_fqd~mMFa,XFQTfqdE]���MWVka,XeQaKijfpmM�]lMCdlmM,y�MFabfTi�SWcnORQTSFo�M,ceX[c_f�]lMFduoVXFQTi}XFfTi�SWcNd^]lMFd�]li���mM,QTM,c_fTM�d7aKSWhRORhpQTMFd�d{SWc_fHM,cedghRi�fTMPd{SWZ\Z mM�d
��hNXV]lQqXFfTi}��hRM,Z�M,clfEy�SWQqd`��h°��ijyzduSWc_f�yjMtZ�µM,Z\M^dgi�UWcRM¯�

�^c\ONM,hpf�abSVcNdgfYX[fTM2Q�]RXFcNduyjM^fqXF�RyjMFXFh �R��½���hRcpMP]umMFabQ`SWizdTdTXFcNabM^ijZ\ONSVQTfqXFclf`Mt]_Mty³��MWV�a2XWabi�fRmM�]_M
d_mM,yjM�abfTi�SWc~]_h\d{ijUWceX[yRONSWhpQ7y�M�yjSVfE]��`mM2o5mM,cpM,Z\M,c�fYd�M,cRUWM2cN]lQpmM�d�X,o�MFa Z D F _ ·W·7¸^M,¹=bed f � � MFaKiRMFdgf]�µhÁ�Xty³�`mM2o�SWyjhpfTijSVc~]lM^y}X�]li}d{fTQTi��RhRf`ijSWc�]lM^y}XHoVXFQTi}XF�RyjM * �&%(',<- ijc_fTM2QTo�M,cNXFclfD]RX[cNd�y���M,|_ORQTM�dTdgi�SWcn]lM^y}X®SVcNabf`ijSWc�]li}d`abQTi�Z\ijceX[c_fTM��Kv�XFQ�d{ijZ\ORy�i}abi�fpmM��}�,�§XFi�ORQpmMKVmM,QpmMEcRM5ONXWd�XW]RXFORfTM2Q"y�MuaKQTijf2�M,QTM � ÄC�X´yzX´oVXFyjM,hRQ
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i�VudRSq^ad�TaW[Q1y(ZbQ1WoXYQ7y(TRS_�k�1r¡^aXYZb`lZ]S�Qq`lQ(dwcnyi¢aWYQ|�hQ(TRVJWYX[Z]\_^a`bQJSg\���VuWY�NjQ1QJS��A� .1��� ��`sr[jQ7daQ1WY�eZlQ�kQ{\_QJSqTRVuW[XYZ]\O^a`lQJS�� ¸ .1� � Q1Xi`sr[jQ7daQ1WY�eZlQA�hQAXYcn^wXYQJS?`bQJSqTRVuW[XYZ]\O^a`lQJSiSkjQ7`lQJ\_X[Zlcedad�jQ1QJSk� ¸�� 4 ��� V#�Rd�kQUWYQ �YQ1XYQ1W�`bQUTa`b^RS�Q���\7Vn\_Q1y|Q1dhXITRc�S[SfZb¢a`lQG`lQJS|jQ1x:jQ1daQ7y(Q1dkX�S<TwWYcJx�Q1dRVJdhX �hQmS TaW[ck\_QJS[Sf^RSq}V|�hQ1^��
`bQ1TaX[cndRSq�aVJdRS6`�r[jQ1X�VuXK�RdRVu`���Q1Xq�hQmS6ZldkXYQ7W�Vn\OXYZlcedRS(}VA�hQ1^��{Ta�aceXYcedRS_��X[cn^aXGQ1d�\_cedRSfQ1W[xeVudkXqTa`l^RS
�kQ��e¥�� �hQJS�jQ1x:jQ1daQ7y(Q1dkX�Sq�h^�S�Zl�edRVu`��L~�^aQ1`b`lQÀ~�^aQ�SfceZlX�`]V�xeVu`bQ1^aWA�hQ Åkj"l ^aXYZb`lZ�ShjQ1Q$TRcn^wW�`]V�NjQ1dMjQ1W�VuX[Zlcnd{�kQJS(jQ1x:jQ1daQ1y(Q7dhX�S ��PRQJS�xeVu`lQ7^aW�S�y(ZldwZly|Vu`lQmSHZby(TRc�SkjQ1QJSg}Vi\_QJS�cn¢RS�Q1WYxeVu¢w`lQJS SfcedhX `lQJS
S�^aZlxeVJdhX[QJS°¦
� �e¦g� .1� J�� � ¸U.1� J »k¼ � ÂKSnÍ Î � ¸ � 4 � J »h¼�½eÂ�SnÍ Î �PRQ�\��acnZ��UQ1X�`bQJS"Q���Q1X�SI�hQ \_Q \_W[ZlX7}Q7WYQ��kQoSkjQ1`lQJ\OXYZlcedqS�cndkX<Zb`l`b^RSfX[WajQJS�TRVuWI`bQJS��R�n^aW[QJS Â �b�#�i}V Â �l� Â �H� �T¶�°�#me¥(}Vi�#m � � Q1XITRVuW:`lQ X�VJ¢a`lQJVJ^ Â �b�n�aPRQo¢aW[^aZlX:�hQ Ì cndR�?WwjQJSfZ��h^aQ1`wQJSfX:\_cedRSfX[ZlXY^MjQg�°r[jQ7x:jQ1dwQ1y(Q1d�X�S�k^�TaWYck\_QmSYSf^�S�Q¢¡pQ @�£ ~"¤~�� d�¥ � }V	�RVu^wXYQ1^aW��hQ¦� » ���LPRQJSiZldkXYQ1W�Vn\_X[Zlcnd�S�}V �kQ1^���Ta�aceXYcnd�S�dwQW[Q1TaWwjQJSfQ1dkXYQ7dhXITa`b^RS�~�^aQ§�����kQg\_Q�Ì cndR�°�kQ1X�S�cndkX�Q#�w\_`b^RSfZbx�Q1y?Q7dhX��hQmS?jQ1x:jQ1daQ1y|Q1dhX�SµQ7da�nQ1d��hWwjQJS�}V
`�r VJZ]�hQ �hQmS"y(ck��}Q1`bQJS©¨o¤«ª#Q1X�¨g��iU��¬ diTpQ7^aX:Vu^RS[SfZRWYQ1y�VuW�~�^aQ1W�~�^aQ�`bQ�TaWYck\_QmSYSf^�S��hQ �hZ
��^RSfZbcnd
���Vu¢a�RV�d¶r�QJS�X6T�VnS6Q7dhX[Zs}Q1W[Q1y(Q1dkX�WYQ��YQ7XajQÀ}V�\_QidaZlx�QmVu^���\_Q|~�^wZ�SOr�Q#�kTa`bZ]~�^aQUTRVJWU`bQ Ì�VJZlXq~�^aQi`lQJS
jQ7`lQJ\_X[WYcedRSoZldaZbXYZ]VJ^��$\OWajQ1Q1dkXg�hQmS6�nQ7WY¢RQJSg�hQiTRVuW[XYZ]\O^a`lQJSoQ1d{ZldkXYQ7W�Vu�eZ]S[SYVudkXGV1x�QJ\U`]V(y�VJXYZ�}Q7WYQi�hQJS
�:jQ1XYQJ\OXYQ1^aW�S�x�Q1W�S�`�r V1xeVudkXK� Q1dATRVuW[XYZ�\_^a`lZbQ1W�`bQJS�\��RVuyi¢aWYQmSo}Vx�R`]S � �R¤�VJWo\_cedhX[WYQ��ay|cnZld�S��°r�^ad©jQ1x:jQ_�dwQ1y(Q1dkXIQJSfX�VuX[XYQ1dR�k^ TRce^aWL`bQgTaWYck\_QmSYSf^�S Q ¡ Q @ £¯® ¡ ® @ �° �Rd{�hQq\7Vu`]\O^a`lQ1W `lQmS dacey?¢wWYQJS �h^$X�VJ¢a`lQmVu^ Â �b�UQ1X TRcn^aWgdaceWYy�VJ`lZ]S�Q1W `lQJS �hZ]S�XYW[Zl¢a^aX[ZlcedRSo�hQJSxeVJWYZ]VJ¢a`lQmS6�kQJS�jQ1x:jQ1daQ1y|Q1dhX�S�Z]S[Sf^RSg�hQJS TaWYck\_QmSYSf^�SUSfX�VudR�wVuW��wS_��`]V(`l^wy(ZldacÄSfZbXajQgZldkXwjQ1�eWwjQ1QG^aXYZb`lZ�ShjQ1Q
QmSfX�jQ1�ÄVu`bQG}Vg�h� � ��Ta¢ @�± �h�IQ1X[XYQ�xeVJ`lQ1^aWH\_cnW[WYQJS�TpcedR�A}VLXYce^RS�`lQJS���jQJ\_`bQ1dR\��aQ1y(QOdkX�S°�kQ�`sr Ve\1~�^aZ]S�ZlXYZbcnd~�^aZkcndkX�Q1^q`bZlQ1^GV1x�QJ\<^wd6Ì cnd�\_XYZbcndadaQ7y(Q1dkX�Z]�:jQJVJ`a�kQ�`]VK²x³K´�Q1XN�hQJS�\7Vu`lceWYZby$}Q1XYW[QJS°�kQ�io£�P�¤�µ§¶��
PRQmSUVu^wXYWYQmSU�hcedad�jQ1QJSgcndkX�jQ1XwjQ?W[Q��YQ1XwjQ1QJSLTRcn^wWqdaQ?T�VnS6TwWYQ1dR�kWYQi`lQiWYZ]S[~�^wQ(�hQ|SkjQ7`lQJ\_X[ZlcedadaQ1WG�hQJS
jQ7x:jQ1dwQ1y(Q1dkX�S�c�}^$Zl`�y�VudR~�^aQg�kQ6`�r[jQ1dwQ1WY�eZlQ Q1d�W�VuZ�Sfced$�hQG�hZ�S Ì cnd�\_XYZbcndadaQ7y(Q1dkX�SI�hQq\OQJS<y(ck�k^a`lQJSO�
P�rtVn\1\OcnW��iQ1dhX[WYQ `lQJS:�hcndwd�jQ1QJSIcn¢RS�Q1WYx:jQ1QJS�Q1X:`]VUS�Zlyi^a`]VJXYZbcndqQJS�X�Ve\1\_Q1TwX�Vu¢w`lQ���y�VJ`l�nWwjQ�^ad�Q#�w\n}QJS
�kQ¹�·�����wVudRS�`lQJSi�hcndwd�jQ1QJS°¦�`bQJS Ì cnW[y(QJSi�hQJS(�kZ]SfX[WYZb¢a^aXYZbcndRS|�hQJS(xeVuWYZ�Vu¢a`bQJS(�hQmS¹jQ1x:jQ1daQ1y(Q7dhX�S
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1 ¡ 1 @3254�6*7�8:9.;=<->@?�ACBED�FG 6�FG�H/G 4�I�J/K�L,M�N O$DPK�L�JRQ�S GT K�L�L	FG�G 6 T K�L�LEFG�G 6 QVUQ WVW G ¡ G @ X ¡ X @ Y G ¡ G @ YZY X G 8:[ 1 ¡ 1 @
\ FG�G�HRH/G 6 ]�J0^_S H FG�G 6
?�`%a�b ?�c�a�dCef?�? ?:g�b c h�d c�g g�d ?�d h�i�h g�ijc d%b�ijc�k

l�l i�d�k mn?�k mn?�k l�l i�b�k h�aoi�p�k l b�i�`�k `%h�i�a�k
² ªCq.r Â �l� §tsvu G I@O GwH N�x�D�FG 6�FG�H/G 4�I�J/K�LyM�N O$DPK�L�J/Q�S G ;ZL�K�^wz�D G OZ{PFG�| FG L G ^ G L�I�6}6�FG�HRG 4�I~JRK�L�LEFG 6@O$N�L�6 H/G 6
O�K�L�LEFG�G 6��N�� ����?�`�?w� G��w� L�K�^wz�D G 6@OZ{PFG�| FG L G ^ G L%I�6�N�I�I G L�O$S�6&N |�G 4�d�i�b cCx�z @�± i G I G�� 4�N 4�J/I�FG 6@O G
6�FG�H/G 4�I�J/K�L�xoK�S�D H/G 6EO�J u FG D G L�I�6Ex�D�K�4 G 6�6�S�6EO G z�D�S�J/IEO GC� K�L�O�6�J0^wS H FG 6 �%G�� 4�N 4�J/I�FG O G 6�FG�H/G 4�I�J/K�L�O$Sw6�J/��L�N H
O G D�FG�� FG D G L�4 G��

WajQ1Q1`�S�SfcedhX ¢aZlQ7d W[Q1TaW[ck�h^aZlX[QJS�TRVuWo`�V?S�Zlyi^a`]VJXYZbcnd��k\_cey(y(Q cnd$TRQ1^aX `lQG\_cedRSfX�VuXYQ7WoS�^aWo`]V����n^aW[Q
Â �l�e�<P�r¡Q#�a\e}QJSU�hQ{�·��� QJSfX�\_cnW[WwjQ1`7jQ�V1x�QJ\?`�r�Q#�w\n}QJSocn¢�SfQ1W[x:jQAVuTwW1}QJSU`�V�TaWwjQJSkjQ1`lQm\_XYZbcnd��RVe�hWYcedaZ]~�^aQVuTaTa`bZ]~�^�jQ1Qi�aVJdRSU`sr[jQ1XY^��hQi�hQ(`�V XYceTRcn`lce�nZbQ{}V$~�^�VuXYW[Qo�YQ7X�S_� ioVud�S6`lQ�\1VnSG�hQ?`�r[jQ1X�VuXg�RdRVJ`�S�Q1y(ZÁ�
`lQ1TaX[cndaZ�~�^wQ��°`sr¡Q#�w\n}QJS�QJSfXGTaWwjQJS�Q1dkX6X[cn^aX�Vu^�`bcnda�À�hQ(`�V�SkjQ7`lQJ\_X[Zlced����Y^RS[~�^�r�}V(`sr VJTaTa`bZ]\1VJXYZlced���r�^ad
V1�Y^RSfX[Q1y(Q1dkX�\_ZldMjQ7y�VuX[Z]~�^aQG~�^aZITRQ1W[y(Q1Xg�hQiXYQmSfXYQ7Wo`]VA\_cnd����n^aW�VuXYZbcnd�TwWajQJ\_Z�SfQi�hQmS	jQ1x:jQ1daQ1y|Q1d�X�S
�h^$S�Zl�nd�Vu`s��PRQi�:jQJS[Vn\1\OcnW��$�kZ]SfT�VuW�VJz�lX�Vu`bcnW�SO��\_Q�~�^aZ�y(cedhX[WYQG~�^wQU\OQJS�jQ1x:jQ1daQ1y|Q1d�X�SIQ1d�Q#�w\e}QJS�daQ
SfcndkXqTRVeS?S�ZlXY^MjQJSU�aVJdRSq^adaQ�WwjQ1�eZlced¹�kQ `�r�QJS�TRVn\OQ��hQJSUTRVJW�VJy$}Q1XYW[QJSU\OcnWYW[QJSfTRcedR�aVudkXÀ}V$\_Q1`l`bQ(�k^
SfZl�edRVu`��

o�psrqpsr � yo��y }¯�gy�z wy�� wy©��yC� y©�«}�z | ��{+~V� wy��«~ v y�z
° �Rd �hQ�W[Q��YQ1X[Q1WU`bQJS�jQ7x:jQ1dwQ1y(Q1d�X�S6\OcndRS�XYZlX[^�jQJSi�hQ$�kQ1^����YQ1X�S?VJ^�� �hZlW[QJ\_X[Zlcnd�Sq\_cn`bZldMjQJVJZlW[QJSU~�^aZ
WajQJS�^a`lX[Q1dhX �kQU`sr¡ZldkXYQ1W�ÌejQ1WYQ7dR\_Q�¥��JÈ��V�N�n�1r¡^aXYZb`lZ]S�Qo^adaQGxeVuWYZ�Vu¢a`bQq�hQUÌ ceWYy(Q�dacny(y�jQ1QgVn\Ocn`lZbd�jQJVJWYZlXwjQq�
PRQg\1Vu`�\_^a`��hQg`srtVn\_ce`lZbd�jQJVuW[ZlXwjQoS�QLÌ�VuZbX�Q1d��:jQ1XYQ1W[y(Zld�VudkX��wVudRS�^ad|TaWYQ1y|ZlQ1W�X[Q1y(TRS�`�r Vd�kQoTaW[ZldR\OZlTRVJ`
�h^¹X[Q1dRSfQ7^aWi�hQ����V ¢¡�¤£:¥1� ¥�¦Z¡�g�:��jQ��RdaZ VJ^¹TRVJW�VJ�nW�VJTa�aQ{�a� �h���IQ1XiVd�kQ�QJS�X?Q7dRSf^aZbXYQ�^aX[Zl`lZ�SkjQ�TRcn^aW
ShjQ1TRVJWYQ1Wq`�r�QJS�TRVn\OQ(Q1d��kQ1^����MjQ7y(Z]S�Ta��}Q1W[QJS_��PRQJSUx�QJ\OXYQ1^aW�SU�hQmS?~�^RVudkXYZbXwjQJSq�kQ y|cn^ax�Q1y|Q_dkXG�hQJS
TRVuW[XYZ]\O^a`lQJSq�kQ{\��RVe~�^wQ��MjQ1y|Z]SfTw��}Q1WYQ�SfcndkX�VJ`lcnW�S�V1�Ycn^aXwjQJS_�:\_QÀ~�^aZ WwjQmSf^a`bXYQ�Q7dÇ�hQ1^���x�QJ\_X[Q1^aW�S
�hcndkX?cedÇ��jQ1X[Q1WYy(ZbdaQ(`�r Vudw�n`lQÀ�hQ$SkjQ1TRVJW�VuX[Zlced��LPRQ$\Ocny(Ta`7jQ1y(QOdhX�VuZbWYQÀ}V¹�#m »�§ �kQ$\_Q1X|Vudw�n`lQ$QmSfX`sr Ve\_cn`bZldMjQmVuWYZbXwjQG���IQ1XYX[Q�xnVJWYZ�Vu¢a`bQ QmSfXqTaW[ck\��aQA�hQ » TRcn^aW��kQJS�jQ1x:jQ1daQ1y(Q7dhX�S?}V$�kQ1^����YQ1X�S�jQ7y(Z]S�hc�Ss�O}V1���hcÄS_�°T�VuW Q#�hQ7y(Ta`lQÄ�h�IQgd�r�QJS�X�TRVnS�`lQ�\1VnS �h^ASfZb�ndRVJ`s�R\1VJWL`bQJS�daQ1^aX[WYZbdac�S�Q1y|TpceWYX[Q1dhXMV1x�QJ\
Q1^��$`sr¡ZldhÌ ceWYy�VJXYZbcnd{Sf^wWU`]V��hZbWYQJ\OXYZlced��kQ(`sr¡^ad��kQJSo¢pcÄSfcedRS ZbdaZlX[Z]VJ^��°�¶¤�VuW�\_cndRSkjQJ~�^aQ1dkX1��Q#�kZl�nQ7W
^adaQoxeVu`bQ1^aW:y(ZldaZby(VJ`lQ:Tpce^aW�`srtVn\_ce`lZbd�jQJVuW[ZlXwjQLTRQ1W[y(Q1X:�hQoWwjQJ�h^aZbWYQ Q���\7Vn\_Q1y|Q1dhX�`lQ ¢aW[^aZlXM�hQLÌ cnd��
�hcny(ZbdRVudkX���z^$VJ^�TaW[ck\_QJS[Sf^RS�Q&¡pQ @ £ ~�¤~�� d�¥ � �¤�`l^RS�TwWajQJ\_Z�SkjQ1y|Q1dhX7�n\OQg\_WYZbX7}Q1W[Qo�kQgSkjQ1`bQJ\_X[Zlcnd|WYQ��YQ1X[XYQ�}VU`]VoÌ cnZ]S��kQJS(jQ1x:jQ1daQ1y(Q7dhX�Sµ�RVe�hWYcedaZ]~�^aQJS
SYVud�S<Ta�aceXYced ZbWYW�Vn�hZ7jQLZbdaZlX[Z]Vu`bQ1y(Q1d�X�TRVJW�^ad�jQ7`lQJ\_X[WYced��nQ1XM�hQJSijQ7x:jQ1dwQ1y(Q1dkX�S�V1x�QJ\�WYQ1X[cn^aW:W�Ve�hZ]VJXYZÁÌ
Vu^�T�zcn`bQG�h^����R�IQJ\_Z�QJS�X�Zl`l`b^RSfX[WwjQoT�VuW�`]Vx�R�e^aWYQ Â � ½ � T����1¥J� � �°~�^aZ°y|cndkXYWYQ�`lQJS<Ì�VJZlX�S�S�^aZlxeVJdhX�S°¦
§ PRQJSojQ1x:jQ1daQ1y|Q1dhX�SR�h^gXfvkTRQ:~"¤~IQ1da�nQ7dR�hWwjQmS�Vmx�Qm\"^adUTw�acnX[cnd!¶�¨$©��hQIy(cnZbdRS°�hQ ½e»�¾ Q1¿ SfcedhXWYQJ\OcndRS�XYWY^wZlX�SIQ1d�y�V1�YceWYZlXwjQoV1x�QJ\ ^adaQ{jQ1daQ1W[�nZbQoTaWYck\��aQG�hQg`]VUxeVJ`lQ1^aW �kQ Í Î ��iLQgy�VudaZ�}Q1WYQ\_cnW[WwjQ1`7jQ1Q��J\_QmSUjQ1x:jQ1daQ1y(Q7dhX�S°cndkX�^adaQ�Vn\_ce`lZbd�jQJVuW[ZlXwjQLÌ�VuZb¢a`lQ���� r�QmSfXIVJ^RSYS�Zp`bQ�\1VeSIVmx�Qm\<`lQmSUjQ1x:jQ_�
daQ1y(Q7dhX�S°TaWYcJx�Q1dRVJdhXN�h^iTaWYck\OQJSYS�^RS�Q&¡pQ @�£nª ¡ ª @ c�}^(`bQJS ª SfQ �:jQJSfZbdhX7}Q1�nW[Q1dhX�Q1di�hQ7^��~�^�VuW�«wS_�k¤�VJW�\_cedRSkjQm~�^aQ7dhX7��Q·�hZb�nQ1WI^adaQ xeVu`bQ1^aW�y|ZldaZby(VJ`lQ�TRce^aW�`�r Vn\Ocn`lZbd�jQJVJWYZlXwjQoTRQ1WYy|Q1XI�hQ
S_rtV¢��W�VJdR\��wZlW �°r¡^adaQG\_cn^wTa^aWYQGS�^aTaTa`7jQ1y(Q1dkX�VJZlWYQ S�^aW `sr[jQ7daQ1WY�eZlQ XYceX�Vu`bQ��
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H+H-→ csτν à √s = 161 GeV
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� ]Ð&r Â �b� § T J/6�I*DPJ0z�S�I�J/K�L�6 O G H N�^wS H I�J0x H JR4�J/I�FG 4�M�N�DP��FG�G i O G@H { FG L G DP�%J G 4�M�N�DP��FG�G i O G@H {PFG L G DP��J G I�K�I*N HRG}G I
O G H {�N 4�K H J0L	FG N�DPJ/I�FG i�N%S�L�J |�G N�S�O G.H N&x�D�FG 6�FG�H/G 4�I�J/K�L�M�N�O$DPK�L�J/Q�S G����VG 6.x�K�J0L%I�6 D G x�D�FG 6 G L%I G L%I H/G 6 O�K�L�LEFG�G 6
D�FG�G�H/H/G 6�i HRG 6@M�J/6�I�K���D�N�^�^ G 6 H N�6�J0^_S H N I~JRK�L�O G 6 x�DPK�4 G 6�6*S�6}6�I*N%L�O$N�DPO�6 �
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§ PRQJS(jQ1x:jQ1daQ1y|Q1dhX�SI�h^�X�vkTpQG~"¤~<Q1dw�nQ1dR�kWajQJS�V1x�QJ\o^ad�Ta�aceXYced¦¶ ¨o©Ó�hQgTa`l^�SL�hQ ½e» ¾ Q1¿�xh^TRVuWG`lQ|��jQ1X[QJ\_XYQ7^aWgcndkXU`lQmS6y{zQ1y|Q1S \1VuW�Vn\_XwjQ1WYZ�SfX[Z]~�^aQJSg~�^wQ��aVud�SU`lQ|\1VnSgTaWwjQJ\�jQJ�hQ1dkX�¦°`bQ1^aW
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H+H-→ csτν à √s = 161 GeV
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�H� �:TRVuW�Vu�eW�VuTw�aQ Â � � � �aW[Q��YQ1X[XYQ1dkX��aV1xeVudkX�VJ�nQG`lQJSijQ1x:jQ7daQ1y(Q1dkX�SI�hQG\_QgX�vkTpQÄ�

B	D�FG 6�FG�H/G 4�I�J/K�L ?�a%a�k ?�`�ijc�k QVUQ
�}4�K H J0LEFG N�DPJ/I�FG h�poi�d�k d�i�b�k QVUQ
� ������ ?�`oi�a�k c$i l k QVUQ
� ��	 .Ê C � i � ��	 .+C � b�i l k g�i l k QVUQ
FG I�J/Q�S G I*N�� G O$S,I*N�S ?�i `�k ?�i�b�k QVUQ

² ªCq.r Â � � § \ G��PG I O G 6yFG�| FG L G ^ G L%I�6.O G I ��x G QVUQ(N |�G 4&S�Lyx�M�K�I~K�L � ] \ O G x H S�6 O G g�a,� G�� | J/6�J0z HRG
O$N%L�6 HRG O FG I G 4�I G S�D¤i G L � K�L�4�I�J/K�L¢O G 6E4�K�S�x�S�D G 6 � �VG 4�M�J u D G O G ��N�S�4 M G O�K�L�L G.H { G�� 4�N 4�J/I�FG O G 6�FG�H/G 4�I�J/K�LVi
H/G 4 M�J u D G O G O$D�K�J/I G@H N�x�DPK�x�K�DPI~JRK�L,O G 4 G 63FG�| FG L G ^ G L�I~6 O$N%L�6 H/G&H K�I.O$S x�DPK�4 G 6~6*S�6 G ¡ G @ 2�QVUQ�<-L�W�A �
P�V��R�n^aW[Q Â � ��Q1Xq`bQ(X�VJ¢a`lQJVJ^ Â ���{Zl`b`l^RS�XYW[Q1dhXg`�r VuTwTa`lZ�\1VuX[Zlcnd �h^�\_W[ZlX7}Q1WYQ����	S�^aWq`sr¡Q1dRS�Q1y?¢w`lQ�hQJSU�kcndadMjQ7QJSUS�Zlyi^a`7jQ1QmSLQ1XqS�^aWU`bQJSU�kcndadMjQ7QJSUWwjQ1Q7`l`lQmS_��¬ d�TRQ1^aXqW[Q1y�VJW�~�^aQ1Wg~�^aQ(`bQJSg\_cn^aTw^aWYQJS
Sf^aWg`lQmS$jQ7daQ1WY�eZlQJSoW[QJ\1Vu`�\_^a`7jQ1QJSo�aVJdRS6`�V(WajQ1�eZlcnd©}V TRQ1XYZbXGVuda�e`lQiTpce`]VJZlWYQ|cndkX6W[Q��YQ1XwjQq`lQJSg�hQ1W[daZlQ7W�S
jQ1x:jQ7daQ1y(Q1dkX[SU�h^�TwWYck\_QJS[Sf^RS��hQ{�kZ*��^RSfZbcnd ��RVJ¢a�RVk���ar�^aX[Zl`bZ]SfQ7W�VuZ �kQ�dace^ax�QJVu^Ç\OQJS xeVJWYZ]VJ¢a`lQmS_�
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\ FG�G�H/H/G 6 ]�J0^wS H FG�G 6
b�g�c `�h%h e�` p l ? ? l a ?�b ?�h ?�ijc goi�h d�a�i�a%k

c�a�i�p�k mn?�k a p�g�i b�k g�?�i�g�k h c$i b�k p l i�b%k
² ª q r Â ��� § svu G I.O G@H {�N%x�x H J/4�N I~JRK�LyO$S,4�DPJ/I��G D G >.h � � N¢O G 6�4�DPJ0x�I�J/K�L O G 6 L�K�^wz�D G 6 G 6~I.O�K�L�L	FG�G O$N%L�6
H N H FG � G L�O G O$S,I*N�z H/G N�S p � ?

.(/�� � 9<;&c�KA4L9NE��q4 @$K e�4L9�@$K 574oC�9N=?> 9NE K
° \_QgSfX�Vn�hQ��hQo`]VGSkjQ1`bQJ\_X[Zlcnd¶�_�1r¡^aXYZb`lZ�SfQ�`srtVu`b�ncnW[ZlX[�ay(Q �hQ�� ª��"² V#�RdA�hQoWYQm\_cndRS�XYW[^aZlW[Qo`lQJS�X[WYcnZ�S�YQ7X�S��k^(S�Zl�nd�Vu`s�R�Icny(y|Q�TRcn^aW:`sr[jQ1X�VJX ��dRVu`H}V6~�^RVJXYWYQH�YQ1X�SO�_�YQ�Ì cnW�\_Q `sr VJ�nWwjQ1��VJXYZlced�Vu^|dacnyi¢aWYQ �kQ
�YQ7X�S�VuX[XYQ1d��h^RS_�RQ1X¶�1r�^aX[Zl`lZ�SfQo`bQJS�\7VuW�Ve\_XwjQ7WYZ]S�XYZ�~�^aQmS<y(QJS�^aWwjQ7QJSI�hQG\_QJS�cn¢k�YQ7X�S�TRcn^aW��hZ�SfXYZbda�n^wQ1W�`lQJS
jQ7x:jQ1dwQ1y(Q1dkX�SI�h^ASfZb�ndRVJ`��kQJS(jQ1x:jQ1daQ1y(Q7dhX�S��h^�¢wWY^aZbX �hQoÌ cndR�°�
i�VudRS�^ad�TaWYQ7y(ZlQ1WIX[Q1y(TRSO�_�YQ�\��aQ7W�\��aQLT�VuWYy|Z°`lQmS<XYW[cnZ�S��YQ1X�S�\_Q7`l^aZ��hcedhX�`bQJS�\1VuW�Vn\_XwjQ1WYZ�SfX[Z]~�^aQJS
S�cndkXg`lQJS�Ta`l^�SLTaWYck\��aQJS��hQi\_Q1`b`lQJS �°r�^wdq�YQ1Xg�kQq`lQ1TaX[cnd$X�Vu^����ar¡^aXYZb`lZ�SfQgTRcn^aWG\_Q1`�V `bQUdacey?¢wWYQq�kQ
T�VuWYX[Z]\_^w`lQJSo\��RVJWY�NjQ7QJSx�	�.1� Q7Xo`sr[jQ1daQ1W[�nZlQGXYceX�Vu`bQ ¸ � �hQJSI�YQ1X�S�¦��YQi��jQJ\_`�VuW[Qi\_cny(y|Q6TwWYcJx�Q1dRVJdhXg�kQ`�VU�:jQmSfZldkXwjQ7�nW�VJXYZbcndi�h^(`bQ1TaX[cndiX�Vu^i`lQN�YQ1XIV1vkVJdhXI`]VoTa`b^RS�TRQ1XYZbXYQ y?^a`bXYZbTa`lZb\_ZbXkjQ:\��RVuW[�NjQ1QÄ��Q7X�`]VgTa`l^RS
TRQ1X[ZlX[Q�jQ1daQ1W[�nZlQMSfZw�hQ1^��M�YQ1X�SNSfcndkX�W[QJ\_cnd�SfXYW[^aZlX�S�V1x�QJ\�`lQ:y	zQ1y(Q�dwcnyi¢aWYQ:�hQ�TRVJWYX[Z]\_^a`bQJS�\��RVJWY�NjQ1QJS_�
£�d$^aX[Zl`bZ]SYVJdhX \OQJS��hQ1^��AS�Q1^a`]S \_W[ZlX7}Q7WYQJSO�a�hQJS�Q1W[WYQ1^aW�SL��rYjQ1X[Z]~�^aQ1X�VJ�nQgTRQ1^ax�Q1dkXUzQ1X[WYQG\_cny|y(Z]S�QJS_�
Q7X�^adG�YQ1X�TaWYcJx�Q1d�VudkX��hQg`sr¡�RVn�kWYcndwZ]SYVJXYZbcndA�°r�^wd�~�^RVJW�«(`7jQ1�nQ1W:TRQ1^aX V1x�cnZbW \_QJS�\7VuW�Ve\_XwjQ7WYZ]S�XYZ�~�^aQmS_�
¤�cn^aW�jQ1xeVJ`l^aQ1WM~�^�VudkXYZlX�VuX[Zlx�Q1y(Q7d�X�`]VG~�^RVJ`lZbXajQ��hQg\_Q1X|jQ1XYZ�~�^wQ1X�VJ�nQ��O�1r�^wXYZl`bZ]S�Q�`sr�ZbdhÌ cnW[y�VuX[Zlced(S�^aW�`bQ
~�^RVe�hWYZbx�QJ\_XYQ7^aW/� ¸�¼�
©� �k^?X�Vu^(Q1dw�nQ1dR�kWajQ `lcnW�S��hQ `]VgS�Zlyi^a`]VJXYZlcedi�hQ `sr[jQ7x:jQ1dwQ1y?Q7dhX��h^�SfZl�edRVu`��k�nQ\Ocny(TRVJWYQ `lQJS:Vuda�e`lQJSITRcn`]VJZlW[QJS�Q1X�V�1Zlyi^aX[�RVu^��Gcn¢aX[Q1dk^RSo}VUTRVJWYX[ZlW��kQg\_Q�~�^RVe�hWYZbx�QJ\_X[Q1^aW������ 	��9 Q1X× � 	��9 � }V \OQ1^��A�h^$x�QJ\_X[Q1^aW �hQq`�V(~�^RVudkXYZbXajQq�kQUy(ce^ax�Q1y(Q1d�X:y(QJS�^aWwjQ1QG�h^i�YQ7X$jQ1XYZ�~�^wQ1XwjQ���� ��	 .9 Q1X× ��	 .9 � �R�nQU�:jQ��RdaZ�S�Tpce^aW�\_Q1`]VU`bQJS<xeVJWYZ]VJ¢a`lQmSLS�^aZlxeVudkXYQmS°¦

� 9 ��� � � 	��9 X � ��	 .9 Q1X � 9 ��� × � 	��9 X × ��	 .9 �
¨ÄZ�XYcn^wXYQJS�`lQJS�T�VuWYX[Z]\_^w`lQJS:��jQ1XYQm\_X�VJ¢a`lQJS�Z�SYS�^aQJS��hQg`]Vq�:jQJSfZbdhXwjQ1�nW�VuXYZbcndA�h^AX�Vu^�cedhX��hQJS�~�^RVudkXYZbXwjQJS
�kQ$y(cn^ax�Q7y?Q1dkXG\_cnW[WYQJ\OXYQ1y(Q7dhXgy(QJS�^aWwjQ7QJS_��cnd�TRQ1^aX�SOr VJXYXYQ7dR�hWYQ }V	\OQ$~�^aQ�`bQJS?�kZ]SfX[WYZb¢a^aXYZbcndRS
�kQJSLxeVuW[Z]Vu¢w`lQJS � 9 � Q1X � 9 � SfceZlQ1dkX�\_Q1dkXYWwjQ7QJSLS�^aW » Q7XoTaWwjQmSfQ1dkXYQ1dkX�^adaQiVe\1\_^ayi^a`�VuXYZbcndAVu^wXYcn^wWU�kQ\OQ1XYX[Q?xeVu`bQ1^aW7�"� r�QJS�XgQ���QJ\_XYZbx�Q1yiQ1dhX \OQi~�^�r¡cnd{cn¢aX[ZlQ1dkXGSf^aWg`�V ���n^aW[Q Â �¡�a��y�VuZ�SLcnd{v$cn¢�SfQ1W[x�QVJ^RSYS�Z:�hQq`lceda�n^aQmS6~�^aQ1^wQJSL�kQi�hZ]S�XYWYZb¢a^aX[Zlcnd{\OcnWYW[QJSfTRcedR�aVudkX|}V��hQJSLQ1W[WYQ1^wW�So�hQqW[QJ\_cedRSfX[WY^R\_X[Zlced
ce^$�°rtVu�eWajQ1�ÄVuXYZbcndAQ1dG�YQ1X�SO�
�nQG\��acnZ�SfZ�S��hQG��jQ��RdaZbW \_cny|y(Q�¢aZlQ7d W[QJ\_cedRSfX[WY^aZbX�^ad��YQ1X �hQgX�VJ^ X[Q1`�~�^aQ

Ò � 9 � Ò�Ù�½n»�§ Q1X Ò � 9 � ÒhÙ ½n»�§ �
�ar[jQ1XY^��hZlQAVu`bcnW�S?`sr[jQ1x�cn`b^aXYZbcnd��h^�X�Vu^�� �°r[jQ1x:jQ1daQ1y(Q7dhX�SY� cn^�Ta^wWYQ1XwjQ � �IVJ^�SfQ7Zld���r�^ad `lcnX|�hcedad�jQ��rYjQ1x:jQ1daQ1y|Q1dhX�SI�h^ASfZl�edRVu`��°�kcndkX�`lQ:�YQ1X�jQ1X[Z]~�^aQ1XwjQ�x:jQ1W[Z*�RQ�\_QG\_WYZbX1}Q1W[Q��hQ1d(Ì cedR\_XYZbcndÀ�hQJS�\_ce^aTa^aW[QJS
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H+H-→ csτν à √s = 161 GeV
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� ]Ð r Â � � § T J/6�I*DPJ0z�S�I�J/K�L�6@O G 6 | N%DPJ0N�z H/G 6 � ������ i � ��	 .Ê C � G I � ��	 .+C � � �VG 6@x�K%J L%I�6}6�K�L%ICK�z�I G L�S�6�N |�G 4 H/G 6
O�K�L�LEFG�G 6 D�FG�G�H/HRG 6:i H/G 6@M�JR6~I�K���D�N%^�^ G 6 | J/O G 6&N |%G 4 H N�6�J0^wS H N I�J/K�L�O G I�K�S�6 H/G 6�x�DPK�4 G 6�6*S�6}6�I*N%L�O$N�DPO�6_<��N
��N�S�4 M G A G I H N}6�J0^wS H N I�J/K�L O$S@6�J/��L�N H <:FG�| FG L G ^ G L%I�6ZO$S H K�IvO G D�FG�� FG D G L�4 G i��N O$DPK�J/I G A � �VG 6�M�J/6�I�K���D�N�^�^ G 6
M�N�4 M�S�D�FG 6@6~K�L�I K�z�I G L�S�6_N |�G 4�O G 6 FG�| FG L G ^ G L�I~6@O$Stx�DPK�4 G 6�6*S�6 G ¡ G @ 2 QVUQ�<�L�WZA	KZ�S S�L 6 G S H x�M�K�I�K�L
� ] \ G 6�I FG ^wJ/6�iZN |�G 4,S�L G FG L G DP�%J G O G x H S�6_O G g�a�� G�� i G I@O$N�L�6 H {�N 4�4 G x�I*N�L�4 G O$SyOCFG I G 4�I G S�D � BvK�S�D
H/G 6@O�J/6�I*D�J z�S�I~JRK�L�6_O G 6 | N�D�J N%z HRG 6 � ������ G I � ��	 .Ê C � i H/G 6 FG�| FG L G ^ G L�I~6 S�I�J H JR6�FG 6&6~K�L�I@6�FG�H/G 4�I�J/K�L�L	FG 6@x�N�D H N
4�K�S�x�S�D G 6*S�D H {�N 4�K H J0L	FG N�DPJ/I�FG�� BvK�S�D HRG 6,O�J/6�I*DPJ0z�S�I�J/K�L�6�O G�H N | N�D�J N%z HRG � �
	 .AC � i H/G 6,4�K�S�x�S�D G 6,6*S�D H/G 6
| N�DPJ0N�z H/G 6 � ������ G I � ��	 .Ê C � 6~K�L�IEN%x�x H J/Q�SEFG�G 6 G L�x H S�6 � �VG 6 �=�G 4�M G 6�J0L�O�J/Q�S G L%I H/G 6 | N H/G S�DP6.N�S�I�K�DPJ/6�FG�G 6Ex�N�D
H/G 4�DPJ/I¤�G D G >.h �
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H+H-→ csτν à √s = 161 GeV
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HRG 4�DPJ/I��G D G 4 M�K�J/6�Jvx�K�S�D O FG 4�J/O G DCQ�SV{�S�L �PG I.O G I*N�S G 6�I.4�K�D�D G 4�I G ^ G L%I FG I�J/Q�S G I�FG��

VJTaTa`bZ]~�^�jQ1QJSqVJ^���xeVuW[Z]Vu¢w`lQJSq�h^A�YQ1X jQ7XYZ]~�^aQ1XwjQ���PRQJSUWwjQmSf^a`bX�VuX�Sq�hQA\_Q1X[XYQ�jQ1X[^R�hQASfcedhXqW[Q1�nW[cn^aTMjQJS
�wVudRSU`bQ?X�Vu¢a`bQJVu^ Â �t¥h� ° ^	TaW[Q1y(ZbQ1WLdwZlx�QJVJ^��hQi`sr[jQ1XYZ�~�^wQ1X�VJ�nQi�h^{X�VJ^����:jQm\_WYZbXgVu^��:jQ1¢a^aX��hQ(\OQT�VuW�VJ�nW�VuTa�aQÄ�°`]VUTa^wWYQ1XwjQ6QmSfX �hQ � ½ � � ��TRcn^aW�`lQgS�Zl�nd�Vu`N�hQgWajQ_ÌujQ1W[Q1dR\_QÄ�
��WYceZ]S�VJ^aXYW[QJS�X�vhTRQJS:�hQg\1VJW�Vn\OXajQ1W[Z]SfX[Z]~�^aQ��h^G�YQ1X�TRQ1^ax�Q7dhXozQ1X[WYQo^aX[Zl`bZ]SkjQmS°¦kSYVUyi^a`lX[ZlTa`bZ]\_Z�XwjQÄ�nS�cnd
jQ7daQ1WY�eZlQAQ1X(S[V	�kZ]SfTRQ1W�SfZbcndÇSfT�VuXYZ�Vu`bQ���PRQ{\_WYZbX7}Q1W[Q��hQÀShjQ1`bQJ\_XYZbcnd��I��W[Q1TRc�SfQ{S�^aW|�hQJS?xeVuW[Z]VJ¢a`lQJS
�:jQJ\_WYZbxeVudkX�`lQJS��hQ7^��?TwWYQ1y(ZbQ1W�S�¦
�I�a¦��Y� � PRQ�dacnyi¢aWYQ:�hQ�T�VuWYX[Z]\_^w`lQJS�\���VuWY�NjQ1QJS��h^ �YQ1XGjQ1XYZ�~�^wQ1XwjQ��,� 9.1� �e�hcnZbXIVu^qy|cnZld�S�zQ1X[WYQ|jQ1��VJ`�}VU�n�\_QG~�^aZ�WYQ��YQ7XYXYQ��°r VJ^aXYW[QJS�jQ7x:jQ1dwQ1y(Q1dkX�S��k^ TwWYck\_QJS[Sf^RS�Q&¡°Q @�£ ~"¤~�� d�¥ � c�}^�`lQgTa�wcnXYced�¶�¨$©

QJSfXIxkZ]SfZb¢a`lQ:Q1X�Ì cnW[y(Q�`bQ��YQ1XijQ1XYZ�~�^aQ7XajQ�V1x�QJ\|jQ7x�Q1dhX[^aQ1`b`lQ1yqQ1dkX���r Vu^wXYWYQmSHT�VuWYX[Z]\_^w`lQJS"dwQ1^aXYW[QJS_�
Q1X:\_QLdwcnyi¢aWYQ�daQ��hceZlXITRVnSozQ1XYW[QoS�^aTMjQ1W[ZlQ1^wW }V6�w�h�artVu^aX[cnW[Z]SfQ�VuZbdRSfZR`bQLX�Vu^{}VgSfQ���jQJSfZbdhXwjQ1�nW[Q1W
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν à √s = 161 GeV
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��� �%$ D �'&�� <�O G ��D�FG 6*A
G ¡ G @32 QVUQZ<�L�WZA G ¡ G @ 2 1 ¡ 1 @

�xj l <�� G�� � � Ê AV; c�p po? p%b
?�g�?�i g b l i�d l�l i�g d�d�i�h

² ªCq.r Â � � § � N H/G S�DE^wK � G L�L G O G H N | N�DPJ0N�z H/G � �+$ D �'& i x�K�S�DvO G 6 H K%I�6=OZ{PFG�| FG L G ^ G L%I�6ZO$S 6�J/��L�N H K�z�I G L�S�6
N |�G 4�O�J u FG D G L�I G 6 | N H/G S�DP6�O G �xj l i G I�x�K�S�D H/G 6_FG�| FG L G ^ G L%I�6VO$Swz�D�S�J/I=O G	� K�L�O G ¡ G @ 2 QVUQ�<�L�WZA � � K�S�6
H/G 6�FG�| FG L G ^ G L%I�6.S�I�J H J/6�FG 6 J/4�J | FG DPJ � G L�I HRG 6}4�DPJ/I��G D G 6.>@?��N�>Cc �
P�r VJ^aXYW[Q$xeVuWYZ�Vu¢a`bQ$\_cey(TRc�S[VudkX?`bQ TwWYck�h^aZbX)����� 9�� Vuy�jQ1`bZlceWYQ(`�V	�hZ�SY\_W[Zly(ZbdRVuX[Zlced�TRVuWi`srtVuda�e`lQ

* �+$ D �'& SfQ7^a`s�w£HdAQ���Q1X1�a`bQJS��YQ1X�S�dacnd jQ1XYZ�~�^aQ7XajQJS:�hQJS(jQ1x:jQ1daQ1y|Q1dhX�S��h^AXfvkTRQG~"¤~ITpQ7^ax�Q1dkX�V1x�cnZbW �hQJSjQ1daQ1W[�nZlQmSLTa`l^�S�Zby(TRcnW[X�VudkXYQmSo~�^wQi�aVudRSg`lQJSAjQ1x:jQ7daQ1y(Q1dkX�S��k^�S�Zl�nd�Vu`s��c�}^�`sr[jQ1daQ1W[�nZlQ��hQq`sr¡^ad��hQJS
�YQ1X�S��RVe�hWYcedaZ]~�^aQJS�QJS�XLW�VuWYQ7y(Q1dkX�S�^aTMjQ1W[ZlQ1^wWYQGVu^À~�^RVJWYX��hQg`sr[jQ1daQ1W[�nZlQ��aVudRS `lQG\_Q1dkXYW[Qg�hQgy�VnS[SfQ
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν à √s = 161 GeV
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H+H-→ csτν
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H+H-→ csτν à √s = 133 GeV
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`lQJSG�hcndadMjQ1QJS_��PRQJSUQ1W[WYQ1^wW�SqSfvwSfXwjQ1y�VJXYZ]~�^aQJSgv�SfcedhXiQ1d�TRVJWYXYZ�\_^a`bZlQ1WGZldR�hZ�~�^MjQ1QJS_�I�IQ1`l`bQJS � \_Z:SfcedhX
jQ1xeVu`l^MjQ1QJS<Q7d TwWYck\�jQJ�wVudkXo\_cey(y(Q��YQg`srtVuZ¶��jQJ\_W[ZlX��wVudRSL`�VqSfQJ\OXYZlced Â � ¥k�¬ d$TRQ1^aXg\_cedRSfX�VuX[Q1Wo^adaQi�:jQJ\_WYceZ]S[SYVud�\_Qq�hQG`sr¡Q���\7Vn\_ZbXajQg�hQiSkjQ1`lQm\_XYZbcndA�h^{SfZb�ndRVJ`�Q1d�Ì cedR\_XYZbcnd
�hQ�`]VLy�VnSYS�Q����h^wQ�TaWYZbdR\_ZlT�Vu`lQ7y(Q1dkX�Vu^��i\_WYZbX1}Q1W[QJS"�kQoSkjQ1`lQJ\OXYZlcedUW[Q1TRc�SYVJdhX:S�^aWI`]VLÌ cndR\OXYZlcedi�hZ]S[\_WYZ��
y(ZldRVJdhX[Q�Q1X:Sf^aW�`�V6y�VeSYS�QLW[QJ\_cnd�SfXYW[^aZlX[Q��k\1VuW:`lQJSI�hZ�SfX[WYZl¢w^aXYZbcndRS:�hQg\_QJSIxeVuWYZ�Vu¢a`bQJS�S�Qg�:jQ_Ì ceWYy(Q7dhX
`1jQ1�w}Q1WYQ1y|Q1dhXN`lcnW�SY~�^aQg`]VUy�VeSYS�QgVu^a�ey(Q1dkXYQ��
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1 ¡ 1 @3254�6*7�8:9 �N � �3� ?�h%h�� G��
> DPJ/I¤�G D G O G T K�L�LEFG�G 6 T K�L�L	FG�G 6 � U � <-L�W�A WVW G ¡ G @ N�S�I*D G 6 1 ¡ 1 @
6�FG�H/G 4�I�J/K�L \ FG�G�HRH/G 6 ]�J0^wS H FG�G 6 x�DPK�4 G 6~6*S�6

BED�FG 6�FG�H/G 4�I�J/K�L ?�`�c�b ?�` l a�e&?:g ?�`�a�d g�` h�a ?�p d�p�ijc�k
� 4�K H J0L	FG N�DPJ/I�FG d�b�g d�d�h�e@d d�p%d g�g ? ?�? d�g�i�g�k
� ������ i � ��	 .+C�� b�p�a b l�l e@` b�`%h ?�` a d l�l i�h�k

s I�J/Q�S G I�N � G O$S37 g�h�a g�b�a�e@p g�p%h ?�h c `�p�i�d�k
� �!� 9�� ?¤c ?�goi l e ?�i�` ?�a�i�d ?%ijc a�i�p c�d�i�`�k
� Ê ` p�i�b%e a�i ` p�i c a a�i�h h�b�i�h�k

h%gwm � ��	 . m�c l a ?�i�g�d%e a�i g�b ?�i�g�p�e}a�i�g%b a�i�a c�e}a�i�a�c h�h�i�p�k

² ª q r Â �b� Â § svu G I&O G 6�O�J u FG D G L�I~6&4�DPJ/I��G D G 6&O G 6�FG�H/G 4�I�J/K�L 6�S�D H/G 6�O�K�L�LEFG�G 6�D�FG�G�H/H/G 6�O G � s B ?�h�h G I
6*S�D H/G 6@O�K�L�LEFG�G 6}6�J0^wS H FG�G 6�< H/G 6��*N�S�I*D G 6�x�DPK�4 G 6�6*S�6���OCFG 6�J/��L G L�I H/G 6yFG I*N I�6 � L�N H 6��N�Q�S�N I*D G � G D�^¢JRK�L�6=;
Y � G ¡ G @�i X ¡ X @_i Y � Y � i X G 8:[$A � �}L G}H S�^¢J L�K%6�J/I�FG J0L%I�FG ��D�FG�G O G poi�d�hEx�z @�± G 6�ICS�I�J H J/6�FG�G x�K�S�D H NwL�K�D �
^�N H J/6*N I�J/K�L � � { G�� 4�N 4�J/I�FG O G 6�FG�H/G 4�I�J/K�L�O G 6�FG�| FG L G ^ G L%I�6�O$S H K�ICO$S,6�J/��L�N H O G D�FG�� FG D G L�4 G.G 6�I	J L�O�J/Q�SEFG�G��
�VG 6 J0L�4 G DPI~JRI�S�O G 6@J L�O�J/Q�SEFG�G 6}6�K�L%I.6�I*N�I�J/6�I�J/Q�S G 6 �

1 ¡ 1 @ 254�6*7�8:9 �N � �3� ?�h%h�� G��
�xj l � L�I G D | N H/H/G T K�L�LEFG�G 6 T K�L�L	FG�G 6 1 ¡ 1 @

<�� G���� � Ê A O G 6�FG�H/G 4�I�J/K�L D�FG�G�H/HRG 6 6�J0^wS H FG�G 6 <�k�A
c�p h�g�m � ��	 . m�c l a ? �*g%pEe a��*g�`	e a��:?�p h�h��*pEe ? �*p ¡ CHD �@�± D ±c�d h�`�m � ��	 . m p�g a ? �*a%bEe a��*g�p	e a��:?�` g�d��*`Ee ? �*` ¡ ± D �@�± D Êp%h c�a�m � ��	 . m p�` a ? ��c�gEe a��*g�d	e a���g�h g�`���c e ? ��c ¡ ± D C@�± D ±

² ª q r Â �l�7¥ § BvK�S�D}4 M�N�Q�S G J0L�I G D | N H/H/G O G 6�FG�HRG 4�I~JRK�L O$Sy4�D�JRI��G D G > b�iZN 6�6�K�4�J*FG �N S�L G M ��x�K�I*MV�G 6 G O G
^�N 6�6 G < � j"l AV;�L�K�^wz�D G OZ{ FG�| FG L G ^ G L%I�6	6�FG�H/G 4�I�J/K�L�L	FG 6 O$N%L�6 H/G 6.O�K�L�LEFG�G 6�i�L�K�^wz�D G OZ{PFG�| FG L G ^ G L�I�6CN I��
I G L�O$S�6 G L 6 G z�N 6*N�L%I=6�S�D H N}6�J0^wS H N I�J/K�L O G 6Ex�DPK�4 G 6�6*S�6�6�I*N%L�O$N�DPO�6 G I G�� 4�N 4�J/I�FG � L�N H/G O G 6�FG�H/G 4�I�J/K�L O$S
6�J/��L�N H�� �VG 6.x�D G ^wJ �G D G 6 G D�D G S�DP6	6�K�L%I�O G 6~K�S�DP4 G 6�I�N I�J/6�I�J/Q�S G i H/G 6CO G S��J��G ^ G 6 O G 6�K�S�D�4 G 6 ��6�I�FG ^�N I�J/Q�S G i
4�N H 4�S H FG�G 6 G L�N�x�x H J/Q�S�N�L%I H N,^ FG I*M�K�O G OCFG 4�DPJ/I G �N H Nw6 G 4�I~JRK�L3p � ` �
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H+H-→ csτν à √s = 133 GeV
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� ]Ð r Â �b�#m § T J/6�I�DPJ0z�S�I�J/K�L�6wO G_H {�N�4�K H J L	FG N�DPJ/I�FG iVO G 6 | N%DPJ0N�z H/G 6 � ������ G I � ��	 .+C � iZx�K�S�D HRG 6wx�DPK�4 G 6�6*S�6
6~I*N�L�O$N�DPO�6v6�J0^wS H FG 6.<�M�J/6�I�K���D~N�^�^ G 6*A�6*S�x G D�x�K�6�FG 6�N�S� FG�| FG L G ^ G L�I~6=D�FG�G�H 6.<�x�K%J L%I�6*A¤i��N}��N%S�4 M G i G I xoK�S�D
H/G 6�J/��L�N H O G D�FG�� FG D G L�4 G < �xj l � c�p�� G�� � � Ê A�iZ�NwO$DPK�J/I G�� � K�S�6 HRG 6 FG�| FG L G ^ G L�I�6CS�I�J H JR6�FG 6 | FG DPJ � G L�I H/G
4�D�JRI��G D G O G x�D�FG 6�FG�H/G 4�I�J/K�L�M�N�O$DPK�L�J/Q�S G�� �VG 6.4�K�S�x�S�D G 6�N%x�x H J/Q�SEFG�G 6}6�K�L%I.J0L�O�J/Q�S	FG�G 6�x�N�D HRG 6 �=�G 4�M G 6 �
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H+H-→ csτν à √s = 133 GeV
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� ]Ð&r Â �l�·� § T J/6�I*D�J z�S�I~JRK�L�6&O GwH N�^_S H I�J0x H J/4�J/I�FG 4 M�N%DP��FG�G ioO G_H N�^wS H I�J0x H JR4�J/I�FG I~K�I*N H/G&G I@O GwH {PFG L G DP��J G
I�K�I*N H/G O$S �PG I�FG I�J/Q�S G I�FG 4�K�^�^ G x�DPK |�G L�N�L%I�O G@H N@OCFG 6�J0L�I�FG ��D~N I�J/K�LwO$S H/G x�I�K�L�I*N�SVi�xoK�S�D H/G 6(x�D�K�4 G 6�6�S�6
6�I*N�L�O$N�D�O�6�6�J0^_S H FG 6(<�M�J/6�I~K���D�N�^�^ G 6*A�6*S�x G D�xoK�6�FG 6 N�S� FG�| FG L G ^ G L%I�6=D�FG�G�H 6(<-x�K�J0L%I�6*A�i��N.��N�S�4 M G i G I�x�K�S�D
HRG 6�J/��L�N H O G D�FG�� FG D G L�4 G < �xj l �fc�p�� G������ Ê A¤i��N¢O$DPK�J/I G�� � K�S�6 H/G 63FG�| FG L G ^ G L%I�6 S�I~J H J/6�FG 6 | FG DPJ � G L%I H/G
4�DPJ/I¤�G D G O G x�D�FG 6�FG�H/G 4�I�J/K�L�M�N O$DPK�L�JRQ�S G�� �VG 6}4�K�S�x�S�D G 6@N�x�x H J/Q�S	FG�G 6 6~K�L�I J L�O�J/Q�SEFG�G 6@x�N�D H/G 6 ���G 4�M G 6 �



��������� �*#%���&���� ������� 
����@����� �E��� � � �#� Â

H+H-→ csτν à √s = 133 GeV
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� ]Ð r Â � ½e» § T J/6�I*DPJ0z�S�I�J/K�L�6 O G 6 | N�DPJ0N�z H/G 6.4�K�^�x�K�6*N%L�I H N � K�L�4�I~JRK�L�O�J/6�4�DPJ0^wJ0L�N�L%I G ^_S H I�J/O�J0^ G L�6�J/K�L �
L G�H/H/G x�K�S�D HRG 6�x�DPK�4 G 6�6*S�6 6�I*N�L�O$N%DPO�6@6�J0^wS H FG 6 <�M�J/6�I~K���D�N�^�^ G 6*A 6*S�x G D�xoK�6�FG 6_N�S� FG�| FG L G ^ G L�I�6@D�FG�G�H 6
<-x�K�J0L%I�6*A�iC�N3��N�S�4 M G i G I�x�K�S�D H/G 6�J/��L�N H O G D�FG�� FG D G L�4 G < �xj l ��c�p � G�� � � Ê A�i �N O$DPK�J/I G�� � K�S�6 H/G 6
FG�| FG L G ^ G L%I�6 S�I�J H J/6�FG 6 | FG DPJ � G L%I H/G 4�DPJ/I��G D G O G x�D�FG 6�FG�H/G 4�I�J/K�L�M�N O$DPK�L�JRQ�S G��



�·�n¥ ���������
	���������������������������� ��� ��� � �� !��� �"�  #��	�$���$% &$%���' � �(��*)+ &��,	�$ � �'-���

H+H-→ csτν à √s = 133 GeV
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� ]Ð&r Â � ½ � § T J/6�I�DPJ0z�S�I�J/K�L�6@O G 6 | N�D�J N%z HRG 6 � ��	 . G I�� Ê K�z�I G L�S G 6��N H {�N J/O G O GwH {�N � S�6�I G ^ G L%I.4�J0L	FG ^�N �
I�J/Q�S G 4�K�L�I�D�N J0L�I �
s L M�N%S�I�i�4 G 6 | N�DPJ0N�z H/G 6,6�K�L%I�^wK�L%I*D�FG�G 6�x�K�S�D H/G 6fFG�| FG L G ^ G L�I~6_D�FG�G�H 6 <�xoK�J0L�I�6�A G I�6�J0^wS H FG 6 <�M�J/6�I~K �
��D�N�^�^ G 6*A | FG DPJ � N�L�I HRG 6}4�DPJ/I��G D G 6CO G&H N�x�D�FG 6�FG�H/G 4�I�J/K�L�M�N O$D�K�L�J/Q�S G��
s L z�N 6�i H N�O�J/6�I*D�J z�S�I~JRK�L O G�H N3^�N 6�6 G D G 4�K�L�6�I*D�S�J/I G � �
	 . G 6�I_^¢K�L�I�D�FG�G x�K�S�D H/G 6 FG�| FG L G ^ G L�I~6&D�FG�G�H 6
G I 6�J0^wS H FG 6 | FG DPJ � N�L%I I~K�S�6 H/G 6@4�DPJ/I��G D G 6.O G 6�FG�H/G 4�I�J/K�L � S�6�Q�SV{"�N H N�4�K�S�x�S�D G 6*S�D H/G � Ê O G&H {�N � S�6�I G ^ G L�I �
� ��N�S�4�M G i H {�M�J/6�I�K%��D�N�^�^ G ��DPJ/6w4 H N J0D G 6~I&K�z�I G L�S N |%G 4 H { G L�6 G ^wz H/G O G 6_z�D�S�J/I�6wO G�� K�L�O G I H {�M�J/6�I~K �
��D�N�^�^ G z H N�L�4 N |�G 4�I�K�S�6 H/G 6�x�DPK�4 G 6�6*S�6�i H/G 6�J/��L�N H O G D�FG�� FG D G L�4 G J0L�4 H S�6 G I_L�K�D�^�N H J/6�FG N�S L�K�^wz�D G
OZ{ FG�| FG L G ^ G L%I�6�N I�I G L�O$S�6�4�K�^�x�I G � I G L�S O G3H { G�� 4�N 4�J/I�FG O G 6�FG�H/G 4�I�J/K�L N�x�D��G 6 H N 4�K�S�x�S�D G 6*S�D H/G � Ê �
� O$DPK�J/I G i H {�M�J/6�I�K���D�N�^�^ G�G 6�I&K�z�I G L�S N |�G 4 H/G 6tFG�| FG L G ^ G L%I�6@O$S 6�J/��L�N H O G D�FG�� FG D G L�4 G < � j l � c�p
� G�� � � Ê A � � N | N H/G S�D}^wK � G L�L G <��ZA G I H {PFG 4�N�DPI�� I ��x G < �ZA	O G@H N�O�JR6~I*DPJ0z�S�I�J/K�L 6�K�L%ICJ L�O�J/Q�SEFG 6 �
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PRQJSq\_W[ZlX7}Q1WYQJS��hQ�SkjQ7`lQJ\_X[Zlced��hQmS6TRVJWYXYZ�\_^a`bQJSodaQ1^aX[WYQJSgSfcedhXGZ]�hQ7dhX[Z]~�^aQJSi}V�\_Q7^��$^aXYZb`lZ�ShjQJSoTRcn^aW
`lQJS:VudRVJ`lvwSfQJS �hQJS|jQ1x:jQ1daQ7y(Q1dkX�S�}Vq�nW�VudR�hQGy?^w`lXYZbTa`lZb\_ZbXkjQ���¤�VJW \_cndkXYW[Q��a`]VUy�VJdaZ�}Q7WYQ��hQG\��aceZ]S�ZlW�`bQJS
TRVuW[XYZ]\O^a`lQJS \��RVuW[��jQ1QJS��hcnZbX?zQ1XYW[QUy(ck�kZ*� jQ1QÄ�R£Hd{Q���Q1X7�p`bcnW�S[~�^¶r�cnd{SkjQ1`lQm\_XYZbcndadaQÄ�RSYVud�S�TwWYQ1dR�kWYQi�hQ
TaWwjQJ\7Vu^aX[Zlcnd¶���hQJS$jQ1x:jQ1daQ1y|Q1dhX�SU}V?Ì�VJZl¢a`bQqy?^a`bXYZbTa`lZ�\_Z�XajQgQ1X{jQ1daQ1W[�nZbQ���\_cey(y(QG\nr�QmSfXo`bQi\1VnSgZ]\_Z��pced
TaWYQ1d�� `lQgW[Z]SY~�^aQ��hQqSkjQ1`lQJ\OXYZlcedadaQ1W �kQJS�jQ1x:jQ1daQ1y|Q1dhX�S�Z]SYS�^RSo�hQG¢aWY^wZlX�S �hQgÌ cndR�$~�^aZ�daQqS�cndkXoTRVnS
�h^RSq}V(�kQJS TwWYck\_QJS[Sf^RSgS�X�Vud��aVuW��aS°¦�ZldkXYQ1W�Vn\_X[ZlcedRS�Q1dkXYWYQG`lQJS�Ì�VuZ�SY\_QmVu^���Q1Xo`bQJS�y(cn`7jQJ\_^a`bQJS��hQG��V�
TaWwjQJS�Q1dkXYQJS��aVJdRSL`bQ6X[^a¢RQ�}V?xkZ]�kQ��aZldkXYQ1W�Vn\_X[ZlcedRS�Q1dkXYWYQg`bQJS<Ì�VuZ�SY\_QJVJ^���Q1X `lQgXY^a¢RQ�}V?xhZ��hQ��aW�Vmv�cedRS
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�hQg`]Vq\_ce^aTa^aW[QUS�^aW `]VUxeVuW[Z]Vu¢w`lQgy(cndkXYWwjQ1Q��
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H+H-→τ+νττ
−ν

–

τ à √s = 161 GeV
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 ± ¼�
 Ê � Q1X * � "

�� 
 � ± ¼ 
 � Ê �PRQmSUjQ1x:jQ1daQ1y(Q7dhX�S�}V �hQ1^��G`lQ1TaX[cndRS�SfcedhXH\_cn`bZldMjQJVJZlW[QJS°¦1Zl`�S°cndkX�Q1dGy(cJv�Q1dadaQI�kQJS�Vudw�n`lQmSµTaW[ck\��wQJS
�kQØ�·m » § �6PRQJS{�hZ]S�XYW[Zl¢a^aX[ZlcedRS$�hQ \_QJSAVuda�e`lQJSO�oTpce^aW{`lQ SfZb�ndRVJ`s�odaQ SfcedhX$T�VnS$TaZ]~�^�jQ1QJS�x�Q1W�S�·m » § �I\_cny(y|Q?`bQ y|cndkXYWYQ�`�V �R�e^aWYQÀ¥h� ½ ���IQJ\_Z�QJS�X(��z^ÇVu^ y(ck�hQA�hQ�TwWYck�h^R\OXYZlcedÇ�h^¹¢RcÄSfcndµ �Y���hZ]S�XYW[Zl¢a^aX[Zlced��hQ$`�V	xeVuWYZ�Vu¢a`bQ ��� � Q1X|Vu^�Ì�VuZbX(~�^aQ$`bQJS X�Vu^RS(ZbdaZlX[Z]Vu^�� d¶r�Q1y(TRceWYXYQ7dhXqTRVeSX[cn^aX[QL`�Vg~�^RVJdhX[ZlXwjQ �hQ�y(cn^wx�Q1y(Q1dkX��h^i¢Rc�S�cndA�hcndkX�Zb`]SISfcedhXIZ]S[Sf^RSO�hPRQJSR�YQ1X�S<~�^�r¡Zl`]S�\_WwjQ1Q1dkX�d�r�cedhX
�kcndR\gTRVnS �hQJS��hZbWYQJ\OXYZlcedRS�\_ceWYWwjQ7`1jQ1QJSO�
£�d$Ta`b^RS �°r�Q#�kZl�eQ1W ~�^aQU`bQJSLVJda�n`bQJS * Q1X * � daQq�:jQ1TRVnS[SfQ1dkX TRVnSL^wdaQq¢RcnWYdwQiSf^aTMjQ7WYZlQ7^aWYQ��J�1r¡Zly?�TRcÄSfQo^adwQL`bZly(ZbXYQIZldhÌujQ7WYZlQ7^aWYQ�}V6`srtVuda�e`lQ * ��V#�Rd��hQ y$rtVnSYS�^aWYQ7W�~�^aQ `lQJSqjQ1x:jQ1daQ1y|Q1d�X�S�SkjQ1`bQJ\_X[Zlcndwd�jQJSd¶r�cndkXiTRVnS?^wdaQ�X[cnTRcn`bcn�nZbQ{\_cny|TRVuX[Zl¢a`bQ�V1x�QJ\(^ad$�YQ1Xi^adaZ�~�^wQ�� �Ld�XYQ1`AjQ1X�VuX!�RdRVu` TRQ1^aX|V1x�cnZlW
`bZlQ1^|Tpce^aW�\_Q1WYX�VuZbdRS(jQ1x:jQ1daQ1y(Q7dhX[SI�h^RS�VJ^��(ZldkXYQ7W�Vn\OXYZlcedRSo}Vi�hQ1^��?Ta�wcnXYcedRS_�RQ1d�TRVJWYXYZ�\_^a`bZlQ1WI`lceW�Ss�
~�^�r¡^adaQgTRVuW[XYZ�\_^a`lQ�\��RVJWY�NjQ1Qod�r¡QJSfX:TRVnS SkjQ1`bQJ\_X[Zlcndwd�jQ1Q TRVuW `lQJS:\_WYZbX7}Q1W[QJS��:jQ��RdaZ�S�Ta`l^RSI�RVu^wX1�v¨�^aW `]V
���n^aW[QU¥k� ½ �hcnd�TRQ1^aX:WYQ1y�VuW�~�^aQ1WN^adA��jQJSYVe\1\_ceW��?Q1dkXYW[QL`bQodacey?¢aW[QJSI�°r[jQ7x:jQ1dwQ1y(Q1d�X�S�SkjQ1`bQJ\_X[Zlcndwd�jQJS�wVudRS?`bQJSq�hcedad�jQ1QJSqWwjQ7Q1`l`bQJS6Q1Xi\OQ1`l^aZ:QJSfX[Zly�jQ }V TRVJWYX[ZlWi�hQA`]V{SfZlyi^a`�VuXYZbcnd���`bcnW�S[~�^wQ�\OQJS�jQ1x:jQ1daQ_�
y|Q1dhX�S�SfcedhXoW[QJ\_cedRSfX[WY^aZbX�SoV1x�QJ\G�hQJS Vuda�e`lQJSLZbdhÌejQ1W[ZlQ1^aW�SU}VA� » § �µPRQmS�jQ1x:jQ1daQ1y(Q7dhX�S<WwjQ7Q1`]S SfcedhXoQ7dÌ�VJZlXg\Ocny(TRVJXYZb¢a`lQJSO�aTRVuW�`lQ1^aW�So\1VJW�Vn\OXajQ1W[Z]SfX[Z]~�^aQJSO�RVu^�� jQ1x:jQ7daQ1y(Q1dkX�S�VJXYX[Q1dR�h^RS��aVudRSo`bQU¢aW[^aZlXg�kQ
Ì cedR�°�°QmSYSfQ7dhX[ZlQ1`b`lQ1yiQ1dkX�\_cedRSfX[ZlXY^MjQq�hQJS TaWYck\_QmSYSf^�S�Q¢¡pQ @�£ ¥�¥ £ ® ¡ ®�@ Q1XoQ¢¡pQ @�£¯® ¡ ®"@ ��PRQ�:jQJSYVe\1\_cnW��$�hZly|Zldk^aQoVJTaW7}QmS `�r VuTwTa`lZ�\1VuX[ZlcndA�h^À\_WYZbX7}Q1W[Qq� ½ ��£HX�VudkXo�kcndadMjQq`bQoÌ�VuZlX�~�^�r�Zb`°QJS�XoS�ZlXY^MjQ�wVudRSo^adaQGWwjQ1�eZlced{�hQq`sr¡QJSfTRVe\_QG�hQJSLTw�RVnS�QJSLc�}^�`]VqTaWwjQJSfQ1d�\_Qq�h^{S�Zl�edRVu`�QmSfX TpQ7^$TaWYce¢RVu¢a`bQ��°^adwQ
Zbdhx�QmSfXYZb��VJXYZlced�Ta`l^RS�TRcn^RS[SkjQ1QGd�r�QmSfX�TRVeS dMjQm\_QJSYS[VuZbWYQ���iLQgTa`b^RS_�R\OQ6X�vkTRQq�hQG�:jQJS[Vn\1\OcnW��ASfQ1W�V TwWYZ]S
Q7d�\Ocny(TaX[Qg�aVJdRS `�r[jQ1xeVJ`l^RVJXYZlcedA�hQJS�Q1W[WYQ1^aW�S�SfvwSfXwjQ1y�VuX[Z]~�^aQJS/�H�1��TRVuW�Vu�eW�VuTw�aQi¥h� Â�� �PRQ�\_WYZbX7}Q1W[Q6���qQJS�X \_cndRS�XYZbXY^MjQG�hQJS \_ce^aTa^aW[QJS�Sf^aZbxeVudkXYQJS°¦
���k¦ * º�½e» §y�Vd��� *(¼ *����IÙ �1¥ � §P�VqxeVu`bQ1^aW �hQg`]VU¢RceWYdaQ�Sf^aTMjQ7WYZlQ7^aWYQoQmSfX \��acnZ�SfZlQ�TRVuW�Vu`l`�}Q1`lQ7y(Q1dkXIVu^A\��acnZ����h^A\_WYZbX7}Q1W[Q6� ½ �pTRce^aWceTaXYZby(Z]S�Q1W�`�Vq�hZ]S[\_WYZby(Zld�VuXYZbcndiQ1dkXYWYQ�`lQGSfZb�ndRVJ`�Q1X�`lQg¢aW[^aZlX �hQoÌ cedR�(Q1dk�Rd$�°rtVudRVJ`lvwSfQ��
PRQmS�Q���Q1X�S��hQ�`sr VJTaTa`bZ]\1VJXYZlced��hQg\OQg\_WYZbX7}Q1W[QoS�cndkX�y(cndkXYWwjQJSI�aVud�S `bQJS<X�Vu¢a`bQJVu^��|¥h� �UQ1X ¥h�t¥h�Z¨�Z'�
jQ7x:jQ1dwQ1y(Q1dkX�S:SfcndkX�ShjQ1`bQJ\_XYZbcndadMjQJS��aVud�SL`lQJS �hcedad�jQ1QJS�WwjQ7Q1`l`bQJS_�kQ1d$Ve\1\_cnW���V1x�QJ\o`]ViSfZby?^w`]VuX[Zlced��h^
¢wWY^aZbXU�kQUÌ cndR�°���IQ1`l^aZ���\OZ"QJS�XG\_cny(TRcÄShjQ��RQ1d$TaW[cnTRcnW[XYZlcedRS{jQm~�^aZbxeVu`lQ7dhX[QJS_���°r[jQ7x:jQ1dwQ1y(Q1d�X�S�TaWYcJx�Q_�
d�VudkXq�hQJSgTaWYck\OQJSYS�^RS6Q&¡RQ @�£nª ¡ ª @ �"Q¢¡pQ @�£¯® ¡ ®"@ Q7XU�kQJSoZldkXYQ1W�Vn\_X[Zlcnd�S?}VA�hQ1^��$Tw�acnX[cndRS�kcndadRVJdhX��hQ1^��(`lQ1TwXYcnd�S_�
P�r[jQ1X�VJTRQ �hQ�SkjQ1`lQJ\OXYZlcedGSf^aZbxnVJdhX[Q�^aX[Zl`bZ]SfQ:�hQmS"\1VJW�Ve\_XwjQ1W[Z]S�XYZ]~�^aQJS°ZbdR�hZbxhZ��h^aQ1`b`lQJSR�hQJSw�YQ1X�SO�n�I�RVn~�^aQ
�YQ7X1�JTaWYcJx�Q1dRVJdhXH�hQ�`�Vo��jQJS�ZldaXwjQ1�nW�VuXYZbcndi�°r¡^adq`lQ7TaXYcedqX�Vu^¶���hcnZbXI\_cedhX[Q1daZlWNVu^qy|cnZld�Sµ^adwQ�TRVuW[XYZ]\O^a`lQ
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��ZldRVJ`lQ1y(Q7dhX7�n`lQG�hQ1W[daZlQ7W�\_W[ZlX7}Q7WYQg�hQg`�VqShjQ1`bQJ\_XYZbcnd(QmSfX�`lQGS�^aZlxeVudkX�¦
� Â ¦�y�Vd���� ± D Ê ¸ � Ù�Â m ¾ Q1¿y(Zbd

��� ± D Ê ¸ � Ù � »�¾ Q1¿P�Vi`lZly|ZlXYQ S�^aW�`sr[jQ1daQ1W[�nZbQg�h^�Ta`l^�S�jQ1dwQ1WY�NjQ1XYZ�~�^aQ��hQJS��YQ1X�S�QJSfX�jQ1X[^R�hZ7jQ1QoTRcn^aW WYQ �YQ1XYQ1W:`lQJS��kQ1WYdaZbQ1W�S
jQ7x:jQ1dwQ1y(Q1dkX�SaZ]S[Sf^RS��hQI`]V��kZ*��^RSfZbcndR��RVu¢a��Vh�nP�V�`lZly|ZlXYQNSf^wW�`sr[jQ7daQ1WY�eZlQI�k^6y|cnZld�SojQ1daQ1W[��jQ1X[Z]~�^aQI�hQJS
�YQ7X�S�QJS�X�V1�Y^RS�XwjQ1Q�Tpce^aW�cnTwXYZly|Z]SfQ7W<`�VU�hZ�SY\_W[Zly(ZbdRVuX[ZlcedqQ1dhX[WYQo`bQJSijQ7x:jQ1dwQ1y(Q1d�X�S��h^ASfZb�ndRVJ`°Q1XM\_Q1^��
�k^�¢aW[^aZlX �hQgÌ cndR� ª ¡ ª @ � �LdwQ�Ì ceZ]S \_Q1X[XYQo`bZly(ZbXYQ Zly(TRc�SkjQ1Q���`sr¡^aXYZb`lZ�SYVuX[Zlced��hQU`�r VJ^aXYW[Q$jQ1daQ1W[�nZbQd¶r Vuy�jQ1`lZbcnWYQiTRVeSqSfQ1dRS�Zl¢a`bQ1y(Q1dkXo`bQJSUWwjQJS�^a`lX�VuX�Sq�hQ�\_Q1X[XYQ��kZ]SY\OWYZly|ZldRVJXYZlced	Q7dhX[WYQ(`bQ�SfZb�ndRVJ`�Q1XU`bQ
¢wWY^aZbX��hQLÌ cedR� ª ¡ ª @ �k¤�VJW \_cndkXYW[Q��k�aVudRS�`bQo\7Vn�hW[Qg�hQo`�r Vud�Vu`lvwSfQ�Ì�VuZbXYQi}VgTa`l^�S��RVu^aX[Q$jQ1daQ7WY�nZbQ��Q7X<W[Q1TRc�S[VudkX�Sf^wW��hQJS�jQ1x:jQ1daQ7y(Q1dkX�S�SfZlyi^a`7jQJS_�1`�r�^aX[Zl`lZ�SYVJXYZlcedi�hQJSI�hQ1^���jQ1daQ1W[�nZlQmSHQmSfXId�jQJ\_QmSYSYVJZlW[QK�H� �
T�VuW�VJ�nW�VuTa�aQ�mk� Â � �qT�� ½ � ¥ � �PRQmSHQ �°Q7X�S��hQ�`�r VJTaTa`lZ�\1VuX[Zlcedq�h^i\_W[ZlX7}Q1WYQ � Â S�cndkX�y(cedhX[WajQJS��aVud�SH`�Vq�R�e^aWYQ�¥h�¡�oQ1X�`bQJS"X�VJ¢a`lQmVu^��¥k���w�h¥k� Â Q1X:¥h�t¥h�k£�dhxkZlW[cnd Âe» ���hQJS�jQ1x:jQ1daQ7y(Q1dkX�S��h^iX�vhTRQ ª ¡ ª @ TwWajQJVJ`]Vu¢w`lQ1y(Q7dhXNSkjQ1`bQJ\_X[Zlcndwd�jQJScedhX�jQ1XwjQqW[Q��YQ1XwjQJS_��¤NVuWYy|Z"`bQJS$jQ1x:jQ7daQ1y(Q1dkX�S�\OcndRS�Q1WYx:jQJS_��S�Q1^a`]SG� » �|��}V(TaWwjQJSfQ7dhX7�°daQ|\_cndkXYZbQ1dadaQ1dkXVJ^R\_^adi`lQ7TaXYcedqX�Vu^iZldwZlXYZ�Vu`�� ½n» � SfQ1^w`lQ1y(Q7dhX��hQmSUjQ1x:jQ1daQ1y(Q7dhX�S°SkjQ7`lQJ\_X[Zlcedad�jQJS�TRVuWI`bQ�\_W[ZlX7}Q7WYQL�I�gQ1XV1vkVJdhX:Vu^|y(cnZbdRS�^ad?`bQ1TaX[cnd(X�Vu^(cedhXijQ1XwjQLW[Q��YQ1XwjQmS_�nQ1XIX[cn^RSI`lQJSqjQ1x:jQ1daQ1y|Q1dhX�Sµc�}^�`lQmS<�kQ1^��q¢Rc�S�cndRS
ª S�QqSfcedhX���jQJSfZbdhXwjQ1�nWwjQJS�Q1d$^adÀSfvwSfX7}Q1y(Q � ® ¼�� 9�� cedhXÀjQ7XajQG\_cnd�SfQ1W[x:jQJSO�µP�r¡Q���\1Vn\_ZbXwjQG�hQ�ShjQ1`bQJ\_XYZbcnd�k^$SfZb�ndRVJ`�QJSfX�TRQ1^ÀV¢��QJ\_XwjQ1QgTRVuW�`�r VJTaTa`lZ�\1VuX[Zlced��k^�\OWYZlX7}Q1WYQG� Â �

��/�. � 9<K$@A4 @A46B#;u>$8M4oF�9I;_9IK$@A46B#B ��B�9 34�h E69I;dc�KA46B

�Icey(y(Q��aVud�S `bQU\7VnS��hQg`srtVudRVJ`lvwSfQg�kQ6`�V X[cnTRcn`bcn�eZlQGSfQ1y|ZÁ��`lQ1TaX[cndaZ�~�^wQ��n`]ViSfce^aW�\OQ6TwWYZld�\_ZlTRVJ`lQ
��r�Q1W[WYQ1^aW�SgSfvwSfXwjQ7y�VuX[Z]~�^aQJS�xhZbQ1dhX��hQJSg��jQJS[Vn\1\_ceW��aS{jQ1x�Q1dkXY^aQ7`]S�Q1dhX[WYQq`bQJSg�hcndadMjQ1QJS6WwjQ1Q1`b`lQJS�Q1Xg`lQJS
�kcndadMjQ7QJSoSfZby?^w`1jQ1QJSO�k�ar�^aX[Zl`lZ�SfQG�hcedR\U`]Vqy�jQ1X[�ack�hQq�:jQ���V Q·�hTRc�SkjQ1Qq~�^aZN\_cnd�SfZ]S�XYQ�}V(\_cny|TRVuW[Q1WLTwWajQ_�
\OZ]SkjQ7y(Q1dkXo`lQJSg�hZ�SfX[WYZl¢w^aXYZbcndRSG�hQJS6xeVJWYZ]VJ¢a`lQmS6^aX[Zl`lZ�SkjQ1QmSo�aVud�SU`sr VJdRVu`bvaS�Q��°ce¢aXYQ1dk^aQJS|}V�TRVuW[XYZbWq�hQJS
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� ]Ð r ¥k��� § T J/6�I*DPJ0z�S�I�J/K�L�6 O G 6 FG L G DP�%J G O$S � G I HRG x H S�6�FG L G DP��FG I�J/Q�S G.G ICO$S � G I H/G ^wK�J0L�6,FG L G D�� FG I�J/Q�S G��
��G 6 x�K�J0L%I�6 D G x�D�FG 6 G L%I G L%I H/G 6.O�K�L�LEFG�G 6 D�FG�G�H/HRG 6:i H/G 6 M�J/6�I�K���D~N�^�^ G 6 H/G 6 O�K�L�LEFG�G 6.6�J0^wS H FG�G 6 � �VG 6}O�J/6�I*DPJ �
z�S�I~JRK�L�6�O G ��N�S�4�M G 6�K�L%I=K�z�I G L�S G 6CN |%G 4 H/G 6�FG�| FG L G ^ G L�I~6 x�D�FG 6�FG�H/G 4�I�J/K�L�L	FG 6 � �VG 6EN�S�I*D G 6�6~K�L�IvK�z�I G L�S G 6
N |�G 4 H/G 6�FG�| FG L G ^ G L%I�6 | FG DPJ � N�L%I HRG 6	4�DPJ/I��G D G 6E>@?&�N&>.h � � {�M�J/6�I�K���D�N�^�^ G ��D�JR6�FG 4 H N J0DE6�S�x G D�xoK�6�FG ^wK�L�I*D G
H Nw4�K�L�I*D�J z�S�I~JRK�L�O G 6�FG�| FG L G ^ G L�I~6 J/6�6�S�6.O G&H NwO�J u S�6�J/K�L��CM�N�z�M�N � � {�M�J/6�I�K%��D�N�^�^ G ��DPJ/6�FG 6�K�^wz�D G 6*S �
x G D�x�K%6�FG ^¢K�L�I�D G�H N 4�K�L%I*DPJ0z�S�I�J/K�L O G 6 FG�| FG L G ^ G L�I�6@O$S I ��x G X ¡ X @ � � {�M�J/6�I~K���D�N�^�^ G O$S 6�J/��L�N H
G 6~I K�z�I G L�S �N�x�N�D�I�J0D.OZ{PFG�| FG L G ^ G L%I�6 G L�� G L�O$D�FG 6�N |�G 4 � j�l � p�a G I�`%a � G�� ��� Ê � �VG 6}4�K�S�x�S�D G 6@O$S
4�D�JRI��G D G >.pw6�K�L�ICJ0L�O�J/Q�S	FG�G 6&x�N�D H/G 6��=�G 4 M G 6 �
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ª ¡ ª @K£ ° xeVJdhX \_W[ZlX7}Q1WYQg� Â ° TaW7}QJS�\_WYZbX7}Q1W[Q6� ÂQ1Q � � S � » � � � �a� Â �Q�� ��� S �·�h���Z� �h� m��
��� ��� S mk� � � ½ � ���Q ® ��� S ½ �a� » � � Â � ¥��
� ® ��� S ½ mh� Â � � � � ���®�® � � S mk� � � � Â � ���

² ª q r ¥h�¡� § B	DPK�xoK�DPI�J/K�L�6ED G�H N I~J |%G 6EO G 6�O�J u FG D G L%I�6wFG I�N I�6 � L�N H 6 HRG x�I~K�L�J/Q�S G 6C4�K�^�xoK�6*N�L%I H/G.H K�I�OZ{PFG�| FG �
L G ^ G L�I~6 X ¡ X @ i$N | N�L%I G I N�x�D��G 6 H {�N%x�x H J/4�N I~JRK�L3O$S 4�DPJ/I��G D G >.p

1 ¡ 1 @ 2 7 ¡ 8:9�7 @ 8o9 ;Z<�>.p%A \ G��PG I.O G 63FG�| FG L G ^ G L%I�6 G ¡ G @ 2 X ¡ X @
T K�L�L	FG�G 6 T K�L�LEFG�G 6 H ¡ H @ <�L�WZA WVW W W X ¡ X @ N�S�I*D G 6 1 ¡ 1 @
\ FG�G�H/H/G 6 ]�J ^wS H FG�G 6 2 M�N�O$DPK�L�6 2 HRG x�I~K�L�6 x�D�K�4 G 6�6�S�6

a ?%ijc�h�e}a�i0?�d aoi�g�? a�i0?�b a�i�do? a�i0?�c h l i�a�k

² ª q r ¥h� Â §tsvu G I�6}O GwH {�N�x�x H J/4�N I�J/K�L O$S34�D�JRI��G D G O G 6�FG�H/G 4�I�J/K�L >.p,S�I�J H J/6�FG xoK�S�D H N,I�K�xoK H K���J GwHRG x�I~K �
L�JRQ�S G�� � NwOCFG � L�J/I�J/K�L�O G 6 L�K�^_z�D G 6 G 6�I.O�K�L�L	FG�G O$N�L�6 HRG 4�K�^�^ G L%I*N J0D G O$S,I�N�z H/G N�S3` � ? �

jQ7x:jQ1dwQ1y(Q1dkX�S�WwjQ1Q1`]S Q1XG�hQJS$jQ1x:jQ1daQ1y(Q7dhX�S��hQJSoTaWYck\OQJSYS�^RSUS�X�Vud��aVuW��aSUS�Zlyi^a`7jQJSO�°P�V�\_cey(TRVJW�VuZ�Sfced
QmSfX�Ì�VuZlX[QoQ1d�^aX[Zl`lZ�SYVJdhX�`bQJSijQ1x:jQ1daQ7y(Q1dkX�S�TaWwjQmShjQ1`bQJ\_XYZbcndadMjQJS<TRVJW�`lQG\_W[ZlX7}Q7WYQU� �e�
¤�cn^aWM\��RVe~�^wQ�xnVJWYZ�Vu¢a`bQ��R�nQ1X�TRce^aW�^ad|ZldkXYQ1W[xnVJ`l`bQ��g�kcndadMjQ��hQ SfQJSIxeVu`lQ7^aW�SO���YQo\7Vu`]\O^a`lQ�`bQ�W�VuTk�
TRceWYX Ö Q1dkXYW[Q�`lQ�dwcnyi¢aWYQM�°r[jQ1x:jQ1daQ7y(Q1dkX�SpWwjQ1Q1`�S"Q1X�`bQ�dacey?¢aW[Q��°r[jQ1x:jQ1daQ1y(Q7dhX�S�VuXYX[Q1dR�h^i��r VuTwW1}QJS�`]V
S�Zlyi^a`]VJXYZbcndgXYQ1`�S"~�^aQ��	�
�w�J�nQ�\1VJ`]\_^w`lQ:Vu^RS[SfZa`�r�Q1W[WYQ1^wW�SfX�VJXYZ�SfXYZ�~�^wQ��hQM\_QIW�VuTwTpceWYX7�h¤�^aZ�Sh�1r[jQ1XY^��hZlQ
`�V?\Ocn^aW[¢pQ Ö "�� �� � �R¤"ce^aWoX[cn^aX[QJS `bQJS�xeVuW[Z]Vu¢w`lQJS�^aXYZb`lZ�ShjQ1QJS:�aVud�SL`srtVudRVJ`lvwSfQ��RVJ^R\_^adaQ jQ1x�ce`l^aX[ZlcedS�Zl�edaZ*��\7VuXYZbx�Qq�hQq`�V?\Ocn^aW[¢pQ � daQqTRQ1W[y(Q1X �hQqW[Q1TMjQ1W[Q1W `]ViSfcn^wW�\_Qi�°r¡^adaQqQ1W[WYQ1^wWoS�vaS�XajQ1y�VJXYZ�~�^aQÄ�Q7d�TRVJWYXYZ�\_^a`bZlQ1W:`lcnW�SY~�^aQg`]VqxeVu`lQ7^aW \_Q1dkXYW�Vu`lQ��hQU`�r�ZldkXYQ7WYxeVu`b`lQ��qQJSfX�TwWYck\��aQq�hQmS�`lZly|ZlXYQmSH^wXYZl`bZ]SkjQ1QJS
�wVudRS�`bQJSI\_WYZbX1}Q1W[QJS��hQ�SkjQ1`bQJ\_X[Zlcnd¶�hP�V �R�e^aWYQ�¥h� Â y(cndkXYW[Q�`sr[jQ1x�cn`b^aXYZbcndq�kQ Ö TRcn^aW�`bQJS�xeVuWYZ�Vu¢a`bQJS�`lQJSTw`l^RS�Zly(TRceWYX�VJdhX[QJS��kQ6`�r VJdRVu`bvaS�Q��
P�r[jQ1xeVu`b^RVuX[Zlcnd��hQJSoZbdR\_Q1W[XYZlX[^R�hQJS�SfvwSfXwjQ7y�VuX[Z]~�^aQJS Sf^aWg`lQmSLQ���\1Vn\_ZbXwjQJS �hQ|SkjQ1`bQJ\_X[Zlcnd{�kQJSo�hZ
��jQO�
W[Q1dkX�SLTaW[ck\_QJS[Sf^RSoS�QUÌ�VuZbXLQ1d�Ì�VJZ]S[VudkXoxeVuWYZbQ1W `lQJS \_cn^wTa^aWYQmSoSf^aW�`lQJS�xeVuWYZ�Vu¢a`bQJS�^aXYZb`lZ]SkjQ1QJS �aVud�SL`lQJS
\OWYZlX7}Q1WYQmS��°r¡^adaQg~�^RVudkXYZbXwjQÀjQ7��Vu`bQgVu^���jQJ\1VJWYX�S�Q7dhX[WYQ `lQJSIxnVJ`lQ1^wW�S�y(cJv�Q1dadwQJSI�hQJS��kZ]SfX[WYZb¢a^aXYZbcndRS��kQ
\OQJSLxeVuW[Z]Vu¢w`lQJS�cn¢aX[Q1dk^aQJSoV1x�QJ\o`lQmS�jQ1x:jQ1daQ7y(Q1dkX�S<WwjQ1Q1`�S�Q1Xo`lQmS�jQ1x:jQ1daQ7y(Q1dkX�SI�hQJSLTwWYck\_QJS[Sf^RSgS�X�Vudk�
�wVuW��wS"S�Zlyi^a`7jQJSO�1PRQJS°xeVuWYZ�VuX[Zlcnd�S"�hQ:\_QmS�\_cn^aTw^aWYQJS��kcndadaQ7dhXN�hZlW[QJ\_X[Q1y(Q1d�X7�Y`lceW�SY~�^aQI`lQmS°�hZ
��jQ7WYQ1dkXYQJS
\OcndkXYWYZb¢a^aX[Zlcnd�SUSfcedhXGV1�Yce^aXwjQ7QJSU~�^RVn�kW�VuX[Z]~�^aQ1y(Q7dhX7�a`lQJSoQ1W[WYQ1^aW�SgSfvwSfXwjQ7y�VuX[Z]~�^aQJSo�hQmS�Q ��\1Ve\_ZlXwjQJS
�kQUSkjQ1`lQm\_XYZbcnd��hQmS(jQ1x:jQ7daQ1y(Q1d�X�SI�h^ASfZl�edRVu`��hZbdR�hZ]~�^MjQ1QmS��aVJdRS�`lQoX�Vu¢a`bQJVu^A¥k� � �°P�r¡Q1WYW[Q1^aWMSfvwSfXwjQ7y�Vm�X[Z]~�^aQGSf^aW `lQgdacey?¢wWYQgVJXYXYQ7dR�h^$��rYjQ1x:jQ1daQ1y|Q1dhX�S��hQG¢aWY^aZbX �hQ6Ì cedR� ��dRVu`bQ1y(Q1dkX:ShjQ1`bQJ\_XYZbcndadMjQJS�QJSfX
�:jQ1XYQ1W[y(ZldMjQ1Q:�hQL`�VLy{zQ1y|Q<y�VudaZ�}Q1WYQ��1Q7XijQ7��Vu`bQG}V » � � » � ° ZbdRSfZ��u`bQ�dacnyi¢aWYQ VJXYX[Q1dR�h^|�°r[jQ7x:jQ1dwQ1y(Q1d�X�S�kQJS TwWYck\_QJS[Sf^RS SfX�VudR�wVuW��wSLQJSfX�jQ7��Vu`:}V��n�¡��� � » �b�#� � » � � » �
� daQ:Vu^aX[WYQ�S�cn^aW�\_Q:�°r�ZbdR\_Q1W[XYZbXY^R�hQHSfvwSfXwjQ7y�VuX[Z]~�^aQ�VJ^aW�VJZlX�Ta^UTwWYcJx�Q1daZbW��hQ:`]V�SfZby?^w`]VuX[Zlcedoy	zQ1y(Q
�kQJS�jQ1x:jQ7daQ1y(Q1dkX�SG�h^ÇSfZb�ndRVJ`s��SOr�Zb`]S?d�rtV1xnVJZlQ1dkXiTRVnS�jQ1XwjQ$Q1da�nQ7dR�hWwjQmS?Q1d�XYQ7dRVudkX�\_cey(TaXYQÀ�hQ$`]V
TRce`]VuW[Z]S[VuXYZbcnd��hQJS6`bQ1TaX[cndRSUX�Vu^RSO�I£Hd�Ì�VJZlX1��ZbdaZlX[Z]Vu`bQ1y(Q1dkX1��\_Q1X[XYQiTRcn`]VJWYZ�SYVuX[Zlced¹d�rtVmxeVJZlXUT�VnS�jQ1XwjQ
ZbdR\_`b^RSfQ���Q7Xq^adaQA\_cnW[WYQJ\OXYZlced VmxeVJZlX jQ1XwjQ�Q1dkxhZ�SYVJ��jQ1Q��N�nQ�y(cedhX[WYQ��wVudRSi\_QA~�^wZoS�^aZlXi~�^�r VJ^R\_^adwQ
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�� 5 5 4�� , 9 ; 5@ - E , 4 - , - � - 4� � 4�9 4� 5

. 46 5 + 4�9 + 9 - + . 46 5 + 4� ,+ 4� - + 4� E+ E�� E+ 5 � 5 + ;�� E+ 5 � 3 +�� 3 4�� - - ; 5 � , 4�@ 4� ; 5 � ; - � 5 4�9 4� - 4� 5


	 
���  . 46 5 + 4� - + -9 + . 46 5 + . 46 5 + . 46 5 + . 46 5 + E�� - + 4� ; + ;�� 5 + 5 � 3 +�� 4� - - 4� 4 � 5 � 3 � 4 4�� -9 4� , E 4� ,9 5 � 3 E 4 4� 5@ 4� 4 ;
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²ªCq.r ¥k�¥§su G I~6@OG�H {�N�x�xH J/4�N I�J/K�LOG 6&4�DPJ/I��G DG 6OG�H N6�FG�H/G 4�I�J/K�LS�I�JH J/6�FG�G x�K�S�DH N�I�K�x�KH K���JGwH/G x
�

I~K�L�J/Q�SG iExoK�S�D�4M�N Q�SG x�DPK�4G 6�6*S�6,OG z�D�S�J/I,OG�� K�L�O� ]�K�L%I�J0L�O�J/Q�S	FG 6H/G 6�L�K�^wz�DG 6�OZ{PFG�| FG LG ^G L%I�6
N�I�IG L�O$S�6�xoK�S�D�S�LGyH S�^wJ0L�K�6�J/I�FG J0L�I�FG ��D�FG�G OG d�ib cx�z @�±G IH/G 6G�� 4�N 4�J/I�FG 6�OG 6�FG�H/G 4�I�J/K�LVi}�Ny4M�N�Q�SG
FG I*N�xG OGH N¢6�FG�H/G 4�I�J/K�L�
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PRQ|X�Vu¢w`lQJVJ^�¥h� � \_ZÁ� �hQJS[Sfcn^�S6WYQ7�nWYce^aTRQ�`lQJSoxeVu`bQ1^aW�SG�hQJSgQ���\7Vn\_ZbXajQi�hQ�SkjQ1`lQm\_XYZbcnd{�hQJS{jQ1x:jQ1daQ_�y|Q1dhX�S?�k^ÓS�Zl�nd�Vu`oQ1dw�nQ1dR�kWajQJS�V1x�QJ\��kZ*��jQ1WYQ7dhX[QJS xeVJ`lQ1^aWA�hQ$`�V	y�VeSYSfQ{�k^�¢pcÄSfced µ � ��Q1X(Q7d
ZbdR\_`b^RVudkX�`]VUTRcn`�VuW[Z]SYVJXYZbcnd$�kQJS�`lQ1TwXYcnd�S X�Vu^RS�cn^ASYVJdRSL`�r�Zld�\_`l^aW[Q��

�xj l s � 4�N 4�J/I�FG O G 6�FG�H/G 4�I�J/K�L <�k�A
<%� G�� � � Ê A 7�L�K�L�x�K H N�DPJ/6�FG 7�x�K H N�D�JR6�FG

c�g�i�a h�`�i p�e&?%ijc h�? ��a ef? �*g ¡aÊ D Ê@ Ê D Êc�`�i�a h�`�i l e&?%ijc h�d�� l ef? �*h ¡aÊ D ±@ HD Cp�a�i�a h�b�i ?�e&?%ijc h l ��a ef? �*h ¡aÊ D �@ Ê D �p c$i�a c�a�i h�e&?%i�h h�`��:? ef? �*h ¡aÊ D ±@�± D �`�a�i�a c�g�i g�e&?%i�h h�d���b ef? �*h ¡aÊ D �@�± D �`�`�i�a c�a�i g�e&?%i�h c�h���d ef? �*h ¡ ± D �@ Ê D C
² ª q r ¥k� � § s � 4�N 4�J/I�FG 6 � L�N H/G 6@O G 6�FG�H/G 4�I�J/K�L O G 6 FG�| FG L G ^ G L%I�6CO$S 6�J/��L�N H x�K�S�D H N�I�K�xoK H K���J GwHRG x�I~K �
L�JRQ�S G�� ]�K�L%IEO�K�L�L	FG�G 6 HRG 6 G�� 4�N�4�JRI�FG 6�K�z�I G L�S G 6 G LwJ0L�4 H S�N�L�ICK�S G L�LV{jJ0L�4 H S�N�L�I.x�N 6 H N&x�K H N%DPJ/6*N I�J/K�L�O$S
HRG x�I~K�LyI*N�S H K�DP6@O GwH N,� FG L	FG D�N I�J/K�L,O G 6yFG�| FG L G ^ G L�I~6 � �VG 6@J0L�4 G DPI�J/I*S�O G 6 6�K�L%I O G 6�K�S�D�4 G 6~I*N I�J/6�I�J/Q�S G
G I.6 ��6�I�FG ^�N I�J/Q�S G��
¬ dGTpQ7^aX"ce¢RSfQ7WYx�Q1WN�hQ1^��oÌ�VJZlX�S�¦1`lQJS�Q���\1Vn\_ZbXwjQJS���jQ1TRQ1dR�kQ1dhX�TRQ1^q�kQ�`]V�xeVu`bQ1^aW��hQ Å j l �uy�Vu`l�eWwjQ^wdaQqxeVu`lQ7^aWLW[Q1`]VJXYZbx�Q1y(QOdhX:¢RVnS[SfQqTRcn^aW�`lQJS�jQ1x:jQ1daQ1y(Q7dhX�S<Q1da�eQ1dR�hWwjQJS Vmx�Qm\ Åkj l " � ½<¾ Q1¿iÈJÉOÊ �Zb`�d�r¡v{V�T�VnSU�kQ(�hZ
��jQ1WYQ1d�\_QqS�Zl�ndwZ*��\1VJXYZbx�QqQ1dhX[WYQq`bQJSLQ���\1Vn\OZlXwjQmSo�hQ|ShjQ1`bQJ\_XYZbcndÀ�hQJS$jQ1x:jQ1daQ1y(Q7dhX�S
Q7da�nQ1d��hWwjQJSqQ1d Tpce`]VJWYZ]S[VudkX(cn^�SYVJdRS?TRcn`�VuWYZ�SfQ1Wi`lQmS `bQ1TaXYcedRSqX�Vu^�S_�:�ar VuZ�\_Q1TRQ1d��aVudkXq^aXYZb`lZ�ShjQ�`lQJS
dwcnyi¢aWYQJS:\_cnW[WYQJS�TRcndR�aVJdhX VJ^���jQ1x:jQ1daQ7y(Q1dkX�S"Q1dw�nQ1dR�kWajQJS:Vmx�Qm\ `�VUTpce`]VJWYZ]S[VuX[Zlcnd�TRcn^wWo\1VJ`]\_^w`lQ1WI`]V
S�Q1dRS�Zl¢aZb`lZlXwjQi}Vq`]VUTaWwjQJSfQ1d�\_Qg�h^ÀSfZl�edRVu`��R\1VuW \OQJS(jQ1x:jQ1daQ1y(Q7dhX�S"WYQ1TwWYck�h^aZ�SfQ1dkX�y(ZbQ1^��q`]VUWwjQJVu`bZlXwjQ��
¬ d$TRcn^wxnVJZlXgSOr VJXYXYQ7dR�hWYQ|}V?dwQUTRVeS zQ1XYW[QqS�Q1dRSfZb¢a`lQ|}Vq`]V?TRce`]VuW[Z]S[VuXYZbcnd{�hQmS `bQ1TaXYcedRS�X�Vu^�S_��V1x�QJ\
`�r VJdRVu`bvaS�Qq^aXYZb`lZ]SkjQ1QUQ7X6`�V Ì�VuZb¢a`lQiS�X�VJXYZ]S�XYZ�~�^aQiVe\1\_^ayi^a`7jQ1Q��a\7VuWG\_QqTa�MjQ7dacnyÀ}Q7daQqV��hQJSoQ���Q1X�Sg�hZÁÌ]�
ÌujQ7WYQ1dkX�SGSf^aZbxnVJdhXq`bQ(y(ck�hQ��hQA��jQJSfZbdaXwjQ7�nW�VJXYZbcnd �h^�`lQ1TwXYcnd�X�Vu^��I~�^aZ�dwQ(TRQ1^ax�Q1dkX�zQ1X[WYQ(y|Z]S6Q7d
jQ7xhZ��hQ1dR\_Q�~�^�rtV1x�QJ\L�kQJSLVJdRVu`bvaS�QJS�Q#�w\_`l^�SfZlx�QmS_�k\_Qg~�^aZ�d�r¡QJSfX�TRVeS `bQg\1VeS Z�\_Zs�
P�V!�R�n^aW[Qq¥k� ¥�� T�� ½ �#� � �°XYZbWwjQ1Q��hQU`�VUWajQ_ÌujQ1W[Q1dR\_Q � � � � �hy(cedhX[WYQg`sr¡Q���Q1X�TwWYZld�\_ZlTRVJ`��hQg`]VqTRcn`]VJWYZ��S[VuX[ZlcndA�h^�`bQ1TaXYced(X�VJ^��a~�^aZ�WajQJS�Z]�hQ��aVud�S�`]VU�kZ]SfX[WYZb¢a^aXYZbcnd��kQo`sr[jQ1daQ1W[�nZlQ��hQo`�V6TRVJWYX[Z]\_^a`bQo\��RVJWY�NjQ7Q
Z�SYS�^aQA�hQ(`]V$�:jQJSfZbdaXwjQ1�eW�VJXYZlced��h^�`lQ7TaXYced��<�Icey(y(Qqcnd�TRQ1^aXq`bQ�\_cedRSfX�VuXYQ7W1��\OQ1XYX[Q��hZ]S�XYW[Zl¢a^aX[Zlced
�:jQ1TRQ1dR�i�hQ�`]VodRVJXY^aW[Qo�hQ�`�VoTpce`]VJWYZ]S[VuX[Zlcnd|�h^i`lQ1TwXYcndqX�Vu^���Q1`b`lQ_��y{zQ1yqQIQ1dkXYZ�}Q1WYQ7y(Q_dkX��:jQ1XYQ1W[y(ZldMjQ1Q
T�VuW `]VqdRVuX[^aWYQ��h^�¢Rc�S�cnd{~�^aZ�SfQG�:jQmSfZldwX1}Q1�eWYQgTRcn^aWg�kcndadaQ7W�`lQgX�VJ^��µ�IcedRSfZ���jQ1W[cndRS�TRVuW Q#�kQ1y(Ta`bQ
`�V(�:jQJS�ZldaXwjQ1�nW�VuX[Zlcnd{��r�^ad$¢Rc�S�cnd�\���VuWY�NjQqQ1d�^wdaQqTRVuZbWYQ ®"@ ¤� 9 cn^ ® ¡ � 9 �	¨ÄZ"`bQU¢Rc�S�cnd�V�^wd{SfTaZbd�e�a\_cey(y(Q�`bQ ª �k`]V6d�VuXY^wWYQg�h^�\_cn^aTw`]Vu�eQG�hQo\OQo¢Rc�Sfced$VJ^��?`bQ1TaX[cndRS��s\_ce^aTa`]VJ�nQgV&�hZbcu��x�QJ\_X[cnWYZbQ1`
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� ce^�µ @ £ ® @� ¤� � �P�r[jQ1XY^��hQ$�hQA`]V��R�n^wWYQ$¥k� ¥$y(cndkXYW[QA~�^aQ�`bQJS Q �°Q7X�Si�h^RS$}V$`]V$TRcn`]VJWYZ�SYVuX[ZlcedÇ�h^¹`bQ1TaXYced¹X�Vu^
S�cndkXq\_cedhX[W�VJZlWYQmS�`bcnW�SY~�^aQ(`lQmS�TwWYck�h^aZbX�SG�hQ(�:jQJSfZbdaXwjQ1�eW�VJXYZlced�SfcedhX��hQJSo`lQ7TaXYcedRS6ce^��hQJSoy�jQJS�cndRS
�����|cn^� ± � `lcnW�SY~�^aQG\_QJS��hQ7^��A�hQ1WYdwZlQ1W�S�SfcndkX Tpce`]VJWYZ]SkjQJS�`lcndw�nZlX[^R�hZbdRVu`bQ1y(Q1dkX � ��¬ W `lQJS�TwWYcnTRceWf�X[ZlcedRSg�hQi\_QJSo�kQ1^���X�vkTRQJSo�hQi�:jQmSfZldwXajQ1�eW�VuX[Zlced{SfcndkX{jQJ~�^aZlxeVu`bQ1dkXYQJSg� � � Â � � ��¤�VJWG\_cndRSkjQJ~�^aQ1dkX1�ced�daQ��kQ1xhW�VuZbX6T�VnS6ce¢RSfQ7WYx�Q1WG�hQ|�hZ*�LjQ1W[Q1dR\_Q|SfZb�ndaZ
��\1VJXYZlx�Qi�wVudRSg`]V��kZ]SfX[WYZb¢a^aXYZbcnd��hQi`sr[jQ7daQ1WY�eZlQ
�kQJS��YQ1X�SU�hQiX�VJ^RS6W[QJ\_cedRSfX[WY^aZbX�SU�wVudRSg`lQJS{jQ1x:jQ7daQ1y(Q1d�X�SL�k^�SfZb�ndRVJ`s�"`bcnW�SY~�^aQ(\OQJSg�hQ1WYdwZlQ1W�S6S�cndkX
Q7da�nQ1d��hWwjQJSqV1x�QJ\qcn^ SYVud�S TRcn`�VuW[Z]SYVJXYZbcnd �hQJSg`lQ1TaX[cndRSUX�Vu^RSO�<� r¡QJSfXGQ���QJ\_XYZbx�Q1y(QOdhX�\_Q�~�^aQ(`�r�ced
TRQ1^wX�\OcndRS�X�VuX[Q1W:Sf^aWI`�Vq�R�n^wWYQ�¥h� � � T�� ½ ��� � �h~�^aZay|cndkXYWYQ:`]Vo�kZ]SfX[WYZb¢a^aXYZbcndi�hQmSqjQ7daQ1WY�eZlQJSN�h^ �YQ1X�`bQTw`l^RSgjQ1daQ1W[�NjQ1X[Z]~�^aQ�Q1XN�h^M�YQ1X�`lQIy(ceZldRS�jQ1dwQ1WY�NjQ1XYZ�~�^aQH�hQJSgjQ1x:jQ7daQ1y(Q1dkX�SR�h^GS�Zl�nd�Vu`kTaWwjQJSkjQ1`lQm\_XYZbcndadMjQmS_�

©�Q1y�VJW�~�^acnd�S°Tpce^aW�XYQ1W[y(ZldaQ7W°S�^aWN\_Q1XYX[QI~�^aQJSfX[ZlcedU~�^aQI`]V�TwWYZ]S�QIQ1dG\_cny(TwXYQI�hQI`�V TRcn`�VuW[Z]SYVJXYZbcnd
�kQJS�`lQ1TwXYcnd�S<X�VJ^RS�TRQ1^aXgzQ1XYW[Qod�jQJ\_QmSYSYVJZlW[Qo�aVJdRS�\_Q1W[X�VJZldaQJSIWYQJ\��aQ1W�\��wQJS��hZbWYQJ\_X[QJSI�hQJS�¢Rc�S�cndRS�µ��U�
� r¡QJSfXq`bQA\1VnSq�hQmS�jQ1X[^R�hQJSq�kQ TwWYc�S�TRQJ\_XYZbx�QJS6WwjQJVu`bZ]SkjQ1QJSq�aVJdRS `bQ�\1Ve�hWYQA�hQJSqQ#�kT�jQ1W[ZlQ1dR\OQJSgVmvkVJdhX
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`bQJSI�hQ1^��GX�vhTRQJSI�°r[jQ1x:jQ7daQ1y(Q1d�X�S���Q1d?^wXYZl`bZ]S[VudkX"^adwQoVJdRVu`bvaS�QLQ#�w\_`b^RSfZbx�Q�WYQm\��aQ7W�\��RVudkX"`bQJS��:jQmSfZldwXajQ_�
�eW�VJXYZlcedRSI�hQJS"`bQ1TaX[cndRS�X�VJ^qQ1dUy�jQmSfcnd�S �����gQ1X� ± �PioVJdRSI\_QJS�\1VnSO�u`bQJSh�YQ7X�S"Z�SYSf^�S��hQJS�`lQ1TwXYcnd�S"X�VJ^RSS�cndkX�\1VJW�Ve\_XwjQ1W[Z]SkjQ��uTRce^aW�`bQ SfZl�edRVu`���TRVuWI^adiTaZlced(\��RVJWY�NjQ��hcedhXI`sr[jQ1daQ1W[�nZbQ�QJS�X<TwWYck\��aQo�kQ�`sr[jQ7daQ1WY�eZlQ
�k^ØX�Vu^��|jQ7x�Q1dhX[^aQ1`b`lQ1yqQ1dkXqVe\1\_cey(TRVu�ed�jQ$�kQ$TRVuW[XYZ]\O^a`lQJSqdaQ1^wXYWYQmS?TRQ1^!jQ7daQ1WY�NjQ1XYZ�~�^wQJS_�I¤"ce^aW(`bQ
¢wWY^aZbX��hQ Ì cedR��� `bQ1TaX[cndRS?X�Vu^RS(Z�SYSf^�S(�hQ�¢RcÄSfcnd�S ª � �I`sr[jQ1daQ1W[�nZbQ��k^�TaZlced�\��RVuW[��jQ$QJS�X(y(cnZbdRSZby(TRcnW[X�VudkXYQÄ�°\1VJWg`sr[jQ7daQ1WY�eZlQ��h^	`bQ1TaX[cnd$X�VJ^	QmSfXgTa`l^�S�WwjQ1TRVJWYXYZbQqQ1dkXYWYQGXYce^RS6`bQJSLTaW[ck�h^aZlX�Sg�hQ(S[V
�:jQJSfZbdaXwjQ1�eW�VJXYZlced$�aP�V6y(Z�SfQ:Q1d�jQ1xkZ]�hQ7dR\_Q���r�^ad|SfZb�ndRVJ`°TRVJW�\_Q1X[XYQ�y�jQ7XY�ack�hQ�d¶r�QJS�X<WwjQJVu`bZ]S[Vu¢a`bQo~�^�r]}V
`�V$\_cnd��hZlX[Zlcnd �hQ��hZ�SfTRc�S�Q1Wi�°r�^wdaQ�SfX�VuX[Z]SfX[Z]~�^aQ(Zby(TRcnWYX�VudkXYQ��¶\_Q�~�^aZ�QJS�XU`�r��kvhTRcnX[��}QJS�Q(Ve�hcnTaXwjQ1Q
�wVudRSo\OQJSijQ1X[^R�hQJSO�



�%��������� ��������� 
�������������&���} 
��������������� � #¢�� ������� ½ �·�

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 0.2 0.4 0.6 0.8 1
zl

(1
/N

)*
(d

N
/d

z l)

Pτ=+1

Pτ=-1

spin 1/2

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 0.2 0.4 0.6 0.8 1
zπ

(1
/N

)*
(d

N
/d

z π)

Pτ=+1Pτ=-1

spin 0

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

0 0.2 0.4 0.6 0.8 1

Pτ=+1

Pτ=-1

spin 1 (transverse)

zρ

(1
/N

T
)*

(d
N

T
/d

z ρ)

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

0 0.2 0.4 0.6 0.8 1

Pτ=+1

Pτ=-1

spin 1 (longitudinal)

zρ

(1
/N

L
)*

(d
N

L
/d

z ρ)

� ]Ð r ¥h�t¥ § T J/6�I*DPJ0z�S�I�J/K�L O G H N � D�N�4�I�J/K�L�OZ{PFG L G DP��J G O$S H/G x�I�K�L�I*N�S G ^�x�K�DPI�FG�G x�N�D H/G x�DPK�O$S�J/I}O G 6*N
OCFG 6�J0L�I�FG ��D�N I�J/K�L G I 4�N H 4�S H FG�G O$N%L�6 H/G D�FG�� FG D G L�I�J G�H O$S H N�zoK�D�N I~K�J0D G i xoK�S�D O�J u FG D G L�I~6.I ��x G 6 O G O FG 6�J0L�I�FG �
��D�N I�J/K�L �
s L�M�N�S�I&�Nw��N�S�4�M G ;�OCFG 6~J L�I�FG ��D�N�I�J/K�L G L�S�L G x�N%DPI�J/4�S H/G O G 6*x�J0L ±Ê < G  G ^�x H/G ;�7�2���8 2 8:9_K�S�� G 6�I.S�L
H/G x�I�K�L�A �
G L�M�N%S�I_�NwO$DPK�J/I G ;�O FG 6�J0L�I�FG ��D�N I~JRK�L G L�S�L G x�N�DPI�J/4�S H/G O G 6*x�J0L3a3< G  G ^�x H/G ;$7w2��Z8:9�A �
G L�z�N�6_�N ��N�S�4�M G ;�O FG 6�J0L�I�FG ��D�N I�J/K�L G L�S�L G x�N�DPI~JR4�S H/G O G 6*x�J0L ?@N���N�L%I.S�L G x�K H N�D�JR6�N I�J/K�L�I�D�N�L�6 |�G D�6 G i
4�K�^�^ G@H/G 6�^ FG 6�K�L�6�� G I�� ± �G L�z�N�6_�NwO$DPK�J/I G ;�O FG 6�J0L�I�FG ��D�N I~JRK�L G L�S�L G x�N�DPI�J/4�S H/G O G 6*x�J0L ?&xoK H N�DPJ/6�FG�G H K�L���J/I*S�O�J0L�N H/G ^ G L%I �
��G 6 H J/��L G 6�4�K�L�I�J0L�S G 6w4�K�D�D G 6*xoK�L�O G L%I¢N%S� 4�N 6_7 @� K�S 7 ¡� ivx�DPK�O$S�JRI~6�O$N�L�6 H/G 6�OCFG 6�J0L�I�FG ��D�N I�J/K�L�6@O$S
zoK�6�K�L X ��H/G 6 H J/��L G 6CO�J/6�4�K�L%I�J0L�S G 6(N%S�_4�N�6 7 @� K�S�7 ¡� i�x�DPK�O$S�J/I�6EO$N%L�6 H/G 6CO FG 6�J0L�I�FG ��D�N I�J/K�L�6vO$S,z�K�6�K�L
1 � �



½ � � ���������*	�����������������Z���������� ��� �'� � �� !��� ���  #��	�$%��$� d$��%��  &��,	�$ � �'-���

H+H-→τ+νττ
−ν

–

τ

0

20

40

60

80

100

120

140

0 20 40 60 80

τ non polarisé

0

20

40

60

80

100

120

140

0 20 40 60 80

τ polarisé

maxj(Ej)                                                  (GeV)

0

20

40

60

80

100

120

140

160

180

0 10 20 30 40 50

τ non polarisé

0

20

40

60

80

100

120

140

160

180

0 10 20 30 40 50

τ polarisé

min j(Ej)                                                  (GeV)

� ]Ð&r ¥h� � § T JR6~I*DPJ0z�S�I�J/K�L,O G 6�FG L G DP��J G 6EO$S �PG I H/G x H S�6�FG L G D�� FG I�J/Q�S G.G ICO$S �PG I H/G ^wK%J L�6�FG L G DP��FG I�J/Q�S G i
O$N�L�6 H/G 6�FG�| FG L G ^ G L�I�6@O$S 6~JR��L�N H x�D�FG 6�FG�H/G 4�I�J/K�L�LEFG 6 G I G L�� G L�O$D�FG 6w6*N�L�6wJ0L�4 H S�D G3H N xoK H N�DPJ/6*N I~JRK�L O G 6
HRG x�I~K�L�6 I�N�S�6_<��Nw��N�S�4 M G A¤i G I G L H {jJ0L�4 H S�N�L�I�<��NwO$D�K�J/I G A �



�%������
��
���������� 
���

����������&���} 
����������������#¢���������
½ �Â

H+H-→τ+νττ
−ν

–

τ à √s = 161 GeV

1

10

10 2

0 10 20 30 40

qq
–
(nγ)

1

10

10 2

10 3

0 10 20 30 40

γγQPM → hadrons

1

10

10 2

0 10 20 30 40

W+W-

1

10

10 2

10 3

0 10 20 30 40

γγQCD → hadrons

1

10

10 2

0 10 20 30 40

Z*e+e-

1

10

10 2

10 3

10 4

0 10 20 30 40

γγVDM → hadrons

1

10

10 2

10 3

0 10 20 30 40

H+H-

1

10

10 2

10 3

0 10 20 30 40

H+H-

Multiplicité Chargée

�� ���
��
�

� 
 � �* � �� ) � � � � �� � �� � � � � � � �� � � ) � � � �� � �� � �� � � * � � � � ) �

 � � �  � � �  � �� � � �� � ) � � �� � � ) � � �� ) � � ) � � � �� � ��
�

�� � � � � � �� �� � � � ��

� � � � � �   � �  � �� � �� � �� � �� � �� � � * � � � � � � � � � � �� � � � � � � � �� � � ��� ) �  � � � � �� �

� � �� � � � � � � � �� * � � � � � � � � � �� � � � � ��  � �� � �� �� � � � �� ��  � �� �  � � �

H+H-→τ+νττ
−ν

–

τ à √s = 161 GeV

1

10

10 2

10 3

0 50 100 150

µ+µ-(nγ)

1

10

10 2

10 3

0 50 100 150

γγQPM → hadrons

1

10

10 2

0 50 100 150

qq
–
(nγ)

1

10

10 2

10 3

0 50 100 150

γγVDM → hadrons

1

10

0 50 100 150

Z*e+e-

1

10

10 2

10 3

0 50 100 150

γγ → e+e-

1

10

10 2

0 50 100 150

W+W-

1

10 2

10 4

0 50 100 150

γγ → τ+τ-

1

10

10 2

0 50 100 150

H+H-

1

10

10 2

0 50 100 150

H+H-

Energie Totale      (GeV)
�� ���
��
�

� 
 ��� � � � �� � � � � �� ) � � �� � �� � � * � � � � ) �  � � �  � � �  � �� � � �� � ) �

� �� � � ) � � �� ) � � ) � � � �� � �
�

�� � � � � � �� �� � � � � � � � � � � �   � �  � �� � �� � �� �

�� � �� � � * � � � � � � � � � � �� � � � � � �� � � � � � ��� ) �  � � � � ��  � �� � �� �� � � � �� ��  � �� �  � � �



½ �1¥
���������*	����

�������������Z���������� ����'� ��� !��� ��� #��	�$%��$� d$��%�� &��,	�$ ��'-�
��

H+H-→τ+νττ
−ν

–

τ à √s = 161 GeV

1

10

10 2

10 3

0 100 200

e+e-

1

10

10 2

10 3

0 50 100

γγQPM → hadrons

1

10

10 2

10 3

0 100 200

µ+µ-(nγ)

1

10

10 2

10 3

0 50 100

γγQCD → hadrons

1

10

10 2

10 3

0 100 200

τ+τ-(nγ)

1

10 2

10 4

0 50 100

γγ → µ+µ-

1

10

10 2

10 3

0 100 200

qq
–
(nγ)

1

10 2

10 4

0 50 100

γγ → τ+τ-

1

10

10 2

10 3

0 100 200

H+H-

1

10

10 2

10 3

0 50 100

H+H-

Erec
30      (GeV)

�� ���
�
�

�� 
 �� � � � �� � � � � � �� �� � � � � � � � �/1 2 A ?� �  �� �  � � �  � � �  � �� � � �� �

) � � �� � � ) � � �� ) � �  �� � �� � � � � � �
�

�� � � � � � �� �� � � � �� � � � � � �   � �  � �� �

�� � �� � �� � �� � � * � � � � � � � � � � �� � � � � � � � �� � � ��� ) �  � � � � �� � � �� � � * � � �* � ��

� � � � � � � �� � � � ��  � �� � �� �� � � � �� ��  � �� �  � � �

H+H-→τ+νττ
−ν

–

τ à √s = 161 GeV

1

10

10 2

0 20 40

Z*e+e-

1

10

10 2

0 20 40

µ+µ-(nγ)

1

10 2

10 4

0 20 40

γγQPM → hadrons

1

10 2

10 4

0 20 40

γγ → e+e-

1

10

10 2

10 3

0 20 40

γγQCD → hadrons

1

10 2

10 4

0 20 40

γγ → µ+µ-

1

10 2

10 4

0 20 40

γγVDM → hadrons

1

10 2

10 4

0 20 40

γγ → τ+τ-

1

10

10 2

0 20 40

H+H-

1

10

10 2

0 20 40

H+H-

PT      (GeV/c)

�� ���
�
�

� � 
 �* � � � � � � � �� � �� � � �� ) � � �� � �� � � * � � � � ) �  � � �  � � �  � ��

� � � �� � ) � � �� � � ) � � �� ) � � ) � � � �� � �
�

�� � � � � � �� �� � � � �� � � � � � �   � ��

 � �� � �� � �� � �� � �� � � * � � � � � � � � � � �� � � � � � �� � � � � � ��� ) �  � � � � ��  � �� � �� �� � � � ��

��  � �� �  � � �



�%������� �*#%���&���� ������� 
����@����� �E��� � � ½�� �

��� � �����	��
 ��
�������	���
�
����
 � ����� � �
����� �"!$#&%'%'#)(+*,(.-0/ 12#435-0#+16!$�'70%98#9�:#+1<;=#>1=?#9-@#+!A%'7@��*	� %'70-@7B1�?#+1�12�C*=%6%'�&8#D1FE,#9�G;�7IHJ?#&�'#9*=%K16;�#)!$#&� L

(.E E -07NM4�O?#+1�E,��� �P-RQ'?#9%:�,;�#S;�#+1�;���* *T?#9#D1P;�#6UWV�� �&X���Y U,#+1�!$�C� EZ� �'#+1\[,*,(+-@#+1�1]�Z�^-0#+1"?#9* #9�:_C70#+1�;�#+1`'#9%K1S1]��*�%6acb#9ad#91P_e(.�K;f?#9#+1hgi#9*	-@#+1S(.%:%Z?#9*=�,(+*�%AjK35* ��*	E,(C16(9[,*c;�#"�'#k`'#9%'#9�S-@#D1�?#9lf?#9* #&a>#9*=%K1P;=�
E �'�=!$#D1'1]�m1^npoqnsrh3�#9*>M4�,(+*�%:7@%Z?#S*T?#9_�-@70_C#+(+t -@#6gi-@#+1\;=#9� L"t,�412�C*,1Pn 12�C*=%^uZ�C�K1f;�#S-@#9� �v!$�C�,!Ku #
;�#"a�(C1:1]#Cjw35a�(+7N1<E,�C�Z�h�'#k`'#9%'#9�J-@#+1	?#9lf?#9* #9ad#9*�%w1O;��c%]/=E,#�- o - r #9*,!$���'#)E �Z?#D1]#9*=%K1)8(�!$#"* 70l4#+(.�
;�#6-N("1=?#&-@#+!$%:7@��* Y
�Sx]yTx'z {}|�~��� ~���2���5�Z�2������� | ���Z�����������'���Z� |m� �5�Z�2���S���� ���\�O����S��� �O�S�

U,#+1"!$�:7@%&8#9�'#+1J;�#>-N(�E �Z?#D1�?#9-0#+!$%'70�C*G;�#+1	?#9lf?#9* #9ad#9*�%w1"8(��R(+7@t -0#+1�a��Z-@%'70E -@7B!$7I%Z?#�#9%c?#9* #9�:_C7@#d1]��*�%
1]%'�:7N!$%:#9a>#9*=%�-@#+1�a�b#9a>#&1\M4� #6!$#9�ZL�� %:7@-07N1=?#D1vE,��� �O-�Q�(.*,(+-@/Z1]#6;�#D1P;���* *O?#9#+1O;=#hUWV�� �&X�� 35!CQ�#+1]%2�A8(9�;�7@�:#� 
¡ �  J¢"£¥¤c¦N§¨£ª©�«

¬s£ª©C©4s®C¯ °�«
¬�±2² ¦³2´Kµ £¥¶�s®C¯ °�«
¬O¦N§c· ��s®C¯ °�«
¸ �¹2ºI» ·½¼^¾S#9¿"ÀDÁ Y

U,#+1Â%:�'��7N1"E �'#9ad7�8#9�:#+16!$�C� EZ� �'#+1)�'#2`'#9%:%'#9*=%h-0#+1Ã?#9lf?#&* #9a>#9*4%w1h;���%2/�E,#>�2Ä��3^7B1'12�,1�;=#Å-N(	l4�C70#�°
gÆ7@*=%'#&�]��?#9�:#9*,!$#OÇ È+ÀCÉ È�jf�C��;�#6-N("l4�C70#�Ê�gR;�7ËHW�,127@��*ÅÌPum(.t u,(4j YU,#+1½?#9lf?#9* #9ad#9*�%w1�Z?#9#9-N1"#9%�127@a)� -&?#D1"1�?#9-0#+!$%'70�C* *T?#+1�(+7@*,12761]��*�%d� %'70-@7N1=?#+1"Eq��� ��!$�CadE,(.�:#9��-0#+1
�i�C�'ad#+1�;=#+1�;�7N12%'�'70t � %:7@�C*m1^;=#+1�l�(.�:7N(.tZ-@#+1�;�#S-�Q�(.*,(+-@/Z1]#6gKÍNÎ�[,_ Y4X�Y0� ¢�34E Y ¢C¢�Ï#9%�[m_ Y=X�Y0� ¼�34E Y ¢C¢ � j YU�QÐ(C!&!$�C�w;}#9*=%'�:#>;=�C* *T?#&#+1�� ?#9#9-0-@#+1S#9%�;��C* *T?#9#+161]70a�� -&?#9#+1O#+1]%�1:(.%'7B1k�R(+7N1'(+*�%&3\!$��a>a>#6-�Q�7@-0-@�,12%'�'#&*�%
!$#+1�[,_C�Z�'#+1�#9%P-0#O%K(.tZ-@#+(+� X�Y�Ñ gÆE Y ¢ �&Ò j,  � ¼�Ï¨?#9lf?#&* #9a>#9*=%K1�1]��*�%T1=?#9-0#+!$%:7@�C*Z*O?#+1�(.-0�C�K1fM��Z# � ¢�¶CÓ"¶gÆ7@*m!$#9�'%:7@%:�,;�#J1]%K(+%'7B1]%'7BM��Z#Cjf1]��*�%S(+%'%'#&*,;��,1S;5QÐ(+E �&8#D1P-N()1]7@a)� -B(.%'70�C* Y¡ #9-0-@#$�k!$74a>��*�%:�'#fM��Z#P-@#D1�?#9lf?#&* #9a>#9*=%K1W1=?#9-0#+!$%:7@�C*Z*O?#+15E �:�.l=7@#&* * #9*=%�#+1'12#9*=%'7@#&-@-@#&a�#9*=%W;�#+1�7@*=%'#9�2�
(C!$%:7@�C*m1P8(S;�#9� L6E uZ�C%'��*,1$3�;��"E �:�=!$#+1:1]�,1�#+o5#Cr�ÔÕ-No,-ÆrÃ#9%�;�#f-N(S;�7ËHW�,127@��*"ÌPu,(+t u,( Y U�QÖ#A×�!9(�!$7@%Z?#
;�#�1�?#9-0#+!$%'70�C*>��t %'#&*�� #�E,�C� �S-@#�1]70_C*,(+-\;=#�Z?#$��?#9�:#9*,!$#43Z!$�CadEq�e1=?#�;5Q�� *�-@�C%J;�# � ¢ � ©½?#9lf?#9* #9ad#9*4%K1
#9* _C#&*,;��Z?#D1O(Dl4#D!�Ø>ÙqÚ½Û � X ¾S#9¿"À+ÁAÜ�3=#+1]%�?#9_4(+-@#)8(>¶+Ï4 YÝC#�1=?#9-0#+!$%:7@�C*Z* #�#9*,12� 7@%:#6-@#+1d?#9lf?#9* #&a>#9*4%K1�1AQÖ7@-B1^lf?#9�'7I[,#9*=%� 
¡ ¢� 6¸SÞ¹2ºI»�ß Ñ ¾S#9¿"ÀDÁ
¡ #9%'%:#>l�(.-@#&� ��-07@a>70%'#"#+12%)!àuZ�C7N127@#>E,��� �>�CEZ%'7@ad7N1]#&�-B(	;�7N1:!$�'70a>7@*m(.%'70�C*¨#&*�%:�'#>-0#Å127@_�*,(.-O#9%"-0#+1
t �'� 70%K1�;=#Â�i��*,;}#&*}[,*G;5Q�(.*,(+-@/Z1]# Y V\-0-@#"E,#9�'ad#9%�;=#��:#2`'#9%'#&�<%:�C�,16-@#+1�?#&lf?#9*Z#9a>#9*=%K1PE �:�+l4#9*,(.*=%
;�#+1�70*�%:#9�K(�!$%'70�C*,1O8(6;�#&� L"E u ��%'�C*m1P!$��*,;�� 7B1'(.*=%S8(6� *Ã?#9%K(+%\[,*,(.-,u,(�;��'��* 7NM4� #43�#9%�* #S1=?#9-0#+!$%:7@�C*Z* #
M�� #"¶�á;=#+1�?#&%K(.%w1T[m*,(.-B1<-@#9EZ%'�C*Z7NM4� #+1O;�#�!$#+1OE �:�=!$#+1'12�,1 Y U�QÖ#A×�!9(�!$7@%Z?#�;�#�1�?#9-0#+!$%'70�C*�;��â1]7@_�*,(.-
#+1]%S;�# X ¢� Y
ãSx]yTxkä å¥æ�|h~� æP� �Z�2�����v���J�v�O�s�Z���Z�
U�QÐ(+-@_��C�'70%'u ad#6;�#hç=èêé�ë�#D1]%P�Z%'7@-07N1=?#�E,�C� �S(+_C�Z?#&_C#9�O-0#+1)?#9lf?#9* #&a>#9*=%K1�#9*�;�#&� L�`'#&%K1 Y U�QÖ� %:7@-07N1'(9�%'7@��*	;�#�-N();�7N12%K(+*,!$#";=#�ìîí�ï�ð�è\ñ�*òQÐ(.aó?#9-@70�C�'#SE,(�1<-@#+1O�Z?#D1]� -0%K(.%w1<;=#h-�Q�(.*,(+-@/Z1]# Y U,#D1<l�(.�'7B(.t -0#+1



¢ �9Ñ �������������
	��
���	�����	�������	���������� �������� !�"�����# $����%%��%� &%��%�'	( )	��*��%�����+,��	

;f?#+!$�'70l�(.*=%�-0#+1�`'#9%w1Â#9%d� %'70-@7N1=?#9#+1hE,�C�Z� -B(�1=?#9-@#D!$%'70�C*½12�C*=%>-@#D1Âacb#&a>#+1hM4� #�Eq��� ��-�Q:?#9%'�,;=#	;�#+1
;=�C* *T?#&#+1<;=#ÂUWV��.- X - Y U,#�!$�:7@%&8#9�'#��:#9E,�41:(.*=%�12� �<-0#+1P(+* _C-0#+1O#+1]%O-0#h12� 7@l�(+*�%� 
¡ ¼= 0/ ß ¼CÏ21�3

/435- X ¶ 1 #9%0/76835- X ¶ 1
UW(>-07@a>70%'#612� EO?#9�:7@#9� �:#�1]� ��-B(�l�(.-0#9� �6;�#D1<(+* _C-0#+1<#+12%6!àuZ�C7N127@#î;�#ha�(+* 7R8#&�'#d8(��CEZ%'7@ad7N1]#&�O-N();�7N1��
!A�'7@ad7@*,(+%'7@��*>#9*�[,*	;5Q�(.*,(+-@/Z1]# Y UW()-@7@ad7@%'#S7@*=��?#9�'70#9� �'#F1]� �S-�Q�(.* _�-@#6#9*=%'�'#6-0#+1�`'#9%K1O#+12%O�'#9*��i���K!W?#&#
E,��� �O�'#2`'#&%'#9��;Z(Dl�(+*�%w(._C#F;�#+1"?#9lf?#9* #9a>#&*�%w1�;��)%2/�E,#S- o - r �W8�Å12#9� -0#9a>#9*=%�;�#9� LS`'#&%K1\l4�C7B1]7@*m1^12�C*=%
�:#+!$��*,1]%:�'� 70%K1O!9(+�O� * #6E,(.�:%'7B!$� -@#F!àu,(+�'_ê?#9#43 ;=�C*=%O-N(hM4�,(+*�%:7@%Z?#F;�#6a>�C� l4#&a>#9*4%\#+12%S;�7@�:7@_ê?#9#6; (+*,1
-RQÖuT?#&a>7N12E u�8#9�:#���E E,�41=?#&#Ã8(c!$#9-@�Z7O;�#+1"E,(+�'%'7B!$� -0#+1"(._�� ?#9_ê?#9#+1$3\*Z# lf?#9�:7Ë[,#�E,(�1Â-0#+1"!$�'70%&8#9�:#+1h;=#Å-N(
1=?#9-@#D!$%'70�C*�;�#+1PE,(+�'%:7N!$� -0#+1 Y
X ?#&lf?#9*Z#9a>#9*=%:1�1]��*�%î1�?#9-0#+!$%'70�C* *T?#+16; (.*,16-@#+1�;��C*Z*O?#9#+16� ?#9#9-0-@#+1A3�(.-0�C�w1hM4� #>-N(�1]70a�� -B(.%:7@�C*	#&*

EZ� ?#9l4��7@#>¶43:9�Ó;-C3 X gi#9�'�:#9� �612%K(.%:7N12%'7NM4� #Cjw35#9*,!A�C�'#"#D1'1]#&*�%:7@#9-0-@#9a)#9*=%O;��,1�(.� Lp?#9%K(+%K1<[,*,(+-N16-@#9E %:�.�
*Z7NM4� #+1�;�#+1\7@*=%'#&�K(C!A%'7@��*,1S8(6;�#9� L"E uZ�C%'��*,1$3Z;�#S-�QÖ70*�%:#9�]�.?#&�'#9*,!A#^Ç È+À�É È5#&%�8(6-N(6;�7IH5�m1]7@��*>ÌPum(.t u,( YU�Q�#$×�!9(C!$70%Z?#6;=#h1=?#9-@#D!$%'70�C*�;��â1]70_C*,(+-�#+1]%S;�#�©�©� Y
U,#D1h?#9lf?#9* #9a>#&*�%:1q�:#+1]%w(.*=%�E,#9�Zl4#9*�%fb#&%'�'#��:#2`'#9%Z?#D1$39!A�Ca>a>#T8(<E -0�,1�u,(.� %:#d?#9*Z#9�'_�7@#43A#9*h70a>E,�41'(+*�%

(+� L�`'#9%K1O�'#D!$�C*,12%'�:� 7@%w1<;�#D1<!$�:7@%&8#9�'#+1f;�#"M4�,(+-@7@%Z?#� �� *Z#¨?#9* #&�'_C70#�!àu,(+�'_ê?#9#6a>7@* 70a�(.-I#S#9%O� *â(.* _�-@#
;WQÖ�C�Zl4#9�'%:� �'#67@*=%'#&�'* #�a�(.L=7@ad(.-4 
¡ 9Z �¬=<¦N§ ß -"¾S#9¿�#9%0> < 3½¢ Ñ 1
? � #&-NM4� #+1�?#9lf?#9* #&a>#9*=%K1h�'#D1]%'#&*�%�;Z(.*,1�-@#+1�-0�C%w1 ;WQ'?#9lf?#9* #9ad#9*4%K1"127@a)� -&?#+1);��ª%2/�E,#	- o - r #&%Å;=#
-B(�;=7ËHW�,1]70�C*�ÌPu,(+t u,(�3�M4� 7OE,#9� l4#&*�%�b#9%'�:#Å(+7N1=?#9a>#9*=%6�'#2`'#9%Z?#+1#&*�;=7@a>70*��,(+*�%6-B(ÅlC(+-@#9�Z�"-@7@ad7@%'#
12� ET?#9�:7@#9�Z�'#O;=#P-�Q:?#9* #9�:_C70#^l=7N127@t -0# Y ¡ #9%:%'#O1=?#9-@#D!$%'70�C*6E,#9� %Sb#9%:�'#T(D×d*O?#9#P#&*)!àu ��7N127N1'1:(.*=%\;=#+1�l�(.-0#9� �K1
-07@a>70%'#+1�;�7B1]%:7@*,!$%:#+1^E,��� �<-0#+1O;�#9�ZL6`'#9%K1W 
¡ ©= �¬=@A3½Ï"BC96® ¯ °�#9%�¬ Ü 3½Ï�BK¢&9�® ¯ °
¬ @ gi�'#+12Eq#D!$%'70l4#9a>#A*�%5¬ Ü jW#+1]%�-RQ'?#9* #&�'_C70#\;=�O`'#9%�-0#\E -@�m1^gi�'#+12Eq#D!$%'70l4#9a>#A*�%,-@#êa>�C70*,1àjT?#9* #9�:_\?#9%:7NM4� # YÝC#��'#2`'#&%'%'#F(.7@*m1]7�%'�C�m1�-0#+1>?#9lf?#9* #9a>#&*�%w1^;=�ÅE �:�=!$#+1'12�,1S;�#";�7IHW�,1]70�C*	ÌPum(.t u,(=3 #9%S-N(ha>��7@%'7&?#6;�#+1
?#&lf?#9*Z#9a>#9*=%K1f;���EZ�'�=!$#+1:1]�,1S- o - r 3qE �Z?#+(.-B(.t -0#9a>#9*=%S1=?#&-@#+!$%:7@��* *O?#+1 Y U�QÖ#$×�!9(C!A7@%Z?#�;�#)1=?#9-@#D!$%'70�C*�;��
127@_�*,(.-�#9*�#+1]%O%:�&8#+1PE,#9�â(DHW#+!$%Z?#43 !A�Ca>a>#S-@#Ja>�C*=%'�:#�-@#�%w(.t -0#+(.� X�Y�Ñ�Y
D ��%'#&�'a>#�;=#	!$#9%:%'#�1=?#&-@#+!$%:7@��*�3\(+�,!$� * ?#9lf?#9* #&a>#9*=%*òQÖ#+12%>1=?#9-@#+!A%'7@��* *T?#�;Z(.*,1�-0#+1);��C* *T?#9#+1$3

(+-@���K1�M4��QÖ��*Å#9*â(.%:%'#9*,;�Ï�3 X -.Ó�Ï=3Ð¢�¼�Ó6Ï=3Ð¢�© Y UW(�E �'#&a>7R8#9�:#�#9�:�'#9� �O#D1]%J1]%K(+%'7B1]%'7BM��Z#43 -N();�#9� L=7R8#&a>#
12/ 12%Z?#9a�(.%'7BM��Z# Y ¡ #9-@-0#$�2!A7^#D1]%"�CtZ%'#9*=� #�#9*ÃE �'�=!W?#+; (.*=%)!$��a>a>#)Eq��� �)-�Q:?#&%'�,;�#d;�#+1";=�C* *T?#&#+1�;=#
UWV��.- X -\ <-0#+1)!$�C� EZ� �'#+1�(+E E -@7BM��T?#9#+1�8(�-N(�l�(+�'7N(+t -@#¨¸ Þ¹2ºI» #9%�(.� Ló(.* _�-@#+1�#&*�%:�'#Å-0#+1S`'#9%K1>12�C*=%
;=7@a>70*��T?#&#+1q#9%ê(.�Z_Ca>#9*=%Z?#&#+15E,�C� �\��t %'#&* 7@��-@#+16?#+!9(+�'%w1�(+� Lh#$×�!9(�!$7@%Z?#+15* �Cad7@*,(+-@#+1 Y U,#+1�#A×�!9(�!$7@%Z?#+1
;=#�1=?#9-0#+!$%:7@�C*c;=#+1h;�7IHJ?#9�'#9*=%K1�-0�C%K1�;5Q:?#&lf?#9*Z#9a>#9*=%K1S;��G1]7@_�*,(.-T1]��*�%�7@*,;�7BM��T?#9#+16; (.*m1-@#)%K(+t -@#D(.�
X=YÐÒ 35(9l4#+!<-0#9� �w1^7@*m!$#9�'%:7@%:�,;�#+1 YU,#Jt �'� 70%f;�#��i��*,;��:#+1]%w(.*=%^#D1]%O!A�Ca>E,�41=?#S;5Q:?#&lf?#9*Z#9a>#9*=%K1�;��)%]/=E,#<- o - r 3=;5Q:?#9%K(+%K1�[,*,(+-N1�-@#9E %:�.�
*Z7NM4� #+1�;�#+1\7@*=%'#&�K(C!A%'7@��*,1S8(h;�#&� LhE uZ�C%'��*,1$3=#9%f;�#+1�E �'�=!$#D1'1]�m1�8(hM4�,(+%'�'#O�i#9�:a>7@��*,1^g�?#9lf?#9* #9a>#&*�%w1
;=�Å%2/�E,#6n o n r #&%<É È É È #9*�M��m(.*=%'7@%Z?#+1)?#&_4(.-0#+1àj Y



���������	��
�������������������������������� �!� ¢"- Ò

"Po#"�r%$'&4o)( *!&�r (+*-,.0/ 13254�6!687�9�:;=<?>A@ ,9 < 9�B�9 C�D�E�E�F9�9�G C�D�E�EHF9�9�G 9 o 9 r I�JI K E+LNM LOL LOL .!P @�< 9�G "PoQ"Or
G�F9�RS9�T @U> D+E VWF9�9�RARS9�G X >ZY P+R�F9�9�G $\[ .]B�^ $ RS9�_O^`_ < D�T�9�GUG�P+G Kba Mc < F9�G�F9�RS9�T @U> D+E 4�6�d 4�e!f�g�f e]h h�i 4�h h�e 4!jk6 f!dljkdm Þ¹]º » n d i�o�jki!g�6�jko el4!jZ4 6phqjki d e�jko 4 n 4�j nrWjkr 6 n f�jsh�g�4�j n 4!j n 6�jte 4!jko d�jkf i!iljZ4
u < jkv <¦N§ d 4!jwh+d!gxdlj n d dljki n dljwh n d�jZ4�i d�jke!6 h�6ljko

v < d d�j n 4�gxdljke!6 d dljke!6 d�jZ4�i d�jke!6 h�6ljki
y�è{z=| X�Y�Ñ�}�~Q� 9 @ B�9�G#B > � F9 < 9�E @ G)T <�>S@ ,9 < 9�G#B�9{G�F9�RS9�T @U> D+E�G�P < RS9�G#B�D+E�E�F9�9�G < F9�9�RSRA9�G#B�9=� ~ c 4�6!6�9 @ G�P < RA9�G
B�D+E�E�F9�9�G�G >�Y P+R�F9�9�G K RA9�G8��.!P @�< 9�G�_ < D�T�9�G�G�P+G��8B�F9�G >A� E+9�E @ RA9�G�F9 @ . @ G���E�.pRSG ,.���P�. @�< 9 I 9 <�Y8> D�E+G)�+� È 9 o 9 r j��oO�½r j�� È � È j � 9 ( � M�^���E+9{RZP Y8> E+D!G >A@ F9 > E @ F9 ��< F9�9�B�9=i�jto!6�_�� r @ 9�G @ P @�> R > G�F9�9x_�D+P < RZ.�E+D <�Y .]R > G�. @�> D�EO^
���w9���T�.]T >A@ F9�B�9�G�F9�RS9�T @U> D+E�B�9�G�F9��HF9�E+9 Y 9�E @ G{BqP%RSD @ BqP�G >A� E�.]R�j�9�E � 9�E+B < F9�G�. �!9�T�� Ù Ú 2�h n 7�9�:x��� Ü j
9�G @=> E+B > ��PHF9�9�Bq.!E+G=RZ.0B�9 < E > ,9 < 9�T�D!RAD�E�E+9!^O�O9�G > E+T�9 <?@�>A@ P+B�9�G > E+B > ��PHF9�9�GxG�D+E @ G @ . @�> G @�> ��P+9�G�^

Ø>Ù Ú V�×�!9(�!$7@%Z?#
g�¾S#9¿"À+Á Ü j g])j

9 X=Y Ï 94¼�BK©�Ó5-*BC9 o @�  ¡r Ü   ¢9 Ñ=Y Ï 9�-2BC96Ó5-*BK© o @�  @r Ü   @©C© Y Ï 94¼�B$¶SÓ5-*BC9 o @�  £r Ü   @
y�è{z=| X�YÐÒ0} c D�P < T [ .]��P+9�RAD @ B��?F9���F9�E+9 Y 9�E @ G�BqPWG >A� E�.pR!� Y .]G�GU9xBqP¤�lD!G�D�E0�q¥�F9�9 ,.�R�. � F9�EHF9 < . @�> D�E89 @
9��WT�.]T >A@ F9�G�B�9¦G�F9�RA9�T @�> D�E���E�.]RA9�G�^#��.¤_ < 9 Y8> ,9 < 9 > E+T�9 <?@U>S@ P+B�9¤9�G @ G @ . @U> G @�> ��P+9!j§R�.%B�9�P+¥ > ,9 Y 9¦G�¨+G @ F9 Y . ©@U> ��P+9!^



¢�¢CÏ �������������
	��
���	�����	�������	���������� �������� !�"�����# $����%���%� &%��%�'	( )	��*��%�����+,��	

H+H-→τ+νττ
−ν

–

τ à √s = 133 GeV

1

10

0 20 40 60
PT           (GeV/c)

nb
 d

'é
vt

s 
/ 2

 G
eV

/c

1

10

10 2

0 20 40 60
PT           (GeV/c)

1

10

0 50 100 150
α(j1,j2)  (degrés)

nb
 d

'é
vt

s 
/ 9

 d
eg

ré
s

1

10

10 2

0 50 100 150
α(j1,j2)  (degrés)

1

10

10 2

0 50 100 150
αT(j1,j2)  (degrés)

nb
 d

'é
vt

s 
/ 9

 d
eg

ré
s

1

10

10 2

0 50 100 150
αT(j1,j2)  (degrés)

������| X�Y -9¢ } C > G @�<?> ��P @�> D�E+G¤B�9�R � >�Y _�P+RSG > D+E @�< .!E+G��!9 < GU9
	#B�9�R��k.!E � RS939�E @�< 9�RS9�G��?9 @ G¦T�.pRST�P+R�F9 Bq.�E+G
R �s9�G�_�.]T�9�9 @ B�9�RA9�P < .�E � RA9�T�.]RAT�P+R�F9�Bq.!E+G=RA9 _+RZ.!E�_�9 < _l9�E+B > T�P+RZ. > < 9 ,.�R��k.]¥+9�B�9�G I . > G�T�9�.!P+¥O^� � .!P+T [ 9!j
RS9�G0B�D�E�E�F9�9�G < F9�9�RSRA9�G K _�D > E @ G�M�G�D�E @ T�D Y _�. < F9�9�G .!P+¥ B�D�E�E�F9�9�G8G >ZY P+R�F9�9�G K�[ > G @ D ��< . Y0Y 9�M�^� B < D >A@ 9!j
RS9�G [ > G @ D ��< . Y¦Y 9�G¦GUD�E @ D�� @ 9�E+P+G¤.���9�T 4�e�4 i F9���F9�E+9 Y 9�E @ G¦9�E � 9�E+B < F9�G¤. �!9�T � Ù Ú 2'h n 7�9�:x�!� Ü ^
�O9�G�� ,9�T [ 9�G > E+B > ��P+9�E @ RA9�G=T�D�P�_�P < 9�G�.!_�_+R > ��PHF9�9�G=G�P < RA9�G���. <�> .��+RS9�G�Bq.!E+G=R��k.�E�.]RA¨�G�9!^��O9�G¤F9��HF9�E+9 Y 9�E @ G
P @�> R > G�F9�Gx�HF9 <�> �q9�E @ RA9�G�T <?>A@ ,9 < 9�G	B�9�R�.W_ < F9�G�F9�RA9�T @�> D�EO^



���������	��
�������������������������������� �!� ¢C¢�-

H+H-→τ+νττ
−ν

–

τ à √s = 133 GeV

1

10

10 2

0 50 100 150
max(Ωj1,Ωj2)  (degrés)

nb
 d

'é
vt

s 
/ 9

 d
eg

ré
s

1

10

10 2

0 50 100 150
max(Ωj1,Ωj2)  (degrés)

1

10

0 20 40 60
E(j1)     (GeV)

nb
 d

'é
vt

s 
/ 2

 G
eV

1

10

10 2

0 20 40 60
E(j1)     (GeV)

1

10

0 10 20 30 40
E(j2)     (GeV)

nb
 d

'é
vt

s 
/ 2

 G
eV

1

10

10 2

0 10 20 30 40
E(j2)     (GeV)

������| X�Y -9¼ } C > G @�<�> ��P @U> D+E+G¦B�9¤R��k.!E � RA9 Y .]¥ >ZY .pR�9�E @�< 9¤_�. <?@U> T�P+RA9�GWB��kP�E Y��9 Y 9 �?9 @ j§B�9¤R �?F9�E+9 <?�!> 9
BqP �?9 @ RS98_+RZP+G�F9�E+9 <?� F9 @U> ��P+9�9 @ B�9�R �?F9�E+9 <?�!> 9�B�9�R��k.!P @�< 9 � 9 @ ^  � .�P+T [ 9!j�RA9�G�B�D�E�EHF9�9�G < F9�9�RSRA9�G K _�D > E @ G�M
GUD�E @ T�D Y _�. < F9�9�G�.!P+¥�B�D�E�EHF9�9�GHG >ZY P+R�F9�9�G K�[ > G @ D ��< . Y0Y 9�M�^  B < D >A@ 9!j�RA9�G [ > G @ D �+< . Y¦Y 9�G#GUD�E @ D+� @ 9�E�P+G
. �!9�T¦4 e�4�i F9���F9�E+9 Y 9�E @ G=9�E � 9�E+B < F9�G�. �!9�T8� Ù Ú 2 h n 7�9�:��!� Ü ^O�O9�G � ,9�T [ 9�G > E+B > ��P+9�E @ RA9�G�T�D�P�_�P < 9�G
.�_�_+R > ��P�F9�9�G�G�P < RA9�G���. <�> .��+RS9�G�Bq.�E+GxR��k.!E�.pRS¨+G�9!^��O9�G�F9��HF9�E+9 Y 9�E @ G�P @�> R > G�F9�G���F9 <?> �q9�E @ RS9�G�T <�>S@ ,9 < 9�G�B�9�RZ.
_ < F9�G�F9�RS9�T @U> D+EO^



¢�¢C¢ �������������
	��
���	�����	�������	���������� �������� !�"�����# $����%���%� &%��%�'	( )	��*��%�����+,��	



� � ��� ���	��
 �

 ��� ���	
�� � 
 ��
�� ����� ������� �


U,#+1f(.*,(+-@/Z1]#+1�#$HW#+!$%'�T?#9#+1�*�Q��C*=%�Eq#&�'a>7B1\;5QÖ��t,1]#&�'l4#9�f(.�m!$� *>#9LZ!�8#+1ê;5Q:?#9lf?#9* #&a>#9*=%'1��Z?#&#9-N1�1=?#&-@#+!à�
%'7@��* *T?#+1�E,(+���w(.E E,�C�:%f(.� L6* ��a�t �:#+1�(.%:%'#9*m;��,1\;5Q�(.E �&8#+1�-@#+1�;��C*Z*O?#9#+1�1]70a�� -&?#9#+1 Y �ê(.��!$��*,1=?#DM�� #&*�%&3`'#�E,#9� L	�Z%'7@-07N12#9�6!$#+1��Z?#+1]� -0%K(+%K16(D[,* ;�#>�'#k`'#9%'#9�&35(9l4#+!"� *c* 7@l4#D(.�G;�#>!A�C*�[W(+*,!$#�;=�C* *T?#e3�-RQÖu=/��
Eq��%'uò8#D1]#";=#h-N("E �Z?#+1]#9*m!$#";5Q�� *	127@_�*,(.-ê;P?#9E,#9*,;Z(.*=%6;�#";=#9� L�E,(.�w(.aâ8#&%'�'#D15 �-B(�a�(C1:1]#�Ø>Ù Ú #9%O-@#
�K(.EZEq���'%S;5Q�#9a)t �K(+*,!àuZ#9a�#A*=%�#9*du,(C;��:�C*,1O;=�>t,�41]��*���� Y UW(haó?#9%:u �=;�#S� %'70-@7B1�?#9#�8("!$#&%'%'#O[,*>#D1]%
;P?#+!$�:7@%'#J; (+*,1�!$#6M4� 7�12� 7@% Y

�! #" $ %&('�)+*-,+& ,+& .0/213.54�1
6�(+*,1�� *ÃE �:#9a>7@#&�%:#9a>E,1A3=`9QÖ� %:7@-@7B1]#)-@#+1h�Z?#+1]�Z-@%K(+%K1";�#D1"(.*,(+-@/Z1]#+1);�#�!àum(CM4� #>%'��E,�C-@��_C70#	;�#

a�(.* 7R8#9�'#S7@*m;P?#9E,#9*,; (+*�%:# Y
U,#+1\* ��a�t �:#+1�;5Q:?#9lf?#9* #&a>#9*=%K151=?#9-@#D!$%'70�C* *T?#D1�12�C*=%P;Z(.*,1\%'���,1�-0#+1\!9(�1^;=#+1�E,#9%'70%K1�*Z�Ca)t �'#+1 Y �\(.�!$�C*,1=?#+M4� #9*=%93+`'#)!$��*,1]7B;58#9�'#îM��òQÖ7@-B1O1]��*�%�;�7B1]%'�:7@t �T?#+1<12� 7@l�(+*�%�-B(�-@��7\;=#"E �'��t,(.t 70-@70% ?#";=#"����7N1'12�C* Y

D 7@*,127�3=1]7=`9Q�(.%:%'#9*,;Z1^� *�* ��a�t �:#"g�°87:99j�;5Q:?#9lf?#&* #9a>#9*=%K1fg�°c?#&lf?#9*Z#9a>#9*=%:1^;=�Å127@_�*,(.-�#9%09Å?#9lf?#9* #$�
a>#9*=%K1�;��ÅtZ�'� 70%O;�#6�i�C*,;qjw3 -N(hE �:�Ct,(+t 7@-07@%Z?#h;WQÖ�Ctm1]#9�:l4#9�<;p?#9lf?#9* #&a>#9*=%K1\#+1]%�?#&_4(.-0#d8(P 

¸�g=;�«w°ej�Û # r?> » o?@BA g�°C7D9DjFE;HG g]¶ Y -.j

6hQ�(.� %:�'#SE,(.�:%93C#9*)12� E E,�41:(.*=%OM4� #O-@#O*Z�Ca)t �'#T(.%'%:#9*,;��d°I7J9^*�Q�#+1]%\Em(C1^�Z*"* �Ca)t �'#T!$�C*m1]%K(+*�%
gÆu=/�E,�C%:u�8#+12#�ÍLKNMPOQOSRBT#U?V'j5a�(.7N1,#+1]%�;=7N1]%:�'70t �O?#f1]� 70l�(.*=%�� * #�-@��74;�#�E �:�Ct,(+t 7@-07@%Z?#f;���* *T?#9#Sgiu�/=E,�C%'uò8#+1]#
;��Å%:uO?#9�C�&8#9a>#6;=#hÌO(9/4#+1KjK3 _ê?#9*O?#9�w(.-@#&a>#9*=%P!A�C*,127N;f?#9�Z?#9#�!$�Cada>#<�Z* 7Ë�i���'a>#43=�C*�Eq#&� %<ad�C*=%'�'#&�O-N(
�'#9-B(.%'70�C*�12� 7@l�(+*�%:#!W X ¶3X4 

-<Y ¡ U Û
Z\[
] ¸�gF;�«K°Cj2;,°
Z\[
´

¸�gF;�«K°Cj2;,°



¢�¢&9 � ������� ����	�����%��������	�� ��	�� 	�� � ���Z�� &� �	�	

Û
Z\[
] # r?> » o?@BA g�°C7D9Dj E ; °
Z\[
´

# r?> » o?@BA g�°C7D9Dj E ; ° g2¶ Y ¢4j

�W8� ¡ U�#+1]%6-@#)* 70l4#+(.�c;�#�!$�C*�[q(.*,!$#d(9l4#+!"-@#+M4� #9-�-�Q�u�/=E,�C%'uò8#+1]#d;�#)-N( EZ� ?#+12#9*,!$#);�� 1]7@_�*,(.-f#+1]%
#&L !$-0� #O#9%f�W8��
Ã#+12%�-@#S* �Ca)t �'#Oad7@* 70a�(.-=;5Q:?#9lf?#9* #9a>#&*�%w1�;���1]7@_�*,(.-W(+�,M��Z#9-5-0#O%'#+12%P#+12%P12#9*,127@t -0#
(9l4#+!P�Z*�* 70l4#+(.�);=#�!$��*�[W(+*,!$# ¡ U Y - Y ¡ U�#+12%�-@#S1]#&� 7@-,;=#S1]7@_�* 7Ë[q!9(.%:7@�C*d;��)%'#+12%�#9%f!$�C�:�'#+12Eq��*,;
8("-N(hEZ�'�Ctm(.t 70-@7@%Z?#�;�#�1]#6%'�:�Ca>E,#9�f#9*�(D×d�'a�(+*�%TM�� #6-RQÖu=/�E,�C%:u�8#+12#%:#+1]%Z?#9#�#+12%Ol��w(.70# YÝ Q�� %'70-@7B1]#"-N(��'#9-B(.%:7@�C*�¶ Y ¢�(D[,*�;�#)�'#k`'#9%'#9�6-RQÖu=/�E,�C%:u�8#+12#>;�#dE �Z?#+12#9*,!$#d;5Q�� *Ã1]70_C*,(+- Y Vv-0-@#)#+1]%
(+�,1'127\!A�C* *=� #�1]���,1�-B(î�i���'a>#S7@*=%Z?#&_C�Z?#&#61]� 70l�(.*=%'#JW X X4 

¡ U�Û -<Y
# r ] E� 

� ´
g�°<7 99j


� G

E� 
� ´
9


� G
g2¶ Y ¼4j

Ý Q������������������������S� �"!'a#�����	$%����&ha'&)(��+*�,!��-�����0l"&.(%�/�� 
- Y `���[,L0�	���1(2�@l3�.&.�'$%�4���"(=[5&)(6�7� ¡ U�«
¢ Y `��8���.�9���'��Q�u%:0;6�"�'u<*�.����Ø>Ù,Ú¥Û�Ø>=/?�@BAC&"�/���0����D�,�E*&���(F(��Ca)t�!/�>$5Q/D�9lGD�,(��9a>��(%�H�	$%��9�@_I(6&)���0D�,���.�7�����I(�(JD�.�LK6=�?/@	D�9_M&)�J*&P 

K6=/?�@	ÛON\g�Ø>=/?�@�jLP'Q=g�Ø>=�?/@�jLP'RSP>T
�5*�ETS�.�9�U��(��'�9L0;�!��V�������"(F$%�E!W&.;�;6�"!/�'$5QX�&a�t�!H&)(6�Ku��9a#�7(%�6ÌY!#$0��t6�3�9�"( � �-��(
uZ&"$%!/�"(6�7A[�,�\$GD�,;6�,(6$'$%���]&^�/�";6�"���C_"���^���/�����]�0D���	;6�"��!\���	�/�.���ò � o � r Ô`_ oba * _ r a *  3TcÛsgC-5Y¨ÌY!Aj2Ü� o � r Ô`�,��_ a *  %TcÛª¢CÌY!Ag -(YÃÌY!Kj� o � r Ô`� Ä � Ä���5 %TcÛªÌY! Ü

¼ Y U�Qc&);�;2���]��&)�����"(O$%����&}� �"!:ad�2���';6�,!'a>���#$%�e�,&)���������,!d�2(��	lI&)������!>���0a>���/��ÌY!�fhghij$%�!H&);�;6�I!��\$5Q��9a�t2!W&)(Z�àu��&ad�7(%�C$%�>t6�M���"( ���k�,(du6&"$%!/�"(6� Y Ý"��$GD�$[6(����Y&)��(6���6��(8;[�I��(0�
gRØ>=�?�@CAÐÌY!9fhghi�jl&);�;Z&)!��/�,(6&.(%�j*&1��(2�^�7�"��!:t[��M3���5$YD�,���@a>�����L��(��m!�D�9_I���"(n$�&)(6�L���\;���&)($0�.�B;6&)!H&.ao*�,�/!��.��$%�.�\a>�0$5*�,���.�J*&1$0�,� LU$0�"� t����,�W�5W�Ø Ù Ú BKÌY!9gF� o Ô uZ&"$%!/�"(6�$jFX Y U6�.�;6�I��(0�W�U$%�p���,�/���>!2D�9_"���"(F���I(%�U�&L������6�1;Z&)!U���'�/�.���#&9l3�.�U��(E(��@l3�V&)�F$%�'���I(�[5&.(6����9��;JD�,!/���,�2!>*& ¡ U Y 6	&.(6�^���8�,&I�^$%�#�]&'���";6�I���C_I���'�9�9a>�I�q���,;����I(��NM3���3A6�"(r$YD�,����!'a>��(����(¥�+&)���e$%�,� LO;6�"��(0�W�7A���:=asD�,�/!��NM3���.�#��QX�2(t$%�u�RQv&)�2��!��w;6&)!�!H&);�;6�"!/�s*&x��&s$%!��I���/�
ÌY!&g=� o Ô u6&I$%!��I(6�$j�ÛªÏ"BK© Y

U6�V�y�$×n�,&"�����2D�.�b$0�L�0D�����.���/���I(^$0�#���@_I(6&)�0�,�����.�b(���a�t�!/�.�b&)�/���,(Z$%�6�B$5Q/D�9lGD�,(��9a>��(%�H�[$0�"t�!������B$0�
� �I(6$zA0�Ct��/�,(%�Z�{;6&.!L�Ku6&CM3���m&)(6&.��:2���3A0���I(%�G�����������%D�.�|$%�Sa'&)(2�q*�,!/�\���"(6�9�,!'lI&.��!������� A`��	$0�@a>��(%���G���.��A×'�,&I�����2D�.�z�,�����.�z(2�Ca)t�!��.�b$WQ�D�9lGD�,(��9a8�,(%�H�6&)���/�,(6$%�Z�y;6�"��!B����t�!������B$0�^� �"(Z$zA"$0�Y�]&OlI&)���,��!C$5QX��(2�$GD�9l%��&)�/���"(8���H&)(6$2&)!W$8$%�k�RQX��(6���,!/�����/�6$%��_"���Ct6&.��� Y U6�.�B�$×n�,&I�����2D�.�B���2!{���\���0_"(6&.�qA3;6�"��!J$%�.�\a'&"�/���.�
Ø>=/?�@z(2�"(O���������]�0D�,�.�d���"!H�>$%�.�>_CD��(LD�,!W&.�����"(6�7AL���I(%�'�Ct2���,(0���.�d;Z&)!'�9L0��!W&.;6�"�]&.�����"(S����(JD�.&.��!/��$%�.�



� �����������Q��� ���
	 ���!�
� ����	��l
� ¢C¢�©

;[�I��(0�W�Sg�Ø Ù Ú A�Q=gRØ Ù Ú j'jHA%�5*�'Q�gRØ Ù Ú jB�.�9�Y�����$×n�,&"�����2D�J$%���0D�����.���/���I(>$%�V�dD�9lGD�,(��9a8�,(%�H�y�,( _I�,(6$%!2D�.�&Dl3�V��Ø>Ù Ú A��3���	���c&)(6&.��:2���4&^;6�,!'a8�]�Y$0�^��&)�]�7�����,! YVB(�[6(bA5���.�Y;6�"��(%�H�	���I(%�-�,&)��������D�V�Y�,(����/�����]��&.(%�L;6�I��!��Ku6&��3���^�/�";6�"���C_I���#��&U���Za>��(��M������D�	��(%�2D�$�
_"!2D���U&"�/���0����D�,�3Ab$GD�$[6(����^;�!2D�.�zD�.$%�&a>ad��(%��Az*&8��&9l3�"��!�  Ò A ÒCX ;Zt r @ ;6�I��!����v&.(6&)��:��9�U$%�U��&d���I;6�"����_"���
u6&"$%!/�"(���� �2�1��� Ò AË¶ 9B; t r @ ;[�I��!\���.�G$%�,���'&.����!/�.�\&)(6&.��:2���.� Y
�! �� � *���* 1S*����S& )+/2,! �*�"#�%$-4+&
6	&.(6�d���n�,&"�#$%�'���c&)(6&.��:2���'$%�'��& �/�";6�"���C_"���Åu6&I$%!��I(��&�3���3A,`��8!�D�.&.���]�9�'��(F$%�,���0�+*�9a8�>�,&.�]���2�

a>�"��(6�|���"(6�9�,!'lI&.���,��!�� �2�����,�����6$GD�.�7!����G&.� ;Z&)!W&+_"!H&); u���;�!2D�.�5D�.$0�,(%��A3�,(>a>�0$%�I[5&)(0�|�����'�%;2!��.�/�����I($%���]&^���I�\¸�g=;�«w°ej W�(�(3X�)
*B('�,+5�,�,A2���,���/�	&.(6&)��:��9�	���/���������3A3;6�"�2!L���m$%�,!�(2���,!J��!����,*�,!/�\$%���0D�����.���/���I(bA3��(>;6&.!W&.ao*�,��!/�	$%�I(%��]&1!2D�.���I�����/���I(>�.���J$YD�$[6(2�]���/&.t����� 3�]&an&"���9�	!��V���"(6�9��!/�����/�-)�.k!G���.�|���I��;���!/�.�L���2!OØ ±2² ¦%�9�"(0�Y���������V�

� ���j���,�/���^!2D�.���I�����/���I(�(/�X�.�9�k;Z&"�	���I�W&)���9a>�,(0�L;�!/�]���4�,(e����a>;����0)�1l!/�,(��I(6�k��(��'�0�'2>;2���� ��9�y�2(D�9lGD��(��'2>�,(0�\!�D�,�,�|�.�9�436(Z&)���52>�,(0�^�0D�,���V�������"(�(JD�#�,(u�/�.���H&)(0�^�6�Öu0:%;6�"�:ub*�.�9��Ø>=�?�@�Û�©�Ï^¾\�9¿�ÀDÁ$ÜbA�,�U���X���|�.�9�U���,��� �2��Ø ±2² ¦ÃÛ 9�¶ê¾k�&¿�À+ÁAÜ87 ���92>���/�^��(=�ID�,!����,��!��8$%�'������(0���,!:lI&)�����U$%�p�0D�,���.�7�����I(u$0���!����,*�,!/�:36(6&.�<;HA3&)���"!W�B��&k;�!���t6&.t2�������2D�=�3���\���,�jD�9lGD��(��'2>�,(0�����I���G$?>�>&.�>�9��@"(Z&)�6�.���|;����6�y;6�,�/�����=�3������|�/&�2'&"�/���U!/�.���"(Z����!/�����/�U&9lI&)����D�,�2D�rD�5@3&)���p*&>©CÏs¾k�&¿hÀ+ÁAÜ/)/*B(Å�+&)����Az�����+&)�2�1�/�,(���!	���
2>;��/�U$%�
2'&)(��+*�,!��\;����6� ;2!�D�.��������$0�1��& !2D�.���I�����/���I(BA�Cs�Ct��/�,(%�2�^�9��!\�]&hlI&)!/�]&.t2����Ø ±2² ¦�) ¡ �.���5�.���O�+&)����&+t�����,('!��'2>;2�]&ED��&)(0�Y$2&)(6�L�]&^!/�,�]&.�����I(	¶-)Ð¢U���m���,!F2>�G7R°C7D9H;FEU;6&)!\���	;2!��0$%������ 

EI
º � @

7�°,JK7RØ º BKØ>=�?/@L;H7 9%7�Ø º ;M;

�5*�)Ø º �.�����]&ONI&)���,��!C$%�|�]&ON"&.!���&.t����OØ ±2² ¦%$%�|�6��D�'NGD�,(��'28�,(3�5�%D�,���.�������"(�(JD�QP6�,(^�/�.���H&)(0�y�6�Öu0:%;6�I�'u<*�.�9�
Ø�Ù Ú ÛóØ>=�?�@CA��,�L�5*�BJ>�V���L�]&� �I(6���/���"(o$%��!2D�.�9�"���������"(6 

JK7RØ º BKØ =�?/@ ;\Û -
A�C ¯ ¢�ROS rUT�V�WYXHV�Z\[<]F^`__\a _V 7]¶0) 9�;

b6�'�Ku��"�9��$c����(��h� �I(6�������"(d@3&.�6���9���,(�(2�>�.������(2�>&.;�;�!��%�0��2'&.�����"(e&"�����,;��H&.t����3Az�7��2>;��/�$�+���,(0�$%�	�]&�� �"!F2>�	$0�	�]&U$%�����/!��@t2�������"('$%�m�]&4NI&.!��]&+t����FØ ±k² ¦3�Ct��/�,(0���	;6�"��!L�������9@"(6&.��)e1B&)!\�9��2>;����]��� �2D�3A���\���,!F2>�=A,CE�.���\�Ku��I�]���5���I(6���H&)(0�Y�,�G��(6$GD�,;6�,(6$�&.(%�J$%�	�]&fNI&)������!L$%�FØn=/?�@ê �A,C�Û -*BK¼^¾\�9¿"ÀDÁ$Ü/)
b5&d!/�,�]&.�����I(Å¶-)�¢d$0�'N%���,(0�:36(6&.���'28�,(%�ò 

-5Y ¡ bÅÛ
Z [
] � r?> » o?@BA EI

º � @
7R°,JK7�Ø º BKØ>=/?�@/;�7 9%7�Ø º ;F;9$ °

Z\[
´

� r?> » o?@BA EI
º � @

7R°,JK7�Ø º BKØ>=/?�@/;�7 9%7�Ø º ;F;9$ °
7]¶0)Ð©g;

b5&h3�@"�2!���¶-)'-O2>�"(0��!/�{���.�B$%�i+mD�,!��,(0���V� !2D�'@"���"(6�B$0�U;��]&.(+WÖØ>ÙqÚ BKÌY!57=� o ÔÕu6&"$0!��"(Z�H;FX��'�2�������V�;6&)!L���.�Y!2D�.�9�����H&)�H�L$%�.�\&)(6&.��:2���.�L$%�V�L$%�"(�(JD�,�.�\$%��bK*:1.-&¼C¼d�,�\$0�jbK*k1.-'(�-\ 
&g;!b5&��+&)�@t2���^����2>��(��3�9���2D�4&I�,����2#����D���#*&BbK*:1.-&¼C¼ (2�U;[��!M2>�,�\;6&I�1$K�Y>�,�/!��U�9�,(6�9�@t����U&'N3�.�1�2((���N3�V&)�4$%�L�7�"(�35&.(6���\$%� Ò ©4 *&k��(2�Y!2D�5@"���I(U(��"(#�7�"��N3�,!/���|;6&.!B���.�b!2D�V�������W&)�H�y$0�Y���c&)(6&.��:2���



¢�¢�( � ������� ����	�����%��������	�� ��	�� 	�� � ���Z�� &� �	�	

$%�.�Y$0�"(�(JD���.�Y$%� bK*:1.- W�¢C© X�)��k(#;6�,�����L$%�
2'&)��(��L;6�,���f>�,��!/��$YD�,����2>���0D�G�5*�����V�l;6�I��(0�W�Y�9�"(0��'���7���6�#&'N3�.� ��(s(2��N3�.&.�s$%�o���"(�3[&)(6���e$0��¶+Ï4 7q���I!�!/�.��;6�"(Z$�&)(0�e*&u��(��o���,(6�9�@t���������D�w*&��(tD�.�,&.!��	�,(0��!/�U$%�I(�(JD�,�V�k!2D�,�������V�Y�,�����92d�2�,D�,�.�|��D�'@2*�,!��52>�,(0�L���2;LD�,!����,��!/�'*&d��(2�#$YD�'N0�]&)�/���I(���W&.(6$�&.!W$�$%��t�!/�����\$%��� �I(6$E;�)
tc; b6�.�>!�D�.�9�����H&)�W�'$%���6�v&.(6&)��:��9�e$%�.�'$%�"(2(LD�,�.�'$%� bK*k1.-'(�-u;[��!M2>�,�/���,(0�#$c�c&)���/�,��(Z$%!�����(2����,(6�9�@t���������D��;2���6� @"!H&)(6$0�-) b5& !2D�5@"���I( �5����������&'N3�.���2( (��9N3�.&)�O$0�u���I(�35&.(6���e$%�Ã¶+Ï4�,�/D�����,(6$����Z�M�3��*&d��(���NI&.���,��!-$%�U�]&�2n&"���9�U$%�)©4¶\¾\�9¿"À+ÁAÜ )��k(��U!2D�'@"���"(��'�2�����2�^&'N3�.����((���N3�.&.�e$%�#���I(�35&)(Z���#$%� Ñ Ï4 &);�;Z&)!W&%>���5)�6G�v&.����!/�U;6&)!/�,Ab�"(�;6�,�2�1��t6����!MN3�,!\��(��"t6&.�]�/���

t�!����H&)���'$%�>��&�����(6���0t��������2D�MAz���I!�!/�.��;6�"(Z$�&)(0�#&)�¨�+&)�����3�/�X�2( D�'NGD�,(��52>�,(0�k�.�9�U�0D�,���.�7�����I(�(JD�$�&)(6�	���.�	$%�I(�(LD�,�.�\!�D�,�,�����.�f7 �6�/D�'NGD�,(��52d�,(0�O�3�����'�v&)�l$YD�.��!/���\;�!2D�.�5D�.$%�'2 2#�7(%��;B���I!W�F� ���U�6�X�I(���.�9��������u%:0;6�"�'u<*�.���� ZØ Ù Ú	� W 94¼�BK¢�«C9 Ò BK¢3X�)
� ; b6�.�k!2D�5@"���I(6�\$%�.���9��(JD���.� �����b;�!2D�.���,(0����(%�G��(e$YD�.��!/�0�àu2�'2>�,(0��t[�V&)�6���I��;#2>�I��(6�Pt�!/���W&.��)/b5&���,(6�9�@t���������D�	�.�9�\&"�,�7!����4�,&.!
�'�v&)��&.;�;����&�3�LD�	�]�7�z�]&� �I!M2#�����6¶-)�©�)
$E; b6�.�k!2D�5@"���I(6�	$c���'�2�����6�9���I(��9�"(0�	�]�7�b�Ct��/�,(%�2�.� ��(e����2)t���(Z&)(0�Y���V� !2D�.�������W&.�W�	$%�V�k&.(6&)��:��9�.�$%�����I�����.�#���.�>$0�"(�(JD���.�,)Ob5& 2sD�,�'u2�0$%�����/�����]�0D��� ;6�I��!p���,���/�����
2�t2��(6&.�]���I(E�.���'$GD�.��!������;����6�L���I��(/)��9���qA3�]&� �I!M2#�����m���,(6&.(%�\�7��2>;��/�	$0�1��&^!2D�.�9�"���������"(p����!\�]&G2n&"���9�	!��V���"(6�9��!/�����/�(/�X�.�9�|;6&"�|���������]�0D�,�3AI��� � ���2�'�%;2���&�3���L��&-;2!�D�.�9�,(6���\$%�n$YD�.��!/�0�àu��52>�,(0�')�k(��\�9�,(6�9�@t��������2D�L�.���&)���/�,��(0���8&'N3�.�U��(u(��9N3�.&)�w$%�8���"(�3[&)(6���n$%� Ò ©4>A/2'&.�]��$�&.(6�^��(��#!2D�'@I���I(E$YD���W&'�'���7�����;6&)!\���c&)(6&.��:2���4$%�.�L$%�I(�(JD�,�V�L$%��bK*:1.-
)
��;����7�qA.���X��(6���'2)t����|$%�.�B$0�"(�(JD���.�B�.���B�2�������]�0D�Y�,���'�c&);�;2���&�3���G�]&�� �I!M2#�����O¶-)�©�)�b5&	!2D�'@I���I(U�'���7�����&HN3�V�^��( (2��N3�.&.�e$%�#���"( 35&)(6�7�>$%� Ò ©� ����D�,�/�,(6$E*&>;�!2D�V���,(0��&)�=�9$%���9*&�$0�U�]&��,�"(2�U�'���7�����;6&)!\���c&)(6&.��:2���4$%�.�L$%�I(�(JD�,�V�L$%��bK*:1.-
)

�! �� � *���* 1S*����S& �H&�� ��� 1#& � '�*�"#�%$ 4+&
Ý��c&)�=2>�"(0��!2D�!� �/�����L�.�9�>$0�Ë×n�������'$%��$GD�,36(���!d��(2��!2D�V���"���������"(s�'�0;JD�,!/��2>��(3�W&)���>�9��!>��& 2'&I���9�!/�.���I(6���/!��������4*&k�6�X�]�/���j$%�L���c&����6���/�'2>�,(0�b�7��(JD�'2n&)����� �2�3A7$�&)(6�B���L�,&I�B$%�L���c&)(6&.��:2���J$%�L�]&k�/�";6�"����@I����9�'2>�I�q���,;����I(��&�3���-)01B&)!m���"(Z�%D�%�3���,(0�,A2���,�������]&^!����]&)�/���I(}¶0)Ð¢^�.�9�L�����������%D�,�-)
b5& 3�@"�2!��¨¶-)�¢ 2>�"(0��!/�����V� !2D�'@"���"(6�'$%�O;��]&.(�WÖØ>Ù Ú BKÌY!57=���}ÔÕu6&I$%!��I(6�H;FX6&)�e���3���,�����.�U���.�!2D�.���2���W&.�W�\$%�.�L&.(6&)��:��9�.�k$0�jbK*k1.-9¼�¼d�,� bK*k1.-'(�-U���I(%�m���,(Z���@t2���.��)�1B���6�Y;2!�D�.�����0D�'28�,(%�ò 
} b �v&)(Z&)��:2���-$%�.�|���,�2���.�|$%�I(�(LD�,�.�|$%� bK*:1.-&¼C¼^(��\;6�,!M2>���B;6&"�G$c�X��t�����(���!B�2(�������(6���0t��������2D�-*&$%�.�Y;6�"��(%�H�L$%�';��]&.(�$0�.�Y;6&)!H& 2o*����!��V�{(��I( �5�������6�{;Z&)!L���c&)(6&.��:2����$0�.�L$%�"(2(LD�,�.�L$%� bK*:1.-
� ���<���I���\&)� 2>�I��(6�#D�%�3����NI&)���,(0���j*&^��(���$GD�5N%��&)�����"('�9�W&.(6$�&)!H$�$%��t�!/�����\$0�<� �"(6$K)�� �.�9���I(6�;6&)!\�'�0�'2>;����L���Öu0:0;[�I�'u<*�V���4�����9NI&)(0���� 
Ø�Ù,ÚÕÛ 94©^¾\�9¿"ÀDÁ$Üs�,�)ÌY!'7F���	ÔÕu6&"$%!/�"(6�';�ÛÕÏ"Bw© 7 !W&);2;[�I!��p$c���'2�t2!W&)(Z�àu��52d�7(%�����;����6�q�+&'N3�I!W&.t2���\*&L�]&|;�!2D�.�9�,(6���l$c�/D�'NGD�,(��52>�,(0�W��$%�4�9��@"(Z&)�0$�&.(6� ��&Y���I;[�I���
@"���G�9�'2>�Ë�+����;����I(��&�3����; )
1y�"��!l���,���/�QNI&)���,��!|$0�Y�]&=2'&"�/���3A.�]&	�9�.���/���"(4�$×n�,&"���J$%�Y;2!��0$%�6�7�����I(>$0�Y;6&.��!��V�B$%�Ot6�3�9�"(6�$%� �k��@
@3�	�Ku6&.!M@CD�V�k�.���oD�'@3&.���p*&�Ï%A Ò -.¶#; te&'N3�.� ¯ °�Û -&¼CÏ"B 9�¾\�9¿ ���#*&>Ï%A ÑCÒ © ; te&'N3�.�
¯ °�Û -9¼
("BK¼�¾\�9¿�)H6G�c&)���/!��>;Z&)!���AB�����$×'��&"������D�U$0�'�0D�,���.���/���"(w$%�E�9��@I(6&)�G�.���j$%��¼C¼0AÐ©4
7<NI&)���,��!m���,(0��!W&.����; )�1B&)!m���I(6�0D�%�3���,(0�,A6�,(o����;�;6�M��&)(0� � �2�U���,�/���fNI&)���,��!\�.���m���H&.t����^�,(0��!/�



� �A���������Q��� ���
	 x���� 	���� ��)�?�]��	9�q
� ¢C¢4¶

H+H-→ cs
–
c
–
s

0.5

0.6

0.7

0.8

0.9

1

45 50 55

L
E

P
1 

(9
5%

C
L

)

LEP133
a)

70%

B
R

 (
H

+  →
 h

ad
ro

ns
)

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60

L
E

P
1

(9
5%

C
L

)

LEP161
b)

70%

80%

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60

L
E

P
1

(9
5%

C
L

)

LEP161
c)

70%

80%

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60

L
E

P
1

(9
5%

C
L

)

LEP161+LEP133
d)

90%
95%

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60

L
E

P
1

(9
5%

C
L

)

LEP161+LEP133
e)

95% 90%

Masse du boson H+                  (GeV/c2)

������|h¶-)'- } V�F9 �!> D�E+G3BqP5_+RZ.!E��k� Ù Ú��	� < K�" � $ [ .]B < D+E+G�M�
q9�¥+T�R�P+9�G . �!9�T B > � F9 < 9�E @ G E > �!9�.!P B�9
T�D+E���.!E+T�9=_�. < RA9�G�.!E�.pRS¨+G�9�G#B�9�G#B�D�E�EHF9�9�G)B�9=� ~ c 4�6�6=9 @ B�9=� ~ c 4 n 4�j�_�D�P < RZ. @ D+_�D!RAD �!> 9 [ .]B < D+E > ��P+9!j
P @U> R > G�F9�9�GxG�F9�_�. < F9 Y 9�E @ D�PWB�9 Y .!E > ,9 < 9�T�D Y � > E�F9�9!^ K��� @ 9�¥ @ 9�_lD�P < P�E+9�B�9�G�T <?> _ @�> D�E3_+RZP+G�_ < F9�T > G�9�M



¢�¢ Ñ � ������� ����	�����%��������	�� ��	�� 	�� � ���Z�� &� �	�	

¯ ° Û -&¼CÏ"B 9}¾\�9¿ �,� ¯ °¨Û -9¼�(�BK¼Å¾\�9¿UA�����(��
2�t2!��4$c�/D�5NGD�,(2�'2>�,(3�H�Y$%�o����@I(6&)�C&)�/���,(=�$%�6�U*& bK*k1 -&¼C¼>�.�9�'D�'@3&.�L*&)Ï%A Ò ) D �6����( D�'NGD�,(��52>�,(0�{( ��D�,�H&)(0�L�Ct6�9�,!MNGD�3A�'�X��(�$GD�.$%�����k&'N3�.���(�(��9N3�.&)�n$%�4���"(�3[&)(6���j$%�#94Ï0A`(� ���,�����'2>�,(0�,A0� �����6�Öu0:%;6�"�:ub*�.�9�1�/�.���2D�,�	�.�9�L��(�3Z!M2 D�,�0)
} b �v&)(Z&)��:2���r$%�.���9�,�����.�'$%�"(�(JD�,�.��$0� bK*k1.-'(�- ;6�,!F2>�,�'$c�&>�,��!/�u�9�,(6�9�@t����F*&x$%�.� 2'&"�/���.�
Ø�Ù Ú ��(��ID�,!����,��!/�.�	*&>©�¼%A�©¥¾k�&¿hÀ+ÁAÜ 7 !��.�9;[�V�����9N3�'2>�7(%� 9 Ñ AÐ©¥¾\�9¿"À+ÁAÜc;L&'N3�.�	��(p(���N3�V&)��$0����"(�3[&)(6���j$%�"¶+Ï4 7 !/�.��;6�.�7����N3�52>�,(0� Ñ Ï4�; )

} *l(n����2)t���(Z&)(0�y���.�y!2D�V�������W&)�H�B�Ct��/�,(%�Z�k*&	�/�"���/�.�{���.�^D�,(���!M@"���.��AI��(��L!2D�5@"���I(d�V���|�'�0�����\&'N3�.���(u(��9N3�.&)�w$%�'���I(�35&.(6���'$%� Ò Ï4>A��,(w$%�9u��I!W�^$0�>�]&	�,�"(��#�Ct2���,(0���#;6&)!U�6�v&)(Z&)��:2���8$%�.�$%�"(�(JD�,�.�\$%��bK*k1.-�) ¡ �,���/��!�D�'@I���"(o���"!/!��.�9;6�"(6$E*&#$%�.�O2'&"�/���.�L$0� t6�M���"(:���k��(��ID�,!/���,��!/�.�*& 9=¶3AÐ©�¾k�&¿ÂÀDÁ$Ü )

H+H-→ csτν

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

45 50 55 60

E
X

C
L

U
 A

 L
E

P
1 

(9
5%

C
L

)

EXCLU A LEP161

70%80%

B
R

 (
H

+  →
 h

ad
ro

ns
)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

45 50 55 60

E
X

C
L

U
 A

 L
E

P
1 

(9
5%

C
L

)

EXCLU A
LEP161+LEP133

90%

Masse du boson H+                  (GeV/c2)

������|Â¶0)Ð¢ } VWF9 �!> D�E+G3BqP5_+RZ.!E��k� Ù Ú ��� < K�" � $'[ .]B < D�E+G�M 
q9�¥�T�RZP+9�G .���9�T B > � F9 < 9�E @ G E > ��9�.!P B�9
T�D�E���.!E+T�9�_�. < RS9�G=.!E�.pRS¨+G�9�G�j+.]Bq.!_ @ F9�9�G ,.�R�. @ D�_lD!RAD �!> 9xGU9 Y8> © RS9�_ @ D�E > ��P+9!j�B�9�G{B�D�E�E�F9�9�GHB�9�� ~ c 4�6�6�9 @
B�9�� ~ c 4 n 4!j�P @�> R > G�F9�9�G=G�F9�_�. < F9 Y 9�E @ D�P¦B�9 Y .!E > ,9 < 9�T�D Y � > E�F9�9!^ K� � @ 9�¥ @ 9�_lD�P < P�E+9�B�9�G�T <?> _ @�> D�E¤_+RZP+G
_ < F9�T > G�9�M

�! � � *���* 1S*����S& 1S& � ' *�"#� $ 4+&
b5& 3�@"�2!��¨¶-)�¼ 2>�"(0��!/�����V� !2D�'@"���"(6�'$%�O;��]&.(�WÖØ>Ù Ú BKÌY!57=���}ÔÕu6&I$%!��I(6�H;FX6&)�e���3���,�����.�U���.�!2D�.���2���W&.�W�\$%�.�L&.(6&)��:��9�.�k$0�jbK*k1.-9¼�¼d�,� bK*k1.-'(�-U���I(%�m���,(Z���@t2���.��)�1B���6�Y;2!�D�.�����0D�'28�,(%�ò 
} b �v&)(Z&)��:2���J$%�.�b�9�,�����V�b$%�"(�(JD�,�.��$%�ObK*:1.-&¼C¼k;6�,!F2>�,�b$K�Y>�,�/!��|�9�,(6���0t����G&'N3�.�B$0�.�z(���N3�V&)����$0����"(�3[&)(6���G$%�O¶DÏ�O�,� Ñ Ï� *&L$%�.�z;6�I��(0�W�b$%��;���&)(JWÖØ Ù Ú BKÌY!57=� � ÔÕu6&I$%!��I(6�H;FX��'�0�2D�,!/���,�2!W�*& ��&^!�D�'@I���"(p�'�2�������\;6&.!k�6�v&)(Z&)��:2���-$%�.�\$%�"(�(JD�,�.�L$%��bK*k1.-�)



� �������-� ���,	���,	S� ���3����O�§���]
,� � ���������O�������������������\����	A�������)��� ����	 �� ¢C¢ Ò

} b �v&.(6&)��:��9�>$%�V�1�9�,�����.��$%�"(�(JD�,�.�^$0� bK*k1.-'(�->;[��!M2>�,�-$c�v&.��������(6$%!/�d�2(��>�9�,(6�9�	���������2D�U���I!]�!��.�9;6�"(6$�&.(%�j*&^��(p(���N3�.&.�'$%�4���I(�35&)(Z���4$%� Ò Ï�8A��,('���V���W&.(%�L�6��
0:%;6�I��
<*�.�9�4$c�X��(2� 2'&"�/���
Ø>ÙqÚG��(��)D��!�������!��j*& 9 Ò ¾\�9¿"À+ÁAÜ )

} *B(#����2�����(Z&)(0�b���.�b!2D�.�9�����H&)�H�y����/�,(0�6�L*&k�/�"���/�.�B���.��D�,(��,!F@"���.��A.�]&L!2D�'@I���I(U�'���7�����J&HN3�V� Ò ©�$%�G���"( 35&)(6�7�Y;6&.!y�6�v&)(Z&)��:2���G$%�V�y$%�I(�(JD�,�V�y$%�=bK*k1 -G�.���4D�,����(6$%���3A7�,(^�/�.���H&)(0�y�6��
0:%;6�I��
<*�.�9�$c�X�2(�� 2'&I������Ø>Ù Ú ��(��ID�,!����,��!/�#*&"©C¢0AÐ©^¾\�9¿)À+Á Ü )

�! �� � * � � �%"+/j��H*�" ,+&��  %&�� 4�1 ' / ' � ,+&��\/�"+/21�� �H&�� ,+&��\'U *���
' *���* 1S*����S&��

b5& !2D�$�ID�,!���(6����W�(�(PX\$0�"(�(��p��(�� 2 D�,��
��0$%�';6�"��!#���V������!U��(���
%:0;6�"��
b*�.���o$%�';�!2D�V���,(6�7��$K�X��(����@I(6&)�C���"!H�M�3���U���V��D�'NGD�,(��'2>��(%�H�Y$%�#���#�9��@I(6&)�B;6�,�eN3�,(%��>�,�/!��U�]�/���6��$%�#$0� +mD�,!���(%�H�'D�,�H&)�H� 3Z(6&)���,)
¡ �X�.�9�d���e�,&"�d�����qAB�5*�S���.�#���,(6�9�	����������D�.�#&)���F��!/�"�]�8�,&)(6&.���O$%�e$GD�V����(2��D�'@I!W&)�/���I(O$%�.�d;6&.��!/�.�>$%�
�[�M���I(6�(� �-;6�,�eN3�,(%�f>�,��!/�����
2�����(LD�,�.��)-1y�I��!	�7�,�]&0A%�,('�9��;�;6�3�/&)(0�f�3�������	(��
2��2!��\���"�H&)�C$c�/D�5NGD�$�(��'2>�,(0�W�G$%���9��@I(6&)���.���m$%������!/�	���JD�^�9����NI&.(%�\�]&U���I��$%��1y�I�]�/���"(<A[�,� �3�������.�L;�!��I;6�"!��/���I(6�	$%�j���.�D�'NGD��(��'2>�,(0�/��A.!��,��&)�/��N3�.�L*&4��
Z&��3���pD���W&)�k36(6&.�qA0���I(%�J$%�]�9��!������JD�,�V�{�9����NI&.(%�G��(��\���"��2#�����/��(��
2>��&)���3A&)���I!W�Y��& ���"�b$0�1;2!���Z&����������2D�4&"���9�0����D���^&.��(��
2��2!��	�/�"�W&.��$c�/D�5NGD�,(2�'2>�,(0�W�B$0�����9@"(6&.�qA6����D�.��!/���� 

� 7=; @ B������$BQ; 
«K°�B�� @ BQ9 @ B������ B��  BQ9  ;�Û�¸ 7F; @ «K°�� @ 7 9 @ ;LPc®&®9®zP	¸ 7=; 

«K°��
 7D9  ; 7]¶0)`(g;

�5*��; º �.���G���	(��
2��2!��m$c�/D�'NGD�,(��52>�,(0�W���%D�,���.�������"(�(JD�.�Y$�&.(6�Y���V�Y$%�I(�(LD�,�.�|!2D�,�������V�{&'N3�.�L���c&)(6&.��:2���&"���9�0����D����*&'���/D���W&)�=36(6&)� P�A�°d���U(���2���!/�#$c�/D�'NGD�,(��52>�,(0�W�L&)�/���,(Z$%�6�1;6�I��!^���>�9��@"(Z&)�qA5���"�Z� D�,�H&)�W�
36(6&)���^���I(�� �"(Z$%�6��A 9 º ���d(��
2��2!��#$c�/D�'NGD��(��'2>�,(0�W�L$0����!��2���4$%��� �I(6$u�0D�����.���/���I(�(LD�.�k;6�I��!U���/D�,�W&.�
36(6&)� P/A%�,� � º ��&^;�!��I;[�I!��/���"(e$K��D�'NGD�,(��'28�,(3�W�|$%�p���9@"(6&.�B$2&)(6�L���/D�,�W&.�:36(6&.�?PF)
�9���qA����^(��
2��2!���$c�/D�,�W&.�W� 3Z(6&)��� ;6�3�/���������.�\�.���pD�'@3&.�\*&U��!��I�]��)Lb6�.�\;6&)!H& 2o*�,�/!��.�!� º ���I(%�m�,( �+&.������m���3�$×n�����,(0�yT $YD�,36(��5;����Z�"
6&.���Y;6�"�2!L���.�|��!��I�]�|���";6�I����@I���.��)Eb5&� �I(6�������"(#� �.�9�Y���/�����]�0D���4*&^�]&;��]&I���#$%�U�]&"� �"(6���/���I( ¸ $2&)(6�	�]&>!/�,�]&.�����I(¨¶-)�¢%Ab�"�w$�&)(Z�-��&>!��,��&)�����"(¨¶0)Ð©>;6�"��!�����(���!��7��2>;��/�$%�����X��(�� �"!F2'&)�/���I(>���
2>;��+*�,���m����!L��&j2n&"���9�-)
*B(�36(bAI;[�I��!G����2�����(��,!z���.�b!�D�.�9�����H&)�W�C$%�.�B&.(6&)��:��9�.�B$%�.��$%�I(�(LD�,�.�C$%� bK*k1 -5("-L�,�|$0�hbK*k1.-9¼C¼0A���|�9��×>�4$%�8���I(6����$YD�,!���!G�3�/����(��#���";6�I����@I���e*&>��(2�FD�,(2�,!M@I���8$%�"(�(JD�,�d�V������( D�,�H&)� 36(6&.�L�9��;�;���D�$�

2>�,(0�W&)��!��-) D �p���I�W&)�+A �'�v&.�B$0�"(6�U�9���OD�,�W&.�W�Q36(6&.�]��A<���X�.�9�]� *&D� $%��!/�U�9���'��!/��;����,�W� 7F; º B�� º BQ9 º ;HA[���/�����]�0D�V�;[�I��!|���.�9���,!C��(��=2'&"�/���SØ Ù ÚG�,�|��(U!H&);�;6�"!/�L$c���'2���!W&.(6��
2�'2d��(%�òÌY!'7=� � Ô$
6&I$%!��I(6�';B$0�"(�(JD�V�,)
b5& 3 @"��!/�¨¶-) 9 2>�I(%�/!��p���.�d!2D�'@"���"(6�8$%� ;2�]&)(�W�Ø>ÙqÚ#BwÌY!'7=� � Ô$
6&"$%!/�"(6�';=XZ&)���e� �2�,�����.� ���.�!�D�.�9�����H&)�W�L�7��2�����(JD�V�{$0�.�L&)(6&.��:2���.�\$%�.�L$0�"(�(JD���.�k$0�jbK*k1.-9¼�¼d�,� bK*k1.-'(�-U���I(%�m���,(Z���	�2���.�5 
&g;!b �v&.(6&)��:��9�U$%�.�m$%�"(�(JD�,�.�	�9�,�����V�k$%� bK*k1 -5("-#;[��!M2>�,�\$0�U$GD�,3Z(���!\��(��U!2D�'@"���"(��5*� ���.�L;6&D�!W&%2�*�,��!/�.�y�/�.���2D�.�Y�9�"(0�Y�'�2�����Z�{&'N3�.�L��(>(2��N3�.&.�>$%�-���"(�3[&)(6���-$%� Ò Ï4 )��k(��\���92>���/�L���2!L�]&

2'&"�/����$0�%�6�M���"(�� �-;6�,�2�G>�,��!/� 3 �GD�,�-&HN3�V�	����(���N3�V&)�'$%�4���I(�35&.(6���� 
Ø Ù Ú ß 9 Ñ B$¶\¾\�9¿"À+ÁAÜ ���WÌY!57=� � Ô&
6&"$0!��"(Z�,;�3óÏ"B�( 7 Ò Ï4 ¡ b?;



¢�¼CÏ � ������� ����	�����%��������	�� ��	�� 	�� � ���Z�� &� �	�	

H+H-→τ+νττ
−ν

–

τ

0
0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

45 50 55

E
X

C
L

U
 A

 L
E

P
1 

(9
5%

 C
L

)

EXCLU A LEP133

70%

80%

B
R

 (
H

+  →
 h

ad
ro

ns
)

0
0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

45 50 55 60 65

E
X

C
L

U
 A

 L
E

P
1 

(9
5%

 C
L

)

EXCLU A LEP161

70%

80%
90%

Masse du boson H+            (GeV/c2)

0
0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

42.5 45 47.5 50 52.5 55 57.5 60 62.5 65

E
X

C
L

U
 A

 L
E

P
1 

(9
5%

 C
L

)

EXCLU A LEP161+LEP133

95%

Masse du boson H+ (GeV/c2)

B
R

 (
H

+  →
 h

ad
ro

ns
)

������|Â¶0)Ð¼ } VWF9 �!> D�E+G3BqP5_+RZ.!E��k� Ù Ú ��� < K�" � $'[ .]B < D�E+G�M 
q9�¥�T�RZP+9�G .���9�T B > � F9 < 9�E @ G E > ��9�.!P B�9
T�D�E���.!E+T�9�_�. < RS9�G=.!E�.pRS¨+G�9�G{B�9�G{B�D�E�EHF9�9�GHB�9�� ~ c 4 6!6�9 @ B�9x� ~ c 4 n 4x_�D+P < RZ. @ D�_lD!RAD �!> 9�RS9�_ @ D�E > ��P+9!j
P @�> R > G�F9�9�G�G�F9�_�. < F9 Y 9�E @ D+PWB�9 Y .!E > ,9 < 9�T�D Y � > EHF9�9!^ K� � @ 9�¥ @ 9�_�D+P < P�E+9�B�9�G�T <�> _ @U> D+E _+RZP+G�_ < F9�T > G�9�M



� �������-� ���,	���,	S� ���3����O�§���]
,� � ���������O�������������������\����	A�������)��� ����	 �� ¢C¼�-

b5& !2D�'@"���"(F$%�.�G@I!W&.(6$%�.��NI&)������!W�U$%��ÌY!57=� �ÅÔ 
Z&"$%!/�"(6�,;�(/���.���4;6&"�U�'�2�������8�,(E!W&)�����I($%�>��&��%D�,���.�������"(w$%�'���/D�'NGD��(��'2#�,(%�-�,&)(6$0�]$�&.�#$�&)(6�^���.�^$0�"(�(JD���.�^!2D�,�������V�^$%�BbK*k1.-'(�-��,(!��.��
��,!H��
Z&)(0�L���.�pD�5NGD�,(2�'2>�,(0�W��*& �3�6&.��!�� ���,�H�,)/b5& ���92>���/�	�.�9� ������(e��>�2!^;����6� 
6&.�����8&'N3�.���(s(��9N3�.&)� $%�e���"( 35&)(6�7�e$%�¨¶+Ï4½ OØ>Ù,Ú ß ©C©"Bw¢^¾\�9¿"À+ÁAÜ ��(6$GD�,;6�,(6$%�'2 2>��(0�U$0���]&
NI&)������!L$%�îÌY!'7F� � Ô 
Z&"$%!/�"(6�,; )

�c;!b5&^���
2��2��(6&.�]���I(#$%�.�|!�D�.�9�����H&)�W�|$%�V�Y&)(Z&)��:2���V�Y$%�\���I�����.�|���.�|$%�I(�(JD�,�V�{;6�,!M28�,�|$%�m$YD�,36(2��!��(��4!�D�'@I���"(o$c�X�5�������6�����"(p&'N3�.�	��(�(��9N3�.&)�p$%�j���"(�3[&)(6���j$%� Ò ©4 )��k(���(��I��N3�,���������92>���/�3A& 2 D�������I!W&.(%�5���"�Z�l���.�b!�D�.�9�����H&)�W������/�,(%�Z� �,(#&.(6&)��:��/&)(0�B���V�y$%�I(�(JD�,�V�B$%� bK*k1.-"A";6�,���l&)��(Z���
>�,��!/�h3��GD�,�� 

Ø Ù Ú ß ©C¢^¾\�9¿"ÀDÁ Ü �9�5ÌY!57=� � Ô 
6&I$%!��I(6�,; 3½Ï"B$¶ 7 Ò ©4 ¡ b ;
¡ ��!�D�.�9�����H&)�\&uD�,�2D�1;2� ������D� @ $�&)(6�L���c&)!/���]�7��� W ¶+©3X�)

� ;|�,�\$E; *B(u������������&)(0�	�6�X��(=� �"!M2n&)�����"(e$%�8�]&>!2D�.�9�"���������"(E�9��!^��& 2'&I�����#!��V���"(6�9��!/�����/�3Az���V�-!2D�'@"���"(6�$c�X�5�������6�����"('$GD�.��!������.�L;�!2D�.�zD�.$%�52 2d�7(0�Y���/D�,�/�,(6$%��(%�\$�&'NI&)(0�W&%@"��N3�,!H� ���.�O@"!W&.(6$%�.�=N"&.���,�2!W�$%�dÌY!'7=� � Ô 
6&I$%!��I(6�,; ) D ;6&.!��/��!4$%�>�6�X�,(6�9�'2���� �^$0�.�^$%�I(�(JD�,�V��Ab���|�.�9�^&.��(6�9�|;[�M���9�	�����$%�'$GD��36(���!4��(��'���92>���/�#����!U��& 2'&I���9�'$%� �6�3���I( ���^A���(6$GD��;[��(6$�&)(0���p$%�8�]&BNI&)���,��!U$0�!W&.;�;6�"!��m$c���'2��2!W&)(Z��
��52d�,(3�|�,(�
6&I$%!��I(6��A6�,�\&'N3�.�k�2( (2��N3�.&.��$0�^�7�"(�35&.(6���4$%� Ò ©4½ 
Ø>ÙqÚ ß 9 Ò ¾\�9¿"À+ÁAÜ 7 Ò ©� ¡ b ;

¡ �d!2D�.���2���W&.�^(/�c& ;6&I�uD�,�2D�#;�� �2����D�8�,&.!^���|�.�9�^� �����,(0�E$%� 2'&)(��+*�,!�� 2>�"��(6�����"(Z���,!FN"&.��!/�]���
� � �X�,(>( �X���/��������&.(%�G;6&"�L�]&^!2D�.���I�����/���"(p�9��!k��&G2'&"�/���-)

�������	��
��
�������������
�������	��������
����������! "���#���$���%�'&"�)(*�+���,�-����#.� $/��,�� "
���01(� "��0#��2�&"�3��
�&"�54
687:9<;>= ��? =1@ ��A*B�C�D 0�
�E�2�FHG�IKJL.M��/�2# "��0ON�PRQ+?TS FVU =�WYX �ZN



¢�¼C¢ � ������� ����	�����%��������	�� ��	�� 	�� � ���Z�� &� �	�	

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60 65

L
E

P
1 

(9
5%

C
L

)

LEP161

a)

70% CL

90% CL

B
R

 (
H

+  →
 h

ad
ro

ns
)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60 65

L
E

P
1 

(9
5%

C
L

)

LEP161 +
LEP133
95% CL

b)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60 65

L
E

P
1 

(9
5%

C
L

)

LEP161

c)

70% CL

90% CL

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

45 50 55 60 65

L
E

P
1 

(9
5%

C
L

)

LEP161 +
LEP133
95% CL

d)

Masse du boson H+                  (GeV/c2)

������|Â¶0) 9 } VWF9 �!> D�E+G3BqP5_+RZ.!E��k� Ù Ú ��� < K�" � $'[ .]B < D�E+G�M 
q9�¥�T�RZP+9�G .���9�T B > � F9 < 9�E @ G E > ��9�.!P B�9
T�D�E���.!E+T�9 _�. < RS9�G¤.!E�.]RA¨+G�9�GWB�9�G�B�D�E�EHF9�9�G�B�93� ~ c 4�6!639 @ B�9 � ~ c 4 n 4!j#9�E T�D Y � > E�.�E @ RA9�G�G�9�E+G > ©
� > R >A@ F9�G�B�9�Gx.!E�.]RA¨+G�9�GxB�9�T [ .]��P+9 @ D+_�D!RAD �!> 9!^ K � � @ 9�¥ @ 9�_�D�P < P�E+9�B�9�G�T <?> _ @�> D�E3_+RZP+G�_ < F9�T > G�9�M



� � ��� ���	��
 �

� 
 � ��� 
�� ����� 
 � �� � � 	�
� � 
��

�\&);�;6�,���"(6� � ���\���L;2!���@I!W&%2 2>�\$%�fbK*k1^¢�!��,;6�M���	�.�/���,(0�����,�����'2#�,(3������!G;����Z��������!W�|&)(2(LD�,�.�|$%�;�!������.�\$%�U$0�"(�(JD���.�k&'N3�.�	��(2�ED�,(��,!F@"���4$�&.(6�k���U���,(0��!/�4$%�G2'&I���9�^�9���/�LD�,�U&.�����I��!�$%� - Ò Ïâ¾\�9¿ )
* N3��(%�/���,�����'2#��(0�,AW��(��G;LD�,!/���0$%�G�����2D�,!����,��!��l���,!H&k���I(6��&I��!2D����*&k��(2�>D�,(���!M@"���G&)��� $%�,� *&k$%�T¢CÏ�Ïî¾\�9¿jA�,&)!\����&FD����D�U$GD�'2>�"(0��!2D� WÖ¼4¶0A[;Z& @"�î¼&9
- X � � �X���5�.��� �LD�,(JD�,3E� ���MA�;[�I��!	��& !/�.��
2�,!W��
���$%� �6�M���"(w$%��k��@
@3�U(��,���/!��3AG$c�v&.���/�,��(6$0!����6�/D�,(2�,!M@I���>��& ;����Z��
6&)�2����;6�3�/���	�2���3Ak2 >�'2>�8&)�O$GD�,��!/��2>�,(0�U$0���]&
� �6&.(%�/���2D�^$0�U$%�I(�(LD�,�.�m���"�����.���2D�,�.�m*&>���,�/���wD��(��,!M@I���-)�* +5�.���/��N3�'28��(0�,A3�]&�2'&I�����4�]&U;����Z� 
6&)�2���'*&�]&��3���,�����G���.�B&.(6&)��:��9�.�|$%�\!��.��
��,!H��
��G�9�"(0�Y�9�,(6�9�	�����.�B;[����� >�,��!/�\&);�;�!/�0��
JD�,�k;Z&)! ¯ °HY�-9Ï�Ï�) �q���V���$%�"(6�\�.���9�,(%�/���,�5$c�/D�,���Z$%���,!|�6�X�$×n�,&"�7���2D�\$0�.�Y&.(6&)��:��9�.�O� �2� �'�v&.�z;�!2D�.���,(0�2D���.�B;�!2D�.�5D�.$%�'2 28��(0�,AI&'N3�.���(��eD�,(��,!F@"���1;2!��0��
��4$%�"¢�ÏCÏ>¾k�&¿�) ¡ �^�/!W&'NI&)���+A%!/�,;6�3��&.(%�-����!\$%�V�k�9��2#���]&.�����I(6�Y$0�.� ;2!��0���.�/���6�*& - Ò ¢}¾\�9¿UAb& D�,�2D�U�,(0�W& 2 D�^$2&)(6�����U��&"$%!/�>$%�U�6�v&.���,�����,!\$%�#��!H&'N"&.���|�9��!��]& 1!
0:��9�&�3���p*& bK*k1�¢WÖ¼�¶MA�;6& @I� 9e¢&9 X6) 6k�,;��2�]��A�����6�v&)�<& 2 D�������I!2D�\�,�\���
2>;���D����D�3A"���L���b�.�9�L;�!2D�.�9�,(0��D��$�&.(6�\��� � ���<�������')
�  #" � & .8'k�S*�" � &�� .0/2.0&�� &(' �?�� 4�1S/ 'k�S*�" � ,+& � �# �*-.0&�� � 4 �
�b�"�6�k���.�Y;�!/�0���.���9�6�L�"(0�pD�,�2D�4����2#����D�.�\*&^���v&.�]$%�4$%� @CD�,(LD�,!H&)������!����������! jA6��&)�=�Y�2( ���"�m$c�/D�5NGD�$�(��'2>�,(0�W�^�����9�6�>$%�.�>��(%�/�,!W&I�������"(6�p*&E$%�,���F; 
��"�/�"(6� 2>�0$GD�,�����%D�,�.�U;6&.!>���#2>�0$5*�,��� ?6¡ 6G) ¡ �.�D�'NGD��(��'2>�,(0�/� �I(%�wD�,�2D�#�,(�@I�,(6$%!2D�.�1;Z&)!^���d;2!���@I!W&%2 2>�"��#%$'&( �)�)kb5& N3�,!H�����I( �2�������]�0D�,�#$%�u;�!/�.�

@"!W&%2 2>�+*-,(.-/0�!)	��(6�����6&)���Y���V�Y$GD�,�/�.���/�,��!W�\*&213������������2 $%� 2'&.(��+*��!��m����2>;2�q*�,�/�-)CÝ"��;�!2D�.�������m$�&)(6���� � �����9�����L���.�L���V�������"(6�L�$×n�,&"���V�{�,�\���.�L�7�"(6$%�������"(6�\$%�f@CD�,(JD�,!W&.�����I(�$%�V�k$%�i+mD�,!��,(0�W�Y;2!��0���.�/���6�����2#����D�.�,) �\( !2D�.���e2sD�k�V���m$%�"(�(JD�^$2&)(6�L�����W& �����V&)� Ñ )'-�)
� � �43�ÔD� � �53

6 ��2 2>�\�"(p���c&GN%�p&)�o��
Z&);�����!��870A6&)��@
2>�,(0���,!L�6��D�,(���!M@"���	$2&)(6�k���4���,(0��!��-$%�f2'&"�/���4$%���]&#���"�:9���]�9���I( ;6�,!F2>�,�4$c�&>����!��8����(6���������e*&p$%�.�G2'&I���9�.��$%� �[�M���I( ���	$0�>;����Z�1�,(u;2���6�G@I!W&)(Z$%�.�,)U1B&)!�'�%�52>;����MA�N Ù-;�Ù X NI&)�2�PÏ )�-<7-; �p*& -5("-�¾\�9¿s�,��Ï )=7?>-; ��*& - Ò 7"¾k�&¿UA);6�I��!fØ�Ù,ÚªÛ¥¶DÏ^¾\�9¿�ÀDÁ$Ü/)
1y�"��!C��
6&��3���Y�/�";6�"����@I���3A �'�c&)�2���92d����D�|$%�.�����"�H�B$c�/D�'NGD��(��'2>�,(3�H�[;6&.!B;6&I�l��(G2'&I�����J$%�+>¨¾\�9¿hÀDÁ$ÜbA$%� 9'> ¾\�9¿hÀDÁ$Ü�*& Ñ Ï ¾\�9¿�À+ÁAÜ ) 6 
6&��3���U���I�	�7�"(0���,(6&.��� -@>�ÏCÏsD�'NGD�,(��'2>��(%�H�kA6;[�I��!����/D�,�W&.� 36(Z&)�;���!��52>�,(0�{���,;��/�"(���� ���MA ���#-9ÏCÏ�ÏxD�'NGD�,(��'28�,(%�H�y;6�"��!m���.�G$%�,���'&.����!/�.�\�,&"��)



7�¼&9 � ������� ����	��
�� 	���� ��	��"������	����� / 1 2 4 o!e�� 	
	

� � �43�ÔÃÇ,Ç
b5&F���.�7�����I(s�$×n�,&"���o$c�X��(%�/�,!W&I�������"(F�,(%�/!��o$%�,���F; 
��"�/�"(6�'���I!W�>$%�V� �7�"�����]�9���"(Z�ED�,���.���/!��"(2�&�3���.�
NI&.!����#;6�,�w&HN3�V�1���/D�,(��,!F@"���-) 6 ��2 28�^�"(e���c&�N0�bAb���U;�!/�0���.�/���6�4��!2D�,�4��( ��!������4$%��� �"(6$#@�>��(6&)(0�;6�I��!U���/D�,�W&.� 3Z(6&)�G;���!��52>�,(0�	���,;2���"(2�&�3���3Ab���I!W�M�3�/����(��#;6&)��!��'$%�#����;����I(6�1�H&)�E�.���j��!2D�<D�,�-) D 3Z($K�X�,(e���,(2��!4����28;����3A �'�v&)�|���/�����]�0D�U����@CD�,(JD�,!H&)�/�,��!8�(����� �  �;[�I��!U�9��2#������!k��(w���"�j$c�/D�5NGD�,(2�'2>�,(3�H�$0� 2>�0$5*�,��� ? 1� 7 (��I�2D�.��Ç,Ç������p;6&)!G�]&�����������;HA0���"(0���,(Z&)(0�Y$0�.�"
6&I$%!��I(6�Y�"�n$%�.�B���,;2���"(Z�Y$�&.(6��6�/D�,�H&)�/36(6&.��)-1y�I��!jD�'N0���/�,!C$c�v&'N3�"��!L*&m����2#�����,!z��(U�/!��I;�@I!W&)(Z$ (��
2��2!��G$c�/D�5NGD�,(2�'2>�,(0�W���+&"�������'2>��(%�!/�����,�H&������.�B;6&)!|�]&�;�!2D�V�%D�,���.�������"(4���,;��/�"(���� �2�3A3�������]�B���V�UD�5NGD�,(2�'2>�,(0�/� �5*�'�]& 2'&I�����L��(�NI&.!��]&.(%�/�\$%��9:��9��*�'28�\$%�.��� ��!M2>���"(6�b�]�/���6�G$%�	������(0���,!H&"���/���I(^�,(0��!/�k���.�y; 
��I���I(6� 7�Ø I�� I ;4D�,�W&.���G����;JD�,!����,��!��j*& 7�Ï
� ������� Ü �"(0�pD����D�	�,(e@"�,(6$0!�D�.��) 6 �,���/�1����2>�����L��(��ID�,!����,��!/�	&ED�,�2D� 3��GD�,��$0�1��&G2'&)(2�q*�,!/�������9NI&)(0���
�

} >CÏCÏ D�5NGD�,(2�'2>�,(0�W�k�I(%�wD�,�2D�8���92d�2�,D�.�	&'N3�.�"Ø I��I ß -@> � ������� Ü ) D �6�7��( ( ��D�,�H&)�����/�,� � ��� �
!<Þ"$#&% ß 7 � ���'���?) 6 �,���/�	�7�"��;��2!��eD�,�W&.(%�G;�!2D�5N%���m$�&.(6�Y�]&�;�!2D�.�0D�,���V�������"(#���,;��/�"(���� �2�3A �'�X��(&)�C$YD�.$%�����O�3���������"(';6�"��NI&)��� 3 �%�,!L�2(��fN"&.���,�2!L;����6�Q@I!W&.(6$%�U&.��;6&.!W&%2�*�,��!/�6Ø I �I )

} >CÏCÏOD�'NGD�,(��'2>��(%�H�Y�"(0�eD����D�U�9��2#����D�V�k&'N3�.��Ø I�� I ß 74> � �(�)���AÜ/) 13��!4���U���"��Ac2>�"��(6�\$%� -&ÏD�'NGD��(��'2>�,(0�W�6(/�X�I(%�b;Z&"�4D�,�2D�|!������,�2D�.�z;6&.!B���.�z;2!��'2>���,!W�5��!�����*�,!/�.�b&"$0�";��2D�.�y;6�"��!C���.�b&.(6&)��:��9�.�*&�;����6� �6&"�/��� D��(��,!M@I���-) 1B&.!U���I(6�0D�H� ����(%��A �'�c&)�?3��GD�>�]& NI&)������!f2>��(��92'&)���U$%�w;6&)!H& 2o*�,�/!��
Ø I�� I *& 7CÏ � �(�����AÜyA6��� � �����7�"!�!/�.��;6�I(6$u*&U��(��4���V�������"('�$×n�,&"��� N%�����	�2���m$%�'*+ÏU; �/)

b6�#���I��$c�/D�'NGD��(��'2>�7(%�H�Y$%�e�9:%;6�,+-+�������&.��(6�9�B�,(�@I�,(6$%!2D�.�k�,�\���/�������0D�.�\$�&.(6�	���.�	&.(6&)��:��9�.�U*& - Ò 7
� ��� ���I(%�/�,(6&.���.9�7 Ñ�. D�5NGD�,(2�'2>�,(0�W�Q)
�\(�&)�2��!��U���"�m$%�]�9;6�"(��������j���"(0���,(Z&)���L;2���6�\$%� -2-9Ï�ÏCÏOD�5NGD�,(2�'2>�,(0�/�Y$%�!2>�0$z*�,��� ? 6 6 &'N3�.��$%�.�

Z&"$%!/�"(6��$�&.(6�k���/D�,�W&.�Q36(6&.�Q7 (��"�2D�.�/+0+���1�2�;6&)!m�]&#����������;HA��,(�@"��(6$%!2D�V�k&'N3�.����#%$'&( �)#A��,(��92>;6�!9�/&)(0�k���.� ����&)�]�L�9����NI&.(%�H�3�
7RØ I � I ;kÜ ß 7�Ï � ��� Ü �4� ¢ A
! Þ"$#&% ß -2B Ò � ���'����A��,��6�v&.(�@"���1;6�I�]&)��!��4$%�.�8D�����.���/!��I(6� 7 �,�L;6�M�����/�"(6��;L$0� +5�6�0D�V�k$%�I��� >�,�/!�����(��ID�,!����,��!m*&27 1 )
b5&8���.���/���I(>�$×n�,&"��� N%�����	�2����$%�4�����9:0;[�-$c�/D�'NGD�,(��52>�,(0�W�B�.���\$0� 7?> ; �/)

� � �43�Ô5�$6�%7 (�+/;
D - Ò 7 � ���jA��]&#���.���/���I(��$×n�,&"�7�^$0�U����;�!/�0���.���9�6�k(/���.���\;����6�h�3���j$%� - . >d; �<Az��� � �2�����"!/!��.� 9;6�I(6$O*& �,( N%��!��I(7*8; �u;6�"��!4�]&';�!��0$%�Z�������"(E$c����(��#;6&)��!��8$%�>���,;����I(6�1�H&)�bAb�,�8*& Ò Ï�; �u;6�I��!��& ;�!/�0$%�6���/���I(E$c�X�2(��d;Z&)��!/�'$%� � �Z&)!982�,) 6 �,����� 9 ���|&p$%�"(Z�d��(��>;2!��";6�I!������"(u!/�,�]&.���9N3�#$%� (:*<;>A�9�,(6�9�	�����'2>�,(0�k��&�2d>�'28�G�3�/��*& -5("- � �(��)?7 6 �V�-(2��2���!��.�m���"(0������/�,(0�6�	�,( ��(�@"�,(Z$%!W&.(%� -�=<=�=D�5NGD�,(2�'2>�,(0�W�|&'N3�.�����������! �;�)

� � � 3 Ô?> � > 3
? �����&�3���.� � ��� &)��9 $%�.�/���6�4$%�E�9�,�����l$%�d;2!��0$%�6�7�����I(bAb���.� �6�3�9�"(6�@> ���I(%��;�!/�0$%�����H�^�9��!����,��!�7�"�6��
���$%� 2'&"�/���3A0�,�Y��&^���V�������"(>�$×n�,&I����$GD�,;Z&"���9� -�=^; �/) D - Ò 7 � ���jA%�7�,����� 99�7�ENI&.���#-A*MA�-	; �bA�7� � ���C$%�I(�(��U!��V��;6�.���/��N3�'2>�7(0�/*3A Ñ ; �bAB*3A >>; ���,�;-"A Ñ ; ��;6�"��!����V�'D�,�H&)�H� 36(6&.�]� 
6&I$%!��I(��&�3���3A�9�'2>�:9q���,;����I(��&�3�����,������;����I(��&�3���+W . *3Az;Z& @"��- 9�-LX�)�Ý��v&.�|$GD���W& 2>�I(%�/!2D� � ���8���U;�!/�0���.�/���6���.�����]&�9�"��!H���8$c�X��( ��!/�����4$%�'� �"(6$���!/!2D�.$0�6�����������MA�;[�I��!^���.�	��!/�"�]�	�/�";6�"����@"���.�1!2D�.���2���W&.(%�-$%�.��$YD�.�9��(0��D� 9
@I!W&.�����I(6�Y$0�.�B;6&)��!��.�B$0� �6�3�9�"(6� ���G) 6 �V�����.�9�Y$K�v&)�2�W&)(0�B;����6�?N%!H&)�+A6*&!- Ò 7 � ���UA
� ���L��&����.���/���I(�A×'�,&I���\� � �43�Ô?> � > 3'�V���Y�92>;6�"!/�W&)(0���0) .\(>;6�,�2�L���,;6�,(Z$�&)(0�L���v&)�/���,(Z$%!��j*&G2>��������;[�I��N3�"��!�7�"(0��!�>�I���,!#�7�.� ��!��2���W�U$0�C� �I(6$zAB�,�#$0�"(6�e*&����.��!�D�.$%�2��!��'�,(w;6&)!/�����MA|$�&)(6�U���V�^&)(Z&)��:2���V� �5*�s�]&



�+����������G5�M�q
���k�������F� �� �� 7 . >

2'&"�/����Ø������0$%� �[�M���I( ��(����/�]&)�5�.���m!��.���I(6���/!��������-)�*B(p�,+5�,�,A6���.� �6�M���"(Z� > D�,�W&.(%�\;�!��0$0�����H�	����!���,��!m���I�6��
2�#$%�G2'&I���9�3A[��&'$%�]�9��!��������/���"(o$%�)Ø����	� �.�9�����I(6���,(0��!2D�,�U&.�����I��!4$%� Ñ = � �������AÜyA5���
� ����;6�,!M28�,�	$0�d�/�.���/�,!	��� 
%:0;6�"��
b*�.���j$c�X�2(���2'&"�/���#$%� �6�3�9�"( ���\�,(�9 $%��D�,&>$0�>��������� NI&)������!�7W*&;6&)!/����!4$%� Ñ = � �(�����AÜbA ��&'���.���/���I( �$×n�,&I���^� � �?3 ÔD� � �53\$0��2>��(%�����/!��";w!W&);2�]$%�'28�,(%�\;6�"��!�.��;JD��!��,!U;6�"�eN3�"��!#>�,�/!����9�,(6�9�	�����u*&e���p;�!��0���V�����Z��Ak2 >�'2>�8&'N3�.� >�=�= ; � 3 @ ; )�
pD�.&)(�28�"��(Z��Ay���.�;�!�� ���+*�'28�.�y$0�k!/�.���"(Z����!/�6���/���"(#�,�|�]&	��&)!M@I�,��!G$%�m$YD�.�9��(0��D�'@I!W&)�/���I(>$%��>tA3�,(0��!��\&.����!/�.��A3�/�,(6$%�,(0�*&-;6�,�2;����,!C���.�k�3���,���.�C$%�k��&�$%�]�9��!��������/���"(U��(>Ø ���	� )�b6�k;�!/�0���.�/���6�|� � � 3 Ô?> � > 3 !/�.���/�\$%�"(Z���(��p���I��!W���'�92>;6�"!��H&)(0���'$0�%�2!������#$%�)� �"(Z$ ;6�"��!#���p�9��@"(Z&)�qA?2d>�'2>�^���"!H�M�3���'���X�I(F��
���!W��
���*&!��.���I(6���/!�����!��	�2(�� �+&)�	�2���f2'&"�/���-)

� � � 3 Ô�����,�\&.����!/�.�L;�!��0���V�����Z�^*& � �Z&)��!/� � �,!M2>���"(6�
D - Ò 7 � �(�UA%���	�9�,�����<$%�	;�!/�0$%�6���/���I(�$0�.�Y;6&)��!��.�G$%���'�.�9�\$YD�,;6&I���0D� �����.� �6�3���I(6�\���"(0�L;�!/�0$%���������!>���,��!8���"�Z��
��o$%�B2n&"���9�-) 6 ��;�!/�0���.���9�6�'��!2D����$%�I(6����( ��!/�����8$%��� �"(Z$x��(JD�'N0���H&������ 2'&)���!�D�.$%�Z�����������3A6�,(u!H&)�����"(r$%�'��& �+&)�������8���.�7�����I(u�$×n�,&"�7� 7C-"A 7 ; �K;WAy���,A�����2 2>�^;6�"�2!^���V� D�'NGD�,(�� 9
2>�,(0�W�^� � �43�Ô?> � > 3wA{��(s!W&)�����I(O$%���]& ���0�,&)���]�/&)�����"(O$%�p�]& NI&.!��]& �����cØ����	�3&)�2���"�2!�$0���]&
2'&"�/����$%��� )
b6�.�|;�!��0���V�����Z�{� � � 3 Ô���7� � � 3 �,�|� � � 3 Ô?> � a � �I(%�J&)�6�/���\D�,�2D�m���92d�2�,D�.��)gb6�,�2!Y�9�.���/���"(#�$× 9�,&"���m�,�Y���,��!W�G�,&)!H&"���2D�,!������/�&�3���.�B���I;[�I���
@"�&�3���.�L�9�"(0�\���,(Z���	�2���'2>��(%�B���.�:2d>�'2>���?� � �]*&^;����6�"�6&I���9�D�,(��,!F@"��� 7<N3�"��!Y�H&������.&)� Ñ )�-%;�)

�  �� � & � /G Q$ 4+&�� � %&4" %&  / 1S&��
b6�.�\&)(6&.��:2���.�L;�!2D�.���,(0�2D���.�L��� 9 $%�.�/���I�6�k�9����N3��(%�G���.�L$GD�52'&)!H��
��V�{&I$%�";2��D�,�.�4*&U;����6� �6&I�����wD�,(��,! 9

@"���0)�Ý��v&.�|���,;6�,(6$2&)(0�4N3�I����� >����!��#;����6�	���/!������4$�&)(6�	�6�X���/��������&.�����I(e$%�8���,!��H&)��(��.�hNI&)!/�]& �����.�7Ab&H3Z($c�v&.��������(6$%!/����(��U;����6�h@"!H&)(6$0�d;��2!��,�2D�U$�&.(6�	�]&#�%D�,���.�������"(o$%�.�pD�'NGD�,(��52>�,(0�W�kA�2d>�'28��&)�e$GD����!��:9
2>�,(0�\$%�U�����$×'��&"������D�4����!����#����@I(6&)�+Ab$�&.(6�1��&�2>�.�9��!��4�5*�w���U!W&.;�;6�"!/��� % ��� @���� Ab&)�e;���!��3A6!��.�9������"(6�9�W&.(%�5)
b �v&.(6&)��:��9�\$%�Y�6�/D�,�H&)�c36(Z&)� 
6&I$%!��I(��&�3���J���"(0�����,(%��&.�6���9����(��8D�,���Z$%�O�3���0(���� ����;6&I�B$YD�'N3�,���";�;JD�,�*&k;����Z� �6&"�/���pD�,(��,!F@"���3A'N%����&.(%�\*&\���������]�9�,!����.�B$GD�,���.�7���,��!H������� �S&'36(>$K��D�,�/�&�3���,����!b�]&k;�!/�0$%�6���/���I($%��;6&)��!��.�L$%� �3�6&)! 8��L���Y�,('�]$%�,(0���i35&)(0�Y���.� 8I&)�I(6�	��
6&)!F@BD�.�Y�������Z�k$%�����,��!L$GD�.����(%�2D�'@"!H&)�����"(/)
b6�.�b;6&)!/�����������V�[���/�������0D�,�V�[$2&)(6�b���.�6��!/�"�]��&)(Z&)��:2���V�z�"(0��D�,�2D�|�0D�,���V�������"(�(JD���.�z$%�C�]&Q2d>�'28�/2'&)(��+*�,!��

� ����;6�"�2!k���.�k&.(6&)��:��9�.�4*&(-5("- � ���UA6�7�1;2!���2�q*�'2>�m(/�/D�,�H&)(0�L;6&"�\$GD�,�/�,!M28��(6&.(%�J&)���9�W&I$%�U$c����(��D�,���6$0�	!��,;6�M��&)(0�m����!m$%�.�L�9��2#���]&.�����I(6�,)
*B(�36(bAb��� �+&)���f@M&)!W$0�,!'*&>�����.��;2!����\���#��&)!W&I����*��!��#;�!2D�,����2>��(6&)��!���$0�>���������rD�����6$%�MA ������(d� ���U���.����"��;2��!��.�\�0D�����.���/��N3�.�G&)���,(%�nD����D�^�I;����92>�]�0D�,�.�3�0���/D�,�W&.�\$%�e$YD�,�/�.��������!\���92d����D�k(2�U���I!�!��V��;6�"(6$�;Z&"��A�,(E;6&)!/�����MA\*& �6��D�,�H&)�#$%�+6 *QbK1�� �U$%� 2'&.� - Ò�Ò *MAY�,�#���,!/�W&.��(6�U;�!��0�7�.���9�6��A|�,(E;6&)!/�������������,!^���.���(0���,!H&"���/���"(Z�	*&#$%�,���>; 
��"�/�"(6�7A[�I(%�nD�,�2D�4����2#����D�.�y�,(p��!��I;';[�������/�.�O�3�6&)(0������D�.��)



7 . ( � ������� ����	��
�� 	���� ��	��"������	����� / 1 2 4 o!e�� 	
	

���������
	�� �	�������� ����������	���������
 !��	����"������� #%$&��'(��� )+*���-,.��(���/���/�(��� ���0�����,�'(1
�/�(�2�

354 �76 �����8�91���"� 3 _�� 3 @ 6

� � �?38:5�$6�H7 (�+/; - . > . ("-*-<> 7�(<;� � �43�: +-+>=@?BA: ���I��� *�= 9�7<; . ("-� � � 3 :?+0+ =DC�E: 
6&I$%!��I(6� 74> -2- 9�- . 9�>
*� � � 3 :?> � > 3 -�*3A=> -<7:*$9'> * 7<;� � �?38: � � � � �43 (0A`( . 7?7�= 9�;<;� � �43F:��� -IA=7 *%(�-'( ( . 9�*� � �43�:?>e� a � =0AHG47 -�=<=�= -�=<;:*

� � �43�:\� � �53�:`_ � a * _%3 a *
IKJ�LNM 9�>p*&O;<= � �����4��P =%A (:*n*&)=0A�-<7 Q -@>�=<= 747�=<=�*& -@7<=�=<=
� � �43�:\� � � 38:`�,�/_ a *
IKJ L M 9�>p*&C*4= � �����4� P =%A (:*n*&)=0A=7
( Q -�=�=<= -@><=�=�*& . ;<=�=
� � �43�:\� � � 38: � 6 � 6 ���
IKJ�LNM 9�>p*&C* > � �����4� P =%A (:*n*&)=0A�-R; Q -�=�=<= -@><=�=�*& >4><=�=

yTS�z	|!; )�- } c < D�T�9�GUG�P+G�G >ZY P+R�F9�G ,. 4�o!e 7�9�:8^ c D�P < RA9�G�G >ZY P+RZ. @�> D�E+G . �!9�T � > . > G�B�9 � F9�E�F9 < . @U> D+E
K 9 � 9 3 $ LOL=M�j!RZ.8G�9�T @U> D+E¦9���T�.pT�9 > E+B > ��PHF9�9 @�> 9�E @ T�D Y _ @ 9xBqPW� > . > G�^ c D�P < RA9�G >A� E�.]R�j+RS9�G	G >ZY P+RZ. @U> D+E+G
D�E @ F9 @ F9 I . >S@ 9�Gx_�. < _�.]G	B�9 i 7�9�:���� P 9�E Y .]G�G�9�BqP���D!G�D+E " � ^



�+�A���������Q��� ���
	 ���!�
� ����	��l
� 7 . *

�  � � *���* 1S*����S& )+/2,! �*�"#�%$-4+&
��������� �
	���� ������������������ ��� � �� !" �#���%$&('*)�& � 	 ,+�-���
6 ��2 2>�e*& ;����6���6&"�/���tD�,(���!M@"���3Ay��& ;2!��'2>�+*�,!�� D�,�W&.;[�o���"(Z���]�9���r*&u�0D�,���.���/���"(2(��,!U$0�.�xD�'NGD�,(�� 9

2>�,(0�W�L*&f@"!W&.(6$%�f2#�����/��;����]�W���2D�MA0*&uD�,(��,!F@"���=2'&.(�� �Z&)(0���\!�D�.$%�2�����MA"(��	;�!2D�.����(%�H&)(0�Y;6&I�L$%�	; 
��I���I(D�,(��,!F@BD�,�/�&�3���|;[�I��NI&)(0�B;�!/� N3��(���!C$c�X�2(��Y!H&"$%��&)�����"(U��(����/�]&)���3A����B$%�I(%�C���.�b;6&)!/�����������V� ;6�,��N3��(%� >�,�/!��!��'@I!��"�2;LD�,�.�y��(��3�6&)�/!��
���,�H�,)
1y�"��!l���,�]&0A �'�c&)�2���"(Z���,!FNGD�G���.��D�,�W&.;6�.�k� ���2�,&.!W&"�7��D�,!/�]��&.���,(0�b���c&)(6&.��:2���*&d;����Z� �6&"�/���FD�,(��,!F@"���3A��,(e&/.8(6&.(%�����V�k��!/����*�,!��.�\$%�#�0D�,���.�7�����I(E*&d�6�v&.�]$%�j$%�.�k���"�W�m$%� ;2!��0���.�/���6�� � �43�:\� � �53L�,(e@"�,(6$0!�D�.�L&'N3�.� I J L M >�= � ���,��� P ��� I J L M (<= � �(����� P )
021�3465 34678469;:=<?>A@CB�DFE 1 >G@�<?H�I�4J5K: 1 <?9;:=4ML�9 1 <N:PO4 1 4RQTSVU
b6�.�\���"�2;���!��V�k&I$%�";��2D�,�.�L�9�"(0�k���.�L�����9NI&)(0���.�3�

6�W �YX �NZM[ W *-) 6 �,���/�Y&.��@�28�,(%�H&)�/���"(-$%�|�]&L����28�����IA�;6&.!y!H&);�;6�I!��\*&L���������C���������]�0D�,�J*&]\ ^ M W ( W
� ���UAy�V���^�2(x�,+5�,�j&)���3���,�L�I(x���v&.������(6$zA|�,&.!U���>(��
2��2!�� 2>�.:3�,(w$%�>;Z&)!��/�]���2���.�U��
6&)! 9
@CD�,�V�l;Z&)!'D�'NGD�,(��'28�,(%� 
6&I$%!��I(��&�3���	;6�,���f>�,��!/�k;Z&)!W&%2sD�,�/!��]�0D�k��()� �"(6�7�����I('$%�	��&^���I(6���H&)(0���$%�#���I��;��]&%@"�#$%�U�6�X��(%�/�,!W&I�������"( � �I!��/�3A�_ % A � ���l&)��@
2>�,(0���4&'N3�.�^���/D�,(��,!F@"���0)cb5& 3 @"��!/� ;�) W�������6�9��!��\���c&);�;2���]��&)�����"('$0�^�7�,���/�^�7�"��;��2!��-)
` �NZa[ . =:; \ ^|AY�9�"��� ><; � ���UAB�,�b`dcfe8cg[ >�=
; \ ^|A|���I����G
( � ��� ) �9���+AB���������'�]&����:9
2>���/�L��2>;6�M�%D�,�#*&^�6�/D�,(2�,!M@I���m$%�����"�2���.�Y���.�Y;6&)!/�����������V�Y&U��
6&)(�@CD��;6&)!L!H&);�;6�"!/�U*&U���/D�,���Z$%�U*&
\ ^ M W ( W'� ����)

b6�.� �h.'�,&I�����2D�.�Y$0�U�0D�����.���/���I(�$0�����9@"(6&.�B�9�"(0�U*&8���4���W&I$%�U�7��2>;�!/�]�9�.�Y�,(0��!�� G=i�A W ; 7 I J L M i�>
� ���,��� P ;�����G-;0A=>
; 7 I J�L M (4> � ���'��� P ; ):b5&e���.�7�����I(u�K.n�,&"�7�d�/�"�W&.���p$%� ��!/�����j$%�)� �"(Z$!��.�9�W&)(0�b�.�9�B$%� ><=%Ajim; ��k,�,�����|���I!�!/�.��;6�"(Z$zA6*& 
6&)���/�,��!C$%� * . ;OA0*&k$%�V��D�'NGD�,(��52>�,(0�W�6$%�^;2!��0���.�/���6�� � �43�: � 6��7 (�+/; )Qb6�p$YD�,�W&.���\$%�V�^(���2���!��V�U$c�/D�'NGD�,(��52>��(0�W��$%�V�^;�!��0���V�����Z�>$%����!��2���#$%� � �"(Z$�%D�,���.�������"(�(JD�.�{�.�9�O2>�"(0��!2D�	$2&)(6�k���	�W& �����V&)� ;�) 7�)
l 4Kmn4o:pE�465 34rq 346@�46st4r@A:=5bOD 1 4r:=>GI 1u1 DFE�<8D6:=<wvxqy4 1 5�7?4
z
{"�L!�� ���,���/�L$�&.(6�B��(��\$%�,�e�%�+*�'2>�jD�,�H&);6�L���V�^D�'NGD�,(��'2>��(%�H�[�]�/���6�C$%�U;�!��0�7�.���9�6�B� � � 3 : � 6��7 (�+/;&V:0&.(%�\��(�; 
2�"���I( � 1�� N0�]�9�	�����^$2&)(6�	���j$YD�,�/�.��������!,A��I����( N%�����	�2���f2'&)���L���"����(JD�V&)��!/�'*&d�6�v&%�%�j$%�.�

�+&)�]�/���.&.���c)U1y�"�2!>�����]& �'���������������>���.�4NI&)!/�]& �����.� \ ^/|c�,�b` i�}�~
� A|$YD���W&�$GD��36(����V�U$�&)(6�U���p��
6&);2����!/�;�!2D�.�5D�.$%�,(0�')�{"�'!������������8���.�wD�'NGD�,(��52>�,(0�W�	&,:0&)(0�U��(F���,�G; 
��"�/�"( &HN3�V�d��(�� D�,(��,!F@"���n&)� 28�"��(Z�D�'@3&.���8*& . > � ���UA6�����.��� 97*&@99$%��!��f�3��� ���4$%�'2'&.(6$%� �

6 7g` i�}�~
� � . > � ���

\ ^ |G� * GP� *<;u\ ^YA��9�"��� \ ^ |G� W > . � ���UA2��� � ���5�.���L;2���6�L�9��!������O�3�/��*&u\ ^ M W ( W)� ���jA�5*���]&^����2>�����pD�,�W&.���J$%�'* >P� 7:;T\ ^k)
b5& 3 @"��!/�!;�)=7	�������Z����!/�L���������J�0D�,���.���/���"( )g.\(U;6�,���|�,(U;6&.!��/�]���������,!�:^� �6����!MN3�,!����.�C&"�,���e2d����&)�/���"(Z��,&)!H&"���2D�,!���������� �2�.�B$c�/D�'NGD��(��'2>�,(0�W��&)�2���"�2!\$%� \ ^ | M G W�� ���O�,�L$%��` i�}�~

� M * > � ���UA3;6�"��!L���.�$%�]�9��!��������/���"(Z�L$%�.�>D�'NGD�,(��'28�,(%�H�B$%�p;�!��0���V�����Z� � � �43�:5�$6�%7 ( +L; )
� ;�!�*�V�1�7�,���/�#�%D�,���.�������"(bA5���|!��.�9����;4>0AHG:;F$0�E���9@"(6&.�qAb��(u;6�,�E&'+5�.���2D�8;6&)!4�]&>���92>���/�^��28;[�M�0D�,�p*&



7 . ; ������� ���
	����������	�� � ������������������ ��������� � �
	

0 1 >�9r4P5n5 I�5T5 <?s I�7 34P5 � � � �43"!�:
Q 1 < :6O4 1 4P5�E�4 N$#&%�#'�(*) � 6�%7 (�+/; +0+���1�2 +0+������ > � > 3 ���7� � � 3 ��� >e� a,+ - � - 3
5 34P7?4P9;:/<8>G@ 7 ; �c; . ( W;W > W;W i W . i�7<; . W 7:*ni�> . 747<= *H( W ( W =�=�= W =�=
;

QTS.� ><=%Aji G-G?>-G 7-; * ; i W G . > W i'> i i >
( G
*3AHG
;
X �NZ|A�` cfe8c0AA` �NZ /� �� ��4 /10,23/ W Q�2�� W Q,2 4 W 4�0 W �12 5 W �12 5 W Q�2�� W

Q768� 7 . AH; i W (�= . W >�=4><; . ( . >47 . 7 ;4>%A G:;
` i�}�~
� A \ ^ | /� �� ��4 9 = 2 5 W Q�2 Q:5 W Q,2 Q�9 W 4�U W 0�2�� W 4�230 W ; � W

Q8<%OD Q7=8� G0A�* *%(?> i�>-;?7 7
( . W ><G W *D;%A (:;
> P A$>.?.A /� �� ��4 4"U,2 ="W 9:5@2 S W Q�239 W = 2�� W ; � W

ACBED�F&GH ? A�IKJMLNJML
Q8O7�QP P? � ;0AHG *�= W i�7 . ; 7<= 7<G:* > = * . A . ;

/� �� ��4 4"U,230 W 9 ="W Q�2 ="W = 234 W 9

Q7R8� XTS�NZ ;0A W (�=<G . G-;<G . 7=i W . (<;%AH;
;
/� �� ��4 4"S W 9�/�230 W ; � W 5@23/ W

Q8U7�QP PV � i2AHG 7�( . 7�(�(=i 7 W i�7<; > W Aji�;
/� �� ��4 4"Q,234 W / = 2�� W ; � W 5@239 W

Q8W7�YX[ZJ\L]J\L . A=> ;-; 7 W G?7 W W =�=?> . G%AHG
;
/� �� ��4 U�2 5 W S�9 W ; � W 5@2 ="W

QTS&^7� =�_ W .<. * * 7 = >=i 7
*�_�*<;
>
* � I ���	� � ( . /� �� ��4 ��U,2 ="W /:5@234 W 9 9�230 W

`TSbadc�;�) 7Ce7fhg�ikjmln1opn1q�rEstq ivu n1w�xzy g nms ln|{vn|}|r iv~ q���q ~@��� o�n g
��ln u ln1qzn � n1q,rEs o�n|sEr�w,q�rKw���o|�n|sbw����z{ i }1w�r iv~ q
g n|s�} ~ x���x�opn|s���� � �w�� �1� � u�~�i oQrEn|y@r�n1�|�|� ~ x�oQ{vn|s�{ ~ rEs g nb��o ~ }|n|sEs*xzs�s i�� xz{ ln|s1��� ~ x�o�{vnYs iv� q�w�{
� �1�����Cln u ln*�
qzn � n1q�r�sKn1q � n1q g o ln|s�w u n|}m� J�L �����Y� n|�m��� P �Yn|sEr i q g�iv� x ln|n[{ � n*�8}1w�} i r ln�����n|s�w�xzr�o�n|sK� ~ x�o�}|n1q�r*w � n|s
g�~ q�qzn1q�r�{�w ��o ~ � ~ o�r iv~ q¡o�n|{�w�r ivu n���n1q¢sEn|}|r iv~ q£n*�8}1w¤}|n�� g n7}|¥�w � xzn���o ~ }|n|sEs�xzs1�Y��n|s g n1xzy g n1oEq i n1o�s
}1o i r:�n1o�n|s g n¦s ln|{§n|}|r i§~ q gbln1��n1q g n1q,r g n¦{ � ¥,¨©� ~ r�¥��n|s�n g n � w�sEsEnmr�n|sEr ln|n��



�����������
	�����
�������������������������
7. G

H+H-→ cs
–
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–
s à √s = 192 GeV
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H+H-→ csτν à √s = 192 GeV
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H+H-→ csτν à √s = 192 GeV
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H+H-→ csτν à √s = 192 GeV
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Multiplicité chargée du jet du tau
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H+H-→ csτν à √s = 192 GeV
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Fonction discriminante
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H+H-→ csτν à √s = 192 GeV
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m(H+) = 45 m(H+) = 60

Masse reconstruite par l'ajustement cinématique (GeV/c2)
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H+H-→ csτν à √s = 192 GeV
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H+H-→csτν à √s = 192 GeV
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