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σ(e+e-→ HZ) avec H→bb
–
 et Z→νν
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Chambre à muonsChambre à l’avant A

F-RICH
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2 ?%FKR�BE?JNG?_S2Q<PKIKVCNG?TS < VCF MTVCR�BE?\MONGxlP�BEDGR z Q<?JVCREDGN.D(SU?LI,DGBE?TH�RE?%Q<?%F�RuNG?TS�b?hN%b?%Q<?hF,R~S ACBEPOj�?hF@MOFKRvI,?
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N�� � � ?%RvIK?JN�� � � m � MOF@S�N(M\BCb?%xlDGP�F M%j�MTF,R = I,?TS`MONGxlP�BEDGR z Q<?TS�f@M�SKb?TS�SUV�B�NG?TS�b?%Nhb?%Q<?%FKRtSuI,?�R�B~M�H�?
I,?XNYMJH z MOQ\fCBE?1� ] � ?%RuSaVCB�N(MvA P SUD.R�DGPlF�I,V � ?TMTQ �aSaA@P�R = Q�MTD(S{MOVWS�SUD 	�V@MTF@I<H�?%NYM�?TSURuA P S�SaDGfCN.?
SUVCBZNG?TS b?%Nhb?%Q|?%F,R~SXIK?<R�B~M�H�?�IK?<N(M � �c] ?%RLI,?<N(M�H z MOQ\fCB�?\� ]u� = SUPlF,RZVCR�D.NGD(SKb?TS�m!0@?TSvA@P�DGFKRtS
I,V<� � F�?vSUPlF,R = A@P�VCB�N+� D.F@SUR~MOFKR = M�SESUPKH�Dhb?TS^MTV �<R�B~M�H�?_S�	�V:��MTACB��?TSuH�?TS�b?%R~MOA@?TS�m � ?TS^MTNGx�PlB�D.R z Q<?_S
SUP�FKR1?%F�A z M�Sa?\I,?vR�?TSaRXA@PlVCB�VCREDGNGDYSU?%BcH�P�Q|Q<?XA�DGj�P�R`I,?vN(M�B�?_H�P�F@SaR�BEV@H�R�D.P�F�NG?v� � ?%R1N�� � � m)��N(S
SU?%BEP�FKR�VCR�D.NGD(SKb?TS��M�A@MTB�R�D.B1I,?vN���MOFCFcb?h?�y�� ���,m
0�MiREB�P�DYSUD��?%Q<?�b?%R~MOA@?�I,?vN+��MON.x�PlB�DGR z Q<?`H�P�FWSUD(SaR�? �M�? �,REBtMTA PlNG?%B�N.?TS REBtMlH�?TS�ACB�b?TH�b?TI,?%FKR�?TS��

� j�?%BtS{NG?TS�HhMONGPlB�D.Q �?%R�BE?TS�b?%NG?_H�R�BEP�Q�MTx�Fcb?%RED�	�VC?TSe?%R z MlI,B�PlFCD�	�VC?TS�?%R��M\M�SESUPKH�D.?%B �M\H�?TS^REBtMlH�?TS
? �KR�BtMTA@P�Nhb?h?TS�I,?TS^xl?%B�f@?TS1H%MON.P�BEDGQ b?%REB�D 	�VC?_S�m;0@?TS^xl?%B�f@?TS�FCPlF��aMlS�SaPKH�Dhb?%?_S�SUPlF,R1H�PlF@SUDYI^b?%B�b?%?TS
H�P�Q|Q<?�ACB�PTj�?%FWMOFKR�I,V�A@M�SES�MOxl?\I�� V�FC?�A@MTB�R�DYH�VCN.? F�?%VCR�BE?�m

� j�?%BtS�NG?_S�I^b?%RE?TH�R�?hVCBtS��MiDGQ�MOx�?hB�DG? � H z b?%B�?%F A�POj = M � F I�� ?TSES�M ��?%B`I�� DYI,?%FKR�D � ?%B1N(MiA@MTB�RED(H�VCN.?
B�?TSaA@P�F@SEMOfCN.?�I,?ZH�?%RER�?�REBtMlH�?�m

0@?TS 	�V@MTF,REDGR�b?TSeA z ��SUD 	�V�?TS 2 D.Q<ACVCNYSUD.P�F = b?%FC?%BEx�D.? = H z MOBEx�? = Q�MlS�SU?ZmGm.m < SaP�FKRuMONGPlBtSuSUR�PKH:Aub?%?TS{SUVCB
I,?TS^f@MTF@I,?TS1ICMOFWS2VCF1?sPlB�Q�MTR1H�P�Q<A�B�?TSES,b?�m
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 ,-/.0-21%1%354 ,- 6�798;: 4<-/=�>?= �?@?A 354 � � -
B P�V@S`M_j�PlF@SXjKVrI�MOF@S�NG?LH z MOACD.R�B�?LSUVCBvNYMiA z b?%F�P�Q b?%F�P�NGPlx�D.?�I,V f@P�SUPlFrIK?\[XDGxlx�S =DC VC?�NYM<SUD.x �
F@MOREVCB�?v?+EKA�b?%BEDGQ<?%FKRtMTN ?1I,V�SUDGxlF@MON ICMTF@S^NG?ZH%MTF@MON:FC?hVCR�BEDGFCP b?%R~MOD.R = ?hF AWMOB�RED(H�V�NGDG?hB = I,?vN��Eb?%FC?%BEx�DG?
Q�MOF C V@MTF,RE?�m B PlV@S�MON.NGP�FWS^I���MOf@P�B~I�?FE,ACN.D C VC?%B{A@P�VCB C V�P�D:?%RuH�PlQ<Q<?%FKReH!?%B�R~MODGFWS ACBEP�fCNHG?%Q<?TS{I,?
B�?TH�PlF@SUREB�V@H!R�DGPlF�I,?vx�?%BEf ?_S z MlI,B�PlFCD C VC?TS1SUPlF,R1B�?_SUA@P�F@SEMOfCN.?TS1I�� VCF�? Q�MOVCjlMODYSU?vB�?_H�P�F@SaR�BEV@H�R�D.P�F
I,VJI@VKE�I��Eb?%FC?%BEx�D.?�m
] P�FWSUD(Iub?%B�PlF@S^VCF�SaDGQ<ACN.?ML@NGREB�? C V�D�H!P�F@SaD(SURE?%BtMTDGRNGM x MOB~I,?%B = A@MOBEQ<D@NG?TSLb?%jub?%FC?hQ<?%FKRtS:ACB�PKI,V�DGRtS

ICMOF@S�NG?1Iub?%RE?TH�RE?%VCB �POMQSR [PT = H�?%VUE C VCDCA@PlVCB�B~MODG?hF,RLb?hj�?%F,REVC?%N.NG?%Q\?�FKR�Q|DGQ<?%B�N(MXA@P S�SUD.fCNG?1Iub?TSUD.F��
RCb?%xlBtMOREDGPlF�I���VCF f@P SUP�F|I,?c[XDGxlx�S�ICMOF@S�NG?uH%MOFWMONCFC?hVCR�BEDGFCP�m ] ?VL@N.R�B�?cI,?%Q�MTF@I,?{IK?TSJb?%jub?%FC?%Q|?%F�RtS
M_j�?_HJVCFC?�H�?hB�RtMTDGFC? C V@MTF,REDGR�b?|I��Eb?%FC?%BEx�DG?\Q�MTF C VWMOFKR�?�?%RZVCFC?|H�?%B�R~MOD.FC?<MlH�P�N.DGFcb?_MOB�D.R�b?�?%FKR�BE?iN.?TSW ?%RtSeB�?_H�P�F@SaR�BEVCDGR~S�m Q ?TS ?5X�H%MlH�DGR�b?TS{I,?`S,b?%N.?TH�R�D.P�F|I,?`H�?YLWNGR�BE?�A@P�VCBuNG?TS{I,PlFCFcb?%?_S^SUD.QiV�N%b?%?TS [XDGxlx�SZ QJ[�\^]l�`_1?%� � � �ba ?%R^N.?TS�I,PlFCF�b?%?TS�B�b?h?%NGN.?TS{SUP�FKR1NG?TS�SaVCDGjlMOFKR�?_S��

c0d5d \fe ����� A@P�V�BXVCF�f@P�SUPlF I,?Z[XDGxlx�S
�hgjiTd,� A@P�VCB1NG?_S�I,P�FCFcb?%?TS�BCb?%?%N.NG?TSk F�H�PlF@SUR~MORE? C VC?�NG?_S<b?%jub?hFC?%Q<?%FKRtS I,?TS1I,P�FCFcb?%?TS^B�b?h?%NGN.?TS A@MlS�SEMOFKR�H�?PL@N.R�BE?vH�P�BEB�?TSaA@P�F@I,?hF,R:�

l ICMOFWS^�����wI,?TSuH%M�S = GM�I,?TS A@?%BER�?TSuI,?1A@MOBER�D(H!VCNG?TS{ICMTF@S^NG?_S B�b?hx�DGPlF@Snm+MTDGfCN.?TS{I,V�Iub?hR�?TH�RE?%VCBhm
l ICMOFWSJ]���� I,?TS<H%MlS = GMrN+� ?+EKD(SaR�?%F@H!?�I���MTV Q|P�DGFWSoVCF�?>A@MOBER�D(H!VCNG? H z MTB�x b?%? C VCD�A@P�SES5G?TIK?
VCF>?+E�HoG?TS1SUD.x�FCDpL�H%MOREDqmcI��Eb?%FC?%BEx�DG?ZICMTF@S�NG?\H%MTNGPlB�DGQrG?%R�BE? z M�I,BEP�FCD C VC? = A@MTBvBtMOA�A PlB�RsGM�SUPlF
DGQ<A�VCN(SaDGP�Fnm Q ?XBE?TH�P�V�j,BE?%Q<?%FKR�M%j�?TH N.?TS7ACB�b?TH�b?TI,?hF,R~SJb?%jub?%FC?%Q<?hF,R~S ?TSaR^IK?�N�� PlBtI,BE?1I,?1d�d,�|m
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� ?�R�?hN(S�b?TH%MTB�RtS^?hF,REB�?1N��Eb?hFC?%B�xlDG?�BE?TH�P�FWSUR�BEVCDGRE?vICMTF@S^NG?`H%MON.P�BEDGQrG?%REB�? z MlI,B�PlFCD C VC?�?hR^N���DGQ<A�VCN(SaDGP�F
Q<?TSUV�BCb?%?vI�MOF@SXN.?TS�Iub?%RE?TH�RE?%VCBtS�IK?JR�B~M�H�?_S2FC?ZA@?%VCj�?%FKR�j�?%FCD.B�VCFCD C VC?%Q|?%F,RuI,?2I@V@H�REV@MOREDGPlF@SXIKV
H%MON.P�B�D.Q;G?%REB�?�m R P�VCB\H�PlQ<ACBE?%F@I,BE?<H�PlQ<Q<?%FKRvI,?|N��Eb?hFC?%B�xlDG?\Q�MOF C V@MTF,RE?�MOA�A@MOB~M���GR = ?+EKACNGD C VCPlF@S
N(M m+M��H!P�F	I,?�H%MTN(H�VCN.?%B�NG?JI@VUEqI���b?%FC?hB�x�D.? = Hl� ?TSaR � GM �4I,DGBE? N+�Eb?%F�?%B�xlDG?<?%R\N���DGQ<A�VCN(SaDGP�F R�PlRtMTNG?>I�� VCF
b?%jub?hFC?%Q<?%FKR�m � MTF@S�R�P�V�R�?vN(M�SaVCDGRE?JIK? NYMJR z G?_SU? = PlFpVCREDGNGDYSU?%B~M N.?TS�I^b? L@F�DGR�D.P�F@S�SaVCDGjlMTF,RE?TS��
l A@P�VCBZH z M C VC?JAWMOB�RED(H�V�NG?�H z MTB�x b?h?�B�?TH�PlF@SUREB�VCD.R�? = N��Eb?%FC?%BEx�D.?JIK?�N(MiA@MTB�RED(H�VCN.?�Sa?%BtM�I,PlFCF�b?%?
A@MOB�NYMJQ<?TSaVCB�?vIK? N+� D.Q<ACVCNYSUDGPlF<I�MOF@S�NG?TSuI^b?%RE?TH�R�?hVCBtS�I,?vREBtM�H!?TS��c �
�� \�� �
] ?%N(MJBE?%jKDG?%FKRuI,P�F@HsGMJF�b?%xlNGDGxl?%B�N(MJQ�M�S�Sa?vA PlVCB1R�P�V�R�?TS^N.?TS^A@MOBER�DYH�VCNG?_S^H z MOBExeb?%?TS!ml NG?TSeA@MTB�RED(H�VCN.?TSeFC?%VCREB�?TSuSU?%BEP�FKR{NG?TSuI^b?%A��PlRtS^IK?TS^H%MTNGPlB�DGQrG?%R�BE?TS7F:��M��KMTF,R{A@MlS\b?%R�b?vM�SESUPKH�Dhb?TSPGM
VCFC?vR�B~M�H�?ZH z MOBEx b?%?`A@MOB1N���MONGxlP�BEDGR z Q<?�IK? BE?TH�PlF@SUREB�V@H�REDGPlFpIK?TS<b?%jub?%FC?%Q<?hF,R~S��c��� � ��� \ c��
�� 
 � \ c ��"! P�V c#����%$B P�VWS>M_j�PlF@S>SKb?hA@MOB�b?rNG?TSpF�?%VCR�BE?TS'&�b?%NG?_H�R�BEP�Q�MTx�Fcb?%RED C VC?TS%& IK?TSpFC?%VCREB�?TS z M�I,BEP�FCD C VC?_S�m] ?%R�RE?�SKb?%A@MTBtMOREDGPlF<j,D.?%FKR^IKV m+MOD.R C V:��DGNCF:� �\MJA@M�S = A@P�V�B^N���DGF@SaRtMTF,R = V�FC?�H!P�Q\fCDGF@MTD(SaP�F|I,?TS
I,?%VKE|H%MTNGP�BEDGQrG?hR�B�?_S�A@PlVCBvI,PlFCFC?%B�VCF�? Q|?%DGN.NG?%VCBE?�B�?TH!P�F@SaR�B�VWH�R�D.P�F�I,?vN��Eb?%FC?%BEx�DG? m � MOF@S�NG?
H%M�S{I,?1FC?%V�R�B�?_S�b?hNG?TH�REB�PlQ�MOxlF�b?%R�D C V�?TS Z)( P�V+*-, a = H�?%NYMXFC?1A@P�SU?`A@M�SuI,?XA�B�P�f�N G?%Q<?_SeH%MOB{D.N(S
SUPlF,R�?hF,RED G?%BE?%Q<?!F,RcH�P�FKR�?%FKV@S�I�MOF@S�N(M|H%MON.P�B�D.Q�b?%REB�DG? b?%NG?TH!R�B�PlQ�MOxlF�b?%RED C VC?�m R P�VCB�N.?TSXFC?hV��
R�BE?TS z MlI,B�PlFCD C VC?TS Z/. ,0 = FC?%V�R�B�PlF@S = 
 , = mGmGm a = H!?%B�R~MODGF�?TSvI,?�H�?TSvA@MOBER�DYH�VCNG?_S H!P�Q<Q<?hF@H�?%FKRGMiIK?%j�?%NGPlACA@?%B1VCFC?Jxl?%B�f@?\ICMTF@SXNYMiH%MTNGPlB�DGQ b?%R�BEDG? b?%N.?TH�REB�P�Q�MOx�Fcb?%R�D C VC?`?%RXNYMoA@PlVCBtSaVCDGj�?%FKR
ICMOFWS^N(M�H%MTNGP�BEDGQ b?hR�B�D.? z M�IKB�P�F�D C VC?�m Q ��MTNGxlP�B�D.R z Q|?�I,?vBE?TH�P�FWSUR�BEV@H�REDGP�F�BE?TH�P�FWSUR�BEVCDGRcMON.P�BtS
I,?%VKE\FC?%V�R�B�?_S��CVCF�ICMOFWS�H z M C VC?�R1�,A@?ZI,?ZH%MTNGP�BEDGQrG?hR�B�?_S�m

2 NGPlBtS = N��Eb?%FC?%BEx�DG?1R�PlRtMTNG?�IK? N+�Eb?%jub?%FC?hQi?%FKRe?TSaR1I^b? L@F�DG?ZH�P�Q|Q<?{�
c �3�4� \ 57698:
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Q ?iQ b?_H%MOFCDYSUQ<?ZI,?|H�B�b?TMOREDGP�F I��Eb?%FC?%BEx�DG?�Q�MOF C V@MOFKR�?�AWMOBJQ�MOVCjlMODYSU?TS`M�S�SaPKH�D(MTR�D.P�F@S�I,?|Iub?%AC�P�RtS
I,?TSJHhMONGPlB�D.Q;G?%R�BE?TSX?TSaRJN.?<SaVCDGjlMOFKR:� SUD^V�FC?<A@MTB�R�DYH�VCN.?�H z MOB�x b?%?|I�� D.Q<ACVCNYSUDGPlF R ?TSaR�MlS�SUPKH!D%b?%? GM
VCFC?1x�?%BEf ? O ���@$ I,V|H%MTNGP�BEDGQrG?hR�B�? z M�IKB�P�F�D C VC? C VCD@?TSaR ?hF m+MTDGR{N(MvSUPlQ<Q<?cI,?�IK?%VKE�x�?hB�f@?TS Z j�PlDGBL@x�VCBE?�dCm.y a = N+� VCF�?Xj�?%FWMOFKR^IK?XNYM A@MTB�R�DYH�VCN.?�H z MOBEx b?%?1?%R{N���MOVCREB�?1j�?%F@MTF,RuI���VCFC?1A@MOBER�D(H!VCNG?1FC?%VCREB�?
RD�KA@? . ,0 PlV F�?%VCR�BEP�F = MONGPlBtS<FCPlV@S<F:��M%j�P�FWSiA@M�S\B�?TH�PlF@SUREB�VCD.R<N��Eb?%FC?%BEx�D.?pIKV FC?hVCR�BE?�mMT�N0m+MOVCR
B�?%Q�MTB C VC?%B C VC?\H�?%RER�?�A@MTB�RED(H�VCN.?JFC?hVCR�BE?�F:��MTVCBtM<A@MlS>b?hRCb?�Q�MTN7BE?TH�P�FWSUR�BEVCDGRE?�A@MOBvN.?\I^b?%R�?_H�R�?%V�B
Q�MODYS A@MTB�NG?vACB�Plx�B~MOQ<Q<?`I,?vB�?_H�P�F@SaR�BEV@H�R�D.P�F�NGV�D �+QE�?%Q<?lmk F�A PlVCB�B~MOD.RXVCREDGN.D(SU?hB = H�PlQ<Q<?�?TSaR�D.Q�MORE?%VCBuI,?�N+��b?%FC?hB�x�D.?�IK? NYM A@MTB�RED(H�VCN.?vH z MOBExeb?%? = N��Eb?%FC?%BEx�DG?
z M�I,BEP�FCD C V�?<MlS�SUPKH!D%b?%? O ���@$JMTVrNGD.?%V I,?�N+��b?%FC?hB�x�D.? O � 
�� I,?\N(M<REBtM�H!?<H z MOBEx b?%? m k FrMTVCBtMTDGRZMON.P�BtS
B�?TH�PlF@SUREB�VCD.R�MTV@S�SaD7N+� ?+E�HoG?TSuI��Eb?%F�?%B�xlDG?�m R NGV@SaDG?%V�BtS^ACBEP�fCNHG?%Q<?TSuMOACA@MTBtMTD(S�Sa?%FKR�H�?hA ?hF@ICMOFKR:�
l DGN m+MOVCRF�?%REB�?�SG�VCB C VC?�N+� ?+E�HoG?TSvI��Eb?%FC?%BEx�DG?|F:� ?TSaRJA@MlSiI��Vq?hF m+MTDGR GM>VCFC?�MTVCR�BE?pA@MTB�RED(H�VCN.?
H z MOB�x b?%?�A@P�V�B�b?%jKDGRE?%B^N.?ZI,P�VCf�NG?ZH�P�Q|ACRtMTx�?vI��Eb?%FC?%BEx�D.? =
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l H�P�Q|Q<?%F�RuH%MONYH�VCN.?%B�N(M\I,DGBE?TH�REDGP�F�I,?ZH�?hRX?+E�H G?TS�I���b?%FC?hB�x�D.?)( � MOFWSXNG?ZH%MlSXPSGV>N�� PlFp?TSaR1SUVCBC Vn� VCF�FC?hVCR�BE?X?TSaR{B�?TSaA PlF@S�MTfCNG?�I,?�H!?%Re?+E�HoG?TS = DGNhm+MTVCR^BE?TH�PlF@SUREB�VCD.B�?1S�MZI,DGBE?TH�REDGP�Fnm T�NCF:� ?_SUR
A@M�S{SG�VCB C VC?1ACBE?%F@I,BE?XNYM�I,DGBE?TH�REDGP�F\IK?XNYM�AWMOB�RED(H�V�NG?1H z MOBExeb?%?1SaP�DGRuVCFC?�f@P�F�FC?vSUPlNGVCREDGPlF<SaD =
A@MOB`?+E,?hQ<ACNG? = NYMiA@MTB�R�D.?\I,V Iub?%AC�P�RvI,V�?\MOV>FC?%V�R�B�?�?_SUR�BE?%N(MTR�DGj�?hQ<?�FKR|b?hNGP�D.x�Fcb?h?�I,?\H�?hNGNG?
I,VC?sGMJN(MJREBtMlH�?ZH z MTB�x b?%?�m
l I,?pA�NGV@S = N(MrHhMONGD.fCBtMTR�D.P�F	I,V	H%MTNGPlB�DGQrG?%R�BE? z M�I,BEP�FCD C VC?>F�?>ACB�?%FWIqA@M�S<?%F	H�PlQ<ACRE? N.?TS
A@?%B�RE?TS�ICMOFWS2NYMJf PlfCDGF�?�m k FpMTVCBtM\I,PlF@H RE?%F@ICMTF@H�?sGMiSaP�V@S�?TSaR�DGQ|?%B{N�� ?FECH G?_S�m

Q ?TS ACBEP�fCNHG?%Q<?TSZb?%j�P C Vcb?TS{SUP�FKR2GMvN���P�B�D.x�D.FC?�IKV�H z P�D E\IK?XNYM B�?_H�P�F@SaR�BEV@H�R�D.P�F = I,?0m+M��H!P�F�S1�CSaRCb?%Q�M �
R�D C VC? = I,?vN+��b?%FC?hB�x�D.?�?%R�NYM�I,DGBE?TH�R�D.P�F�IK?TS^A@P�S�SaDGfCN.?TS�FC?%VCREB�?TS z MlI,B�PlFCD C VC?TS!m

2 jlMOFKR`I�� ?+EKACN.D C VC?%B{NG?vACBEDGF@H�D.A@?vI,?JN+��MTNGx�PlB�D.R z Q<?`I,?ZSKb?hA@MOB~MOR�D.P�F I,?Jxl?%B�f@?TS = VCFC?JD.F,REB�PKI,VWH �
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�BA�����¡�9�U�AD9_s�5� �g¢~cD dmcD9TID ]�D Te_JQf�B£����� " �Z���Jq

� V h�DiQy_�TfcDFE�DiQ2Q^B V C2DoK?l¤B dRO V CbLjTIDs_2C9�DFQ¡NPOUTjTIDzD�¥£E BZE V _jcDuKMDoQecD hYDiE<_ V OZT4KML4Q VYX TPBgh¦BF§wT3KMDsTID
[PBUQb_^C2OZ[:[PD CJKeC2DoK?l^cD9dmcD TjD ]�D Te_JQbq

� h¨B)QS_JBg_ V QS_ V �RLID©KMDiQ�cD dmcD9TID ]�D TR_nQbQ V ]+LIh9cDiQ,T�l^cD _JBiTM_�[wBUQ V TM§PT V DRqIhrlªDiQy_ V ]�Bi_ V OZT�KeL:TIOZ]ANIC^D
K?l^cD9dmcD TjD ]�D<TM_nQ\KeD%NjC2L V _�KMDutvOUTPK�Bg_^_2D TwKMLPQ�Bg[IC9�DiQ¡h�l¤BiTPBgh � QSDuDiQy_�QSOULIdRD9TM_�KmcD9h V E9Bg_2D �

� " �
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} D,[IhpLPQ�q hpDiQ?BiTPBgh � QSDiQ�QyOZTM_;QSOULIdRD Te_�D � DiE�_^L�cD DiQ�KMD�t�B��E�OUT©QMcDi�RLID Te_ V D hYhpD��yhpDiQ�K V � cD C^D Te_2DiQPE�OZLI[ILIC^DiQ
t�B V _^DiQ�QyLIC�LITID©QMcD C V D)KeDzdZBgC V BgNjhYDiQ�K V Q^E�C V ] V TwBgTe_2DiQ�QyOZTM_�t�B V _^DiQ�hYDiQ�LITIDiQ�Bg[jC �DiQWhpDiQ�BgLj_2C2DFQ � �PD[IC2OZNIh��D ]aDbQSD�[PORQyD�BihYOZCJQ�KMD�E<OUTe_2C��OZhYD C¦hYD�EJGIO V koKMD�EJGPBU�RLID�E<OULI[ILjC2D ����V h BuE�OULj[ILIC2D�QSLIC�EJGPBU�RLID
dUBiC V BgNIhpDbT�lªDiQy_;[PBUQ�KmcD9_2D C^] V TfcD9D�D T)_^D TPBiTM_�E<OU]�[I_^DmKMDiQ;BgLI_^C2DiQ,dZBgC V BgNjhYDiQ<qgOZT)dRO V _¦�RLIDbh�l¤BUQS[PDiE�_
]ALIhp_ V	� K V ]AD<TPQ V OUTjTID hjKMLA[jC2OUNjhr�D ]�D�DFQy_bTfcD X h VYX cD � � hYOZCJQ<q�hpDWTjOU]+NIC2D�K?l^cD dmcD TID ]�D9TR_JQ;KMDuNIC^L V _mKMD
tvOUTPK4Bg_2_^D TPKMLwQWDiQy_`QyOZLIdRD Te_4cD X Bghf�B�
 cD9C2OaKML�t�B V _`KMDzh BAQS_JBg_ V QS_ V �RLIDoTIOUT ��V Te§PT V DoLI_ V h V QMcD Ds[POULIC
DiQy_ V ]�D C E�D�NIC^L V _¦KMDbtvOUTwK � �,TM§PT�q�E�D X D TIC2D�K�l¤BgTwBgh � QyD V Te_2D CnK V _;hrlªLI_ V h V Q2Bg_ V OZTzKeD�dUBiC V BgNIhpDiQ�[POULIChYDiQ^��LID9hYhYDFQ�hpDiQ�K V Qy_2C V NILj_ V OZTPQ�KML4Q VpX TPBih�D9_�KML�tvOUTPK�[�O�Q2Q<�DiKMD Te_�LIT:h BgC X DsC2DiE<OULIdeC2D ]aD TM_ �

�;l V KbcD DsKeDuhrl BgTPBih � QyDsKMOZTM_�TjOULPQ�BihYhYOZTPQbD ke[PORQyD9C�hYDu[IC V TPE V [PDu[PD C2]aD _mKMDuCjcDFQyOULwKMC2DshYDFQ\[IC^OUN �hr�D ]�DFQ)cD9dROe��LfcDFQ\[ICjcDiE?cDiKMD9]�]�D<TM_ �

���� ����&7(3$��R@���� &s*\=9@A( -0/^13(4" � &��b=9&��{69" &76��"u&%*¦@A=��\"5"s(�����@��:>
&��{=i6g=<*��"

� O V _� �LITID�dZBgC V BiNIhYD�Bih9cDiBi_2O V C2D+D _©� � q;� � q,KeD LIk�cDiEHGwBgTe_ V hphYOZTPQuKMD�E<D _2_^DAdZBgC V BiNIhYD�Bih9cDiBi_2O V C2D ��,BgCoD kMD9]�[IhYD�q! [PD LI_)C^D [ICjcDFQyD Te_2D CsLITjD�dZBgC V BgNIhpD4K V Q^E�C V ] V TPBiTM_^D)D Te_2C2DaKMD Ljk�cDiEJGPBiTM_ V hYhpOUTPQ��hrl^cDFEHGPBiTM_ V hphYOUT4E�OZC2C^DiQy[POUTwKIBgTe_oBgLIk cD dmcD TID9]�D Te_JQ�KMLPQ+�B�LIT [IC2OeE<DiQ2QSLPQzKMD)NjC2L V _sKMD)tvOUTPK0�r� � �D _�E�D hpL V E�OZC2C^DiQy[POUTwKIBgTe_sBgL~Q VpX TPBihb��� � � � ��B7§ X LIC2D©� � �s]�OZTM_^C2DuLIT4D keD ]�[IhpDuKMD©KMD LIk£K V QS_2C V	�NILI_ V OUTPQ<q,KMD£KMD TPQ V _jcDFQzKMD�[jC2OUNwBgN V h V _jcDAt � D _st � q�OZNI_2D9TMLIDFQ%[POULIC)h B:dZBgC V BgNIhpD" �QSLICzhpDiQzKMD9LIk
cDiEHGwBgTe_ V hphYOZTPQ�� � D _�� � �� O V _$# � �% z�)h B tvOZTPE�_ V OUT KeD3CIcD [PBiC2_ V _ V OUT BZQ2QyOeE V cD D �B{h¨B0KMD9TPQ V _IcD KMD3[IC^OUNPBiN V h V _jcD�t � � dRO V CBgTITID9kMD � �P�

& � �%'{���)(+*
�-,/. � �10J�32�0 �[PBgCnE�OULjCJBgTe_�_2OULj_2DiQ�hYDiQbdZBihYD LICnQ�KMDshrl^cDiEHGwBgTe_ V hphYOZT�KML�NIC^L V _�KeD|tvOZTPK?qP� � �

��B7§ X LIC2Do� � " C2D [ICjcDiQyD9TM_^D4# � �vk���D9T£tvOZTPE�_ V OUT4KMDsk �5WOZLPQWBihYhpOUTPQ�]�OUTe_2C^D CbCnBg[ V KMD ]�D9TM_�[POULICn��LjO V h¨B+K V QS_2C V NILI_ V OUT�[POULjCWh�l2cDiEJGPBgTe_ V hYhpOUTa� � KMDoh¨B
dUBiC V BgNIhpD�Bgh9cDiBg_^O V C^D�# � �1 z�`DiQy_)LITjD�K V QS_2C V NILI_ V OZT
LIT V tvOUC2]aD � ��OZLIC)LITID�dZBihYD LIC)k KMD�h B�dZBgC V6�BgNIhpDsBgh9cDiBg_^O V C^D4 )q7# � �vk��mE<OUC2C^DiQy[POZTPK
�Bzh Bz[IC2OZNPBgN V h V _IcDoK?l�OZNPQyD9C2dRD CmLITIDsdZBghYD9LIC�KMDsh¨BzdZBgC V BiNIhYDBgh9cDFBg_2O V C^D8 [IhYLwQ\[PD _ V _2D��RLIDuk � �PDWTIOZ]ANjC2D`K?l^cD dmcD TID9]�D�Te_JQ�T79sKeDWh�l2cDiEJGPBgTe_ V hYhpOUT)� � B � BgTe_�LITIDdUBihYD LjC�[�OZLIC: V TMtZcD C V D LIC^D)�B)k�DiQS_�BghpOUCJQ��

;=< ( 9
�-,/. � �%0J�>2�0��);=<8& � �@??�

5 cD _JBiTM_�hpD,TIOZ]ANIC^D,K�l2cD dmcD TID ]aD TM_nQM_2OZ_JBiheKMD�hrl�cDFEHGPBiTM_ V hphYOUT`� � ��� BUEJGPBiTM_;�RLIDRq<[PBgC;E�OZTPQy_^C2LPE<_ V OZT�qh¨BAtvOUTPE<_ V OZT+# � �vk��`DiQy_oE�C^O V Q^Q2BiTM_^DRq�T79aDiQy_©BgLPQ^Q V hpDATjOU]+NIC2DaK?l^cD9dmcD TjD ]�D TR_nQuKMD+hrl^cDFEHGPBiTM_ V hphYOUT� � B � BgTe_�LITjD3dUBihYD LjC�[POULIC�# � �% z� V TetZcD C V D LIC2D �BA# � �vk�� �CB hWD T CjcDiQyLjhY_2D �RLID3h B{[IC2OZNPBgN V h V _jcDK?l�OZNPQyD C^dRD C)LITID3dZBihYD LIC£KMD:h B{dZBgC V BgNIhpD Bgh9cDiBg_^O V C^D�# � �% z�o[IhYLPQ+[�D9_ V _^D3�RLID�# � � kP�zDiQS_�BgLwQ2Q V
�EDU�
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x0 X

Echantillon 1

Echantillon 2

Nombre d’evenements
, ,

# VYX LIC2D|� � �Z���������	����
���	�������������������������
������ �!���"�#���$�%�����'&)(�+*+,!�����-�����������/.

F(X)

X

1

0

# VYX LIC2Do� � " �101���"��
����+�-�2�3(�$�/�+���	���"�4�������������
�����5 �76 �489����:;���<*��-�����=�����>.
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s

0 1

,

Echantillon 1

Echantillon 2

Nombre d’evenement

P(x0)
P(X)

,

# VYX LIC2Do� � DM� � �����-����
���-������� ������� �;��������
�� ��� 6 �48��!����� ���$� �����7& (��*+,!���"�	��� �������/.
# � �vk�� � �,T�K?l BgLI_^C2DiQ�_2D C^]�DiQ�qZh¨B%tvOUTwE�_ V OUT�KMD`CIcD [PBiC2_ V _ V OUT������mKMD`h¨B%dZBiC V BiNIhYD|Bgh9cDFBg_2O V C^D4# � �% z�
DiQy_£cD X BghpD��B�# � �1 z�P�

� # � �% z� � # � �1 o�
} OUTPEZq h¨B�KMD TwQ V _jcDmKMD�[IC2OZNPBgN V h V _IcD,t � �@# � �1 z�^��KMD�h¨BbdZBgC V BiNIhYDfBgh9cDFBg_2O V C^D # � �1 o�P[�OZLIC;hrl^cDFEHGPBiTM_ V hphYOUT� � DiQS_�E�OUTPQS_JBiTM_^DzE9BgCo� dRO V C�BiTITID keD � �J�

t^�@# � �1 z�^�,� K?�	� # � �1 z� �
K7# � �1 z� ���

��B dZBgC V BgNjhYD Bgh9cDFBg_2O V C^D/# � �1 z�aB0KMOZTPE{LITID K V Qy_2C V NILj_ V OZT LIT V tvOUC2]aD3[�OZLIC:h�l^cDiEJGPBiTM_ V hYhpOUT � �[IL V Q^��LjDsQ2B+KMD TPQ V _jcDzKeD%[jC2OUNwBgN V h V _jcDuDiQS_uE�OZTPQy_nBgTe_2D �
B huDiQS_�[PO�Q2Q V NIhYD KMD E�OZTPQ V KbcD C^D C�h¨B
_^CJBgTwQ tvOUC^]�Bg_ V OZT [ICjcDiE�cDiKMD Te_2D~E�OU]�]aD�LjT�EJGPBgT X D ]�D9TM_

KMD�dZBgC V BgNjhYDRq��RL V �B:LjTID�dUBihYD LjC)k0KMD�h¨B:dZBgC V BiNIhYD�Bih9cDiBi_2O V C2D� �BUQ^QyOeE V D�LITID�dZBghYD9LIC+��� kP�)�# � �vk�� � ���% z�;DiQy_mLITID�TIOULIdRD9hYhYD�dZBiC V BiNIhYD|Bgh9cDFBg_2O V C^Du�RL V BgLICnB%LITjDsK V QS_2C V NILI_ V OZTALIT V tvOUC^]�D�[POULIC
hrl^cDFEHGPBiTM_ V hphYOUT~KMD�
gCjcD<tZcD C2D TwE�D�
�� � �� T
C^D ]�BiCJ�RLID+BghpOUCJQo��LjD���� kP�uDFQy_zh B�[IC2OZNPBgN V h V _IcDa��LIDah¨B
dUBihYD LjCWk4QyO V _sE<OU]�[PBi_ V NIhYDoB dRDiEuhYDo[IC2OeE�DFQ2QyLwQ%KeDzCjcD<tZcD C2D TwE�D � �PD)]/�D ]�D`EHGPBiT X D9]�D Te_�KMDzdZBgC V6�BgNIhpD�QyLIC�hrl^cDiEJGPBgTe_ V hYhYOZT)� � KeOUTITID9CJBuLITID`K V QS_2C V NILI_ V OZT+KMDWh BudUBiC V BgNIhpD�Bgh9cDFBg_2O V C^Du���1 o�,�RL V BiLICJBLIT:D kjEZ�DiQ�D T~KMDiQ2QSOULPQ`KMD)� � �A[POULjCuhrlªD kMD9]�[IhYD`KMDiQ�K V Qy_2C V NILj_ V OZTPQ�KMDzh B7§ X LjC2D)� � � � ��OZLICsQ<l�D T
E�OUTedZB V TwE�C2DRq V h�QSLM¥a_�KMDuC^D X BiCJKMD9CbhYDFQ¦§ X LIC^DiQ�� � �uD _m� � " �MhYDFQAcD dmcD TID ]aD TM_nQ�KeDuhrl^cDiEHGwBgTe_ V hphYOZT+� �OUTe_uKMDFQ¡dZBghpD LICnQWk4KMDzh BAdZBgC V BgNIhpD)Bih cDiBi_2O V C2D� _2D9hYhYDFQ���LID # � �vk�������� kP��QyO V _�D T3KeDiQ2QSOULPQsKMD
� � �:��B�§ X LIC2D£� � D�]�OZTM_^C2D)hpDiQsK V QS_2C V NILI_ V OUTwQzKMD+h¨B�dZBgC V BgNjhYDaBgh9cDFBg_2O V C^D����1 o�u[POULICohYDiQsKMD9LIk
cDiEHGwBgTe_ V hphYOZTPQu� � D _o� � � B h�DiQS_z_2OZL��2OULjCJQz[PORQ^Q V NjhYD �B�[PBgC^_ V C©KMDaKMD LIk K V QS_2C V NILI_ V OZTPQs��LID9h¨E�OZT ���LIDFQ�KMDoKMD LIk cDFEHGPBiTM_ V hphYOUTwQbK V � cD9C2D Te_JQmKMDoE�OUTPQS_2C^L V C^D%hpDiQbdZBgC V BgNjhYDiQ����1 o�mBF§PT~��LIDs[POULjCWh�l�LIT
KMDiQ3cDiEJGPBgTe_ V hYhYOZTPQ�q�E�D hphYDiQ � E V [ICjcDiQyD9TM_^D TM_�LIT D kjEU�DiQW[IhpLPQuOUL
]aO V TwQuQ VpX T V §�E Bg_ V tmD T KMDiQ^QyOULwQzKMD

�ED "
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� � � �,x D _2_^DAC^D ]�BgCn��LjD)DiQy_ V ]a[�OZC2_nBgTe_2D)[POULIC)h B�E�OUTPQS_2C^LPE�_ V OUT0KeDiQu[IC2OZNPBgN V h V _IcDiQ?��hpDiQWtvLI_2LIC^DiQ
dUBiC V BgNIhpDiQW�RLIDoTIOULPQ`BghYhpOUTPQ`KMD dRO V CWLj_ V h V QSD C�[POULICuLjTID)BiTPBgh � QSD)]ALIhp_ V K V ]+D�TwQ V OZTITID hphYD`KMO V dRD Te__2OUL �2OULICnQ¡[ICjcDiQyD9TM_^D CbLIT4D kjEU�DiQbKjBgTPQ�hYDu]/�D ]�D�QyD9TPQ¡[POZLICWh�l^cDiEJGPBiTM_ V hYhpOUT~�B)K V Q^E�C V ] V TjD C �
�WTIDaC2D ]�BiCJ�RLID V ]a[�OZC2_nBgTe_2DaE�OUTPE<D C2TID+hYDa[�OZLIdRO V C)K V Q2E�C V ] V TPBgTe_sKMD+h¨B�TIOULjdRD hYhpDAdZBgC V BiNIhYD�¡�% z��[PBiC�CJBg[j[�OZC2_`�Buh¨BWdZBiC V BiNIhYDC � �,TAD � D _9qRQyLj[I[PORQyOZTPQb�RLID�E�D9_2_2D�dZBiC V BiNIhYDC QSO V _,LITID�dZBgC V6�BgNIhpDsK V Q^E�C V ] V TwBgTe_2D�LI_ V h V QecD D`KIBgTPQ�LITIDoBiTPBgh � QSD)KMDs[IG � Q V �RLIDuD _��RLIDuhpDoEHGIO V kaK?l�LjTIDoE�OULI[jLIC2D

QyLICsh¨B�dZBgC V BgNIhpD� �B�LjTID�dZBghpD LICsk � h¨B V Q2QSD�5�� �4cD dmcD9TID ]�D Te_JQ�KIBiTPQ%h�l2cDiEJGPBgTe_ V hYhpOUT3� � D _�5����
cD dmcD9TID ]�D Te_^QzKIBiTPQ)hrl^cDFEHGPBiTM_ V hphYOUT � � � ��B E�OULI[jLIC2D~QyLICa��� k � �zh B V Q^QyD CnB hpDiQz]/�D ]aDiQuTIOU]+NIC2DFQ
K?l^cD dmcD TID9]�D�Te_JQ 5�� �mD _:5�������LIDo[ICjcDFE?cDiKMD ]a]AD<TM_ �  T3E�OZTPQy_nBg_^D)KMOZTPEz�RLIDshYDiQ�KeD LIk�dZBgC V BgNIhpDiQBgh9cDFBg_2O V C^DiQ8 D9_s���1 z��OZTM_shpDz]/�D ]aDu[POULIdRO V CsK V Q2E�C V ] V TPBgTe_ � 5�OULPQuBihYhpOUTPQudRO V Cu�RLID)h�l V Te_jcD9C �D _KMDsh¨Bz_2CnBgTPQrtvOUC^]�Bg_ V OUT~KMDiQbdZBgC V BiNIhYDiQ�D T�[IC^OUNPBiN V h V _jcDFQbCIcDiQ V KMDoKIBiTPQ¡h�l�LI_ V h V Q2Bi_ V OUT�E�OZ]AN V TfcD D`KMD
[IhYLPQ V D LjCJQ\dZBiC V BiNIhYDFQ�Bgh9cDFBg_2O V C^DiQ �

����� 	 & 
o&��b=9&��{69"��

� LI[I[PORQSOUTPQ�]�B V TM_^D TPBgTe_��RLIDsTIOZLPQuB � OUTPQ�LITIDsdZBgC V BiNIhYD©Bgh9cDFBg_2O V C^D  ���% � q  � q �Y�Y�  ���Jq�E�OU] �[�O�QecD DmKMD�5
dUBiC V BgNIhpDiQ�Bgh9cDiBg_^O V C^DiQ! �� � 5WOULPQ;K V Qy[PORQSOUTPQ,E<OU]�]�D�[jCIcDiE�cDFKMD ]�]�D<Te_PKMD�KeD LIk~cDiEJGPBiT �_ V hphYOZTPQ�� � D9_�� � ��x D _^_2DudZBiC V BiNIhYD  [PD LI_bC^D [ICjcDiQyD Te_2D9C\LjT�hpOU_fKMD45 dZBgC V BiNIhYDiQmK V Q^E�C V ] V TwBgTe_2DiQD TM_^C2DuLjT�NjC2L V _�KMDutvOUTPK�D _�LIT4Q VpX TPBih �
��OZLIC,EJGPBZ��LID¦dUBiC V BgNIhpDbBih9cDiBi_2O V C2D  � q TIOZLPQ;E Bgh E�LIhYOZTPQ?LITID�TIOZLIdRD hphYD;dUBiC V BgNIhpDbBih9cDiBi_2O V C2Dm���1 � �

E�OU]�]aD�[ICjcDiE�cDiKMD ]�]+D TR_ �Mx DiQ�[IC2OZNPBgN V h V _IcDiQ�dmcD C V §PD9TM_mhYDiQb_^C2O V Q�E�OUTwK V _ V OUTwQWQSL V dZBgTe_2DFQ?�

� hYD LjCJQbK V Qy_^C V NILI_ V OUTPQ�QSOUTe_WD9TM_^C2Ds�)D _s� �
� hYD LjCJQbK V Qy_^C V NILI_ V OUTPQ�QSOUTe_WLjT V tvOZC2]�DiQ�[POULIC�hrl^cDiEHGwBgTe_ V hphYOZT�� � �
� hYD LjCJQbK V Qy_^C V NILI_ V OUTPQb[PO�Q2QecDFKMD Te_WLIT4D kjEU�DiQ\D9T:KeDiQ2QSOULPQ�KMDo� � �7[POULjCWh�l2cDiEJGPBgTe_ V hYhpOUTa� � �

�;l V KmcD DoKMDzh�l¤BgTwBgh � QyDs[IC^OUNPBiN V h V QS_2DzDFQy_`K?l�LI_ V h V QyD9C�hYDut�B V _u�RLID)E<DiQ¡TjOULIdRD hphYDiQbdZBiC V BiNIhYDFQWB V D Te_�hYD
] �D ]�D X D TIC2DfKMD�E<OU]�[POUC^_2D ]aD TM_P[POULjC,LITz]/�D ]�DocDiEHGwBgTe_ V hphYOZTs� KMDiQ;K V Qy_2C V NILj_ V OZTPQ�QyO V _,_^OUL��2OZLICJQLIT V tvOZC2]�DFQ�q;QyO V _)_2OZL��2OULjCJQ)[ V �RL�cD DiQsD T0KMDFQ2QyOZLPQ+KMD4� � � � B hbD T
CjcDiQyLjhY_2D4�RL�l V h�DiQy_)[PORQ^Q V NIhYD4KMD
E�OU]+N V TjD CmE�DiQ V TMtvOUC^]�Bg_ V OZTPQ�KMDut�B �E�OZT3QS_JBgTwKIBgCnK �

�PD)]�O � D T�hYDo[IhYLwQWQ V ]�[IhpDoKMD)E�OZ]AN V TID C�E<DiQ¡dZBiC V BiNIhYDFQu���1 � �bDiQS_sKMDohYDiQ�BUKIK V _ V OUTITjD C �  T
KbcD�§PT V _�BihYOUCnQ¡h BzTIOULjdRD hYhpDudZBgC V BgNIhpDoBgh9cDFBg_2O V C^D��5�% �P�

�5�% ���

�
��� �

���1 � �
 T E�OZTPQy_nBg_2D£��L�l B dRDiEzE�D9_2_2D+KmcD�§PT V _ V OZT��5�% �`BgLICnB�D T ��LjD h¨�RLID+QyOZC2_^D 
UBZKIK V _ V OZTITID C 
�[POULIC
hrl^cDFEHGPBiTM_ V hphYOUT+� � qIhpDsE BgCnBUE�_9�D C2DoK V Q2E�C V ] V TPBgTe_mKMDiQbdZBgC V BiNIhYDiQ� � �
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} Du[jhYLPQ<qIQ V h�l�OUT£QyLI[I[PO�QyDo��LjDWhpDWTIOZ]ANjC2D:5 DiQS_ 
UBUQ^QyDE
 
 X CJBiTPK3� D Ta[ICJBi_ V �RLID 5z���9���
�U�i�
D _��RLIDshYDiQC5�dZBgC V BiNIhYDiQ�Bih9cDiBi_2O V C2DFQ� � QyOZTM_ V TPKbcD [PD TPKjBgTe_2DiQ<qPBghYOZCJQ?�

� h¨BuK V Qy_^C V NILI_ V OUT+KMD�h BudUBiC V BgNIhpD�Bgh9cDFBg_2O V C^D � DiQS_�LITID X BiLPQ2Q V D TjTIDW[POZLIC�hrl^cDFEHGPBiTM_ V hphYOUTo� � �
� h¨Bz]�O � D TjTIDuKeDzE<D _2_^D X BiLPQ2Q V D TITjDzDiQS_�� � � 5

� �

� h¨BzdZBgC V BiTPE�DoKMDoE�D _^_2D X BgLPQ^Q V D9TITIDzDFQy_���� � � 5
� � �

��BzKmcD ]aOUTPQS_2CJBi_ V OUTaKMDsE�D _^_2D�[IC^OU[IC V cD _jcDWDFQy_\t�B V _^DuKIBiTPQbhrl BgTITjD kMD � �wx D9_2_2D`BgTwBgh � QyD`[�D9C2]�D _^_2CnB
K?l�LI_ V h V QyD9C�hpD¡t�B V _m��LjDWh B%K V Qy_^C V NILI_ V OUTaKMD � [POZLIC�hrl^cDiEHGwBgTe_ V hphYOZTz� � QSO V _�LITjD X BiLPQ2Q V D TITjDuKMOZTM_
OUT3E<OUTITPB ��Y_uh B7]aO � D9TITIDuD _�h¨B)dZBgC V BgTwE�D � ��T3D � D9_ qPKIBiTPQuhYDoE BUQ`K?l�LITjD)BgTwBgh � QyD©KMDz[jG � Q V ��LID�q� C2D9[ICjcDiQSD Te_2Dsh¨B)K V Qy_^C V NjLI_ V OUT:[POZLICWh�l^cDiEJGPBiTM_ V hYhpOUTaKMDiQ�KMOUTjT�cD DiQ�Q V ]ALIh9cD DiQ�E�OZC2C2DFQy[POUTPKjBgTe_uBiL
[IC2OeE�DFQ2QyLwQ%KeDANIC^L V _oKMDztvOZTPK
�RLID)hrlªOUT dRD LI_sK V Q2E<C V ] V TID C�K�l�LIT Q VYX TwBgh �,x D _^_2D)dZBgC V BiNIhYDaB cD _jcD
E Bgh E�LIh9cD9D�B dRDiEbLIT�TjOU]+NIC2Db§PT V KeDuKMOZTITfcD DFQbQ V ]ALjh cD DiQ � 5:cDiBiTI]�O V TPQ�q�E�OU]�]aD\TjOULPQmE�OUTITwB V Q^QyOZTPQhYDiQ�dZBihYD LICnQ�Bg_2_^D TPKMLjDiQbKMD�h¨Bu]�O � D TjTIDbD _�KMDWh BudUBiC V BgTPE�D`KMD�h¨B X BiLPQ2Q V D TjTID �5q V hIDiQS_�[�O�Q2Q V NIhpDKMD+KMOUTjTID CsLITID+DiQy_ V ]�Bi_ V OUT3KeL{TIOZ]ANjC2D+K?l^cD dmcD9TID ]�D TR_nQ�KML
[IC^OeE�DiQ^QyLPQsKMD+NIC2L V _sKMD)tvOUTwK?q���q
E�OUC^C2DiQS[�OZTPKIBiTM_©�B7LjTIDoE�OULI[jLIC2D �	�i�
� �mQSLICWh BzdZBgC V BgNIhpD � �

�:� ;��
� "� (����������������� ��-, �

� 9 ��� � 2 ?
� � D _�� � E�OUC^C2DiQS[POUTPKMD9TM_mBgLjk)[PBgCnBg]~�D _^C2DiQ;K?lªLIT�B �2LPQy_^D ]�D Te_ X BiLPQ2Q V D T)t�B V _bQSLIC�h¨BuK V Qy_^C V NILI_ V OUTKMD � [POULICmhYDiQ¦KMOUTITfcD DiQ�Q V ]ALIh9cD DiQ;KML+NIC2L V _�KMD�tvOUTPK � 5 � KmcD [PD TPK+KMLA_ � [PD�K?l¤BiTPBgh � QSDu�RLID�hrlªOUT
t�B V _ �

� KIBgTwQ?hYD�E BZQ�K?l�LjTIDmBgTPBih � QyDmB dRDiE�KeDiQ�KMOUTjT�cD DiQ?CjcD D hYhpDiQ�qJ]/�D9]�D�Q V hrl�OZTuLI_ V h V QyD,hpDiQ�[wBgCJBi]3�D _^C2DiQ
X BiLPQ2Q V D TPQ¦KMD�hrl B �2LPQy_^D ]�D Te_�QSLIC,hpDiQ,KMOZTIT�cD DiQ¦Q V ]+LIh9cD DiQ�q 5 ��DiQS_�hpDbTIOZ]ANjC2D�K�l2cD dmcD TID ]aD TR_JQ
KIBgTwQWhYDiQ`KMOUTITfcD DiQWCjcD D hYhpDiQ�QyLICuhpDiQ2�RLID hphYDiQbOZT
BaBg[I[Ih V �RL�cD)hYDFQ¡_^CJBgTwQ tvOUC^]�Bg_ V OZTPQsKMDzdZBgC V6�BgNIhpDiQ � B h�DiQS_�BihYOZCJQ)T�cDiE�DiQ^Q2B V C2D4�RLID �B
E�D�T V dRDiBgL � �2LwQy_2D~B dUBiTM_+hYDFQz_2CJBiTPQ tvOZC2]�Bi_ V OUTPQJ�JqhYDiQ�KMOZTITfcD DFQ\QSO V D TM_fE�OUTwQy_ V _2LfcD9DiQ,D T X CJBiTPKMDu]�B �2OUC V _jcD�K?l^cD dmcD TID ]�D9TM_nQ�E�OZC2C^DiQy[POUTwKIBgTe_�BiL
NIC2L V _�KeD|tvOZTPK:EJGIO V Q V E<OU]�]�D�CjcD�tZcD C^D TPE�D �

� KIBgTwQ|hpD)E BZQsK?l�LITjD0cD _2LPKeD)LIT V �RLID ]aD TM_�QSLICoKMDiQuKeOUTITfcD9DiQsQ V ]+LIh9cD DiQ�q 5 �sDiQy_`hYD)TIOZ]ANIC^D
K?l^cD9dmcD TjD ]�D<TM_nQ?KML)[IC^OeE�DiQ^QyLPQ�KMD�NIC^L V _�KMDbtvOUTPKz[POZLIC�LITID�E�D C^_JB V TIDmhYLI] V TIORQ V _jcD V Te_jcD X CjcD D �

�,T3E�OZTPE�hpLPQ V OUT�qeOUT:dRO V _f��L�l V h�DiQy_�[PORQ^Q V NIhYDa�B)[PBgC^_ V C�K�l�LIT�hYOZ_�KMDsdZBgC V BgNIhpDiQ V TwKbcD [PD TPKIBiTM_^DiQ
KMD7t�B V C^DALITjD�BgTPBih � QyD�]+LIhp_ V6� K V ]AD TwQ V OUTITjD hYhpD%D9T0E�OUTwQy_2C^L V Q^BgTe_zLITjD�dZBgC V BgNIhpD��RL V QyD£QyD C^_zKeL
[�OZLIdRO V C,K V Q2E<C V ] V TPBiTM_ KMD�_2OZLI_2DiQ;hYDiQ�dZBgC V BgNIhpDiQ;KML)hYOZ_�D T+�RLIDiQS_ V OUT �Rx D _2_^DbdZBgC V BiNIhYDm[�D9C2]�D _^_2CnB
KMD)[IhYLwQ�q�KMD+KeOUTITID9CuLITID)DiQS_ V ]�Bg_ V OUT~E�OUC^C2DiE<_2D+KML3TIOZ]ANjC2D)K�l2cD dmcD TID ]aD TR_JQ�KMD)NjC2L V _sKMDztvOUTwK
Bg_2_^D TPKMLwQ �
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0

Variable P(X)
1

Variable P(Y)1

,

0 1 2

Nombre d’evenement

P(X)+P(Y)

,

# VYX LIC2D+� � � ��� (�	�!��� �	���-����� ������� ��� � ����� � 6 �48�� � 6�� 89��� ��� (� *+,!�����-���������	� � 6�
�������* , � 8 � � ��������	����
���	�����9������� ���������
���� �7� (� �7�-�����+� � 6 � 8�� � 6�� 8��!����� *��������� � (� *+,!���"�	��� ������� ��������� � * � � � 
�0 � ����� .

����� !#" 6e/2=i(��
14"%(��f" -4"%$ ��@�� �/�"s6 &s*\=9@A(3$

! OZLI_2DiQ�hYDFQ�C2D9]�BgCn��LIDFQ�[ICjcDiE?cDiKMD9TM_^DiQ?E�OZTPE�D C^TPBgTe_�h¨B�dZBgC V BgTwE�D�D _�h¨Bb]�O � D TjTID,KeDbh¨B�K V Qy_^C V NILI_ V OUTKMDuh¨BzdZBiC V BiNIhYD � C2D [PORQSD Te_�QyLIC�hrlªG � [POU_2G �DiQyDs�RLIDuhpDiQC5�dZBgC V BgNIhpDiQbBih9cDiBi_2O V C2DFQ�KMDoKbcD [PBiC2_�QyOZTM_
V TPKmcD9[�D9TPKIBgTe_2DFQ �

"�#%$�$'&(�)+*-,/. #10�243 (�,65�78(:9
��OULIC V hYhpLPQy_^C2D C�hrl V T-;wLID TPE�D|KMDiQ�E�OZC2CjcD9h¨Bg_ V OZTPQbQSLICWhpDiQbE9BgCJBZE�_jcD9C V QS_ V ��LIDFQbKMDsh¨BzdZBiC V BiNIhYD � TIOULPQ
BghYhpOUTPQ�E<OUTPQ V KmcD C^D C�hYD|E BUQ�Q V ]�[IhYD`KMDoKMD Ljk�dZBgC V BgNIhpDiQ �
� O V D Te_8 D _=<5KeD LIk�dZBgC V BiNIhYDiQ�Bgh9cDiBg_^O V C2DiQ�D _`� � qIh�l^cDiEJGPBiTM_ V hYhpOUT �B)[PBiC2_ V CuKeLP��LjD h�hYDiQ�[IC^OUN �BgN V h V _jcDiQ��¡�% z��D _o���+<o��QyOZTM_oE Bih¨E�LIh9cD DiQ �  T E�OZTPQ V K?�D C2D+BiLPQ2Q V�x �¡�% z�S���><z� q�hYD+E�ORD�¥£E V D TM_`KMD

E�OUC^CIcD h Bg_ V OUT4� dRO V C�BiTITID keD � �¦KMD|E�DiQbKeD LIk+dUBiC V BgNIhpDiQbBih cDiBi_2O V C2DiQ�[POULIC�h�l2cDiEJGPBgTe_ V hYhpOUT+� � � 5WOULPQ
BghYhpOUTPQ�E<OUTPQ V KmcD C^D C�hYDFQbE BZQ¡D ke_2C �D ]�DiQ,O��L E�DsE<ORD�¥�E V D Te_bDiQS_�TMLjhrqM[jC2OeEJGIDsOUL cD X Bghm�B��sOUL �B � � �
� LI[j[�O�QyOZTPQ _^OULI_4K?l BgNPOUCnK ��LID E�DiQaKMD LIk dZBgC V BiNIhYDiQ�TID QyO V D Te_�[PBUQ4E�OUC^CjcD h9cD DiQ �  T [PD LI_

V Te_2L V _ V dRD9]AD<TM_�[PD TPQSD C)�RLID+h¨B:K V Qy_^C V NILI_ V OUT KMD�h B£TjOULIdRD hphYD+dZBgC V BgNIhpD�Bih9cDiBi_2O V C2Da���1 z�@?`�¡�><z�
BgLICnB%LITID�tvOUC^]�D�KeDW_^C V BiT X hpD � �PDu_^C V BgT X hYD�E�OZC2C2DFQy[POUTPKeCJB V _�KIBiTPQ\hpDuE9BUQ�KMD�[IhYLPQ V D LjCJQ,dZBgC V BgNIhpDiQ�Bzh¨B X BiLPQ2Q V D TjTID)Bi_2_2D9TPKMLID �

�PDiQb§ X LjC2DiQ�� � �7D _�� �BA [ICjcDFQyD Te_2D Te_bhpDiQb]/�D ]aD Q�K V Qy_2C V NILj_ V OZTPQ��RLIDs[ICjcDiE�cDiKMD ]�]+D Te_�KIBiTPQ¡hpDiQ
E BUQ,O��L�hYDiQ,dZBgC V BgNjhYDiQm�¡�% z�;D _m���+<z�¦QyOZTM_m_2C9�DiQ�E�OUC^CIcD h9cD DiQ,OUL+_2C9�DiQbBiTM_ V6� E�OUC^CIcD h9cD DiQ � ��B%[jC2D ] V �D C2DC2D ]�BiCJ�RLID`��LPBiTPK:OUT~BgTPBih � QyDoE�DiQb§ X LIC2DiQ�DiQS_u�RLIDoQ V hpDiQ�KMD LIk�dZBgC V BiNIhYDiQ����% z�bD9_��¡�><z�mQyOZTM_
E�OUC^CIcD h9cD DiQ�qIh B�K V Qy_2C V NILj_ V OZT3KMD+���% z��?`���+<z�m_2D9TPK0�B�Q�l^cD h¨BiC XZV C`BgLI_^OULICoKMD)h BAdZBghYD9LICW]aO � D9TITID �� L E�OUTe_2CnB V C2D+Q V hYDiQuKeD LIk:dZBiC V BiNIhYDFQ%���% z��D _s���><z��QyOZTM_oBiTM_ V6� E�OUC^CIcD h9cD DiQ�qPh¨B�K V Qy_^C V NjLI_ V OUT KMD
�¡�% z��?`���+<o�,_2D9TPK �BAQSD%C^DiQ2QSD C2D9C�BgLI_^OULIC`KMDoE�D _^_2Du]/�D9]�D�dZBghYD9LIC�]�O � D TITID �
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0

Variable P(X)
1

Variable P(Y)1

,

0 1 2

Nombre d’evenement

P(X)+P(Y)

,

# VYX LIC2D+� � �M��� (�	�!��� �	���-����� ������� ��� � ����� � 6 �48�� � 6�� 89��� ��� (� *+,!�����-���������	� � 6�
�������* , � 8 � � ��������	����
���	�����9������� ���������
���� �7� (� �7�-�����+� � 6 � 8�� � 6�� 8��!����� *��������� � (� *+,!���"�	��� ������� ��������� � * � � � 
�0 � ����� .
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Variable P(X)
1

Variable P(Y)1

,

0 1 2

Nombre d’evenement

P(X)+P(Y)

,

# VYX LIC2D+� �BA ��� (�	�!��� �	���-����� ������� ��� � ����� � 6 �48�� � 6�� 89��� ��� (� *+,!�����-���������	� � 6�
�������* , � 8 � � ��������	����
���	�����9������� ���������
���� �7� (� �7�-�����+� � 6 � 8�� � 6�� 8��!����� *��������� � (� *+,!���"�	��� ������� ��������� � * � � � 
�0 � ��� � � .
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��OZLICbLIT+TIOZ]ANIC^D V ]�[POUC2_nBgTe_�KMD�dZBgC V BgNIhpDiQ�Bgh9cDiBg_^O V C^DiQ�� T��o� �R�Jq V hIDFQy_,[PORQ^Q V NIhYDsK�l2cD _^D TPKMC^D�E�D

CJB V QyOZTITID ]�D9TM_ ���RV T � ��dZBgC V BgNjhYDiQ�TjD�QyOUTe_�[PBUQ�E�OZC2CjcD h9cD DFQ D Te_2C^DbD hphYDiQ<q OUTaE�OUTwQ V KmcD C2D < h¨BuQSOU]�]�D
KMDoE�DiQbT � �zdZBgC V BgNjhYDiQbD _: �� � h BzdUBiC V BgNIhpD)Bgh9cDiBg_^O V C2Ds[PORQ2QecDiKIBiTM_sKeDiQWE<OUC2CjcD h¨Bi_ V OUTPQ�B dRDiEuLITIDsOZL
[IhYLPQ V D LjCJQ\dZBiC V BiNIhYDFQ\[ICjcDiE?cDiKMD9TM_^DiQ �  T�[�D9LI_�Bg[I[jh V �RLID CmB V QyD9]�D Te_\hpDuCJB V QSOUTITID9]�D Te_\[jCIcDiE�cDFKMD Te_
BgLIk�KeD LIk�dZBgC V BiNIhYDiQ < D _C �� � ��RV hYDiQ�dUBiC V BgNIhpDiQbQSOUTe_b_2OZLI_2DFQ�E�OUC^CIcD h9cD DiQ�KIBgTwQbhYD�] �D ]�DfQyD TPQ<qMh BzK V Qy_2C V NILj_ V OZT�KMDuh B%dZBgC V BiNIhYDBgh9cDFBg_2O V C^D � _2D TwKMCJB �B0Q<l2cD h BgC XZV C�BiLI_2OZLIC3KeD3h¨B
]�O � D TITID�_^G�cD OUC V �RLID Q V h¨B0E�OUC^CjcD h Bg_ V OUT DFQy_
[�O�Q V _ V dRD3D9_�BgL E<OUTe_2CJB V C^D'�B.QyD C2DFQ2QyD9C2D C�BiLI_2OZLIC3KeD
E�D9_2_2D3]aO � D9TITID4Q V h¨B0E�OZC2CjcD h¨Bi_ V OZT DFQy_
T�cD X Bi_ V dRD �
B h\t�BiLI_AC^D ]�BiCJ�RLID Cs�RLID�TIOULwQ)BFdROZTPQzLI_ V h V QecD�hpDiQ%[jC2OU[jC V cD9_IcDiQ 
 X hYOZNPBghpDiQ 
3KeDiQ)E�OUC^CjcD h Bg_ V OUTwQ�qEUl�DiQS_ � �B � K V C^D3�RLID3TIOZLPQ�BFdROZTPQ�QSLI[I[PORQecD
�RLID E�DiQaE�ORD�¥£E V D Te_JQz_^CJBZKML V Q^B V D TM_aN V D T h�l V TPKbcD [PD T �KIBgTPE<DAOZL TjOUT0KMDFQ%dZBgC V BgNjhYDiQoBgh9cDFBg_2O V C^DiQ � �,T'K?l BgLI_^C2DiQu_2D9C2]�DiQ�hrl^cDFEHGPBiTM_ V hphYOUT E<OUTPQ V KmcD CjcDADFQy_

C2D h Bg_ V dRD ]+D TM_`GIOU]�O X �D TjD�D9_+KMOUTPE�h¨B:[IhpLI[PBiC2_aKMDiQ)QyOZLPQ � cDiEJGPBgTe_ V hYhpOUTPQ+QyD4E�OZ]�[POUC2_^D Te_)KMD4h¨B
] �D ]�D)]�BiT V �D9C2D�[POULjCAhpDiQ7dZBiC V BiNIhYDFQ� D _4< �  C9q,h¨B3dUBihYD LjC+KML E�ORD<¥�E V D Te_)KMD~E�OUC^CIcD h Bg_ V OUTD TM_^C2DsKeD LIk�dZBgC V BgNIhpDiQbDiQS_WLIT4[PBgCnBg]~�D9_2C2Do�RL V KmcD [PD TwK£tvOUC^_2D ]aD TM_mKMD©E�D _^_2DsGIOU]aO X cD9T�cD V _jcD � �,TD � D _ q V h;DiQy_s[PORQ^Q V NIhYD+�RLID)hrl^cDiEJGPBgTe_ V hYhYOZT�QyO V _sD T:t�B V _uh B�QyOZ]�]�DoKMD+KMD Ljk cDFEHGPBiTM_ V hphYOUTwQWB � BgTe_KMDiQsE�OUC^CjcD h Bg_ V OUTwQ%K V � cD C2D9TM_^DiQ � �¦BgCzD9kMD ]a[IhYDoQ V ��� � DFQy_sLIT�cDiEJGPBiTM_ V hYhpOUT3_^D h��RLIDAhpDiQudZBgC V BgNIhpDiQBgh9cDFBg_2O V C^DiQ  D _ <�QSO V D9TM_mE�OZC2CjcD9h cD DiQ;D _������� DiQS_\LjT cDiEJGPBgTe_ V hYhYOZTz_^D hP�RLIDWhpDiQ,dZBgC V BgNIhpDiQ�Bgh9cDiBg_^O V C^DiQ D9_ < QSO V D TM_�BiTM_ V E�OZC2CjcD h9cD DFQ � �;OULIC�hrl^cDiEHGwBgTe_ V hphYOZT7tvOZC2] cDsKeDz� � �`��� � � ��� �� q V h�DFQy_�[PORQ^Q V NjhYD)�RLID
hYDiQ,dZBgC V BgNjhYDiQ�Bih cDiBi_2O V C2DiQ  �D _ <�B V D Te_bLIT4E�ORD<¥�E V D Te_�KMDsE�OZC2CjcD h¨Bi_ V OZT�TeLIh � B hIt�BiLI_�KMOUTwEuB dUBiTM_
_2OULj_�Q�l¤BZQ2QSLIC2D C`�RLIDshrl^cDFEHGPBiTM_ V hphYOUT+QSO V _WGIOZ]�O X �D TID �

"�#%$�$'&(�)+*-,/. #10�243 (�,65�78(:9�9

5WOULPQsBihYhYOZTPQ%D9kM[Ih V �RLID C`KMDa��LID9hYhYDzt�B��E�OUT hYD)[IC^OUNIh��D ]�Dzh V cD~�B�hrl�GjOU]�O X cD TfcD V _jcD©KMD+hrl^cDFEHGPBiTM_ V hphYOUT[�D9LI_ X cD TfcD C^D C�LIT4D kIEZ�DiQ�K?l^cD9dmcD TjD ]�D TR_nQu�B)NPBUQ � � 
U�RLID LIDFQ�KMD)K V Qy_^C V NjLI_ V OUTPQ 
��fQ2BgTwQuB � DiE�_^D CKMD�]�BgT V �D C^DbQ VYX T V §�E9Bg_ V dRDbhpDiQ dZBihYD LICnQ,KMD�h B|]aO � D9TITID,D _�KMD�h¨BWdZBiC V BiTPE�D�KMD�E<D _2_^D�K V QS_2C V NILI_ V OUT �
� LI[j[�O�QyOZTPQA�RLIDRq�hrl^cDFEHGPBiTM_ V hphYOUT~� � QyO V _stvOUC2] cD+KMD�KeD LIk cDiEJGPBgTe_ V hYhpOUTPQu��� � D _o��� �� B � BiTM_sC^D �Qy[PDiE�_ V dRD ]�D9TR_WT	�,D _sT	���©cD dmcD TID9]�D Te_JQsq�B dRDiE �
��� �� ����� � �WT hYOU_� ���% � q  � q �Y�Y�  ���sKMD5 dZBiC V BiNIhYDFQ�B0cD _jcDoEHGIO V Q V [�OZLICsE�OZTPQy_^C2L V C2DsLITIDodZBgC V BgNIhpD � �B7[PBiC2_ V C�KMDohrl^cDFEHGPBiTM_ V hphYOUTa� � �!�RVhrl^cDFEHGPBiTM_ V hphYOUT£��� �� [PO�Q2QecDFKMD+KMDiQ�E�OUC^CjcD h Bg_ V OUTwQW[POULICsE<DzhYOZ_sKMD 5 dZBgC V BgNjhYDiQ�D _s�RLID)E<DiQWE<OUC2CjcD h¨B �_ V OZTPQ�QyDs_2CnBUKML V QyD Te_�[PBgC`KMDiQ�dZBghYD9LICJQ����1 � �m[�D9_ V _^DiQ�qPBihYOZCJQ V h�DiQS_W[PORQ^Q V NIhYD©K?l�OZNI_2D T V C�[POULIC`h¨B

dUBiC V BgNIhpD � LITID�K V Qy_^C V NjLI_ V OUT)[POULICmhrl^cDiEHGwBgTe_ V hphYOZTzKeD�CIcD�tgcD C^D TPE�Df��L V QyO V _,LITjD X BgLPQ^Q V D9TITID�]�B V QBFdRDFE��B�NPBZQ2QyDFQ%dZBghpD LICJQoKMD � LjT
D kjEU�DiQu�RL V E�OUC^C2D [POZTPK �B�h B:E�OZTM_^C V NILI_ V OUT KMD+hrl^cDFEHGPBiTM_ V hphYOUT� � �� � ��B©§ X LIC2D©� � $sV hYhpLPQy_^C2DsE<D%[jG�cD TIOZ]3�D TID �
x D X D TjC2DsK?lªD � D _bTjDzKeO V _m[PBUQ4�D9_2C2Ds[ICjcDiQyD9TM_fBgL�T V dRDFBgL�K?lªLITIDsBiTPBgh � QSDs[IG � Q V ��LjD���LjT�D9kIEZ�DFQ

K?l^cD dmcD TID9]�D�Te_JQ�KeDANIC^L V _|KMD7tvOZTPK
KIBiTPQuh¨B�CjcD XUV OZT
KeL
Q VYX TwBgh�T�l�DFQy_ �JBg]�B V QWLjTID)NPOUTITID£EHGIO�QyD
[�OZLICsLITID)C^DiEHGjD CJEJGID �P} D+[IhpLPQ�q?TjOULPQsB dROUTPQ`K V _o�RLID+E�D _^_2Dz] cD _2GIOeKeDz[PD C2]aD _2_nB V _`KMD+KMOZTITID C
LITID DiQy_ V ]�Bi_ V OZT KML TIOU]+NIC2D K�l2cD dmcD TID ]aD�Te_JQ+KMD NIC2L V _�KMD3tvOUTPK Bg_2_^D TPKMLwQ � � dRDiE3KMD _2D9hYhYDFQ
E�OUC^CIcD h Bg_ V OUTPQ<qMOZT:dRO V _���LjDsE�D X D TjC2DoKMDs[ICjcDFK V E�_ V OZT�[PD CJK4KMDoQ2B)dUBihYD LjC �

�ED $
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Echantillon E

Echantillon E
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Nombre d’ evenements
,

# VpX LIC^Ds� � $ � � �����-����
���-����� �����������������
���� � �!�����#�@� (��*+,!�����-��������� � � ��� �3(��:1(��� ���<*��.
�,TM§PT�qIOZT�[POULIC^CJB V _�[�D9TPQyD Cf��LjDsE�D X D TIC^DoK?l�D � D _�[PD LI_�D9k V Qy_2D9C\[POZLIC�hYDiQ�GPBgLj_2DiQbdZBghpD LICnQbKMD

� � �;lªD ke[�cD C V D TPE�D`]�OUTe_2C^Dz�RLIDoE�D h BzT�l�DFQy_�[PBUQ�hYD©E BUQ<qPE BgC�hYDiQ�E�OZC2CjcD9h¨Bg_ V OZTPQW�RLIDsTIOZLPQWdRD TIOZTPQ
K?l^cD dROe�RLID C+[IC^Ogd V D9TITID Te_�DiQ^QyD Te_ V D hYhpD ]AD9TM_©K?l^cD dmcD TID9]�D Te_JQ)KMOZTM_�hYDFQ£dZBiC V BiNIhYDFQA[IC2D9TITID Te_4KMDiQ
dUBihYD LjCJQuQ V _2LfcD DiQ�KIBgTPQshYDiQ��RLID LIDiQ`KMD+K V QS_2C V NILI_ V OZTPQuKML NIC2L V _`KMD)CjcD�tgcD9C2D TPE<DzD _uTjOUT [PBUQu[POULIC
KMDiQbdZBghpD LICJQbTjOUC2]£BghYDFQ �

� ( 2 7 $ #�� )��(�� ( 2 *�� (�	 )>( 2 �1* $ .>* � )+( 2 , $ # 7�
 7'.��� &(�( 2 


x OUTPQ V KmcD C^OUTPQ�hYDsE9BUQ\O��L�hYDFQ\KeD LIk'cDiEHGwBgTe_ V hphYOZTPQ�OUTe_b[POZLIC�LITIDudZBiC V BiNIhYD: �hpDiQ�K V QS_2C V NILI_ V OUTwQbKMD
h¨B%§ X LIC2Do� � �M�
 T3E�OZTPQy_nBg_^DzKeD LIk�EJGIORQSDiQ?�Ih�l2cDiEJGPBgTe_ V hYhpOUTa� � qjQyD ]+NIhpDW[PORQ^QecDiKeD CuKeD LIk�QSOULPQ�cDiEJGPBgTe_ V hYhYOZTPQ?�

� LIT�KMOZTM_mh¨BoK V QS_2C V NILI_ V OUT+DiQS_b_2C9�DiQbK V � cD C2D9TM_^DuKMD�h¨BoK V QS_2C V NILI_ V OZT�KMDuh�l2cDiEJGPBgTe_ V hYh OUT+� � �vh¨B
[PBgC^_ V Du[ V �RLfcD DoE�OZC2C^DiQy[POUTwKIBgTe_)�Bzk�� ? ���

� LIT)BiLI_2C^D�KMOUTe_,h BuK V QS_2C V NILI_ V OZTz[POULIC�h B¡dZBgC V BiNIhYDC QyD�_2C^OULIdRDfKIBgTwQ�h¨BW]/�D ]�D;CIcD XZV OUT+�RLID
hYD+Q VYX TwBgh�_2OZLI_sD T
B � BiTM_sLITID)tvOUC^]�DzD9TPE�OUC^DAC^D h¨Bi_ V dRD ]�D<TM_�K V � cD C2D Te_2D��v[PBgC^_ V D)k��=? �<�Jq
E�Ds�RL V [PD LI_�[PD C^]�D _2_^C2D�LITID©BgTPBih � QyDs]ALjhY_ V K V ]+D<TPQ V OUTITID9hYhYD �

B het�BgLI_mKMOZTPEWDiQ^Q2B � D C�KMD`Q2B dRO V C�Q V h�l V T-;PLID TwE�D�KMD`E�D _^_2D�[PBiC2_ V D�[ V �RL�cD D�QSLIC�h¨BsE�OUTwQy_2C^LPE�_ V OUT£KMDiQ
[IC2OZNPBgN V h V _IcDiQ�T�l�DiQS_�[PBUQ�_2C^OU[ V ]�[POUC^_JBiTM_^D �
� LI[j[�O�QyOZTPQ3��LjD{h B [wBgC2_ V D B dRDiE:k�� ? �4KMD hrl^cDiEHGwBgTe_ V hphYOZT.� � E�OU]�[POZC2_2D/5 cD dmcD TID ]aD TR_JQ

D _zh�l¤BgLj_2C2D�[PBiC2_ V D�T � �PDiQz[IC^OUNIh��D ]�DiQoBg[I[wBgCJB V Q^QyD Te_��RLPBiTPK+5 �0T ��} BiTPQAE<D�E BUQ<q,hYOZCJQ+KMD�h¨B
�ED �
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Echantillon II

Echantillon I

Xx0

Nombre d’ evenements
,

# VYX LIC2Do� � � � � �����-����
���-������� �!���"����� � �;��������
�� � � ���$� �����7& (��*+,!�����-����� ������� � �����.

E�OUTPQS_2C^LPE�_ V OUT KMD h¨B
[IC2OZNPBgN V h V _jcDRqmhYDiQ�T�cD dmcD9TID ]�D Te_JQ)[ICjcDiE?cDiKMD9TM_nQ�BgLIC^OUTe_3KMDFQ£[jC2OUNwBgN V h V _jcDiQ��LPBZQ V ]�D Te_\TeLIhphYDiQ �7B h?D T4CjcDiQSLIhY_^Ds�RLIDsh¨B)K V Q2E�C V ] V TPBg_ V OUT+D Te_2C^DzE<D%hpOU_�K?l^cD dmcD TID ]�D9TM_^Q,D _�hYDshpOU_
K?l^cD dmcD TID9]�D�Te_JQ¦KMDshrl^cDFEHGPBiTM_ V hphYOUT+� � TIDoQyDutvD CnBz[PBUQbOZL:]�Bih � ��OULjC�C2D ] cDFK V D C¡�B)E�Ds[IC2OZNIh��D ]aD V hQyLM¥a_,KeD�E Bgh E�LIhYD9C�h BW[IC2OZNPBgN V h V _jcDfQyLIC,h BW]/�D ]aD,dZBgC V BgNIhpDb]�B V Q�D T+B � BgTe_�D � DFE�_2LfcDmLITID�E�OZLI[ILIC^DRq
[PBgC�D keD ]�[IhpD�� k�� ? � � ��BzK V Q2E<C V ] V TPBi_ V OZT)QSD¡tvD CnBuD TM_^C2D�KMDFQ)cD9dmcD TjD ]�D Te_JQ�KMD�NIC^L V _mKMDbtvOZTPK�KMD
hrl^cDFEHGPBiTM_ V hphYOUTo� � ��L V C^DiQ2QSD ]+NIhYD Te_;BgLaQ VpX TPBihrqRBihYOZCJQb�RLID�[ICjcDiE�cDiKeD ]�]+D TM_9q�D hphYDfQyD�t�B V Q^B V _\[jhYLI_ �OU_
BFdRDFEWh¨Bz[PBiC2_ V DoKMDshrl^cDiEHGwBgTe_ V hphYOZT+� � dMCnB V ]aD TM_mK V � cD C2D Te_2D �
�WT©BgLI_^C2Db[jC2OUNjhr�D ]�D¦[�D9LI_,QSLIC2dRD9T V C ��LPBiTPKzh¨Bb[wBgC2_ V DfKMD�hrl^cDFEHGPBiTM_ V hphYOUT|� � K V � cD9C2D Te_2D�� k�� ? � �

[�O�Q2QecDiKMD)KeDiQ�E�OUC^CjcD h Bg_ V OUTwQ�BFdRDFE%K�l¤BgLj_2C2DFQbdUBiC V BgNIhpDiQ�Bgh9cDiBg_^O V C^DiQ � 5WOZLPQWQSOU]�]aDiQ,CJBg]aD T�cDiQmBgLIk
E�OUC^CIcD h Bg_ V OUTPQmKMDs_ � [PD B [IL V Q^��LjDzE<D _2_^Du[PBgC^_ V DzKeDuhrl^cDiEHGwBgTe_ V hphYOZT X OULIdRD C^TID CnBzhYDsE Bih¨E�Ljh�KMD � �B
E BgLPQSD�KMD`QyOUTa[�O V KIQ,D T+TIOZ]ANIC^D�K?l^cD dmcD TID ]�D9TM_nQ,�@5 �0T?� �  TAC^D _ V D TPKMCnBuKMOZTPEW�RLID�h�l�LI_ V h V Q2Bi_ V OZTKMD:dZBgC V BiNIhYDiQ+KMOZTM_�h B{K V Qy_^C V NILI_ V OUT'[�OZLIC�h�l2cDiEJGPBgTe_ V hYhpOUT0KMD3CjcD�tZcD C^D TPE�D�DFQy_�[ V ��LfcD D4KMO V _��D _^C2DE�OUTe_2C^OUh9cD9DsB dRDiEuBg_^_2D Te_ V OUT �

"�#%0 	 )� 2 . #10'242 � $ )>( 2 	 #%$�$'&(�)+*-,/. #10�2

5WOULPQ`BFdROZTPQ3cD dROe�RL�cD)K V dRD CJQ�[IC^OUNIh��D ]�DiQ�h V cDiQz�B�h B�E�OUTwQy_2C^LPE�_ V OUT KMD)h BAdZBgC V BgNIhpD � ��} BgTwQ|hpDiQ
KMD LIk~EHGPBi[ V _^C2DiQ+�B�dRD T V C qPTIOULwQzBg[j[Ih V ��LID9C2OUTwQ%E<D _2_^D)] cD _2GjOeKMD4�B�h¨B�C2DiEJGID CnEHGjD)KML NPORQSOUT'KMD
� VYXZX Qs�BA������� �U�aQyLIC�hYDiQmKMOUTjT�cD DiQ�CjcD D9hYhYDFQ\E<OUhYhpDiE�_jcD DiQ�KMLICnBgTe_�hrl¤BiTITfcD D+�9�U� � D _o�BA����� " �Z��QyLIC
KMDiQ;KMOUTITfcD DiQ,Q V ]+LIh9cD DFQ � �PDfEHGjO V koKMDFQ�dZBgC V BgNIhpDiQ�qihYDFQ�E�OZLI[ILIC^DiQ,KMDfQecD hpDiE�_ V OUTwQscD dRD9TM_^LID hYhpDiQPB dUBiTM_
hYDsE Bih¨E�Ljhw§wTPBgh;KMD �5qPQyD9C2OUTe_ X L V KmcDiQb[PBgC�hYD|QyOULwE V KMDsTIDs[PBZQbC2D TwE�OUTe_2C^D CbhpDiQ\[IC^OUNIh��D ]�DiQ�KMOZTM_
TIOULPQ�dRD TIOUTwQWKMDs[PBiC2hpD C � ��BA[ICjcDiQyD Te_JBi_ V OUT3KeDiQWBiTPBgh � QSDiQ�QyD CnB7t�B V _2DoKMD%t�B��E�OUT3h V TfcDFB V C^DRqM]/�D ]�D
Q V h¨Bz] V QyD`BgL4[PO V Te_�B0cD _jcDshYD�tvC2L V _�K?l V _IcD CnBg_ V OUTPQ�]ALjhY_ V [IhYDFQ �

�EDU�
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� � � � � � � 	 � 	 � � � � �	��� � � � � �
��� � ��� � � � � ������ � 	 �� � � � �����

�PD%] cDiE BgT V Qy]aD�KMD�� �2OUC��RD T�DiQS_�hYDu[jC2OeE�DiQ^QyLPQ�KMDs[IC^OeKMLPE�_ V OUT4KMOZ] V TwBgTe_�KML�N�O�QyOZT KMD � VYXZX Q�B7������� �U� � �PDiQ�C2DiEJGID CnEHGIDFQ\KjBgTPQ } �b����� B OUTe_�cD _jcD�]�D TfcD9DiQ�KIBgTPQb_^C2O V Q�E BiTPBgLIka[IC V TPE V [wBgLIk`�
�

��� �
� q � � � �

�+D _ �������� D $! � D �" � DU�  �� �;l�OUN �2D9_,KMDfE�D�EJGPBi[ V _^C2D�DiQy_¦hrl^cD9_2LPKMD�KML+E BgTwBgh ������z[POULIC
h¨BW[IC V QSD�KMD�KMOZTITfcD DFQ\KeD�hrl¤BiTITfcD D`� �Z� � � � [jC �DiQ,B dRO V C,CnBg[I[PD h9cD�h¨BuQ VYX TwBg_2LjC2D�D ke[�cD C V ]�D Te_JBihYD�K�l�LIT
Q VYX TPBgh KMD�NPORQSOUT~KMD � VpXUX Q�[IC2OeKeL V _�D T£BUQ2QSOeE V Bi_ V OUT4B dRDiEWKeD LIk+TID LI_^C V TjORQ\D9_bhYDFQ\[ICjcDiE BgLj_ V OZTPQ�BA[IC2D9TPKMC2D)[POZLICzC^DiE�OUTwQy_2C^L V C^DzhpDiQ:cD dmcD TID ]aD TM_nQuq?TIOZLPQu[ICjcDiQSD Te_2D C^OUTPQWhpDiQW[IC^OeE�DiQ^QyLPQoKMD)NIC2L V _KMDutvOUTPK��RL V QyOZTM_`Bg_^_2D TPKeLPQs�B£������� �Z�Mq?[jL V QbhpDiQbCjcDiQSLIhY_nBg_nQ�K?l�LITjDzBiTPBgh � QSDs[IC2OZNPBgN V h V Qy_2D �

#�� � 	 & $¦=!$A(4&s*\1$��" "&%$� �" �b= � "%(+*¦&769" -0/213( $¦=!$A(4&)6' (*)(

5WOULPQmB dROUTPQ,deL�KIBgTwQbhYD`EHGPBi[ V _^C2D�QSLICbh B%[IGfcD9TIOU] cD9TIOUhpO XUV DuKeLNPORQSOUT4KMD � VYXUX Qb�RLID�h¨BzQ VYX TPB �_2LIC^D%D9kM[fcD9C V ]aD TM_nBghpDuK?lªLIT N�O�QyOZT
KMD � VYXZX Q�[IC2OeKeL V _u[wBgC�hrl V TM_^D C2]'cDiK V B V C2D`KML:] cDFE BgT V Qy]�D`KMD� �2OUC+�RD9T)KIBiTPQ,hYD�E BiTPBghITjD LI_2C V TIOsDiQS_�KMD Ljk �2D _nQ,BUE�OZ[Ih¨BiTPB V C2DiQ,[IC^OidRD TPBgTe_�KMD�h BWtvCJB X ]�D Te_JBi_ V OZTKMDoKMD LIka��LwBgC+�jQ�N�D9_�KMDshrl^cD9TID C XZV DuD9_�KMDohrl V ]�[ILIh Q V OUT+]�BiTP��LwBgTe_2DiQ �
x l�DFQy_s[POULICn��LIO V q;KIBiTPQuLIT{[jC2D ] V D C�[PBiCJB X CJBi[IGID�TIOZLPQzBihYhpOUTPQsKmcD�§wT V Cuh BAt�B �E�OZT
KMD)C^DiE�OZTPQ �_2C2L V C2DshpDiQ�K V C^DiE�_ V OUTwQ�qIhYDFQ�cD TID C XUV DFQbD _WhpDiQ V ]a[ILIh¨Q V OZTPQ�KMDiQ �2D _JQ � �,L V Q<qIhrl¤Bih X OUC V _2GI]aDsK?l^cD9_ V �RLID �_JB X DoKML:N4KMD } �b����� B QyD9CJBz[ICjcDiQyD Te_jcD �

,.-+/0-+/ 132�4�576.8:9<;>=.4>9@?A576CB�2D8FE2HGIE2J6K2JLM2J6N9@8
��BAC2DiE<OUTPQS_2C2LwE�_ V OUT4KMDiQ4cD9dmcD TjD ]�D TR_nQbQyDst�B V _W[PBiCWh�l V TM_^D C2] cDFK V B V C^DuKeL:[IC^O X CnBg]�]aDsKMDzC^DiE�OZTPQ �_2C2LwE�_ V OUT4Qy_nBgTPKIBiCJK4KMD } �b��� � BH�

�;l¤Bih X OUC V _2GI]aDzKeD%CjcDiBUQ^QyOeE V Bg_ V OUT KeDiQWKmcD [ �OU_nQWK�l2cD TID9C XUV DsKML~E BghpOUC V ]3�D _^C2DuGPBZKMC2OZT V �RLID � � x �
� � �
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ν

jet 1 jet2

ν

x �� q��RL V B5cD9_IcD3[ICjcDiQyD Te_jcD KjBgTPQ�hYD EJGPBi[ V _^C2D � q�DiQy_�[jCIcDiQSD TM_£KIBgTPQ�h B{C2DiE<OUTPQS_2C2LwE�_ V OUT KMDiQ
cD dmcD9TID ]�D Te_^Q [POZLIC�h¨Bs[IC V QyD`KMDuKeOUTITfcD9DiQbKMD©� �U� � �Px D _�Bih X OZC V _2GI]�D�[PD C^]�D _�KeDuCjcDiE<LI[PD C2D C�h�l2cD T �D C XZV D�KMD4E�D9C2_JB V TIDFQ%[PBiC2_ V E�LIhpDiQ%TID9LI_2C^DiQzD _+KMOZTITID�LITID�]�D V hYhpD LIC2D)DFQy_ V ]�Bg_ V OZT
KML ;PLjk
_2OZ_JBgh
K?l^cD TjD C XZV D �

��OZLICsE Bih¨E�LIhpD C�E<D ;wLIk?qPLITIDoQecD hYDiE<_ V OZT4KMDz_^CJBUE<DiQWQ<l V ]�[PORQyD �  T3E�OZ]�[I_nBgN V h V QSDWLjT V �RLID ]�D9TM_
hYDiQ�_2CJBZE�DiQb[IC^OidRD TPBgTe_�KMDs[PBiC2_ V E�LIhpDiQ�EHGwBgC X cD DiQbdmcD C V §�BgTe_��

� LITIDo�RLPBgTe_ V _IcDsKMDs]�OZLIdRD ]�D9TR_b�0_2D hphYDs�RLID��j�U�u�WD9���iE0� � �#��� � �WD9���iE
� LIT�[PBgCnBg]~�D9_2C2D|K?l V ]�[PBUE<_bKjBgTPQ�hYDu[jh¨BgT�[PD C^[�D9TPK V E<LIh¨B V C2D	��
 �� _2D h ��LID�������
 �� ��� � ���
� LIT�[PBgCnBg]~�D9_2C2D|K?l V ]�[PBUE<_\hpDshYOUT X KMDshrl¤BikMD4
�����_^D h;��LjD���������� ��� � ���
� LITIDs_2CnBUE�DoKMDshpOUT X LID LICu�3_^D hYhpDs�RLID���� � DU� ���

�PDiQ3cD dmcD TID ]aD TM_^Q�QSOUTe_sK V d V QecDiQ�D T3KMD9LIk:GfcD9] V QS[IG��D C^DiQ\[PBiCsCJBg[j[�OZC2_a�BALIT3[jh¨BgT3[PD C^[PD TPK V E �LIh¨B V C2Da�BAh BAK V C2DFE�_ V OUT3KeDzhrl BgkeDoKML3_2GIC^LPQy_ � x D9hYhYD � E V DiQy_|KbcD�§PT V DoE�OU]�]aD3cD _JBiTM_�h¨B+K V C2DiE�_ V OZT���
��L V C2D TwK£]£Bgk V ]+LI] h BzdUBiC V BgNIhpDzQSL V dZBiTM_^D � D �  �

� � "���� �� � ����!"��$#M�%�� �&���'!"����
� �)( �� �&��� (O��L*#ADiQS_Wh B7tvOUTwE�_ V OUT3]�BiCJEJGID � �PDFQ+�� �&���¡QyOUTe_uhpDiQ V ]�[ILIh Q V OUTPQ�KIBiTPQuhYD©E�D Te_2C2D©KMDz]£BUQ2QSDRq�KMDiQ

T�[PBgC^_ V E�LIhYDFQ�C^DiE�OZTPQy_^C2L V _2DiQ,[PBiCbhYD`KmcD _^DiE�_^D LIC } �b����� BJ��x D _^_2D`K V C^DiE�_ V OUT+DiQy_mh¨BsK V C2DiE�_ V OZT��RL VC2D TPK�hpD ;PLIk�K�l V ]a[ILIh¨Q V OZTA]�Bik V ]�Bgh �
�PDiQ+cD dmcD9TID ]�D Te_JQ�QS[IGfcD C V �RLIDiQ,OUTe_,� � �� qUhpDiQ)cD dmcD TID ]�D9TM_nQ�E�OUh V TfcDiB V C^DiQ�OUTe_ !W�o� � �PDFQ�[wBgC2_ V6�E�LIhYDFQ�EJGPBgC X cD DFQ�D9_,TID LI_^C2DiQ�KIBiTPQ�EHGwBU�RLID�G�cD ] V Qy[IG �D C2DmQyOZTM_mBZKIK V _ V OZTIT�cD DiQ�B §PT�KeD�C2DiE�OZTPQy_^C2L V C2DE�Ds�RLIDshrl�OZT4Bg[I[PD hpD CJBzhpDiQ �2D _JQbGfcD ] V QS[IGfcD C V �RLIDiQ �
�;l¤BikMD+KeD)Qy[jG�cD C V E V _jcDoKbcD�§PT V KIBiTPQWhYD©E�D Te_2C^DzKeDz]�BZQ2QyDoDiQy_`BgLwQ2Q V LI_ V h V QecDs[�OZLICoE Bgh E�LIhpD C�LITID

dUBiC V BgNIhpDs��L V QyD CnBz[IhYLPQb_nBgCnK£Lj_ V hpDsKIBiTPQ¡h�l¤BiTPBgh � QSDu[IC2OZNPBgN V h V Qy_^D�� �.-0/ � ��OULIC�_2C^OULIdRD9C�E�D _fBgkeDRq
� � "



���������
	�����

V h�t�BiLI_`KbcD�§PT V CbLIT4_2D TwQyD LIC�KeD%CnBgT X " � D �  �

� ��� � �
�

�
�
� � �

� � �&��� � � �&���oO��L������7� ?	��
���

�PDiQbdRDiE�_^D LICJQ�[IC2OZ[IC2DFQWKMDoE�D9_2_2D`]�Bg_^C V E<DRq��� � q)�� � D _ ����uOZTM_�[POULjCWdZBghpD LICnQb[IC2OZ[IC2DiQ��

� � � � �%�� �&����! �� � � �
� ( �� �&��� ( �

BFdRDFE�� � � � � � � � �� � ? � � ? � � � �

� hYOZCJQ�qRh�l¤BgkeDsKMD|Qy[IGfcD9C V E V _jcDo�rBikMDs[IC V TPE V [PBih?KeDuhrl^cD dmcD9TID ]�D TR_m�,DiQS_�KMOUTITfcD%[wBgC ���� �Px D h¨BoKbcD�§PT V _KMD LIk)GfcD9] V QS[IG��D C^DiQ � �.- / E<OUC2C^DiQy[POZTPK �B%h¨BudZBgC V BiTPE�D`KMDiQ V ]�[ILIh Q V OUTPQ�[PD C^[PD TPK V E�LIh¨B V C^DiQ��B%hrl BgkeD
KMDmQy[IGfcD9C V E V _jcD�qiE Bgh E�LIh9cD9D�KIBgTwQ�hrlªG�cD ] V Qy[IG �D9C2D¦E�OUTe_2D TwBgTe_�hpD\[jhYLPQ;KMDb[wBgC2_ V E�LjhYDiQ � �PDiQzcD dmcD TID ]aD TR_JQ
Qy[IGfcD9C V �RLIDiQ�BgLjC2OUTe_u_^D TPKIBiTPE�D��BaBFdRO V C�LITID)dZBghpD LIC`KMD �.-0/�[jhYLPQ X CJBiTPKMD+�RLIDzhpDiQ:cD dmcD TID ]aD TR_JQ
E�OUh V TfcDiB V C^DiQ �
�WTID�C^DiEJGID CJEJGIDmKMD �2D _nQ D9T)LI_ V h V Q^BgTe_�h�l¤Bih X OZC V _2GI]�DmKMD �2D9_b�PLPE�hpLPQ7� �Z�  B`BgLPQ^Q V cD _jcDfBg[I[jh V �RLfcD D ��PDA[PBiCJBi]3�D _2C^D)�RL V KbcD�§PT V _uh B�K V Qy_nBgTPE<DA] V T V ]aBghpDsD TM_^C2D)hpDiQuE�hpLPQy_^D CJQ<q 2������
��q?DiQS_sh¨B V Q2QecD3�B�Q2B

dUBihYD LjC�[PBgC£KbcD�t�BgLj_��:2������ �� " � ��� ����� �g� �PDiQ �2D _nQA[IC^OgdRD9TPBgTe_�KMD E�D9_2_2D4C2DiEJGID CnEHGjD3QyD9C2OUTe_
Bg[I[PD h9cDiQ�KIBgTwQ¡h B)QyL V _2D 
 �2D _nQ 
eqPQ2BgTwQuBgLPE<LITIDoBgLI_^C2D V TwK V E Bi_ V OUT �

�,TM§PT�qI[POZLICWdmcD C V §PD C�h Bz_2OU[POZhYO XZV DsD T�_2C^O V Q �2D _nQ�qMhpDu]/�D ]aD�Bgh X OUC V _2Gj]�DWDFQy_�LI_ V h V QecDRqZ]�B V Q\D T
V ]�[PORQ^BgTe_bhpD%TjOU]+NIC2D`KMD �2D _JQo�Bz_2C^O V Q �

,.-+/0-��  "! E2H9@?$#&=.2H9&%(' 2
B�2D8)#&=*% ;,+.8.-
�;l¤Bgh X OZC V _^GI]�DsLI_ V h V QecDs[POULIC cD _ V �RLID _^D C�h¨BA[jC2OeKMLPE<_ V OZT
KeD)�RLPBgC��IQWN0� � � D  �mC2D [PO�QyDaQyLICuhpD%t�B V _��LIDahYDiQzGPBZKMC2OZTPQ)[IC2OeKML V _JQ)hYOZCJQ)KMD�h�l�GPBZKMC2OZT V Q^Bg_ V OUT'KMD4E�DiQ)�RLPBiC+�jQz[�O�Q2Q<�DiKMD Te_ALjTID�hYOZT X LjDKMLICjcD9DsKMDzd V D©�rKMDshrlªOUCnKMC2DoKMD+� � �U�)[PQH� �P} Ds[IhYLwQ�qIhYDFQbGPBUKMC^OUTPQ�N�DFBgLIk4QyOZTM_�[jC2OeKML V _JQ�B dRDiEsKMDiQ
V ]�[ILjh¨Q V OUTPQ V ]�[POUC2_nBgTe_2DiQ �Ix DiQ�KMD LIk)t�BUE<_2D LICnQ�E�OU]+N V T�cDiQ,B dRDiEWhpDWt�B V _��RLIDuhpDiQ\GPBZKMC2OZTPQ�N�DFBgLIk
OUTe_zLITID�]�BZQ2QSD'cD hpD dmcD D V ]�[Ih V �RLID Te_u�RLID�hpDiQ%[IC^OeKML V _JQ)KMD4KmcDiQ V Te_jcD X CJBi_ V OZT0KMD�E<DiQ%[PBiC2_ V E�LIhpDiQBgLIC^OUTe_�KMD�h¨BiC X DFQ\[PBiCJBg]~�D _2C^DiQ�K?l V ]�[PBUE<_ � ��BoKbcD�§PT V _ V OUT�KMLa[PBgCnBg]~�D _^C2D�K?l V ]�[wBUE�_)��
 �� K?lªLITID
[PBgC^_ V E<LIhYD�DFQy_)h¨B3QSL V dZBiTM_^D3� � � D  �P�¦EUl�DiQS_zh B3K V QS_JBgTwE�D�] V T V ]�BihYD)D Te_2C^D�h¨B:_^CJB �2DFE�_2O V C2D£KMD�h¨B
[PBgC^_ V E<LIhYDuD9_�hYDudRD C^_2D k+[IC V ]�B V C2D`KIBiTPQ¡hpDs[Ih¨BiT�[PD C^[PD TPK V E�LIh¨B V C^D+�B7h�l¤BikMDsKeL£t�B V Q^E�DiBgL �

� � D



���������
	�����

P
V

δ

O

direction du jet

Vertex
Primaire

Trace

� L4[�O V Te_s� KMDz[IhpLPQ�E�OULIC^_2D+Bi[I[IC2OeEJGID©KbcD�§PT V KIBiTPQuhYDs[Ih¨BiT3[PD C2[PD TPK V E�LIh B V C2DRqPE�OZC2C^DiQy[POUTwKLITzD _;LIT©QyD LIhe[PO V TM_¦QyLIC¦h¨B�_2CJB �2DiE�_2O V C^DbKeDbh¨B�[PBiC2_ V E�LIhpD � �PDb[PBiCJBi]3�D _2C^DmK?l V ]�[PBUE<_;QyL V dUBiTM_;hrl BgkeD
uDiQy_�BihYOZCJQ�KbcD�§PT V E�OU]a]�D�h¨B)E�OROZCJKMOZTITfcD DoD T"
oKMDoE�Du[PO V Te_�LIT V �RLID �Px D _2_^DsK V Qy_ V TPE�_ V OUT�D Te_2C^D
hYDiQ�KMD LjkA[PBiCJBi]3�D _2C^DiQbK�l V ]a[PBUE�_¦DiQy_mG V QS_2OUC V �RLID � �,hYhpDsE�OUC^C2DiQS[POUTPK�BgL�t�B V _��RLIDuhpDW] V E�C^OgdRD9C2_2D9kTIDs[�D9C2]�D _^_JB V _�[PBUQ�KMDoKMOZTITID C`KMDiQ V TMtvOUC^]�Bg_ V OUTwQ\D T�
oB dUBiTM_o� �Z� � �

�PDsQ VYX TjDsKML�[PBiCJBi]3�D _2C^D�K?l V ]�[PBZE�_,DiQS_�KmcD�§wT V E�OU]�]aDb[PORQ V _ V t¦Q V hYD�dRDiE�_^D LIC �2O VYX TPBgTe_bhpDWdRD C �_2D k+[IC V ]�B V C2D�D _mhYDu[PO V Te_�KMDu[IhpLPQ�E�OULjC2_2D|Bg[I[IC^OeEHGjDzKeD%h B%_^CJBUE<D%DFQy_�KjBgTPQ�h¨Bs] �D ]�D�K V C2DiE<_ V OZT��LIDah¨B3K V C2DiE�_ V OZT.KeL �2D9_+BgLP�RLID h�Bi[I[PBgC^_ V D TM_)h B:[PBgC^_ V E�LIhYD �,} BiTPQ7hpD�E BZQAE�OZTM_^CJB V C2DahYD4Q VpX TIDDiQy_`KbcD�§PT V TfcD X Bg_ V t � � dRDFE|LjTIDz_^D hYhpDzKmcD�§PT V _ V OZT�qIhYDFQ¡[PBiC2_ V E�LIhpDiQb[IC^OeKML V _^DiQWhpOUCJQ`KMD)KmcDFQ V Te_9�D X CJB �_ V OZT4KMDzGPBZKMC2OZTPQWNPDiBiLIk?qI[jC2OidRD TPBiTM_�K?lªLIT:dRD9C2_2D9k�QSDiE�OUTwKIB V C2DRqPBiLIC2OZTM_`KMDzh BgC X DiQ�[PBgCnBg]~�D9_2C2DFQ
K?l V ]�[PBUE<_W[PORQ V _ V t�Q �¦} D�[IhpLPQ�q;hYDiQu[PBiCJBi]3�D _2C^DiQsK?l V ]�[PBZE�_uTIOZT � TeLIh Q%[IC^OgdRD9TPBgTe_)KMD+]�BiLIdZB V QSDiQC2DiE�OZTPQy_^C2LPE<_ V OZTPQbKeDiQb_2CnB �2DiE�_^O V C^DiQbQSD C2OZTM_£cDF��L V [IC2OZNPBgNjhYD ]�D9TM_�[PORQ V _ V t�QbOUL�TfcD X Bg_ V t�Q �?x D9_�Bgh X O �C V _^GI]�D�T�cDiE�DFQ2Q V _2DsKeOUTPEuh¨B)C2DFE�OUTPQS_2C^LPE�_ V OUT�h¨Bz[jhYLPQb[ICjcDiE V QyDu[PORQ^Q V NIhYD©KML�dRD C2_^D kA[jC V ]£B V C^D �
 T KmcD<§PT V _+BihYOZCJQ)h¨B �;�B���<� � * ���<*�� � K?l�LjTID�_2CJBZE�D3E<OU]�]�D)hpD�CJBg[j[�OZC2_�KeD:QSOUT [PBiCJBi]3�D _2C^D

K?l V ]�[PBUE<_\D9_�KMDshrl�D9C2C2D9LICmQyLIC`E�DoKMD C^T V D C �
� � �

���
��Ba§ X LIC^D AM� �)]�OZTM_^C2Doh¨B�K V Qy_^C V NjLI_ V OUT KMD+E�DFQ��;�B���<� � * ���!*��SQ%[POULjCzhYDFQ¡[PBiCJBi]3�D _2C^DiQuK?l V ]�[wBUE�_
����� D9_C
 � � "" r�

� [PBiC2_ V C�KMD E�DiQ+E�OULjC2NPDiQ�KMD �;�B���<� � * ���<*��JqWOZT E�OUTwQy_2C^L V _�LITjD3[IC2OZNPBgN V h V _IcD3� �S� � � �+[POULIC
EHGPBZ��LjDu_2CnBUE�DiQ V KeD%�;�B�'�<� � * ���<*�� � � �

� � � � � ��� ���
	��	 �
� � � �>2 � Q V � � � �

�z� � � � � Q V � � � �
��B%tvOUTPE�_ V OZT � E�OZC2C2DFQy[POUTPK �B7h BzKMD9TPQ V _IcDoKMDuh B)K V QS_2C V NILI_ V OUT4KMDFQ#�;�B���<� � * ���<*�� QWE Bih¨E�Ljh cD DiQmB dRDiE
KMDiQb[PBiCJBg]~�D _2C^DiQ�K?l V ]�[PBZE�_�T�cD X Bi_ V t�Q ��x D _2_^DzK V Qy_^C V NILI_ V OUT�C2D�;;�D _2Dsh BzCIcDiQSOUhYLj_ V OZT3KML4KmcD9_2DiE�_^D LIC ���OULIC¦LITID�_2CnBUE�D V qg[jC2OidRD TPBiTM_¦KMD�T�l V ]�[POUC^_2Dm�RLID he[IC2OeE�DFQ2QyLwQ�qeE�D _^_2Db[jC2OUNwBgN V h V _jcD�� � � � ���;E�OZC2C^DiQ �[�OZTPK �Bzh¨Bz[IC^OUNPBiN V h V _jcDu�RLIDsE�D9_2_2D`_2CJBZE�Du[IC^Oid V D TITIDsKeL�dRD C2_^D k)[IC V ]�B V C2D � B h?DiQS_�BghpOUCnQb[�O�Q2Q V NIhpD

� �U�



���������
	�����

# VYX LIC2D AM� �Z�#� �����-����
;���-������� �!���"� ���$� �����<��(�;�$� �3(�;� ����� � ��� ������� � ���9��� ��7� ����� ��
+�;�7���<� ���$�Q VYX T V §�E BgTPE<D7� �!����� ��� � �!���$� � 
� �-�+� � �'� � �#�!��*�� ������� ����� ����� � � � 6 �+89� �4�;�"�������� � � �����+� *��	�����
� 6 
 8".��3�$��* ������
��$�>���=�-�$����� � ������� �+�	�2�3(�$�/���"� ���"� ���$� * �����-����
���-������� ���$���<��� � � 
� �-�+�$� �'� � �#�!��*���<� �;���-� : � � � *�� � ���$����� �-�$����� �!�������-����� (� ���$� * �����-����
���-������� ���$���!���$� � 
� �-�+� ���'� � �#�!��*�� ��(���'�7�	� : �/.

KMDoE Bgh E�LIhYD9C\LjTIDz[IC^OUNPBiN V h V _jcDu[POULIC�LIT X C2OZLI[PD)KMD�5�_2CnBUE�DiQbD9T:KmcD�§PT V Q2Q2BiTM_ �

�  �	� !
 �I�� � � � � ��
 ��{� ���� � B dRDiE�� �


�� � � �o� � � �

� �E�OUC^C2DiQS[�OZTPK �B:h¨B:[IC^OUNPBiN V h V _jcD��RL�l�LjT X C^OULI[PD3KeD�5_2CnBUE�DFQ%[IC^Ogd V D9TITID Te_oKML0dRD C2_^D k3[IC V	�]�B V C2D � �,BgC�E<OUTPQS_2C2LwE�_ V OUT E�D _^_2D4[IC2OZNPBgN V h V _IcD KMO V _�B dRO V CALjTID K V QS_2C V NILI_ V OZT.[Ih Bg_2D3[POZLIC4KMDiQ
X C2OZLI[PDiQuKMDo_2CnBUE�DiQ�[IC^OgdRD9TPBgTe_�CjcD D9hYhYD9]�D Te_bKeL:dRD C^_2D k+[IC V ]�B V C2D �j} DiQ�_2CnBUE�DiQ�[IC^OgdRD9TPBgTe_uK�l�LIT
dRD C2_^D ksQyDFE�OUTPKjB V C^Du��E�OU]�]aD�EUl�DFQy_�hYDfE BUQ¦KMDiQ�[IC^OeKML V _JQ,KMDfKbcDiQ V Te_IcD X CJBg_ V OZT+KMDiQ�GPBUKMC^OUTPQ,NPDiBiLIk��
KMO V dRD TM_�KeOUTITID9C%LjTID)K V Qy_^C V NjLI_ V OUT3[ V ��LfcD9D��B�
 cD9C2O ��x D _^_2D)[IC^OUNPBiN V h V _jcDo[PD LI_ �D _^C2D©KbcD�§PT V D+QyO V _[PBgC�GfcD9] V QS[IG��D C^DRqeQyO V _�[POULIC�hrl^cD dmcD9TID ]�D TR_ �

��OZLICWhpDiQbBiTPBgh � QSDiQ�KMDsC2DiEJGID CnEHGIDFQ\KeD NPORQSOUT KMD � VpXUX QuqeOUT~KbcD�§PT V _�h¨Bz[IC^OUNPBiN V h V _jcDs�
��

�RL VE�OUC^C2DiQS[�OZTPK3�Bzh B|[jC2OUNwBgN V h V _jcDu[ICjcDiE?cDiKMD9TM_^D�D TALj_ V h V Q^BgTe_\LjT V �RLID ]�D9TM_;[POULIC�hpDuE Bih¨E�Ljh�_^OULI_^DiQ\hpDiQ
_2CJBZE�DiQ�KMDsh�l2cD dmcD TID ]+D Te_�KMD>�;�B���<� � * ���<*���[PORQ V _ V dRD �

��B%§ X LIC2D AM� " � � � "" �¦C2D [ICjcDiQyD9TM_^DWh BzE�OZLIC2NPDsK?lªD�¥£E BUE V _jcD�D T+tvOUTPE�_ V OZT�KMDuh B%[ILIC^D _jcD`�RLIDuhrlªOUT
[�D9LI_�OZNI_2D9T V C¦B dRDiE�E�D _¦Bgh X OUC V _2Gj]�D�[�OZLIC,LIT cDiEJGPBgTe_ V hYhYOZToK?l^cD dmcD TID9]�D TR_JQPGPBUKeC2OUT V �RLIDiQ;Q V ]+LIh9cDiQ �
 T4E�OZTPQy_nBg_^D)QyLjCuE�D9_2_2D�§ X LIC^DzLITjD)Bg] cD h V OUCJBi_ V OUT V ]�[POUC2_nBgTe_2DsKeLIDa�B7h B7[PORQ^Q V N V h V _jcD|K?l�LI_ V h V QyD9CKMD [IL V Qu� �Z� � LITID)E<OROUCJKeOUTITfcD9DzD T�
oKML�] V E<C2O � dRD C^_2D k �

� � �



���������
	�����

x D _aBgh X OUC V _^GI]�D�B cD _jcD�h�l�LITID£KMDiQz[IC^D ] V �D9C2DiQuLI_ V h V Q2Bi_ V OZTPQ+KIBgTPQ } �b����� B K?lªLITID4BgTPBih � QyD[IC2OZNPBgN V h V Qy_2D �

# VYX LIC2D AM� " � 01������
������ * ��*��� (�6���2�"�+� � (��������� (� �-����<� �-� ���>��� 
�
 � �1(����;��� �����2� ��
 ��
������� (����� ��� (�+� (�6�� ��� ����� 6 ��� ,!����� 8���� � �%�2�$��
 ��
;������� (���!��� , (���>��� �<, 
�+�+� 6 ��� 
 � �	8".�� �$� * ������
��$� �+� �-�$�����3� ���+����+�	�2�3(�$�/����� ����� ��� ���	�������;�7�-����� ���$� ���+:;��� �>�7�-���������-��� � ��� � �����;�����<� � ����� � ��� �>��*� � � � ��� � � & � *�� � ���$�
��� �!�������	��� �7(� ���<���;� ��� �+���#� �$� ���+:;��� �>�7�-������� 
;� � ��� � �����;�����<� � �����$�/.
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! OZLPQ¡hpDiQ\[jC2OeE�DiQ^QyLPQ�[IG � Q V �RLIDiQ�O��L KeD%h�l^cD TjD C XZV D�]�BgTP�RLPBiTM_^DsBg[I[wBgCJB ��Y_�QSD C2OZTM_�KMDFQWQSOULICnE�DiQ�KMD
NIC2L V _,KeD\tvOUTwK � 5WOZLPQ�[ICjcDiQyD Te_2D9C2OUTwQ hpDiQ [jC2OeE�DiQ^QyLPQ V ]�[POUC2_nBgTe_JQm�B%������� �U�sD _;[�OZLIC�EJGPBUE<LIT)LITID
QMcD C V D��vTIOUT � D keGPBiLPQy_ V dRDU��KeD)dUBiC V BgNIhpDiQsK V Q^E�C V ] V TPBiTM_^DiQbQSD CJB�[ICjcDiQyD9TM_jcD D ��x DiQWdZBgC V BgNjhYDiQsQyD9C2OUTe_
LI_ V h V QecD DiQ�QyO V _`KIBgTwQ¡h�l¤BgTwBgh � QyD`[IC2OZNPBgN V h V Qy_2D�qPQyO V _o�B7_ V _^C2DsKMDsdZBgC V BiNIhYDiQ�KeD%[jCIcDiQecD hYDiE<_ V OZT �
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� ���\���9�U�MqIhpD�NPORQyOZT
	�DiQS_\[jC2OeKML V _�QSLICmQ2BzE<OULPEJGID�KMD�]�BUQ^QyDRqZh¨BuCjcDiBZE�_ V OUT+D
�
DZ���'� ��)BsBghpOUCJQ

LITID�QyDFE�_ V OUT+D�¥�E9BUE�DfKMD DZ�uTMN � �WTA_^C9�DiQ X CJBiTPKATIOZ]ANjC2D�KeDuE�D X D TIC^DuK?l^cD dmcD TID ]�D9TR_JQ�QyD9CJBsKMOUTwE
[IC2OeKML V _ �m} LICnBgTe_Ah�l¤BiTIT�cD D � �Z� � qbD Ted V C2OUT � � � ] V hYh V OUT K?l^cD dmcD9TID ]�D Te_JQuGPBZKMC2OZT V �RLIDiQ)OUTe_'cD _jcD
D TIC2D XUV QS_2CjcDiQuKIBiTPQ } �b��� � BH� ��Ba§ X LIC^D Ae� D�]�OUTe_2C^Dzh B�K V QS_2C V NILI_ V OZT KMDAh BA]�BZQ2QyD V TMdZBiC V BiTM_^D_2OU_nBghpD�C2DiE<OUTPQS_2C2L V _2D+[PBiC } �b��� � B q;[POULIC+KMDFQ{cD dmcD TID ]aD TM_nQuQ V ]ALjh cDiQu� ��:D _o[�OZLIC)LIT NPORQSOUT
KMD � VpXUX Q%KeDz]�BZQ2QyD+�Z����D ��� ��� �rE BiTPBgh �������� �  T Q�l¤Bi[PD C��E�O V _s�RLID©E�D C2_nB V TPQ:cD dmcD TID ]aD TM_nQb� ��
BgLIC^OUTe_�LITIDz]£BUQ2QSDu_2OZ_JBihYDoKIBgTwQ¡h BzCIcD XZV OUT~KMDs]�BUQ^QyDsKeL3Q VpX TPBih �
 LID hphYDiQmQyOUTe_�BihYOZCJQ�qIhpDiQbQSOULICnE�DiQmK?l^cD TjD C XZV D�]�BgTP�RLPBiTM_^DsKIBgTwQbhYDu[IC^OeE�DiQ^QyLPQ�� ��A�RL V [�D9LIdRD Te_D kM[jh V �RLID CmE�Ds[IGfcD TIOU]~�D TID��
�WTID`KMDiQ�[IC2D9] V �D C^DiQ,QSOULICnE�DiQbE<OUC2C^DiQy[POZTPK�BgLjkA[PORQ^Q V NIhYDiQ�KmcDiQ V TM_jcD X CnBg_ V OUTPQ�QSD ] V6� hYD9[I_2OZT V �RLIDiQKMDiQ��RLPBgC��IQbNs�

� � 
 � ? �
�
0 �

� _ V _2C2DoK?lªD keD ]�[IhpDRqgh B©§ X LIC^D Ae� � ]�OUTe_2C^DuhYDFQbK V Qy_2C V NILj_ V OZTPQ�KMDshrl^cD9TID C XZV D�_2OZ_JBghpDsC2DiE�OZTPQy_^C2L V _2DKIBgTPQ } �b����� B [POZLIC)KMDFQ3cD9dmcD TjD ]�D Te_^Q�Q V ]+LIh9cDiQW� ��{����LjD hYhpD)�RLID+QyO V _sh¨B�Q2B dRD LjC���D _oKMDFQ:cD dmcD �TID ]�D Te_JQoQ V ]ALIh9cDiQuN �N O��L LIT KMDiQ+�RLPBgC��IQ)N Q<l�DiQS_�KmcDFQ V Te_jcD X CjcD4QSD ] V6� hYD9[I_2OZT V �RLID ]+D Te_A��E BgTwBgh
����� ��� ? 
 �u[POULjC,E�D9_2_2D,§ X LIC2DZ� �� ToE�OUTPQS_JBi_2D��RLID�hYDFQucD dmcD9TID ]�D Te_JQjKMDb_ � [�D�QyD ] V	� hpD [I_^OUT V ��LIDOUTe_uD T3]�O � D TITjD%]aO V TwQuK?l^cD9TID C XZV D©��LID)hpDiQuBiLI_2C^DiQ3cD dmcD9TID ]�D Te_JQ�GPBUKeC2OUT V �RLIDiQ+�B�E BgLPQSD+KMD+h¨B
TIOUT � KmcD _^DiE�_ V OUT4KML�TID9LI_2C V TIO cD TjD C X cD _ V ��LID �

� ���
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Higgs (55)

Masse invariante (GeV/c2)

# VYX LIC2D AM� De� � �����-����
;���-����� ��� ���:�>� � �/�>���<�;����������� �>�-�7�	�7� � �!����� ���$� (���1(��� ��� ���"� � �;� �>��� (�$� �+� �
� � �!���"� ��� � (��� (��� � � �������=���>�;�B���!�7�4��� 
 � �;��� ����� �B� � �9���/� * ��� �>� � �/������� ����� � � . �3�$��������	����
���	��������� ���;���"���!� � �!��� �>�7����� (�;�$�/.
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<E> = 79.3

Bs → Ds+l ν
<E> = 75.3

Masse invariante (GeV/c2)

# VYX LIC2D AM� � � � �����-����
���-�����=��� ��� (��� ���>��� � �	�7�-�7�����<���"�����$� (���1(��� ��� �������>�;� �>��� (�$� ��� � ���'? 
 �
� � �<���"�����$� (���1(�+� ��� ������� �;� �>��� (�$� �+� � 6 ��<� ����� ��<� �;�����3���%�;���/����� 8". � �$���������-����
���-������� � �#�;�����
�<� � �<�����>�7�����1(��$�/.
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�WTID©BgLI_^C2D©QyOULjCJE�D©KMDz[IC^OUNIh��D ]�DiQ�E<OUC2C^DiQy[POZTPK3BgLIk�[PD C^_2DiQ�KMDz[wBgC2_ V E�LjhYDiQ�KIBgTwQWhYDiQbCjcD XUV OUTPQt�B V NjhYDiQuKeL
KmcD9_2DiE�_^D LIC���h¨BACjcD XUV OUT �B � ���A�vCIcD XZV OUT3t�B V NIhYD+KjBgTPQuh¨B�E BihYOZC V ] cD _2C V D cD hYDFE�_2C^OU]�B X TfcD �_ V �RLIDU�nq?h¨B�CjcD XUV OUT �B:�U���A�v[Ih¨BZ��LID+GPBiLI_2D�_^D TPQ V OUT KMD+h¨B4EHGPBi]ANjC2D��B�[IC2O �2DiE�_ V OUT _2D ]a[�OZC2D hphYDU�nq
D _bh BzCIcD XZV OUT4B dZBgTe_s� _^LINPD��Bzd V KeDU� � � E�D _mD � D _ qeh¨B%§ X LIC2D AM� �7[jCIcDiQSD TM_^DWh BzdZBghYD9LIC�KMDshrl^cD TID C XUV D]�O � D TITIDo_2OU_nBghpD�C2DiE<OUTPQS_2C2L V _2D+[PBiCzhYDaKmcD _^DiE�_^D LIC } �b����� B D T{tvOUTwE�_ V OUT0KMD+hrl BgkeD�KeL
_2GIC^LPQy_
[�OZLIC)KeDiQ3cD dmcD9TID ]�D Te_JQ�GPBZKMC2OZT V �RLIDiQsQ V ]ALjh cDiQs� [IC^OeE�DiQ^QyLPQo� ��I� �  T{C^D ]�BiCJ�RLID+��LjD)h¨B�CjcD XUV OUT�B � � � D _�h B7CjcD XUV OUT4B dUBiTM_�C^D [ICjcDiQyD Te_2D9C2OUTe_bD � DFE�_ V dRD ]�D Te_�KMDiQ�QSOULICnE�DiQ V ]�[POZC2_JBiTM_^DiQbK�l2cD TID9C XUV D]�BgTP�RLPBiTM_^D � ��BsCjcD XZV OZT �Bs�U� � T l�DiQS_\[wBUQ\d V Q V NIhpD�QSLIC�E�D9_2_2Db§ X LIC^DsE BgC�]/�D9]�DmQ V D hYhpD�C2D [jCIcDiQSD TM_^D
V Te_2C V TPQ<�DF��LID9]�D�Te_ILITjDbQSOULICnE�DmKMD�[PD C2_^DiQ�KMD�[PBgC^_ V E�LIhYDFQ�qJhYDiQ?D � D9_JQ�QyLjC�hrl^cD9TID C XZV D;_2OZ_JBghpDmQyD ]+NIhYD9TM_
]�O V TPQ V ]�[POZC2_JBiTM_ � �¦BgC�E�OZTM_^C2DRqihYDFQ�D � D _JQ¦QyLIC,h BuK V Qy_2C V NILj_ V OZT+KMDbh�l V ]�[ILIh Q V OZTs[�D9C2[PD TPK V E�LIh B V C^D_2OU_nBghpDRqeQyOUTe_ qeD LIk�qRd V Q V NjhYDiQ,E<OU]�]�DmhYD�]�OUTe_2C^D�h¨Bu§ X LIC^D AM� AM�  T£E�OUTPQS_JBi_2Ds�RLIDsE�D9_2_2D�CjcD XUV OUT �B
�U� � [POULIC^CJB)E�CjcD D C,[IhpLPQ���L l¤B V hYhpD LICJQ¦KMDiQ)cD dmcD TID ]�D9TM_nQ�B dRDiE X CJBgTwKMD V ]a[ILIh¨Q V OZT)[�D9C2[PD TPK V E�LIh B V C^D]�BgTP�RLPBiTM_^DRqeE�Do��L V DiQy_`E BiCJBUE<_IcD C V Qy_ V �RLID`KMDiQ�cD dmcD9TID ]�D Te_^Q�KMDoQ VYX TPBgh �
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# VYX LIC2D Ae� �M��� � ���+��� � �>�������<� � �'� �"� (���1(��� ��� ���"��,!�����$���!���� ���;� �>���7(� ��� :;���<*��-����� ��� � �=��� ��+� *��-����� ������� � &'� ��� ��,!���7��� .
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# VYX LIC2D AM�BA � ���#�2��� �;������� ���	� �+�<����*���������+� �	�7�-�7��� �'� �"� (���1(��� ��� �����1,!�����$���<����<�4�;� �>���7(� ���#:;���<*���	�����9�������������+� *��-����� ������� � &'� ��� ��,!���7��� .

�,TM§PT�q;hYDiQ�[�D9C2_2DFQzKMD+[PBgC^_ V E�LIhYDFQWTID LI_^C2DiQuhpOUCJQoKMD+h¨B�C2DiE<OUTPQS_2C2LwE�_ V OUT KMDiQ X D C^NPDiQzKIBiTPQ%hpDiQ
E BghpOUC V ]3�D _^C2DiQ�[�D9LIdRD Te_sBgLPQ^Q V D9T X D TwKMC2D C|KMD)hrl^cD TID C XUV DsD _|KMD)hrl V ]�[ILjh¨Q V OUT�]�BiTP��LwBgTe_2DiQ � 5WOULPQ
BFdROZTPQ�dML KIBiTPQ�hYD EHGPBi[ V _^C2D � �RLID X C��BZE�D �B
h�l¤Bgh X OZC V _^GI]�D � � x�x  � qbLITID [PBiC2_ V D KMD E�DiQ
[IC2OZNIh��D ]aDiQ¡DFQy_sCjcDiQSOUhpLID ��x D [PD TwKIBgTe_ q?h�l¤Bih X OZC V _2GI]�D cD _JBiTM_s[ICjcDiQyD9TM_sKjBgTPQshrl¤Bih X OUC V _2GI]aDzKeDAC^D �E�OUTPQS_2C^LPE�_ V OUT KMD } �b����� B q�D9_��B4E�D+_ V _^C2DaKMD dZBgTe_)QSD C2d V Ca�B�_2OULj_2D�h B:E�OZ]�]ALjTPBgLI_jcDRq V hmB cD _jcD
B �2LPQy_jcDs[�OZLIC�TIDs[PBZQWE�CjcD D Cm_2C2OZ[4KMDut�BgLPQ^QyD cD TID C XUV D � ��OZLIC�KMDiQ�BiTPBgh � QSDiQ�KMDsC2DFEHGID9CJEJGIDuKeD NPO �QyOUT£KMD � VYXUX QbKIBiTPQ\hpDuE9BgTPBih�TjD LI_2C V TIOjq V hP[PD LI_mQyLINwQ V QS_2D CfKMDiQ,]�BiLIdZB V QSDiQ,C2DiE<OUTPQS_2C2LwE�_ V OUTPQmKMDiQ
[PBgC^_ V E<LIhYDiQ�TID LI_^C2DiQ �
 LID hphYDiQ�QyOZTM_�hpDiQ\dZBiC V BiNIhYDFQ\[IG � Q V �RLIDiQ��RL V [POULjC2C2OZTM_�[PD C^]�D _^_2C2D�KeDzK V Q2E<C V ] V TID C;hYDFQAcD dmcD TID �]�D Te_JQ�KMDsNIC2L V _�KMDutvOUTwK:� ��IqPK?l^cD dmcD TID9]�D Te_JQ,K?lªLIT4Q VpX TPBih,KMD�NPORQyOZT KMD � VYXZX Q �
��OZLICzhpDiQuKmcDiQ V Te_jcD X CJBi_ V OZTPQsQyD ] V6� hYD [I_^OUT V ��LjDiQ�KML ��LPBiC+�3N�q V h�t�BiLI_zTIOZ_2D Co�RLID)h¨B�K V C2DiE<_ V OZTKMD)hrl V ]�[ILjh¨Q V OUT�]£BgTP�RLPBgTe_2Do[PO V Te_2D9CJB�KIBgTwQ|h B�K V C2DiE�_ V OZT KML��2D _sBZQ2QyOeE V cDaBgL ��LPBiC+�~��L V Q�l�DFQy_tvCJB X ]�D Te_jcDfKIBgTPQ,hpD�E BUQ,O��L�LITaQyD Ljh?�RLPBiC+�zNaQyD`KmcDiQ V Te_9�D X C2D�hpD [I_2OZT V �RLID ]aD TM_ �EB hID T)CjcDiQyLjhY_2D��RLID

h¨BzdZBgC V BgNjhYD��4��L V KMOUTITjDzhrl BgT X hYDu] V T V ]�BghID9TM_^C2Dsh¨B)K V C2DiE<_ V OZT4KMDshrl V ]�[ILIh Q V OUT+]�BgTP�RLPBiTM_^DuD _
hYD �2D _�hpDu[IhpLPQ¡[jC2OeEJGIDs[�OZLIC2CnB V _uQ<l¤B dmcD9C2D CfK V Q^E�C V ] V TPBiTM_^D �

� �U�
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# VYX LIC2D Ae� � � � �����-����
;���-����� ��� ��� ���������
���� ���!���"�#���$� (��� (��� � � ��������� � � � � ? 
 � � ���!���"� �"�
�;�B���<�7� ��� 
 � �;���=��� ���B� �/� 
����� � ����� �<� .

�PDiQ+K V QS_2C V NILI_ V OZTPQAKeD:E<D _2_^D�dZBiC V BiNIhYD �0[POULjC�KMDFQ0cD dmcD TID9]�D Te_JQsQyD ] V6� hYD [I_^OUT V ��LjDiQ ��� �
��� ? 
 � D _�[POULIC4LIT NPO�QyOUT KMD � VYXUX Q:KMD ]�BZQ2QyD �Z� ��D ��� � � q�QyOZTM_4[ICjcDiQSD Te_IcD DiQaQyLIC4h¨B
§ X LIC^D Ae� � �  T3E�OZTPQy_nBg_^D)�RLIDz[POULjCuhYDiQacD9dmcD TjD ]�D Te_JQmQyD ] V	� hpD [I_^OUT V ��LIDFQ�qRh¨B+K V QS_2C V NILI_ V OZT:KeD �
DiQy_�[ V �RLfcD D©BgLIk4[PD _ V _2DiQWdZBihYD LICnQ �  T3C2D ]�BiCJ�RLIDzh BAhYOZT X LjD+��LID9LID)KMD+E<D _2_^D)K V Qy_2C V NILj_ V OZT3�RL VE�OUC^C2DiQS[�OZTPK3�BsKMDiQ+cD dmcD TID ]�D9TM_nQ?O��L�h B%K V C2DFE�_ V OUT+KMD�hrl V ]�[ILjh¨Q V OUTo]�BgTP�RLPBiTM_^D�DiQy_�]�BihI]�DiQSLICjcD D
�BAE BiLPQyD©KMDz[PD C^_2DiQ�KMDo[PBgC^_ V E<LIhYDiQ � 5:cDiBiTI]�O V TPQ�qIh BAK V Q2E<C V ] V TPBi_ V OZT�DiQS_W[PORQ^Q V NIhYD©E BgC�[POULICuhpDiQ
cD dmcD9TID ]�D Te_^Q,KMDoQ VpX TPBihrqeh¨B)K V C2DiE�_ V OZT�KMDsh�l V ]a[ILIh¨Q V OUT)]�BiTP��LwBgTe_2DuDiQS_acD hpO VpX TfcD D|KMDiQ �2D9_JQb[PBiCJE�D
��LID`hrl�D9TMd V C^OUTITID9]�D TR_�GPBUKeC2OUT V �RLIDoBAQSLIN V LITIDs[POULwQ2QecD9Dz[PBiCWCnBg[I[POUC^_uBiLIk4KMD LIkaTID LI_^C V TjORQ �

��OZLICmK V Q^E�C V ] V TID9C�hYDiQocD9dmcD TjD ]�D Te_JQ�B dRDiEmKMDiQ,[PD C2_^DiQ�KMD�[PBgC^_ V E�LIhYDFQ,KIBgTwQ\hYDFQ�CjcD XZV OZTPQ�t�B V NjhYDiQ<q
V hMt�BiLI_mQyD�C2D TPKeC2D�E�OZ]�[I_2Df��LjDW]/�D9]�D�Q V E�DFQzcD dmcD TID ]�D9TM_nQ?[�O�Q2QecDiKMD Te_�KMD�h�l^cD TjD C XZV Db]£BgTP�RLPBgTe_2D�q
D T�CIcD X hYD X cD T�cD CnBghYD�q V h QbOUTe_�KMDiQ�_2OZ[�OZhYO XUV DFQWBZQ2QyD�
zQ V ]�[jhYDiQ?�

� KIBgTwQ\hYD�E9BUQ\O��L�hpDWTjOU]+NIC2D�KMD�[PBiC2_2OZTPQ V T V _ V BiLIkzDiQS_mBgL�TIOZ]ANjC2D�KMD`KMD LIk��v[IC2OeE<DiQ2QSLPQb� ��
Q2BiTPQbCJBZK V Bi_ V OZT3KMD X hYLIOZT:KjBgTPQ�hrl^cD _JBi_\§PTPBih �nqIhYDiQmKMD LIk�[wBgC2_^OUTPQ�Q�lªGPBUKeC2OUT V QyD9TM_�D T4KMD9LIk
�2D _JQ��RL V QSOUTe_�[IC2OeKML V _JQ`KMORQ � �B � KMO�Q � �;l BUE�OZh V T�cDiBgC V _jcDuD Te_2C2DoE�DFQ�KMD LIk �2D9_JQ�KmcD�§wT V DoE�OZ]�]�D
hYD©E�OU]�[jh cD ]+D Te_s�B:� � � �oKMD)hrl BgT X hYDoD TM_^C2DohYDiQ �2D _JQ`KMO V _sKMOUTwE �D _2C^D)[IC2OeEJGID+KMD�
 cD9C2O � �WT
NPORQyOZT4KMD � VYXUX Q�qMKeLAt�B V _bKeDuh¨Bu[POULPQ^QecD D V T V _ V BihYD�dZB%[jC2OeKML V C2DuD9T�QSDuKmcDFQ V Te_jcD X CJBiTM_mKMD9LIk
�2D _JQ�B dRDiE�LITID X CnBgTPKMD©BUE�OZh V T�cDiBgC V _jcD �

� KIBgTwQ hpD�E BZQ O��L+hYD�TIOU]+NIC^DbKeDb[PBiC2_2OZTPQ V T V _ V BgLjkuDiQy_¦BgLoTIOU]+NIC^DbKeDCDb�i[IC2OeE<DiQ2QSLPQ,� �� X �r� ��
B dRDiEzCJBZK V Bi_ V OZT0KMD X hpLIOUT?� � �;l2cD dmcD TID ]aD TM_�DiQS_%[jh¨BgTwB V C^D:��E�OUTwQyD C^dUBi_ V OUT0KMD+hrl V ]�[jLIh¨Q V OUT
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dZBghYD9LICJQb[IhpLPQbNPBZQ2QyDFQ¡[POULjCuE�D9_2_2D`dUBiC V BgNIhpD ��RV LjT)KMDiQ?[wBgC2_^OUTPQ;B�cD _jcD,[jC2OeKML V _,KjBgTPQ�h¨B�K V C2DiE<_ V OZTsKMLo_2LINPD`�B¡d V KeDRq�OZT%C V Q^��LIDmKMD�[PD CnKMC2D
hYDiQb[wBgC2_ V E�LjhYDiQ�KML��2D9_�E�OUC^C2DiQS[�OZTPKIBiTM_ � �;l¤BZE�OU[Ih BgTPBiC V _IcD)KmcD�§PT V DzE<OU]�]�D�hYD©E�OU]a[Ih9cD ]+D Te_
�B�� � � � KMDsh�l¤BgT X hYD|K?l�OZLIdRD C2_^LIC2D`D TM_^C2DshYDFQ�KMD LIk �2D _JQ�C2DFE�OUTPQS_2C^L V _nQu� TIOZT � [PD CnKMLPQJ���RLPBgTwK
OUT B [IC^O��2D _jcD�h�l^cD dmcD TID9]�D�Te_oKIBgTwQ7hpD�[jh¨BgT'[PD C2[PD TPK V E�LIh B V C2D �B h�l¤BikMD4KML0t�B V Q^E�DiBiL.QSD CJB
LITID�dZBgC V BgNIhpD V ]�[POUC^_JBgTe_2D � �,T�D � D _ qZ[�OZLIC�KMDiQ©cD dmcD TID9]�D Te_JQ�O��L�hpDW[Ih BgTaKMDuh�l2cD dmcD TID ]+D Te_
E�OUTe_ V D Te_bhrl BgkeD)KML�t�B V Q2E�DiBiL
��EUl�DiQS_�hYD©E BUQ�hYOZCJQ2�RLIDohrl�OZT3BA[PD CnKML:LjT��2D _�KIBgTwQWhYDo_2LINPD��B
d V KMDU�nq�Q2B3K V Qy_^C V NjLI_ V OUT DiQy_o[ V �RL�cD D~�B 
�cD C^O � ��OULjCzLIT NPORQSOUT'KMD � VpXUX QAq�h B:K V C2DiE<_ V OZTKMD�h B:[�OZLPQ2QecD:T�l^cD _JBiTM_)[wBUQ+Qy[fcDiE V BghpD ]�D Te_udRD CnQ%h�l¤BgkeD�KMDFQ%t�B V Q^E�DiBiLIk �rEJGPBi[ V _^C2D��R�+q,h¨B
K V QS_2C V NILI_ V OZT�KMDoE�D _^_2DsdZBgC V BgNIhpDsE�OZ]�[POUC2_^D CJB)KeOUTPEoKMDiQbdZBghpD LICJQb[jhYLPQ�GPBgLj_2DiQ �

�PD)TIOU]+NIC2D+KeD �2D _JQuC2DFE�OUTPQS_2C^L V _nQWTIDaE�OUC^C2DiQS[�OZTPK3[PBUQs_2OUL �2OULICnQ%BiL
TIOZ]ANIC^D)KMD)[wBgC2_^OUTPQ V T V	�_ V BiLIk�q,EUlªDiQy_o[�OZLICJ�RLIO V q V hmDiQy_o[PORQ2Q V NIhpD3K?lªDiQ2Q^B � D CoKMD X cD TfcD9CJBgh V QSD C)E�D9C2_JB V TIDFQzKMDiQ)KmcD�§PT V _ V OZTPQ[ICjcDiE�cDiKMD Te_2DiQ �  T KmcD�§wT V _�[PBgC`D kMD9]�[IhYD�q�h�l¤BZE�OUh V TfcDiBiC V _IcDu[POULjC%hpDiQ �2D _JQ�G�cD ] V Qy[IGfcD C V ��LIDFQ ��� B V Q�q
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	PDiQ cD dmcD9TID ]�D Te_JQ �$� QSOUTe_oE BgCnBUE�_jcD C V QMcDiQW[wBgCzLjTID X CnBgTPKMDa[�D9C2_2DaK?l^cD TID C XUV D©KIBgTwQ%hYD)_^LINPD 
B
d V KMD�� 	�BuK V C2DiE<_ V OZToKMDbh�l V ]a[ILIh¨Q V OZTu]�BgT � LPBiTM_^D�[�O V Te_2D CnBuKMOZTPE\[ICjcD�tZcD C^D TM_ V D hphYD ]+D<TM_�KIBiTPQ�E�D _2_^D
K V C^DiE�_ V OUT�q9E�D � L V T�lªDiQy_�[wBUQ�hpDbE9BUQ;KML+Q VpX TPBihIKMD3NPO�QyOUTaKMD � VYXZX Q�� 	PDiQ�_2C^O V Q�E�OZTM_^C V NILI_ V OUTPQ�OUTe_D T�E�OZ]�]ALjT)LITIDu]�BZQ2QSD V TedZBgC V BgTe_2DsKeDuh¨Bz[PB V C^D �$� [PD _ V _2D)�vD _�KeOUTPEsKIBiTPQbhYDsE9BUQbO�
L:hpDiQbKMD9LIk
cD hYDiE<_2C2OZTPQWOZTM_ cD _jcDA[PD CnKMLPQsKIBgTwQ%hYD+_2LjN�D�
B�d V KeDRq?LITID+]�BZQ2QyD)_^OU_nBghYD+C2DFE�OUTPQS_2C^L V _^DA[PD _ V _2DZ��D _
LITID V ]�[ILjh¨Q V OUT)[PD C^[�D9TPK V E<LIh¨B V C2D�_^OU_nBghYD`[�D9_ V _^D�� � BZEHGwBgTe_ � LIDuEZl�DiQS_\h BsE�OUTe_2C V NILI_ V OZT  xm} � L VKMOU] V TID 
B7_^C'
DiQ X CJBgTwKMDz]�BZQ2QSD V TMdZBiC V BiTM_^DRqMTjOULPQ�B dROUTPQ�LI_ V h V QMcDuLIT cDiEJGPBiTM_ V hYhpOUT�K�l2cD dmcD TID ]aD TR_JQ
� ������� [POULICuDFQy_ V ]�D CmTIOU_^C2DzNjC2L V _uKMDstvOUTPK�� 	;l BUE�OZh V TfcDiBgC V _jcDoKMDo_2D h Q�cD9dmcD TjD ]�D TR_nQ\DiQS_W[PD _ V _2D�qE BgC�hpDiQ �2D9_JQb[IC^OeKML V _nQW[PBiCWh B%tvLPQ V OUT3KeDiQWKeD LIk�[IGjOU_2OZTPQ�q QyOUTe_`K V C VYX cDFQ�BgLPQ^Q V � § X LIC2D A �¤�R�bdRD9CJQ
hrl¤B dZBgTe_�KeL:KmcD _2DiE<_2D LIC�� } OZTPEUqIh�l¤BUE<OUh V T�cDiBiC V _jcDWD9TM_^C2DuhpDiQ�KMD LIk �2D _JQ�KmcD9[�D9TPKMCJBz]aO V TwQ�KMDuhrl BgT X hYDB 
 V ]ALI_^GPBgh�� � LIDs[POULjCuKMDFQbdUBihYD LjCJQ�KMDuh�l¤BiT X hpDu[POUh¨B V C^DzKeDiQ �2D _JQb[jhYLPQacD hpD dmcD DiQ�� x D h BzD ke[Ih V�� LID[�OZLIC � LIO V qIKjBgTPQmE�DuE9BUQ�qehrl BUE�OZ[Ih¨BiTPBgC V _jcD�qU[PD LI_�KeD dRD T V C V ]�[POZC2_JBiTM_^DW[POZLIC�E�DFQAcD dmcD TID ]aD TM_nQ�E9BgC
D hYhpDbDiQS_�E Bih¨E�LIh9cD D 
Bs[PBgC^_ V C�KMDiQ�BiT X hpDiQbB 
 V ]+LI_2GwBgLIk � L V [�OZLIC�E<DW[IC^OeE�DiQ^QyLPQ�QSD C2OZTM_�]�O V TPQ�N V D T]�DiQyLjCIcDiQ�KML�t�B V _�KeD%h BzTIOUT~KbcD _^DiE�_ V OUT�K�l�LITIDs[PBiC2_ V DoKMDiQb[PBiC2_ V E�LIhpDiQu� dRO V C�§ X LIC^D A �Y� �R� �
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	�Bz§ X LIC^D A �Y�Z�u[ICjcDFQyD Te_2D�hYDiQmK V QS_2C V NILI_ V OZTPQ�KMDuh�l¤BgT X hYD`[�OZh¨B V C2D|KMDshrl V ]�[ILIh Q V OUT)]£BgT � LPBgTe_2D�qKMDAh�l V ]�[ILIh Q V OZT�[�D9C2[PD TPK V E�LIh B V C^DA_^OU_nBghYD+D _oKMD+hrl BUE�OZh V TfcDiBgC V _2D)[POZLICzhpDA[IC^OeE�DiQ^QyLPQ � � ����� D _
LIT NPORQSOUT KMD � VpXUX QWKMDs]�BZQ2QSDs�U����D ��� � � �
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Energie à 90 degrés (GeV)
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Energie à 30 degrés (GeV)
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PSN�Ykp]VyT�XeVD�Sh�TWhUnSTGÃ�r�_shcdRp�jlN¡p]Vyf�QRV2p�f{QoVDXed��Sh©TWhcnKXeVÄ¹�Y\�U��Tw§SY\j���NydSXep�N0N�[�[]V2nSXZp]V<��n�`2�U�c¨��
Xq}V2�RdR[�`2�U�Á³�PShcdop>NÂ|�hUY\pÄXeVyT�}V2nRVCp]�cYkVyT� �dRYzP�VCp]�0V2[�[]p�hcnZ[¡XeVgf�QRV2p�f{QoV2pDdRn �Sh�TmhcnÀXeV7¹�Y\�U��T
NÂ|�VÂf<dRnRV>�gNUT]TWV¡Poj\dSTG�cp�N�nSXZVg ÁdoV¡jlN0�gNcT�TWV>j\Yk�0Y\[�VGhc�R[�V2nZdRV�~N�MO^&_a`2bUberqMSV�f2N�jkV2nSXep�Y\V2pGVÂTW[
PRpo}VyTmV2nZ[R}VDXRNynSTaj\VG[�N��RjkVyN�d½³�r\`Ur

_�QSNUTWV Å]Å�ÅmN Å]Å�ÅÆ� Å�« Ç�Å�«
£ ¤Èª�V2« `2ÉU¦ `2É�³ `2�U¦ ÊUbc��Ë
Ì ²ÍPR��·R¸iµ]ºÂN�n `2�Ub `2�Ub `2�Ub Ë

��N�[]V `C�c�U¨ ��`2�c��³ `2�U�Á³ `2�U�cÉ Ë
Î�Ny�Rj\VyNyd	³©r\`c�&Ï&ÐcÑkÒiÓRÔ�ÕiÖ×ÒiÕuØoÙ�ÚZÕ�ÑÛÐgÜ¡Ù�ÓeÝSÞÒ2Ò¡ÒiÓßÞÒiÓ�ÒiÕÍà�Ö×Ò�Ô�Ú®ázâ�ã�â�ä�â

Msv�}VC[]dSXeV¡PopR}VyTmV2ne[o}V2V¡XoN�nSTDfwV>f�QSN�PoY\[]p�V�PShcp�[]V2p�N�TmdRpG[]p�hcY�T¢QZåZP�hU[]Qæ~VÂTWVyT�PShUdRpDj�v�}VCnRV2p]�UY\VÄXRN�nST
j\V¡fiV2ne[�p]VÄXeV9�®NcT]TmV9£ ¤&��`y³y�çª�V2«Ä§�`C�cÊçª�V2«èVC[DÊcbU�çª�V2«¡rO_�hcdop�f�QSNU ÁdRV¡QZåZP�hU[]Qæ~VÂTWV�§�[�hcdST
j\VyTqPRp�hZfwVyT�TWdSTGXZV��Rp�dRY\[�XeVD�ÍhcnSX�TmV2p]hUne[��@}VCna}V2po}VÂTqV2n��Up�N�n�X�nRhc�>�Rp]V©§ePRdRY�TuVCnSTWdRYk[]VDjlN>TWYk�9dojlN �

`C�c¦
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σ(e+e-→ HZ) avec H→bb
–
 et Z→νν
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��Y\�UdRp]Vq³©r\`U����Ò��wÝ�ÖlÙ�Ó®Ò�����Ð��wÒzÔeÒ�ØOÕ�Ù�Ô�Ú��wÝ�ÖlÙ�Ó�Ô�Ú���Ù��CÙ�Ó¡ÔeÒ��DÖ�àCà��sØRÙ�ÚZÕ�Ñ\ÒsØOÕ]Ù��wÒ�� �CÚ��&ÔeÒ�!#"CÙ�Õ%$�Ò{Ó
Ô�Ð�Ó&�DÑ\Ò'��Ð�ÓRÐcÑsÓSÒiÚÁÝ�ÕiÖlÓRÙÈØoÙ�ÚZÕGÜ)(+*+,.-0/21�-0/�3�-54¢Ò&687Z»i¼9ÒiÓ�9CÙ�Ó:�iÝ�ÖlÙ�Ó½ÔeÒG£ ¤Râ

[]Y\hUn0fihc�0PRj�~V2[]V�XedgXz}VC[]Vyfw[�V2dRp �G^qMO_&¹GÅ�TmV2p�NDdR[]Ykj\YlTZ}V2V�r.;&VC[][]V�TWYk�9dojlN�[�Y\hUn>fwhc�0PShUp][]Va[�hcdR[�VyT¶jkVyT
N��À}V2jkY\hUp�N�[�Y\hUnST¶PRpo}V2|ZdRVyT¶hUd�Xz}VÆ°y~N�Y\nSTm[�N�jkjC}V2VÂT��

< j\VyTzfwhc��PR[]V2dop�TG~N ��b>=� �dRY�PSV2p��0V2[][�V2nZ[qXOv�N�do�c�0V2nZ[]VCp¶j�v�QRVCp]�À}V2[�YlfwYÛ[o}V�Xed7Xq}V2[]VÂfw[]V2dop@? �©b�A�r

< j\VGnohcdR|�VyNyd7Xq}V2[]VÂfw[]V2dopaXeVG|�VCp][]VC�0 �dRY�PSV2p��0V2[�XeVGp]VÂfwhcnSTm[]p�dRY\p�V�XZVyTq[]p�NcfwVyTD~N�Poj\dSTqPSV2[�Y\[N�nR�Uj\VDV2[�XehUnSfDN��À}VCj\Y\hUp]V2p�N<j�v]}V2[�Yl �dRV2[�Ny�cV�XeVD��XRNynST�fwVyTqpo}VC�cY\hUnSTwr

< j\V�nohcdR|�VyNyd�Xq}V2[]VÂfw[]V2dop�XeV�[�p�NUfwVyT&~Nqj�vtN2|cNyne[s �dRYUP�VCp]�0V2[�[]p�N¶dRnRV&�0VCY\j\jkVwdop]V�p]VÂfwhcnSTm[]p�dSfw[]YkhcnXeVyTq[�p�NcfiVyTD~NÈ��NcT�N�nR�Uj\VyTir

��dRp�Nyne[&[�hcdR[zfwV�f�QSN�PoY\[]p�VanRhcd�T nohcdST&PRjlNUfwV2p]hUnST&XRN�n�T j�v�QZåePShU[]Qæ~VyTmV�X�v�donRVaj\dR��Y\nRh©TWY\[o}VqYkne[o}V2�cpo}V2V
XeV�¦cbcb¡PR��·o¸aPShcdRp�f{Q�Nc �dRV�}V2nRVCp]�cYkV¡£ ¤�r
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MON�p]Vyf�QRV2p�f{QoVqXZd¡��h©TWhUn0XeV�¹�Y\�c�©T�XoN�nST�j\V�f2N�n�N�jRnRVCdR[]p�Y\nRh�TWVq�ÍV2p�NGfwhU�0�0V�~N<MO^&_a`2bUbGPSN�p&j�vxY\n��
[]V2p���}VyXeY�N�Y\p�VzXed9Pop]hZfwVyT�TWdSTzXeV�¯�°]hcp]±�VCn> ÁdRYoVyTW[&V2nSfihcp]V©§�N�dR�¿}VCnRV2p]�UY\VyT@fwhcnSTmYlXz}VCpR}V2VyT�~N�MO^&_&ÊcbcbZ§
j\VG�À}VÂf2N�nRY�TW�0V�XZhc�0YknSN�nZ[aXeVDPRp�hZXedSfw[�Y\hUnD�

V��SV ·�� ��� ¹è² ��� µ � ² ������ µ
��}VyN�no�0hcYknSTw§yPShcdRp�XeVÂT¶�Sh�TmhcnSTaXeV¢¹�Y\�U��T&XeVG�gNUT]TmVyT¡}V2j\V2|z}V2VyTsV2[&PRp]hZf�QRVyTzXeV�j�N<jkY\�0Yk[]VzfwY\n�}V2�gN �
[]Yl �dRV�§�dRn N�dR[�p]VDPRp�hZfwVyT]TmdSTD²×|�hcYkV���[wµ&PSV2dR[aYkne[�V2pW��}V2p�V2paN2|�Vyf�j\VGPRp�hZfwVyT�TWdST�XeV�¯�°]hcp�±�V2nD�

V � ��
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�
�
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¹���
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Msv�N�n�N�j\åoTWV�PRpo}VyTmV2nZ[R}V2VDXoN�nSTafwV¢f{QSNyPRY\[�p]VGnoV<[�Y\V2n�Xep�NDPSNcT�fwhc��PR[]V�XeVDfwV¢XeYlNy�cp�Ny�0�0V�XeV��ÍdSTmY\hUn
Ã�Ã�§RV2j\jkV�p�VyTW[�V2p�N>Xehcn�fc§RPShcdRp�XeVyTqQSNydR[]VÂTu�gNUT]TmVyTaXeV¬�Sh©TWhcn½XZV�¹�Y\�c�©T<§ofwhcn�TWV2p�|cNy[]p�YlfwV�r ��n
fwhcnSTm[�Ny[]V0V2n½V"!OV2[ÄTWdRp�jlN®���cdRp�V�³�rtÊ� �dRV0j\VÂT¢V#!�VC[�T<noVgfwhc���0V2nSfwVinZ[¡~N7XeV2|�V2nRYkpGY\��P�hUp][�N�nZ[�T
 ÁdRV�PShcdRp�XeVyT�|UN�jkV2dRp�T&� (�¥ £ ¤ �m�UberSMON¢�S�UdRp]V�³©r�ÊGnRhUdSTqPRpo}VÂTWV2nZ[]Vaj�N�TWVÂfw[]Ykhcn>VwgfCNcfwVa[�hc[�Nyj\V
XeVGPRp�hZXedSfw[�Y\hcn7Xed ��h©TWhUn�XeVD¹�Y\�c�©T¶PSNypaj\VGPop]hZfwVyT�TWdSTaXZVD¯�°]hcp�±�V2n9PShUdRp�XeY$!�}V2p�V2nZ[]VyT¡}V2nRVCp]�cYkVyT
XRN�nSTsj\VzfwV2nZ[]p�VqXZVq�gNUT]TWV&V2nD�ÍhcnSfi[]Y\hUn¡XeVzjlNa�gNcT�TWV�XeVafwVC[][]V&PSNyp][�YlfwdRjkV�ry_�hUdRp�jkVaf2NynSN�jZnRV2do[]p]YknRh
²×PRp�hZfwVyT]TmdST�XZV0¯�°]hUp]±�V2n½TmV2dRj×µ�§�j\VyTG|UN�jkV2dRp�TDXeVÂT�TWVÂfw[]YkhcnSTGVw®f2NcfiVyTGN�do�	[�p]hcY�T�}V2nRV2p��cY\VÂT¢VC[<jkVyT
nRhc�>�Rp]VÂT¶XOv]}V2|z}V2nRV2��V2ne[�T�N�[�[]V2n�XedSTaP�hUdRp�dRnRVDj\dR��Y\nRh©TWY\[o}V�Ykne[o}V2�cpo}V2V�XeV�¦cbcb¡PR��·o¸�TWhUne[�XehUnRn�}VyT
XRN�nSTaj\V�[�N��oj\VyNyd	³�rtÊer
MON¡PRp]V2��Y�~V2p�VGXeY%!�}V2p]V2n�fwVGV2nZ[]p�V�MO^&_u`Cbcb9VC[GMO^¶_&ÊUbcb0TmV�TmY\[�dRV�N�d�noY\|�VyNydgXeVyTq�Sh�TmhcnST �  �dRY
Y\nZ[]V2p�|eYkV2nRnRV2nZ[zXRN�n�T�j\V�XeY�N��cp�N��0��VDXed�Pop]hZfwVyT�TWdST�XeV¡¯�°]hUp]±�V2nD�s~N0MO^&_u`Cbcb0j\VDPRp�V2�0YkV2p � VÂTW[
PRp]hZXedoY\[&TmdRp&T]N�fwhcdSf�QRV�XeVq�gNUT]TmVqV2[sj\V�XeV2dR�ZY�~V2��V�VyTW[sPRp�hZXedRY\[@V2�eYk[o}V�§Z~NDMO^¶_&ÊUbcb�fUv�VyTm[�j�v�Ykne|�VCp�TWV
j\VGPRp�V2�0YkV2p&��h©TWhUn � VyTW[aPRp�hZXedRYk[�QRhUp�TaXeV�T�N9fwhUdSf�QRVDXeVD�gNUT]TWV�V2[aj\V�XeV2do�eY�~V2�0V�TWVCp�N�PRp�hZXedRY\[
PRpo}Vw��}VCp]V2nZ[]YkV2j\jkVw�>V2n�[�TWdop�T�N�fwhUdSf�QRV>XeV¡�gNUT]TWV©r ;&V2[][�V¡PRp]hUPRp]YC}V2[o}V¡PSV2p��0V2[�[]p�NZ§�fihc�0�0VDnRhUdSTGj\V
|�V2p]p�hcnSTi§RXeVDp]VÂfwhcnSTm[]p�dRY\p�V�N2|�Vyf�dRnRVD�0V2Ykj\j\VidRp�VaPRpo}VyfiYlTWYkhcngjlN��®NcT]TmV�Xed �Sh�Tmhcn½XeV�¹�Yk�c�©T<r
�7}VyNynR�0hUY\nSTi§RjlN>TWY\�UnSN�[�dRp]V¡VC�eP�}VCp]Y\��V2n�[�Nyj\V�X�v�dRn }V2|z}V2nRV2�0VCne[z¹ ���� ~N0MO^&_&Êcbcb0VyTm[DTWYk�0Y\j�N�Ykp]V
~N9fwVCj\j\V�XeV>MO^&_u`Cbcbq�sXeVCdR��°]V2[�T�NcfwhUPRjlNynSN�Ykp]VyT�PRp]hy|�V2nSNyne[�XZV�jlN�Xq}VyTWYkne[o}V2�cp�N�[�Y\hcn Xed��Sh©TWhcnKXeV
¹�Y\�U��T¡V2n XeV2dR�� �dSN�p�±RT¡��²�¯qpC²�¹ � � ��Oµ'& Éc�)(9µ¡VC[0XeV7j�v�}V2nRV2p��cY\Vg�gNynS �dSN�nZ[]V7XedRV�~N½jlN
Xq}VyTWYkne[o}V2�cp�N�[�Y\hcn7Xedg�Sh�Tmhcn � V2n7XeV2dR��nRV2dR[�p]Y\noh�Twr

`2�c�
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��Y\�UdRp]V>³�r�ÊZ��ã�JDÒ�Ý�Ô�Ú®ØOÕ�Ù��wÒ�� �CÚ �ÄÔeÒ 9CÚ �CÖlÙ�Ó �CÚZÕ�ÑÛÐ �yÒ��wÝ�ÖlÙ�Ó�Ò�����Ð��wÒ¡Ý�ÙcÝ�ÐcÑ\Ò>ÔeÒ�ØOÕ]ÙyÔ�Ú.�iÝ�ÖlÙ�Ó½Ô�Ú
��Ù��CÙ�Ó�ÔeÒ �¢Ö�à2à��ÄÐ���Ò��¡ÔeÒ��ÄÓ�ÒiÚ�Ý�ÕwÖlÓRÙ��LK2,�MONyâ

Î�hcdST�j\VÂT�PRp]hZfwVÂT]TWd�T�hO~d0NyPRPSN�p�N	PQk[&XeVqj�v�}V2noV2p]�UY\V&�gN�n� ÁdSNyne[�VzTWhcnZ[@XeVyT�TmhcdRp�fwVyT�P�hU[]V2nZ[]YkV2j\jkVyT�XeV
�Rp]dRYk[�XeVG�ÍhcnSXOr�R�Y\nSTmY�§Z[]hcd�TujkVyT0}V2|z}V2nRV2�0VCne[�T�N2|�VyfGXeVyTanRV2do[]p]YknRh�T�}VCnRV2p]�@}V2[]Y� ÁdoVyT¶hUd�XeVyTqP�N�p][�Y �
fwdRj\VÂT� ÁdoYRn�v�hUne[&PSNUT>}V2[o}V�Xq}V2[�Vyfw[o}VCVyT�PShcdRp�XeY\|�VCp�TWVÂT�p�NyYlTWhUnST�²�PSV2p�[]VyT&XRNynST¶jkVa[]dR�SV>~NG|ZYlXeV�§©XRN�nST
j\VyT�po}V2�cYkhcnSTTS2��N�Y\�oj\VyT�S<XZd0Xz}VC[]Vyfw[�V2dRp�hUd0PRp�hc�Rj�~V2�0VaXOv�NcT�TWhZfwY�N�[�Y\hcn�XeVyT��UV2p]�SVyTzf2N�jkhcp]Yk��~V2[�p]Yl �dRVCT{µ
XeV2|Zp]hcnZ[UPV2[]p�V�}V2[�dSXeYC}VÂTwr�MON9�cp�N�nSXeV�XeY%!�}VCp]V2nSfiV�N2|�Vyf¡MO^&_u`Cbcb7TWV>TWYk[]dRVÄN�d�nRYk|�VyN�d Xed�nRhU�9�Rp�V
XeVyTaTWhUdRp�fiVyTaXeVD�Rp]doY\[�T�XeVG�Íhcn�X®VC[�XeVDj\V2dRp�Taf2N�p�Ncfw[o}V2p]Y�TW[�Yl �dRVyT��

< ~N¿MO^&_a`2bUbe§aj\V7�Rp]doY\[�XeV´�ÍhUnSX�Xehc��Y\nSNyne[¡VyTm[9jkV�PRp�hZfwVyT�TWdST9V � Vc· � � �   � � ÁdRY�N
dRnRV TWVyfw[�Y\hUn Vigf2NUfwVgV2nZ|eYkp]hcn `CbcbcbUbcb��ÍhcYlT>TWdoPa}V2p]YkV2dRp�V�~NKfwV2j\jkVgX�vxdRn�TmY\�cn�N�jDX�Pd�~Nçdon
�Sh�TWhUn�XeV7¹�Yk�c�©T´²Í�g¹ ¥ ¨cb�ª�V2«�ºy» ¼ µ�r&Å�jqPRp�hy|eYkV2ne[�PRp]YknSfwYkPSN�jkV2�0V2nZ[DXeVyT�Pop]hc�oj�~V2�0VÂT
X�v�NyPRPSNyp]V2Ykj\jlNy�cV�§yfUv�VyTm[��{~N �ÆXeY\p�V�XeVqPRp�hc�Rj�~V2�0VyTsXeVap�Vyfwhcn�TW[]p�dSfw[�Y\hcnæ§cXeVaPSV2p�[]VyT@XeVqPSNyp][�YlfwdRjkVyT
XRN�n�TujkVyT¶po}V2�cYkhcnSTq��N�Yk�Rj\VyTaXZd�Xz}V2[]Vyfi[]V2dRp�r\rkr

< ~N´MO^&_&ÊcbcbZ§�nRhUdST�N2|�hUnSTw§�VCn�PRj\dSTDXeVÂT�PRp]hU�Rj�~VC�0VyT�X�v�NyPRPSN�p�V2Y\jkjlNy�cV> �dRY&TWdo�STWY�TW[]VCne[C§�dRnRV�9doj\[]YkPRj\Ykf2Ny[]Ykhcn�XeV&PRp]hZfwVÂT]TWd�T�XeVq�op]dRYk[�T�XeV&�ÍhcnSXVS�PRQZåRTmYl �dRVyT�S�N2|�Vyf�XZVyT�fCN�p�NUfw[o}VCp]YlTm[]Y� ÁdRVÂT
[]pC~VyT�XeY%!�}VCp]V2nZ[]VyTO��� � �XWZY�§@YZY §ÁÃ · Ã � § � V2V�§ � � r.;&V2PSV2nSXRNyne[C§ZfwhcnZ[]p�N�Y\p�V2�0V2nZ[z~NÈMO^&_a`2bUb
hO~d0j\Vzp�N�PoP�hUp][�TWY\�UnSN�jOTmdRp&�Rp]dRYk[�V2[zXeVaj�v�hcp�Xep]V�XZVD`2b ·4[ §S~N�MO^&_&ÊcbUbe§eYkjSXeV2|ZY\VCne[@XeVaj�vxhcp�Xep]V
XeV>`2b ·Z¼ r

��hcdST&Nyj\j\hUnSTqXZhcnSfc§ZXRNynST¶jkVyT�PSN�p�N��Up�N�PoQRVyTa �dRYS|�hcnZ[qTmdRY\|Zp]V©§cPRpo}VÂTWV2nZ[]V2p@j\VyT&XeY%!�}VCp]V2nZ[]VyT@TWhcdop�fwVyT
XeVD�Rp]dRYk[�XeVG�ÍhcnSXG�

< j\VyT&�Rp]doY\[�TaXZV¢�ÍhUnSX�X�PdST¡~N¡j�vtN�PRP�N�p]VCY\j\j�N��UV
< j\VyT&PRp]hZfiVyT]TmdSTuPoQeåoTWY� ÁdRVÂTaXeVD�Rp]dRYk[�XeVG�ÍhcnSXgPShcdRpDMO^&_¶ÊUbcb

`2�c¨
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��Y\�UdRp]V¡³�rt¦e� ��Ò��wÝ�ÖlÙ�Ó&�0Ò � ��Ð��wÒ���Ý�ÙcÝ�ÐcÑ\Ò��>ÔeÒ�ØOÕ]ÙyÔ�Ú��wÝ�ÖlÙ�Ó�Ô�Ú ��Ù��CÙ�Ó�ÔeÒ �¢Ö�à2à���ØRÐ�ÕGÑ\Ò�ØOÕ]Ù��wÒ�� �CÚ��
ÔeÒ)!�"CÙ�Õ�$�ÒiÓ0ØoÙ�ÚeÕ�Ô�Ö J�ÞÒiÕ{ÒiÓZÝWÒ�� ÞÒiÓSÒiÕ×à�Ö×Ò��>Ô�Ð�Ó&�DÑkÒ'�wÒiÓeÝ�Õ{Ò�ÔeÒ�Ü¡Ð�� �yÒ K2,�MONyâ

.0/ � IK: � 	�Fq4�Aw= � H7: ��B9;�H

�GN�nSTqjkVyTaf�QSN�PRYk[]p�VyTq �dRY�|�hUne[�TmdRY\|Zp]V©§ÁnohcdSTq�ÍV2p]hUnSTqjlN¡XZY$!�}V2p]VCnSfwVGV2nZ[]p�VGj\VÂT¶PSNyp][]Y�fwdRjkVyTq �dRY�hcnZ[
}V2[o}V&�@}VCna}V2po}VCVyT PShUdRp�dRn¡PRp�hZfwVyT�TWdST�PoQeåoTWY� ÁdRVzXehUnRn�}VaV2[sj\VÂT�PSN�p�[]YlfidRj\VyTs �dRYehUne[�}V2[o}VqV"!OVyfw[�Y\|�V2�>V2nZ[
p]VyfwhUnSTW[�p]dRYk[]VyTsPSN�p �G^qMO_¶¹�Å{r ��V�PRjkdSTw§Zf�QSNc �dRVq�ÍhcY�T& ÁdRV�j�vxhcn>PSN�p�j\V2p�NDX�v�Yk�0PRdRj�TWY\hUn�§yX�v�}V2nRV2p��cY\V©§
fwV2jlNaTmVqpo}Vw�U}V2p]VCp�ND~N�XeVyTs ÁdSNyne[�Y\[o}VyT p�VyfwhUnSTW[�p]dRYk[]VyT�XRNynST�jkVqXz}V2[]Vyfi[]V2dRpCr���YZj�vxhcn�PSN�p�j\VzXeVyTs Ád�N�nZ[]Y\[o}VyT
PRQeåoTWY� ÁdoVyT¶V"!OVyfi[]Y\|�VC�0VwnZ[��@}V2na}V2po}V2VyTw§Rj�v�NUX2°]Vyfw[�Y ���@}V2n�}V2po}V�TWV2p�N�V2�0PRjkh�åz}V�r
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MON¢p�VyfwhUnSTW[�p]dSfw[�Y\hUn0XeVÂT¡}VC|z}V2noV2�0V2nZ[�T�TmVu��NyY\[&PSN�p&jkV�PRp�hc�Up�N����0VaTm[�N�n�XRN�p�X0XeV �G^qMO_¶¹�Å{r ��hcdST
NÂ|�hUnST�|Zd XoN�nST¡j\V7f�QSN�PRYk[]p�V �R§& �dRV7XeVg�gN�do|cNyYlTmVyT�NUT]TWhZfiYlN�[�Y\hUnST0XeVg[]p�NcfwVÂT¡f{QSNyp]�@}V2VyTg~N½XeVyT
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£ ¤9²mª�VC«�µaºD�g¹¬²mª�VC«�ºy»i¼¢µ `y³y�´ºÄÉcb `2�cÊgº��cb ÊcbU�®º�`2bUb

� ²×PR��µ bZr�bU¨Á³y� bertbÁ³y¨�³ bZr�bU¨cÊc¦
� V2|Z[ ²�¦Ubcb�Po��·R¸2µ ÊcbZr � ÊU¦er�b `2ÉZr ³

� TmY\�>dRjC}V ÊcbUb `Cbcbcb ÊcbUb
Ì ²ÍPR��·R¸iµ Êc���R` `2¦Ub��©¦ ¦cÊUbc�

Î�Ny�Rj\VyNyd´³©r�ÊZ�.��Ò��wÝ�ÖlÙ�Ó&��Ò�����Ð��wÒ���ÔeÒ&ØOÕ]ÙyÔ�Ú.�iÝ�ÖlÙ�Ó>Ô�Ú¢ØOÕ�Ù��wÒ�� �CÚ �uÔeÒ !�"CÙ�Õ�$�ÒiÓ�ØoÙ�ÚZÕqÑ\Ò ��Ð�ÓRÐcÑSÓ�ÒiÚ��
Ý�ÕiÖlÓRÙ�� ��� /�ÓRÙ�Ü �2Õ{Ò��>Ô���ÞÒ��&ÞÒ{Ó�ÒiÜ9ÒiÓeÝ �®ÐcÝ×ÝmÒiÓRÔ�Ú��	��
 Ò+�wÝ�� ØRÙ�ÚZÕDÚeÓSÒ¡ÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒÈÖlÓeÝSÞÒÍà©Õ�ÞÒ�ÒÄÔeÒ�.-�-Ø#� ·R¸ /¢ÓRÙ�Ü �2Õ{Ò��gÔ���ÞÒ��&ÞÒiÓ�ÒiÜ9ÒiÓZÝ � �CÖlÜ¡ÚÁÑUÞÒ�����
 �CÖlÜ¡Ú�ÑUÞÒ � Ò�ÝGÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ7ÖlÓeÝSÞÒÍà�Õ�ÞÒ�Ò ��Ù�ÕiÕ{Ò��mØoÙ�ÓRÔ�Ð�ÓZÝWÒ
� Ì � â

Xq}V2P�PhU[�T�X�v�}V2noV2p]�UY\V�XRN�n�T�j\VÄf2N�jkhcp]Yk��~V2[�p]VGQSNUXep]hUnRYl �dRV�V2�eY�TW[�N�Y\VCne[�Nyd�nRY\|�VyNyd7XeV�j�N9p]VyfihcnSTm[]p]d�f �
[]Y\hUn�r ;&VCjlN<VCne[�p�N	PQknRV�XeVGj�v�}V2nRV2p��cYkV�V2[�XeVGj�v�Y\��PRdRjlTmY\hUn¡�gN�nS �dSNyne[�V�r.R MO^&_&ÊcbUbe§OfwVyT¶Pop]hc�oj�~V2�0VÂT
V2�eY�TW[�V2ne[@[]hcdÂ°]hcdRp�Tw§SfcvxVyTW[zP�hUdRp� �dRhUY�j�v�Nyj\�Uhcp]Yk[]QR��V�¹!R ; ; ����XehUne[zj\VGPop]Y\n�fwY\PSV�N�}V2[o}VGPopR}VyTmV2ne[o}V
XRN�nSTGjkV¡f�QSN�PRYk[]p�V �gVyTW[�dR[]Ykj\YlTZ}V�r�;&V2j�N9PSV2p]�0VC[GXeV¡p�VyfwhUnSTW[�p]dRYkp]V¡fiV2p][�N�Y\noVyT�PSNyp][]Y�fwdRjkVyTunoV2dR[]p�VyT
fwhc�0��Vaj\VyTqnRVCdR[]p�hcnSTqhUd�PRjkdSTqPRp]YknSfwYkPSN�jkV2�0V2nZ[�j\VÂT�� �� r
��V¡PRjkdSTw§@~N0MO^¶_&ÊUbcbe§�PSNyp][�YlfwdRjkY�~V2p�V2�0V2nZ[&PShcdRpGjkV�PRp�hZfwVyT�TWdSTu� � �XW�Y §OfwV2p�[�NyY\nSTaPRp]hU�Rj�~VC�0VyTqXZd
� PV2�0V0[måZPSV�P�VCdR|�V2nZ[9V2�ZYlTm[]V2p�N�d�T]TWY�XRNynST´j�N�f2Nyj\hcp�Y\� ~VC[]p]YkV }VCj\Vyfw[�p]hU�gN��Una}V2[]Y� ÁdoV	r��ZNcf�QSN�nZ[
 ÁdRV¡j�N0nRhcn�Xz}V2[]Vyfi[]Y\hUn	P�N�pD�gN�do|cNyYlTmV>NcT]TmhZfwYlNy[]Ykhcn�X�v�don	PRQohc[]hUn�XeVg³y��ª�VC«#PSV2dR[0PV2[�p]V>dRnRV
TWhcdop�fwV�XeV¡��N�dST�TWV�}V2nRV2p��cY\V¡�®N�nS �dSN�nZ[]V©§�dRnRV�N�[�[]V2nZ[]Ykhcn½PSN�p�[]YlfidRj\Y�~V2p]VÄN¾}V2[o}V¡PRjlNUf�}V2V>TWdop�jlN0po}V��
NcT]TmhZfwYlNy[]Ykhcn XeVyT>Xz}V2P�Phc[�T�X�v�}V2noV2p]�UY\V7XeVyT0fCN�j\hUp]Yk��~V2[]p�VyT½}VCj\Vyfw[�p]hU�gN��Una}V2[]Y� ÁdoVyTwrs��nÀN�j\�Uhcp�Y\[]Qo�0V
TWY\��PRj\VzN�}V2[o}V®}VÂfwp]Yk[���PShUdRpaf�QSNc �dRVaPSNyp][�YlfwdRjkVaf�QSN�p��@}V2V� �dRYSN }V2[o}Vap]VyfihcnSTm[]p]doY\[]VaP�N�p&j\V�Xz}VC[]Vyfw[�V2dRpC§
hcnKfwhcnSTmYlXO~VCp]V¡Tmhcn�Yk�0PRdRj�TWYkhcn7_����9V2[GjkV>Xq}V2P�PhU[DX�v�}VCnRV2p]�UY\VÄX Pd�Nyd	P�NcT]T�N��UVgXeV>fwV2[�[]V¡PSNyp][�YlfwdRjkV
XRN�nSTaj\VÂTqf2Nyj\hcp�Y\� ~VC[]p]VÂT¡}VCj\Vyfw[�p]hU�gN��UnRV2[]Y� ÁdoVyT&^ VCV2� r���hUY\[ � ����Xz}Vi�SnRY�PSNyp��

� ���¢¥ ^ VCV2��� _ f�Q
b�� � £ ^ V2V2�

MSV>Xq}V2nRhU�0Y\nSNy[]V2dop2§S[]Y\VCne[Dfihc�0PR[�V¡XeV>jlN>�cp�NynedojlN�p�Y\[o}V0XeVÂTGf2N�jkhcp�Y\� ~V2[�p]VyTg}V2jkVyfw[]p�hc�gNy�cn�}VC[]Yl �dRVyTir
MSVaf�QRhcYk�DXed���Ncfi[]V2dRp@ber ��² ��b)(9µ�|ZY\VCne[sXeVzjlNana}VyfwVÂT]TWYk[o}VzXeVzp]VyTm[]V2p@fwhcn�TWV2p�|cNy[]V2dop���jkVyT�po}VÂTWhcjkdR[]YkhcnST
XeVGnRh©TqXeV2do�0f2Nyj\hUp]Y\� ~V2[]p�VyT�TWhUne[aVCn0V"!OV2[qPoj\dR[@Phc[aXZVGj�vxhcp�XZp]V�XeVDÊcb)(�² �@^�� ;aµu~N¡¦cb)(ß²�¹G_ ;aµ�r
��Y � ��� Ç `����Z§&N�j\hUp�T�dRnoV´P�N�p][�Ylfwdoj\VgnRV2dR[�p]V0VÂTW[>fwpo}V�}V2V�r0��hcn�}V2nRVCp]�cYkVgTWVCp�N½^ ����� �Æ_����gV2[>T]N
XeY\p�Vyfw[]Ykhcn�§ZfwVCj\j\V¢XeVDjlN�PSNyp][]Y�fwdRjkVDf{Q�N�p]�@}V2VDY\nRYk[]Y�N�j\V©r���N�nSTaj\V��Ído[]dRpC§RY\j���N�d�Xep�N¡[]p�N�Y\[�V2pafiV2p][�N�Y\noV��
�0V2nZ[�fwV��cV2nRp�VGXZVGPRp]hU�Rj�~VC�0VyT�XeV�jlN<� PV2�0V���N� fwhUn7 ÁdRV�j�vtN�jk�chcp�Y\[�QR�0V�¹!R ; ; ���<§�N2�SngX�v�}V2|ZY\[]VCp
fwV2p][�N�YknRVyT��gNydR|UN�YlTmVyTsfwpo}VyNy[]YkhcnST�XZVq�cVCp]�SVyT�nRVCdR[]p�VyTwr�MSVyT�PSN�p�N��Up�N�PoQRVyT&TWdRYk|UN�nZ[�T�PRpo}VyTWVCne[�V2ne[�jkVyT
f2N�p�Ncfw[o}V2p]Y�TW[]Y� ÁdoVyT&XeVyTq�Rp�dRY\[�TaXeV��Íhcn�X®PShU[]V2nZ[]YkV2jlT&V2[aj\VyT&PRp]YknSfwYkPSN�jkVyT¶|UN�p�YlNy�Rj\VyTzXeYlT�fwp]Yk�0Y\n�N�nZ[]VyT
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Y\nZ[]p]hZXZdRY\[�VyT�PShcdRp&jkVyT�po}VÂXedRY\p�V�rU^ jkj\VyT@TWV2p�hcnZ[2§cPRjkdST�[�Nyp�X�§cdo[]Y\jkYlTZ}V2VyT�P�hUdRpqj�v�NynSN�jkåRTmVaPRp]hU�SN��RYkj\Y�TW[]V©r
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;�v�VyTm[qj\V��Rp]dRYk[aXeVG�ÍhUnSX0j\VGPRjkdSTqfihcPRYkV2dR�O§enRhUdSTaN�jkj\hcn�TaXehcnSfGV2n0��NyY\p]V�dRnRV }V2[�dSXeVGp�V2jlNy[]Yk|�V2�0V2nZ[
Xq}V2[�NyY\jkj2}V2V�r
MONgTWVyfi[]Y\hUn�Vw®f2NcfwVÄXeV>fwV¡PRp�hZfwVyT�TWdSTGPShcdRpDjkVyT�[]p�hcY�T�}V2nRV2p��cYkVyT�fihcnSTmYlXz}V2po}V2VyT�§ON�YknSTWY  ÁdRV¡jkVyT
nRhc�>�Rp]VÂT�X�v�}V2|z}V2nRV2�0VCne[�T�N�[][�V2nSXed�T PShUdRpqdRnoVaj\dR�0YknRh�TmY\[o}VqY\nZ[o}VC�cpo}VCV�XeV�¦cbUb<PR� ·o¸ §�j\VyTsnRhc�>�Rp]VÂT
X�v�}V2|z}V2nRVC�0VwnZ[�TaTmY\�>dRjC}VÂTuV2[�jlN0j\dR��Y\nRh©TWY\[o}VDY\nZ[R}V2�UpR}V2V>fwhUp]p�VyTWPShcn�XRN�nZ[]V�§sTmhcnZ[<PopR}VyTmV2ne[o}VyTGXRNynSTGj\V
[�N��oj\VyNydç³©r�¦Zr�MSV��@}VCna}V2p�Ny[]V2dopadR[]Ykj\YlTZ}VGVyTm[�_��¢Îa¹GÅDR+? �©��A�r

£ ¤ `y³y�0ª�VC« `2�UÊ®ª�V2« ÊUbc�0ª�V2«
� ²×PR�Oµ `y³ �or�� `2¦U�ertb `c` �or�¨

� V2|Z[ ²�¦UbcbyPR� ·R¸ µ �UÊc¦U�cb ��bU�cbUb ¦���¦UÉcb

� TmY\�>dRjC}V `CÉcbU�cÉ ¦cÊU¦c�Z` ¦cÉc¦U�cb
Ì ²×PR��·o¸�µ `2b�� Ê���b ¦c¦U�

Î�Ny�Rj\VyNyd�³�rt¦e� 6RÐcÑ\ÒiÚZÕ%�<ÔeÒ�� �yÒ��wÝ�ÖlÙ�Ó&��Ò�����Ð��wÒ���ÔeÒqØOÕ�ÙyÔ�Ú.�wÝ�ÖlÙ�Ó0Ô�Ú�ØOÕ]Ù��wÒ�� �CÚ��DÒ � Ò]· � 9 �9�WZY � ���Ò�Ý�ÓRÙ�Ü �2Õ{Ò��7Ô���ÞÒ��&ÞÒiÓSÒiÜ9ÒiÓeÝ �½ÐcÝÍÝWÒ{ÓRÔ�Ú � ��
 Ò��wÝ�� ØoÙ�ÚeÕ0ÚZÓ�ÒgÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ7ÖlÓeÝSÞÒmà�Õ�ÞÒ2Ò�ÔeÒ .-�-9Ø#��·R¸�/ÓRÙ�Ü �2Õ{Ò���Ô���ÞÒ��&ÞÒiÓSÒiÜ9ÒiÓeÝ � �CÖlÜ¡ÚÁÑUÞÒ�� ��
 �CÖlÜ¡Ú�ÑcÞÒ � Ò�ÝqÑ ÚeÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ�ÖlÓeÝSÞÒmà�Õ�ÞÒ2Ò ��Ù�ÕwÕ�Ò��mØoÙ�ÓRÔ�Ð�ÓeÝmÒ � Ì � â
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processus ff
–
nγ : √S=192 GeV
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��Y\�UdRp]V¡³�r �R����Ö �iÝ�ÕwÖ �2Ú�Ý�ÖlÙ�Ó�Ô�Ú�ÓRÙ�Ü �2Õ�Ò�ÔeÒ�Ø��oÙcÝ�Ù�Ó&��à�ÞÒiÓDÞÒiÕ�ÞÒ���Ð��cÐ�ÓeÝ�ÚeÓ�Ò ÞÒiÓ�Ò{Õ×à�Ö×Ò@�CÚÂØÄÞÒ{ÕwÖ×ÒiÚZÕ{Ò��Ð
,�4GÒ�6 â

;&VqPop]hZfwVyT�TWdST�PRQZåRTmYl �dRV&Tiv�NcfCfwhc�0P�N��cnoVqXZV¶j�NqPRp]hZXZdSfw[]YkhcnÄX�v�dRnÄfwV2p�[�N�YknGnRhU�9�Rp�V&XeV&PRQRhU[]hUnST
 ÁdRYOhcnZ[GXZVyTaf2N�p�Ncfw[o}V2p]Y�TW[�Yl �dRVyTqXZY$!�}V2p]VCne[�VyT��

< XeVyTGPRQRhU[]hUnSTÈPop]hZXedRYk[�T�XRN�nST�j�v�}V2[�N�[DY\noY\[]Y�N�j�²�Å�� �Gµ�V2[�P�N�p]��Y�j\VyT� ÁdoV2jlTGj\VÂT¢PoQRhc[�hcnST¡ �dRYfwhcp�p]VyTmPShcnSXeVCne[zN�d>p]VC[]hcdop¶p�NcXeY�N�[�Y �æTWdRp&jkV � �UjlNGPSN�p�[]Y�fwdRj\V� �dRYRp�VyfwdRjkVaXeVC|cNyne[&jkVaPRQRhc[�hcn�§
VyTW[adon´�Sh©TWhcn � TWdopGT�N¡fwhcdSf�QRV�XeVD�gNUT]TWV©§

< XeVyT�PoQRhc[�hcnSTDPRp]hy|�V2nSNyne[¢XeV¡jlNgXz}VyTmY\nZ[o}V2�Up�Ny[]Y\hUn½XeV	� �<hUd�XZV�
"}V2nRV2p���}V2[�Yl �dRVyTaPRp]hZXedoY\[�Tj\hUp�TaXeVDj�vxQSNcXZp]hcnoYlT]Ny[]Ykhcn�XZVyTa Ád�N�p]±oT���� � � Y�Y7hcd
 � Y�Ysr
MON´�S�cdRp�V�³�r ����hcnZ[]p]V>jlN�XZYlTW[�p]Yk�RdR[]Ykhcn�XZd nohc�>�Rp]V�XeV0PRQohc[]hUnST¡��}V2n�}VCpR}VyT¡N2|�Vyf¡dRnRV }V2nRVCp]�cYkV
TWdRP�}VCp]Y\VCdRp]V�~ND��ª�V2«¡r ��n0fwhUnSTW[�N�[�VGTmdRpzfwV2[][�Vq�S�cdop]VD �d�v�Ykjeå>NGdRn>nRhU�9�Rp�VaY\�0PShUp][�Nyne[ XeV�PoQRh��
[]hcn�T<N2|�VyfDdRnRV¿}V2noV2p]�UY\V>TWdoPa}V2p]YkV2dRp�V�hcd�}V2�©N�j\V7~Ng��ª�V2«¡§SPRp]hy|�V2n�N�nZ[DXeV¡jlNgXz}VÂTWY\nZ[o}VC�cp�Ny[]Ykhcn½XeV
� �ahcd�XOv�dRnRV�NydR[]p�V<P�N�p][�Ylfwdoj\VDnRV2dR[�p]VDQSNUXep]hUnRYl �dRV�r�MSVDnRhU�9�Rp�VDXeVDPRQRhU[]hUnSTGXeVDp�NUXeYlNy[]Ykhcn�VÂTW[
j\dRYsNydST]TmY�p]V2j�N�[�Y\|�V2�0VCn�[qY\��P�hUp][�N�nZ[aV2[Gj�vxhcn7p]V2�gNyp� �dRVD �dRV¡XZV2dR�gPRQRhU[]hcn�T<XZV�p�NUXeYlNy[]Ykhcn�PSV2d��
|�V2ne[ PV2[]p�V�TWhcdo|�V2ne[�PRp�hZXedRY\[�Twr�MON9�gNydR|UN�YlTmVDp]VyfwhUnSTW[�p]dSfi[]Y\hUnghcd�jlN¡PSV2p][�V�XeV�[�V2j\jkVyT¶PSNyp][�YlfwdRjkVyT
V2ne[�p�NyY\nRV2p�N0nRhcn�TmV2dRjkV2�0V2nZ[�XeV0j�v]}V2nRVCp]�cYkV��gNynS �dSN�nZ[]V�§O�gN�Y�T<NydST]TmYqj�N®�®N�dR|UN�Y�TWV>p]VyfihcnSTm[]p]d�f �
[]Y\hUngXeVDfiV2p][�N�Y\noVyT¶|UN�p�YlNy�Rj\VyTaTmdRPRPSh�TZ}V2VyTaXeY�T]fwp�Y\�0YknSN�nZ[]VÂT�V2nZ[]p]V¢fwVGPRp�hZfwVyT]TmdSTqV2[zj\VDTmY\�cn�N�j�ro_�N�p
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processus ff
–
nγ : √S=192 GeV
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��Yk�cdRp�V¡³�r��Z� ��Ö �iÝ�ÕwÖ �2Ú�Ý�ÖlÙ�Ó�ÔeÒGÑ ��ÞÒiÓSÒiÕ×à�Ö×ÒÄÔ�ÚÈØ��oÙcÝ�Ù�Ó9à�ÞÒiÓ<ÞÒiÕ�ÞÒ�ÑkÒ�ØSÑÛÚ�� ÞÒiÓ�ÒiÕÍà�ÞÒ�Ý�Ö � ÚRÒ

V2�eVC�0PRj\V©§�j�N´PSV2p][�VgXeVyT�PoQRhc[�hcnST¡XeV � ��P�VCdR[¡V2nZ[]p�NyY\nRVCp<j�N��gN�do|cNyYlTmV9p�Vyfwhcn�TW[]p�dSfw[�Y\hcn¿XeVgjlN
XeY\p�Vyfw[]YkhcngXZVyT�°]V2[�TqVC[�XehcnSfDjlN��gNydR|UN�Y�TWVGp�Vyfwhcn�TW[]p�dSfw[�Y\hcn7XeVD|UN�p�YlNy�Rj\VyTaNynR�cdojlN�Ykp]VyTir
��V�PRj\dSTi§ejkVyTqPRQRhU[]hcn�T�XeV � � hcnZ[adRn�TmPSVyfw[]p�VDX�v�}V2nRV2p��cY\V¢XeY$!�}V2p�V2ne[�XZV�fiV2dR��XeVyTqPRQRhU[]hUnSTGXeV
p�NcXZYlN�[�Y\hUn�fwhU�0�0VDj\V¡��hcnZ[]p]V¡j�N9�S�cdRp�V´³©r��7 ÁdRY@p]V2PRpo}VyTWVCne[�V¡jlNgXeYlTm[]p�Y\�RdR[�Y\hUn½XeV9j�v�}V2noV2p]�UY\V¡XZd
PRQRhc[�hcn�jkV�PRjkdST�}V2nRVCp]�@}VC[]Yl �dRVDPSNyp]�0Y�jkVyTuPoQRhc[�hcnSTDXeV¡p�NcXeY�N�[]Ykhcn�V2[�j\VÂTuPRQohc[]hUnSTDXeV�� � MSV�PRYlf
N�dR�gNyj\V2nZ[]hUdRp�TaXZVÈ³Â�®ª�V2«�fwhUp]p�VyTWPShcn�X�N�d7p]V2[�hcdRpap�NcXeY�N�[�Y �zTmdRpaj\V � r
��ngPSV2[]Yk[�f2N�j�fwdRjOp�N�PoYlXeV�XehUnRnRV�VCn´V#!�VC[

��� � �¶¥�� ²]`C�cÊ � ³y��µ ¼ � ³y� ¼�� �cb
	��� �y» ¼
��nKfwhUnSTW[�N�[]V®XeV0PRjkdSTDTWdRpÄfwV2[][�VÈ���cdRp�V�³�rt�� �dRV9Ykj&VyTW[DPSh�T�TWY\�oj\VgX�vtN2|�hcY\p�XeVÂT<PRQRhU[]hUnST¡N�dR[�p]V
 ÁdRV¢fwV2dR�gXZd´p�V2[]hUdRp�p�NcXZYlN�[�Y � N2|�Vyf�dRnRVç}V2noV2p]�UY\VGYk�0PShcp][�N�nZ[]V�r

;&VyT�XeV2dR�>�S�cdRp�VyTqnRhUdST�Ny��~V2nRVCne[¢~NÄ��NyY\p]V�j\VyTqp�V2�gN�p� ÁdoVyTqTmdRY\|UN�nZ[]VÂT��

< j\V>PRp]hZfiVyT]TmdST<� � �XWZY�VyTm[�dRn��Rp�dRY\[ÄXeV9�Íhcn�X	PShcdRp>dRnRVgNynSN�jkåRTmVgXRNynST�j\V�f2N�n�N�janRV2do[]p]YknRh Ád�N�nSX9hUngnRVDXz}V2[�Vyfw[�V�PSNUTqj\V�PRQRhU[]hcn Xed0p�V2[]hUdRpap�NUXeYlNy[]Y �o�ZfcvxVyTW[�fwV¡~N¡ �dRhUY�j�vxhcn0PShUdR|UN�Y\[
TwvtN�[][�V2nSXep�V�r
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��Y\�UdRp]Va³�rt¨e� ��Ö �iÝ�ÕiÖ �2ÚÁÝ�ÖlÙ�Ó>ÔeÒ&ÑÛÐ�Ü¡Ð�� �yÒzÜ¡Ð�Ó � ÚeÐ�ÓeÝmÒ�ØoÙ�ÚZÕ £ ¤'*������ 4GÒ�6�âÁá Ð ��Ù�ÚZÕ��wÒ �Ðaà�Ð�Ú�� �SÒ
Õ{Ò�ØOÕ�ÞÒ��yÒiÓeÝmÒaÑÛÐ>Ô�Ö �iÝ�ÕwÖ �2Ú�Ý�ÖlÙ�ÓÄØoÙ�ÚZÕqÑ\Ò&ØOÕ]Ù��wÒ�� �CÚ���9 �9�W�Y Ò�Ý�ÑÛÐ ��Ù�ÚZÕ��wÒ�Ð>Ô�Õ]Ù�Ö\ÝmÒsØRÙ�ÚZÕqÑ\Ò �CÖ�à�ÓRÐcÑkâ���ÓSÒ
��Ù�ÚÂØOÚZÕ{Ò¡ÒiÓKÜ¡Ð�� �yÒ¡Ð¬ÞÒ�ÝSÞÒ0Ò<JDÒ��wÝ�ÚGÞÒ2Ò	�	�½Ð�� ��
¬`CÊcb 4¢Ò&687Z» ¼ � Ð�¶Ó�ÔeÒ ��Ù�Ó��yÒiÕ��yÒiÕ¡ÚeÓoÖ � Ú�Ò{Ü9ÒiÓeÝÑ\Ò�� ÞÒ��&ÞÒiÓSÒiÜ9ÒiÓeÝ � 9 �9�WZYÀÙ �Ú0Ñ � Ù�Ó9ØSÒiÓ&�yÒ�Ð��2Ù�ÖlÕqØSÒiÕ]Ô�ÚgÔeÒ���Ø��oÙcÝ�Ù�Ó&�yâ

< Y\jsVyTW[�P�h©T]TmY\�RjkV>X�v�N2|�hcYkpGNydST]TmYzXeV¡j�v�}V2nRV2p��cY\VD�gNynS �dSN�nZ[]V�V2n½ Ád�N�nZ[]Y\[o}V�Yk�0PShcp][�N�nZ[]VÄXRN�nSTj\V�f2NUT�XeV�jlN¡PSV2p][�V¡XeVDPRjkdSTWYkV2dRp�TaPRQRhU[]hUnST���j�N9XehUdR�RjkV�p�NUXeYlNy[]Ykhcn�XZV�PRQRhU[]hUnST�n�vxVyTW[�PSNcT
na}V2�Uj\Y\�UVyN��oj\V�r

< ��n�PSV2dR[�N�dST�TWY&fihcnSTm[�N�[�V2pGPSNyp�VC�eV2��PRj\V�§Z �dRV�� PV2�0V�TWYsj\VDPRQRhU[]hcn�jkV�PRjkdSTg}V2nRV2p���}V2[�Yl �dRV
n�v�VÂTW[>PSNcTgdRn�PRQRhU[]hcn Xed�p]V2[�hcdRpgp�NcXeY�N�[]YÛ��§qY\j�PSV2dR[gV2nR�UV2nSXep�V2p0dRn��®N�nS �dRV�XoN�nSTgjlN
�SN�j�N�nSfiV�XOv]}V2nRVCp]�cYkV�r

< V2ne�Snæ§ej\V���N�Y\[� �d�vxY\jSå0NyY\[adRngnRhU�9�op]VGYk�0PShcp][�N�nZ[aXeV�PRQRhc[�hcnST�XeV � �g}V2nRVCp]�@}VC[]Yl �dRVyT�PSV2dR[V2nZ[]p�NyY\nRVCpGXeV¡�®N�dR|UN�Y�TWVyT��0VyTWdop]VyT�XeVyTGXZY\p]VÂfw[]YkhcnSTGXZVyT�°]V2[�T<TmY�j�vxhcn�nRV¡p�VyfwhUnSTW[�p]dRYk[GPSNcT
hcdg�gNyj�fwVyTqPoQRhc[�hcnSTir

Msv]}V2[�dSXeVaXOv�dRnRVz|UN�p]Y�N��RjkVaXeY�T]fwp�Y\�0YknSN�nZ[]V ��j�N��gNUT]TWVz�gN�n� ÁdSNyne[�VzXeVqj�v]}V2|z}V2nRV2��V2n�[ � Xq}Vw�SnRYkVqPSNyp��
�	�����¶¥�� ² £ ¤ ����� = � µ ¼ ��� ¼� = �

VyTW[ ~N�fwVg[]Yk[]p�V"}VyXed�f2N�[�Y\|�V�r0��dRPRPSh�TmhcnSTi§� ÁdRV7j\VyT�}V2|z}V2nRV2��V2ne[�TDXed�PRp]hZfiVyT]TmdSTÈ� � �XWZY N2|�Vyf0dRnRV
�gNcT�TWV&|eY�TWYk�Rj\V�p�VyfwhUnSTW[�p]dRYk[]VaXoN�nST �G^qMO_&¹GÅ Ykne�U}V2p�Y\V2dRp�V�~ND`2Êcb�ª�V2«�ºÂ»w¼G²ÍPShcdRpq£ ¤<¥"`C�cÊ�ª�V2«�µ�§
fwhcp�p]VyTmP�hUnSXeV2nZ[DPRp]YknSfwYkPSN�jkV2�0V2nZ[�~N´j�N®PSV2p�[]V�Xed�PRQohc[]hUn�XeVg³y��ª�VC«ßXedKp]V2[�hcdRpDp�NUXeYlNy[]YÛ��r MON
XeYlTm[]p]Yk�RdR[�Y\hcn½XZV9j�N9�gNcT�TWV¡�gNynS �dSN�nZ[]V>XehUY\[ PVC[]p]V>PRY� Ád�}VCVg~N��æ}V2p]hor ��N�jkQRV2dRp�V2dSTWVC�0V2nZ[2§ej�N9�S���
dRp]V>³�r�¨>�0hcnZ[]p�V¡ �dRV¡fwVC[][]V�|UN�p]Y�N��RjkV�nRV>TmV2p�N>PSNcTGNydST]TmYzXeYlT�fwp]Yk�0Y\nSNyne[�VD �dRV�PRpo}V2|Zd�r ;&VC[GV"!OV2[

ÊcbcÊ
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VyTW[ÄX PdÀN�d��gN�do|cNyYlT�f2N�j�fwdRjaXZVyT�|UN�p]Y�N��RjkVyT�^ � = � V2[¡_ � = � r ;&V´�®N�dR|UN�Y�T�f2Nyjlfwdoj¶VÂTW[¡j\V�pR}VyTmdRj\[�N�[TWhcYk[DXeV>jlN0PSV2p][�V>XeV>PRj\dSTmY\V2dop�TGNydR[]p�VyTGPRQRhc[�hcnSTi§�V2[¢N�j\hUp�TGjlN0�gNUT]TmV¡�gN�nS �dSNyne[�V�n�vtN®Poj\dSTDXeV
p�N�Y�TWhUn�XOv PV2[�p]VGPRp�hZf{QoV�XZV �æ}V2p]ho§RTWhUY\[�XeVDj�N��gN�dR|UNyYlTWV�p]VyfwhUnSTW[�p]dSfi[]Y\hUnghcd7XeVDjlN�PSV2p�[]V�X�v�NydR[]p�VyT
PSN�p�[]YlfidRj\VyT&f�QSN�p��@}V2VÂT¶hcdgnRVCdR[]p�VyTwroÅÆjSVyTm[aPSh�T]TmY\�RjkVDN�d�T]TWYsXZVDf2N�j�fwdRjkV2p&jlN<Pop]hcPShUp][]Ykhcn XeVyT0}V2|z}V2nRV��
�0V2nZ[�T�XedgPRp�hZfwVyT�TWdSTq� � �XWZY7N2|�Vyf�dRnoVG�gNcT�TWVG|ZYlTmY\�RjkV�p�VyfwhUnSTW[�p]dRYk[]VDXRNynST �G^qMO_¶¹�Å Ykne�U}V2p�Y\V2dRp�V¡~N
`2Êcb�ª�V2«�ºÂ»w¼� �dRY&fwhUp]p]VÂTWPShcnSX½N�d½p]VC[]hcdopGp�NUXeYlNy[]Y ��r ;&V2j\jkV��mfiY�n�v�VyTm[D �dRV>XeV0³y�)(0rsMSV9p�VyTW[�V>XeVyT
}V2|z}VCnRV2�0V2nZ[�T�fwhUp]p]VÂTWPShcnSXgTmhcY\[�~NDjlN�PSV2p�[]VDXeV¢XeV2dR�¡PRQohc[]hUnST�XeVGp�NUXeYlNy[]YkhcnSTi§STWhcYk[D~N�j�N<PSV2p][�VDXeV
PRj\dSTmY\V2dop�T¶P�N�p][�Ylfwdoj\VyTaXRNynSTaj\VyTqpo}V2�cYkhcnST¶��NyY\�RjkVyTaXed7Xq}V2[�Vyfw[]VCdRp2r
_�hUdRp�T]N2|�hcYkpDXRN�n�T< �dRV2jkj\VyTqpo}V2�cYkhcnSTDXed½Xz}V2[]Vyfi[]V2dRp�Y\jsVyTm[GPSh�T]TmY\�RjkV0XZV¡P�VCp�Xep�V>XeVyT�PRQohc[]hUnSTw§
nRhcdST>PRpo}VyTmV2nZ[]hcn�T´TmdRp0j�Nç�S�cdop]V�³�rÛ³�jlNKXeYlTm[]p]Yk�RdR[�Y\hcn XZV�jlN	|UN�jkV2dRp�N��STmhcjkdRV�XZd fwh�TmY\nZdST0XeV
j�v�NynR�cjkVaPShcjlNyY\p�VGXed>PRQRhU[]hUn´�@}V2n�}V2po}Vaj\V�PRj\d�T¡}VCnRV2p]�@}V2[]Y� ÁdoV�rÁMON�XeYlTm[]YknSfw[]Ykhcn>V2nZ[]p]VajkVyT�PRQohc[]hUnSTaXeV
p�NcXZYlN�[�Y\hUn´VC[aj\VyTqPRQohc[]hUnST�XeV � �GNK}V2[o}VG��N�Y\[�V�r

processus ff
–
nγ :  √S=192 GeV
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��Y\�UdRp]V�³©r ³©� ��Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó�ÔeÒ�ÑÛÐ �2ÐcÑ\ÒiÚZÕgÐ�� �CÙcÑÛÚRÒ�Ô�Ú ��Ù��CÖlÓRÚ��7ÔeÒ�Ñ � Ð�ÓcàcÑ\Ò>ØoÙcÑÛÐ�ÖlÕ{Ò�Ô�Ú�Ø��oÙcÝ�Ù�Ó
à�ÞÒiÓDÞÒiÕ�ÞÒ�Ñ\ÒaØSÑÛÚ�� ÞÒ{Ó�ÒiÕ×à�ÞÒ�Ý�Ö � Ú�Ò2â

Êcbc¦



���������
	�����

Å�jSN�PoPSN�p�N	PQ\[&[�hcdR[&XOv�N��ShUp�X> ÁdRVajkVyT�PRQRhc[�hcnSTzXeVqp�NcXeY�N�[�Y\hcn�TWhUne[@PRp]hZXedoY\[�T��gNC°]hcp]Yk[�NyY\p]VC�0VwnZ[&~N
P�VC[]Y\[�N�nR�Uj\VDV2[� Ád�vRYkjlTzTWV2p�hcnZ[�XehcnSfDXeYÛgfiY\j\VC�9V2n�[ Xq}V2[]VÂfw[�Ny�Rj\VyT&PSN�p ��^�MO_&¹GÅS�Rj\V �ZÎaÅ�;�N2åZN�nZ[
dRnRV�fwhcdR|�VCp][]dop]V�N�nR�UdRjlNyY\p]V¢N�j\j�N�nZ[O°]dST] �d�vl~N�Êert��=2§�j\VyT�PRQohc[]hUnSTaPRp]hZXedoY\[�TzN2|�VyfudongN�nR�Uj\VGPShUjlN�Ykp]V
Y\ne��}V2p�Y\V2dopD~N0ÊZr���=i§�noV¡TWVCp]hcnZ[�PSNcTGXz}V2[]Vyfi[�N��oj\VyTir ��vtN�dR[�p]V�P�N�p][C§�donRV�PSNyp][�Y\V�nohcn�n�}V2�Uj\Yk�cVyNy�Rj\V�XeV
fwVyT�PRQRhc[�hcnSTsPSNcT�TWV2p�N<XoN�nST�j�N�po}VC�cY\hUng~N �©b�=� �dRYofwhcp�p]VyTmPShcnSX7~NudonRVaPSN�p�[]YkV¶��N�Yk�Rj\V�Xed¡Xz}V2[]Vyfi[]V2dRpæ�
Y\j�n�vxå�N�PSNcT&XeV�f2N�jkhcp]Yk��~V2[�p]Y\V }VCj\Vyfw[�p]hU�gN��Una}V2[]Y� ÁdoVq§�XZhcnSfzfwVyT�PRQohc[]hUnST�nRVaTmV2p]hUne[@PSNcT�Xz}V2[]Vyfi[R}VyTir
_�N�paV2�ZV2�0Poj\V�§cPShUdRp�jkVyTqPRQRhU[]hUnST�XZV<p�NcXeY�N�[�Y\hcn�T��

< V2nZ|eYkp]hcn7³yb (�XeV�fwVyTqPRQohc[]hUnST�N�dRp�hcnZ[�dRn N�nR�Uj\VDPShcj�N�Y\p�VDY\ne��}V2p�Y\V2dopD~N>Êer��>=
< V2nZ|eYkp]hcn®Ê ($XeV¡fiVyT¶PRQohc[]hUnSTGTmV2p]hUne[�XRNynSTajlN�po}VC�cY\hUn�~N �©b = � ��� »��y¤���� � � b��Û³c³ ��� b��tbc�

MON9fwhUne[�p]Yk�RdR[]Ykhcn fwhcp�p]VyTmP�hUnSXRNyne[�N�d�p�V2[]hUdRp�p�NcXeY�N�[�Y �@VyTW[�Y\nSXZYl �da}V2VGPSNyp�j�v�QRY�TW[�hc�cp�N��0��V��Up]YlTZ}V�r
��nKp]V2�gNyp� �dRV� Ád�vxV2j\jkV>TwvtN�p]p6PV2[]V��Rp]dST� ÁdoV2�0V2nZ[GPShcdRp�XeVyT�N�nR�Uj\VyT�PShUjlN�Ykp]VyT�Ykne�U}V2p�Y\V2dRp�T>~N�V2ne|ZY �
p]hcn¿¨cb ��³yb>=�² � »	�y¤
� � ��� b�� �Zµ�r ;&V2jlN0VyTm[¡X�Pd"~NgdRnRVgfihcdRPRdop]V½~NgjlN´�@}V2n�}V2p�N�[�Y\hcnKV"!OVyfw[]d�}V2V¡PSN�p�j\V
��}V2n�}VCp�N�[�V2dRp�_�åe[�QRYlN> ÁdoY�V2��P PVyf�QRV�j�N9PRp�hZXedSfw[�Y\hcn½XOv�dRn7PRQRhc[�hcn½Xed�p�V2[]hUdRp�p�NcXZYlN�[�Y ��N2|�VyfGdRnRV
�cp�NynSX0NynR�cjkV�PShcj�N�Ykp]V ? ��¨�A�reMON�TWYk�9dRj�N�[�Y\hcn�VyTW[&V2n�fwhUdRp�TzXeV�fwhcp�p]Vyfi[]Y\hUn ? �e³ A�r�Å�je��NydR[afwVCP�VCnSXRN�nZ[
p]V2�gNyp� �dRV2p� �dRV¡jlN0po}V2�cYkhcn�~Ng�cb>=<hO~d�j�vxhcn�PSV2dR[�P�VCp�Xep�V9jkV�PRQRhU[]hUn�Xed½p]V2[�hcdRpGp�NcXeY�N�[�Y ��§�j�N�YlT�TWV
dRnRVgTmY\�cn�N�[]dop]V7XeY$!�}V2p�V2nZ[]V�X�v�dRn�TmY\�cn�N�j��sj�v�Yk�0PRdRj�TWYkhcn�PSV2p]PSV2n�XeYlfwdojlN�Ykp]V>[]hU[�N�jkVgVyTW[ÄXeV0j�vxhcp�Xep]V
XeVDj�v�}VCnRV2p]�UY\V�XedgPRQRhU[]hcnK²W³Â�®ª�V2«�ºÂfGP�hUdRpD£ ¤È¥�`2�UÊ®ª�V2«�µ&V2[aVyTW[�XZhcnSfG|Zp�N�Yk�0V2nZ[zXeY$!�}V2p�V2ne[�V
XeVyT¡Y\�0PRdojlTWYkhcnST�[måZPRYl �dRVyT¡XZd�TWYk�cnSNyj¡²×|�hUY\p��S�UdRp]V�³©r\`C¦Áµ�r ��n�PSV2dR[�XehcnSf�fihcnSfwjkdRp]V7 �dRV�jkVyT
N�nSNyj\åoTWVyTz ÁdRVDnRhUdSTaN�jkj\hUnSTqV"!S�ÍVyfw[�da}V2VyT&TWVCp]hcnZ[ajC}VC�R~V2p�V2�0V2nZ[�hUPR[]Yk�0YlTm[]VyT&T�N�nSTaPShcdRp�NydR[�Nyne[VPV2[�p]V
Y\p]po}VyN�jkYlTm[]VyTir
��n9p�V2�gNyp� �dRVaNydST]TmY�§ZTWdRpzfwVC[][]Vq���cdRp�V<³©r ³�§Z �dRVaV2nZ|eYkp]hUng`2¦ (�XZVyT�PRQRhc[�hcnSTzXeV � �¶P�NcT]TmV2p]hUne[
XRN�nSTqj�N�po}V2�UY\hUn½~N ��b = §RfwVD �dRYOV2nR�cVCnSXep]VCp�N¡XeVG�®N�dR|UN�Y�TWVyT&�0VyTmdRp]VyT&XeVÂT0}V2nRV2p��cY\VÂT¶V2[�XeVyTqXZY\p]VÂf �
[]Y\hUnSTaXeVyT�°]VC[�Twr
_�hUdRpaTmV�fwhcnZ|UN�Y\n�fwp]V�XeVaj�vxV"!OV2[&XeV�fwVyTspR}V2�UY\hcn�T ��N�Yk�Rj\VÂTw§cj�Nu�S�cdop]V�³©r�ÉG�0hcnZ[]p�Vqj�N<XZYlTW[�p]Yk�RdR[]Ykhcn
XeVGj�vtN�nR�Uj\VDPShcj�N�Y\p�V�XedgPRQRhc[�hcn7��}V2n�}VCpR}VGjkVGPRj\d�T0}V2nRV2p���}V2[�Yl �dRVG�gNyYlT¶PShUdRpGXZVyT0}V2|z}V2nRV2�0VCne[�T�N2|�Vyf
dRnRV��®NcT]TmV�[�hc[�Nyj\V¡p�Vyfwhcn�TW[]p�dRY\[�V�Ykne�U}V2p]YkV2dRp�V0~N7`2Êcb�ª�V2«�ºÂf2¼�V2[�XRNynSTGj\V¡fCNcT�hO~dKfwV�PRQohc[]hUn	VÂTW[
j\V�PRQRhc[�hcn7Xedgp]VC[]hcdopqp�NUXeYlNy[]YÛ��r ;&VGPRQohc[]hUn�XeV�³y�9ª�V2«è²ÍP�hUdRpG£ ¤È¥�`2�UÊ9ª�VC«�µ�n�vtN�XehUnSfGPSNcT
}V2[o}V�Xz}V2[�Vyfw[o}V�r ��n�p]V2�gNyp� �dRVGjkVyTuPoYlf2T�XeV>fwV2[�[]V�XeY�TW[]p�Y\�Rdo[]Y\hUn�PShcdop�XZVyTu|UNyj\V2dRp�TGXed fwh�TmY\nZdSTGXeV
j�v�NynR�cjkV9PShUjlN�Ykp]VgXZd�PRQRhU[]hcn�NydR[]hUdRp>XeVgbZr ³c³gVC[9`Ur\§@fcv�VyTm[��{~N �ÆXeY\p�V9PShUdRp>XeVyTDPRQRhc[�hcnST¡PSNUT]T]Nyne[
XRN�nSTqj�N�po}V2�UY\hUn½~N ��b = V2[�XRN�n�Tqj\VG[�dR�SV0~N�|ZYlXZV�rRMSVyTqPRp]hUPShcp][�Y\hUnST�TmhcnZ[�N�jkhcp�Taj\VÂTqTWdoY\|UN�nZ[]VyTO�R�cÉ
(èXeVÂTqPRQRhc[�hcnST�TWhcnZ[�XRNynSTuj�N�po}V2�UY\hUn�N2|UN�nZ[�V2[G` (�TWhUne[�XoN�nSTajlN�po}V2�cYkhcnK~N �©b = r ��n7fwhUnSTW[�N�[�V
XehcnSfa �d�vxY\j�å¡ND �dSN�n�X�� PV2�0Va`�(�XeVÂT�PRQRhU[]hcn�TqXed¡p�V2[]hUdRp�p�NUXeYlNy[]YÛ�� �dRYZhcnZ[>}V2[o}VzP�VCp�XedST&NyY\j\jkV2dRp�T
XRN�nSTaj\V¢Xq}V2[]VÂfw[]V2dop2r
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processus ff
–
nγ  :  √S=192 GeV

1

10

10 2

10 3

0.4 0.5 0.6 0.7 0.8 0.9 1

|CosΘγ|

Masse < 120 GeV/c2

Région à 40o

tube à vide

��Y\�UdRp]V�³©r�ÉZ� ��Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó�ÔeÒ�ÑÛÐ �2ÐcÑ\ÒiÚZÕgÐ�� �CÙcÑÛÚRÒ�Ô�Ú ��Ù��CÖlÓRÚ��7ÔeÒ�Ñ � Ð�ÓcàcÑ\Ò>ØoÙcÑÛÐ�ÖlÕ{Ò�Ô�Ú�Ø��oÙcÝ�Ù�Ó
Ñ\ÒGØSÑÛÚ���ÞÒ{Ó�ÒiÕ×à�ÞÒ�Ý�Ö � Ú�Ò�ØRÙ�ÚZÕ¡ÔeÒ���ÞÒ��&ÞÒiÓSÒiÜ9ÒiÓeÝ �7Ð���Ò��gÚZÓ�Ò�Ü¡Ð�� �yÒ>Õ{Ò���Ù�Ó&�iÝ�ÕiÚeÖ\ÝmÒ>ÖlÓ 9 ÞÒiÕiÖ×ÒiÚZÕ{Ò �Ð � �:-
4¢Ò&687Z»i¼9â

Å�j&V2�eY�TW[�V0XeVÂT<|UN�p�YlN��oj\VyT�XeYlT�fwp]Yk�0Y\nSNyne[�VyT� ÁdRY&PSV2p��0V2[][�V2nZ[GXeV®XeY$!�}V2p�V2nSfwYkV2pGj\VÂT	}V2|z}V2nRV2��V2n�[�T
Xed0PRp�hZfwVyT]TmdSTq� � �XWZY�XOv�dRngTmY\�UnSN�jsXeV��Sh�Tmhcn XeVD¹�Yk�c��TGr ��hcd�TqV2ngPRpo}VyTmV2nZ[]V2p�hcnSTz ÁdRVCjl �dRVyT¶donRVyT
V2[qPRjkdSTaPSN�p�[]YlfidRj\Y�~V2p]V2��VwnZ[&fwV2jkj\VyTzXeVyTm[]Y\n�}V2VyTG~N�}V2[�Yl �dRV2[]VCpqj\VÂT¶PSV2p][�VyTaXRNynST�j\V�[]dR�SV�~NÈ|ZYlXZV�r

;&Y\n�}V2�gN�[�Yl �dRV2�0VinZ[2§2j\VÂT�}V2|z}V2nRV2�0VCne[�T PShcdopqj\VÂT] �dRV2jlTsj\Vahcd�j\VyT�PRQRhU[]hUnSTqTmhcnZ[qPSV2p�XZdST&XRN�nST&j\V
[]dR�SV�~N�|eY�XeV�§ZhcnZ[�XeVyTqfCN�p�NUfw[o}VCp]YlTm[]Y� ÁdRVÂTqTWYknR�cdoj\Y�~VCp]VyTz ÁdRYOPSV2p]�0VC[][]VCne[zXeVDj\VÂTqXeY�TW[]YknR�cdoV2p�X�v�}VC|z}V��
nRV2�0V2nZ[�T�X�PdST�~NgdRn �Sh�Tmhcn�XeVg¹�Y\�c�©T9r�MON´�S�UdRp]V�³©r��gp]V2PRpo}VyTWVCne[�V9[�p]hcY�T<[måZP�VÂT<XZV0|UN�p]Y�N��RjkVyT
XeYlT�fwp]Yk�0Y\nSNyne[�VyTDN2åZN�nZ[0XeVÂT0XeYlTm[]p�Y\�RdR[�Y\hUnST9XZY$!�}V2p]VCne[�VyT�PShcdRp7XeVyT�}V2|z}V2nRV2��V2ne[�T¢� � � WZY V2[0¹ ���� r
²×PShcdRp�[]hUdSTg}V2|z}VCnRV2�0V2nZ[�T�� � �XW�Y�µ�r�;&VyTq[�p]hcY�Tu|UNyp]YlNy�Rj\VÂT�TmhcnZ[�j�v�NcfihcPRj�N�nSNyp]Y\[o}VGQ�}V2��YlTWPoQa}V2p]Y� ÁdoV�§�jlN
|cNyj\V2dop¡N���TWhcjkdRV7Xed�fwh�TmY\nZdST¡XeV0j�v�NynR�cjkV0PShcjlNyY\p�V�XZV0j�vxY\�0PRdojlTWYkhcn��gNynS �dSN�nZ[]V�² � »	�y¤
� ����� � � µ�V2[
j�v�}VCnRV2p]�UY\V�Xed�PoQRhc[�hcn�XZhcnRn�}VCV�PSNyp�dRn7N2°]d�TW[]VC�0V2nZ[afwYkna}V2�gNy[]Yl �dRVD² ? �©É�A×µzXoN�nSTaj�vxQeåZPShc[]Qæ~VyTWV�XeV
jlN�PSV2p][�V�X�v�dRngPRQohc[]hUn�XeVDp�NcXeY�N�[]Ykhcn XRN�nSTaj\V�[]dR�SVg~N¡|ZYlXeV¡²�^ �S[� µ�r
Msv�NUfwhcPojlN�n�N�p]Yk[o}V0Q�}V2�0YlTmPRQ�}V2p�Yl �dRV�N }V2[o}V0Xz}Vw�SnRYkV0XRNynST<jkV0f�QSNyPRY\[�p]V>¨er�MSVyT½}V2|z}V2nRV2�0VCne[�T�� � �XW�Y
hcnZ[adRnRV¡XZYlTW[�p]Yk�RdR[]Ykhcn f2N�p�Ncfw[o}V2p]Y�TW[]Y� ÁdoVGPShcdRpDfiV2[][�VG|UN�p]Y�N��RjkV�rO^ n7V"!OV2[2§STmhcYk[��_���§ �_ � �&V2[��_�Y�§RjkVyT
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Variables discriminantes  entre ff
–
nγ et Higgs, √S=192 GeV

1
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10 3

0 25 50 75 100 125 150 175

Higgs(mH=90GeV/c2)

ff
–
nγ

Acoplanarité(degrés)

10

10 2

10 3

0 20 40 60 80 100

Eγ
fit (GeV)
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10 3

10 4

0 0.2 0.4 0.6 0.8 1

|CosΘmiss|

��Y\�UdRp]VG³©r��e� ��Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�ÓgÔeÒaÝ�Õ]Ù�Ö � �2Ð�ÕiÖlÐ��wÑ\Ò��¢Ô�Ö � �2ÕiÖlÜ¡ÖlÓRÐ�ÓeÝmÒ���Ò{ÓeÝ�Õ�ÒaÑ\Ò 9CÙ�ÓRÔ 9 �9�W�Y Ò�Ý&ÚeÓ ��Ù��CÙ�Ó
ÔeÒ)�¢Ö�à2à��>ÔeÒ¢Ü¡Ð�� �yÒ �.- 4GÒ�6:7Z» ¼ ØoÙ�ÚeÕa£ ¤ * ����� 4GÒ�6�â
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�0hc�0VCne[�T�XeVyTqPSNyp][�YlfwdRjkVyTq�@}VCna}V2po}VCVyTw§ZjlN¡fwhUnSTWV2p�|UN�[]Ykhcn XeVDj�v�Yk�0PRdRj�TWYkhcn�XehcnRnoV&�
�_���� �_ � ��� �_ Y7¥ �bçhO~d �_�Y�VÂTW[�j�v�Yk�0PRdRj�TWYÛhcn>[]hU[�Nyj\V�XeVyTaPRQRhU[]hcn�T�XeVDp�NcXeY�N�[]Ykhcn

X�v�hO~d�§SV2ngPRp]hÂ°]Vyfw[]YkhcngTmdRp�j\VGPRj�N�n7P�VCp]PSV2nSXeY�fwdRj�N�Y\p�VDN�do�9��N�Y�T]fwVyNydR�G�
�_������ �_ � ����� �_�Y���¥ �b

��pC§cTmYRPRjkdSTWYkV2dRp�TsPRQRhc[�hcnST&XeVap�NcXeY�N�[�Y\hcn7²�XZhcnZ[�j\VzPRj\dST�}V2nRV2p���}V2[�Yl �dRVcµæTWhcnZ[�PSV2p�XedST&XRN�n�T jkVq[�dR�SV
~N9|eY�XeV�§RhUn�N �_�Y�� � �bR§OXehcn�f�j\VyTGfihc�0PSh�T�N�nZ[]VyTaPSV2p]PSV2n�XeYlfwdojlN�Ykp]VyT �_����	VC[ �_ � ���KTWhcnZ[GPRp�VyT] �dRVNcfwhUj\Y\n�}VyN�Ykp]VyTirBR�jkhcp�Ti§RTmY�j�v�NcfihcPRj�N�nSNyp]Y\[o}VGVyTm[GXz}Vi�SnRY\V¢fwhc�0��V�jkVDfwhc��PRjC}V2��V2n�[�~N´`CÉcb�=�XeVDj�vtN�nR�Uj\V
V2ne[�p]V>fwVÂTGXeV2dR�½fihc�0PSh�T�N�nZ[]VyTi§�nRhUdST<hU�R[]V2nohcnSTDdRnRV�NcfwhUPRjlNynSN�p�Y\[o}V� �dSNcTmY\�0V2nZ[�nedRjkj\V�r
	�dSN�n�X
hcn�fCN�jlfidRj\VGj�v�NUfwhcPRj�N�nSNyp]Yk[R}V�N2|�VyfGj\VyTqPSNyp][�YlfwdRjkVyTqpo}VCV2j\jkV2�0Vine[&|ZdRVyTqPSNypGj\V�Xz}V2[�Vyfw[�V2dRp2§Zhcn7dR[]Ykj\YlTmV
j\VyT�XZY\p]VÂfw[]YkhcnST�XZVyT&XeV2dR��°]V2[�T�Qa}V2�0Y�TWPRQ�}VCp]Yl �dRVyTi§2 �dRYOXehcYk|�V2nZ[&fwhcp�p]VyTmPShcnSXep�VGNydR�>XeYkp]Vyfw[�Y\hUnST&XeVyT
 ÁdSNyp]±oT YknRY\[�YlNydR�DXRNynST�j\Vzf2NUT�hO~d¡j\VyT�PRQRhU[]hUnST�n�vxhcnZ[�PSNUT�}V2[o}V¶|ZdSTirÁMONGTmY\�>dRjlNy[]YkhcnDXehUnRnRVaV2n�V"!OV2[
² �S�UdRp]V�³©r���µ�§RPShcdRpajkVyT0}V2|z}V2nRV2��V2n�[�T � � �XW�Y�§ZdRnRV�XeYlTm[]p�Y\�RdR[�Y\hUn0PRYl �d�}V2VÄ~N¡b�PShcdRp�fwV2[�[]V�|UN�p]Y�N��RjkV�r
��N�YlTi§�PShcdop0XeVÂT�}V2|z}VCnRV2�0V2nZ[�T�hO~d�jkVyT�XZY\p]VÂfw[]YkhcnST�XeVyTa°]V2[�T¡TWhcnZ[>�gN�j&�0VyTmdRpo}VCVyT¡²�fcvxVyTW[ �i~N��mXeYkp]V
 Ád�vxV2j\jkVyT�nRV�fwhcp�p]VyTmPShcnSXeVCne[�PSNcT�N�dR�gXZY\p]VÂfw[]YkhcnSTaXeVÂTuPSNyp][�YlfwdRjkVyT¶�@}V2n�}V2po}V2VyT�µ&hcd�XoN�nST�jkVDf2NUTuhO~d
j\VaPRQRhU[]hUn´jkV�Poj\dST¡}V2nRVCp]�@}VC[]Yl �dRV�n�v�NGPSNUT0}V2[o}V�PSV2p�XZd0XRNynSTqj\V�[]do��VÈ~N<|ZYlXeVa�gNyYlT&XRNynST¶dRnoVDN�dR[�p]V
PSN�p�[]Y\V�Xed¡Xz}V2[]Vyfi[]V2dRpC§yfwV2[�[]Vq|UNyp]YlNy�Rj\VzPSV2dR[&N2|�hcYkpsXeVyT�|UNyj\V2dRp�T �SVyNydSfwhUdRP9Poj\dSTD}V2j\VC|z}V2VÂTwr�MSVÂT�}V2|z}V��
nRV2�0V2nZ[�T& �dRY�PRp�h�|ZY\VCnRnRV2nZ[aXeV�jlN�PRp�hZXedSfw[�Y\hUn�X�vxdRn �Sh�TWhUn½XeV¡¹�Y\�c�©TqPSN�p�j�vxY\nZ[]V2p���}VyXeYkNyY\p]V�XZd
PRp]hZfwVÂT]TWd�TqXeV�¯�°]hUp]±�V2n¡hUne[zdRnRV�NcfihcPRj�N�nSNyp]Y\[o}VGPRjkdST�Y\�0PShcp�[�Nyne[�V�rc^�n>V"!OV2[2§�jkV �Sh�Tmhcn7XeV�¹�Y\�U��T
p]VyfwdojlN�nZ[�XeV2|UN�nZ[�don �Sh©TWhcn �  ÁdoY¶VÂTW[�Pop]hZXedRYk[>fwV2nZ[]p�N�j\VC�0V2nZ[2§SjlN�XZY\p]VÂfw[]YkhcnKXeV0j�vxY\�0PodRjlTmY\hcn
�gN�nS �dSNyne[�VGn�v�N�P�NcT�XeVDp�N�Y�TWhUnST�XZV<PShUY\nZ[]V2p�XRNynSTaj\VD[]dR�SV�~N¡|eY�XeV¡²×|�hUY\p�f�QSN�PoY\[]p�VDÊÁµ�r
��nRV7NydR[]p�V´|UNyp]YlNy�Rj\VgdR[�Y\jkV0VyTW[>XZhcnSfgjlN�XeYkp]Vyfw[�Y\hUn�XeVgj�vxY\�0PRdojlTWYkhcn��gNynS �dSN�nZ[]V�r@^�n V#!�VC[2§
j\hcp�T] �dRV�dRn TWV2dojGPRQRhU[]hcn []pC~VÂT�}VCnRV2p]�@}V2[]Y� ÁdoV�VyTm[´PSV2p�Xed�§afiV2j\jkV��mfiYGNydRp�N�[]VCnSXRN�n�fwV�~N�PShcYkne[�V2p
XRN�nST¡XoN�nST�j�N�XeY\p�Vyfw[]Ykhcn�XZVgfwV0PRQohc[]hUn�§&fcvxVyTW[ �i~N��mXeYkp]VgXOv�N�Pop2~VyT�j�N®�S�UdRp]V�³�rtÉ�XRN�n�TÈjkV9[�dR�SV�~N
|eY�XeV9hUd�jlN�po}VC�cY\hUn ~N ��b�=2r@_�hcdop¡dRnRVgPRp]hZXZdSfw[]Ykhcn�XeV �Sh�Tmhcn�XZV�¹�Y\�c�©T0§�NydSfwdRnRV7XeYkp]Vyfi[]Y\hUn
nRV7TWV2p�NçPRp�Y\|ZY\jkV2�cYC}V2V�§sfwhc���0V¡nRhcd�T9j�vtNÂ|�hUnST¡XeYk[¡PRpo}VyfO}VyXeV2�0�>V2n�[Cr�Å�j&��N�dR[>�RY\VCn nRhU[]V2p> �dRVgj\V
p�N�Y�TWhUnRnRV2nR��V2ne[&nRVD[�Y\V2nZ[� ÁdoVGj\hUp�T] �d�vxdRn7TWV2dRj�PoQRhc[�hcn }VCnRV2p]�@}V2[]Y� ÁdoVDN�}VC[R}VGPSV2p�Xed�r
^�ne�Sn�§RYkj�VyTm[aPSh�T]TmY\�RjkVDX�vxdR[]Ykj\YlTmV2p&j�vxQeåZPShc[]Qæ~VyTWVDXZV<j�N<PSV2p�[]V�X�v�don0PRQRhU[]hcn XeVDp�NUXeYlNy[]Y\hUn7XRN�nST
j\Vg[]dR�SV�~N	|ZYlXZV�§�PShcdRp0p�VyfwhUnSTW[�p]dRYkp]Vgj�vxY\�0PRdojlTWYkhcn�XZV�fwV7PRQRhc[�hcn�~N	j�v�NyYlXeV7X�vxdRn N2°]dSTm[]V2�0VCne[
fwY\n�}VC�gN�[�Yl �dRV�r�MsvtN�jk�chcp�Y\[�QR�0V¡XOv�N2°]dSTm[]V2��V2ne[�dR[�Y\j\Y�TZ}V5? ��É�A&�0Y\nRYk�9Y�TWVGdon�� ¼ V2n	[�V2nSNyne[Dfihc�0PR[�V
XeV�fihcnZ[]p�NyY\nZ[]VyT7²�fwhUnSTWV2p�|UN�[]Ykhcn�XZV	j�v]}V2nRVCp]�cYkV�§zXeV	j�v�Yk�0PRdRj�TWY\hUn�§&V2[�f�rkr\r µÄPSN�p7j�v�Ykne[�V2p]��}VyXeY�N�Ykp]V
XeV9�>dRjk[]Y\Poj\Ykf2N�[�V2dRp�T�XeVgMON��Up�NynR�cV�rqMONg�0Y\noY\�0YkT]Ny[]Ykhcn�XZd��¼�Twvxhc�R[�Y\V2nZ[GV2n	��NyYlT�N�nZ[<|UNyp]Y\VCp<jkVyT
XeY\p�Vyfw[]YkhcnSTsV2[�j\VÂT¡}VCnRV2p]�UY\VyT@XeVyT&XeV2dR��°]VC[�T�Q�}VC�0YlTmPRQa}V2p�Yl �dRVyTwrcMSVÂT¶PSNyp�N�� ~V2[]p�VyT� �dRYRV2nZ[]p�V2ne[ XRN�nST
j\V��@¼GTmhcnZ[GdRn���Ncfi[]V2dRp¢X�v�}Vyf�QRV2jkj\VGPShUdRp�f{QSNynR�cVCpGj�v�}V2nRV2p��cY\VDV2[¢XeVyTu��NUfw[]V2dop�TG �dRY@N2°]hcdR[�V2nZ[GdRnRV
Y\�0PRdojlTWYkhcn>PSV2p]PSV2nSXZYlfwdRj�N�Ykp]V>~N¡jlN¡XeYkp]Vyfi[]Y\hUngXeVyTs°]V2[�TaXed7Xq}V2PSNyp][2r�MSVÂT�fwhUne[�p�NyY\nZ[]VyTzTWhcnZ[��

< jlN¡fwhUnSTWVCp]|UN�[�Y\hcn7XeVÂT�fwhU�0PSh�T�N�nZ[]VyTqPSV2p�P�VCnSXeYlfidRjlNyY\p]VÂTqN�d7[]dR�SV�~N¡|eY�XeV&�
�_�� ¸� � �_�� ¼� ¥ �b

hcn�|�hUY\[� ÁdRV�j�vxhcn½N0fwhUnSTWY�Xq}V2po}V¡ �d�v�Ykj�n�v�å7N2|UN�Y\[�PSNcTDXeVÄfwhc�0PSh©T]N�nZ[]V¡PSV2p�PSV2nSXeY�fwdRjlNyY\p�V0~N
j�vtN��ZVDXed0��N�Y�T]fwVyNydgP�hUdRp�j\VDPRQRhU[]hcnær
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< jlN¡fwhUnSTWVCp]|UN�[�Y\hcn7XeVDj�N9 �dSN�nZ[]Yk[o}V&�
��� ` � ��� Ê � � � Y � � £ ¤<¥ b

hO~d � Y�VyTW[�j�v�Yk�0PRdRj�TWYkhcng[]hU[�N�jkV0XZd	PRQohc[]hUn�XeV¡p�NcXeY�N�[]Ykhcn½PSV2p�XedKXRNynST<j�N´XZY\p]VÂfw[]Ykhcn�XZd[]dR�SV®~NÈ|ZYlXeV>§O ÁdoY�P�VCdR[UPVC[]p]VDPSh�TmY\[�Y\|�V�hUd�n�}VC��N�[�Y\|�V�§S^S°2`DV2[�^�°�Ê¡j\VÂTg}V2noV2p]�UY\VyTaXeVÂT�XeVCdR�
°]V2[�Ti§�£ ¤Dj�v�}V2nRV2p��cY\V�XRNynSTujkV�fwV2nZ[]p]V¢XeVD�gNcT�TWV�r

Msv�N2°]dSTm[]V2��V2ne[�fwhUne[�p�N�Ykne[�XehUnRnRVgXZhcnSf9j�N0|cNyj\V2dop � Y�¥ � Y XZV9j�v]}V2nRVCp]�cYkV>Xed�PRQohc[]hUn�PSV2p�XZdXRN�nSTqj�v�QZåePShU[]Qæ~VyTmVDhO~d7j\VGPoQRhc[�hcn�N¡V2�0PShUp][o}V�[]hcdo[]VDj�v�}V2nRV2p��cY\V��gNynS Ád�N�nZ[]V�r�Ru�Sn7XeVD|z}V2p]YÛ�SV2pzjlN
P�VCp][]YknRV2nSfiVaXeVaj�v�N2°]dSTm[]V2��V2ne[C§wnRhUdST�PShcdR|�hUnST&fwhc�0P�N�p]VCp�jkVyT�}V2nRVCp]�cYkVyTsXeVyT�PRQRhU[]hcn�T �@}V2n�}V2po}VyT� �dRY
hcnZ[D}V2[o}V&po}VCV2j\jkV2�0V2n�[SPSV2p�XZdST P�N�psjlNap]VyfwhUnSTW[�p]dSfi[]Y\hUn�~Nuj�v]}V2nRVCp]�cYkV&XehUnRna}V2VzPSN�psj�vtN2°]dSTW[�V2�0V2nZ[2r�_�hcdRp
fwV2jlNZ§ST]NUf{QSNyne[¢ ÁdRVÄXRN�n�T¢jkVDPRp]hZfwVÂT]TWd�T�� � �XW�Y	Poj\dSTmY\V2dRp�TuPoQRhc[�hcnSTGPSV2dR|�V2nZ[�N2|�hcYkp7}V2[o}V�PRp�hZXedRYk[�Tw§
nRhcdST�N�jkj\hUnSTafwhcn�TWYlXz}V2p]V2p�XZV2dR�gf2NUT��

< j\VÄf2NcTGhO~d�fUv�VyTm[Gj\V�PRQRhc[�hcn�jkV�PRjkdST�}V2nRV2p��@}V2[�Yl �dRV� ÁdoY&N�}V2[o}V�P�VCp�Xed�² �S�UdRp]Vg³�rk`2b�µ�r ;&V2[�[]V�S�cdop]V�N�}VC[R}VGPRp�hZXedRYk[]V¡N2|�Vyf�j\VyTzfwhcdRPodRp]VyT�TWdoY\|UN�nZ[]VyTO�
� j�vtN�nR�Uj\VGPShUjlN�Ykp]V�XeVÄfwVGPRQRhU[]hUn�|z}V2p]YÛ�SV �¡Ç�`�³y� ��Ê>=9hcd � � b ��É�=2r
� j�vtN�nR�Uj\VzP�hUjlNyY\p]V�XZd>XeV2dR�ZY�~V2��V¶PoQRhc[�hcn>j\VqPoj\dST�}VCnRV2p]�@}V2[]Y� ÁdoVq|z}V2p]YÛ�SVaÊU��= � � � `2�c�>=
²×PShUdRpaV2|ZY\[]VCp�j\V�f2NcTqhO~d7XeV2do�9PRQohc[]hUnSTaXeV�p�NUXeYlNy[]Y\hUnghcnZ[0}V2[o}V�PSV2p�XedSTaXRNynST¶jkV�[�dR�SV
~N�|ZYlXeVcµ�r

< j\V�f2NcT�hO~d�fcv�VÂTW[sj\VaXZV2dR�ZY�~V2�0V@PRQRhc[�hcn>j\VzPRj\dST�}V2nRV2p���}V2[�Yl �dRVz ÁdRYoN7}V2[o}VqPSV2p�Xedg² �S�UdRp]VG³©r\`U`�µ�r
;&V2[][�V��S�UdRp]VÄN�}V2[o}VDPRp�hZXedRY\[�V�NÂ|�VÂf�j\VyTafihcdRPRdop]VyT�TWdRYk|UN�nZ[]VyT��
� j�vtN�nR�Uj\V�PShUjlN�Ykp]VzXed�XeV2do�eY�~V2�0V�PRQRhU[]hUn�j\V@PRj\dST�}V2nRV2p��@}V2[�Yl �dRV�|z}V2p]YÛ�SV��ÈÇ�`y³c³��t��=]hUd � �
Ê��t��=ir

� j�vtN�nR�Uj\V0PShUjlN�Ykp]V7Xed�PRQRhc[�hcn�j\V0PRjkdST�}V2nRVCp]�@}VC[]Yl �dRV0|z}V2p�Y �SVgÊU��= � � � ÊU��=g²×PShcdRp
V2|ZY\[�V2p�jkV�fCNcT¡hO~d XZV2dR��PRQohc[]hUnST0XeVgp�NcXeY�N�[]Ykhcn�hcnZ[�}V2[o}VgP�VCp�XedST>XRNynST9j\V�[]dR�SV�~N
|ZYlXeVcµ�r

��n7PSV2dR[Gp�V2�gN�p� ÁdoV2p� ÁdoV�j�vtNcf2fihcp�XgV2nZ[]p]VDjkV�po}VÂTWdRjk[�N�[¢XeV�j�v�N2°]dSTm[]V2��V2ne[zV2[�jlN9|Zp�NyY\V�|UNyj\V2dRp�XeV
j�v�}VCnRV2p]�UY\V�XedgPRQRhU[]hcn�VÂTW[�fwhUp]p]VÂfw[2r
MSVyTg|cNyp]Y�N��RjkVyTgXq}Vyfwp�Y\[]VÂT0fwY �ÆXeVyT�TWdSTgTmV2p]|�V2nZ[½~N�XeYlTm[]Y\no�cdRV2pgjkVyT }V2|z}V2nRV2��V2ne[�TÈPShUdRp�jkVyT] �dRV2j�T
dRn hUd XeVyT9PRQohc[]hUnST0hcnZ[�}VC[R}V�PSV2p�XedST0XoN�nST0j\Vg[�dR�SV½N	|eY�XeV�§�hUd�hcnZ[�}V2[o}V7�gN�jap�VyfwhUnSTW[�p]dRYk[�T
XRN�nST>jlN	po}V2�cYkhcn N2|UN�nZ[gXed Xz}V2[�Vyfw[�V2dRp2r���NyYlTi§qPSN�p�V2�eVC�0PRj\V©§ j�v�NUfwhcPRj�N�nSNyp]Yk[R}V�n�vxVyTW[>PRj\d�T9dRnRV
|cNyp]Y�N��RjkV�XZYlT]fip]Y\��Y\nSNyne[�V9PShcdopgXeVyT�}V2|z}V2nRV2�0VCne[�T¢hO~d j\VyT�PoQRhc[�hcnST0nRhUn��mXz}V2[]Vyfi[R}VyT¡TmhcnZ[0PSNcT�TZ}VyT
XRN�nSTDjlN0po}VC�cY\hUn	��N�Yk�Rj\V7~N ��b>=�XeV0j�Ngf2N�jkhcp]Yk��~V2[�p]Y\V }V2jkVyfw[�p]hc�®N��cn�}V2[]Y� ÁdRV>r Ru�Sn¿X�v�Ykj\j\d�TW[]p�V2p�fwV2[
V"!OV2[2§ZjlN<�S�UdRp]V>³�r\`CÊÈp�V2PRpo}VyTWV2nZ[]V�jlN>XeY�TW[]p�Y\�Rdo[]Y\hUngXeVDjlN�|UNyj\V2dRp�Ny�STWhUj\dRVÄXed7fwh�TmY\nZdSTaXeVDj�vtN�nR�Uj\V
P�hUjlNyY\p]VzXed�PRQRhU[]hcn��@}V2n�}V2po}V&j\V&PRjkdSTG}V2nRVCp]�@}VC[]Yl �dRV�PShUdRp�XZVyT�NUfwhcPojlN�n�N�p]Yk[o}VyTsXeY%!�}VCp]V2nZ[]VyTs² RGfihcPRj�N �
��b�=¡V2[ RGfihcPRj�NeÇ �©b�=wµ�r&Å�jaV2n�po}VyTWdRjk[]V7 �dRVgj\VyTK}V2|z}V2nRVC�0V2nZ[�TDN2|�Vyf0dRnRVg�cp�N�nSXeV½NUfwhcPojlN�n�N�p]Yk[o}V
fwhcp�p]VyTmP�hUnSXeV2nZ[DNUT]TWV ���RYkV2n�~N0XZVyT�}V2|z}V2nRV2��V2ne[�T¶hO~d½j\V�PoQRhc[�hcn�j\V�PRj\d�T�}V2nRV2p��@}V2[�Yl �dRVDVyTW[�PSV2p�XZd
XRN�nST�j\V�[�dR�SVg~N9|ZYlXZV0²×�®N�dR|UN�Y�TWV��0VyTWdop]VDXeVÂTGXeY\p�Vyfw[�Y\hcn�T{µz�gN�Y�TaN�dST�TWY&XeVÂT�}V2|z}V2nRV2�0VCne[�T hO~d½j\V
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��Y\�UdRp]V�³�r\`Cbe����Ö J¿ÞÒiÕ�ÒiÓ:�wÒGÒ{ÓeÝ�Õ�ÒaÑ ��ÞÒiÓSÒiÕ×à�Ö×Ò�Õ�Ò���Ù�Ó&�iÝ�ÕiÚZÖ\ÝWÒ�ÐDÑ � Ð�ÖlÔeÒ�ÔeÒaÑ � Ð "CÚ��iÝWÒ{Ü9ÒiÓeÝ /�ã �&Ý� /&Ò�Ý�Ñ ��ÞÒiÓ��
ÒiÕ×à�Ö×Ò&ã ¸� Ô�Ú�Ø��oÙcÝ�Ù�ÓÈÑ\Ò@ØSÑÛÚ �¿ÞÒ{Ó�ÒiÕ×à�ÞÒ�Ý�Ö � Ú�Ò�/¶Ô�Ð�Ó&�aÑ\Ò ��Ð���Ù �Ú �wÒ�ÑÛÚZÖ �2�2ÖsÓ�� Ò��iÝSØoÐ���Ô�Ð�Ó&��Ñ � Ð�� �wÒ�ØSÝ�Ð�Ó:�wÒ
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��Y\�UdRp]V�³©r\`c`U� ��Ö J�ÞÒiÕ{Ò{Ó:�wÒ�ÒiÓeÝ�Õ{Ò Ñ ��ÞÒiÓ�ÒiÕÍà�Ö×ÒKÕ{Ò���Ù�Ó&�iÝ�ÕiÚeÖ\ÝmÒ �Ð Ñ � Ð�ÖlÔeÒ½ÔeÒ�Ñ � Ð "CÚ��iÝWÒ{Ü9ÒiÓeÝ /9ã �&Ý� /0Ò�Ý
Ñ ��ÞÒiÓ�ÒiÕÍà�Ö×Ò9ã ¼� Ô�ÚKÔeÒiÚ���Ö �ÒiÜ9Ò�Ø��oÙcÝ�Ù�Ó�Ñ\Ò�ØSÑÛÚ���ÞÒiÓ�ÒiÕÍà�ÞÒ�Ý�Ö � Ú�Ò�/�Ô�Ð�Ó&��Ñ\Ò ��Ð���Ù �Ú �wÒ�ÑÛÚeÖ � �2ÖGÓ�� Ò��iÝzØRÐ��
Ô�Ð�Ó&�DÑ � Ð�� �wÒ�ØSÝ�Ð�Ó:�wÒÄÔeÒ �Gã&á�ä ���2â
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Angle polaire des photons pour le processus ff
–
nγ
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��Y\�UdRp]V>³�r\`CÊe�'6RÐcÑ\Ò{ÚeÕ>Ð�� �CÙcÑÛÚRÒ>Ô�Ú ��Ù��CÖlÓRÚ �ÈÔeÒ¡Ñ � Ð�ÓcàUÑ\ÒDØRÙcÑ Ð�ÖlÕ{Ò�Ô�Ú9Ø��oÙcÝ�Ù�Ó�à�ÞÒiÓDÞÒ{Õ�ÞÒ>Ñ\ÒGØSÑ Ú � ÞÒiÓ��
ÒiÕ×à�ÞÒ�Ý�Ö � ÚRÒaØoÙ�ÚeÕ�� ��ÙwØSÑÛÐ � ��b = � �Ð�à�Ð�Ú�� �SÒ � Ò�Ý�� ��ÙwØSÑ ÐcÇ ��b = � �ÐgÔ�Õ]Ù�Ö\ÝmÒ � â

PRQRhc[�hcn0P�NcT]TmVGXoN�nST&jlNGpo}V2�UY\hUn9��N�Yk�Rj\V�XeVÂT¶fCN�j\hUp]Yk��~V2[]p�VyTD}V2j\Vyfi[]p]hU�gN��Una}V2[�Yl �dRVyTwrcMSVÂT9}V2|z}V2nRV2��V2n�[�T
[]pC~VÂT<NUfwhcPojlN�n�N�Y\p�VyT¡N2|�Vyf¡dRn�PRQRhU[]hUn XoN�nST�j�N®po}V2�cYkhcn ~N �©b�=2§�PSV2dR|�V2nZ[ PV2[]p�V�}V2jkY\�0YÛn�}VyT�~N�j�vtN�Y�XeV
XeVyTafwhU�0PR[]VCdRp�T�~N ��b�=@? ��b�A�rR_�hUdRp�fwV2j�Ne§edon�Nyj\�Uhcp]Yk[]QR��VDXeVG«&V2[�h>N�}V2[o}V }VÂfwp]Yk[2r �©hcY\[ R�XRfw�gNy�¡jlN
|cNyj\V2dopa�gN��ZY\�¡dR��XZVyTafwhc��PR[]V2dop�T R ��;�~N ��b�=irS_�hcdopGfwV�fwhU�0PR[�V2dRpqdonRVDnRhcdR|�VCj\j\V�|cNyp]Y�N��RjkV�N
}V2[o}VÄf2N�j�fwdRjC}VCV&�S^ Y�TWhU�gN��7 �dRY�VÂTW[Gj�N0TWhU�0�0VDXeVÂT�}V2nRV2p��cYkVyT�XZVyT�PSNyp][]Y�fwdRjkVyTGfwhUne[�V2nedoVyT�XoN�nST�don
f PhcnRV>XZV�`C� = NydR[]hUdRp¡XZd�fwhU�0PR[�V2dRpG�gNy�eYk�¡dR�7r�Msv�N�jk�chUp]Y\[�QR�0VÄXeV9«&V2[�h7TWV>PRpo}VyTmV2nZ[]V>fwhU�0�0V
TWdRYk[��Rj�v�}V2|z}VCnRV2�>V2ne[zTmV2p�N¡p]Vm°]VC[R}VDTmY�RGXofw�gN��>VyTm[�TWdRP�}VCp]Y\VCdRp¡~N>ÊcbUb9V2[�TmY�^�YlTmhc�gNy�0VyTm[aY\ne��}V2p�Y\V2dop
~N¡�9ª�VC«¡rRÅ�j�VÂTW[aV2n0��N�Yk[aj\VG[o}V2�0hUY\n�XedgPSNcT�T]N��UV>X�v�donRVGPSNyp][]Y�fwdRjkVGYlTmhcjC}VCVDXRN�n�Tuj�N�pR}V2�UY\hcnK~N �©b�=2r
MSVyT�}VC|z}V2noV2�0V2nZ[�T�� � �XWZY N2|�Vyf0dRnRV7�cp�NynSXeV½NUfwhcPRj�N�nSNyp]Yk[R}V�PShUdRpgXeVyT>PRQRhc[�hcnST>P�VCp�XedST�XRN�nST
j\V>[]dR�SV½~N�|ZYlXeV>nRV0PSV2do|�V2ne[0PV2[�p]V>[]p�N�Y\[o}VyT�XZV0jlNg� PV2�0V��gN�nRY�~V2p]V©r�Msv�NynSN�jkåRTmV0PRp]hU�SN��oY\j\Y�TW[�VgTWV
f{QSNyp]�UV2p�N¡XeVDjkVyTaXeYlT�fwp]Yk�0Y\noV2p&X�v�}V2|z}VCnRV2�0V2nZ[�T@XeV�TWY\�UnSN�j�r
Å�j&VyTW[ÄN�dST�TWYqPSh©T]TWYk�Rj\V�P�hUdRp¡j\VÂT< �dRV2j� ÁdoVyT�}V2|z}VCnRV2�0V2nZ[�TaPSV2p�XZdST�XRNynST¡X�vtN�dR[�p]VyTGpo}VC�cY\hUnST�XZd
Xq}V2[]VÂfw[]V2dop>X�v�dR[�Y\jkYlTWVCp9jkVyTÈYkne�Íhcp��gN�[�Y\hUnST9XOv�N�do[]p]VÂT0fwhc��PR[]V2dop�Tw§zN�YknSTWY� �dRV½X�v�do[]Y\jkYlTmV2p>fwV2p�[�N�YknST
Xq}V2[]VÂfw[]V2dop�TDXeV0[�p�NcfiVyT0~N�j�v�N2|UN�nZ[¡ �dRY&P�hUdRp]p�N�YkV2ne[>TmY\�UnRV2p�jkV0PSNUT]T]Ny�cV7XeV0P�N�p][�Ylfwdoj\VyT�f{QSNyp]�@}V2VyT
PRp]hy|�V2nSNyne[zXeV�jlN�Xz}VyTWYkne[o}V2�cp�N�[]YkhcngXZd´PoQRhc[�hcngp�NUXeYlNy[]Y �@XoN�nSTqjkVyT¶po}V2�cYkhcnST¶��NyY\�RjkVyTwr ��VyTzN�nSNyj\åoTWVyT
TWdRpaj�N�p]Vyf�QRV2p�f{QRV�XeVyTaf�QSNyp]�cYknRh�TahcnZ[adR[�Y\j\Y�TZ}VDfiVG[måePSV�X�v�}VC[]Yl �dRV2[�N��UVDN2|�Vyf�TmdSf2fO}VÂTG² ? �R`0AÍµ�r �GN�nST
j\VG�ÍdR[]dop2§SY\jsTWVCp�N�Yk[�Ykne[o}V2p]VÂT]T]Nyne[�X�vxdR[]Ykj\YlTmV2pqV#!�VÂfw[]Yk|�V2�0V2n�[z[]hcdo[]VyTaj\VyTaPSh�T�TWY\�oY\j\Yk[o}VyT�X�v�}V2[]Y� ÁdRVC[�N��UV
XeVDjlN�PSV2p][�V�XRN�nST �G^qMO_&¹GÅqXZd�PRQRhU[]hUn�p�NUXeYlNy[]YÛ��§SNÂ�Sn XeVG��NcfwYkj\Y\[�V2p&j\VyTaNynSN�jkåRTmVyTqdRjk[R}V2p�Y\V2dRp�VyTwr
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;&hc�0�0Vç~N¿MO^&_a`2bUbe§ajlN�po}VyNUfw[]Ykhcn�V � Vc· � V � Vc· � ²ÍhO~d � VyTW[�j\V7TWåoTW[C~V2�0VgQSNcXZp]hcnoYl �dRV�hUd
j\V2PR[�hcnRY� ÁdoVaPRp]hZXedoY\[&PSN�pzjlN��ÍdSTmY\hcn®XeVGXZV2dR�¡PRQRhU[]hUnST¶|ZY\p�[]dRV2j�T�|�V2nSNyne[zXeVÂT¡}VCj\Vyfw[�p]hUnST�Y\nRYk[]YlNydR�Sµ
P�VCdR[Gp]VCPRpo}VyTmV2nZ[]V2padRnoV>TWhcdop�fwV>XeV��Rp]doY\[DXeVD�ÍhcnSX½ �dSN�nSX�don�hcd½XeV2do�"}V2jkVyfw[]p�hcnST�TWhUne[�P�VCp�XedST
XRN�nST�jkV0[]do��VK~N�|ZYlXeV©r¶MSVgPRj\d�T�TWhUdR|�V2nZ[2§@fwhc�0���9V>fcvxVyTW[�dRn�PRp]hZfiVyT]TmdST¡XRN�n�TÈj�N�|�hcY\V ��[C§ jkVyT
XeV2dR� }V2j\Vyfi[]p]hUnSTGTmhcnZ[�V2n�V"!OV2[DPSV2p�XedSTwr�MSVyTG[�p]hcY�T�fwhUne[�p]Yk�RdR[]YkhcnST�PRp]YknSfwY\P�N�j\VÂT¡~NgfwV9Pop]hZfwVyT�TWdST
²×« � ��§ 	�_���§ 	@; ��§�|�hUY\pGjkV0f�QSNyPRY\[�p]V>¨gTWdRpDj�N®p�Vyf�QRV2p�f�QRVÄXed �Sh©TWhcn¿XeV0¹�Y\�c�©T>~NçMO^&_a`2bcb�µ
hcnZ[9V2nÀfwhc���9dRn½dRnRV7�gNcT�TWVgY\nZ|UN�p�YlN�nZ[]V7XeV7jlN�PSN�Ykp]V Y�Y�PSV2[]Yk[]V�²ÍV2[>XehUnSf�XRN�n�T9j\V7f2NUTÈhO~d
j\VyT�XeV2dR�$}VCj\Vyfw[�p]hUnST<hUne[¿}V2[o}VgP�VCp�XedST¡XoN�nST¡j\Vg[]do��VK~N�|ZYlXeV©§�dRnRVg�gNUT]TmV0[]hU[�N�jkVgp]VyfwhUnSTW[�p]dRYk[]V
P�VC[]Y\[�Vcµ�r ;&hc�0��V½~N¿MO^&_a`2bUbe§ajlN½fwhUne[�p]Y\�odR[]Ykhcn 	@; � Xehc�0YknRV0PShcdop0j\VyT�Q�N�dR[�VyT9|UN�jkV2dRp�T>XeV
�gNcT�TWV�Ykne|UNyp]YlNyne[�V�§zN�j\hUp�Ti§ujkV�TmV2dRjGPRp�hZfwVyT�TWdST7fwhcnSTmYlXz}VCpR}V�YlfiY�VyTm[0jlNKfwhcnZ[]p�Y\�RdR[�Y\hUn 	�; ��r¢MON
TWVyfw[�Y\hUn0Vw®f2NcfwV¢XeV�fwVGPRp�hZfwVyT]TmdSTaVyTW[a[�p2~VyTqYk�0PShcp][�N�nZ[]V&�ZÊertbc¦yne�7P�hUdRpD£ ¤¡¥è`2�UÊ®ª�V2«�²�fwV2[][�V
|cNyj\V2dop�fihcp]p�VyTWPShUnSX�XRNynST�jlN0PSNyp�N��À}V2[]p�YlT]Ny[]YkhcnKXeV´ª�hUp�XehUn����©[]hcp�p]h�� ?x¦c¨�A�~NgdRn�_�[ �����7XeV7`cr��
ª�VC«�ºy»<µ�r ;�vxVyTW[>PShcdRp� ÁdohcY�§&nRhUdST9n�vtNÂ|�hUnST0TmY\�>dRjC}V>j\V7PRp]hZfwVÂT]TWd�T Y�Y¬² 	�; �Dµ¡ �dRV�PShUdRp7XeVyT
}V2|z}VCnRV2�0V2nZ[�TDNÂ|�VÂf®donRVg�gNcT�TWVgY\nZ|UN�p]Y�N�nZ[]V7XeVyT>XeV2do�	�ÍV2p]��Y\hcn�T�TWdoPa}V2p]YkV2dRp�V�~N½Êcb�ª�V2«�ºÂ»w¼aV2[
P�hUdRp�jkVyT] �dRV2j�TGj\VyTDN�no�cj\VÂT�P�hUjlNyY\p]VÂT�XeVyT½}V2j\VÂfw[]p�hcnSTDTWhUne[�Y\ne��}VCp]Y\VCdRp�T¡~N�Ê>=wr&MON�TWVÂfw[]Ykhcn�Vw®f2NUfwV
fwhcp�p]VyTmP�hUnSXRNyne[�V�VyTm[�N�j\hUp�TaXeVÄÊc�¡PR��r
MSVyT�|UN�p]Y�N��RjkVyT�do[]Y\jkYlTZ}V2VyT�PShUdRp�p]Vm°]VC[]V2pæfwV��Íhcn�X�TWhUne[�jkVyT�� PV2�0VyTePShUdRp�jkVyT�[�p]hUYlT�TWhUdST ��PRp�hZfwVyT]TmdSTwr

;&VyT0}V2|z}V2nRV2�0VCne[�T�TWhUne[�V2ngV"!OV2[�f2Nyp�Ncfi[R}V2p�YlTZ}VÂTqPSN�p��

< dRnRVDY\��PRdRjlTmY\hUn9PSV2p�P�VCnSXeYlfidRjlNyY\p]V�[]hc[�N�jkV<PSV2[�Y\[�V
< dRnRVD�gNUT]TWV�[]hc[�N�jkV<PSV2[�Y\[�V
< dRnRVDY\��PRdRjlTmY\hUn9�gNynS �dSN�nZ[]VGPShUY\nZ[�N�nZ[�XRN�nSTajlN¡XZY\p]VÂfw[]YkhcngXed7[]dR�SV�~N¡|eY�XeV

MON����cdRp�V�³�rk`2¦<PopR}VyTmV2ne[�Vaj\VyT@XeYlTm[]p]Yk�RdR[�Y\hcn�T¶XZVGfwVÂT [�p]hUYlT�|UN�p]Y�N��RjkVyT�PShcdRpzjlNDfwhcnZ[]p�Y\�Rdo[]Y\hUn 	@; �
Xed0�ÍhcnSX YZY7V2[aPShcdRp�dRn �Sh�Tmhcn½XeV�¹�Yk�c�©TaXeVD�gNcT�TWV��cb0ª�V2«�ºy»i¼Gr
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Variables discriminantes entre γγ et Higgs, √S=192 GeV
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� ²×PR�Oµ Êc�
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Ì ²×PR� ·o¸ µ ����³
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MSV�PRp]hZfwVÂT]TWd�T´V � Vc· � � V � Vc· VyTW[gXZV�� PV2�0Vg �dRV�jkV��ÍhcnSX Y�Y"dRnRV½TmhcdRp�fwV½XeV½�Rp]dRYk[gXeV
�ÍhcnSX> Ád�N�nSX¡dRn>hcd�XeV2dR�K}V2j\Vyfi[]p]hUnST�TmhcnZ[¶PSV2p�XedST&XRNynST¶jkVq[]do��VÄ~NG|eY�XeV�r)�7}VyN�nR��hcY\n�Tw§2jlNDTmVyfw[]Ykhcn
VwgfCNcfwVzXeVaPRp�hZXedSfw[�Y\hUn�}V2[�Nyne[snRV2[�[]V2�0VCne[��0hUY\nST��Up�NynSXeV� ÁdRVzPShcdRp&j\V&PRp�hZfwVyT�TWdST�Y�Y�²Í[�Ny�Rj\V�³�r �
P�hUdRpGjkV�PRp�hZfwVyT]TmdST!Y�Y	V2[�[�N��oj\V9³©r��0PShcdRp � V2Vcµ�§OfwV�PRp]hZfwVÂT]TWd�T¢PSV2do[ PV2[]p�V<��NUfwY\jkV2�0V2nZ[�}V2jkY\�0Ykna}V
V2n�dR[�Y\j�T]N�nZ[�PSN�pGVC�eV2��PRj\VGjkV<��NyY\[D �dRV�j�v�Yk�0PRdRj�TWY\hUn0�gNynS Ád�N�nZ[]VDPShcY\nZ[]V>XoN�nST�j�N0XeYkp]Vyfw[�Y\hUn�XZd
[]dR�SV�~NÈ|ZYlXZV�r
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Msv�N�do�c�0V2nZ[�Ny[]Ykhcn�VCn�}V2nRV2p��cY\VÄXeVyT���N�Y�T]fwVÂN�dR�O§�PSV2p��0V2[�[]p�N¡PShcdRpDj�N®Pop]V2�0Y�~V2p]V��ÍhcYlT�XeV¡PRp]hZXZdRY\p�V
XeVyT�PSN�Ykp]VyTzXeV���h©TWhUnSTqÃ�rRMSVG[�Ny�Rj\VyNyd�³�rt¨<�0hUne[�p]Vzj\VyT&TWVÂfw[]YkhcnST&VwgfCNcfwVyT@XeVGPRp�hZXedSfw[�Y\hcn®N�Y\n�TWY
 ÁdRVajkVyT�nRhc�>�Rp�VyT�X�v�}V2|z}VCnRV2�0V2n�[�T�Ny[][�V2nSXedST�PShcdopajlNGPRp]hZXZdSfw[]YkhcngXZVaPSN�Ykp]VyTzXeVa�Sh�TWhUnSTqÃ PShcdRp
j\VyT&[]p]hUYlTg}V2nRV2p��cYkVyTqXRNynSTaj\V�fwV2nZ[]p�VDXeVD�gNcT�TWV�r

;&VGPRp�hZfwVyT�TWdSTqPSV2dR[ PV2[]p�VGNydST]TmY�dRnoVDTWhUdRp�fwV¢XeVG�Rp�dRY\[zXeV��ÍhUnSX9PShcdopajlN<p�Vyf�QRV2p�f�QRV�Xedß�Sh�Tmhcn
XeV>¹�Y\�U��TD �dSN�nSX�don�XeVÂT<XZV2dR���Sh©TWhcn�T<Ã TmV>Xq}VyTmY\nZ[R}V2�Up]V¡j\VCPR[]hUnRYl �dRV2�0VCne[�²×Ã · � � · � µ�§�j\V
TWVyfwhUnSXgTWV�Xz}VyTmY\nZ[o}V2�Up�Nyne[aQSNUXep]hUnRYl �dRV2��V2ne[Cr
R�d�fwhUne[�p�N�Ykp]VgXZVyT�PRp]hZfiVyT]TmdST<� � �XWZY�V2[>Xed�TWYk�cnSNyj�§�jkV0PRp�hZfwVyT]TmdST¡Ã � Ã"·RPRp�hZXedRY\[�XeVyT½}V2|z}V��
nRV2�0V2nZ[�Tap]VCjlN�[�Y\|�V2��VwnZ[�TWPRQ�}V2p]Y� ÁdRVÂTÈ§�jkhcp�T� ÁdoV9j�v�hcnKN´P�NcT<PSV2p�Xed½j\V>j\V2PR[�hcn�§sfcvxVyTW[ �i~N��mXZY\p]V> �dRV
j\VyTaPSN�p�[]Y�fwdRj\VÂTuPRp�hZXedRYk[]VyTDXRNynSTDfwV��UV2nRp]V>XOv]}V2|z}V2nRV2��V2ne[�TqTmV2p]hUne[Gpo}V2PSNyp][]YkVyTGXeVD��N� fwhUn	Y�TWhU[]p]hUPSV
XRN�nST&j�vxVyTWPSNUfwV�r ��VyT&|UN�p]Y�N��RjkVyTqXZVu�ÍhUp]�0V�PSV2dR|�V2nZ[zXehcnSfUPV2[]p�V�dR[�Y\jkYlTZ}VCVyT�P�hUdRp�XeY�T]fwp�Y\�0YknRV2p@fwV2[][�V
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TWhcdop�fwVDXZVG�Rp]doY\[�XeV��ÍhUnSX�r ��n0PSV2dR[aP�N�paV2�ZV2�0PRjkVadR[]Ykj\Y�TWV2p&jlND|UN�j\VCdRpaXedg[�QRp]dSTm[�Î¾Xz}Vw�SnRYæXRN�nST
j\Vgf2NyQRPRYk[]p]V®¨erqMSVyTK}V2|z}V2nRVC�0V2nZ[�TGTmPRQa}V2p�Yl �dRVyT<hUne[���¥ ¸¼ r¶MSVyTK}VC|z}V2noV2�0V2nZ[�TGfihcj\Ykna}VyNyY\p]VÂT<hcnZ[� ¥�`UrS^ ngpo}V2�cjkV<�@}V2n�}V2p�N�jkV�§ehUn�Nq� ¸¼ � � � `cr
��n	PSV2do[�}V2�©N�j\VC�0V2nZ[�dR[�Y\jkYlTWVCp�j�v�N��ZV>XeV�TWPRQ�}V2p]Y�fwY\[o}V>XeV9j�v�}V2|z}V2nRVC�9V2nZ[aV2[Gdo[]Y\jkYlTmV2pGjlN0|UN�p�YlNy�Rj\V

��� � ²�f{�zf�QSN�PRYk[]p�V�¨�µaXz}Vw�SnRYkV¡fwhU�0�0V�jlN¡|cNyp]Y�N�nSfwVÄXeVDjlN>fwhc��P�h©T]Nyne[�V¡XeV�j�v�Yk�0PRdRj�TWYkhcn>P�VCp]PSV2n��XeYlfwdojlN�Ykp]VÄ~NÈj�v�Ny�eVDXZV�TmPRQ�}V2p�YlfwYk[o}V¡²ÍjlN�|UN�p�YlNynSfwV�TWdRp�j\VÂT¶n�P�N�p][�Ylfwdoj\VyTzfwhcnSTmYlXz}VCpR}V2VyT�µ�r
�ZNUf{QSNyne[� �dRV�jkV¡j\V2Po[]hcn�Pop]hy|�V2nSNyne[DXZV¡jlN0Xz}VÂTWY\nZ[o}VC�cp�Ny[]Ykhcn½Xed��Sh�Tmhcn�Ã NydRp�N0dRnRV�}V2nRVCp]�cYkV
NcT]TmV �aY\��P�hUp][�N�nZ[]VqVC[� �d�v�YkjRTmV2p�N�PRp]hZXedoY\[�Y�TWhcjC}V�§yY\jZVyTW[&NydST]TmYSP�h©T]TmY\�RjkV�XeV�f{QoV2p�f�QRV2psXeVÂT�|UN�p]Y�N��RjkVyT
 ÁdRY@[R}V2�0hUY\�UnRV2nZ[GXeV�fwVyT�PRp]hUPRp]YC}V2[o}VyTir ��nKXz}Vw��nRY\[D^ ���	��§sfwhU�0�0VDj�v�}V2nRV2p��cYkV¡XeV>jlN0PSNyp][]Y�fwdRjkV¡jlN
PRj\dST�}VCnRV2p]�@}V2[]Y� ÁdoV�XZV<j�v�}V2|z}V2nRVC�0VwnZ[�r�;&V2[][�VD|cNyp]Y�N��RjkV�PSV2dR[�N�dST�TWY@TWV2p�|eYkpaPShcdRp�j\VyTg}V2|z}V2nRV2��V2n�[�T
Xed¡PRp]hZfiVyT]TmdST � � �XWZY>PShcdRp&jkVyT] �dRV2j�T hUn>N��gN�jZ�0VyTmdRpo}V&j�v]}V2nRVCp]�cYkVzXed¡PRQRhU[]hcn>j\VzPRj\d�T�}V2nRV2p��@}V2[�Yl �dRV�r
��ngPSV2dR[�N�d�T]TWY Xq}Vw�SnRYkpadRnRV�|cNyp]Y�N��RjkV<PShUdRpDf2Nyp�Ncfi[R}V2p�YlTWVCpaj�v�Y�TWhUjlN�[�Y\hUn�XZd�j\VCPR[]hUn�rS_�hcdopGf�QSNc �dRV
PSN�p�[]YlfidRj\VGY�§ehUn�f2NyjlfwdRjkV&� � ��� =� ¥�
� � �
hO~d7jlN>TWhU�0�0V�VyTW[aV"!OVyfi[]d�}V2V�TmdRpa[]hUdR[]VyTaj\VÂTqPSN�p�[]YlfidRj\VyTq± ²�X�v�}V2nRV2p��cY\V � � µaXZV<j�v�}V2|z}V2nRVC�9V2nZ[& �dRY
|z}V2p�Y �SVCne[�� � ���²������Wµ � � ��r�� � VyTW[�PRp]Y�T	}V2�©N�jD~N7��=�PShcdop¡P�hUdR|�hcYkp�p�V2Pa}V2p�V2pDj\VyTDPSN�p�[]YlfidRj\VyT 	YlTWhUjC}V2VÂTG ÁdoY&TWV�Xq}VyTmY\nZ[R}V2�Up]V2nZ[�VCn	PRjkdSTWYkV2dRp�T�PSN�p�[]Y�fwdRj\VÂT¢[�pC~VyT�PRp]hZf�QRVyTir�� �zXq}V2PSV2nSX½XeV>j�v�}V2nRV2p��cY\V
XeVDjlN�PSNyp][]Y�fwdRjkVGY�� � ��¥�� ¨Ub�=5TWY�Ê¢ª�V2« � � � � �Gª�V2«ÊU��=5TWY � �sÇ ��ª�V2«
_�hcdRpadonRVDPSN�p�[]YlfidRj\VGYsXOv]}V2nRVCp]�cYkV � � 
ÀÊ�ª�VC«#§Rj�N�|UN�p]Y�N��RjkV � ��� =� næv�VyTm[aPSNcT�f2N�j�fwdRjC}V2V�r
��n7Xz}Vi�SnRY\[�Nyj\hUp�TqjlN¡|UN�p�YlN��oj\VD^ �����0fihc�0�0VajkVG�0YknRY\�>dR�èXZVyTq|UN�j\VCdRp�T � ��� =� r

Êe`2�



���������
	�����

MSVyT�XeYlTm[]p]Yk�RdR[�Y\hcn�T�XeVyTG|UN�p�YlNy�Rj\VyT�^ � � ��§s^ �����7V2[DjlN0|UN�j\VCdRp¡Xed½[]Qop]dSTm[�PShcdRp¡jkV9Pop]hZfwVyT�TWdST
Ã"·RÃ � V2[DPShcdRp¡don �Sh�TWhUn�XeV�¹�Yk�c��T�XeV0�gNUT]TmV0�Ub	ª�VC«�ºyf2¼�TWhUne[�p]V2PRpo}VyTWVCne[o}V2VyTDTWdRp�jlN0�S���
dRp]V¡³�rk` �or

Variables discriminantes entre W+W- et Higgs, √S=192 GeV
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��Y\�UdRp]VG³©r\` �o����Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó���ÔeÒ�� �2Ð�ÕiÖlÐ��wÑ\Ò���ã � � ��/�ã � ���7Ò�Ý�Ý �oÕwÚ��iÝSØRÙ�ÚZÕqÑ\Ò&ØOÕ]Ù��wÒ�� �CÚ����0·�� � Ò�Ý
ØRÙ�ÚZÕGÚZÓ ��Ù��CÙ�Ó�ÔeÒ)�¢Ö�à2à��ÈÔeÒDÜ¡Ð�� �yÒ �.- 4GÒ�6:7Z»w¼>â
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	�d�N�nSX�j�v�}VCj\Vyfw[�p]hUn�n�v�VÂTW[>PSNcT>Xq}V2[�Vyfw[o}V½²ÍP�VCp�XedÀXRN�nST>j\Vg[]dR�SV¿~N	|eY�XeVcµ�§�fwV7PRp]hZfwVÂT]TWd�T9VyTW[¡don
�Rp]dRYk[zXeVu�ÍhUnSX9Yk�0PShcp][�N�nZ[&P�hUdRpajlNGp�Vyf{QoV2p�f�QRV�Xed��Sh�TWhUn7XeVD¹�Yk�c��Tar R�d0fihcnZ[]p�NyY\p�VGXed®f2NcTzXeVyT
PRp]hZfwVÂT]TWd�T¢� � �XWZY § Y�Y�V2[ � V � Vc·æ§�jlN�XZY\p]VÂfw[]Ykhcn½XeV0j�v�Yk�0PRdRj�TWY\hUn��gNynS �dSN�nZ[]V¡VyTm[�dRnoV9|UN�p�YlNy�Rj\V
�0hcYknST�XZYlT]fip]Y\��Y\nSNyne[�Va²�³�rk`2��µ�rZ^�n¡V"!OV2[2§c� PV2�0V&TmYRj�v�}V2j\Vyfi[]p]hUn�N�}VC[R}VqPSV2p�Xed�XRN�nST�jkVq[]do��V�~NG|ZYlXeV©§
j�v�Yk�0PRdRj�TWYÛhcn¡�®N�nS �dSN�nZ[]V�nRVGPShcYkne[�V2p�N�PSNUTqhc�RjkY\�©N�[]hUY\p�V2�0V2nZ[zXRN�nSTafiV2[][�VDXeY\p�Vyfw[�Y\hcn ~N¡f2NydSTWV�XeV
jlN�PRp�hZXedSfw[�Y\hcn TWYk�9dRjk[�Nyna}V2V�X�vxdRn�nRVCdR[]p�Y\nRhor ;&V2jkdRY �ÆfwY�VCnR�cV2n�Xep]V2p�N¡XeVDj�vxY\�0PRdojlTWYkhcn>�gN�n� ÁdSNyne[�V
 ÁdRY�§�V2j\jkV�§�n�vtN�PSNcT¡XeV®XeY\p�Vyfw[]Ykhcn�Pop]Y\|ZY\jC}V2�cYC}V2V�r ��}VyNynR�0hcYknSTw§sfwVCp][�NyY\nRVÂT<|UN�p�YlN��oj\VyTD[WåZPRY� ÁdRVÂT<XZd
PRp]hZfwVÂT]TWd�TuÃ"·oÃ � fwhc�0��Vaj\VD[]QRp�dSTW[ahUd � � � PSV2dR|�V2nZ[ PV2[�p]VDdR[�Y\j\Y�TZ}V2VÂTwrRMSVD[�N��oj\VyNyd	³�rÛ³D�0hcnZ[]p�Vj\VyTzTWVyfw[�Y\hUnSTqVw®f2NcfwVÂTqV2[aj\VGnohc�>�Rp]VDXOv]}V2|z}V2nRV2��V2n�[�T&TWYk�9doj2}VyTir

£ ¤ `y³y�0ª�VC« `2�UÊ®ª�V2« ÊUbc�0ª�V2«
� ²×PR�Oµ bZr�¨cÉ bZr��cÊ `crtbc¨

� V2|Z[ ²�¦UbcbyPR��·R¸iµ Êcb�� Ê�³y¨ ¦e`CÉ

� TmY\�>dRjC}V ³ �©É `Cbcbcb �cbUb
Ì ²×PR��·o¸�µ `c`2bUb `CbcÉÁ³ �e³ÂÊ

Î�Ny�Rj\VyNyd0³�rÛ³�� 6RÐcÑkÒiÚeÕ���ÔeÒ�� �yÒ��wÝ�ÖlÙ�Ó��DÒ�����Ð��wÒ���ÔeÒ�ØOÕ]ÙyÔ�Ú��wÝ�ÖlÙ�Ó¡Ô�Ú¢ØOÕ�Ù��wÒ�� �CÚ �aÒ � Ò]· � ��Ò � � ��� /ÔeÒ��>ÓRÙ�Ü �CÕ{Ò��ÈÔ���ÞÒ��¶ÞÒiÓ�Ò{Ü9ÒiÓeÝ �7ÐcÝ×ÝmÒiÓRÔ�Ú��	��
 Ò��wÝ � ØoÙ�ÚZÕ�ÚZÓ�Ò¡ÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ�ÖlÓeÝSÞÒÆà�Õ�ÞÒCÒ0ÔeÒ .-�-�Ø#��·R¸�/ÔeÒ��>ÓRÙ�Ü �CÕ{Ò��ÄÔ���ÞÒ��&ÞÒ{Ó�ÒiÜ9ÒiÓeÝ � �CÖlÜ¡Ú�ÑcÞÒ�� ��
 �CÖlÜ¡Ú�ÑcÞÒ � Ò�ÝaÑÛÐ´ÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ>ÖlÓeÝSÞÒmà�Õ�ÞÒ2Ò ��Ù�ÕiÕ{Ò��mØoÙ�ÓRÔ�Ð�ÓZÝWÒ
� Ì � â
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Direction impulsion manquante, √S=192 GeV
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;�v�VyTm[¶j�NDTWhcdop�fwV�XeV��Rp]dRYk[zXeV��Íhcn�XÈYkp]po}VÂXedSfw[�Y\�RjkV�r 	�dSNynSX9dRn®XeVyT&XeV2dR�¡�Sh©TWhcn�T � TWV¢Xq}VyTWYkne[C~V2�cp�V
V2n>XeV2dR��nRV2dR[�p]YknRh�Ti§�fwVaPRp�hZfwVyT]TmdST��0Y\��V�jlN�Pop]hZXedSfi[]Y\hUn0XZd¬�Sh�TmhcngXeV�¹�Yk�c��TsPSN�p&j\VaPop]hZfwVyT�TWdST
XeVa¯�°]hUp]±�V2n�rU��nRVzPSh�T]TmY\�RYkj\Yk[R}VqPShUdRp&P�hUdR|�hcYkp&pR}VyXedoY\p]V�fwV¶�ÍhUnSX�VyTm[�j�vxdR[]Ykj\YlT�N�[�Y\hcnÄX�v�don�}V2[]Y� ÁdRVC[�N��UV
XeV¡��§�f2NypGj\V¡p�N�PRPShUp][¡XOv�V2�>�Rp�NynSf�QRV2�>VwnZ[aXed½�Sh�Tmhcn � V2nKXeV2dR�  Ád�N�p]±oT��½VyTW[¢XeV¡j�vxhcp�XZp]V>XeV
`2� (�§�Nyj\hUp�TD ÁdoV¡fwV2jkdRY@Xed½¹�Y\�U��T�VÂTW[DXeV�j�vxhcp�XZp]V¡XZV>Éc�'(0r�MSV¡[�Ny�Rj\VÂN�d�³�rtÉ9nRhUdSTG�0hcnZ[]p�V<jkVyT
TWVyfw[�Y\hUnSTqVw®f2NcfwVÂT¶V2[ajkVGnRhc�>�Rp�VDX�v�}VC|z}V2noV2�0V2nZ[�T�Ny[][�V2nSXedSTir
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£ ¤ `y³y�0ª�VC« `2�UÊ®ª�V2« ÊUbc�0ª�V2«
� ²×PR�Oµ bZr ��¨ `crtÊ `cr � �

� V2|Z[ ²�¦UbcbyPR��·R¸iµ `2¦UÉ ¦U¨cb ��¦UÊ

� TmY\�>dRjC}V `2�cbUb ¦U�c�cÉ �c�UÉ
Ì ²×PR��·o¸�µ ¦cÊc¨Z` ¦UÊc�cÉ ¨c�U¦

Î�Ny�Rj\VyNyd9³©r�Ée� 6RÐcÑ\Ò{ÚeÕ���ÔeÒ�� �yÒ��wÝ�ÖlÙ�Ó&�DÒ�����Ð��wÒ���ÔeÒsØOÕ]ÙyÔ�Ú��wÝ�ÖlÙ�Ó¡Ô�ÚuØOÕ]Ù��wÒ�� �CÚ���Ò � Ò]· � � 7.Y� � 7.Y 
� ��� /DÔeÒ��´ÓRÙ�Ü �2Õ{Ò��7Ô���ÞÒ��&ÞÒiÓSÒiÜ9ÒiÓeÝ �KÐcÝ×ÝmÒiÓRÔ�Ú�� ��
 Ò+�wÝ�� ØoÙ�ÚZÕ0ÚZÓ�ÒgÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ7ÖlÓZÝSÞÒÍà�Õ�ÞÒ�Ò7ÔeÒ .-�-Ø#�{·R¸ / ÔeÒ���ÓRÙ�Ü �2Õ�Ò��¢Ô���ÞÒ��¶ÞÒiÓ�Ò{Ü9ÒiÓeÝ � �CÖlÜ¡Ú�ÑcÞÒ�� ��
 �CÖlÜ¡ÚÁÑUÞÒ � Ò�Ý&ÑÛÐ¡ÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ�ÖlÓeÝSÞÒÍà©Õ�ÞÒ�Ò ��Ù�ÕwÕ�Ò��mØoÙ�Ó��Ô�Ð�ÓeÝWÒ � Ì � â

.0/�� 3 ;7? ���'�s: ��F&B 	�? 		A��yA���=@: �? IKJ�L �����

^ [�N�nZ[>Xehcnona}Vgj\VyT�f2N�p�Ncfw[o}V2p]Y�TW[]Y� ÁdoVyTGV2[¡j\V0nohc�>�Rp]V�XeV0�Rp�dRY\[>XZV9�ÍhcnSX�PShcdRp¡j�N�p]Vyf�QRV2p�f{QRV>XZd
��h©TWhUn�XeVÄ¹�Y\�U��TaXRNynSTujkV�f2N�nSNyj�nRV2dR[�p]YknRh7~N®MO^&_&ÊcbUbe§�hUn�PShcdop]p�NyY\[�Twv�}V2[]hUnRnRV2p�XeVDj�v�dR[�Y\j\Y�T]Ny[]Y\hUn
X�v�dRnoV�[�V2j\jkVa��}V2[]QohZXeV��>dRjk[]YlXZY\�¡V2nSTmY\hUnRnRV2jkj V©r���VGTmV2p�NyY\[ ��Ykj�P�NcT¶Poj\dST���NcfwYkj\V�X�vxdR[]Ykj\YlTmV2p�dRnoVDN�nSNyj �
åRTmV0[]p�NcXeYk[]Y\hUnRnRV2jkj\V�N2|�Vyf9XZVyT�fwhUdRPRdRp�VyT¡TZ}VÂ ÁdRVCne[�Y\V2jkj\VyT�Ë9MSV0Pop]hc�oj�~V2�0V>|ZY\V2nZ[DVyT]TmV2ne[�Y\V2jkj\V2�>V2nZ[
XedÈ��NyY\[z �dRV�PShUdRpqdRn®fwV2p][�N�Ykn9nRhU�9�op]VaXOv]}V2|z}V2nRV2��V2ne[�T�§�j\VyT�|UN�p�YlN��oj\VyT&XeY�T]fwp�Y\�0YknSN�nZ[]VyT�dR[�Y\j\Y�TZ}V2VÂT
TWhcnZ[>�gN�jap�Vyfwhcn�TW[]p�dRY\[�VyTw§&fiV� �dRYaV2nZ[]p�NyY\nRV7XeVÂT0XeYlTm[]p�Y\�RdR[�Y\hUnSTÈPSh©T]TZ}VÂXRN�nZ[0dRn�p]VyfwhUdR|Zp]V2�0VCne[
Y\�0PShcp�[�Nyne[&N2|�VyfqjkVyT�XeY�TW[�p]Y\�odR[]YkhcnST&XedgTmY\�UnSN�js²×P�N�pqVC�eV2��PRj\V&j�vtNcfwhUPRjlNynSN�p�Y\[o}VaP�hUdRpqjkV�Pop]hZfwVyT�TWdST
� � � WZY V2[¡jkV�TWYk�cnSNyj×µ�r ;&VyT¡�gNydR|UN�YlTmVyT�p]VÂfwhcnSTm[]p�dSfw[]YkhcnST7²�XeYkp]Vyfw[�Y\hUnST�V2[�}V2nRV2p��cY\VÂT¡XeVyT�°]V2[�T¡PSN�p
V2�eVC�0PRj\VUµOTWhcnZ[zXedRVyT�~N�XeVyT�PSV2p][�VyT&XeV�P�N�p][�Ylfwdoj\VyT�XoN�nST&j\V�Xz}V2[�Vyfw[�V2dRp2r©_�hcdRp&hU�R[]V2noY\pzXeV���hUnRnRVyT
VwgfCNcfwYk[R}VyTi§cdRnRVD�À}V2[�QRhZXeVDfihc�0�0V�fwV2jkj\V�PRpo}VyTmV2nZ[R}V2VDXoN�nSTqjkVDf2NcXZp]V�XeVGj�N�p]Vyf�QRV2p�f{QRV�XZd �Sh�Tmhcn
XeV�¹�Y\�U��TD~N0MO^¶_a`Cbcb0TmV2�9�oj\V�XehcnSfGPShcdo|�hcY\pVPVC[]p]VDVw®f2NUfwV�r

����� ��� � "
$
� � � �
	�� �4"�$ ����� / �1" � * ��� + ������2�

Msv�N�n�N�j\åoTWV�PRp]hU�SN��oY\j\Y�TW[�V>XehcnZ[�j�N9�À}V2[�QRhZXeVDVyTm[GV2�ZP�h©TZ}V2VÄXRN�n�T¢jkV¡f�QSN�PoY\[]p�V¡�9VÂTW[��SNcTZ}V2V>TWdRp�jlN
fwhcnSTm[]p�dSfw[]YkhcnK~N�PSNyp][]Ykp�X�v�don´�Up]hUdRPSV¡XeVD|UN�p�YlN��oj\VyTi§RXeVDnRhUdR|�V2j\jkVyT¶|UNyp]YlNy�Rj\VÂTq|z}V2p�Y �ONyne[zj\VyTq[�p]hUYlT
fwhcnSXZY\[]YkhcnSTaTmdRY\|UNyne[�VyT��

< fwVyT&nRhcdR|�VCj\j\VÂT¶|UN�p�YlN��oj\VyTaXehUY\|�V2nZ[ PVC[]p]VDV2nZ[]p�VDb¡V2[D`c§
< V2j\jkVyT&XehcYk|�V2nZ[�NÂ|�hUY\p�XeVyTaXeY�TW[]p�Y\�Rdo[]Y\hUnSTqPRj�N�[]VÂTuPShcdop�jkV��ÍhcnSX7f{QohcYlTmY�fwhU�0�0V�po}Vw��}VCp]V2nSfiV�§
< V2j\jkVyT&XehcYk|�V2nZ[aPRpo}VyTmV2nZ[]V2pzdRngV2�RfU~VyTqV2n7XeVyT�TWhcd�T�XeV�bZr���PShcdRp�j\VDTmY\�cn�N�j
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R MO^&_a`2bcbZ§�j\V�Pop]hZfwVyT�TWdST�V � Vc· � � �   � 0VyTm[Gj\V��Rp]dRYk[GXZV<�Íhcn�X�Xehc�0YknSN�nZ[�V2[GN�}V2[o}VÄf{QRhUYlTmY
fwhc�0��V�po}Vi�U}V2p]V2n�fwV�r RßMO^&_¶ÊUbcbZ§¶PSNyp]�0Y@[]hcdo[]VyT�jkVyTDTWhcdop�fwVyT¡XZV9�Rp�dRY\[�T�XeV>�ÍhcnSX�§sj\V�f{QohcY\�½XZd
PRp]hZfwVÂT]TWd�T�� � �XW�Y�PShcdRp�fwhUnSTW[�p]dRYkp]VDj\VyTqPop]hc��N��RYkj\Y\[o}VyTaTwvxY\�0PSh©TWVGPShcdop�[�p]hcY�Tqp�NyYlTWhUnST��

< fcv�VÂTW[&j\V��ÍhUnSX�XZhc�0YknSN�nZ[zNÂ|�VÂf�dRnRVDTmVyfw[�Y\hcngVw®f2NUfwVGXZV<Pop]hZXedSfi[]Y\hUn7Êcbcb7~N¡¦cbUbÄ�ÍhUYlTqPRjkdST�cp�N�nSXeVÄ ÁdoV¡fwV2jkj\VDXOv�dRn �Sh�TmhcnKXeV¡¹�Y\�c�©T<r�MSV�nRhc�>�Rp�V�XOv]}V2|z}V2nRV2��V2n�[�T�~N�}V2jkY\�0YknRVipqTmV2p�N
Xehcn�f®[�pC~VyT�Yk�0PShcp�[�N�nZ[2rs_�Nyp9VC�eV2��PRj\V�§SPShcdRp £ ¤�¥ `2�UÊÁª�V2«�V2[¡PShcdop9dRnoV´jkdR�0YknRh�TmY\[o}V
Y\nZ[o}V2�Upo}V2V�XeVD¦UbcbyPR��·R¸C§ehUn�Ny[][�V2nSX0V2nZ|eYkp]hcn ��ÊcbUbcb�}V2|z}V2nRV2�0VCne[�T�XeVD[måZP�V�� � � WZY7V2[aÊU¦�}V2|z}V��
nRV2�0VCne[�Tq¹ ���� PShUdRpD� ( ¥��Ub�ª�VC«�ºy»i¼<r ;�v�VyTm[GXehUnSf�j\VD�ÍhcnSX½ �dRY�XZhcY\[ PV2[]p�V�[]p�N�Yk[R}V¡V2n
PRp]Ykhcp�Y\[o}V�PSN�p�j�vtN�nSNyj\åoTWV�r

< XeV�Poj\dSTi§�j\VyT�f2Nyp�Ncfi[R}V2p�YlTW[�Yl �dRVyT�fwY\n�}V2�gN�[�Yl �dRVyTi§ejlN>[]hcPShUj\hc�UY\V>XeVÂT�}V2|z}V2nRV2�0VCne[�T � � �XWZYKTWhUne[[]pC~VyTaXeY$!�}V2p�V2nZ[]VyTaXeVÄfwV2jkj\VyTaXeVÂTg}V2|z}V2nRVC�0V2nZ[�T&X�Pd�T¡~N9dRn5�Sh�TWhUn�XZV�¹�Y\�c�©T�rS��nRVÄN�nSNyj\åoTWV
XeYlfip]Y\��Y\nSNyne[�V&fwhc���0V�j�vtN�nSNyj\åoTWVzPRp]hU�SN��RYkj\Y�TW[]VaPSV2do[&TwvtNÂ|z}V2p�V2p�PodRYlT�T]N�nZ[]VaPShUdRp&p]Vm°]V2[�V2p@fwVyT
}V2|z}V2nRV2�0VCn�[�Tar

< }V2[�Nyne[�XehUnRna}V¡j\V�p�NyPRPShcp][�XeV¡�op�N�n�f{QRVC�0V2nZ[aXed��Sh�Tmhcn � V2n�PSN�Ykp]V¡� ���²�¯qp2² � � � ���µ�&
`2�)(9µ�§2dRn½}V2[]Y� ÁdRVC[�N��UV&XeV&��TWV2p�N�XOv�dRnRV@pR}Vm°]Vyfi[]Y\hUnG�0hyå�V2nRnoV�TmdRp�j\V��Íhcn�X�� � �XW�Y�PSNyp�p�N�PRPShUp][2§
PSN�psV2�ZV2�0PRjkVsN�dD�ÍhcnSXDÃ"·SÃ � rUÅÆjy��N�dR[@XehUnSf¶VyT�T]N2å�V2psX�vxhc�R[�V2nRYkp�j\V��0hUY\nST�PSh©T]TWYk�Rj\V�X�v�}VC|z}V��
nRV2�0VCne[�T@� � �XW�Y�N2|UN�nZ[ajlN>fwhcdoPRdRp]V�X�v�}V2[]Y� ÁdoV2[�Ny�cVDXeVD��r

MSVyT&XeYlTm[]p]Yk�RdR[�Y\hcn�T�XeV�fwVyT�nRhUdR|�V2jkj\VyT�|UN�p]Y�N��RjkVyT�PShcdopqj\VÂT��Rp]doY\[�T&XeVq�ÍhUnSX>N�dR[�p]VyT& �dRVq� � �XWZY0næv�hcnZ[
~N<PRp�Y\hcp�YON�dSfwdonRV��Íhcp��0V�TWP�}VyfwYlNyj\V�rZ^�n0V"!OV2[C§�P�hUdRpaj\V��0hU�0V2nZ[2§2nRhUdSTaf{QohcYlTmYlT�TWhcn�TqXeVyT&|UN�p]Y�N��RjkVyT
 ÁdRYOTmhcnZ[aXeY�T]fwp�Y\�0YknSN�nZ[]VyT�V2nZ[]p�V�jkVDTWYk�cnSNyj�X�Pd�Nydß�Sh�Tmhcn�XZVG¹�Yk�c�©T¶V2[zj\Va�ÍhcnSX9� � � W�Y½rR_�Nyp]�0YRjkVyT
|cNyp]Y�N��RjkVyT�f�QRhUYlTWYkVyTaP�hUdRp�XeYlT�fwp]Yk�0Y\noV2p&j\V¡TmY\�UnSN�j&XZd��ÍhcnSX´� � �XW�Y §OfwV2p�[�N�YknRVyTaPSV2dR|�V2nZ[GN2|�hUY\p�XeVyT
PRp]hU�SN��RYkj\Yk[R}VyTz ÁdRYONydRp]hUne[�XeVÂTaXeYlTm[]p]Yk�RdR[�Y\hcn�TqN2|�VyfadRngV2�RfU~VyT&N�d7XeVyT�TWdSTaXeV¢ber���PShUdRpaj\VyTzN�dR[�p]VyT
�ÍhcnSXRTir�_@N�p�V2�eVC�0PRj\V©§cjlN��S�cdop]V9³©r\`C¨È�0hUne[�p]VGjkVyTaXeY�TW[]p�Y\�Rdo[]Y\hUnST�Xed��0hU�0V2nZ[&P�VCp]PSV2nSXeY�fwdRj�N�Y\p�V
[]hc[�N�j&PShcdRp�j\V��ÍhUnSXç� � �XWZYÀ§ don �Sh�Tmhcn�XZV0¹�Yk�c�©T�XeV¡�gNUT]TmV0�Ubçª�V2«�ºÂ»w¼aV2[GPShcdop¡j\V��Íhcn�X Y�Y
r ��n�|�hcYk[G �dRV>fwVC[][]VD|UN�p�YlNy�Rj\V¡VyTm[DXeY�T]fwp�Y\�0YknSN�nZ[]VGVCne[�p]V�jkV<�ÍhUnSX´� � �XWZY½V2[�j\Vß�Sh�Tmhcn�XZV>¹�Y\�U��T
�gN�Y�TqN�d�T]TWYsV2nZ[]p�V<jkV�TWY\�UnSN�j�VC[ Y�Y�r�MSVDpo}VyTmdRj\[�N�[�TuV2ngPRp�hc�SNy�RY\jkY\[o}V�XZV�jlN<���cdRp�V9³�rk`2¨9��hcnZ[]p]VCne[
fwjlNyY\p]VC�0V2n�[�jlNgXeYlT�fwp]Yk�0Y\n�N�[]Ykhcn�V2nZ[]p�V¡j\VyTG[�p]hcY�T½}Vyf�QSNyne[�Y\j\jkhcnST�V2[Dj�v�Ykne[o}V2p6PVC[GX�vxdR[]Ykj\Y�TWV2pGdonRV9[�V2j\jkV
|cNyp]Y�N��RjkVaP�hUdRpqpo}VyXedRYkp]V�N�dST�TWYSj\Vq�ÍhUnSX Y�Y�rZ_�hUdRp&j\VyT��ÍhcnSXRT�Ã � Ã"·oV2[&Ã	V � §�XeVa[]VCj\j\VÂT�|UN�p]Y�N��RjkVyT
V2�eY�TW[�V2ne[�}V2��Nyj\V2��V2ne[Cr0;&VaTWhUne[sPSNyp�V2�ZV2�0Poj\V�§�j\V&[�QRp]dSTm[�VC[�jlNa|cNyp]Y�N��RjkVq^ ������²×|�hcYkp�j\V&PSNyp�N��Up�NyPRQRV
TWdRpajkVG�Rp]doY\[aXZV��ÍhcnSXgÃ"·RÃ � µ�r�MON��S�cdRp�V¡³�r\`y³D�0hcnZ[]p�V�j�N�[]p�N�nST��Íhcp]�®N�[]YkhcngXZV<j�N�|UN�p]Y�N��RjkVDXeV
Xq}V2PSNyp][�^ � � �¡V2ngdRnRVDPRp]hU�SN��oj\Y\[o}V�r

����� ��� � � * / �!��� / � ��2� �� + � 	�� �4"
$ � � 	��
" ���%���2��� * �1� * � + ���

Ru�Sn�X�v�N2|�hcYkpqdRnÀ}Vyf{Q�N�nZ[]Y\jkj\hUn>X�v�}V2|z}V2nRVC�0V2nZ[�T�� � �XWZYgnRVGPRpo}VyTWVCne[�N�nZ[qPSNUTaXeVG�cp�h�T�TWVyTafwhUp]po}V2jlNy[]Y\hUnST
V2ne[�p]V¡jkVyTG|cNyp]Y�N��RjkVyT<V2[DPShcdop>TWV>PRjlNUfwV2p�XRN�n�T�jlN0po}V2�UY\hUn�X�v�VÂTWPSNUfwV0XZV9PRQ�NcTWVghO~d�TWV>[]p�hcdR|�V>j\V
��h©TWhUn�XeVÄ¹�Y\�U��T�§SdRn }V2[�NyP�V>XZV�PRpo}VyTZ}V2jkVyfw[�Y\hcn7XeVÂT�}V2|z}V2nRV2�0VCne[�T VÂTW[Gp�Vy ÁdoYlTWV©r ��n7nRV>fwhUnSTWV2p�|�V
j�v�}VC|z}V2noV2�9VCne[& �dRV�TwvxY\jO|z}V2p�Y �SV�j\VyT �0fwhUnSXeYk[]Y\hUnSTaTWdoY\|UN�nZ[]VyTO�
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Distribution de la masse totale reconstruite
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��Y\�UdRp]V�³©r\`CÉe����Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó�ÔeÒDÑ Ð´Ü¡Ð�� �yÒDÝ�ÙcÝ�ÐcÑ\Ò�Õ{Ò���Ù�Ó&�iÝ�ÕiÚeÖ\ÝmÒqØoÙ�ÚZÕ¢ÑkÒ��ÄÔ�Ö J�ÞÒiÕ{ÒiÓZÝWÒ��@�CÙ�ÚZÕ��wÒ��<ÔeÒ
�2ÕwÚZÖ\Ý ��ÔeÒ�9CÙ�ÓRÔ�Ò�ÝaÚZÓ ��Ù��CÙ�Ó7ÔeÒ �DÖ�à2à��>ÔeÒDÜ¡Ð�� �yÒ �.-54¢Ò&687Z» ¼ â

< jlNg�gNcT�TWV>Y\nZ|cNyp]Y�N�nZ[]V>[]hc[�N�jkVgXeV0j�v]}V2|z}V2nRV2��VwnZ[GfCN�jlfidRjC}V2V>N2|�Vyf¡[]hUdR[]VÂT�j\VyTGPSNyp][]Y�fwdRjkVyT<p�V��fwhcn�TW[]p�dRY\[�VyTqXZhcY\[VPVC[]p]V�Y\ne��}V2p�Y\V2dop]V�hcd }VC��N�jkV>~N0`2ÊUb´ª�V2«�ºÂ»w¼qPShcdop�jkVyTqT�fwV2nSNyp]Y&`2�UÊÈVC[aÊcbU�
ª�V2«"V2[aYkne�U}V2p]YkV2dRp�VGhcd }V2�©N�j\V�~N>�cb0ª�V2«�ºy»i¼aP�hUdRp�j\VDT�fwV2nSNyp]Y\h7`�³Â�®ª�V2«�r

< j\V��0hc�0VCne[&j\hUnR�cYk[]dSXZY\nSNyj�[]hU[�N�j f2N�j�fwdRjC}V�N2|�VyfD[]hcdo[]VyT�jkVyTaPSN�p�[]YlfidRj\VyTap]VÂfwhcnSTm[]p�dRY\[�VyTGXehUY\[
PV2[�p]VDY\nZ�U}V2p]YkV2dRpqhUd }V2��Nyjz~N �©b®ª�V2«�ºÂ»�PShcdRp�j\VÂTaT]fwV2n�N�p]Y@`2�UÊ9V2[�ÊcbU�®ª�V2«�V2[aYkne�U}V2p�Y\V2dRp&hUd
}V2��Nyjz~N¡¦c¦0ª�V2«�ºy»GPShcdop�jkVDT]fwVCnSN�p�Y\hg`�³Â�´ª�V2«�r

< j�vtNcfwhUPRjlNynSN�p�Y\[o}V�Qa}V2�0Y�TWPRQ�}VCp]Yl �dRV�XehUY\[VPV2[�p]V�TWdoPa}V2p]YkV2dRp�VGhcd }V2��Nyj\V�~N � =
< jlN�|UN�p�YlNy�Rj\V�^ � � �>XehcYk[ PV2[]p�V�TmdRP�}V2p�Y\V2dop]VGhUd"}V2�©N�j\V�~N0`¡ª�V2«¡r

MSVyTæ���cdRp�VyT ³©r\`CÉ�V2[�³�rk`2��PopR}VyTmV2ne[�V2nZ[�j\VÂT�XeY�TW[�p]Y\�odR[]YkhcnST�XeVzjlNa�gNcT�TWV&[]hU[�Nyj\V&V2[@XeV&j�v�NUfwhcPojlN�n�N�p]Yk[o}V
P�hUdRpa[]hUdSTqj\VÂT¶PRp�hZfwVyT]TmdSTw§RPShUdRpG£ ¤�¥�`2�cÊ0ª�V2«¡rRMON¡P�h©TWYk[]Y\hUn7XeVGjlN�fwhcdoPRdRp]VÈ~N¡fwV2[][�V�}V2nRVCp]�cYkV
VyTW[�NydST]TmY�Y\nSXeY� Ád�}V2V�r
��VaPRjkdSTw§yj�vtN�jk�chcp�Y\[�QR�0VzXeVa«&V2[]ho§y ÁdoYSN�}V2[o}VqPRpo}VyTWV2nZ[o}V�XRN�n�T�j\VzPSN�p�N��cp�N�PRQoV¡`crk`cr\`zVyTW[@N�PRPoj\Yl �d�}V
P�hUdRp�p]Vm°]V2[�V2pqjkVyT0}V2|z}V2nRV2��V2n�[�T�hO~d�dRngPRQRhU[]hcn }V2nRV2p��@}V2[�Yl �dRVGVyTm[aPSNcT�TZ}VÄXRN�nSTajlN¡po}VC�cY\hUn7N �©b�=wr
MSV�f2N�j�fwdRjæXeVyT¶Pop]hc��N��RYkj\Y\[o}VyTqTmVG��N�Y\[zPShcdRpajkVyT>}V2|z}V2nRVC�0V2nZ[�Ta~N�j�v�YlT�TWdRV�XeVDj�v�}V2[�NyPSVDXeVGPRpo}VyTZ}VCj\Vyf �
[]Y\hUn�r�MSVÂTu|UN�p�YlNy�Rj\VyTaf�QRhUYlTWYkVyT¶PShUdRpGj�vtN�nSNyj\åoTWVGPop]hc��N��RYkj\YlTm[]V�TWVDp�V2�cp�hcdRPSV2nZ[�VCn´[�p]hUYlT¶��N���Y\j\jkVyT��

< XeVyTq|UN�p�YlNy�Rj\VyTq�Uj\hU�SN�jkVyT��
ÊcÊc¦
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Distribution de l´acoplanarité
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��Y\�UdRp]VD³�rk`2�e����Ö �iÝ�ÕwÖ �2Ú�Ý�ÖlÙ�Ó�ÔeÒ�Ñ � Ð���ÙwØSÑÛÐ�ÓRÐ�ÕiÖ\ÝSÞÒqØoÙ�ÚeÕaÑ\Ò��<Ô�Ö J�ÞÒiÕ{ÒiÓZÝWÒ�� �CÙ�ÚeÕ��wÒ���ÔeÒ@�2ÕiÚZÖ\Ý �¢ÔeÒ 9CÙ�ÓRÔ
Ò�ÝaÚZÓ ��Ù��CÙ�Ó�ÔeÒ)�¢Ö�à2à��ÈÔeÒDÜ¡Ð�� �yÒ �.- 4GÒ�6:7Z» ¼ â

� _�[]hU[<¥ � � � � �_ � � ¼ �Rj\VD�0hU�0V2nZ[�[]hU[�NyjsXeVDj�v�}VC|z}V2noV2�0V2n�[�r
� ^�[]hU[<¥ � � ^ �©�Rj�v�}VCnRV2p]�UY\V�[]hU[�N�jkV¡XeVDj�v]}V2|z}V2nRV2�>V2nZ[ar
� ��NcT�T¢¥ � ^�[]hc[ ¼ � _�[�hc[ ¼ �Rj�N��gNcT�TWVDY\nZ|UN�p]Y�N�nZ[]VDXZV<j�v�}V2|z}V2nRVC�9V2nZ[ar
� _�j��qjkV��0hU�0V2nZ[¡j\hcno�cY\[�dSXeYknSN�jG[�hc[�N�j�XeV�j�v�}V2|z}V2nRV2�0VCn�[g²×j\hUnR�cYk[]dSXZY\nSNyj�¥ XoN�nSTgjlNXeYkp]Vyfw[�Y\hUngXeVDj�vtN��ZVDXed´��NyYlT�fwVyN�dOµ
� _�[���j\VG��hc�0V2nZ[�[]hU[�Nyj�P�VCp]PSV2nSXeY�fwdRj�N�Y\p�V�XeVGj�v]}V2|z}V2nRV2��VwnZ[q²ÍPSV2p]PSV2nSXZYlfwdRj�N�Ykp]VD¥�PSV2p��PSV2nSXeY�fwdRj�N�Y\p�V2�0V2nZ[�~N¡j�vtN��ZVDXed0��N�Y�T]fwVyNyd�µ
� � �0p�Vyf��cj�N��gNcT�TWVD�gN�n� ÁdSNyne[�VDXeVDj�v�}V2|z}V2nRV2�0VinZ[a§SXq}Vw�SnoY\VGPSNyp��

� �0p]Vyfa¥ � ²m£ ¤��m^�[�hc[wµ ¼ � _�[�hc[ ¼
� ^ �S[� �Oj�v�}VCnRV2p]�UY\V�Xed�PRQohc[]hUn�XoN�nSTGj�vxQeåZPShc[�Q�~VyTWVÄX�v�don�PRQRhU[]hUn	PSV2p�Xed�XoN�nST�jkV�[�dR�SV~N�|ZYlXeV�r
��� �RjlN�PShcd�T]TZ}VCV�[]hU[�Nyj\V�XeVDj�v�}V2|z}VCnRV2�0V2nZ[&Xz}Vi�SnRY\V�PSN�p�_�[]hc[iºy^�[]hU[2r

< XeVyTq|UN�p�YlNy�Rj\VyTaNynR�cdojlN�Ykp]VyTO�
� ��N��ofwh©T�� � R � ² � »��y¤�� � � § � »��y¤�� � � µ�§�hUd � �ßVyTm[�j�v�N�no�cj\VDPShcj�N�Ykp]V>Xed7�0hc�0VCne[&�gNyn��
 �dSN�nZ[aV2[ � �gVyTW[�j�vtN�nR�Uj\VGPShcj�N�Ykp]V�XeVDj�vtN��ZVDXed�ÎqQop]dSTm[2r
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� ��Y\n�fwh�T�� ��Å ��² � »��y¤�� � � § � »	�y¤
� � � µ�r
� RGfwhUPRjlNz�ej�vtNcfwhUPRjlNynSN�p�Y\[o}V<Q�}V2�0YlTmPRQ�}V2p�Yl �dRV�r
� RGfwhUj��ej�v�NUfwhcjkY\nRVyNyp]Yk[R}V�Qa}V2�0Y�TWPRQ�}VCp]Yl �dRV�r
��� � � �2j�v�N�no�cj\Vz�0Y\noY\�¡dR��V2nZ[]p�V&j\VyTsXeY\p�Vyfw[�Y\hcn�T�XeVyTZ°]V2[�T�V2[sjlN�XeY\p�Vyfw[]Ykhcn�Xed¡�0hU�0V2nZ[�gNynS Ád�N�nZ[aXRNynSTujkVDPRjlNyn´PSV2p�PSV2nSXeY�fwdRjlNyY\p�V>~NÈj�v�Ny�eVDXZd®��NyYlT�fwVyN�dær

< XeVyT�|UN�p�YlNy�Rj\VyTsXz}VyXZY2}V2VyT&~NajlNap]VÂXedSfw[�Y\hcn�XeVÂTæ�ÍhUnSXRT�Ã"·SÃ � V2[sÃ	V � Y\nZ[]p�hZXedRYk[]VyT�PRpo}VyfO}VyXZV2���
�0V2nZ[��
� j\V�[]QRp�dSTW[
� ^ � � �
� ^ � � �
� � _�[

MSVyTG`c`D|UN�p]Y�N��RjkVyTqdR[�Y\j\Y�TZ}V2VÂT¶PShcdRp�j\V�T�f�}V2nSNyp]Y\h0£ ¤È¥è`y³y�0ª�V2«�TWhcnZ[��

< _�[2§R_�j�§S_ [�hc[C§ � �0p]VÂfc§Z^ ��[� §�RGfihcPRj�Ne§ ��Ny�Rfih�Tw§ � � � §SÎqQRp]d�TW[2§S^ ����� §S^ ���	� r
MSVyTG`2¦¡|UN�p]Y�N��RjkVyTqdR[�Y\j\Y�TZ}V2VÂT¶PShcdRp�j\V�T�f�}V2nSNyp]Y\h0£ ¤È¥è`C�cÊ0ª�V2«�TWhcnZ[��

< _�[2§�_�[]hU[2§�^�[�hc[2§ � ��p]Vyfc§o^ �S[� § RGfihcPRj�Ne§CRGfwhcj�§ ��N��ofwh©Tw§ ��YknSfwh�T � � � §�ÎqQRp�dSTW[C§�^ � � �R§
� _ [ r

MSVyTG`2¦¡|UN�p]Y�N��RjkVyTqdR[�Y\j\Y�TZ}V2VÂT¶PShcdRp�j\V�T�f�}V2nSNyp]Y\h0£ ¤È¥�ÊUbc�0ª�V2«�TWhcnZ[��

< _�[2§O_ [�hc[C§ ��NUT]Tw§ � �0p]VÂfc§Z^ ��[� §CRGfwhUPRjlNZ§9RGfihcj�§ ��Ny�Rfih�Tw§ ��Y\n�fwh�T � � � §OÎqQRp]d�TW[2§O^ � � �R§^ � � ��r
��n>p]VC�gN�p� ÁdRV� �dRV�j\VyT�|UN�p�YlNy�Rj\VyT&f�QRhcY�TWYkVyT&TWhcnZ[qVCn9�gNC°]hcp]Yk[o}V�fwhU�0�>dRnRVyTsN�dR�>[]p�hcY�T¶T�f�}V2nSNyp]YkY�rZÅ�j
V2�eY�TW[�V� �dRV2j� ÁdoVyTaXeY$!�}V2p�V2nSfwVÂT� �dRY@TWhcnZ[���NUfwY\jkV2�0V2nZ[&V2�ePoj\Yl �dSNy�Rj\VyTirS_�N�p�V2�eVC�0PRj\V©§ÁhUn�n�vSdR[]Ykj\YlTmV
PSNcTaj�vtNcfwhUj\Y\n�}VyN�p�Y\[o}VDPShcdop�£ ¤9¥�`y³y��ª�V2«¡r�;&V2[�[]V�|cNyp]Y�N��RjkV<VÂTW[GV2ngV"!OV2[��0hUY\nST�XeYlT�fwp]Yk�0Y\n�N�nZ[]V
~N�fwV2[][�V�}V2nRVCp]�cYkV0PShcdRp®XeVyT�p�NyYlTmhcnST>XeV7fwY\n�}V2�gN�[�Yl �dRV&��fwhU�0�0V¡jkV0�0hcnZ[]p�V0jlN´���cdRp�Vç³©r�ÊUbe§&jlN
P�hUdST]TZ}V2V� ÁdRY&PRp�hy|�hZ ÁdRV>j�vtNcfwhUj\Ykna}VyN�p�Y\[o}V�PShcdRp�j\V���h©TWhUn XZV0¹�Yk�c�©T¢VÂTW[D�0hcYknSTu�ÍhUp][]V>PShcdRp�dRnRV
�gNcT�TWVDXeV��Sh�TWhUn½XeV�¹�Y\�U��Tq�S�z}V2V�r
RèPSN�p�[]Y\p�XeV�fwVyT�|cNyp]Y�N��RjkVyTDXeYlT�fwp]Yk�0Y\nSNyne[�VyTw§RhUn�fihcnSTm[]p]doY\[�N�jkhcp�TDj\V¡PShcY�XRT�XZV9j�v]}V2|z}V2nRV2�>V2nZ[
fwhc�0��VqTmhc�0��VqXZVyT�PRp]hU�SN��RYkj\Yk[R}VyT&fwhUp]p]VÂTWPShcnSXoN�nZ[]VyTir ��n�NDXehcnSf�P�hUdRp&j\VyT�[�p]hcY�T&T]fO}V2n�N�p]YkY�§c[�p]hUYlT
|cNyp]Y�N��RjkVyT��qÃ�`y³y�e§aÃ�`C�cÊe§�Ã ÊcbU�erGMON¿�S�UdRp]V�³�rtÊe`��0hUne[�p]V�jkVyT0XeY�TW[�p]Y\�odR[]YkhcnSTgXeV½fwVÂT®[�p]hUYlT
|cNyp]Y�N��RjkVyT¶PShcdopaj\V��ÍhUnSXgXeVGpo}Vi�ÍV2p]V2n�fwVu� � �XW�Ys§RN�YknSTWYæ ÁdoVGj\V�po}VyTmdRj\[�N�[�X�vxdRngN2°]d�TW[]VC�0V2nZ[���NydST]TmY\V2n�r
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��Y\�UdRp]V�³�r�ÊUbe�eá ÐqØRÙ�Ú�� �&ÞÒ2Ò�ÔeÒaÑ ��ÞÒ��&ÞÒiÓ�ÒiÜ9ÒiÓZÝ ØoÙ�ÚZÕqÔ�Ö J¿ÞÒiÕ�ÒiÓeÝmÒ���ÞÒiÓ�Ò{Õ×à�Ö×Ò���Ô�Ð�Ó���Ñ\Ò �wÒiÓeÝ�Õ{Ò�ÔeÒ�Ü¡Ð�� �yÒ
ÒiÓ�9CÙ�Ó:�wÝ�ÖlÙ�Ó�ÔeÒDÑÛÐgÜ¡Ð�� �yÒDÔ�Ú ��Ù��CÙ�Ó�ÔeÒ �DÖ�àCà��>â
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��Yk�cdRp�V¡³�r�ÊZ`c��ásÐ �2Ð�ÕiÖlÐ��wÑ\Ò�ØRÙ�ÖlÔ�� �ßØRÙ�ÚZÕGÑ\Ò�9CÙ�ÓRÔgÔeÒDÕ�ÞÒ 9 ÞÒiÕ�ÒiÓ:�wÒ�9 �9�W�Y¾â
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MSVD[�Ny�Rj\VyNyd�³�rt���0hcnZ[]p�V�jkVyT�PSN�p�N�� ~VC[]p]VÂTqXeVGj�v�N2°]d�TW[]VC�0V2nZ[��©N�dST�TWY\VCn´PShUdRpaj\VyT&[]p�hcYlTaT�f�}V2nSNyp]YkY
`�³y�Z§e`C�cÊZ§cÊUbc�<ª�V2«�rcMSVyT�|UN�j\VCdRp�T�hc�R[�V2nZdRVyT�PSNyp�j�v�N2°]dSTm[]V2��V2ne[OTmhcnZ[�V2n�NUf2fwhcp�X�N2|�Vyf�j\VÂT�|cNyj\V2dop�T
N�[][�V2nSXedoVyTa ÁdoYsTWhcnZ[�Xq}VyXedRYk[]VyTaXZd�nRhU�9�Rp�VDXeV�|cNyp]Y�N��RjkVyTqdR[]Ykj\Y�Te}V2VyTir ��ngPSV2dR[�V2n7fwhcnSfij\dRp�V� �dRV
j\VyT�|UN�p�YlN��oj\VyT�dR[�Y\j\Y�TZ}V2VÂT�PShcdRp�fwhUnSTW[�p]dRYkp]V�j\VyT�|UN�p�YlNy�Rj\VyT�Ã�`y³y�e§RÃ�`C�cÊZ§eÃ ÊcbU��nRV�TWhcnZ[qP�NcT¶[�p]hUP
fwhcp�pR}V2jC}V2VyT¶VCne[�p]VGV2jkj\VyTir

£ ¤ `y³y�0ª�V2« `C�cÊ0ª�VC« ÊcbU�®ª�V2«
� � ��� �ert� ¨Zr�� ¨Zr��
��� � � �Zr��c���èbZr�bUÉ ¨er �©É���bZr�bc� ¨Zr �Z³���bertbc¨
� � ��� bert�c¨ `cr�b�� `crtb��
�	� � � bZr��cÉ��èbZr�bUÉ ber��U����bZr�b�� `Ur�b��
��bertbc�¯ ¸ `crÛ³��¢ber � bert¨��DbZr�¦ ber�¨��DbZr�¦
¯�� ¸ ` �t� � ¸� �·)�� � ` ��b � �� �·)�� ¼ ber����DbZr�¦

Î�Ny�Rj\VyNyd¡³�r��Z��6oÐcÑ\ÒiÚZÕ%�uÔeÒ��sØRÐ�Õ�Ð�Ü �Ò�Ý�Õ{Ò��zÔeÒ&Ñ � Ð "CÚ �iÝmÒiÜ9ÒiÓeÝOà�Ð�Ú�� �CÖ×ÒiÓ0Ò�Ý �2ÐcÑ\ÒiÚZÕ���ÐcÝÍÝWÒiÓoÔ�Ú�Ò�� /sÐ�ÖlÓ&�CÖ
� Ú�Ò�Ñ\Ò���ÓoÙ�Ü �2Õ{Ò¢Ô���ÞÒ��¶ÞÒiÓ�Ò{Ü9ÒiÓeÝ �>ÐcÝÍÝWÒiÓoÔ�Ú ��ØoÐ�ÕuÑ Ð0Ü¾ÞÒ�Ý �oÙ�ÔeÒ ! � ¸ Ò�Ý�ØoÐ�ÕGÚeÓSÒ@��Ù�Ú2ØOÚeÕ�ÒGÔ�ÖlÕ�Ò��wÝmÒ)! ¸â

��V>PRj\d�T�jlNÈ���cdRp�V´³©r�ÊcÊ0�0hUne[�p]V�P�hUdRp £ ¤0¥ß`C�cÊçª�V2«�§�jkVyT�XeYlTm[]p]Yk�RdR[�Y\hcn�T<XZV¡jlN9|UN�p�YlNy�Rj\V
Ã�`2�cÊaPShcdRp@[]hcd�T jkVyT��ÍhcnSXoT�TmY\�>dRjC}VyTRV2[�PShUdRp&XeVyT��Sh©TWhcn�T¶XZVq¹�Y\�c�©T�XeVq�®NcT]TmVyT��cbGª�V2«�ºÂ» ¼ V2[s�c�
ª�VC«�ºy» ¼ r�MON¡XeY�TW[�p]Y\�odR[]Ykhcn>[]hc[�N�jkVGnRhcp��gN�jkYlTZ}V2V�XeVyT&PRp]hZfwVÂT]TWd�TaXeVG�Rp�dRY\[zXeV��ÍhUnSX9VyTm[qPRpo}VyTWVCne[o}V2V
TWdRpaj�N<�S�cdRp�V9³©r�Êc¦Zr
��n¡p]V2�®N�p� �dRV�~NGPSN�p�[]Ykp&XeVafiVyT�XeV2do�¢���cdRp�VyT& ÁdRV� ÁdoV2j\jkVa �dRVaTmhcY\[@jlNGfwhUdRPRdRp�V�TWdRp@jlN�|UN�p�YlNy�Rj\V
Ã�`2�cÊZ§�hcn>nRV�po}VyXedRYk[�PSNUT [�hc[�N�j\VC�0V2nZ[�jkVyT �Íhcn�XRT�Ã � Ã"·s§cÃ	V � V2[ � � r�Å�jSTWV2p�NDXehcnSfqn�}VyfwVyT�T]N�Ykp]V
X�v�NyPRPRj\Y� ÁdoV2pqdRnoV�fihcdRPRdop]V�TWdRPoPRjC}V2��V2ne[�N�Ykp]V�X�v�}V2[�Yl �dRV2[�N��cV¢XeVD��r
Å�j�PSV2dR[aPSNyp�N	PQk[]p�V�}V2[�hcnRnSNyne[� �dRV�§SN2|UN�nZ[�fwV2[�[]V }VC[�N�PSVÄX�v�}V2[�Yl �dRV2[�N��cV¢XeVD��§RdRnRVD�cp�h�T�TWV�P�N�p][�Y\V
Xed9�op]dRYk[&XeVa�ÍhcnSX9Pop]hy|eYkV2nRnRV�Xed0PRp�hZfwVyT�TWdST�Ã � Ã · r�^�n9��NyY\[2§Uhcn>P�VCdR[zTWV�p]V2nSXZp]V�fwhc�0Po[]Va �dRV
fwVyT¡}V2|z}V2nRV2�0VCne[�T�fwhcp�p]VyTmPShcnSXeVCne[�XRNynSTa¨cb)(èXZVyTaf2NcT�~N¡XeVyT>}V2|z}VCnRV2�0V2nZ[�TshO~d7dRngXeVÂT¶�Sh�TmhcnST�Ã
Twv�VÂTW[sXz}VyTmY\nZ[o}V2�Upo}V�VCn�dRn�[�N�d�V2[�dRn�nRV2dR[�p]Y\nohR§2V2[�j�v�N�do[]p]V&V2nDQSNUXep]hUnSTwrUÅ�jZTWde�[@N�j\hUp�Ts ÁdoV¶jkV&[�N�dÄTWV
Xq}VyTWYkne[o}V2�cp�V�V2n�dRnRV&PSN�p�[]Y�fwdRj\V&p�V2jlNy[]Y\|�VC�0V2n�[SPSV2dK}V2noV2p]�@}V2[]Y� ÁdRV@P�hUdRp& �dRV&j�vxhcn�N�Yk[�XeVÂT�fwhUnSXeYk[]Y\hUnST
TWde®T]Nyne[�VyTGP�hUdRpDhc�R[�V2nRYkp<don	�Shcn¿f2N�nSXZYlXRNy[2r�MSVyTDN�dR[�p]VyT }V2|z}V2nRVC�0V2nZ[�TafwhUp]p]VÂTWPShcnSXZV2ne[�~N7XeVyT
}V2|z}VCnRV2�0V2nZ[�T&NÂ|�VÂfGXeVyTqPSV2p�[]VyTaY\�0PShUp][�Nyne[�VyTqXZV<P�N�p][�Ylfwdoj\VyTir
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��Y\�UdRp]V�³©r�ÊUÊe��á�Ò��DÔ�Ö �iÝ�ÕwÖ �CÚÁÝ�ÖlÙ�Ó&�ÄÔeÒGÑÛÐ �2Ð�ÕwÖlÐ��iÑ\Ò � ������ØoÙ�ÚZÕGÔeÒiÚ � � �{ØoÙcÝ � �Ò��yÒ��¢ÔeÒ�Ü¡Ð�� �yÒqØoÙ�ÚeÕ
Ñ\Ò ��Ù��CÙ�Ó�ÔeÒ �¢Ö�à2à��7Ò�ÝqØoÙ�ÚeÕ�ÑkÒ��gÔ�Ö J¿ÞÒ{Õ{ÒiÓeÝ �DØOÕ]Ù��wÒ�� �CÚ��>ÔeÒ �2ÕwÚZÖ\Ý�ÔeÒ 9CÙ�ÓoÔeâ�á ��ÞÒiÓSÒiÕ×à�Ö×Ò�Ô�Ð�Ó&�>ÑkÒ
�wÒiÓeÝ�Õ{ÒDÔeÒ�Ü¡Ð�� �yÒ¡Ò��iÝ £ ¤�* ����� 4GÒ�6 â�á@Ò���Ô�Ö �iÝ�ÕwÖ �2Ú�Ý�ÖlÙ�Ó&�ÄÓ�Ò �CÙ�ÓeÝ�ØoÐ���ÓoÙ�ÕwÜ¡ÐcÑÛÖ � ÞÒCÒ��yâ
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tous les b.d.f.

��Y\�UdRp]VG³©r�Êc¦Z��á@Ò���Ô�Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó��DÔeÒ�ÑÛÐ �2Ð�ÕiÖlÐ��wÑ\Ò � �����GØoÙ�ÚZÕ�ÚZÓ ��Ù��CÙ�Ó´ÔeÒ �¢Ö�à2à��¢ÔeÒ�Ü¡Ð�� �yÒ �.-
4¢Ò&687Z»i¼ ��Ô�Ö �iÝ�ÕwÖ �2Ú�Ý�ÖlÙ�Ó�ÓRÙ�Ó�ÓRÙ�ÕiÜ¡ÐcÑÛÖ � ÞÒ2Ò � Ò�Ý�ØoÙ�ÚZÕ�ÑÛÐ ��Ù�ÓZÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó�ÓRÙ�ÕiÜ¡ÐcÑÛÖ � ÞÒ2Ò¢ÔeÒ��ÄÔ�Ö J�ÞÒiÕ{Ò{ÓeÝ �
ØOÕ]Ù��wÒ�� �CÚ��DÔeÒ �2ÕwÚZÖ\ÝaÔeÒ�9CÙ�ÓoÔeâ�á ��ÞÒ{Ó�ÒiÕ×à©Ö×Ò�Ô�Ð�Ó&��Ñ\Ò'�wÒiÓeÝ�Õ{Ò�ÔeÒ�Ü¡Ð�� �yÒ�Ò��iÝ¶£ ¤ * ����� 4¢Ò&6 â

��V&PRjkdSTw§2hUn<p�V2�gNyp� �dRV�NydST]TmYR �dRV&TmY�j�vxhcnD|�V2dR[æfwhcnSTmV2p]|�VCp�XeV��ShUnRnRVyT�Vw®f2NcfwYk[o}VyTOXeVzTZ}V2jkVyfw[�Y\hcn�T
P�hUdRp0jkV�TmY\�UnSN�j�§¶dRnoV�fwhUdRPRdRp�V�TWdop�� jlNyYlT]TmV2p�N½[]hcdÂ°]hcdRp�T0N2|cNyne[>j�v�}V2[�NyPSV�X�v�}V2[]Y� ÁdRVC[�N��UV7XeV��
 ÁdRVCjl �dRVyT0}V2|z}V2nRV2��V2ne[�T&f2N�nSXZYlXRNy[�T�PRp�hy|�V2nSN�nZ[�Xed�PRp�hZfwVyT�TWdSTGXZV��Rp�dRY\[�XeV<�ÍhUnSX´� � �XWZY�r
	�dSN�n�X
hcngp]V2�©N�p�XeV�jkVyTqf2Nyp�NUfw[o}V2p�YlTm[]Yl �dRVyTzXeV¡fiVyTqf2NynSXeY�XRN�[�Tw§Shcngp]V2�®N�p� �dRVD �dRV&�

< Y\j�TqhcnZ[GXRNynSTG¦Ub ( XeVyT�f2NUTw§SP�VCp�Xed7dRn�TmV2dRjsPRQRhc[�hcn½XeVDp�NcXeY�N�[]Ykhcn½Å�� �"XoN�nST�jkVD[]dR�SVg~N|eY�XeV�§
< XRN�n�T��Ub (�XZVyTaf2NcTaY\j�T¶hUne[�PSV2p�Xed7XeVCdR�0PRQRhU[]hUnSTGÅ�� �¾V2[zPSN�p��0Y�fiVyTa�cb (0§SXoN�nST�Écb (XeVyTzf2NcT&j\VyTzXeV2dR�>PRQRhU[]hcn�T�TmhcnZ[qPSV2p�XZdSTaXRN�n�Tqj\VG[�dR�SV0~ND|eY�XeVGV2[�XRN�n�TaÊcb
(�dRngXRNynSTqj\V
[]dR�SV�~N¡|eY�XeVGV2[adRn7XRNynSTajlN¡pR}V2�UY\hcnK~N ��b = §

< XRN�n�TGÊcb ( XeVÂT�f2NUTw§SY\j�n�vxå7N9PSNcT�XeV�PRQohc[]hUn½Å�� �"PRp]hZXedoY\[2r�Msv�}VCnRV2p]�UY\V��gN�nS �dSNyne[�V<VÂTW[XedRV7~N7XeVyTGPSV2p][�VyTDXRN�nSTGjkVyTGpR}V2�UY\hcn�T���NyY\�RjkVyT�V2[DPRjkdSTGPSN�p�[]Y�fwdRj\Y�~V2p]VC�0VwnZ[�XRNynST<j�N®po}V2�cYkhcn
N2|cNyne[Cr
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��Y\�UdRp]V�³©r�Ê��R�DÏ&Ù�ÚZÕ��wÒ�Ô�� Ò�����Ð��2Ö\ÝSÞÒ7ÔeÒ0Ñ ��ÞÒ�Ý�Ö � ÚRÒ�Ý�Ð2àeÒ½ÔeÒ5�çÒiÓ 9CÙ�Ó:�wÝ�ÖlÙ�Ó�ÔeÒ0ÑÛÐ ��Ù�Ú2ØOÚZÕ{Ò �CÚeÕ>ÑÛÐ
�2Ð�ÕwÖlÐ��iÑ\ÒDÑÛÙ�à ¸ � ä���ØoÙ�ÚeÕGÔeÒ�� ÞÒ+�¶ÞÒiÓ�ÒiÜ9Ò{ÓeÝ ��Ð��yÒ�� � ÚeÐcÝ�Õ{Ò�/aÔeÒ{Ú���Ù�Ú��&ÞÒiÕ]Ù � ÚeÐ�Õ�$0�'�!K2, � Nyâ
MON9Tm[�N�[�YlTm[]Yl �dRVDfihcp]p�VyTWPShUnSXRN�nZ[]V�n�v�}VC[�N�nZ[qP�NcTa�cp�NynSXeV�²×V2nZ|eYkp]hUn0dRnRV�XeY �yN�YknRVDX�v�}V2|z}VCnRV2�0V2nZ[�T&µ�§
fwVyT¶PShUdRp�fwVCne[�N��cVÂT�TmhcnZ[GXehUnSfGdRnRY� ÁdRVC�0V2nZ[¶YknSXeY�f2N�[�Y ��Twr

����� �	�  - �� ��������� � *05 �!���!�%� �  * 	�� � ���1�����)�������� 	����4"
$

_�hcdRpDj�v]}V2[�Yl �dRV2[�Ny�cV>XeV���§�jlN0|UN�p]Y�N��RjkV0_�� f2Nyjlfwdoj2}V2V>N2|�Vyf�j�N´�À}V2[�QRhZXeV>Xz}VÂfwp]Yk[]V>XRNynST�j\V>PSN�p�N �
�cp�NyPRQRVKTWdRp7jlN�p]VÂf{QRVCp�f�QRV�Xed �Sh©TWhcn�XeVK¹�Yk�c��T½~N�MO^¶_a`Cbcbe§�VyTW[7dR[]Ykj\Y�Te}V2V�raMON¿���cdRp�V ³©r�Ê��
p]V2PRpo}VyTWVCne[�V�j�N¡fwhcdRp��SVDX�v�Vigf2NUfwY\[o}V�VCn9�ÍhcnSfi[]Y\hUn7X�v�dRnoVDfwhcdoPRdRp]V�TmdRpaj\hU� ¸ � _���P�hUdRp�XeVyT0}V2|z}V2nRV���0V2nZ[�T&N2|�VyfG �dSN�[�p]V�§SXeVCdR�0hcd �æ}VCp]h> �dSN�p�±RTa�gPRpo}VyTmV2nZ[�Twr
MSV�f�QRhUY\�KXeVgjlN�fwhUdRPRdRp�V�TWdop>_	� VyTW[��@_�� � `CbÁ·��®fwV7 ÁdRY�fwhcp�p]VyTmPShcnSX�~N�dRnoV´Vigf2NUfwY\[o}V
XeV¡V2nZ|eYkp]hcn�³Âb (�PShcdop<don ��h©TWhUn�XeV�¹�Y\�U��TG �dRV2jkj\V¡ �dRV�TWhUY\[DT�N´�gNUT]TWVg²Í|�hcYkp�j�N����cdRp�V´³©r�Ê��
P�hUdRp ��
�¥GÊ�µ�r@_�hcdRpÄfwV2p�[�N�YknST<�op]dRYk[�TDXeV9�ÍhUnSX�§�j�v�dR[�Y\jkYlT]Ny[]Ykhcn½XeV9��NUfw[]VCdRp�T�XeV9po}Vm°]Vyfw[�Y\hUn�N }V2[o}V
na}VyfwVyT�T]NyY\p]V©r�_�Nyp¡V2�eVC�0PRj\V©§�dRnRV7fwhUdRPRdRp�V�TmdRp>Ã PShcdop9jkV0�Rp]doY\[>XeV0�Íhcn�X¿� � �XWZYÀXehcnonRV�V2nZ[]p�V
¦®VC[�¨ }V2|z}V2nRV2�0VCne[�T�TmdRY\|UN�nZ[ £ ¤�r�N�Pop2~VyTDdRnRV�fwhcdRPodRp]VgXZY\p]VÂfw[]V>TmdRp�j�N®|UNyp]YlNy�Rj\V�X�v�}V2[]Y� ÁdRVC[�N��UV
XeV9�KY\j&nRV0p�VyTW[�V0PRj\d�T�X�v�}V2|z}VCnRV2�0Vine[�T<r@_�hcdop¡N2|�hcYkp<donRV0�0V2Ykj\jkV2dRp]V�VyTW[�Y\�gNy[]Ykhcn½Xed��op]dRYk[¡XeV
�ÍhcnSX�§ZnRhcd�TqXeV2|�hUnSTqXZhcnSfGfCN�jlfidRj\V2pzXeVÂT ��Ncfi[]V2dRp�T&XeVGpo}VÆ°]Vyfw[]Ykhcn ~N<PSNyp][�Y\paXOv�dRnRV�TW[�N�[�YlTW[�Yl �dRVGPRjkdST
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Weν

��Y\�UdRp]V½³�r�ÊU�e� �iÓ<�yÒiÕ%�yÒ ÔeÒ��'9CÐ��wÝWÒ{ÚeÕ��½ÔeÒ7Õ�ÞÒ "yÒ��wÝ�ÖlÙ�Ó¾ÔeÒgÑ ��ÞÒ�Ý�Ö � Ú�Ò�Ý�Ð2àeÒKÔeÒ �¿ÒiÓ�9CÙ�Ó:�wÝ�ÖlÙ�Ó ÔeÒgÑÛÐ
��Ù�ÚÂØOÚZÕ{Ò �CÚeÕ �ßØRÙ�ÚZÕGÚZÓ�Ò ÞÒiÓ�ÒiÕÍà�Ö×Ò�Ô�Ð�Ó&��Ñ\Ò'�wÒiÓeÝ�Õ{Ò�ÔeÒ�Ü¡Ð�� �yÒ�£ ¤ * �:->,�4GÒ�6�â

Y\�0PShcp�[�Nyne[�V�r �ZNUf{Q�N�nZ[D ÁdoV�jlN>fwhUdRPRdRp�V¡TWdopGÃ TWVCp�N9j�N9XeVCp]nRY�~V2p]V�fwhUdRPRdRp�V>NÂ|UNyne[�j�v�}V2[]Y� ÁdRVC[�N��UV
XeV0��§�nRhUdSTÈPShUdR|�hcnST�p�V2��Nyp�XeVCp�j\V®fwhc�0PShUp][]VC�0V2nZ[GXeVÂT¢��Ncfi[]V2dRp�T¡XeV0po}Vm°]Vyfw[�Y\hcnKf2NyjlfwdRjC}VyTDN2|�Vyf
j\VyTg}V2|z}V2nRV2�0VCne[�TaNÂåZNyne[�PSNcT�Te}V>jlN0fwhUdRPRdRp�V0TmdRpDÃ�r ;&V2j�N9PSV2dR[DPSV2p]�0VC[][]p�V�N�dST�TWYzXeV>fwhUne[�p PhcjkV2p
j\VyT>fwhcp�po}V2j�N�[�Y\hcn�T9V2nZ[]p]V7jlN�fihcdRPRdop]V½X�v�}V2[]Y� ÁdRVC[�N��UV7XeV���V2[0j�N�fwhcdoPRdRp]V½TmdRp0Ã�ra_shcdRpgfiV2jlNZ§
P�hUdRp�f{QSNU ÁdoV<�op]dRYk[�XeVG�ÍhcnSX7 ÁdRYsTmhcd !Op�V¡XeV�PRp]hU�Rj�~V2��VyT&XeV¡Tm[�N�[�YlTm[]Yl �dRV�§ZnRhcd�T�Nyj\j\hUnST�f2N�j�fwdRj\VCp
jlN0PRp]hUPShcp][�Y\hUn XOv]}V2|z}V2nRV2��V2ne[�T�N2åZNyne[�~N´j�N®�ÍhUYlT�_ �� � `2b ·�� V2[�� � Ã � V2n��Íhcn�fw[]Ykhcn�XeV�jlNfwhcdRPodRp]V�Ã � rRMON¢���cdRp�V<³©r�Êc�D�0hcnZ[]p�VafwV�fwhU�0PShcp][�V2�0V2nZ[�PShcdRpzdRnRV7}V2nRV2p��cYkV�XRN�nST&j\V�fwVCne[�p]V�XeV�gNcT�TWV £ ¤9¥�ÊUbc�´ª�V2«Ä§RP�hUdRp�j\VyTa[]p�hcYlTa�Rp�dRY\[�TaXeV<�ÍhUnSX®� � �XW�Y�§RÃ � Ã · V2[aÃ	V � r MSVÂT���NUfw[]V2dop�T
XeV�po}Vm°]Vyfw[�Y\hcn�TmhcnZ[0Tm[�N��oj\VyTiruMSVyT>P�VC[]Y\[�VyT¡N�do�c�0V2nZ[�Ny[]YkhcnST¡PShcdRp0j�v�}Vyf�QSNyne[�Y\j\jkhcn�XOv]}V2|z}V2nRV2��V2n�[�T
Ã"·RÃ � ²×VC[qNydST]TmY�Ã	V � µ&Tiv�V2�ZPRj\Y� ÁdoV2ne[ TWY\��PRj\V2�>V2n�[��yj\Va��Ncfi[]V2dRp�XeVGpo}Vm°]Vyfw[�Y\hcn�}V2[�N�nZ[qY\��P�hUp][�N�nZ[
² & ¦cb � �UbÁµ�§ jkV9nohc�>�Rp]VÄX�v�}V2|z}V2nRVC�0V2nZ[�TaN2|�Vyfg~N´j�N9�ÍhcYlTD_ �� � `2bÁ· �¡V2[�� � Ã � XZY\�0YknedRV�0hcYknST�|ZY\[]V� �dRVGj\V�nRhU�9�Rp�V�X�v�}VC|z}V2noV2�0V2nZ[�TsN2|�Vyf�� � Ã �  Ád�N�nSX9j�N�fwhUdRPRdRp�VGÃ � �SNyYlT]TmV�r ��n|�hcY\[�fiV2PSV2nSXRNyne[� ÁdoV�fiVyT�NydR�c��V2ne[�N�[�Y\hcn�TaTWdSf2fO}VyXeV2nZ[�~N9XZVyT�T�N�dR[�T�p]VCjlN�[�Y\|�V2��V2n�[&�Rp]dST� ÁdoVyT�XZd
��Ncfw[�V2dRp@XeVqpo}Vm°]Vyfw[�Y\hcnærc^�nZ[]p]V�XeV2dR��T�N�dR[�T¶fihcnSTZ}VyfwdR[�Y ��Tsfwhcp�p]VyTmP�hUnSXRNyne[&V2nD��N�Y\[u~N�dRnRVzP�VCp][]V�XOv�dRn
}V2|z}VCnRV2�0V2nZ[�~N0f�QSNc �dRV<�ÍhUYlTi§�j\VD��Ncfw[�V2dRp�XeV�po}Vm°]Vyfw[�Y\hcn7h�T�fwY\jkj\V�N�dR[�hcdRp�XeV�jlN9|UNyj\V2dRp¢fwV2nZ[]p�Nyj\V�XeV
Xq}V2PSNyp][2§æfwhcp�p]VyTmP�hUnSXRNyne[®~N®j�N9|UN�jkV2dRp�Xed���Ncfi[]V2dRp�XeV¡po}Vm°]Vyfw[�Y\hUn½XeV¡j�v�}Vyf{Q�N�nZ[]Y\jkj\hUn´YknRY\[�YlNyj�NyPRpC~VyT

Êc¦cÊ



���������
	�����

jlN�PRpo}VyTZ}V2jkVyfw[�Y\hcnær�_shcdRp¡PRjkdST¡XeVgPRpo}VyfwYlTmY\hUn�§�Ykjq��N�dR[>XehUnSf0PRp]VCnSXep]VgjkVyT<��Ncfw[�V2dRp�T¡XeVgpR}Vm°]Vyfi[]Y\hUn
f2N�j�fwdRjC}VÂTqN2|�Vyf�jkVyT0}Vyf�QSN�nZ[]Ykj\j\hUnSTqNyPRpC~VÂTuj�v]}V2[�N�PSV�XeV�PRpo}VyTZ}VCj\Vyfw[�Y\hUn�rRMSV�[�Ny�Rj\VÂN�d	³©r\`CbÈnRhUdST�XehcnRnoV
j\VyTa|UN�j\VCdRp�TDXeV>fwVÂTu��Ncfw[�V2dRp�T�PShcdRp�j\VyTa[]p�hcYlTG|UN�jkV2dRp�TGXeV0£ ¤�r�MSVyT }Vyf�QSNyne[�Y\j\jkhcnSTaPShcdRpDjkVyT] �dRV2j�T
j\VyTq��Ncfw[�V2dRp�T�po}VyTmdRj\[�V2nZ[DX�v�VÂTW[]Yk�gN�[�Y\hUnSTaTWhUne[D�gNyp� �da}VyT�NÂ|�VÂf<dRnRV¿}VC[]hcYkj\V�r ;&V2dR� fwhcp�p]VyTmPShcnSXRNyne[
~N�dRnRV�fwhcdoPRdRp]VÄXeY\p�Vyfw[�V�n�vxhcnZ[aPSNcT�X�v�}V2[]hUY\j\VÂTwr

£ ¤ `�³Â�®ª�V2« `C�cÊ0ª�V2« ÊUbc�´ª�V2«
� � �XW�Y  �Zr �er �er
Y�Y `c`Ur `c`Ur `c`cr
� V2V `c`Ur `c`Ur `c`cr
Ã � Ã"·  ¦c¨ �©b ¦c�
Ã	V �  ��� ¨U¨ ���
� � �Zr �er �er

Î�Ny�Rj\VyNyd	³©r\`2bZ���æÐ��wÝWÒ{ÚeÕ��ÄÔeÒ�Õ�ÞÒ "yÒ��iÝ�ÖlÙ�Ó&� ��Ù�ÕiÕ{Ò��mØoÙ�ÓRÔ�Ð�ÓZÝ �Ð�ÚeÓ�Ò'��Ù�Ú2ØOÚZÕ{Ò)�CÚZÕ�ä �� �Ð ��- ·�� â

����� ��� � / �����,�4� * ���4"
$ ��� +3* 	 "
� / ���1� � ��� +4* � * �1� * � + � �

;&hcnZ[]p�NyY\p�V2�0V2nZ[7~N�fwV½ �dRY7}V2[�NyY\[9��NyY\[½~N MO^&_a` ²�f{�Äf{Q�N�PRYk[]p]V ¨Áµ�§qjlN�fihcdRPRdop]V½TWdop´Ã VyTm[0YlfiY
f{QRhUYlTmY\V�NÂ��n�XOv�hcPo[]Y\��YlTWVCp�j\V�p�NyPRPShcp][��� 
 �Sn�N�j�§ofcv�VÂTW[��{~N �ÆXeYkp]V�N�PRpC~VyTqj�v�}V2[�NyP�V�X�v�}V2[]Y� ÁdRVC[�N��UVGXZVG��r
;&V�p�NyPRPShcp�[GVyTW[�hcPo[]Y\��YlTZ}V�P�hUdRpGdRnoV�j\do�0Y\nRh©TWYk[R}VGYkne[o}V2�cpo}V2V�XeV�¦cbcb0PR�O·R¸i§�PShUdRpGdRnRV��gNcT�TWV�XeV
��h©TWhUn�XeV�¹�Yk�c��T�XehUnRna}V2VDV2[aPShcdopGf�QSNc �dRVD|UN�jkV2dRp�XeV¡£ ¤Ár
_�hUdRp�donRVD|cNyj\V2dop�XehcnRn�}V2VDÃ � XeVDj�N9fwhUdRPRdRp�V�TWdRpaÃ�§RhUn�Xz}V2[�V2p]��Y\nRV&�

< j\VGnohc�>�Rp]V���nSN�jsX�v�}V2|z}V2nRV2�0VCne[�T�N�[�[]V2nSXZdST�¯ ¸ XeVDj�vxVyf�QSN�nZ[]Ykj\jÛhcn¡� � �XWZY
< j\V�nRhc�>�Rp�Vu�Sn�N�j�XOv]}V2|z}V2nRV2��V2ne[�T�Ny[][�V2nSXedSTa¯ � ¸ XeVDfwV�� PV2�0V�}Vyf{Q�N�nZ[]Y\jkj\hUn>f2N�j�fwdRjC}VÄ~N�j�vtN�Y�XeVXeVyTqPSNyp�Ny��~V2[]p�VyTqXZV<j�v�N2°]d�TW[]VC�0V2nZ[���NydST]TmY\V2n ��� � � VC[ � � � � �

¯ � ¸ ¥
� � = � � �£ Ê �	�


 Ã������������ �����
·�� � · ����� ¼�� �

� � = � � �SfwhUp]p]VÂTWPShcnSX�Nyd�nRhc�>�Rp�V�XOv]}V2|z}V2nRV2��V2n�[�T�� � � WZYKN2|�Vyf�jkVyT] �dRV2j�Tqj\VyTaPRp]hU�SN��oY\j\Yk[o}VyTahcnZ[}V2[o}V¢f2N�j�fwdRjC}VCVyTqfcvxVyTW[ �i~N��mXZY\p]V¢N�PRpC~VyTuj�v�}V2[�N�PSV�XeVDPRpo}VÂTe}V2jkVyfw[]Ykhcn�r
< j\V�nRhU�9�op]V��SnSNyj¡X�v�}V2|z}V2nRV2�0VCne[�T9Ny[][]VCnSXedST7¯ ¼ fihcp]p�VyTWPShUnSXRN�nZ[½N�do��}V2|z}V2nRVC�0V2nZ[�T>XeVyT}Vyf�QSN�nZ[]Ykj\j\hUnST�Ã � Ã · §eÃ½V � § � V2V©§ Y�Y�V2[ � � r
< j\VDnRhU�9�Rp�V<�Sn�N�j@X�v�}V2|z}V2nRVC�0V2nZ[�TqXZV¡TWYk�cnSNyj �gPShcdRp�dRn ��h©TWhUn�XeVÄ¹�Y\�U��TGXoN�nSTGj\VÄf2N�n�N�jnRV2dR[�p]YknRhRr

Êc¦c¦



���������
	�����

_ po}VyfwY�TWhcnÀ~N0nRhcdo|�VyN�d� �dRV�f{Q�Nc �dRV¡nRhc�>�Rp�V �S§s¯ ¸ §�¯ � ¸ §s¯ ¼ N }V2[o}V�f2NyjlfwdRjC}V>N�PRpC~VyTGj�v�}V2[�NyP�V�X�v�}V��[]Yl �dRV2[�N��UV0XeV>��r�MSV0nRhU�9�op]V �½N }V2[o}V�f2N�j�fwdRjC}V¡P�hUdRp�donRV0�gNUT]TWV>XZV �Sh�Tmhcn�XeVg¹�Y\�c�©T�XeV��cb
ª�VC«�ºy»i¼qPShcdRpG£ ¤�¥�`2�UÊ�V2[zÊcbc�9ª�V2« V2[zÉcb¡ª�V2«�ºy»i¼aP�hUdRp�£ ¤<¥�`�³y�9ª�V2«ÄreMSVyT ���cdRp�VyTu³©r�Êc¨
V2[<³©r�Ê�³9��hcnZ[]p]VCne[�j\V�p�N�PoP�hUp][ �� 
 V2[�j\V�nohc�>�Rp]VÄX�v�}V2|z}V2nRVC�0V2nZ[�TqNy[][�V2nSXedSTGPShcdop<jkV>TWYk�cnSNyj�V2[j\VyT��Rp�dRY\[�TqXeVa�ÍhcnSX0PShcdop £ ¤�¥ ÊcbU�9ª�VC«¾V2[zPShcdRpadRnoVGj\dR��Y\nRh©TWY\[o}VqYkne[o}V2�cpo}V2VGXZVD¦cbUb�PR��·o¸2r ��dRp
fwVyT¶�S�UdRp]VyTi§Rj\VDnRhU�9�Rp�VGXOv]}V2|z}V2nRV2��V2ne[�T&XeVD�Rp]dRYk[�XeVG�ÍhcnSX7N�[�[]V2nSXZd´VÂTW[7}V2��NyjsTWhcYk[¡~N¡¯ ¸ ��¯ ¼ hUd¯ � ¸ ��¯ ¼ rSMsv�NcfCfwhcp�X®VCne[�p]VGjkVyTqXeVCdR�9|UNyj\V2dRp�T¶VyTm[a�Shcn�r ��ngf�QRhcY�TWYk[aN�jkhcp�TqjlN¡fwhUdRPRdRp�VDXehcnonSN�nZ[aj\V�0V2Y\jkj\VidRpap�NyPRPShcp�[ �� 
 r�MSV¡[�N��RjkVyN�d�³�rk`c`>XehUnRnRV>j\VyT�|UNyj\V2dRp�TGXeV>fwVC[][]V>fihcdRPRdop]V>N�YknSTWY  ÁdRV¡jkVyTXeY$!�}V2p�V2ne[�T �� 
 PShcdRpÄXeVyT��®NcT]TmVyTGXeV��Sh�Tmhcn�XZV>¹�Y\�U��TDN�jkjlN�nZ[DXeV0³Âb½~Nç`U`2��ª�V2«�ºÂf ¼ V2[GPShcdRpj\VyT&|cNyj\V2dop�T�XeV £ ¤�r

£ ¤ `�³Â�®ª�V2« `C�cÊ0ª�V2« ÊcbU�®ª�V2«
;&hUdRPRdRp�V¡TmdRpaÃ ¦erÛ³ �Rr � �Rr �
�®¹ ²mª�VC«�ºy» ¼ µ �� 
 �� 
 �� 


³Â� ÉertÉ � �
ÉUb ¦erÛ³ �Rr�Ê �
ÉU� bert� �Rr�¦ �
�Ub � Êer�É ¦er�Ê
�U� � `cr�� �
`Cbcb � ber�� Êer�Ê
`Cbc� � � `cr�É
`U`2b � � ber�É

Î�Ny�Rj\VyNyd´³©r\`U`c� 6oÐcÑ\ÒiÚZÕ%�¢ÔeÒGÑÛÐ ��Ù�Ú2ØOÚeÕ�Ò �CÚeÕ�� Ò�ÝqÕ�ÐwØ�ØoÙ�Õ{Ý��� 
 ØoÙ�ÚeÕqÑkÒ��DÝ�Õ]Ù�Ö ��ÞÒiÓ�Ò{Õ×à�Ö×Ò���Ò�Ý�ØoÙ�ÚeÕ� Ú�Ò�Ñ � ÚRÒ��>Ü¡Ð�� �yÒ��ÄÔ�Ú ��Ù��CÙ�Ó�ÔeÒ �¢Ö�à2à��>â

Î�V2p]�0YknRhcn�T�fwVÄf{Q�N�PRYk[]p]V�PSN�p¢XeV2dR�gp]VC�gN�p� ÁdRVÂTwr ��hUdSTGN2|�hcnST�fwhcnSTmYlXz}VCpR}V�jkVyTGXeVCdR�gnRhc�>�Rp]VÂT
¯ ¸ V2[�¯ � ¸ N2�Sn7XeV�fwhcnZ[]p@PhcjkV2pajlN��À}VC[]QRhZXeV�PRp]hU�SN��RYkj\Y�TW[]V&�

< ¯ ¸ V2[�¯�� ¸ XehUY\|�V2nZ[�N2|�hcY\p�XeVyTq|UN�jkV2dRp�T�fwhU�0PSNy[]Y\�oj\VyT
< j�vxV2p]p�V2dRpzTW[�N�[]Y�TW[�Yl �dRV�TWdRp�¯ ¸ VyTW[�XZhcnRn�}VCV<P�N�p�dRnRVDj\hUY��RY\n�PhU�0YlNyj\V�r
< j�vxV2p]p�V2dRpzTWdRp�¯�� ¸ VyTW[ahU�R[]V2nZdRVDV2n0��N�Y�T]Nyne[a|UN�p�Y\V2pajkVyTqPSNyp�N�� ~V2[]p�VyT � � � � V2[ �	� � � XoN�nSTaj\V2dop�TV2p]p�V2dRp�Twr

MSV¶[�N��RjkVyN�d>³�rt�u�0hUne[�p]V�jkVyT�nRhc�>�Rp]VÂT�X�v�}V2|z}VCnRV2�0V2nZ[�TS¯ ¸ V2[s¯�� ¸ N�[][�V2nSXed�TwrUÅÆj�T�TWhUne[@fwhc��PSN�[�Y\�RjkVyTwr_�N�p&NyY\jkj\V2dRp�Tw§yY\jRVÂTW[�Yk�0PShcp][�N�nZ[&XeVanRhU[]V2p  ÁdRVaj�NDfwhcdRPodRp]V�TmdRp&Ã N�}V2[o}V�f{QohcYlTmY\VaPShcdop¶don¬�Sh�Tmhcn
XeV�¹�Y\�U��TaXeVD�gNUT]TWV¢XehcnRn�}V2V&�

< �cb0ª�V2«�ºy»i¼qPShcdRp�£ ¤¡¥�`2�cÊ¡V2[�ÊUbc�0ª�VC«
Êc¦��
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��Y\�UdRp]V½³�r�ÊU¨e�aá�Ò7Õ�ÐwØ�ØRÙ�Õ�Ý)��7 £ � ÒiÓ�9CÙ�Ó:�wÝ�ÖlÙ�Ó"ÔeÒgÑÛÐ ��Ù�ÚÂØOÚZÕ{Ò � �oÙ�Ö �CÖ×Ò �CÚZÕ0ÑÛÐ �2Ð�ÕiÖlÐ��wÑ\Ò �çâ
ásÐ ��Ù�ÚeÕ��wÒ>ÒiÓ	Ý�Õ]Ð�Ö\Ý�ØSÑ\ÒiÖlÓ ��Ù�ÕwÕ�Ò��mØoÙ�ÓRÔ �Ð´Ñ � Ú�Ý�Ö\Ñ Ö �CÐcÝ�ÖlÙ�Ó�ÔeÒ ! ¸ Ò�Ý�ÑÛÐ ��Ù�ÚZÕ��wÒÄÐ���Ò��9Ñ\Ò���ÞÒ�Ý�Ù�Ö\ÑkÒ�� �Ð
Ñ � ÚÁÝ�Ö\ÑÛÖ �CÐcÝ�ÖlÙ�Ó�ÔeÒ ! � ¸ â

< Écb0ª�V2«�ºy»i¼qPShcdRp £ ¤¡¥�`�³y�0ª�V2«
_�hcdRp�XeVyT&�gNcT�TWVyT&Xedß�Sh©TWhcn XeVD¹�Yk�c�©T¶PRjkdST¶PSV2[�Y\[]VÂT dongN�dR[�p]VDf�QRhUY\�>N�dop�N�Yk[aPRd PV2[�p]Va��N�Yk[2rZ_�N�p
V2�eVC�0PRj\V©§ÁPShUdRp¡£ ¤0¥ß`C�cÊ�ª�V2«¬VC[GPShcdRp�XeVyT��gNcT�TWVyT�XeVß�Sh�Tmhcn�XZV¡¹�Yk�c��T�Y\ne��}V2p�Y\V2dop]VyT�~N0Éc�
ª�VC«�ºy» ¼ §�donRV�fwhcdRPodRp]V�PRj\dSTaTm[]p�Ylfw[�V�TmdRp�jlN¡|cNyp]Y�N��RjkV<Ã�`C�cÊ0XZhcnRnRV�dRn���V2Y\jkj\V2dRp@p�N�PoP�hUp][ �� 
 r_�N�pDTmhcdSfiY&XeV�TWY\��PRj\Y�fwYÛ[R}VDV2[GPSNyp�fwV> �dRV¡j�v�N��À}V2j\Ykhcp�Ny[]Ykhcngn�v�VÂTW[GPSNUTG|ep�N�Y\��V2ne[�fihcnSTZ}Vy ÁdoV2ne[�V�§SjlN
fwhcdRPodRp]V�f�QRhcY�TWY\V�P�hUdRp��cb0ª�VC«�ºy»i¼uVÂTW[a[]hUdR[�XeVD� PV2�0V�fwhUnSTWVCp]|z}V2VGPShcdRp�[]hUdR[]VÂTujkVyTq�gNcT�TWVyTir

����� ��� � ��2� � + � * ��� ��� +4* � �� � ��"���� / �1" � * ��� + �4� ���

��nRV�jkYlTm[]V�Xq}V2[�N�Y\jkjC}V2V�XeVÂTGfwhcdoPRdRp]VÂTGXeV¡TZ}V2j\VÂfw[]Ykhcn�VÂTW[DXehUnRn�}V2VÄXRN�n�T¢jkV�[�N��RjkVyN�d�³©r\`2Ê>P�hUdRpDdRnRV
}V2nRV2p��cY\V¢XRN�nSTaj\V¢fwV2nZ[]p]V¢XeVD�gNcT�TWV £ ¤9¥$`2�UÊ®ª�V2«¡r
��V¡PRjkdSTw§Sj\VÂT�po}VyTmdRj\[�N�[�TuPShcdop<jkVyTa[]p]hUYlTGT�fwV2nSNyp]YkY�V2[�P�hUdRpDXeY%!�}V2p]V2nZ[]VÂTu�gNUT]TmVyT�XZV-�Sh©TWhcnKXeV
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��Y\�UdRp]V>³�r�Ê�³���
¢Ù�Ü �2Õ�Ò¡Ô���ÞÒ��&ÞÒiÓ�ÒiÜ9ÒiÓZÝ �7ÐcÝÍÝmÒiÓRÔ�Ú��DØRÙ�ÚZÕ�ÚZÓ�Ò�ÑÛÚZÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ�ÖlÓeÝSÞÒmà�Õ�ÞÒ2Ò>ÔeÒ .-�-<Ø#� ·R¸
ØRÙ�ÚZÕgÚeÓ ��Ù��CÙ�Ó¾ÔeÒ �¢Ö�à2à��çÔeÒ �.- 4GÒ�6:7#��¼ � ��Ù�ÚZÕ��wÒ7ÔeÒ0à�Ð�Ú�� �SÒ � Ò�ÝGØoÙ�ÚeÕ0Ñ\ÒçÓRÙ�Ü �2Õ{ÒgÝ�ÙcÝ�ÐcÑ
Ô���ÞÒ��¶ÞÒiÓ�Ò{Ü9ÒiÓeÝ ��ÔeÒ'�2ÕwÚZÖ\ÝaÔeÒ�9CÙ�ÓoÔ � ��Ù�ÚZÕ��wÒ�ÔeÒ�Ô�Õ]Ù�Ö\ÝmÒ � ÒiÓ 9CÙ�Ó:�wÝ�ÖlÙ�Ó	ÔeÒDÑ Ð ��Ù�Ú2ØOÚZÕ{Ò'� �oÙ�Ö �CÖ×Ò �CÚZÕ
ÑÛÐ �CÐ�ÕwÖlÐ��wÑkÒ �çâ�á ��ÞÒiÓ�Ò{Õ×à�Ö×Ò®Ô�Ð�Ó&�0ÑkÒ �wÒ{ÓeÝ�Õ�ÒgÔeÒ�Ü¡Ð�� �yÒgÒ��iÝDÔeÒ �:->, 4¢Ò&6 â&ä�Ù�ÚeÕ¡ÑÛÐ ��Ù�ÚZÕ��wÒÈÔeÒ
Ô�Õ]Ù�Ö\ÝmÒ�ÑkÒ�Ý�Õ]Ð�Ö\Ý�ØSÑkÒiÖlÓ ��Ù�ÕiÕ{Ò��mØRÙ�ÓoÔ �Ð9Ñ � ÚÁÝ�Ö\ÑÛÖ �CÐcÝ�ÖlÙ�Ó	ÔeÒ ! ¸ Ò�ÝqÑkÒ�� ÞÒ�Ý�Ù�Ö\ÑkÒ�� �Ð9Ñ � ÚÁÝ�Ö\ÑÛÖ �CÐcÝ�ÖlÙ�Ó	ÔeÒ ! � ¸ â
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£ ¤È¥$`2�cÊgª�VC«
� � � WZY Ã ��Ã · Ã	V � � � � V2V Y�Y ¹ � ² � ���� µ

�®¹ ¥ �UbÁª�V2«�ºÂf ¼
� ²ÍPR��µ `2¦U� `y³�r�� bert�cÊ `crtÊcb ¨ert¨c¨ ÊU�er bertbÁ³Â¨

^&f�QSN�nZ[]Ykj\j\hUn0Y\noY\[]Y�N�j ¦UÊc¦U�e` `2bUÊ��©¦ `2bUbcb ¦U�c�cÉ ¦cÊUÊcb `U` �R`y³ `Cbcbcb
� V2|e[ ²�¦cbUb�PR� ·R¸ µ �©bc�Ubcb �UÊc�cb Ê�³y¨ ¦U¨cb `2�U�cÉ ³Â�cbUb ÊU¦er�b
PRpo}VÂTe}V2jkVyfw[]Ykhcn �c¦�� Ê�³y¨ ÉU� �Á³©r�É ÊZ` � ��¦ `C¨er�É

;&hcdRPodRp]VÄTWdRp�Ã ¨Zr�Ê �©�er �e³©r �R`Ur b ¦Zr�Ê `CÊer��
}V2[�Yl �dRV2[�Ny�cVDXZV<� bZr�¨ `Ur�Ê berÛ³ ÉertÊ b bertbc� �ertb

Î�Ny�Rj\VyNyd´³©r\`CÊe��á Ö �iÝmÒ�Ô�ÞÒ�Ý�Ð�Ö\Ñ\ÑUÞÒ2Ò�ÔeÒ��@��Ù�Ú2ØOÚeÕ�Ò���Ð�ÖlÓ&�CÖ � ÚRÒGÔeÒ��DÓRÙ�Ü �CÕ{Ò���Ô���ÞÒ��&ÞÒiÓ�ÒiÜ9ÒiÓZÝ �ÈÐcÝ×ÝmÒiÓRÔ�Ú��
ØRÙ�ÚZÕ<ÑkÒ�� �2ÕiÚeÖ\Ý �>ÔeÒ 9CÙ�ÓoÔçÒ�Ý&ØoÙ�ÚeÕ�ÚeÓ ��Ù��CÙ�Ó	ÔeÒ'�DÖ�à2à���ÔeÒ �.- 4¢Ò&687Z»i¼¡Ð���Ò��0ÚZÓ�Ò¡Ñ ÚeÜ¡ÖlÓRÙ��CÖ\ÝSÞÒ
ÖlÓeÝSÞÒÆà�Õ�ÞÒCÒ¡ÔeÒ�¦Ubcb�Ø#� ·R¸ â

¹�Y\�U��TaTWhUne[�Xz}V2[�N�Ykj\jC}VÂT¶XoN�nST�jkVG[�Ny�Rj\VÂN�d�³�rk` �Rr

����� � � ��� / " � � (�����)��� � * � � �

�ZNcf�QSN�nZ[D �dRV¡j\hUp�TDXeV>jlN9Pop]hZXedSfi[]Y\hUn�Xed ��h©TWhUn XZV>¹�Y\�U��TG|eY�N9j\V¡Pop]hZfwVyT�TWdST�XeV>¯�°]hcp�±�V2n�§Sj\V
��h©TWhUn�XZV�¹�Y\�c�©T¶p�VyfwdRjkVGXeVC|cNyne[zdRng�Sh�TWhUn �  �dRYSVyTW[�TmdRpaT�N¡fwhcd�f{QRV¢XeVG�gNUT]TWV©§ÁYkjSVyTW[zP�h©T]TmY\�RjkV
XeVDXehUnRnRV2p�dRng�0V2Ykj\j\VidRp&VyTm[]Y\�®N�[]VCdRpzXeVGjlN��®NcT]TmV�Xed �Sh�Tmhcn XeV�¹�Y\�U��TG§� �dRVGj�N��gNcT�TWVG|ZYlTmY\�RjkV
XeVDj�v�}VC|z}V2noV2�9VCne[a§RVCn´do[]Y\jkYlT�N�nZ[qjlN<�ÍhUp]�>dRj\V�TWdoY\|UN�nZ[]V ?��Ub�A��

� ( ¥ £ ¤��y^�[�hc[ � � ¤��y^�[�hc[ ¼ � ²�^�[�hc[ ¼ � _�[]hU[ ¼ µ���²�^�[�hc[ ¼ � � ¼ � µ
� ^ [�hc[ ¼ � _�[]hU[ ¼

hO~d ^�[�hc[2²�_�[]hc[iµ>fwhUp]p]VÂTWPShcnSX�~N�j�v�}V2nRV2p��cYkV0[]hU[�N�jkV�²Íj�v�Yk�0PRdRj�TWYÛhcnK[]hc[�N�jkVcµ�XeV�j�v�}V2|z}V2nRVC�0VwnZ[>r&^�n
V"!OV2[2§ ��n7fwhcn�TWYlXO~V2p]V �� (¾V2[ � (G§Rj�v�Yk�0PRdRj�TWY\hUn9VC[aj�v�}VCnRV2p]�UY\VG|z}V2p�Y\[�Ny�Rj\VÂTqXed5�Sh�TWhUn½XeV�¹�Y\�U��TaV2[
hcn7TWdRPoP�h©TWV> �dRV&�

�� ( ¥ � �_ [�hc[0VC[ � (�¥ ��^�[�hc[
hO~d ��VyTW[adRnoV�fihcnSTm[�N�nZ[]V�|z}VCp]Y ��N�nZ[qj�v�}Vy �dSN�[�Y\hcn®XeV�fwhcnSTmV2p]|UNy[]Y\hUnD�

² £ ¤ � �s^ [�hc[iµ ¼ � ² � �_ [�hc[2µ ¼ ¥ � ¼�
;&V2[][�V�QeåZPShc[]Qæ~VyTWV½fwhUp]p�VyTWPShcn�X"N�d���N�Yk[� �dRV�j�v�hcn fihcnSTmYlXO~V2p�V½ ÁdoV�jlN�XeY\p�Vyfw[�Y\hcn XZVyTG°]V2[�T®VÂTW[
p]V2j�N�[]Yk|�V2�>V2ne[¢fwhcp�p]Vyfw[�V0V2[Ä ÁdRVgj�N�TWV2dRjkVgfwhUp]p]VÂfw[]Ykhcn� �dRV0j�v�hcn�TmhcdRQSNyY\[�V�NyPRPRjkYl �dRV2p¡fihcnSfwVCp]nRV
j\V2dRp�T>}V2noV2p]�UY\VyTir ;&V2[�[]V�fwhcp�p]Vyfi[]Y\hUn7TWV2p�N¡N�dST�TWYsjlN�� PV2��VaP�hUdRp�f{QSNU ÁdoVq°]VC[2r
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√S = 192 GeV
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��Y\�UdRp]V�³�r�ÊUÉe�eã�JDÒ�Ý@ÔeÒaÑÛÐ'��Ù�ÓeÝ�Õ]Ð�ÖlÓeÝmÒ�ÔeÒ�Ü¡Ð�� �yÒ �CÚeÕqÑ Ð¡Ô�Ö �iÝ�ÕiÖ �2Ú�Ý�ÖlÙ�Ó´Ò{Ó0Ü¡Ð�� �yÒaÔeÒ���ÞÒ��¶ÞÒiÓ�Ò{Ü9ÒiÓeÝ �
� ���� ØoÙ�ÚZÕGÜ)( * �.- 4GÒ�687Z»i¼9Ò�Ý�ØoÙ�ÚZÕu£ ¤�* ����� 4GÒ�6�â
MON0Tmhcj\do[]Y\hUngPRQeåoTWY� ÁdoVGPShcdRp ��VyTW[�Nyj\hcp�T��

�	¥ £ ¤��y^�[]hU[ � � ¤ �2^�[]hU[ ¼ � ²�^�[]hc[ ¼ � _�[�hc[ ¼ µ���²�^�[]hc[ ¼ � � ¼ � µ
^�[]hU[ ¼ � _ [�hc[ ¼

��ngp�V2[]p�hcdR|�VG�oY\V2ngj�v�}Vy �dSN�[�Y\hcn�PRpo}VyfO}VyXeV2nZ[]V�r
MONç�S�UdRp]V�³©r�ÊcÉ��0hUne[�p]V0j�v�V"!OV2[¡[�p2~VyT�Yk�0PShcp][�N�nZ[¡XeV7fwVC[][]V7fwhUne[�p�NyY\nZ[]VgXeV7�gNcT�TWV0PShUdRp9don
��h©TWhUn�XeV�¹�Yk�c��T�XeVD�gNUT]TWV¢�cb0ª�VC«�ºy»i¼uVC[aP�hUdRpD£ ¤È¥$`2�cÊgª�VC«¡r
��V�PRj\dSTi§�j�NÄ���cdRp�V0³�r�ÊU�9�0hUne[�p]VGjkVyT�XZYlTW[�p]Yk�RdR[]YkhcnST�XeV�jlN¡�gNcT�TWV�fwhcp�p]Yk��}V2V�P�hUdRpDXeY%!�}V2p]V2nZ[]VÂT
�gNcT�TWVyT�XZV �Sh�TmhcngXeV�¹�Y\�c�©T�V2[�PShcdRp�£ ¤D¥"`C�cÊÈª�V2«ÄreMShcp�T] �dRV�j�NG�gNcT�TWV�Xed���h©TWhUngXeV�¹�Y\�U��T
VyTW[�PRp]hZf�QRV7XeVgjlN�jkY\�0Yk[]V>fwYkna}V2�gNy[]Yl �dRV&��PShUdRp0£ ¤ç¥�`�³Â�¿ª�V2«�N2|�Vyf>� (è¥�Éc��ª�V2«�ºÂ»w¼aV2[
P�hUdRp¡£ ¤0¥�`2�UÊ ª�V2« N2|�Vyf<� ( ¥ `2bUbçª�V2«�ºÂ»w¼D§�jlNgXeY�TW[�p]Y\�odR[]Ykhcn½XeV¡�gNUT]TmV>XeV>fwVyT�}V2|z}V2nRV��
�0V2nZ[�TaXeV>TmY\�cn�N�j&n�v�VÂTW[�PRj\dSTG�©N�dST�TWY\VCnRnRV�r�MONgfwhUp]p�Vyfw[]Ykhcn��Rdo[]V>TWdop<jkV��>dRp�fwY\n�}VC�gN�[�Yl �dRV�r ��n
T]N�Yk[¡NydST]TmYD²×|�hcYkp�f{QSNyPRY\[�p]VgTmdRp�j�N´PRQ�}V2nRhc�À}V2nRhcjkhc�UY\V�Xed���h©TWhUn XZVg¹�Y\�U��T�µ� ÁdRV�PRp]hZf�QRVgXeV�jlN
j\Y\��Y\[]V�fwY\n�}V2�gN�[�Yl �dRV�§cjkVG�Sh�Tmhcn � N��0hUY\nST�[]VCnSXRN�n�fwV�~N PV2[]p�VDTWdRp�T�N¡fwhcd�f{QRV¢XeVD�gNcT�TWVGV2[�Xehcn�f
jlN9�Íhcp��9dRjkV�dR[�Y\jkYlTZ}VCV¡N´[�V2nSXRNynSfwV ~N PV2[]p�V9�0hUY\nST���hUnRnRV�r ��}VyNynR�0hcYknSTw§O �dSN�nSXKfwV2[�N2°]dSTm[]V2�0VCne[
��N�d�T]TWYkV2n�VÂTW[�P�h©T]TmY\�RjkV�§SXeVyTa|UN�j\VCdRp�TaV2nZ[]p]V�¦0ª�V2«�ºyfC¼�NynSX�¨0ª�V2«�ºyfC¼�PSV2dR|�V2nZ[ PV2[�p]V�N�[�[]V2Ykne[�VyT
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£ ¤ `y³y�0ª�VC« `2�UÊ´ª�V2« ÊcbU�®ª�V2«
� ( ²Wª�V2«�ºÂf2¼{µ � � � � � � � � �

³y� ³ �RrtÉ��¢¦er\` � �
Écb ³y�ertb��¢¦er ³ ÉUbert�����or�b �
Éc� PSNcT�X�vtN2°]dSTW[�V2�0V2nZ[ ÉU�ert¦��D�Zr�� �
�cb � ÉU�ertÊ����or\` �Uber����D¨Zr��
�c� � �U¦erÛ³��DÊZr�É �
`2bcb � PSNcT�X�v�NC°]dSTW[�V2�0V2nZ[ `2bUber �
���or �
`2bc� � � `2bU�ert���D¦Zr�b

Î�Ny�Rj\VyNyd	³©r\`2¦Z�@6RÐcÑ\Ò{ÚeÕ���ÔeÒ��GØoÐ�Õ�Ð�Ü �Ò�Ý�Õ�Ò���ÔeÒDÑ � Ð "CÚ��iÝmÒiÜ9ÒiÓeÝaà©Ð�Ú � �CÖ×ÒiÓ �CÚeÕDÑ\Ò��>Ô�Ö �iÝ�ÕiÖ �2ÚÁÝ�ÖlÙ�Ó&�ÈÔeÒ
Ü¡Ð�� �yÒDÔ�Ú ��Ù��CÙ�Ó�ÔeÒ �¢Ö�à2à��0â

P�hUdRp�jlN�po}VÂTWhcjkdR[]Ykhcn7TWdop�j�N��gNcT�TWVDXed �Sh©TWhcn½XZV�¹�Y\�c�©Tafwhc���0V�jkVG�0hUne[�p]VGjkVG[�Ny�Rj\VyNyd	³©r\`2¦Zr
MSVyTGXZYlTW[�p]Yk�RdR[]YkhcnST�V2n��gNcT�TWV�Xed�nRhU�9�op]V¡XOv]}V2|z}V2nRV2��VwnZ[�TzN�[][�V2nSXed�T�PShcdRpDj\VÂTuPRp�hZfwVyT�TWdSTDXeV
�Rp]dRYk[zXeVu�ÍhUnSX9V2[&PShcdopaj\V�TWYk�cnSNyj�TmhcnZ[qPRpo}VyTWV2nZ[o}VCVyT�TWdopqj\VÂT@���cdRp�VyTu³©r�¦cbZ§�³©r�¦e`�V2[a³�rt¦cÊ<PShUdRpadRnRV
j\dR�0YknRh�TmY\[o}VaY\nZ[R}V2�UpR}V2VDXZVD¦cbUbÈPR�O·R¸qVC[qPShcdRp�fwV2p�[�NyY\nRVyT&�gNcT�TWVyTzXeV¬�Sh©TWhcn XeV�¹�Y\�U��T�r ��ngnRhU[]V
 Ád�vxdRnRV¡QZåePShU[]Qæ~VyTmV0XZV¡�gNcT�TWV>TWVCp�N0Vw®f2NcfwV¡PShUdRp¡XeVÂT¢p�Vyf�QRV2p�f�QRVyTaXZV ��h©TWhUn�XeV�¹�Y\�U��TDN2|�Vyf
XeVyTq�gNUT]TWVÂTaXeY$!�}V2p�V2ne[�VyTqXZV<j�N��gNcT�TWV�Xedg�Sh�Tmhcn � r
Msv�QZåZP�hU[]Qæ~VÂTWVDXeV��gNcT�TWV�fwhcnSTmYlTm[]V�§ZP�hUdRp�f�QSNc �dRV��gNcT�TWV�� (�XeV"�Sh�Tmhcn7XeVD¹�Yk�c�©T�§�~ND��Nyp�XeV2p
j\VyT�}V2|z}V2nRVC�0V2n�[�TSXehUne[sjlNq�®NcT]TmV&p]VyfwhUnSTW[�p]dRYk[]VzN2|�Vyf�j�N��ÍhUp]�>dRj\VsPRpo}VÂf�}VyXeV2nZ[]V@VyTW[sXRNynST�j�v�Ykne[�V2p]|UNyj\j\V
? �g¹ ���O§���¹ ����AehO~dg�9VÂTW[�Xz}V2[�V2p]��Y\n�}V�NÂ�Sn7XeVG�©N�p�XeV2p��cb)(�XedgTmY\�UnSN�jsXeV ��h©TWhUn�XeVD¹�Y\�c�©TGr�MSV
[�N��oj\VyNyd�³�r\` ���0hUne[�p]V�j\VyT�Vigf2NUfwY\[o}VyTw§SNyY\nSTmYz ÁdRV¡jkVyT�nRhU�9�op]VyT�X�v�}VC|z}V2noV2�0V2nZ[�TaNy[][]VCnSXedSTGPShcdRp
j\VDTmY\�cn�N�jsV2[qjkVyTq�Rp]doY\[�TaXZV¢�ÍhUnSX�§ON2|�Vyf�V2[�T�N�nSTaQeåZPShc[�Q�~VyTWV�XeVD�gNUT]TmV<PShUdRp�jkVDTWYk�cnSNyj�r
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Distribution en masse  du signal pour √S = 192 GeV
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��Y\�UdRp]Vq³©r�ÊU�e� ��Ö �iÝ�ÕwÖ �CÚÁÝ�ÖlÙ�Ó9ÒiÓ>Ü¡Ð�� �yÒ&ÔeÒ��½ÞÒ��&ÞÒ{Ó�ÒiÜ9ÒiÓeÝ � � ���� ØoÙ�ÚZÕ�Ô�Ö J�ÞÒiÕ{Ò{ÓeÝWÒ��aÜ¡Ð�� �yÒ��aÔeÒ ��Ù��CÙ�Ó
ÔeÒ �DÖ�àCà���Ò�Ý�ØoÙ�ÚeÕ £ ¤ * ����� 4GÒ�6 âSásÐ�Ü¡Ù��ÁÒiÓoÓ�ÒDÒ�Ý�Ñ Ð �2Ð�ÕiÖlÐ�Ó:�wÒ �CÙ�ÓZÝ �wÒ�Ñ\ÑkÒ���Ô�� ÚZÓ0Ð "CÚ �iÝmÒiÜ9ÒiÓZÝ
à�Ð�Ú � �CÖ×Ò{Ó�â
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£ ¤¡¥è`�³Â�´ª�V2«
�®¹ �cª�V2« �Â»w¼ ³y� Écb ÉU�
^�gf2NUfwY\[o}V�² (>µ ¦c���¢Ê ¦e` ��� Êc¦��D¦
� V2|Z[ ²�¦cbUb ��� ·R¸Cµ

� �©Y\�cn�N�j `C¦ert¨ ¨Zr�Ê��DbertÉ bZr����¢berk`
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Distribution en masse pour √S=175 GeV
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Distribution en masse pour √S=192 GeV
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Distribution en masse pour √S=205 GeV
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YlT]Ny[]Ykhcn>TWåoTW[o}V2�gNy[]Yl �dRV&XZVyT�Y\nZ�Íhcp]�®N�[]YkhcnSTsXeVyT@f2N�jkhcp]Yk��~V2[�p]VyT�}V2jkVyfw[�p]hc�®N��cn�}V2[]Y� ÁdRVÂT�N�YknSTWY� ÁdRVzj�vxd��
[]Y\jkYlT�N�[]YkhcnDXZVyT�TWYk�cnSNydR�Dp]VyfwdoV2Y\jkj\YlTRPSNyp�jkVyT�fCN�[]QohZXeVyTsXeVyT�[]dR�SVyT�XeVzÅmN�p�hZf2fwY�§2P�VCp]�0V2[�[]p�NqT PdRp]VC�0V2nZ[
dRnRV�N��À}VCj\Y\hUp�Ny[]Y\hUngXeVyTqVigf2NUfwY\[o}VyTqXZV<p�VyfwhUnSTW[�p]dSfw[�Y\hUn�XZVyTqPSN�p�[]Y�fwdRj\VÂT¶nRV2do[]p]VÂTqQSNcXep�hcnRY� ÁdoVyTwr
MON�p]VÂf{QRVCp�f�QRV�Xed��Sh�TWhUn�XeV¢¹�Y\�U��TqXoN�nSTqjkVGf2NynSN�j�noV2dR[]p�Y\nRhÄXeV2�gNynSXeV�§UPSN�p�[]YlfidRj\Y�~V2p]V2��VwnZ[a~N
MO^¶_a`Cbcbe§Oj�v�do[]Y\jkYlT�N�[]YkhcngXOv�N�n�N�j\åoTWVD�>dRj\[�YlXeYk�9VinSTmY\hcnonRV2j\jkVaPShcdRp�hc�R[�V2nRYkpGXeVÂTqVwgfCNcfwYk[R}VyT&Y\�0PShcp �
[�N�nZ[]VÂT�XeVaTZ}V2j\VÂfw[]YkhcnSTsXed�TWY\�UnSN�j�r&;&VCjlN�VyTm[&X�Pd0NydÈ��NyY\[@ ÁdRVajkVyT�P�VCp][]VÂT�XeVaPSNyp][]Y�fwdRjkVyT VCnR�cV2n�Xep]V2nZ[
XeVG�gNydR|UN�YlTzf2N�j�fwdRj�T¶XZVyTq|UN�p]Y�N��RjkVyTqXZYlT]fip]Y\��Y\nSNyne[�VyTwrUÅ�j�V2n0po}VyTWdoj\[]V¢XeVyT¶p�VyfwhUdR|ep�V2�0V2nZ[�TsY\�0PShcp �
[�N�nZ[�T�XRN�n�T�j\VyT�XeYlTm[]p]Yk�RdR[�Y\hcn�T�XeVgfiVyTG|cNyp]Y�N��RjkVyT�PShcdRp¡jkVyT�}V2|z}VCnRV2�0V2nZ[�T�XeV0�Rp�dRY\[�XeV9�ÍhUnSX�V2[
j\VDTmY\�cn�N�j�r�MON>��}V2[]QohZXeVGPRp�hc�SNy�RY\jkYlTW[�VDV2�ePSh©Te}V2V�XRNynSTGfwV2[�[]VG[�Q�~VyTmV<VÂTW[adRnRV���}V2[�QRhZXeVDX�vtN�nSNyj\åoTWV
p]V2j�N�[]Yk|�V2�>V2ne[OTmY\�0PRjkV& �dRYePSV2p��0V2[sX�vxhc�R[�V2nRYkpsXeVq�ShcnonRVyT�Vw®f2NcfwYk[o}VyTir2^�j\jkV&na}VyfwVyT�TWYk[]VzfwV2PSV2nSXoN�nZ[2§
dRn7fwhcnZ[]p@Phcj\V�|eYk�cY\j�N�nZ[aXeVÂTaXeYlTm[]p]Yk�RdR[�Y\hcn�TaXeVyTq|UN�p�YlN��oj\VyTirS^ jkj\VDNK}VC[R}VGdR[�Y\jkYlTZ}VCVGPShcdRp�j\VyTzN�nSNyj\åoTWVyT
~N9MO^¶_a`Cbcb9V2[GMO^&_&ÊcbUber
MON¡p]Vyf�QRV2p�f{QRV�Xed���h©TWhUn�XeV�¹�Yk�c��TqPShUdRp�jkVyTqXZhcnRn�}VCVyTafwhcjkj\Vyfi[R}V2VyT&Xedop�N�nZ[aj�vtN�nRn�}V2V¡`2�U���0næv�N
PSNcT��0hUne[�po}VgXZVgTWYk�cnRV7XeVgj�vxV2�ZYlTW[�V2nSfwV>XOv�dRn�TWYk�cnSNyj�XeVg�Sh�TWhUn�XeV7¹�Yk�c�©Twr&��nRV�j\Y\��Y\[]V>TmdRp>T]N
�gNcT�TWV�N<PRd PVC[]p]V¢Xq}VyXedRYk[]V�PSN�p�fiV2[][�V�nRhUn0hc��TWV2p�|cNy[]Ykhcn�r�MsvxV2�eY�TW[�V2nSfwV�Xed���h©TWhUn�XeVD¹�Y\�c�©TqN½}V2[o}V
V2�Rfij\dRV�PShcdRp�XeVyTa�gNcT�TWVyTO�

��� Ç �)� � ! #����
	
~N��c� ( XeVgnRY\|�VyNyd�XeV7fwhUne�ON�n�fwV�rqMSVyT�jkY\�0Yk[]VyTGfiY\n�}V2�®N�[]Y� ÁdoVyT�}V2[�Nyne[�PRp]VyT� ÁdoV�Ny[][�V2Y\nZ[]VyT�N2|�Vyf
j�v�}VCnRV2p]�UY\V�XRNynSTqj\V�fwV2nZ[]p�VGXZVG�gNcT�TWVa�ÍhcdRp�nRY\V�PSN�pzj\V�MO^&_�PSV2nSXRNyne[ajkVyTqNynRna}V2VyT�`2�UÉc����`2�U��o§�dRnRV
N�dR�U�0V2nZ[�N�[�Y\hUn½XeV¡j�v�}V2nRV2p��cY\VÄXeVyTu��NyYlT�fwVyN�do�½Twv�N2|O~V2p]V�na}VyfwVÂT]T]NyY\p�V¡P�hUdRp�p�Vyf�QRV2p�f�QRV2p�XZVyTG��h©TWhUnST
XeV�¹�Y\�U��TaN2|�VyfGXeVÂTq�gNcT�TWVyTafwhU�0PRp�YlTWVÂT¶V2nZ[]p�VD¨cb0ª�V2«�ºy»i¼aV2[D`2bUb®ª�V2«�ºÂf2¼2r
��nRVç}V2[�dSXeVDPRpo}V2PSN�p�N�[�hcY\p�V�~NÈj�N��0hcnZ[o}V2V�V2n }V2nRVCp]�cYkVDN�}V2[o}VG��V2na}V2V�XRN�n�TujkV�fCNcXep�V�XZV<j�v�Ny[]V2jkY\V2p
XeV�[�p�N2|UN�Y\j@ �dRY�Tiv�VyTm[�[�V2nZd�~N9jlN��Sn½XeV¡j�v�N�nona}V2V>`2�U�c� ?����A�r�MSVyT�po}VÂTWdRjk[�N�[�TuPop]Y\n�fwY\PSNydR�7TWhUne[GjkVyT
TWdRYk|cNyne[�T��

< XeVyT�Vw®f2NcfiY\[o}VÂT�XeVGj�v�hcp�Xep]V�XeV * % � TWhcnZ[qhU�R[]VCnedRVÂTqN2|�VyfqjlND��}V2[�QRhZXeVaPRp�hc�SNy�RY\jkYlTW[�VGPShcdRpj\VDfCNcTqj\V�PRj\dSTaXZY ®fwY\jkV&�c� (q¥�� � §ZPShcdRp�XeVyT�}V2noV2p]�UY\VyTzXRN�nSTaj\V¢fwV2nZ[]p]V�XeVD�gNUT]TWV¢XeV¡`2�UÊ
V2[�ÊcbU��ª�VC«¡r�;&V2jlN>fwhUp]p]VÂTWPShcnSX�~N�XeVyTap�N�PoP�hUp][�T<TmY\�UnSN�j@TWdRp�p�NcfiY\nRVÄXeV��Rp�dRY\[�XZV�j�vxhcp�Xep]V
XeV �´PShcdop�dRnoV<jkdR�0YknRh�TmY\[o}V�Y\nZ[o}VC�cpo}VCVDXeV�¦cbUb�PR� ·o¸ r

< hcnÀfwhcnSTm[�Ny[]V� �d�vxY\jqVÂTW[¡n�}VyfiVyT]T�N�Y\p�V�§a~N�j�vxY\nZ[o}V2p�Y\V2dop�XOv�dRnRVgV2�ZP�}V2p�Y\V2n�fwV�§sXeV�fihc�>�RY\nRVCp<jkVyTXeY$!�}V2p�V2nZ[�T�f2NynSN�dR�ÄXeVqp�Vyf�QRV2p�f�QRV�PShUdRp�PShcdR|�hUY\psp�NyPRYlXeVC�0V2nZ[�fwhUnSfwj\dop]VzTWdRp@jlN�Xq}VyfwhUdR|�V2p][�V
hcdgj�vxV2�ofwj\dSTmY\hUngXRN�n�TudRn7XehU�gN�YknRVDXeVD�gNUT]TmV�XZhcnRn�}V©r

Êc�cb
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�7}Vyfwhcdo|�V2p][�V&� ^��Rfij\dSTmY\hcnD�
£ ¤ � (�²Wª�V2«�ºÂ» ¼ µ Ì �����R²ÍPR� ·R¸ µ � (a²Wª�V2«�ºÂ» ¼ µ Ì �����R²ÍPR� ·R¸ µ
`�³Â� ÉUÊ `C�cb ÉU¦ ³Â�
`2�UÊ �U� `C�cb �UÉ `C�cb
ÊcbU� `CbcÉ ¦Ubcb `U`2Ê ÊUbcb

< V2ne�Snæ§�Ykj�VyTW[�V2nSfwhUp]V�Poj\dSTGY\nZ[o}VCp]VyT�T]N�nZ[�XeV>fwhc�>�RYknRV2paj\VÂT�po}VyTmdRj\[�N�[�TGXeVyTG �dSNy[]p]VÂT¢VC�eP�}VCp]Y �V2nSfwVÂT0Xed�MO^¶_sr ��n�hU�R[]YkV2nZ[�Nyj\hUp�T0j\V�[�N��RjkVyN�d PRpo}VÂf�}VyXeV2nZ[� ÁdRY¢XehcnRnoV	j�N¿jkdR�0YknRh�TmY\[o}V
�0Y\noY\��N�j\VaP�N�paV2�ZPa}V2p�Y\V2nSfiV�n�}VÂfwVyT]T�N�Ykp]VGPShcdop�V2�ofwjkdRp]VGhUd7Xq}VyfwhUdR|ep�Y\padRn7TmY\�cn�N�jsXeVD�Sh�Tmhcn
XeV�¹�Y\�U��Tir

;&V2[][�VGPRQSNUTWV¡XZd	MO^&_ VyTW[a[�pC~VyTqYk�0PShcp�[�N�nZ[]V�P�hUdRp�XeV2dR�0p�N�Y�TWhcn�TuPRp�Y\nSfiY\PSNyj\VyT��

< jlN0|�V2p�TWY\hUn�TWdoP�VCp�TWåZ�À}V2[�p]Y� ÁdRVÄXed��0hZXO~V2j\V�TW[�N�nSXRNyp�X��0YknRY\��N�jsPRpo}VÂXeY\[Dj�vxV2�ZYlTW[�V2nSfwV>XOv�dRn�Sh�TWhUn�XeV¢¹�Y\�U��TqjC}VC�cV2p�²×� ( � `2ÊUb � `C�cb0ª�VC«�ºyf ¼ |�hUY\pzN�nonRV2�ZV�¯�µ��edRnRV¢Xq}VyfwhUdR|�V2p][�V¡~NMO^&_¶ÊUbcb9næv�VyTm[aPSNcTaV2�ofwj\dRV©r
< XeV�Poj\dSTi§�jlN9po}V2�cYkhcn�V2n7�gNcT�TWV¡Ykne�U}V2p]YkV2dRp�V0~N7`c`2b�ª�V2«�ºÂf2¼GTmV2p�NgXeYÛgfwYkj\VDXOv�NcfCfc~VyT�PShcdopGj\VMO¹�;�²ÍV2j\jkV<n�}VyfwVyT�TWY\[�V2p�N�Pop�N�[�Yl �dRV2�0VCne[z[]hcdo[]V¡jlN¡j\do�0Y\nRh©TWYk[R}VGYkne[o}V2�cpo}V2V�Xed�MO¹�;�PShcdopGj\V
f2N�n�N�js¹ � Y�Y�µ ?��c��A�r

Msv�}VC[]dSXeVÄXed½f2NynSN�j�noV2dR[]p�Y\nRh>��vtN�P�VCp]�0Y�TaXeV¡�0VG��N��0Ykj\Y�N�p]Y�TWV2pzN2|�VyfDdRnRV¡NynSN�jkåRTmV¡PRQZåRTmYl �dRV
TWdRpgXZVyT0XehUnRna}V2VyT>pR}V2V2jkj\VyTg²WMO^&_a`2bUbÁµ�V2[0TmY\�>dRjC}VCVyT0²WMO^&_a`2bUb V2[�MO^&_&ÊcbUbÁµ�r¢MsvxV2�0PRjkhcY�X�vxdRnRV
��}V2[]QohZXeV0XOv�N�n�N�j\åoTWV>�>dRj\[�YlXeYk�9V2n�TWY\hUnRnRV2jÛjkV�§R�gN�Y�TDN�dST�TWYadRnRV®TWV2nSTmY\�RYkj\Y�T]N�[�Y\hUn�NydR�	Pop]hc�oj�~V2�0VÂT
XeV�Xq}V2[]VÂfw[]Ykhcn�²Í[]p�N2|UN�YkjsTWdRp�jlN¡p]VÂfwhcnSTm[]p�dSfw[]Ykhcn7XeVDj�vxY\ne�ÍhUp]�gNy[]YkhcngXed f2N�jkhcp�Y\� ~V2[�p]V�QSNcXZp]hcnoYl �dRVcµ
��v�hUne[���N�Yk[�N��Shcp�XeV2p�XeVyT�NcTmP�VÂfw[�Ta|UN�p]YC}VyTaXedg[]p�N2|cNyY\jsXeVDPRQZåoTWYlfiY\V2ngXZVyTqPSN�p�[]Y�fwdRj\VÂTwr
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MONaTWdRPSV2p�TWåZ��}V2[]p�Y\V�}V2p]Yk�cV&dRnRV TWåZ��}V2[]p�Y\VsV2nZ[]p]V@j\VyTR�ÍV2p]�0YkhcnSTSV2[�j\VÂT��Sh�TmhcnSTirÁMONa|�V2p�TmY\hUn<��Y\nRYk�0Nyj\V
TWdRPSV2p�TWåZ��}V2[]p�Yl �dRV�XZd¾�0hZXO~V2j\V½Tm[�N�n�XRN�p�X fihcnZ[]Y\VCne[0don¾nRhU�9�op]V��0YknRY\�gNyj�XeVKf{QSNy�0P�V2[7XeV
nRhcdR|�VÂN�dR�7fwhUdRPRjlNy�cVyTir R¬f�QSNU ÁdRVD�ÍV2p]��Y\hcn0��fwhUp]p]VÂTWPShcnSX½XeV2do�´�Sh©TWhcn�T#"$&% V2['"$ � rCR¬f�QSNc �dRV
��h©TWhUn�XeVz°�N�do�cV���fwhUp]p]VÂTWPShcnSXgdRn0�ÍV2p]��Y\hcn "( r
��YSjlN�TWdRPSV2p�TWåZ��}V2[�p]Y\VzVyTW[&dRnoVGTmåe�À}VC[]p]YkVqV2�oNcfi[]V�§�Nyj\hUp�T¶jkVyT��gNUT]TmVyT&X�v�dRnoV�PSNyp][�YlfwdRjkVaV2[zXeV�fwVyT
TWdRPSV2p ��PSNyp][�V2nSN�Ykp]VyT �Z� � � TmhcnZ[�}VC��N�jkVyTwr ��pC§�V2�ZP�}V2p�Y\�0VCn�[�N�jkV2�>VwnZ[2§�NydSfwdRnÄTWdRPSV2p ��P�N�p][�V2nSNyY\p]Vanæv�N
}V2[o}V�Xq}VyfwhUdR|�V2p][ N�dR�¡�gNUT]TmVyT�PRpo}V2|edoVyTwrU_�hcdop¶VC�ePRjkYl �dRV2p@fwVaPRQ�}VCnRhc� ~VCnRV�§2[]hUdR[zfwhc���0V&jlN��Rp�YlTmdRp]V
TWPShcnZ[�Nyna}V2V�XZV´j�N	Tmåe�À}V2[]p�Y\V�}V2j\Vyfi[]p]h��×��NyY\�RjkV0PSV2p]��V2[][�N�Y\[ÄXeVgp]V2n�Xep]V fwhc�0Po[]VgXeVgj�N	XeY%!�}V2p]V2n�fwV
V2ne[�p]V¡jkV¡PRQRhc[�hcn�XeV>�gNcT�TWV¡nZdRj\jkV¡V2[Dj\VyTG�Sh�TmhcnST�|�VÂfw[]V2dop�TGXeV>j�vxY\nZ[]V2p�Ncfw[�Y\hUn���N�Y\�oj\V>XeV>�gNcT�TWV
nRhcn ��nZdRj\jkV�§�Y\j&VyTW[�na}VyfwVÂT]T]NyY\p�V9PShcdop¡V2�ePoj\Yl �dRV2p�fwVÂT<Xz}V2�cV2noV2p]VyT�TWV2n�fwV9VCn��gNcT�TWV0VC[�TmdRp][�hcdR[¡jkVyT
�gNcT�TWVyTD��VÂN�dSfwhUdRP Poj\dST�QSNydR[]VÂT¡XeVyT¡TWdoP�VCp ��PSN�p�[]V2nSNyY\p�VyT9 �dRVgfiV2[][�VgTWåZ��}V2[�p]Y\V�TWhUY\[¡�Rp�YlTZ}V2VgXeV
��N� fwhUn�TmPShcnZ[�N�n�}V2V�r
Å�jRV2�ZYlTm[]VaPRjkdSTWYkV2dRp�T@T]fwV2n�N�p]YkYSXeV��Rp]Y�TWdRp�V�XeV�TWdRPSV2p�TWåZ��}V2[]p�Y\V�rcMSVÂT [�Qa}V2hUp]YlfiY\V2nSTsP�VCnSTWV2nZ[& �dRV�jlN
TWåZ��}V2[]p�Y\V��Z� � ��VyTW[apo}VyN�jkYlTZ}VCV�jkhZf2N�jkV2�0V2nZ[�²�N�d7� PV2�0Vz[]Yk[]p]V� �dRVGj�v�Y\nZ|UN�p�YlN�n�fwVGXZVq°�NydR�cVUµS��fUv�VyTm[
jlN>TWdRPSV2p��cp�N2|ZY\[o}V�r�MON0TWdoP�VCp]�cp�N2|eYk[R}V¡TmV2p�NyY\[a�Rp�YlTZ}V2V¡TmP�hUne[�N�n�}VC�0V2nZ[�XRN�nST�dRn�TmVyfw[]VCdRp Scf2NUf{Q�}V6S�~N
XeVyTg}Vyf{QoV2j\jkVyTqX�v�}V2nRV2p��cYkVDXeV�j�v�hUp�Xep�V�XZV�jlN¡�gNUT]TWVÄXeV�_�jlN�n�f{±Or�;&V¡TmVyfw[]VCdRp�noV¡fwhU�0�9donRYk ÁdRVCp�N�Yk[
NÂ|�VÂfujkVGTmVyfw[]VCdRpqhU�STWV2p�|UN��RjkV� �dRV�PSN�paYkne[�V2p�NUfw[]Ykhcn0�Up�N2|ZY\[�Ny[]YkhcnRnRVCj\j\V©r.;&V2[][�VG�Rp�YlTWdop]VDTmP�hUne[�N�n�}VCV
XehcnRnoV2p�NyY\[�dRnRV��®NcT]TmVD� � � ¼ Nyd��cp�NÂ|ZY\[�Y\nRho§Rj\V�PSN�p�[]V2nSNyY\p�V¡TWdoP�VCp�TWåZ�À}V2[�p]Y� ÁdRV¢Xed��Up�N2|eYk[]hUn�r MONTWdRPSV2p�TWåZ��}V2[]p�Y\V��Uj\hU�SN�jkVD~N��SNUT]TmVg}V2nRV2p��cY\VzTmV2p�NyY\[@N�j\hUp�T��op]YlTZ}V2V&PSN�p@j�v�NUXRXeYk[]Y\hUn¡XRNynST�jkV¶j�N��Up�N�no�cY\VCn
TWdRPSV2p�TWåZ��}V2[]p�Yl �dRVDXeV¡[�V2p]��VyTaXeV¡�Rp�YlTWdop]VyT!SUXehcd�fwVyT S0YknSXedRYk[�TaPSN�pDjlN>�Rp]Y�TWdRp�V¡XRNynSTGj\V¡TmVyfw[�V2dRp
f2Ncf�Qa}V&�cPSNypqV2�ZV2�0Poj\V�§yXeVÂT¶[]VCp]�0VyTsXeVG�®NcT]TmVyT�dRnRY� ÁdRVC�0V2nZ[�PShcdopqj\VÂT¶T�f2N�j�N�Ykp]VyT�V2[&PSNUTqP�hUdRpqjkVyT
�ÍV2p]�0YkhcnSTir���}VyNynR�0hcYknSTw§UfwVyT�[�V2p]�0VÂT�XeVa�op]YlTmdRp]V�XehUdSfwVanRV�XehcYk|�V2nZ[�PSNUT¶YknSXedRYkp]V�XeV�XeYk|�V2p]�UV2nSfwVÂT
 ÁdSNUXep�Ny[]Y� ÁdRVÂT<²ÍPRp]hU�Rj�~V2��VDXeV�QoY2}V2p�N�p�f�QRYkVcµzNÂ�Sn XeV¡nRV�PSNcTGXz}V2[]p�dRY\p�V<j�v�dRn7XeVÂTGN2|cNyne[�N��UVyTGXeV�jlN
TWdRPSV2p�TWåZ��}V2[]p�Y\VyT&TmdRp�jkVG�0hZXO~VCj\VDTm[�N�n�XRN�p�X ?�É�A�r

ÊU�c¦
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�GN�nSTqjkVyT¶[�Qa}V2hUp]Y\VÂTqTWdoP�VCp�TWåZ�À}V2[�p]Y� ÁdRVÂTw§cYkj�VyTm[qn�}VyfiVyT]T�N�Y\p�VDX�vtNÂ|�hUY\p�N�dg�0hcYknST&XeV2dR��XehUdR�Rj\VC[�TaXeV
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