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Vertex Detector

Inner Detector

Time Projection Chamber

Small Angle Tile Calorimeter

Very Small Angle Tagger

Beam Pipe

Quadrupole

Barrel RICH

Outer Detector

High Density Projection Chamber

Superconducting Coil

Scintillators

Barrel Hadron Calorimeter

Barrel Muon ChambersForward Chamber A

Forward RICH

Forward Chamber B

Forward EM Calorimeter

Forward Hadron Calorimeter

Forward Hodoscope

Forward Muon Chambers

Surround Muon Chambers

�TBC8H@&6&57D . w . Ü��CZ]\&57IPOR4e&5K4257DU4#9<;#OQx���D¼Â�}�A6=O;A�BES�OJ8HLKM5 É a§OJO;A�BCI®@�4]OR|_6UBq�oSu9?Du<9;�| ��� "�� w�� ' 0 � % 2 � % FH5K8H4®ST8Q>T<9;�| ;HAYM5Ke&6QMO ;2O;e&L»OR|_6¶MO/J9Ce&|_5K�;�|_9¼<8HZ7L MON9Ve�9?8HL e&5K4257DU4#9<;#O�wÂ�9?6�L�¹A751F A7O;IWL_578HA7ZKA79?6&9TD�;=<9R4#D¸MOvZ]\=O<;#ORDE425l;�BV8�41BCD§M5(e&5K4257DU4#9=;&<9;S{S(Z]\&9Ce&A
MO;ZKBCZ]\NSp82DU�|»ORe�x���D¼Â�}�A
>Y9 >K;HA75K>&@&e&9^STL_5RanDE4=<9=; MO >K;HA7578HA75Ke��|�S�9;Dp;H578HL_5�SvBC�| MO;Z7AK576&L_O!ORD;Z75K|_5e;#OR429=;#O�A7L,I MO ..- - Ó�� - ? r�� t���� w�VAKZ7A75K��<9;�|,9zSvB�9<>&L_8ve&5�4#5KDE429=;#O¶A76&OzFHe&@GFH5b82L M5yS^>K;2O;ZtO;Z]\�Ò � Õ�w
�¶��� � ���X�k³Q�²�W¦§  3±X�7N�J�b�Û�
Ï 576U4N;#O;|,6=OmZ7AYM5=<8C<Z{e�5K4#5KDU4#9=;2O�avS/DU4=<9=;251FWSvBVAK6=O;ZKAtOg82L�M5�4#9=;�BÙZ7A MOR8H4#5KD�JÙZKAYM5&<8C<Z�<82|_O;e&9^S(O�e&5K4257D?º4#9<;#O�J{AK6=OzFHe&@zFH5�82L�M5PSdFH5Ke&6&9=;H9Ve�6EBCI >:9;|_@�IPO;�?6&5�41BCZ7A76UBCI . a�-;Ó�� ;&<9;ST6&9?|,57�;�|�BVI e&9�9;82L&���SvBE41S�OA;2AtOR6EBCI >K;2AK57AQ6&O;eK>K;HA75KSu9Ce&A�MO;Z�Bm8H9?|_5K6&9?L,e�wQÐ
O�ZKA:M5=<8C<Zg<8H|»O;e&9^S~MO�e&5K4257DU4#9=;2O�8HDE�|_O;e=OzF�MO�82L�M56=O;8�4VM5e>&@GF MO;ZK5�>Y9Ve�e&5K4257DU4#9=;�BYÜ

�� "!�#$!&%'#$(*),+,-.!&)0/&1023(546.%�798:75;3<>=@?�!&)A#B!&CD "!�#$!E1F#$(*)&G�?H �I
J�KMLNK�O�LQP=;�RTSUKl;:V�W�XYP[Z\UO0]"^:L�][_YP$RTS`WbaE\USc_YdK;:aEWbV�_fe]gW�V eK5h^EhW,O�;QV�Kbi,P$RjK�klPHdYKMLNK�O�LQP=;N]mh^Q\U]FdYP$RnKbklP
o ]F_YkYp	qESU\UScW�Pl_r�Y;N][W�OFKl;NsMp?L'tYu�dYP$Rv]F_�a�w:K�^xLnVTLI;:V�KbW�X,RT^N>�hPFZ\UPl^:SUP$R�aEW�XfWbaE\cSU_YdK;YhPFRyP->K;:Pli,ScK�º
_YSU]FW�X

��z
ÓvW�i

z -�z { W�i z |${ z - Wbi >}PlO�;:a&L~aEW�Xw>Y]F^QO0]Fi�S�dYKMLNKbO&LQP=;N]fO�;:V�K�i�P$RnKbklPYp�:�]<;Q^xL~R�a
RjKbRT_ eKMLI;:V�_5] o >YSUKe;:RT^:VB]�s`S5V�KMRT_ eKbLN;QV�_Y] o LN;QV�KbW�SU]�s�^ e]�d�RTuY^:LN;QPl_�_YK�S5^:O�Z\�]Fd5]$w e]�^:S eKTV>Y]F^QOjhPFR
;YhPFRT_YPl\cK�kFZ\�a�W�X�S9> ;QPl^xLNP=>5][d�Z\caEW�X�dYPgPl^QS`dYKMLNKbO&LQP=;N]

z
V�]�h^�Rv]A;Q^:L~Rn]mh^N;QPEdYO[PARn] o dK;Qu�k�]�s	w:K�^xL

�Q��]nac[^SdYUhMmi[^XcadSUeu�]�e�VT[^]sm|�]£j*�hsjlf�eC]sS�~iZ\e�X(~iZUhkjl]sPie�hsm®�]*y�R����] ~iZ\e�X�yo�oP�hkjl]�P�X�YUX(rMY\hsZF] ju[�X(ZUeCfFgihM��^rk]�P�h£j"X�ZFS�ac[hs~o[^S\]nmiXda j YUXda"~iZF]sf�Rs���� gih�f�[�]�¥euP�X�YUX(rMY\hsZ
¨ "	�) t�ª,e�hWScYF]�� ��Z\hse(V�hMmWYUhkjl]nm�RQ~�h�P�X(VThsmWY\]�¥e��T]nrMf�X��^X�ZF]kY\hsZF] �#"' YUh�Pi]smiXl~iZUe(X�eumi[^X�vMhe�X(yiZF]nmiX�S �]*jlf�[ �]�¥e�]smo]n�^[^e�hkjl]nmiXM� , e(ju[ �]se�r�� e|YcR�V6e(P�XCf�R�P�hkjl]nmih*SU[ �X�mo]�� ¥e(R�f�[^X|j hs~i[�SU[�X�PiX�YUX(rWYUhsZF]�f�e(]sSU�YUX(Z\]��e�mo[�XdadSde(X�vsh��t *pyzX(f�mo[�X�f�e��X��S\f�[^hkj"h®Z\hse�VThMmMY\hkj"]sm�R�P�X�YUX(rMY\hsZ�¨ "	�) t�ª§acX(SdY��oP�hWScY��X�~imi[^hsm�R�Pih�e(ju[�XCP�e(]smi[�]i�



��� 
��}� �V� � ���
m�<����� ���	�(���S
 ���	
�� )�

w:K�d�_YPl^:LN;QPl_�_5] o >5]F^QO&S?;5hPFRT_�Pl\UKbkFZ\UKBsMp ��]FO0] O[Pl_,>5kFuK;N]FW~wQ]O>}PlVbRn]F\U]H_5]P> PFi,SU]<;�R O&SUKe;QuY_Vº
O0]FW�X � � S ��p�E�J >}PlO�;:a&Rn]�V�]FO�;QKb^�Ore][LN] É i�S eKbdYVba � B��T] | B=B���p

�m "!�#$!&%'#$(*)��� 6.7
	3(�+�� G.G�	3(�>)A/�(�	���� 8:75;3<3=@?�!&)����3(*)$+ 7�)�	��j)07Y10%*!&)&G�?���� I
EkÍ�� w:K�^xL WbV eKYh^QW�S}e]�O�;:V�K�i�P$RnKbklP d�KbLNKbO�LNP=;Q]�h^:\�]FdYP$RjK�klP�pvq�O�Z\U]Fd5] ^QS eK�V�d�R hPlW�X ^:LQP�¹V�O[PAR�aEW�X
Rn]<;Q^xL~R dYKMLNK�O�LQP=;5hPFR i�PlVB]FScOFP$R�aEW�X"P=;N][V�d�R hPlW�Xgd�RTuY^xLI;:Pl_Y_�aEW�X Rn]<;Q^xL~R dYKMLNK�O�LQP=;5hPFR i�S�º
O�;QP=>Y]F^QO[PFR�aEW�X pQEkÍ��v>}PlO�;:a&Rv]TVB][Op;:K�^3Ore][L�] É i�S eKbdYVba |${ � ] � B � P<;N]FV`i�S eKbdYVba | B=B � ] | / { � pÊ�;QVbK�i�PAR�afdYKbLQK�O�LNP=; h^Q\U]FdYP$R�a w:Kb^:L}>K;QVbK�dY^xL�]BRTSUPF_&ag_Y]H;xa�^bp | p � p

�TaE^Qu�_YK�O | p � Ü�Ê�;QVbK�i�P$R�a"dYKbLQK�O�LNP<;fh^:\�]FdYP$R�a
�m "!�#$!&%'#$(*),+�!&+,; e!�#$)A/&;�� 8:75;3<>=��b;�;3!&)" "!�#$!E1F#$(*)EG��b I
A J�w:K�^xL VbK�^:LN]BRnKbi OFPFiyhP=;>dK;xa��.P$R�aEW�X`> PFOp;xa&Rv]Aw e][WbaEi V�]FO�;QK�^�Ore]0L�] tYScK�klu�_YP$RnKbklP É PEd | B �dYP |

�
B � p�Â�;:Pli�SUK�_�SUK�VbKbRT_ eKMLI;QVb_�a S RjKbRT_ eKbLI;:V�_�aHR�a�_�Pl^QV e],PEdK> P$RTScK�dY_YScP | � S � ÓvW�iHp

��! (#"�(*)A7$�)A(&%�!&%}1'%B-v1l/�7 � (E+ !(% 8:75;3<>=)� -*"�! � )0(&%�!E1F#A-.(}; � 2>7
",+`!&)&G-� �`� I
�TÂ Ï LNP%>}P�d�^:L�]BRjP$R�a@dYKbLQK�O�LNP=;�h^:\�]FdYP$R�a@J���D¼Â/.�A�p��TÂ Ï ^QO�Z\�][d5]�^QSMeK`V	d�R hPFW�X�WbaE\cSU_YdK;xaEW�V�º
_�aEW�X�^:K�O[W w:S >}P PFt&aEd�RTu ^xLI;QPF_5]FW�XT>Yu�_YO�LNurPEdYdYV�SU][Z\ca&Rn]F_YSU]

z
P>K;QPFi,ScK�_YSU]FW�X�RjKbRT_ eKbLI;:V�_�aEi

� - Wbi S�V�KMRT_ eKbLN;QV�_�aEi | ��� W�iHp J�P h^QWbS�]F_YO&S�Z\ e][W�V e][W�K wfd�RTScKv>}PFZ\BhPFRTO&S�>K;QVMa&Z\UP[¹VbPl_YK w:K�^xL
_5]<>�S eK�WbSUKrR�a&L~Rv]A;QVB]$wne]FW�K�>}Pl\UK dK;xa0�.u p · dYW�VMaEL R O0][¹V�d�K w VH> PFZ\BhPFRjK�O,w:K�^xLT>}P�d�V�SUKb\UPl_�a _Y]
^QVbK5h^EhWH_�SUK�V�]F\UKÁ¹V�_�aEW�X ^QK�O�LQP=;5hPFR R � p�Â`uY_YO�L~a LQP=;Qu�^je] PlO�;QKYh^Q\U]F_YKfV�]5> Pli�PEW�e]�^:V�K�^:_5]F^xLNu
RT^N>�hPFZ\UPl^:SUPFR�aEW�X^>�SUKl;lh^QWbSUK�_�S PEdYW�VMa&LNP$R�aEW�X o ^QO�Z\�][dYP$Rv]y� � sgP<;N]FVv> PFi,SU]<;Qu W�V�]F^Qu d ;:a0�.u
o ^:O�Z\�]FdYP$Rn] ��s�p Â�PFVbRn]F\�] LQP�_5]�R�a�Vb_5]FWbV�K�_�SUK PEdmLN;QV�KbW�X dYP�^:V�K�^:_5]F^xLNuJ>YuY_YO�L5hPFR LNP=;:u
dY\U] W�V e]F^:LQK�O�R�a�\U][LNuAw e]FWbaEW�X9V(>Yu�_YO�LNu9PEdYdYV�SU][Z\ca&Rn]F_YSU]P>}P�d�O e]0LNK�i É V�]BRv]<;xL~aEi i�S eK�d�Vba
�F{ � S | � {

� p
: Pl^xL�][LQ_YSUi PlO�;QK�^:SUK V�tYScKl;Q]F_YS�]@d5]F_�aEW�X o A21 p �F{l{l{ s w:KbdYK�_,V�^:K�O�LNP<;5hPFR �TÂ Ï uY\cK�kFZ\*]BRn]<;QScS

zW�P,^N>}P$RnPEdYP$Rv]0Z\UP O[Pl_YScK�W�Vb_YP3h^EhW i,PEd�a+>5O0]FW~w:S�][\UklP=;xa&LNi�hPFR ;:K�O[Pl_Y^:LN;QuYO[W w:S�LQP=;5hP[R^>K;:VbagR�aUº
OFP<;QVbaE^xL�]F_YScu E�J

z
A J P<;N]FV · JÖÒ - Õ p



�=���p����� 
��S
����� � 
� � Ó
�� "!�#$!&%'#$(*) /�!�+,; e!&#B)0/&;#� 8x75;><3=�� ��#$!&)f "!�#$!E1F#$(*)&G��� �I· J LNPgV�Kb^:L�]BR O[Pli�hP=;�dK;:a0�.P$R�aEW�X uYi�SUKb^QV�WbV�Pl_�aEW�X�i�S eKbdYVba ��� | - / W�i S`�	� �F{ �

W�i
>}PlO�;:a&Rn]Awje]FWbagPFtY^QV�]<;�? � ��
 É 
 | Ó � � p

J�PEd5][LNO[P$R�a�i�S�K�\cK�i�K�_�L�][i,S ^:aE^:LQK�i uyh^Q\�][dYP$RnKbklP J���D¼Â/.�Aj^ e] OFPli�P=;:a,R^>}PlO�;:a&Rn]FW�X�Ü
� !H(�" (})A7� 8:75;3<>=)��(*)$+ 7Y) 	 � 2>7 "$+`!&)�� IÊ�Pli�P=;:a�dK;xa��.P$RjK��9V�_5]Aw:d�u0w e]�^QS eK&>}P�Plt�aEd�RTu�^:LI;:Pl_5]FW�X J���D¼Â .�A}R PEdY\UKbkFZ\UP3h^:W�S�� ����� | � {

Wbi
PEd h^N;QPEdYO0]�dYKbLQK�O�LNP<;N]�SK>}PlO�;:a&Rv]$w e] VB][Op;:K�^	O e][L�] É PEdK>}PARTScK�dY_�SUP�i�S eK�d�Vba |F| � ]kÓ � � o w:KbdY_5]>}PlO�;:a&Rn]�sTS | ? � �T] | � - � o d ;QuYk�]q>}PlO�;:a&Rn]�sMp

� !H(�" (})A7� 8:75;3<>=)��(*)$+ 7Y) 	 � 2>7 "$+`!&)��,IÊ�Pli�P=;:a�dK;xa��.P$RjK�� >}PEdYPltY_YScK}wQ]FO OFPli�P=;xa��9V�_Y]Aw:dYu0w	e]�^QSMeK&> P�PFt&aEd�RTu�^:LN;QPl_Y]FW�X�J���D¼Â/.�A
R PEdY\UKbkFZ\UP3h^:W�S�� ����� � / BnWbi PEd h^Q;QPEdYO0]�dYKbLQK�O�LNP<;N] S	> PlO�;xaERn]Awje]rVB][Op;:K�^vO e][LN] É PEdK>}P$RTSUK�dCº_YScP i,S eK�dYVMa |l| � ]WÓ

�
� o w:KbdY_5]`> PFOp;xa&Rv]�s�S | ?z? � ] | � - � o dK;:uYk�]q> PFOp;xa&Rv]�s�p

�¶��� � N�7�W¦§ �¬ �
�§¦X 
�`\UKbO&LN;QPl_�a S �.P[LNPl_�a�^ e] ;:K w:Kb^:LI;:P$Rv]F_�K"SjScdYK�_�L~a+>5OFP$Rn]F_YK"R PltY^:VB]<;:V�Kft}K�WbV�O&SvV�] > PFi,PEW�e]gO0]F\UPRº
;:aEi�KbLN;Qu

zcz
t}K�W�VbO&S L o ]F_Yk�p .�ScklX dYK�_�^QScL~a{Â&;:P0w:K�WMLNSUPF_ Ï XY]Fi t}Kl;

z
.
Â Ï s�P<;N]FVrV�]P>}Pli�P�W e] O0]F\UPRº

;:aEi�KbLN;Qu K�\cK�O�LI;:Pli ][kl_YKbL~aEWbV�_YKbklP
z�z
dYPV>K;QVbP�dYu,L o ]F_YkYp²Í5P=;:Rn]<;Qd �`\UKbWbLN;QPEØ�][kl_YKbLQSUW Ï ]F\cP=;QSci,KMLNKe;

zÍ ��Ø Ï s�R�> PlO�;xaERn]FW�X p �	_�Kl;QkFS�] Kb\UKbO&LN;QPli,]Fkl_�KbL~aEW�Vb_5]�W�V e]F^:LQK�Ow;QPlVe>K;N]F^:VB]F_�aEW�X > PEd�i,][Z\�a�i�S
O e][L�][i,S É z wQ]FO�Kb\UK�O�LN;QPl_�a V(>K;QPEW�Kb^Qu��nXY]FtYX5]�R�aEOFP<;QVbaE^xL~aERn]F_YK dYP5>}Pli�S�]<;:u h^:RTScKbLQ\U_YP3h^:W�S W�VMa
K�\cK�O�LI;:Pl_�a�V>K;:P�WbK�^YhPFR����

z
w:K�^xLni�SUKe;QVbPl_5]V>K;QVbK�V O0]F\cP=;:aEi�KbLN; i,][Z\�a�W�X�Ore][L*hP[R o ]F_�kYp	q�i,]F\U\Y]F_Ykl\cK

��A~\UK Ï ]F\cP=;QSci,KMLNKl;
z
q���A Ï s	S}d�KbLNKbO�LNP=; t5]<;:dYV�P i ][Z\�aEW�X,O e][L5hPFR o ][_YkYp3E	Ke;:a,q�i,]F\U\ ��_Ykl\cK ��]FklkFKl;

zE@q!�`� sMpÐ ]�VbKbRT_ e]0LI;QV W�KbRTO&S Kb\UKbO&LN;QPli,]Fkl_�K�^Qu,V�_5]$w:dYu0w:K�^:S eK O0]F\cP=;:aEi�KbLN; XY]FdK;QPF_YP$R�a o ]F_YkYp ."� dK;:Pl_Ï ]F\cP=;QSci,KMLNKl;
z
."� Ï sMp�.#� Ï i,ScKl;:Vba�K�_YKe;QklS eKnX5][dK;QPl_�hPFR ;QPlVe>K;QPl^:V�Pl_�aEW�X`> PEd Ore][LQK�i É RDVB]FO�;:K�^QScK

i�S eK�d�Vba |B{ � ] | / { � p®�l]FO[P ]Ft�^QP=;:t Ke; ."� Ï R�aEOFP=;:VbaE^:L~a&Rn]F_YK�w:Kb^:L wQ]<;QVbi,Pri,]Fkl_�K�^Qu'p

�¶�10 $s �±[�X�k¬ ¬ «7�WªJ�b�¡ 
�l]FO[P i�SUPl_�a ScdYK�_�L~a+>5O[PARn]F_YKm^ e] W�V e][^:LNO&S _5][Z\U]FdYP$Rn]F_YK >K;QVbK�W�XYPEdYV�e]FW�K >K;QVbK�Vm]FtY^QP<;Qt}Kl;�O0]F\UPRº
;:aEi�KbLN;Qu X5]FdK;:Pl_YP$RjK�klP@dYP@OFPFiyhP=;�dK;:a0�.P$R�aEW�X,PFLN]FW�V�]Aw e]FWMa�W�X .#� Ï J OFPli�hP=; i�SUPF_YP$R�a�W�X t}K�WbV�O&S
P=;Q]FV�>K;:V�K�d�_YSUW�XgOFPFiyhP=;ni,ScPl_YP$R�aEW�X o ]F_Yk�p��v]<;Q;QK�\ ]F_Yd�Í5P=;:Rn]<;:d�Ø&%�PF_Hd ;QS�� LnW�X5]Fi t}Kl;:^

z
Ø'%(�

]F_Yd�Ø&%
Í`sMp
�¶�*) +¼�J�yª��× �,{³nN¨.-  ¨¥0/®±��²�k³
A~dYKb_&L~a+>5O0]FW~wQ]�W�V�e][^:LNKbO�_5]0Z\�]FdYP$Rn]F_�aEW�X�tY]FV�u0w:Kn_5] >}Pli,SU]<;QVbK�w:PF_YSUV�]FWbaBw:_�aEW�X�^xLI;Q][L Kb_YKl;:klSUS�_5]	w:K�dCº
_YPl^xLNO eK d�Z\UuYklP�h^QW�S o�132 Ç 1 � s�R �TÂ Ï P=;Q]FV SU_ �.P<;Qi,]FW w:S V ^xa�^xLNKbi u \UScW�Vb_YSUOjhPFR Ï V�Ke;QK�_�OFP$Rv] o ]F_YkYp
�TSU_Yk¡A~i,]FklSU_�k Ï .�Ke;QK�_�OFP^ÎHW�PluY_�LQKl;Q^

z
�|A Ï .�s�p

qEaE^xLNK�i \UScW�Vb_YSUOjhPFR ��A Ï . V�tYuYd�PARn]F_�a w:K�^:L V d�R hPlW�X _YSUKbVB]F\cKÁ¹Vb_&aEW�Xyd�KbLNKbO�LNP=;YhPFRnÜ dYKbLQK�O�LNP<;N]
t}K�W�VbO&S o ]F_YkYp4�v]A;N;QKb\ ��A Ï .

z
� ��A Ï . s P=;N]FVgdYKMLNKbO&LQP=;5hP[R7>K;QVbK�dY_�SUW�X o ]F_YkYp�Í5P=;xRv]A;Qd ��A Ï .

zÍ �|A Ï .�s�p : O0]¼¹Vbd�aEi V�_YSUW�XgVb_5]Aw:dYu0w e] ^QS eK�d�Rn]H;Q]FdYS�]0LNP=;xa
z
WbSUKbO&Z\�a S�kl]FV�P$R�a

z
PH;YhP�¹V�_�aEW�X RT^Q>ThPFZ\Äº

W�VMaE_Y_YSUO0]FW�X V�][Z\�][i ]F_�S�]�pqÂ�PlVMRv]F\U]�LQP�;QPFVl;5hP[¹V�_YSU]�hW WbV e]F^xLNO&S _Y][Z\�]Fd�PARn]F_YKgR ^QVbKl;:PlO&SUi VB]FO�;:K�^QScK
> eKbdThPFR@p J�P�SUdYKb_�L~a§>YO[][W w:S�R�aEOFP=;:VbaE^:L~a&Rn]F_YP VB]<;YhPFRT_YPw> Pli�S�]A; O e][L�]�^:LQP�¹V�O0]w> ;QPli�SUKb_YSUP$Rn]F_YS�]



� ? 
��}� �V� � ���
m�<����� ���	�(���S
 ���	
�� )�

W�VbKl;QKb_YOFP$RT^:OEScK�klP�� o i,PEd
zcz
t5]F_Yd,L&svwQ]FO S � ]FO�L�¹V�KH> PF_YS ¹VbK w->}KbRT_YK~w�Rv]A;:LNP�h^QW�S?> eKbdYu W�V e]F^QO�LN]�_YSUK

K�i�ScLQu0w:K h^xRTS�][L:Z\�] WbV�Kl;:K�_YO[P$RT^QO&SUKbklP o i,PEd
z�z
ÎFKbLNPzL&sMp�Â�Pl_�S�¹V�^:VB]fL�][t Kb\�] V�]$RTScKl;Q]fVB]FO�;QKb^:a > eK�dThPFR

zR O�L*hP<;:aEW�X ;:PlVl;YhP�¹V�_YSU]F_YK�^ e]�d5][_YK�L~a.>�agWbV e]F^xLNK�OÁÜ
;N]Fd�S�][LQP=;vW�ScK�O�Z\ca o _�� |

z
� � Óls ;Q]FdYS�]0LNP=;vkl]FV�P$R�a o _�� |

z
{F{�| / �

s� Ç�� ��� ? 
 g ���
	�� 
 �� ? 7 KsE
{� � 
 g�������� 
 ��� B 7 KsE ��� ? 
 g�������� 
 | / 7 KME

g Ç�� {� � 
 g ���
	�� 
 |�� � 7 KME ��� ? 
 g ���
	�� 
 | / 7 KME|�� � 
 g ������� 
 B 7 KME | / 
 g ������� 
 Ó { 7 KME� Ç g �� ? 
 g ���
	�� 
 | / 7 KME{�� � 
 g ������� 
 B 7 KME | / 
 g ������� 
 Ó { 7 KME
�¶��� ´ �k¦�¬ ���� �¨T¥
ªJ�43±53¨ �J���²�k³Q�X�W¦§
: >}Pl^:V�uYO&ScRn]F_YSU]FW�XJ>K;QPEW�Kb^5hPFR P9i ]0Z\caEi >K;QVbK�O�;QP0w:u W�VMaE_Y_�a�i \cuYtyR�aEi ][k�]Aw e]FWMa�W�X�>K;:K�WbaEV~w:S
>K;QVMa PEd�L~Rv]A;QVB][_YSUu�WB]0Z\UOFP$RTS�LNK w�K�_�Kl;QkFSUS _YScK�^:SUPl_YK~w >K;QVbK�V�W�V e][^:LNO&S

z
Rv]¼¹Vb_YK�w:K�^:L�V�]<> KMRT_YSUKb_YSUKrX�Kl;�º

i,KML~aEW�V�_�P3h^QWbS�dYKMLNKbO&LQP=;N]�p
: dYKbLQK�O�LNP=;:V�K J���D¼Â/.�A X�Kl;Qi�KbL~aEWbV�_YP3h^EhW,w:K�^xL V�]<> KMRT_YS�][_5]w>K;:V�KbV >�Z\U]F^QVbW�VbaEVb_&a�^QWMa�_�L~aE\�]zº

LNP=;YhPFR . � � o ]F_YkYp$. � � i�KbLQSUW�S�L~a�d�KbLNKbWbLQP=;Q^�s ^xZ\Uu�¹VTe]FW�K dYP ;QK~w:K�^:LN;N]FW~w:SvK�\cK�O�LI;:Pl_ThPFR S �.PFLNPl_�hPFR
P=;N][V V�KMRT_ eKbLN;QVb_YK"OFPli�P=;xa i�SUPF_YP$RnK q&Ø Ï o ][_YkYp�q�uK;N;:PluY_YdÙØHuYPl_ Ï X5][i t Ke;Q^Ns�VB][Op;xa&Rv]Awne][W�K
PFL~RjP=;:agi�S eKbdYVba PltY^QV�]<;QKbi t KbW�VbOES>]q>}PlO�;:a&Rv][i,S p

�  hb���hkjl] r«�]kYF] ZUhMe�jl]nZFf�[�] SdYUh,¥e�rk] ~iZUhMVT[�X(mi[�hkjl]nmo[^] f�e(X�Z\X�mirMhkj�Sdr�[^X�vsh juRWZF]�¥eC] Sd[ �X jue�hMZUX(V
��� ; �"! �$#%'& � �%)(+* � �-,/.0 . w*vWP�e�[^X21 Y\h j�SU~��hM���f�e(R�mimi[^r eC]����]nV�]nmo[^]ow � ~iZ �XCP�rsh,�S��f��Sdju[�]kY ��^]ow�eC]§�S43�w65�w87KY\hh�P�~zhkju[�XCP�mi[^hT~iZ��XCP�rsh,�S��fnwM~ �X(P�[+V�]sS\]�f�e �]MScY\r�[x�



� 
 � ) ��� � �  �

� � �� ���� �

: LQK w�W�V eKYh^QWbSjVbPl^:LN][Z\ca P<>YSU^Q]F_YKq>}Pl^QVbuYO&ScRn]F_YS�]g_YKbu�LI;Q]F\U_�aEW�X�t}PlV�PF_ThPFR . SUklkF^N]fR ^:LN]F_5]FW�X�OFPnh_Cº
W�P[R�a�W�X V dYu�¹V�e]m\cSUWbV�t e]9O�Rv]A;QOjhPFR��

z
>K;:V�KbRTScd�a&Rv][_&aEW�X R ;Q]Fi,]FW�X _�SUK�i�SU_�SUi,]F\U_YKbklP�^:K�O�LNP<;N]

.�Scklkl^Q]�p9L'PF^:L�]0Z\ca@Pl_YK�>K;QVbKl>K;:P$Rv]Fd�V�Pl_YK�Vnuu¹VbaEW�ScK�i d5]F_�aEW�XrV�KbtK;N]F_�aEW�X`>K;QVbK�Vvd�KbLNKbO�LNP=;`J���D¼Â/.�A
_5] ]FOFWbK�\UKe;N][LQP=;QVbK/D���Â�p�A~_�LNKe;N>K;:KbL�][W w:S	R�a�_�SUOjhPFR dYPlO[Pl_5]F_�P R ^Q> Pl^YhPlt�_�SUK�V�]F\UKÁ¹V�_�a�P�d�R�aEt P<;Qu
OFPF_YO�;QKbLQ_YK�kFP i�P�dYKb\Uu p· >YSU^�>K;QKbV�K�_�LQPARn]F_�aEW�X5>}Pl_YS ¹VbK wn]F_Y]F\UScV ^xL�]F_�PARTS'W�V eKYh^EhW�dYPF_YSUKb^QSUK�h_,R�aE^:Z\U]F_�a�W�Xg_5] O[Pl_ �.Ke;QK�_�W w:KA Ï . ��Â �F{l{��

z
��Âjq �F{l{ Ó

z
A Ï . ��Â �[{l{ ?�Ò |${ Õ�P=;N][V->�uYtY\UScO0]FW w:S}RT^N>ThPFZ\ >K;N][WbagJ���D¼Â/.�AkÒ |l| Õ � p

����� �ÖN�J®ªJ� 8�¦§��¨�k±[ 
�TPlV�^:V�Kl;:V�Kb_YSUK	^:LN]F_Yd5]A;QdYP$RjK�klP ^QKbO&LQP=;N] .�Scklkl^Q]nPTdYP�dY][LNO[PARjK	dYuYtY\cKbL~a >ThPl\l^:O[][\�]<;:_&aEW�X@R�Vb_5]FWbV�e]FWMa
^N>}Pl^YhPlt�RTV�t}Plk�][WB] �.Kb_YPli�K�_YPl\cPlklS eK�V�_YSci VbRTS e][VB]F_ e]�p}: i�SUK~w:^QW�Kvw:K�d�_YK�klP _YK�u�LN;N]F\c_YK�kFP ^QO0]F\U]<;�º
_YKbklP t}PlVbPl_&u .�Scklkl^Q]�i,]Fi�a�> KMRT_fe] \cSUWbV�t eKg^QO0]F\U]<;Q_�aEW�X o L wbp P��� � 2 |

z
PlV�_5][W�V�PF_&aEW�X 	*s

z>Y^:K�uYdYPF^QO0]F\�]A;Q_�aEW�X o L.wbp P �� � � |
z
PlVb_5]FW�VbPl_�aEW�X ��s�P=;Q]FV�>5]<;xa9_5][Z\U]FdYP$Rn]F_�a�W�X o���� s�t PGº

V�PF_ThPFR .�SUkFkl^N]
	�p�Ð�Kbu�LI;Q]F\U_�Kft PFV�Pl_�a . SUklkl^Q]
z
O�L*hP=;xaEW�X >}Pl^QVbuYO&ScRn]F_YSU] V�Pl^xL�][Z\�a P=>YSc^N]F_�K R LQK w

W�V eK5h^:W�SY>K;N]FWMa
z
i�Plk@e] t�a	hW�R6D���Â`ScK-> ;QPEdYuYOFP$Rn]F_YK@R _5][^:L eKe>Yu0w	e]FWMaEW�X5>K;QPEW�Kb^N]FW�X×Ü

| p%>K;:P�WbK�^:SUK �3w:P=;:OFK�_Y]�Ü � � � � � 	��

��

��

�

�

�������

� p%>K;:P�WbK�^:SUKV>K;QPEdYuYO[W w:S >5]A;�	���Ü � � � � � 	��

���

���

�

�

�� �!�"

�!, rB��^]MP�~zhMSUe(f�e�X(v<�hs�^m�R�fFg�]n�iYUhsZz�hsj�YcR�fFg�~i�iyo��[^rk]sf ac[§e�hMSdY\]M�� hs~i[�S\]nm�R�j X , SdY �X(~i[�XM�� , VTh�P�X(���qP�ju�oPi�iyi�^X�YUhkjuR�V ¦st�¨3��S �] P�jl]�yzhse(hsm�R¡SUr�]s�^]sZUmoX�hMe�mo]Mf�e(]smiX*�/[�� � 7$#&% 7('W�&w�acX(P�X(m~oSUX��oPihMSUr�]s�^]sZUm�R�� %p�"hsZF]ne acX(Pimo]T~o]nZF]«mo]����]sP�hkjl]nm�R�fFg§�x�*)����
� B



� � 
��%� �V� � ���
�� � � ! � 
 � ���

Ó�p%>K;:P�WbK�^QScK�� u�O[]BR�a
z
R OjhP=;xaEi t}PlVbPl_ . SUklkF^N] o 	�\Uu�t ��s�w:Kb^:L�R�a.> ;QPli�SUKb_YSUP$R�a&Rv][_&aP>K;:V�KbV

�.Kl;:i,ScPl_ � � � � � zH|z o 	 Ç ��s
���

���

	





����
��� ���

Â&;QV�KbO�;QP0w:K�WbVbaE_Y_YK�_5]�> ;QPEdYuYOFW~w eK t}PlV�PF_ThPFR . SUklkl^Q]�R >K;QPEW�Kb^N]FW�X �3w:P=;QO[K�_5] S~>K;QPEdYuYO[W w:S	>5]<;«	��
^ e]
z
V dYPFO&Z\U]FdY_YP�h^QW�S*e]�dYP9WbVbaE_Y_YScOnhP[R O&SU_�K�i,][L~aEW�V�_�aEW�X

z
Plk=;N][_YSUWbV�Pl_YK�P�dyk`hP=;:a >K;QVbK�V >K;:V�KbOp;YhPMw

W�VMa�_�_&a`> ;QPEW�K�^:u���w:P=;QO[K�_5] o � � � � � 	���s>R~Ø PEdYK�\cu,qEL�]F_�d5]<;Qd�PAR�aEiHp · V�_5][W�VB]�LQP
z
¹V�KS>K;:V�KbOp;YhPMw

W�VMa�_�_&a > ;QPEW�K�^:u � � � � � 	�� R Ø P�d�K�\UuHq&L�]F_YdY]<;QdYP$R�aEi o dY\�] d5][_YK wvi ][^:a�	*s�w:Kb^:L i,]FO&^:aEi ][\�º
_�a�i i,P[¹Vb\US�R�a�iy>K;:V�KbOp;:P0w:K�i W�VbaE_Y_�aEi _5]T>K;:P�d�uYOFW~w eK�t}PlVbPl_&u .�SUkFkl^N]�R L~aEi >K;:P�WbK�^QScK�P=;Q]FV R
>K;QPEW�Kb^QScK�>K;:P�d�uYOFW~w:S >5]A;�	�� r _YSUKbVB]F\cKÁ¹Vb_YSUK@PEd�i�P�dYKb\Uu p · k=;N]F_�SUW�VbK�_YScK�LNP R�a�_�SUO0],V�OFPl_�^:LI;:uYOFW~w:S
i ][^�t PlVbPl_ThPFR RjK�O�LNP=;:P$R�a�W�X R i�K�W�X5]F_�SMhV�i�SUK .�SUkFkl^N]�p®Ð ][LQPli,SU]F^:L >K;QVbK�O�;5hP�w@W�VMaE_Y_�aw> ;QPEW�K�^:u
� uYO0]BR�a�i�P�¹V�K t�a	hWnRTV�i�P�Wb_YSUPF_&a�R ^xLNPl^:uY_YO&urdYP�> ;QV�KbO�;QP0w:urWbVbaE_Y_YKbklP�_5] LQK�_T> ;QPEW�K�^>R!Ø PEdYK�\cu
qEL�][_Yd5]<;:dYP$R�a�i

z
O�L*hP=;xa w:K�^xL V�]ri ][Z\�a t�agPlt�^QKl;xRnP$Rn]>hW�kFP R6D���Â`ScKFp

: VB]F\cKY¹V�_�P3h^QWbSjPEd�XYScKl;Q]<;QW�XYScS	i ]F^�i�P�¹V�\cScRjK�^ e] _5][^:L�eKe>Yu0wje]FWbK(;QPFVl>5]Fd�a V�]BRTSUKl;Q]Aw e]FWbK t}PlV�Pl_�a
.�Scklkl^N]VÜ

| p � � � � � 	�� � o ����s � S � � � � � 	�� � o ����s��
z
kld�a����@x � ���

� p � � � � � 	�� � o �(��s � S � � � � � 	�� � o � ��s��
z
kld�a�����x���� 2 ���Ó�p � � � � � 	�� � 	 o 	 � s

z
kld�a���� x���� 2 ���

� aE\cOFP�>K;:Vbap>5]FdYO&S | p�S�Ó�p V�Pl^xL�][Z\�aP>K;QVbKB]F_5][\USUVbP$Rv]F_�K R LNK~w>K;N][Wbalp%:�]<;:LQP�w:K�dY_Y]FOgVB]Fu�Rn][¹Vba`hWrS ¹V
>K;QPEW�Kb^:a 	 o 	���s S o � ��s�� i ]$w	e]�L�][OEScK ^Q]Fi,KTRTSUKe;QVbW�XYPFZ\UO&S P�dYd�V�S�]0Z\ca&Rv][_YS�]

z
WbP PlVb_5]FW�V�]p¹V�K�_5]F\UKÁ¹Vba

^N>}P�d�V�SUKMRv]>hW�^QS eK > PEdYPltY_�aEW�XP;QPlVbO&Z\U]FdThPFR�>K;:Vba VB]Fi�S�]F_�SUK�	�� � p�Â�PlVMRv]F\U]�LNPrVe;QK�Sc_�LNKl;Q>K;QKMLNP$Rn]�hW
R�aE_YSUO&STPFLI;:VbaEi,]F_YKgdY\�] >K;:P�WbK�^Qu 	 o 	���s dY\�] >K;:P�WbK�^:u o � ��s�� p~Ð�][LNPli�S�][^:Lrt5][d5]F_YScKP> ;QPEW�K�^:u
o � ��s�� w:K�^xL�R�D���Â`SUK i ]0Z\UP�SU_�LQKl;QKb^Qu0w e][W�KnVbK RTVbkl\ eKbdYu�_5] R�aE^:L eKl>}P$Rv]F_�SUKjR _YSUi d�R hPlW�X t}PlV�Pl_�hPFR
� �
z
W�P >K;:Vba�Kb_YKl;:klSUS�R h^N;:P�d�OEu�i,]F^:a�� � � �F{l{ 7 KME d5]$w:K�i,][Z\�a o dYPl^xL�eKl>�_&a�O&SU_�K�i,][L~aEW�V�_�SUK$s

VB]FO�;:K�^ i ]F^S>�^QK�u�dYPl^QO0]F\U]<;Q_�K�klP�XYSUkFkl^N] ��p
: LNK~w->K;N][Wba�Plk=;Q]F_YScW�V�PF_YP ^:S eK�dYPHt5]Fd5]F_�S�]g\UK�O&O&SUW�X t t}PlV�Pl_�hPFR .�Scklkl^Q]P;:PlVl>5][d5]Aw`e]FWMa�W�X�^QS eK

_5] >5]<;:a O&Rn]<;:OnhP[R ��P=;Q]FV X5]FdK;:Pl_YP$R�aEW�X�;QPFVl>5]Fd�hPFR ���$p¶Â&;:VbaBw eKbL~a�R LQK w�>K;N]FWMa >K;YhPlk _Y] ;:PlV�º
>5]Fd�aDXYScklkl^YhPFR R O�Rv]A;QO&S �fR�aE_YPl^:S |l| 7 KME

z
WbP >K;:V�K�O�;Q]FW�V�] _YSUKbW�P�i,]F^ eKO>5]A;:aD_5]Aw:\ ¹V�K w:^:VbaEW�X

i,KbV�Pl_�hPFR! p

"$#&%'#(% )�*'+-,/.10�2�3�45.10�,6.10&473�,/8�4:937.;4=<?>A@B<C>14D8&E
J�PlO�Z\�]Fd�_YK�R�ap;N]¼¹VbK�_YSU]�P=>YSU^:u0w e]FWbK&>K;QVbK�O�;QP0w:K	WbVbaE_Y_YK Sl^:LQPl^Qu�_YO&S�;QPlVbk�][Z\ eKbV�ScK�h_�^ e]�V�]F\UKÁ¹V�_YK`PEd�R�aEt P=;:u
OFPl_�Op;:KbLQ_YK�klP ;:PlV�^:V�Ke;QV�PF_YK�klP i�PEdYK�\cu ^:K�O�LNP=;Q]�.�Scklkl^N]�p : ]<;xLNP w:K�dY_5][O V�]Fu�Rv]¼¹VMa	hW ¹V�K ^xL�]F_�a
OFPnh_YWbP$RnK"R�aE^:L eKl>Yu0w e][W�K"R i�PEdYK�\cu Vfd�RjPli,] dYuYtY\cKbL�][i,Sj^	e]5;5hP[RT_YSUKÁ¹Vfi,P[¹V�\US�RnK�R Sc_Y_�aEW�XDi�PRº
dYK�\U]FW�X _YScK�i�SU_YSci ][\U_�aEW�X pQÂ&;:V�K�O�;:P0w:KfW�VMaE_Y_YK"t5]FdY]F_�a�W�X*> ;QPEW�K�^YhPFR i�Plk e]gt&a`hW�R�a.;Q][¹V�PF_YK�wQ]FO[P
SU\cP�WbVbaE_ >K;:V�K�O�;:P0w:umWbVbaE_Y_YKbklP�VB]F\cKÁ¹Vb_YK�klP,w:Kbd�aE_YSUK"PEd ^xL�][Z\�a�W�X Kb\UK�O�LN;QPl^xZ\�]Ft�aEW�X Sni,]F^ t}PlV�Pl_�hPFR
.�Scklkl^N] o ;QK(�.Kl;:K�_YWMa$w:_�aEW�X > ;QV�KbO�;QP0wYhPFR WbVbaE_Y_�aEW�XGFIH �KJ s

z
>5]<;Q]Fi�KbLI;:u � t eKbd e]FW�KbklP9^:LQPl^Qu�_YO&SUK�i

�  ZUh�f�XCS3~iZUh�P��orMf ac[8~�]nZ®��{BacXCScY�hMvsZF]nmi[�f�e(hsm�R�~iZ\e�X�e$L� -LM¢?M �N�e�P�hMr����]sPimih��S\f�[ �]�Pih�f�e�R�mimi[^rk]�r�[�miX(V�]kYcRPOf�e�miX(vshow�vWP�R8¥e�{/acX(SdY�~oSdX(�oP�hWSdrk]n��]nZ\X�V�]?N j"X�rWYUhMZUX(V hsZF]neQjBhMv<�hM��mih,�S\f�[�7RQCS� 7;T<��N� X�r�r�[^fFg�YUe(m+��Y\]srW[�fFg�P��^]�rWY��hMZUR�fFg�mi[^XQS �]�VTh�¥e��^[^j XQZ\hse�~�]sP�R�yzhse(hsmihkj"Xs�



� ���=� # ���%� ! ���?
�� � �?�Y� � /

VB][\UKÁ¹Vb_YK�kFP PEd i�P�d�K�\UugW�][Z\UO[PARTS�LNKbklP > ;QV�KbO�;QP0w:u WbVbaE_Y_YKbklPft5][d5]F_YKbklP > ;QPEW�K�^:u5>K;:P�dYu�OFW w:S3dYP ;QK º
�.Kl;:K�_YWMaBw:_YK�klPO>K;QVbK�O�;QPAw:u WbVbaE_Y_YKbklP � P<;N]FVr^xLNPl^:uY_YOjhPFR ;:PlV�k�]0Z\ eK�VbSUK�h_'p-: ^:VbaE^:LQOEScK�RT^Q>ThPFZ\cW�VbaE_Y_�SUO&S
VB][\UKÁ¹Vb_YK`PEd->Y]<;N]Fi�KbLN;5hPFR�i�P�d�K�\Uu i,P[¹Vb_5]nR�ap;N]FVbSMhW Rw> PF^:L�][W�SluYPFk	hPl\U_�SUPl_�aEW�X@^:L�]0Z\caEW�X@^N>K;:V eKÁ¹VbK�_YSU]� 	 pÂ�PFVbRn]F\�]9LNPD_5]9R�a�Vb_5]FWbV�K�_�SUK�_�SUK�V�]F\UKÁ¹V�_�aEW�X PEd i�P�d�K�\Uu PFk=;N]F_�SUW�VbK�h_ _5] O[]¼¹V�d�a V�t5]Fd5][_&aEW�X
>K;:P�WbK�^5hP[R SvR�a.;Q][¹V�Kb_YSUK SUW�X >K;QVbK�V Plk=;N][_YSUWbV�K�_�S�] _5]�^:L�]0Z\UKB 	

z
]�_Y]F^:L eKl>Y_YScK VbSU_�LNKe;N>K;:KbLQPARn]F_YScK

SUW�X R OFPl_YO�;:KbLN_�aEW�X i,PEdYKb\�]FW�X�Ry> Pl^xL�]FWbSjPFk=;N]F_�SUW�VbK�h_�_5]�SUW�Xw>5]<;Q]Fi,KMLI;xalpg��][O�VbdYKM>Y_YSUP$Rn]F_YK
Plk=;Q]F_YScW�V�Kb_YS�] _�SUK�V�]F\UKÁ¹V�_YK@PEdgi,PEdYK�\cufR�aEV�_5]FWbV�Pl_�P R LQK w�>K;N]FWMalp
: ap;N]¼¹VbK�_YSU]�d�KM>5_YScu0w:u0w`e]FWbK@^:L�]0Z\UK� 	 R t5]Fd5]F_�aEW�X > ;QPEW�K�^Q]FW�X�^ e]�_Y]F^:L eKl>Yu0w	e][W�K;Ü

� >K;:P�WbK�^"�3w:P=;:OFKb_5]��
F � � � � � � � �;F����� � _ �R� � _  � � � � � �# F ���� � _  	��� � � � � � �

F�� � � � � � t � � 	�� �;F ���� � _  �;� � � �� _ �R� � _  �R� � � � _  � 	� � � � �# F����� � _  �;� � � �� _  	��� � � � t � �
� >K;:P�WbK�^%>K;:P�dYu�OFW w:S�>5]A;�	8�

F-� � � t � �;F H �KJ� � _ �R� � _  �� � � � � � _  � � � � � �# F H �KJ� � _  	� � � t �
F � � � � � � � � �;F H �KJ� � _ �R� � _  ��R� � � � _  �

r� � � � �# F H �KJ� � _  	� � � � �
F � � ��� � � t � � 	�� �;F H �KJ� � _ �R� � _  ��R� � � � _  � 	� � � � � _  �;� � � ��# F H �KJ� � _  �R� � � �� _  	�~� � � � t � �
�TK �.Ke;QK�_�WbaBw:_�a*>K;QVbK�O�;5hP�w WbVbaE_Y_�a F H � J� � V�Pl^xL�][Z\ R�aEV�_5]FWbV�Pl_�a9d�\�] LQK�klP5> ;QPEW�K�^:u9Rs;Q]Fi,]FW�X
� .�JnØ L~a.>�u�ACA�>K;QVMa - � ! � { S VB][\UKÁ¹VMa w:K�d�a�_�SUK@P�dg^xL�][Z\�a�W�X K�\cK�O�LI;:Pl^:Z\U]Ft�a�W�X
	Bp

� >K;:P�WbK�^ � uYO0]BR�a
F � � � � � t � �;F ������ � _ � ��� � _  � � � � � �# F������� � _  	��� � � � ��� �
F � � � � � t � �;F ������ � _ � ��� � _  � � � � � �# F ������ � _  	��� � � � ��� �

�TK �.Ke;QK�_�WbaBw:_�aO> ;QV�KbO�;5hPMw�W�VbaE_Y_�aHdY\U]`> ;QPEW�K�^:u�� u�O[]BR�a >}P�W�X�P�dYVbS�VV>K;N]FWMa{Ò | � Õ p
t , ~iZ\h�f�XCSU]MfFg��achsZ\rsX�m�]u[�~iZUh�P��orMf ac[�~o]sZ
�o{b~o]nZF]nVTX�YUZ
�����p�@acX(SdY8~o]nZF]nVTX�Y\ZUX(V�Y ��^�iVT[�X(mi[^]W�&wneC]§�S�j¡~iZ\h�f�XCSd[^X

� �irk]�juR|VTh,¥e(��[^j"X acXCScY�� %��s�� , Y\Xca�~oZ\]Mf�RQ~iZ\h�f�X(S��N�MG��������KN mi[�X"y�RB���]smo]n�^[^e�hkjl]nm�R7O�acX(SdY,YUh3r�]smo]�� ��~zhMSUe��ir�[^j"]"�m®SdY\]nm�Pi]nZFP�hkj"X�vshlyzhse(hsm��t�[^vsvWSU]
�  ]kY\ZUe3Zz�hsjumo]smi[�X 1o� ��8«j�~iZ\]Mf�R�� (��



� � 
��%� �V� � ���
�� � � ! � 
 � ���

Â&;QVbaEO�Z\�][dYP$RnP
z
R i�P�dYKb\Uufd�RTuYdYuYtY\cKbLQPAR�aEi � .�JnØ L~ap>Yu�ACA o kldYVbSUK w:KbdYK�_gV�dYu�tY\UKML*hPFR ^N>K;:V eKbk�]

^QS eK dYP dYPl\U_�aEW�X
z
dK;QuYkFS dYP�k	hP=;Q_�aEW�X �.Ke;Qi�SUPl_ThP[R S*O&L5hP=;:a�w:K�^xLvP=>�SU^:a&Rn]F_�aM> ;QV�KbV d�Rn] Ore][L~a - S ! s

zi ][i�aYÜ � ��� � ��� � 	 o - � ! s
z
 � � � � � � � o ��� �"- Ç È�� � ! s 	

z
 � � � � � � � ��� � 	 !

z
�R� ��� È�� � 	 o - � ! s

z� � � � � � o ��� �l- Ç È�� � ! s 	
z
� � � � � � ��� � 	 ! p: aEVb_5]FW�VbPl_YKvR9LQK�_r^N>}Pl^YhPltrPlk=;Q]F_YSUWbV�Kb_YS�] i,Plk@e] VbPl^:LN]�hWvV�Sc_�LNKl;Q>K;QKMLNP$Rn]F_YKvRD^QVbKl;QPFOEScK w�O&\�][^QSUK

i,PEdYKb\US&>K;:P�dYu�OFW w:SjW�V e]F^:LQK�O�^:O0]F\�]<;:_�a�W�X o _YScK�OFPF_YSUKbW�V�_�SUK t}PlVbPl_ThPFR . SUklkl^Q]�sMp�Ð�]F\UKÁ¹Vbav>K;QVMa L~aEi
>5]Fi�S eKML�]>hW

z
¹V�K@^:V�Kl;:PlOFP�h^EhW->K;QPEdYuYO[PARn]F_�aEW�X ^QO0]F\U]<;5hPFR _YScK�i,P[¹V�K�t�a	hW�Vbt�aEL�dYu�¹V�] L wbp�� | 7 KsE

z
WbP

R�>K;QVMa�t�\US ¹VbK�_YScu"P�d > P$RTS�][d5] i,]F^QP$RjK wvV�dYPF\U_YP3h^:W�S�;QPlVbdYV�ScK�\UWbV�K~wnJ��®D¼Â/.�A�p9:�]<;Qu�_YK�O LNKb_gR�aE_YScO0]
^:Lje]Fd

z
¹VbK,d�\�]"^QO0]F\U]<;5hPFR P ^:V�Ke;QPlO[P3h^QWbSjRTS eKbO&^QV�K~w _YS ¹V`;:PlV�dYVbSUKb\UW�VbP3h^EhW�dYKMLNK�O�LQP=;N]

z
K �.KbO&L~a&RT_YP�h^QW�Sj^QK º

\UKbOFW w:S�i�Plk e] ^QS eK�;YhP�¹V�_�SMhW�PEdfL~a�W�X PFLI;:VbaEi,]F_�a�W�XgR LNK wS>K;N][Wba o >K;QVMa"VB]0Z\UP[¹VbK�_YScu"i ][Z\cK wj^:V�Kl;:PlOFP�h^QW�S�s
S�uu¹Vba&L~aEW�X dYPrR�aEV�_Y]FW�VbK�_YSU],Plk=;Q]F_YScW�V�K�h_ p
�
	�� 	 ªJ®�t«K¥
�n� NªJ� 8�¦*3�W��³�«q�JNª� �¨��
· >YSU^Q]F_YK@]F_5][\USUVMa�V�Pl^xL�][Z\�aM>K;:V�Ke>K;QP$Rn]FdYV�PF_YK V�u�¹VbaEW�ScK�i d5][_&aEW�XHV�KbtK;N]F_�aEW�X�V�]<;5hP[RT_YPrR ;Q]Fi ][W�XD���Â | o LQV�_ p d�\�] � � � ��� s R \U][L�][W�X | - - ?Rº - B z wQ]FO S�>K;:Vba9_5]$wxR�a§¹Vb^QVMa�W�X Kb_YKl;:klS�][W�X.D���Â �
o � ��� | � - � �F{ � 7 KME�s R \U][L�]FW�X | - - � º �[{l{l{ o L�]Ft p � p | sMp;QPlO | - - ?u� - B | - - � | - - - �F{l{l{

� �sÒ 7 KsE�Õ - | | � - | - � | -�� �F{l{ �[{ � �[{ � � �F{ �
� Ò >Yt � � Õ / - � ? | B �� { � B � - /

� � - � ? � � ? |���|l| | �
? ��| 2 � |�� {��][tY\UScWB] � p | Ü �`_YKe;QklScK@S h^xRTSUKMLN\U_�P3h^QWbS�][_5]F\UScV�P$Rn]F_�a�W�XO>K;5hPFt KbO"d5]F_�aEW�X pTJ RTSUK�\cSUW�Vbt�agdY\�]rd5]F_�aEW�X

V �F{l{l{ ;bp`P�dK>}P$RTS�]FdY]Aw e]�h^:RTSUKMLN\c_YP3h^QWbSUPli V�KbtK;N]F_�aEi7>K;:V�K�d S >}P,]BRn]<;QScS�^QKbO&LQP=;N] �TÂ Ï p
q&a�kF_5][Z\	> Pl^:V�uYO&S�Rv]F_�aEW�X >K;QPEW�Kb^5hPFR P<;N]FV LQZ\UP�V�PF^:L�]0Z\ca R�aEklK�_YKe;QP$Rn]F_YK�LNKbW�XY_YScO e]®Ø Pl_�LNK Ï ]A;Q\UP

>K;QVMaguu¹VbaEWbSUuH^:aEi uY\U][LNP=;Q] dYKbLQK�O�LNP<;N] J���D¼Â/.�AjP�_Y]FVbRTScK�����������mÒ | ÓRÕ p
: SUKb\UOFP�h^QW�S`R�aEklKb_YKl;:PARn]F_�aEW�X > ;5hPlt}K�O{Ø PF_&LQK Ï ]<;:\UPgLQZ\U]gPEdK>}P$RTS�]Fd5]$w	e]gL~ap>}PARjP5>YS eK}hWbdYV�ScK�^QS eK�WbSUPRº
O�;QPFLQ_YSUKHRTS eK�O&^:V�K w9h^xRTSUKbLQ\U_YP�h^QW�S _YS ¹V�]F_Y]F\UScV�P$Rv][_YK dY]F_YK dY\U]�D���Â � S�LI;QVMaEOp;:PFLN_�SUK�RTS eK�O&^QVbK w dY\�]D���Â | pg�vZ\cPO>}P�W�X�P�dYV e]FW�K,P�dv>K;:P�WbK�^Qu � � � � � � |� o�� Ç �'s o LQZ\cP � �ls�R�aEklK�_�Kl;QP$Rn]F_YP V�]O>}Pli,PEW�e]
klK�_�Kl;N]0LNP=;Q]���������� �ÙÒ | ?;Õ

z
VB]�h^V>}P�W�X�P�dYV e]FW�K�PEdv> ;QPEW�K�^:u � � � � � ?�z ��! �
� � � � o L:Z\UPq?�z s V�]P>}PRº

i,PEWTe]rklKb_YKl;Q][LNP<;N]"�#�$%���&� ')(�*mÒ |
�
Õ pÂ�Pl^:V�uYO&S�Rv]F_�ag^xa�kF_5][Z\ >K;:P�d�uYOFW~w:S�t PlVbPl_ThPFR . SUklkl^Q]�R�>K;QPEW�Kb^N]FW�X'�3w:P=;:OFK�_Y] S�>K;QPEdYuYO[W w:S >5]A;|	��

V�Pl^xL�][Z\�R�a�kFK�_YKe;QP$Rv][_&a�V�] >}Pli�P�W e] klKb_YKl;Q][LNP=;Q]+��,-����Ò | / Õ
z
_5][LQPli�S�]F^xL R�> ;QPEW�K�^:SUK � uYO0]BR�a V�]

> PFi,PEW�e]�klKb_YKl;Q][LNP=;Q]�t5]FV�uAw e]FW�KbklP _5]%>K;Q]FWbaWÒ | � ÕE]T_5]F^xL eKe>Y_YSUK	X5][dK;QPl_�SUV�P$Rn]F_�aV>K;QVbK�V/. ��0�-��QÒ | ?RÕ p
: aEklK�_YKe;QP$Rn]F_YK@> ;5hPltYO&S�PEdK>}PARTSU]Fd5]Aw`e]q>}Pl_YS ¹V�^QVMaEi i ][^QPli t PlVbPl_ThPFR .�Scklkl^N]VÜ
� D���Â | o > P B {l{F{ >K;QVMa.>Y]FdYOjhPFR�s

| p%>K;:P�WbK�^ � uYO0]BR�a � | � o 	 Ç �q� � | �Ms
� ��1 � � |l|

z
| Ó
z

| B
z

�F{
z
Ó {
z

? {
z

B { 7 KME
� p%>K;:P�dYu�OFW wQ]`>5]<;�	���� ? �

���kÒ 7 KME
Õ � 	 Ò 7 KME
Õ|�� �F{ Ó { ? { B { � {
/ {

�[{ �F{ Ó { ? { B { � {Ó { Ó { ? { B {? { ? {
kldYVbSUK1��� �����

z
� 	 ����� kld�a����32 ��� \UuYt���� �����

z
� 	 ����� kld�a���� 
 ���



� ���p� � �������q� v� � ��T
 ! � ��
��G� ! � 
 � �����	
Y� )}� � -
� D���Â � o >}P �F{F{l{ >K;QVMap>5]FdYOjhPFR�s

| p%>K;:P�d�uYOFW~wQ]H>5]A;�	���� ? �
���kÒ 7 KME
Õ � 	 Ò 7 KsE�Õ| � B { / { - { |l|${ | Ó { | B { | / {Ó { Ó { B { / { - { |l|${ | Ó { | B {

B { B { / { - { |l|${ | Ó {
/ { / { - { |l|${

kld�V�SUK1��� �����
z
� 	 ����� kFd�a����32 ��� \Uu�t ��� �����

z
� 	 ����� kFd�a���� 
 ���

� p%>K;:P�d�uYOFW~wQ]H>5]A;�	���� o ����s��
���ÙÒ 7 KsE�Õ ����Ò 7 KME�Õ

| � / { - { |l|${ | Ó { | B { | / {Ó { / { - { |l|${ | Ó { | B { | / {
B { |l|${ | Ó {

Ó�p%>K;:P�d�uYOFW~wQ]H>5]A;�	���� 	 o 	���s
���ÙÒ 7 KsE�Õ ���QÒ 7 KsE�Õ

| � |l|${ | Ó { | B { | / {Ó { | Ó { | B {
?Yp%>K;:P�WbK�^"�3w:P=;:OFKb_5] 	��q� o ����s��

���ÙÒ 7 KsE�Õ ���sÒ 7 KME
Õ
| � Ó { B { / { - { |${ B
�F{ B { / { - { |${ BÓ { / { - { |${ B? { - { |${ B
B { |${ BÂ&;QPEW�Kb^:a9LQZ\U] dY\�] D���Â � V�PF^:L�]0Z\ca�R�aEklKb_YKl;:P$Rv]F_�K�dY\U] RT^:VbaE^:LQO&SUW�XyKb_YKl;:klSUS

z
> ;QVba O�L5hP=;:aEW�X�t�a&Z\ca

V�t�SUKl;Q]F_YK d5]F_�K o L�]Ft'p � p | s
z
VB] h^-> ;5hPltYO&S`^xa�kF_5][Z\Uu w:Kbd�aE_YSUK dY\U] � ��� �F{l{ 7 KME p���]FO P[LI;QVMaEi ]F_�K

>K;YhPltYO&S'^xa�kF_5][Z\Uu"t�a&Z\ca,_5]F^xL eKe>Y_YSUK > PEdYd5]BRn]F_YK�>K;:P�WbK�dYuK;:V�K�>K;:V�Kb^QO0]F\UP$R�a&Rn]F_YS�] d�P P�d > P$RTSUKbdY_YScK w
K�_�Kl;QkFSUS pXÂ�Pl\cK�k�]rPl_5] _Y]`> ;QV�Kb^QO0]F\cPARn]F_YScu WbVbLQKl;QP<> eK�dThP[R^>YScKl;:RjPFLQ_&aEW�X t PlVbPl_ThPFR dYP�¹V e][d5]F_YK~wTK�_Cº
Kl;:klSUS

z
]"_5]F^xL eKe>Y_YSUKrV�]F^:LQPl^QP$Rn]F_YScu PEdK>}PARTScK�dY_�SUK�kFP�> W�XY_�S eK�WbS�]f\cP=;QKb_&LQV�P$RT^QO&ScK�klPgSUW�X >K;:P�d�uYO�L*hPFR

;QPFVl>5]Fd�u p : W�K�\cu�R�aEVb_5]FW�VbK�_YSU] t�Z\ eK�dYu�^:aE^:LQK�i,][L~aEW�Vb_YK�klP > P$R�a§¹V�^:V�K w >K;:P�WbK�dYu ;:a@V�PF^:L�]0Z\ca�R�aEklKb_Vº
Kl;:P$Rv]F_�KP> ;5hPltYO&SjP�dK>}P$RTS�]FdY]Aw e]FW�K,RT^QVbaE^xLNO&SUi Kb_YKl;:klSUPFi dY\U]�O&SU\cOEu R�a�t ;N]F_�aEW�X�i,]F^�t}PlVbPl_ThPFR
.�Scklkl^Q]�p

�
	�� � �������	� 
������������ ����� ����������� � � 
���� +
" #! $#(% "C4D8&4$#'2&% ,B2�3�',)(+* 4$#
, V e][^:LNO&S�_5]0Z\�]FdYP$Rn]F_YK`u.-VMa&LNK`R ][_5]F\UScV�ScK�PEd0/ P$RTSU]Fd5][Z\�a LQP&1QPFi PTV�i�SUK21QVbPl_�a�i3/ eK�d�V�SUK5476 |${l{78 K29

z/}P�W�XYPEdYV e]FWbaEi V,PltY^:VB]:1:u9P�dYd�V�S�]0Z\ca&Rv][_YS�]gL wbp�LN]FO&SUi
z
O�L*hP&1xaEW�XDPEdY\cK�kFZ\cP3h^EhW PEd;/YuY_YO�LNu9PEdYdYVbS�]=<

Z \ca&RT_YSU] i�SUK�1:V�Pl_Y]�/01:Pl^:LQP&/5]FdY\cK dYPfPF^QS�RTS*e]FV�KbOrw:Kb^:L�i�_YScK w:^QV�] PEd�>�W�i ]fi,ScK�1QVbPl_5] RTV�d�Z\cu?-V Pl^:S
RTS e][V�K�O@w:K�^:L i�_YSUK~w:^QV�] _�S@-VA>TW�i �[^QSc_CB

z
kldYV�ScKDB LNP O e][L tYSUKbkluY_YP$R�a"WbV e]F^xLNO&S p



�l{ ����� �����
	��
����	���	 
�����	

�l][OFP /}P�W�XYPEdYV e]FW�K PEd W�V e]F^:LQK�O _�K�u�L 1N]F\c_&aEW�X�dYK��5_YSUP$Rn]F_YP"_YScK�VMRTS e]FV�]F_YK V�LQP&1N][i,S>dYK�/}PlVMaEL~a
K�_YK21QklScS�R O0]F\cP&1:aEi�KbL 1Q]FW�X

z
V�1:K�OFPF_Y^:L 1QuYP$Rn]F_YK�RTScK�1QVbW�XYPFZ\cOES�O[Pl_�RnK21:LQu0wje]FWbaEW�X �.PFLQPl_ThPFR

z
RTSUK21QV@<

W�XYPFZ\cOES�PEdYdYV�SU][Z\ca&Rn]nh_ _YKbu�L 1Q]F\U_�aEW�X X5]Fd 1QPl_ThP[R P&1N]FV 1QPFV�/5]Fd�a WbV�e]F^xLNK�O _YKbu�L 1Q]F\U_�aEW�X R W�V eKYh^QWbS
h^Q\U]FdYP$RnK~wHdYKMLNK�O�LQP&1N]�p��)1QVMa ^QK�\cK�O[W w:S@R�a�O[P&1QVMaE^:L~a&Rv][_YK9^ e] RT^QVbaE^xLNO&SUK dYK�/}PlVba&L~a Kb\UK�O�L 1QPli,]Fk <
_YKbL~aEWbV�_YK�RTS eK�O&^:V�K�P�d �F{l{78 K@9 P&1N]FV�XY]Fd01QPF_YP$RnK@RTS eKbOE^:V�K�P�d �l{F{78 K29�p

�`\cK�O�L 1:Pl_�a ^ e] SUd�K�_�L~a��5OFP$Rn]F_YK /01QVbK�V�/}Pli�S�]:1T^xL 1N]0L�K�_�K�1QkFSUS o 132�� 1 � s�R���� ,
z
O&^QVML�][Z\�L�O0]F^ <

O0]Fd�a R�O[][\UP&1xa�i�KbL 1QVbK�K�\UKbO�L 1QPFi ]FkF_YKbL~aEW�Vb_�a�i P&1Q]FV /}P&15hPFRT_Y]F_YSUKvRn]:1xLNP3h^:W�S*V�i�SUK21QV�PF_YK�klPD/ eKbdYu�V
P�d / PFRTSU]Fd5]Aw e][WbaEi i u�d�K�/}PlVba&LNKbi R O0]F\cP&1:aEi�KbL 1QV�K[p 8 SUPl_�a ^ e]�SUdYKb_�L~a��YOFP$Rv][_YK?/ 1QV�KbV / PFZ\ e]FW�VbK�_YScK
^:aEkl_5]0Z\UuHV�O[Pli�hP&1�i,ScPl_YP$R�aEW�XgV@LQP&1QKbi R WbV eKYh^QW�S�h^:\�]FdYP$RjK wbp
� ^:VbaE^:LQO&SUi WbV e]F^xLNO[Pli _5]0Z\�]FdYP$Rn]F_�aEi /}PlVB],V�SUd�K�_�L~a��5OFP$Rn]F_�a�i�S`\UK2/�LNPF_5]Fi�S / 1QVba /YSc^:a&Rn]F_5]

w:K�^xLri ][^N] � �
z
W�V e]F^:LQOFPli _YKbu�L 1Q]F\U_�aEi PEd0/}P$RTS�]Fd5]$w e]FWbaEi dYK�/}PlVMaELQPli K�\UKbO�L 1QPFi ]FkF_YKbL~aEW�Vb_�a�i

i ][^N]rV�K21QP
z
]rW�V�e]F^:LQOFPli _YKbu�L 1Q]F\U_�aEi PEd0/}PARTSU]Fd5]Aw`e][WbaEi dYK2/ PFVba&LNPli XY]Fd01QPF_YP$R�a�i i,]F^Q]4� ��p

"$#  $# " ! >145. *#"%$D# , 2&% , #'& , +C# ,)(
8 KbLQP�dY]�PlVb_5]FW�V�]F_YSU] /01:Vba /5]Fd�OnhP[R��[d?-V�KML*hPFRDVMRTS e]FV�]F_�a�W�XrV O�Rv] 1QO&SUKbi � o ]F_Yk�p�t < L�]FklkFSU_Yk&s / Pl\cK�k�]
_5]mVbtYSUK21N]F_�SUu R w:K�dY_YK~wHV�i�SUKb_Y_YK~wHW�X5]:1Q]FO�LNK�1xaE^:L~aEW�Vb_&aEW�X W�K�W�X LN]FO&SUW�X3/01QVMa /Y]FdYOjhPFR��[d.-VbKbL5hPFR@p
J�u?-VB]�Rv]:1xLNP3h^EhW LNK~w�V�i�SUK�_�_YK w

z
PlV�_5][W�VB][_YK w�/}Pl_YS -VbK w /01:V�KbV � � z kld�a�P&/�SU^QuAw:K�WB]0Z\ca /01QVMa /5]FdYKbO�\Uu�t/01QVbK�V � �+* z kld�a@P&/�SU^QuAw:K d.-V�KbL-, z PEd0/}PARTSU]Fd5]�dYu.-VbK�i u�/01N]BRTdYP&/}PEdYPltYScK�h_Y^:L~RTu z -VbK?/01:Vba /5]Fd�K�O��[d.-VbKbLVB]BRTSUK21N] O�Rv]:1:O �$p

�>P�d�^:L�]BRjP$R e]rRTScK�\cOFP3h^:W�S*e]�R�a�O[P&1QVMaE^:L~a&Rv][_ e] dYPrO[Pl_Y^:L 1QuYO[W w:S�Vbi,ScK�_Y_YK~w�� � w:Kb^:L / 1N]BRTdYP&/}PldYP <tYSUK�h_Y^:L~RjP /}PEW�XYP�d�V�K�_�S�]vRT^QVMa�^xLNO&SUW�X�W�V e][^:LNKbO�V)/YuY_YO�LQu�PEdYdYV�SU][Z\ca&Rn]F_YSU].<lw:K5h^:\USlSc^:LN_�SUK w:K LN]FO0]�k&1Qu0/Y]
W�V e]F^:LQK�O

z
dY\�]�O�L*hP&1xa�W�X�w:K�^:L,Pl_YP i ]0Z\UK

z
LNP P�d / P$RTS�][d5]�LQP d�u?-V�Kbi u /01Q]$RTd�P&/ PEdYPlt�SUK�h_Y^xL~RTu

z
-VbK

/01QVMa /5]FdYKbO o d.-VbKbL�s�VB]BRTSUK21N]�O�Rn]:1QO �Ap/.'i,ScK�_Y_5]�� � Z \5e]FWbVba�LNP /01Q]BRTdYP&/}P�dYPFtYSUK�h_�^:L~RjP�VvSU_ �.P:1Qi,]FW w�e]P�R�L5hP&1Q_�aEW�X�RTScK�1QVbW�XYPFZ\cO[][W�X-0nScW�X \cSUW�VbtYSUK
z
i,]F^QScK�_YSUKbV�i�SUK�_�_YSUWbV�K w

z
/ Pl^ /YSUKb^QVb_YP3h^QWbS�WbV e]F^xLNKbOHV�_YScW�X

R�aEW�XYP�d�V e]FWMa�W�XHS*SUW�X�RTO&Z\U]FdYVbSUK dYP�/ eKbdYufd.-VbKbLNu P&1N]FV SU_&�.P&1Qi,]FW w:S5P ^QO�Z\�][dYP$RnK~w?/ P&/ 1QV�KbW�Vb_YK w / eKbdYu
\UK2/�LNPl_�hPFR RTVbkl\ eKbdYK�i PF^QS�d.-VbKbLNu'p
�)1:P�WbK�dYu01Q] w:K�^:LHO0]F\cSUt01:PARn]F_5] VB];/ PFi,PEW e] d5][_&aEW�X V�1QK�VbPl_5]F_�^Qu � � p).'klPEdY_YP�h^EhW i�S eK�d�Vba

d5]F_�aEi,S ]g^xaEi uY\�][W w`e] 8 Pl_�LQK , ] 1Q\UP"Vbi,ScK�_Y_�K w � � / 1QV�KbdY^:LN]BRTS�]�1:aE^�p � p |21 RTScdYP�WbV�_YK 1YhP -V�_YScW�K ^ e]i,SU]:1`e] t�Z\ eK�d�uH^xaE^:LNKbi ]0L~a�WbV�_YKbklPfi�KbLQP�d�aFp
qEV�W�VbK�k	hP[Z\ca�dYPFL~aEWbV e]FWbK OFPF_Y^:L 1QuYO[W w:SnVbi,ScK�_Y_�K w�� � VB]Fi�SUKb^QVbW�V�PF_YP R J�PEd5][LQO&u � t5]FVbu0w	e]FWbaEi

_5] /01N]FWMa43 |6587 p

"$#  $#! 9�0 *#" #C0&.;4D@6,�*#" 2�37.;4
� W�K�\cu9dYPlO�Z\�][dY_YK�kFP PlO+1QK5h^:\UKb_YS�]�Kb_YK�1:klSUSjS / eKbdYu d?-V�KML*hPFR R;:��<� � ^:LQPl^QP$Rn]F_YKgt�a&Z\ca�LNVbR@p=�YL~a
O&SU_YKbi ][L~aEWbV�_YK[p��>Pl\UKbk�]Aw e] Pl_YK _5]�LN]FO&SUi /01:V�Kb^QO0]F\UP$Rn]F_YScu�W�VMLNK21QP&/ eKbdThPFR W�V e]F^:LQK�O ]Ft�ag^ /}KbZ\c_YS�][Z\�a
PlO+1QKYh^Q\UPF_YKvRTS eKbVba o /01N]BRn]@V�]FW�XYP$Rn]F_YS�]ls'3 �F{>7 p/�)1:Vba�/ 1QV�Kb^QO0]F\cPARn]F_YScu W�VbLQK�1:P&/ eK�d�hPFR dYt5]�^:S eKvt�arScW�X
V�i�S�]F_�aHt�a&Z\caHi,Sc_YSUi,]F\c_YKFp?� aEi,]Fk�]F_YScK V�]FW�XYP$Rn]F_YS�]fWbVbLQK�1QP:/ eK�dYu�PlO+1:K5h^Q\U] ^QS eKTwQ]FO[P @A�YL$> , @ o PEd
]F_YkYp)> WbPl_Y^:L 1N]FSc_�LN^�s

z
_5][Z\cP -V�Kb_YSUK�d�P�d5]0LNOFP$RjP�w:KbdY_YKbklPrRv]:1:uY_YO&u�_Y] i,]F^EeK o _0/ p`t�a"i,]F^Q] d�R hPlW�X

d?-V�KML*hPFR t�a&Z\�] 1YhPFRT_5] i,]F^:SUK � � \Uu�t t�a i,]F^xa d�R hPlW�X /5]:1 d?-V�KML*hPFR t�a&Z\ca 15hPFRT_YKBs w:Kb^:L�_5][Vba&Rv][_YK
@B��LNK�iDC , @

z
VB] h^ d�R hPlW�X Rn]:1Qu�_YOjhPFR _5]�i,]F^:a o _ / p�t�a i ]F^xa�d�R hPlW�X /5]:1�d?-V�KML*hPFR t�a&Z\ca 15hPFRT_�K

i ][^QSUK � � \cuYtFE � sG@B�YLQK�iDH , @cpEq�VbuYO0]F_YScK /5]:1	d?-V�KML*hPFRyP�PFO 1:K5h^:\UPl_YK~w	i,]F^QScKvP&/5] 1:LNKTPI@A�YLJC , @�\Uu�t
@B��LKH , @YR�aEi ]Fkl]�^ /01N]BRTdYVbK�_YSU]�RT^QVMaE^:LNO&ScW�X i,P -Vb\US�R�a�W�X�/}PFZ\ e][W�V�K�h_Hd.-V�KbL5hPFR R /Y]:1:a

z
]�_5][^:L eK2/Y_YScK

R�aEt P&1:u _Y]Aw:\UK2/Y^QVbK w V@OFPFi tYSU_Y]FW w:S'L.wbp`P�d / P$RTS�][d5]Aw e]FWbK wv_5]Aw:_YS -V�^QVbK wvRv]:1xLNP3h^:W�SML 	 ��LNu p
��\UklP:1:a&LNi R�aEV�_5]FWbVB]Aw e][Wba@K �.KbO�L~aERT_ e]�K�_�K�1QkFS eK`V�d�K�1QVbK�_YSU] o � �ON s / P�Kbi,Sc^.w:S��.P[LNPl_ThP[R�VbK`^:L�][_ThPFR

/ PEW�V e][LNO[P$R�a�W�X�RP:MQ<� � 3 ��|O7 R�aEOFP&1:VbaE^:LQu0w:KR@A�YL � , @ o VB]FW�X�PARn]F_YSU] / eK�dYu5s'dYP�R�a�Vb_5]FWbV�K�_�S�]7/ eK�dThP[R
�.PFLNPF_ThPFR uYW�ScK�O0]Aw e]FWMa�W�XHR 1:u01 eK�RTS e][V�O&S p



������� � ���G����� ����	���
M�����
M	D	R��	�
M��������
����%� ��|

1

10

10 2

10 3

-4 -2 0 2 4 6
xb

N
um

be
r 

of
 e

ve
nt

s

DELPHI

0.8

1

1.2

-4 -2 0 2 4
x b

cut

D
at

a 
/ M

C

DELPHI

��a�^:uY_YKbO � p | 0 .'kFP�dY_�P3h^EhW�i�S eKbdYVba d5]F_�aEi,S3] ^:aEi uY\U]FW w`e] 8 PF_&LQK , ]:1Q\cP�Vbi,ScK�_Y_�K w�� �� �TaE^bpjk	hP:1Q_�a 0 VbklPEdY_YP3h^EhW ][tY^QPl\cu�LN_Y]�`uY_YO�L~a9PEd0/}PARTSU]Fd5]Aw e]Hd5]F_�aEi
z
X�SU^:LQPlk&1Q]Fi wQ]F^Q_�a PEW�VbK�O&ScRn]F_YScu _5]�/}P�d�^:L�]BRTScK ^:aEi u�\�]FW~w:S

z
V�]�h^

W�ScK�i�_�a /01QVbK�dY^xL�]BRTS�] PEW�V�KbO&ScRn]F_�a"RTO&Z\U]FdHP�dgO�Rv] 1QOjhPFR��
z
1
z
�
z
�

� �TaE^bp dYPl\c_&a 0 ^xLNPl^:uY_YKbOy\UScW�V�t�a /01QVMa /Y]FdYOjhPFR R d5]F_�aEW�X d�PDPEW�VbK�O&ScRn]F_�aEW�X _5];/}P�d�^:L�]BRTScK
^:aEi u�\�]FW~w:S R �.uY_YO[W w:S�WbS eK�WbS�]r_5]�� � o w:K�^xL LQP i,SU]:1N]�t�Z\ eK�d�u ^xa�^xLNKbi ][L~aEWbV�_YKbklP&s



� � ����� �����
	��
����	���	�
�����	

�
	�� � �������2� � ����� ����� 	�
 ��

� d5]F_�aEW�X V�Kbt01N][_&aEW�X /01:V�K�VnJ�Q<:K�/.�� R \�][LN]FW�X |���� >�� � C /01:Vba � ������� o :MQ � | s$/ PF^QV�u�OES�Rv][_YP
^:aEkl_5]0Z\Uu�/01:P�d�uYOFW~w:S�\UKbO&OEScW�Xrt PFV�Pl_ThP[R .�SUkFkl^N] VnW�VMLNK21QK�i,] O�Rn]:1QO0]Fi�S � o > �bs�RD^:L�][_YSUK OFPnh_YWbP$R�a�i
/01QPEdYuYO[P$Rv]F_�aEW�X�R /01QPEW�Kb^N]FW�X � u�O[]BR�a S$/01QPEdYuYO[W w:S�/Y]:1���� p��)1:V�K�d�^:L�]BRTScPl_5] /}Pl_YS -VbK w�][_5]F\UScVB]
t�aEZ\U]�^xL~RnP:1QV�PF_5] VTi�a�h^Q\ e]�P /}Pl^:V�uYO&ScRn]F_YScu�/ 1QPEW�K�^:u � uYO0]BR�a�]�_5]F^xL eK�/�_YSUK u?-Vba&LN]�dYP /}Pl^QVbuYO&ScRn]nh_
/01QPEW�Kb^Qu /01QPEdYuYO[W w:S /5]:1�����p

"$#�� #(% � <�� < 8�<'* 0�, ( "C* .;, � 8&E
� V�]F\UK -V�_YP�h^QW�S�P�d i,]F^:a�t PFV�Pl_&u .�Scklkl^N]�/01QPEdYuYO[PARn]F_YKbklPgR /01:P�WbK�^:SUK � uYO0]BR�a

z
^ / PEdYV�ScKbRn]Fi�a

^QS eK d�R hPlW�X�1YhP -V�_�aEW�X�LQP&/}Pl\UPlkFSUS /01:Vba /5]FdYOjhPFR@p"!�d�a i ]F^Q],XYScklkl^Q]@w:K�^xL�tY\USc^QO0]�/}PFZ\cPAR�a i,]F^:a ���
zP�WbV�KbOEuAw:K�i�a3/01QVMa /5]FdYOjhPFR W�VMLNK�1:P�d.-V�KbLQP$R�a�W�X

z
VB]�h^�kld�a w:K�^xL tY\cSU^QO0] /01QPlkFu _5] 1:PlV�/Y]Fd _5] �$# �

L 1YhPMw:d?-V�KMLNP$R�aEW�X p���P:/ Pl\cPlklScS'V@L 1QVbK�i,]�\cuYtHW�VbLQK�1:K�i,],d.-VbKbL�][i,S3PEW�V�KbO&u0w:K�i�a 1YhPFRT_YSUK -V�R /01QPEW�Kb^QScK
/01QPEdYuYO[W w:S?/5]:1%�&� p �`ScK�1:RT^:VB] w:Kb^:L L~a /}P$Rv]

z
kld�a�i ][^:a�d�R hPlW�X9X�SUklkl^YhPFR�1YhP -V�_YS*e]H^:S eK,V�_5]FWbV e]FWbP

],d01:uYk�]
z
kld�ag^ e]�/}P&15hP[RT_&a&Rn]F\U_�KFp�� 1:V�K2/01QP$Rn]FdYV�PF_YPfRnPFt KbW LNKbklP 1YhPFRT_YPl\cK�kl\cK@d�RTSUK�^QKb\UK�O[W w:K

z
R

O�L*hP&1xa�W�X 1QKbOFPl_Y^xL 1:uYP$Rv]F_�PfP�d / P$RTSUKbdY_YScP L 1QVMa"t,e]FdjhV�WbVbLQK�1:agd.-V�KbL~aFp

"$#�� # " "C458�4$# 2&% ,
�`SUK�1xRT^QV�]�k&1:u0/5]rW�S eK}hW o /01QKb^QK�\cK�O[W wQ]�svK�\cSUi�SU_&u0w:KTRT^QVMa�^xLNO&SUK 1QPEdYV�]Aw:K�LQZ\�] / PlV�]rX5]Fd01:Pl_YP$R�aEi,S51:PlV@<
/5]Fd5][i,S �%�$p �TK�d�uYO&u0w:K,PF_5] 15hPFRT_YScK -VrR ^ / PF^5hPlt V�_5]FWbV e]FWMa�\UScW�V�tjeK /01QVMa /Y]FdYOjhPFR X5]Fd 1QPl_YP$R�aEW�X
_YSUK@V�]$RTScK�1Q]Aw	e]FWbaEW�X O&Rn]:1:OnhP[R �

z
LN]FOfS -V�^:L�][_YP$RTS e] Pl_YKnw:K�d�aE_YScK@PlO*p | � |${ /015hPFtYO&S / 1QV�KbW�XYPEdYV e]FWbK w

/01QKb^QKb\UK�O[W w eK[p(' ] L~aEi KML�]:/�SUKgRT^QVbaE^xLNO&SUK /01:Vba /5]FdYO&S�^ e] dYVbSUK�\cPl_YKH_5] L 1QVbamd.-VbKbL~ayV�] /}Pli,PEW e]
]F\UkFP&1:a&LNi�ugJ %�� .#� 8�) 3 � > 7 p � 1:K�^:K�\UKbOFW~wQ]�/}Pl\UKbk�] _5]r_5][Z\cP -V�Kb_YSUu�/}Pl_YS -Vb^QVMa�W�XHRv] 1QuY_YOjhPFR�0

| p%:�SUWbV�t5]rW�V e]F^:LQK�Og_5][Z\U]FdYP$Rn]F_�a�W�X+*-, �/. H

021 � 3 1436587:9 1<;�=+1>7�?@>A 3CBED36F:GA1H;�IKJLIKMN7 A 7:O�MN7PJ 1>Q�R�MS7KR�;�M69 1HIK7KF:MN7:R�;TJ?-IK7�94QVUW3 A R�;&1�GX9>5YMS7 Z\[��]�^ 8
_ 	a` 6cbLdebLf

�L1 �g3:1H9>;h?@ ?FVi <j9$36R�QkO&3CB�UlG)-I:7mB�i <n9$3oR�;CUp36OL7KR�;qJ.-I:7:94Q �srjt 6ub

�)1HI:G /&36J�=vMxwX=y9&?;&1>7 /01>I:7 @ I:zA G / 1>7 @ 7 A 7K=6FaB D7 @ D3 1H7K=6;6O @ 9 1>Q�;CU�36O�7�=o; A 7aBHO�;/U�94;&/{; A ;�R�MNMv9 1�?;�B <|iYD36J�?I
FKI�947�1H;2J.-IK7:9>;CU�7aB 1 '�3 @ 9 D7�/�O�MS7qJ A 3}=~3$-I:J�7KR�;kJ.-I:7:9>Q�UlGXIKO&3oFKI�3oO&3�BH7 @ 9\U�3:1H9>;h?@ ?F8i <n9436R�Q 1 � 36=�UlG <
IKO&3oFKIK;6O�7�U�3:1H9>;h?@ F:M �sr * @

D3 /�;&1HI D36JL=6;CUp3oO�7};XJ�O&3CB�UTM D7K= @ IK7mB�� �srjt�w O&3�B A 7�/�MS7mB\i <n9436R�;CUp3oOvG�J.-I:7:9$�
J�;8O&3�BH58O�MN7aB @ IK7aB/� �sr ` A Q�i �sr���w�O&3�B @ z A 36i�MS7mBpi <n9436R�;CU�36OyG�J?-IK7�9�� 1�\;p?O�FK;CU�3 @ 7 A 7:=6FmB>3�BH7 @ 9";&/&3 1H9$3k;+U�3:1�94;h?@ ?F�i <j9$36R�Q�O&3�B @ z A 36iLMN7mB\i <n9436R�;CU�36OyG2F$�gJ?-IK7�9s?;6U � �sr ` U94;&/{; A ;�R�MNM<9 1&?;�BHJ.-IK7:9>;CU�7aB:w �sr ` �T� �sr ` � �sr��\U�FKI�94721>;XJ?-IK7�94;CU�7aB 1 �TG @ 1<021�0 /01>I:7KJ @ 9$3�UTM�3 1H;�IK=yzA 36JLG
9aGXF$�WIK58MN7:O�OyG2F$� 1 � ;6ivGXJLUTQW36O&3 A MNI�3oF$�<w<9 1�?;�B <�M�FKI:9>7�1H;2J.-I:7:9>;�U�7mB:w�IK; @ 9$3ozA G�IKJL7 �&O�MS;CUp36OL7�JLU�3
I�36=+1H7 @ G�IK58MN7:O�OyG2F$� �sr ` M��sr ` �V;�I:O&36F:IK;�O�7TB>36=6;���MNO�f%M���MSO 021 � 94;&/{; A ;6R�MNM � <aJ.-I:7:94;CU�7mB���MSO�f
;2J /�;CUTM�3oJ&3�IK36=+1>7 @ ;CUTM<f�d C�6 �sr ` 6�f�d 0 C2w6IK3�?@ ��MSO 0 �sr ` 6+f�d C 1 O�3o94;�58M�3 @ 9|U�94;&/{; A ;6R�MNM > <nJ?-IK7�94;CU�7mB��MNO�f";2J /�;CUTM�3oJ&38IK36=+1>7 @ ;CUTM�f 6 �sr ` � 6kbLd Ckw�3���MSO 0 �sr ` �$6�f���I:;�i&36F:I"9>7 -I�1�G @ 1-021�0 � 1 .<36=+1>7 @ GJ�7 ��OXQ�B D36FK7���MSO�flM&��MNO 0 I:; @ 943ozA G/9$3o="UlGXi0143oO�7�36iyG A MSFKI:i&3�;XFKIK7:=vMSU�36OyG2F$��/01>I�G /&36J�=�?;6U�9>zA 3�ivGvzA 3
U�;6ivGXJLUTQ /{;2J�;6i�O&3�3�7���7K=y9aGvUTO�;h?@ ?F @ 7 A 7K=oFmBHM @ GXR�O&3ozA Q��lU���MNO 0 UlGXO�; @ MSzA 3�F:;�O&3�BH58O�MN7aB�f2� 0��}1

 4¡�¢�£�¤�¥�¦�§�¨:©xªK«j¬�¨:®k¯C°�£�±�¦6²¥�³�ªC³n´�¢�©j°�ª�¢~¥:¯C±�µ�¶~¥p¯s·°�±�«�ªT°�¶~¥�¸�¯C¹$¸�±º¤x£n²±P®¼»|¨C¯�¥�«xµ�¹\½ ¾
¿HÀsÁ ±�µK«�ª�®�¶�¨2¤�³<¤x±�¦�±�µ:³�¸�£6«x¨�¤�«x¨K¤�¹~¶�±�µl¦�£�³�°�Â�ªp®�ªC¤�±H¦e±Hµ:³Ã¸�¨:¶�¨$®<¥�¶�ªC³n´p¯�¨E¦�£�³�°�Â�ªl®�ª�§�±�¶~±�©j¨$®-¥�¶KªC³n´�¢�©j°�ª�¢~¥�¯�µ-¨:®�¾



������� 	R��	�
M����	 ��	�� ��� � 
 � ��� �2�

1

10

10 2

10 3

10 4

10 5

-2 0 2 4

fit qq+qqgbb

← Bin 2 →
← Bin 1

b-tag 3-go dzetu xb3

lic
zb

a 
pr

zy
pa

dk
ow

1

10

10 2

10 3

10 4

-2 0 2 4

fit qq+qqgbb

← Bin 2 →
← Bin 1

suma b-tagu 3-go i 4-go dzetu xb34
lic

zb
a 

pr
zy

pa
dk

ow

�lG @ Q�O�7:= 021�0 0 �T;�IK=yzA 36JLG"i <n9436R�R�MSO�R�Q�O&3CB @ z A 3oi�MN7aBPi <n9$3oR�;CUp36OyGXF$�8J?-IK7�9s?;6U 1 ��Q�OL=v9aGq;XJ0/{;CUTM�36J&3CB D3
J&36OyGX5�w F:MN7:5YOyG ��M @ 94;6R&14365 ;2F:IK7K=vM Up36OL7K5�Q 9HzA Q ��I��6rÃr	� f�d C�
�fCb� ` ��wcI�3�?@ ��M @ 94;�R:14365
O�MS7:UlG /�7�zA O�MS;�OyG @ GXR�O&3~zA ;CUTM}����#�6����� �$# �:��w������ >yb !\729\�kI:O�;&1>5Y3 A MNIK;CU�36O�7:5�Q�3 1>i�M 9 143 A O�MS7 1
Z�;&/&3 @ ;CUp3oO�MN7k;XFKIK7:=vMSU�36O�7KR6;�9HzA 3 ��� #� � � #�L����� �$# �K�H��J�; J&36OyGXF$� ��B>3 @ OyG ��M @ 94;�R:14365�� @ QLR�7�1HQ~BH7
UTM D7:= @ I�D3qUp3 1H94;�?@ ?F��6rÃr���I:;�i&36F:ID1>;�I:J�IKMN3ozA 021 > 1 � � 1

�������! ��� � �;("!($#&%�' ("!()(
?. 1&?;6JLzA 7:5 OLMN7�1H7KJ�QL=6;CUp3 A O�7:R�;�9>zA 3+J A 3	/{; @ I:Q�=vMSU�3�?OWi�;6IK;�OT?;oU ]�MNR6R @ 3kU =~36O�3 A 7 >*��BH7 @ 9 /01>;XFK7 @
/01H;2J�QL=6FmBHMhJLU+?;6F$��=yUp3 1>=�?;6U+�CwsI/=y9&?;&1HGXF$�qBH7:J�7KO+7K58MS9>Q~BH7\R A QL;�O�1>;�I2/&36J&3�BºD3oF:G @ M�D7VO&3 @ 9>7�/�OLMN7/O&3
/&3:1 D7"� # ����9>I:U 1 R A Q�;�O @ / A MS9H94MNOLRv��w<9>IKO 1-, �.� # �o���/�.� #�K� 1 �)143�UTJ�;&/{;2JL;�i�MN7�?O @ 9aU�;+9>7KR�; /01>;XFK7 @ Q
BH7 @ 9ºI�36J�36O�7 /01HIK7KI @ 9$3ozA D3��6rÃr 110 @ 9$3~94O�MS7�;�i A MNF:IK7KOLM�3�/{;2J�3�B D3�Up3 1H94;�?@ ?F��3254rÃr ���mf�d�6#C87pbLd >yby�*
�fCb � `%3 060>7j1
� / 1&?;�i�=~36F$� 8 ;�Oy947 , 3:1 A ;�Q.-I�GXU�36OyGXF$��U�947aB�36O�3 A MSIKMN7 /01>I�G�B D7:94;9�6rÃr:� f�d C;
yf�b<� ` � @ 9$36OLJ&3:1>JL;�U�3
U�3:1H9>;h?@ ?FqU R�7:O�7�1>3o94;&1HIK7>=3?A@3BDCFE 3 f�> 7 � 1 � MN7 A =o;h?@ ?F�9$3kiyGvzA 3�1&?;6UTO�MS7 -I85YMS7�1HIK;�O&3 /01HIK7:IY7:= @ /�721HG <
587KOy9aGqO&3�:MQ �WMDG :|Z 1 Up3:1�94;h?@ ?F}?@ 1>7:J�O�M�3\9aGXF$� /{;�58M�3:1�?;6U UlG2OL; @ MH�AIKJ LrÃr ��� 0 dM6 >N7�bLd > 0 �O
$fCb� ` 3 08�87j1
'�3 A 7 -I�G /01HI:G}9aGX5 I�U71&?;�F:M�?FVQyUp36R D7�-I:7D/�;�58M�3 1&?;6Uc9aGXF$��JL;�=6;�O�36O�;8O�MN7\i�MS;&1�D3oF /�;XJkQyUp36R D7"7�U�7:O <
94Q�3 A O�7:R�;�UT=yzA 36J�Qk;XJ / 1>;XFK7 @ ?;6U IVi{;�IK;6O&3658M�]�MSR�R @ 3�JL;Y;�i @ 7�1�U�;CU�36O�7:R�; @ GXR�O�3ozA Q 1� 947aB�36O&3 A MNI:MN7lI�3oF$��;CUp36OL;�Up3:1�94;h?@ ?F��orÃrN� f6d CP
:fCb� ` I @ GX5�Q A 36FmBHMxwv3";�i @ 7�1�U�;CU�36O&3%U J&3oOvGXF$�
O&36J2UlG)-I:=~3 I:; @ 943ozA 3WQ�I:O&36O&3�IK3�BH7:J�O�; IK7�?I21&?;�JL7:zA iLzA D7KJ�Q @ G @ 947:5�3o9aGXF:IKO�7:R�; 1 �)1>;CU�36J�IKM�9>; J�;
@ z A 36i @ I:GXF$�(��i�3:1>J�I:MN7aBq=6;6O @ 721HU�3o9aGvUTOvGXF$�s��;�R&1>36O�MSFKIK7�?O O�3 /01H;2JLQ�=6FaB D7�i{;�IK;�Ol?;6U ]�MNR�R @ 3 1 �aO�O�D3
58; -I A MSU�;h?@ F:M D3"BH7 @ 9%Q�I:O&36O�MS7�O&3oJLUlG)-IK=vMhB>36=o;	/{;2F$�L;2J�I D36FK7aBVU FK3ozA ;h?@ FKMº;XJQ�/�R� # ��M�UlG2I:O&36F:IK7KOLMN7
U�3:1H9>;h?@ F:MS�orÃr 1.8 ; -I A M U�;�?@ ?F\9$3�IK; @ 9$3~zA 3�UlGX=6;&1HI:G @ 9436O&3VB>36=o;89>7 @ 9�587:9>;2J2G 1

��������� TVUSWSX�� *OY�*2" (OUZ�[U$#]\&%_^
:�MNF:IKi D7�;�i @ 7�1�U�;CU�36OyGXF$��M6;XFKIK7:=vMSU�36OyG2F$��/01>I�G /�36J�=�?;6Ug9HzA 3pO&3 1�?; -IKOyGXF$�%7�9$3:/�36F$� @ 7 A 7K=oFmBHM /{;�=~36IKQ~BH7
9$3oi 1�0X1�021 ��7gU @ I�G @ 94=vMNF$�(=~36O&3~zA 36F$� ����MNO�f�M%��MNO 0 U 9>;&/�; A ;�R�MN36F$� � <}M > <nJ?-IK7�94;CU�7aB4��BH7 @ 9
UTMNJL;2F:IKO&3 O&3oJLUlG)-IK=~3c;�i @ 721HU�;CUp36OyGXF$� /01HI:G /&36JL=�?;oU 1 8 ; -IKO&3�BºD3 MSOv9>7�1 /01>7�94;CUp3|?F+B>36=6;c7���7K=y9
U @ /{;�58MNO&3oO�7mB�UlG)-I:7mB"IK36O�M -I:;�O�7aB\U�3:1H9>;h?@ F:M]�orÃr�Q.-I�Gv947mB\U @ GX5�Q A 36FmBHM�M /{;69 1>36=y94;CU�3�?F\B>3o=6;+UT=yzA 36J
J�;/iLzA D7:J�Q @ G @ 9>7K5Y3o9aGXFKIKOL7KR�; 1 Z�;XJ&3o9>=6;CUlGX5 ?I�1&?;6JLzA 7:5 O�MS7�/{7:UTO�;h?@ FKM @ G @ 947K5Y3o9aGXFKI:O�7mBhBH7 @ 9./�7�UTO&3
O�MS7KIKR6;2J�OL;h?@ ?F�5YM D7KJ�I�G J&36OyGX5YM�3 @ GX5�Q A 3oFmB�D3 J A 3 i <n9436R�R�MSO�R�Q U ;�i @ I�3:1HIK7�UlG @ ;�=vMN7aBYFKI:G @ 94;h?@ FKM
9�B 1 J�Q.-I:GXF$�gU�3:1H9>;h?@ F:M �sr�� 1�G @ 1|021 f�� 1 � /01436F�G 3 f 587 /{;�=~36I�36OL;�w -IK7qO�MN7 / 1>IK7:=+1436F:I�3+;6O&3`7 f�b �}1
'�MS7�/{7:UTO�;�?@ FKM @ G @ 947:5�3o9aGXF:IKO�7�I:; @ 943ozA G}I @ QL5Y;CU�36O�7���U =yU�36J0143~9$36F$�s�lIVO�MN72/�7�UTO�;h?@ FKM{D3 @ 943o9aG @ 9aG <
FKI:O D3qM�Q?-I:Gv947VU / 1>;XFK7KJLQ01>I:7/UlGXIKO�36FKIK36O�M�3q;�R&1>36O�MSFKIK7�?O 1



� > ����� �����
	��
 ���	���	�
�����	

��36i 1p021 �L1 M 021 > 1 I�3�UTMN72143�B D3W7���7K=y9aGvUTO�;h?@ FKM @ 7 A 7K=oFmBHM @ GXR�O&3ozA Qc;2J0/{;CUTMN7:J�O�MN;gJ A 3 / 1>;XFK7 @ ?;6U
�EQ�=~3�UlGkM /01>;XJ�Q�=oFmBHM /&3:1 1

9>zA ; J&36O�7Y� � > < � C6�
/01>7 @ 7 A 7K=oFmB>3 f�>�f�f 0#5 7 0 b*6 f�> 0 C 0 6

9>;&/{; A ;�R6M�3 � <nJ?-IK7�94;CU�3�0 �sr ` 6 � 0 f�>yb*6ob C�7 0 b2H f�> 0 b:> 0
��MNO f f�d C 6 �sr ` 6 f�d 0 C 0 w 0 7 b2w � C
��MNO 0 �sr ` 6 f6d C � w 0 7 f6wSf C

9>;&/{; A ;�R6M�3�> <nJ?-IK7�94;CU�3�0 �sr ` ��6 � 0 f�f�> 0 f 7 fF6 f�f 5 > 5
��MNO f f�deb 6 �sr ` � 6cbLd C � w >"7 f6wSf 6
��MNO 0 �sr ` ��6 f�deb � w C97 f6w�b >

��36i A MSF�3 021�0 0<:�MNF:IKi&3 /01HI:G /&36JL=�?;oU /01>I:7KF$��;XJ�I�D36F:GXF$��=6; A 7mBHOL7/7�9$3:/yG @ 7 A 7K=6FaBHM 1 �orÃr ��f�d C/
�f�b � ` 1

5Y3 @ 3 3 !\729 7 7:��7:=v9 1 J A 3 � <nJ?-IK7�9s?;6U 3 � 7 7:��7K=y9 1 J A 3�> <aJ.-IK7:9&?;6U)3 � 7
��MNO f ��MSO 0 ��MNO f ��MSO 0

� 4 � f6f bLd C 7 b2dSf f�d 0 7 bLd 0 bLd >�7 bLd f bLd C�7 bLdSf
f � bLd H�7 b2dSf bLdM6�7 bLd f bLd�6�7 bLd f bLd >�7 bLdSf
f6C bLd >;7 b2dSf bLd 5 7 bLd f bLd � 7 bLd f f�d fP7 bLdSf
0 b bLd C 7 b2dSf f�deb 7 bLd f f�dSfP7 bLd 0 f�d C�7 bLd 0
� b bLdM6 7 b2dSf f�d 0 7 bLd 0 f�d 5 7 bLd 0 0 d fP7 bLd 0
>�b bLd H�7 b2dSf f�d C�7 bLd 0 f�d 5 7 bLd 0 0 d >�7 bLd 0
Cob bLd H�7 b2dSf bLd � 7 bLd f f�d � 7 bLd 0 f�d 5 7 bLd 0

��� � f6f bLd H�7 b2dSf f�d >�7 bLd 0 bLd � 7 bLd f bLd C�7 bLdSf
f � bLd C 7 b2dSf f�d � 7 bLd 0 bLd 5 7 bLd f bLdM6�7 bLdSf
f6C bLd C 7 b2dSf f�deb 7 bLd f f�dSfP7 bLd 0 f�d � 7 bLd 0
0 b bLd C 7 b2dSf f�d fP7 bLd 0 f�d >�7 bLd 0 f�d 5 7 bLd 0
� b bLd C 7 b2dSf f�d � 7 bLd 0 f�d�6�7 bLd 0 0 d 0 7 bLd 0
>�b bLd >;7 b2dSf f�d C�7 bLd 0 f�d 5 7 bLd 0 0 d 0 7 bLd 0
Cob bLd C 7 b2dSf f�d fP7 bLd f f�d�6�7 bLd 0 f�d 5 7 bLd 0

� 3oi A MSF�3 021 � 0 QP��7K=y9aGvUTO�;h?@ ?F @ 7 A 7K=oFmBHMlU =~36O�3ozA 36F$� �$# �o�j� � � � �$# �:� 1 �|;2J&3oO�7kiLzA D7:JLG @ D3 iLzA D7KJ&3658M
@ 943o9aG @ 9aGXFKI:OvGX58M 1

�����	��
�����������������

��36=6;�947 @ 9�5Y7�94;XJLG�UlGXIKO&3oFKIK;6O�;�U�3:1H9>;h?@ ?F]�6rÃr t � 1 Z�; @ 9436O�J&3:1HJ�;CU�7aB /01&?;6i�=vMv9HzA 3/��I1�orÃrN� f�d C/
yfCbA� ` �
J�;XJ&36O�;8O�MN7:I�3 A 7 -I:O D3 /01&?;�iL= D7/I�3�UTMS7�143CB D36F D3 /01>I�G /&36J�=vMZ��#�6� � � �$# ���p9436=}I:O�;&1>5Y3 A MNIK;CU�36O D3�36iyG�9HzA Q <
5�3oFKI:G�?F ;�i @ 7�1�U�;CU�36O}D3 O&36JLUlG)-IK= D7 /01>I�G /&36J�=�?;6U 1 �)1>;XFK7:J�Q01 D7 / 1>IK72/01>;oUp36JLIK;�O�; ; @ ;6i�O�; J A 3
94;&/{; A ;�R�My9 1�?;�B <<M2FKI�947�1H;2J.-IK7:9>;CU�7aB 1 �cG2I:O&36F:IK;�O�7lU�9>7KO @ /{; @ ?;�i�Up3 1H94;�?@ FKM_�6rÃr<UlGXO�; @ I�D3�;XJ0/{;�UTMS7KJ <
O�MN;+� >�d C�7ub2d�6�� 
yf�b � `TJ A 3�94;:/�; A ;�R�MSMs9 1&?;�BHJ.-IK7:9>;CU�7aB�ME� >�dM6�7ubLdM6�� 
yfCb � `TJ A 3�FKI:9>7�1H;2J.-I:7:9>;�U�7mB tat 1
Z A 3�/{;&1�?;6UTO&36O�MN3�U�3:1H9>;h?@ ?F��orÃr�UlGXIKO&36F:IK;�O�3D/ 1>IK7:IT7K= @ /{7�1�G2587KOy9�Z�Q<:M�E]���UuJ�7:JLGX=6;CU�36O�7mBº36O&3=<
A MSIKMN7�UlG2OL; @ M�� � d � 7�f�d � � 
yfCb3� ` 3 0#�87 t�� 1
����� ª�¶�£�µT°�¨K¤�«n¥ � ¦y¨�«x©j°�ª�¬l¥�¶�ªl¢�©j°�±�°"!�¾o½�¨�¨:¶�±�µ$¥�¬p¢~¥�£v¨:¢�¹�Â�¦�£eµ:¨$®-¥�¶�ª�®�¢�©n¥�³�ª$#&%'%)(�¾
�*�)+�¨C¯�¥�¶�±�Â,�¦n²±>¯Cª�¤s²¥�Â-�¦n²±>¯�¥�¬p£v¤�«j¥�«�ª�¤�«�ªC³m°H¶Kª�¬p£N¾
��.0/ ¤x¹�¬p¨$®<¥�¶�¨�Â-�¦ ²±>¯Cª�¤�«j¥�«�ªC¤�«�ªC³m°H¶�ªl£X¤�ªC¤�«x±H¬p¥�«�ªC³m°�¶�ª:¾



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� � C

5�3 @ 3 3e!\729 7 7:��7:=y9 1 J A 3 � <nJ?-IK7�9s?;6U 3 � 7 7:��7:=v9 1 J A 3�> <nJ?-IK7�9s?;6U 3 � 7���|wH� 4 ��MSO�f ��MNO 0 ��MNO f ��MSO 0
f 0 w 0 b bLd 5 7 bLdSf f6d�6�7 bLd 0 f�d 0 7 b2dSf f�d fP7 bLd f
f 0 w � b bLd � 7 bLdSf 0 d�b 7 bLd 0 f�d C 7 b2dSf f�d >�7 bLd f
f 0 w0>yb f�deb 7 bLdSf f6d 5 7 bLd 0 f�d � 7 b2dSf f�d fP7 bLd f
f 0 w C6b f�deb 7 bLdSf f6d � 7 bLd 0 f�d � 7 b2dSf f�d 0 7 bLd f
f 0 w H�b bLd 5 7 bLdSf f6d C�7 bLd f bLd � 7 b2dSf bLd 5 7 bLd f
f 0 w 66b bLd >�7 bLdSf b2d�6�7 bLd f bLd >;7 b2dSf bLd � 7 bLd f
0 bLw 0 b bLd � 7 bLdSf 0 d�b 7 bLd 0 0 d >;7 b2d 0 � d >�7 bLd 0
0 bLw � b bLd � 7 bLdSf f6d H 7 bLd 0 0 d >;7 b2d 0 � d C�7 bLd �
0 bLw0>yb bLdM6�7 bLdSf f6d � 7 bLd f f�d 5 7 b2d 0 0 d C�7 bLd 0
0 bLw C6b bLdM6�7 bLdSf f6d � 7 bLd 0 f�d H�7 b2d 0 0 deb 7 bLd 0
0 bLw H�b bLdM6�7 bLdSf f6dSfP7 bLd f f�d � 7 b2dSf f�d 0 7 bLd f
� bLw � b bLdM6�7 bLdSf f6d 5 7 bLd 0 0 deb�7 b2d 0 0 dM6�7 bLd 0
� bLw0>yb bLd H 7 bLdSf f6d 0 7 bLd f f�d H�7 b2d 0 0 d >�7 bLd 0
� bLw C6b bLd >�7 bLdSf f6d � 7 bLd f f�dM6 7 b2d 0 0 d fP7 bLd 0
>�bLw0>yb bLd H 7 bLdSf f6dSfP7 bLd f f�d 5 7 b2d 0 0 deb 7 bLd 0

��36i A MSF�3 021 > 0 QP��7:=v9aGvUTO�;�?@ ?F @ 7 A 7:=6FmBHMTU =~36O&3 A 7+��� � >*� 1 QP��7K=y9aGvUTO�;h?@ FKM @ D3 @ G2587:9 1HGXFKI:O�7�U
5Y3 @ 36F$� � 4 M ��� 1 ��;XJ&36OL7/i2zA D7KJ2G @ D3qiLzA D7:J&3658M @ 9$3o9aG @ 9aGXF:IKOyGX5YM 1

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

^�O�3 A MSI�3gI:; @ 943ozA 3 /01HIK72/01>;CU�36J�IK;6O&3 U FK7 A Q IKO�3 A 7:IKMN7:O�M�3 @ GXR�O&3ozA Q /01>;XJ�Q�=oFmBHM\O�7:QL9 1>3 A OyGXF$� i�;=<
IK;6OT?;6U�]�MNR6R @ 3 1>;�I2/&36J&3�BºD3oF:GXF$� @ M�D7�JL; @ 9$3oOT?;6U =6;�?O�F:;CUlG2F$��I�UTMS7 A ;65�3���FK;�O�3�BH5YOLMN7mBºFKI:9>7�1H7K5Y3y�
=yUp3 1>=~3658M��8U J�36OyG2F$�uZ�Q<:K�º]���/01HI:G�O&3CB�UlG)-I @ I�G2F$�c7:O�7�1HR�M�3oF$� :MQ<��� ��� f 5�� � 0 b 5 !V7@9
� :MQ<� 0 � 1 �T;�I:U�3 -I�3oO�;�IK3:1&?;6UTOL;+i{7KI2/�;h?@ 1>7:J�O�MN7 1>;6I�/&36J2G�O&3k=vU�3:1H=XM��j��� � >*����B>3o=¼M)1>;�I2/&36JLG
=~3 @ =~36JL;�U�78I8i{;�I:;�O&3658M U @ 9$36O�36F$� /{;h?@ 1>7KJLO�MNF$� �j� , � ������� , � > � 0 �2w���� � ��������� � H �Cw
��� � �h�j� , � � >*� 0 �6� 1

���
	���� �$��� �P�[�]% ^ Y ( " %�/Y � �&X
GX9436OyGk=6;�?O�F:;�U�7�/{; @ IKQ�=vMSU�36O�7:R�; @ GXR�O&3ozA Q @ =yzA 36J&3�B D3 @ M D7/I/FKI�94721>7KF$� A Q�i @ I:7&?@ F:MNQ¼=yU�3:1>=�?;6UVwsUTM D7:F
58; -IKO&3oivGuO&36M UTO�MN7+;2F:IK7K=vM Up3|?F�/ 1>I:G /&3oJ�=�?;6U UTMS7 A ;=<���F:I:9>7�1>;=< A Q�i�UTM:D7KF:7mB <m�YJ?-IK7�94;CUlGXF$� 1 �67KJ <
O&36=�R�JLG�5Y3 @ 3 A -I:7mB @ I:7KR�;��LMNR�R @ 3\BH7 @ 9\i A M @ =o3 /01H;�R�Q¼O&3�1>;�I2/&36J¼O&3"��# ��w-J.-IK7:9aG�MNO�MSFmBH;CU�36O�7 /01>I:7KI
;�iyGXJLU�3�=yUp3:1H=vM�O�MS7 1H;�IKJLIKMN7 A 3�B D3 @ M D7 1 � 1H;CUp36JLIKM�9>;+JL;+94;:/�; A ;�R�MSM�9 1�?;�BHJ.-I:7:94;CU�7mB"J A 3���� � >*��M
��� ������\��� � 1HG @ 1{021 � �p;&1>36I\FKI�947�1H;2J.-IK7:9>;CU�7aB�J A 3q� , ������\� , Mh��� � �h�j� , � 1

���
	�� � ���HU$(_U-� U$#P\&%AY
[ -I�Gv9$3�U 947aB 36O&3 A MNIKMS7 /01>7 @ 7 A 7K=oFmB>3\IK; @ 9$3ozA 3 @ 9aU�;&1HIK;�O&3�JL;A/�; @ IKQ�=vM Up3�?O�i{;�I:;�OT?;6U�]�MSR�R @ 3 8 ;XJ�7 A QGX9436O�J&3:1HJ�;CU�7:R�;YU�=~36O&3 A 7�FKI�947�1H;2J.-IK7:9>;CUlG25 3 �87x1

, 7 A 7K5 / 1>7 @ 7 A 7K=6FaBHM�BH7 @ 9�7 A MN58MNO&3oFmB>3 /01>I�G /�36J�=�?;6U IW7K58M @ B D3u7KO�721>R�7�9aGXFKIKOyGXF$� ��;69>;�OT?;6U I:7
@ 9436OvQ�/{;XFKITD3~94=6;CU�7KR�;Lw /01HI:G /&36J�=�?;6U Ik;2J�JLIKM�3~zA GvUp3oO�M�3658MºJLUTQL��;69>;�O�;CUlGX5YMl;:1436I 1H7KJ�Q�=oFmB>3�9>zA 3
����� ��� � #�2� � ��� ��� 0 �6�?/01HI:GVBH7KJ�O�;XFKI:7 @ OvGX5 IK36F$��;CUp3oO�MNQ�/01HI:G /&36J�=�?;6U UTMN7 A ;XJ?-IK7�94;CUlGXF$� 1 �)1H7 @ 7 <
A 7:=6FaB>3 @ =vzA 36J&3 @ M D7VI�9 1>I:7KF$�+R&1>Q0/�FKM D7{?F80
� 1 G27 A 7K=oFmB>3 /01>I�G /�36J�=�?;6U(IVJ�Q.-I�D3 A MNFKI:iqD3��&36J 1>;�OT?;oU�0

f 1 :�MNF:IKi&3�F:I D3 @ 947K=�O�3ozA 36JL;�U�36OyGXF$��*�, 4 .+f 5



� H ����� �����
	��
 ���	���	�
�����	

D E L P H I R u n : E v t :
B e am :
DAS :

P r o c :
S c a n :

1 0 0 . 0  GeV 5 -Ma y - 2 0 0 0
S IM:   9 9A

     
3 - Au g - 2 0 0 0

- 4049 1

DST

 TD  TE  T S  TK  TV  S T  PA

A c t

D e a c t

O

�TG @ Q�O�7K= 0X1 � 0 �)1HI:GX=yzA 36J�;CUlG / 1>I:G /&3oJ�7K= /{; @ I:Q�=vMSU�36O�7:R�; @ GXR�O&3ozA Q ��� � �����\�m�
����� ��f 0 wH� 4 ��f C6bq!\729\� 1 �|;&/�; A ;�R�MN3"9 1�?;�BHJ.-I:7:94;CU�3 /{;CU @ 943ozA 3�U�UlGXO�MS=vQgw weI A 7�/LMN7KOLM�3���J.-I:7:9&?;6U 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� � 6

021 , 3ozA =6;CUTMS943�7KO�721>R�MN3qOLMN7 @ MN;�O�3�/01>I:7KI/FKI D3 @ 94=vM�� 2�� 2 6�bLd H�
 � �
�L1 Q�O�721>R�MN3qOLMN7 @ MN;�O�3�/01>I:7KI/FKI D3 @ 94=vMhO�7:QL9 1>3 A O�7���� I���	 bLd C/
 � �

��3¼R&1>Q /&3¼FKM D7{?F}7 A MN58MNOvQ~BH7qU @ I�G @ 94=vMS7 / 1>I:G /&3oJ�=vM 1>;�I2/0143 @ I�36OLM�3����&3oi��&3¼;&1>36I�UTM D7:= @ IK;�?@ ?F
/01HI:G /&36JL=�?;oU JLUTQL��;69>;�O�;CUlGXF$�¼O�MS7�U7/LzA GvU�3�B D36F/O&3 @ GXR�O&3ozA 1

�>� 1�0 J01HIKQ�FK36O�MN7D/01HI:G /&36JL=�?;oU IV7K58M @ B D3�7:O�7�1HR�7:9aGXFKI:OyG2F$�¼��;o94;�OT?;oU�I:7 @ 9$36OvQ /�;XFKI D3o94=o;�U�7KR6;
f 1 Q�O�721>R�MN3q=~3$-I:J�7KR6;8I\��;69>;�OT?;6U�;�i @ 7�1HU�;CUp3oOvGXF$�¼U�=o3 A ;&1�G2587:9 1436F$�
� L 4��� � b�!\729
021 QP��7K=y9aGvUTO&387KO�721>R�MN3qI:J�7�1HIK7:O�M�3 @ /{7:zA O�M�3�U�3:1>Q�OL7K= � �ON 6 � �&� � bT!V7@9

�>�H� 1 G27 A 7K=6FaB>3 / 1>I:G /&3oJ�=�?;6U UTMN7 A ;XJ?-IK7�94;CUlGXF$�
f 1 G2QL5�3�J01HQ�R�MN7:R�;�M�FKI�Up3 1H947:R�;8IKO�;&1H5�3 A MNI:;CUp36OL7KR�;�58;�587KOy94Q
�&;���3 < ��; A � 1>365�3 t `

� � �~� ��� � 	 f�d f
021 �l�01HQ @ 9 t ` /01HI:G /&36JL=XQ+5YOLMN7mB @ I:G�OLM@-IVbLd �y0
�L1 �)1>I�G /&36J�7:=�BH7 @ 9hJLIKMN7 A ;�OyG�O&3lFKI:9>7�1�GVJ?-IK7�9aGVI�3 /�;65Y;XFlD3p3 A R�;&1�Gv945�QVZ\[��]�^ 8 t�� 3 0 > 7 w
3pO&3 @ 9 D72/�O�MS7)/�;XJ�J&3�U�36OyG���94;CUTM @ > , @v��I�36F$��;CU�36O�MN3TF:I:9>7�1>;:/ D7KJ�Q&� 1 �V3$-I:JLG�J.-I:7:9�9436=vMN7KR6;
/01HI:G /&36JL=XQ /�; @ M�36J�3kF:;+O�3�BH5YOLMN7mBEBH7KJLO D3+F:I D3 @ 94= D7�O&3~zA 36J�;CU�36O D3k;&143oI85Y3�5�3 @ D7+� /{;�&F:MN7 @ > , @��pUTM D7K= @ I�D3Y;XJ f�d Cl!\729 1

�)1>7 @ 7 A 7K=6FaB>3�I:; @ 943ozA 3+IK;&/L9aGX5Y3 A MSIK;CU�36O&3�J�;�/{; @ IKQ�=vMSU�3�?O;/01HI:G /&36J�=�?;6U ;�94;:/�; A ;�R�MSM�FKI:9>7�1H; <
J.-I:7:94;CU�7mB���F:M D7:FKM�3 �L1 MVf 1 I+�H�>��R&1HQ0/yGL� 1 .<3o9>7K5 U /01HI:G /&36JL=XQcR6JLG�UlG @ 9 D72/�Q~BH7Ww w @ = A 7aBH7KO�MS7 �
J.-I:7:9s?;oU /01>;CU�36J�I�D36FK7/J�;�94;&/{; A ;�R�MNMs9 1�?;�BHJ.-I:7:94;CU�7mB�7���7K=y9aGvUTO�;h?@ ?F�/01>7 @ 7 A 7K=oFmBHM @ /�36J&3 1

���
	��! " UZ�[U$#]\&%_Y
.-7PUTIKR A D7KJLQ/O�3TJLQ?-I:G�I�36=+1>7 @ 5Y3 @ i{;�I:;�OT?;6Ug]�MSR�R @ 3�M A MSFKIKi D7�/�; @ IKQL=XM Up3oOvGXF$� @ 9$36Ol?;6Ug=o;p?O�FK;CUlGXF$�<w
1&?; -IKO�MSFK7�94;&/{; A ;�R�MNM /01>I�G /&36J�=�?;6U 58M D7:J�I:G @ GXR�O&3ozA 7K5 J A 3�1�?; -IKOyGXF$�W=~36O&3~zA ?;6U ��9�B 1 1&?; -IKOyGXF$�W5�3 @ M
@ 9436OT?;6U =6;�?O�F:;�UlGXF$�s�\iyGvUp3�BED3kUTM�D7:= @ IK7YO�M -I�58M�D7:J�I:G @ GXR�O&3ozA 7K5 3�9>zA 7K5 1 [�O�MS7K58; -I A MSUTMN3Y94;k=6;6O <
@ 9 1>Q�=oFmB D78IK58MN7:O�OyG2F$��=vMNO�7:5�3o9aGXF:IKOyGXF$�g58;�R/D36F�G2F$� /{; @ zA Q?-I:G�?FqJ�; @ 7 A 7K=oFmBHM @ I:7�1H;�=vMN7mB\= A 3 @ G�/01HI:G <
/&36JL=�?;oU 1 '�3o9>;�5YMN3 @ 9�FK7:F$� D3�F$��3:1436=y9>7�1HG @ 9aG2F:IKO D3�U @ I:G @ 9>=vMNF$�gi�36J&36OyGXF$� /01H;2F:7 @ ?;6U BH7 @ 9\UlG @ 9 D7@<
/{;6Up3oO�MN7�JLQ?-IK7aB A MSFKI:ivGY=yUp3 1>=�?;6U � � FK;�O&3CBH5YO�MS7mB�FKI�94721>7KF$� 1 ��;�i{7KF�947:R�;�w2I�3658M�3 @ 9l36O�3 A MSIK;CUp3|?F; @ ;�i�O�; =~3 -IKJ8D3�I 58; -I A MSUlGXF$� 94;&/{; A ;�R�MNM @ =o;�O @ 9 1>QL;�U�36O�;�BH7KJ�OYD3 Q�OLMSU�7�1 @ 3 A OYD3 I:5YMS7KO�O8D3�UlGX=o; <
1>I�G @ 94Q�B D36F D38i <n9436R�R�MSO�R���� ����� � =o;�5�i�MSO&3o9>;&1HGXFKI:OyGki <n9436R�R�MSO�Rv� 1 .-58MN7:O�O&3�9$3�BH7 @ 9�J�; @ 9>; @ ;CU�36O&3J�; /01HI:G /&36JL=�?;oU /{;2J�I:MN7 A ;�OyGXF$��O&3}FKI�94721HG�J.-I:7:9aG 1 G2I:FKI:7KRº?;6zA G¼J�;o9aG2F:I�D36F:7 /01&?;�i @ =6;�O @ 9 1HQ�;CUp3oO�M�3
IK58MN7:O�OyGXF$��=vMNO�7:5�3~9aG2F:IKOyGXF$�¼58; -IKO&3�I:O&3 A 7{?I{?F\U / 1436F�G43 0 C 7j1

��� ���������! �#"'
$ %�'&)( ����
���%�-�����	���	�%�*(,+-� 
��� ��� �.�
'�3T9aGX5 7:9$3 /�MN7 @ 7 A 7:=6FmBHMvU @ I�G @ 94=vMS7 /01>I�G /&36J�=vM @ D3�JLIKMN7 A ;�OL7EO�3�FKI�94721HG/J?-IK7�9aG���9$3l94;:/�; A ;�R�MN3�;�=~36I�3 <
z A 3 @ M D7�O&3�BHi&3 1>J�I:MN7mB Q�OLMSU�7�1 @ 3 A O�3y��3 A R�;&1�GX9>5Y7:5(Z\[���]�^ 8 M /{;2JLJ&3�Up36OL7?��94;CUTM�@ > , @ 1 '�3 @ 9 D7�/�O�MS7
J A 3q=~3$-I:J�7KR6;YI\J.-I:7:9&?;6U ;&1>36I\J A 3�FK3ozA 7:R�; /01>I�G /�36J�=vQ+UlGXIKO�36FKIK36OyG�BH7 @ 9�i <j9$36R��sr 1� F:7 A Q/58; -I A MSUTMS7�O�3�BH7:��7:=v9aGvUTO�MS7mB @ IK7KR6;�UlGX=6;&1HI:G @ 9436O�MN3�MNO2��;&1>5Y36FmBHM�;TJ�Q.-I:7mB A MNF:IKi�MS7 =yU�3:1>=�?;6U �
U�/01HI:G /&36JL=XQgIKi&36J�36O�;�=XM A =~3�IK58MN7:O�OyG2F$��5Y;6RVD36F:GXF$� @ z A Q?-I:G�?F8J�;+MSJ�7KOy9aG��&=~36FaBHM?/01HI:G /&36JL=�?;oU�BH7
I�3�UTMS7�143CB D36F:GXF$� 1 ��GvzA G}9>; 0

/ A MNFKI:i&3lUl9s?;&1HOvGXF$��UTMN721>I:F$��;6zA =�?;6U10�2~w6=y9s?;&1>3�O�MS7�BH7 @ 9PF:IKQLzA 3�O&3 @ /{; @ ?;�i�/�;XJ�IKMN3ozA Q /01HI:G /&36J�=vQ
O&3qJ.-I:7:9aG

�43>»�±65~¶�£�³Ã¸�±�°H¬p£e±H¶�¶�ª�³n´�³n´~¥�©j¥�µ:«j±�©jª�°�¹$¸L²¥:³mªC³n´T¢�©j°�ª�¢~¥:¯Cµ�£y°P¯{·°�±m«n¥�¬p£v°H¶~¥$¸�¯C¹�¸�²¥�¤x£a²± ®¼»�¨�¯~¥$«xµ�¹\½ ¾
�87-9 ¶ Á ¨:©x¬l¥�³�¸�±P¨p¥�¦e§:¨�©jªK«x¬l¥�³n´�¯�°�£�±�¦o²¥�³mªC³n´�¢�©j°�ª�¢~¥�¯�±�µl¶~¥l¯{·°H±m«�ªT°H¶~¥$¸�¯�¹$¸&²¥p¤�£ ²±�®+»�¨C¯�¥$«jµK¹\½ ¾



�25 ����� �����
	��
 ���	���	�
�����	

/ i <j9$36R /01HI:G /&36J�=vQ �sr��ÃU�94;:/�; A ;�R�MSM > <nJ?-IK7�94;CU�7mB4�

/ i <j9$36R J.-I:7:9s?;oU�0�/�MS7�1�U @ IK7:R�;�w\J01HQ�R�MS7KR�; M\JLU+?;�F$�3/�;6IK; @ 9$3ozA G2F$� ;XJ0/�;CUTMS7KJ�O�MS; �srjt�w��sr ��M
�sr ` ��� �sr `C� �sr�� 1 �W3:1�94;h?@ FKM �sr *

IK; @ 9$3ozA G�Q /�;&1HITD36JL=6;CUp3oO�7V5�3 A 7mBPD36F:;"9436= -I:7��srjt�;XJ0/{;CUTM�36J&3
O&3�B A 7�/�MS7mB�i <j9$36R�;CU�36O�7:5�Q(J?-IK7�94;CUTM���9�B 1 J.-I:7:94;CUTM�; O&3�B�UTM D7K= @ I:7mB¼Up3:1H;h?@ F:M��sr *

��w�3 �sr��
O&3�B @ z A 36iLMN7mBpi <j9$36R�;CU�36O�7:5�Q���9�B 1 J.-IK7:9>;CUTM|;8O&3�BH58O�MS7mB @ I:7mB�Up3 1>;h?@ FKM �sr *

� 1
��;&1�?;6UTO&36OLMN7 @ 7 A 7K=y9aGvUTO�;h?@ FKM t�� IK58MN7KOLOvGXF$� MNJ�7:Ov9aG��&=vQ~BED3oF:GXF$� /01HI:G /&36J�=vM8I =vU�3:1H=XMS7K5 � J A 3
=~36O&3ozA ?;6U 9 1�?;�BHi{;�IK;�OL;�UlGXF$� ��9�B 1 � , � �����\� , wE�&��� �����\�m�%wº����� �h�j� , �H� /01HIK7KJ @ 9$3�UTMN3�B D3
1HG @ 1y021 > 1 < 021 H 1 .-; @ 9$3ozA GV;�O�7pI21>;�iLMN;�O�7EU�7:JLzA QLR @ F$��7:5�3o9>Q<w�U =y9s?;&1�GX5 ��M @ 94;6R&14365"GV;2J0/{;CUTM�36J�3�BºD36FK7
@ GXR�O&3~zA ;CUTM�;�J&3oO�7mB =6;65�i�MNO�36FmBHM25�3 @ QLzA ; -IK;�O�7 @ D3�O&3 @ M�3o9>FK7 1 �67mB =6; A Q�58OyG%;XJ0/{;�UTMN36J&3�B�D3�;�=+1>7&?@HA ; <
OyG25 5�3 @ ;�5 i{;�IK;6OXQk]�MNR�R @ 3��<w2I�3�?@ UTMS7�1 @ IK7�;�=+1>7&?@HA ;�OyGX5 5�3 @ ;�5 i�;6IK;�OvQk]�MSR�R @ 3"� 1 �|;�I:U�3 A 3
94; /01HIK7&?@HA 7:J�IKM�?F"IK3 A 7 -IKO�;h?@ ?F @ 7 A 7K=y9aGvUTO�;h?@ FKM /01>7:IK7KOy9>;�U�36OyGXF$� IK58MN7KOLOvGXF$��;2J�5Y3 @ ��MNR6R @ ?;6U 1
'�3�1HG @ Q�O�=~36F$�uI:O&3�BHJ�Q�BH7 @ M D7 A MNF:IKi&3¼;XFKI:7K=vMSU�36OyGXF$� /01HI:G /&36J�=�?;6U 9>zA 3�U ��Q�O�=oFmBHMl7���7K=y9aGvUTO�;h?@ F:M
FKM D7KFKMN3\J A 3�9 1HIK7:F$�}IK58MN7:O�OyG2F$�YMNJ�7:Oy9aG���=XQ�B D36F:GXF$� /01HI:G /&36J�=vM{IT=vU�3:1H=XMS7K5��60Pi <j9$36R6Q8FK3ozA 7:R�;D/01>I�G <
/&36J�=vQ��sr$w A MNFKI:iyG"Ul9&?;&1>OyGXF$��UTMN7�1HIKF$��; A =�?;6U 0 2E;&143oI��sr ` � 1 �V3 -IKJ�3�IK7lI:5YMS7KO�OyGXF$��BH7 @ 9P;�IKO&3oFKIK;6O&3MNO�OyGX5 I:O&36=vMN7:5 R&143>�&FKI:OvGX5 1
.-5YMS7KO�O�3YQ.-I�GXU�36O&3kJ�; @ 7 A 7K=6FaBHM�/01HI:G /&36J�=�?;6U 5�389aG25 UTM D7:= @ I�D3 @ 7 A 7:=y9aGXUTOL;h?@ ?F8MN558O�MN7aB /01>I�G <
/&36J�=�?;6U�9>zA 3�;XJ0/{;CUTM�36J&3�J�36O�7mBl7:��7:=v9aGvUTO�;�?@ FKM 1 8 3oO�MS��7 @ 94Q�BH7 @ M D7�9>;8OLM@-I @ I:GX5 /{;6zA ; -I:7KO�MS7K5 ;2J0/{; <
UTM�36J�3�B D36F:GXF$��BH7mB /�Q�O�=y9s?;oU O&3�UlGX= 1H7 @ MN7/I�3 A 7 -IKOL;h?@ F:M A MNF:IKiyG /01HI:G /&36JL=�?;oU 9>zA 3q;XJk7:��7:=v9aGvUTO�;�?@ FKM 1
�A1>I:GvU�7Y;XJ0/{;CUTM�36J&3CB�D36FK7�/{; @ IKFKI:7KRº?; A OyGX5 IK58MN7KOLOvGX5 5�3�B�D3 /{;XJ�;�i�OyG�/ 1>IK7:i�MN7:R 1 �cGXO�MS=o3}9>;�I
��36=y94Q<w -IK7%36O&3 A MNI:;�U�36O�7/IK58MN7:O�O�7 @ D3 @ =6;&1H7 A ;�U�36O�7 <�i <n9$3oR�F�3~zA 7KR6;�/01HI:G /&36JL=XQ �sr|BH7 @ 9 @ Q�5 D3 �sr

*/�; @ IKF:IK7:Rº?; A OyGXF$��J?-IK7�9s?;6U U�9aGX5 M��sr ` ��w�I�3�?@�A MNF:IKi&38Ul9s?;&1HOvGXF$��UTMN7�1HIKF$��;ozA =�?;6U 0 2TBH7 @ 9EBH7KJ�OYD3�I:7
IK58MN7:O�OyG2F$�kQ.-I�GvUp36OyGXF$��U =6;6O @ 9 1>Q�=oFmBHM �sr 1 �67KJLO&36=}J A 3%5Y3ozA GXF$�}5Y3 @pA -IK7mB @ IK7:R�;�i�;6IK;�OvQ�]�MSR�R @ 3
A MSFKIKi�3\Ul9&?;&1>OyGXF$��UTMS7�1>I:F$��;6zA =�?;oU 0 2�BH7 @ 9�IK58MN7:O�O D3\7:��7:=v9aGvUTO�MS7mB @ I D3�O�M -I �sr$w23VJ A 3VUTM D7K= @ I�G2F$��5�3 @
��MNR6R @ 3�i&3:1HJ�IKMS7mBp7:��7:=v9aGvUTO�D3YIK58MN7KOLOYD3�BH7 @ 9�sr ` � 1.8 3�94;qI�UTM�D36I:7K=�I\94;&/{; A ;�R�M2D3 /01>I�G /&36J�=�?;6U�0

/ !\JLG85�3 @ 3 A -IK7mB @ IK7:R�;�i{;�IK;�OvQ�]�MNR�R @ 3�BH7 @ 9p5�3ozA 3LwyO&3 @ 9 D72/�Q~BH7�w weI A 72/�MN7:O�MN7 �"J.-I:7:9&?;6U /�;6U @ 9$3=<
z A GXF$��I�BH7KR�; 1>;6I�/&36JLQ 1� =o3oO&3 A 7��&�Q� �����\����/ 1>I:G /&3oJ�=vM�5�3�B�D3894;&/{; A ;6R�M D7V9 1�?;�BHJ?-IK7�94;CU D3�� 1�G @ 1|021 � � 1 , I:U�3:1H9aG
J.-I:7:9�IKO&3�BHJL;�U�36OyG /01>I�G /�;XJ�I:M�3 A 7 /01>I�G /&36J�=vQ�O�3/F:I:94721HGqJ.-I:7:9aG /{;�U @ 9$3�BH7 /01HIK7KI 1>;6IKJ�I:MN7 A 7@<
O�MS7|BH7KJ�OL7KR�;VIpJ.-I:7:9&?;6U /{;2J2U+?;�BHOyG2F$� 1 G2=yzA 36J�3 @ M D7�;�O /01>I:7:U�3 -IKOLMN7TIl=vM A =vQ�F:I D3 @ 947:=�;\J�Q.-I�G25
/ D7:J�IKMS7�/{;&/01>I:7KF:IKOyGX5 UTI:R A D7:J�7K5; @ M|J.-IK7:9>Q<w�3 A 7/O�MN72/�;XF$��;XJ�ITD3oF:GXF$�¼I 1>;�I2/&36J�Q+=vU�3:1H=o3"� 1
8 3ozA 3�Up3:1�94;h?@ ?F��sr *

9$36=vMN7:R�;qJ?-IK7�94Q�;�i�O�M -I�3�U�3:1H9>;h?@ ?F �sr�FK3ozA 7:R�; /01HI:G /&36J�=vQ 1� =~36O�3ozA 36F$� � , � �����\� , MV��� � �h�j� , ��JLU�3 I�F:I:9>7�1>7:F$��I:O&3�BHJ�;CU�36OyG2F$� J.-IK7:9&?;6U
/{;2F$��;XJ�I�D3VI71H;�I�/&3oJ�Q , � wv3\JLUp3\94;\J.-IK7:9aG /{;XJLU+?;�BHO�7owyI 1H;�I�/�36J�Q A -I:7mB @ I:7KR�;/i{;�IK;�OvQ8]�MSR�R <
@ 3 1 �g3:1H9>;h?@ ?FVi <j9$36R6Q /01HI:G /&36JL=XQ �sr�BH7 @ 9�;�i�O�M -I�36O&3 /{;&/01HIK7KI �sr *

;XJ0/�;CUTMN36J&3�B D36F:7VJ?-IK7�94;�5
ID1>;�I2/&36J�Q , � 1
:�MNF:IKi&3%Ul9&?;&1>OyGXF$��UTMS7�1HIKF$��;6zA =�?;6U�OLMN7�IK3 A 7 -I:GY;2J}9>;&/�; A ;�R�MSMjw�UTM D7KF�O�MS7EBH7 @ 9TFKI:QLzA 3�O&3%UlGXiT?;:1
A MSFKI:ivGYJ.-I:7:9s?;oUVw�O&3�=y9s?;&1H7�BH7 @ 9lJ�IKMS7 A ;�OyG /01HI:G /&36JL7K=sw&94IKO 1 wSw @ = A 7aB>36O�MS7 ��J.-I:7:9s?;oU�O�MS7�;�iLO�M -IK3
7:��7:=y9aGXUTOL;h?@ F:M @ 7 A 7:=6FmBHMh;&/�3:1H9>7mBp;q9 D7VIK58MN7KOLOYD3 1

/ !\JLG�5Y3 @ 3 A -I:7mB @ IK7KR6;�i{;�IK;�OvQ+]�MSR�R @ 3�BH7 @ 9�J�Q.-IK3Lw&94; /01>I�G /&36J�=vMhU�7VU @ I�G @ 94=vMNF$��=o3oO&3ozA 3oF$�
@ D3�UTMS7 A ; <8�Ã94IKO 1 /LM D7KF:MN; < A QLiWO&3�U�7�9 @ IK7�?@ F:MN; <m�"J?-IK7�94;CU�7 1 �|;2JLFKI�3 @ /�;XJ�IKMN3ozA Q /01>I�G /&36J�=vQ
O&3kFKI�947�1�G J?-IK7�9aG�U BH7KJLOvGX5 J.-I:7KF:MN7qIKO&3CBHJ�Q~B�D3 @ M D7�F:I�D3 @ 94=vM?/{;CU @ 943ozA 7�U UlGXO�MS=vQ 1H;�I�/&3oJ�Q
1&?; -IKOyGXF$�ui{;�IK;�Ol?;6U 1 �|;�U�;XJ�Q~BH7�94;�w�-I:7 /0143�UTJ�;&/{;XJ�;�i�MS7 ?O @ 9aU�; IKO&3 A 7KI:MN7:O�M�3+U =~3 -IKJLGX5 I
J.-I:7:9s?;oU FKI�D3 @ 9>7K= I�1H;�I�/�36J�Qg=yU�3:1>=~3 ��BH7 @ 9/J�Q.-IK76w�FKI�G A MjwA-IK78J�Q.-IK3�BH7 @ 9"I�3:1�?;6UTO�;+U�3:1�94;h?@ ?F
i <j9$36R�Q�FK3ozA 7:R�; /01HI:G /&36J�=vQ �sr B>36=�M|Up3:1�94;h?@ ?F��sr ` � 1 '�3o94;�58M�3 @ 9 / 1>;XFK7 @ 3658M�9>zA 3}J&3�B�D36F�GX5YM

����� ±H¦e±HµK«�ªK®�¶~¨2¤C³�°H¬�£�±�¶~¶�±�¸�«x¨�¦e£�³m°HÂ~¥�¨�³�°�±HµK£�®<¥�¶�ªC³n´V¢�©j°�ª�¢~¥�¯�µ-¨:®�« �¦�¥�® Á ¹�¶~µ:³Ã¸�£&± Á ±�µK«�ª�®�¶�¨L¤x³�£L³�£ ²±>³m£�¥�¶o¥T«j±�¸
°H¬�£�±�¶~¶�±�¸�¯C¦�¥l¤�ª�§�¶o¥ � ¦�¹v¾ � ±�¦�±�µK«�ª�®�¶�¨L¤C³&¸�±H¤�«�«�ªK¬�®�£n²±HµC¤�°>¥E£�¬ ¬p¶�£�±�¸�¢�©j°�ª�¢~¥:¯Cµ<¨�®�«*�¦�¥�¨C¯C¢6¨$®�£�¥:¯�¥p¯�¥�¶�±�¸�± Á ±�µK«�ª��
®�¶�¨L¤j³m£y¤�ª�§:¶~¥ �¦�¹v¾



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� ���

J�Q.-IK7�U�3:1H9>;h?@ F:M i <j9$36R�Q	/01>I�G /�36J�=vQ �sr @ D3 /01H;2F:7 @ G ����� � � �$# �o��� � � ��;&1>36I ,;, � �$# ���Y#� t�� w
J A 3�=v9&?;&1HGXF$��Up3:1�94;h?@ ?F��sr ` �EBH7 @ 9�5�3ozA 3 1

.-7�UTIKR A D7KJLQWO&3+9>;�w -IK7�J A 3 1&?; -I:OvGXF$��94;:/�; A ;�R�MSM�1&?; -I:O�7}I:5YMS7KO�O�7Y5�3CBºD3+O&3�B�UTM D7K= @ I�D3 @ 7 A 7K=y9aG <
UTO�;h?@ ?F @ =o;�O @ 9 1>Q�;CU�36O�;8O�;CU D3�IK58MN7:O�O D3 � =o;�5�i�MSO&3o94;:1HGXFKI:OvG�i <n9436R�wXO&36I�GXU�36OyG�O�M -IK7aB�� ����� 1 Z�;=6;6O @ 9 1>Q�=oFmBHM\IK58MN7:O�O�7aB � ����� Q?-I:Gv9>;�MNOL��;&1H5�3oFmB D7�O�MN7 @ MN;6OqD3 /01HIK7:I @ 9436O�J&3:1HJ�;CUlG i <j9$36RgJ?-IK7�9s?;6U
;&1>36I A MNF:IKi D7�Ul9s?;&1HOvGXF$��UTMS7�1HIKF$��;6zA =�?;6U 1�g3:1H9>;h?@ ?F � ��� � ;2J /�;CUTM�3oJ&3 A MSFKIKiLMN7 @ /�7�zA O�MS;�OyG2F$�kU�3:1>Q�OL=�?;oU ID/�;6O�M -I @ IK7aB A M @ 9aG � @ Q�58MN7�U�3:1H9>;h?@ F:M
A ;6R�MNF:IKOyGXF$��U�3:1>QLO�=�?;6U���0
f 1 :�MNF:IKi&3�Ul9&?;&1>OyGXF$��UTMN721>I:F$��;6zA =�?;6U 0 2�� 6 0
021 :�MNF:IKi&3%Ul9&?;&1>OyGXF$�+UTMS7�1HIKF$��;6zA =�?;6U�IK3�UTMN7�1>3�BED36FK3 1�?;6UTO�MS7 -I�9>7\O�MN7 @ /{7:zA OLM�3�BPD36F:7�=+1HGv94721>MSQ�5 J�;=<
i01H7mB�B>36=6;h?@ FKME��IK;�i&3oFKI 3 f 5>7 wM3 f �87 � 0 2 6 C

�L1 �g3:1H9>;h?@ ?FVi <j9$36R6Q�J A 3�O&3�B A 7�/�MS7mBpMNJ�7:Oy9aG���=6;CUp3oO�7KR�;�J?-IK7�94Q�I\=yU�3:1>=vMS7K5 ��srjt 6 0
> 1 �g3:1H9>;h?@ ?F\i <n9$3oR�Q}J01HQ�R�MN7:R�; /{;�O&3�B A 72/�MN7aB�MNJ�7:Oy9aG���=6;CUp3oOvGX5J.-I:7KFKMS7VI�=yUp3:1H=vMN7K5�� �sr � 6cb
C 1 G2QL5�3�U�3:1H9>;h?@ F:M|i <n9$3oR�Q�/�;�I:; @ 943ozA GXF$�kJLU+?;�F$�+J?-IK7�9s?;6U �sr ` �T� �sr ` � �sr�� 6 � 0
.-R�;XJ�O�;h?@ ?F%J&36OyGXF$��I/;2F:IK7K=vM Up36OyGX59>zA 7:5 O&3 /{;�IKMS;�58MN7 /01H7 @ 7 A 7:=6FaBHMPIK58MN7:O�OyG2F$��Q?-I:Gv9aGXF$� J�;

=6;6O @ 9 1>Q�=oFmBHM�=o;�5�i�MSO&3o94;:1HGXFKI:O�7KR�;�i <n9436R�Q���� ��� � � /01>I:7KJ @ 9$3�UTM�3 1�G @ 1y021 62woO&3�=y9s?;:1HGX5�UlG /{7:zA O�MN;�OL7
��M @ 94;6R&14365"G�;2J /�;CUTM�3oJ&3�B D3 ;2F:IK7K=vM Up36OL7K5�Qu9HzA Q � F:MN7:5YOyG ;�I:O&36FKIK3�9>zA ; ��� � � � � #�2��� � � �k� 0 �6��w
B>3 @ OvG�9>zA ; � � � � � >�� ��� �
	 � * _ � >��<� 1 �LM @ 9>;�R&1>365 O�MN7�UlG /�7�zA O�MS;�OyG�;XJ0/{;CUTM�36J&3 /01>I�GX=vzA 36J�;CU�7K5�Q
@ GXR�O�3ozA ;CUTM��x� , � ������� , w � 4 � � b�!V7@9�wN��� � 0 b�!\729\��IKOL;&1>5Y3 A MSIK;CU�36O�7K5%Q�3:1Hi�MS9 143 A O�MN7 1 J&3oO�7
IViLzA D7:J�7K5 I�36I:O&36FKI:;�O�;8=+1>I:G�-IK365YM 1
�TG @ 1k021 5L1 < 021 fCb 1 /01HIK7KJ @ 9$3�UTMN3�B�D3 A MNFKI:i D7q;2F:IK7:=XM Up3oOvGXF$�;/01HI:G /&36JL=�?;oU 9>zA 3}U ��Q�O�=6FaBHMº7:��7K=y9aG <

UTO�;h?@ FKM�� @ 7 A 7:=y9aGXUTOL;h?@ ?F���i <n9436R�Q�F�3ozA 7KR�; /01HI:G /&36JL=XQ �sr�U /{;&1&?;oUTO&36O�MSQ+IVO�;CU D3YI:5YMS7KO�O D3 � ����� 1GqD3\;�O�7lI21>;�iLMN;�O�7pU�7KJ A 7l947:R�; @ 36587KR6; @ F$��7K5Y3o9>QYF:; 1�G @ 1�021 > 1 � 021 H 1 wy9>IKO 1 =o; A QL5YOyG�;XJ0/{;CUTM�36J&3CB�D3;�=+1>7�?@>A ;�OyG25 Up3:1�94;h?@ FKMS;�5 5Y3 @ G�i{;�IK;6OXQ�]�MNR�R @ 3��<w�I�3<?@ UTMN7�1 @ I:7\;�=+1>7&?@HA ;�OyGX5 U�3:1�94;h?@ FKMN;65 5Y3 @ G
i{;�IK;�OvQ ]�MNR�R @ 3+� 1 ��;:1&?;6UTOyGvUp3oOvGX5 I:5YMS7KO�OyGX5 � �sr\;&1>36I � ����� �/;XJ0/�;CUTMN36J&3�B�D3 1&?; -I:O�7}IKO�36=vM
R&1>38�&FKI:O�7 1 '�3�1HG @ 1�0X1 > 1 � 021 H 1 UTMNJ�3�?F6w -I:7gIK58MN7:O�O&3 =6;�5%i�MNO�;CU�36O&3 � ����� J�I:M�3ozA 3 A 7�/�MS7mB���BH7 @ 9
i&3:1HJ�IKMS7mB @ 7 A 7:=v9aGvUTO&3��lOLM@-I��sr$w�F$�L; ?F\J A 3"O�MN7:=v9&?;&1HGXF$��=6;�5%i�MNO&3oFmBHM-5Y3 @ i�;�I:;�OT?;6U�]�MSR�R @ 3�1&?; -I:O�MNFK3
BH7 @ 9�58MNOLMN5Y3 A O&3 1 �67 @ 9�9$36=}J A 3o9>7KR�;�w?-I:7VIK58MN7KOLO&3 � ����� BH7 @ 9�i&3:1>JLIKMN7aBlQLO�MSU�7�1 @ 3 A O&38;XJ �sr$w&R�JLG)-I
BH7mBpUp3 1H94;�?@ ?F @ z A 36i�MN7aB�I�3 A 7 -I:G};2Jk94;&/{; A ;�R�MNM /01HI:G /&36JL=XQ 1

����P¯Cª�°>¥�³n´�¨C¯C°H£P¤xªK«x¹~¥:³Ã¸�¥���·°�±�������������«j¨8«*�¦e¨%¸�±H¤�«�¶�£e±H¨C¯C©o¨L·°�¶�£�¥�¦�¶�±%¨C¯�¤xªK§:¶~¥ � ¦�¹k°>¥8¢6¨�¬p¨C³h²¥Y°�¬p£�±�¶�¶�ªC³n´
£�¯C±�¶K«�ª 5~µ�¹$¸s²¥�³�ªC³n´�¢�©j°�ª�¢~¥:¯Cµ�£y°PµK®<¥�©jµ�£e±H¬��



>yb ����� �����
	��
 ���	���	�
�����	

25% 50% 75%

102

101

1
(70,12)

102

101

1
(90,12)

102

101

1
(110,12)

102

101

1
(130,12)

102

101

1
(150,12)

25% 50% 75%

102

101

1

102

101

1
(170,12)

25% 50% 75%

102

101

1
(70,30)

102

101

1
(90,30)

(110,30)

(130,30)

25% 50% 75%

102

101

1
(150,30)

25% 50% 75%

102

101

1
(110,50)

25% 50% 75%

102

101

1
(130,50)

�TG @ Q�O�7K= 021 > 0 :�MNFKI:i&3 ;2F:IK7K=vM Up36OyGXF$� /01HI:G /&36J�=�?;6U 9HzA 3 �
� � � 0 b6bu!\729%w�� � 5 >�d 0 /�i � t �
U ��Q�OL=6FmBHMV7���7K=y9aGvUTO�;h?@ F:M @ 7 A 7:=6FaBHM @ GXR�O&3ozA Q ��� � ��������� 1 �+?; -I:OvGX58M\IKO&3o=o3o5YM�R:1438�&F:IKOyGX5YM
/01>I:7KJ @ 9$3�UTMN;6O�; /{; @ I:FKI:7KRº?; A O�7VIK58MN7:O�O�7\MNJL7KOy9aG��&=vQ~B�D36FK7 /01>I�G /&36J�=vMhIV=vU�3:1H=XMS7K5 �60
<ER6UTM�3oIKJ�=vM �sr
<º9 1�?;�BH=�D3o9aG 0 2
<E=�?;6zA =~3��sr ` �� O&3�UTMN3 @ 36F$� /{;2J&3oO�;q5�3 @ G�i{;�IK;�Ol?;6U ]�MNR�R @ 3���� 4 wH���-��U(!\729 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� >�f

25% 50% 75%

25% 50% 75%

102

101

1
(30,12)

25% 50% 75%

(50,12)

25% 50% 75%

(70,12)

25% 50% 75%

(90,12)

25% 50% 75%

102

101

1
(105,12)

25% 50% 75%

102

101

1
(50,20) (70,20) (90,20)

102

101

1
(105,20)

25% 50% 75%

102

101

1
(70,30) (90,30)

102

101

1
(105,30)

25% 50% 75%

102

101

1
(90,40)

102

101

1
(105,40)

25% 50% 75%

102

101

1

102

101

1
(105,50)

�lG @ Q�O�7:= 0X1 C 0 :�MNF:IKi&3 ;2F:IK7:=XM Up3oOvGXF$� /01HI:G /&36JL=�?;oU 9>zA 3 � � � � 0 b�bu!\729%w �	� 5 >�d 0 /�i � t �
U ��QLO�=6FaBHM/7���7K=y9aGvUTO�;h?@ FKM @ 7 A 7K=6FaBHM @ GXR�O&3ozA Q � , � �����\� ,"1 ��?; -I:OyG258M\IKO�36=~365YM�R&1438��FKIKOyGX58M
/01HIK7KJ @ 9$3�UTMS;�O�; /�; @ IKF:IK7KR�?; A O�7/IK58MN7:O�O�7\MSJ�7KOy9aG��&=vQ~B D36F:7�/01HI:G /&36J�=vMhIV=yUp3:1H=vMN7K5�� 0
<ER6UTMN36IKJ�=vM �sr
<º9 1�?;�BH=�D3o9aG 0�2
<E=�?;6zA =~3��sr ` �� O�3CUTMN3 @ 3oF$� /{;2J�36O�;q5�3 @ G}i{;�I:;�OT?;6U ]�MNR6R @ 3���� 4 wO������U(!\729 1



> 0 ����� �����
	��
 ���	���	�
�����	

25% 50% 75%

102

101

1

102

101

1
(12,110)

102

101

1
(12,130)

102

101

1
(12,150)

25% 50% 75%

102

101

1

102

101

1
(12,170)

25% 50% 75%

102

101

1
(30,130)

25% 50% 75%

102

101

1
(30,150)

�TG @ Q�O�7K= 0X1 H�0 :�MNFKI:i&3�;2F:IK7:=XM Up3oOvGXF$��/01>I�G /�36J�=�?;6U 9HzA 3 � � �;� 0 b�b !\729%w � � 5 >�d 0 /Li � t �/U
��Q�O�=oFmBHMP7���7K=y9aGvUTO�;h?@ F:M @ 7 A 7K=oFmBHM @ G2R6O&3ozA Q��&� � �h�x� , � 1 ��?; -IKOyGX5YM�IKO&36=~3658M|R&1438��FKIKOyGX58M�/01HIK7KJ <
@ 943CUTMS;�O�; /�; @ IKF:IK7:Rº?; A OL7/I:5YMS7KO�OL7\MNJ�7:Ov9aG��&=vQ~BED3oFK7�/ 1>I:G /&3oJ�=vM|IV=yU�3:1>=vMN7:5 �60
<ER6UTM�3oIKJ�=vM �sr
<º9 1�?;�BH= D3o9aG 0 2
<E=�?;6zA =~3��sr ` �� O&3�UTMN3 @ 36F$� /{;2J&3oO�;q5�3 @ G�i{;�IK;�Ol?;6U ]�MNR�R @ 3���� 4 wH���-��U(!\729 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� > �

���

1

10

10 2

10 3

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

liczba dobrych wierzcholkow Nvg

lic
zb

a 
pr

zy
pd

ko
w

sygnal

dane

tlo 2q

tlo 4f

� �

10

10 2

10 3

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25

liczba wszystkich wierzcholkow Nv

lic
zb

a 
pr

zy
pa

dk
ow

sygnal

dane

tlo 2q

tlo 4f

���

1

10

10 2

10 3

-2 -1 0 1 2 3 4 5 6 7

b-tag najlepiej b-tagowanego dzetu xb1

lic
zb

a 
pr

zy
pa

dk
ow

sygnal

dane

tlo 2q

tlo 4f

� �

1

10

10 2

10 3

-2 -1 0 1 2 3 4 5 6 7

b-tag drugiego po najlepiej b-tagowanym dzecie xb2

lic
zb

a 
pr

zy
pa

dk
ow

sygnal

dane

tlo 2q

tlo 4f

���

1

10

10 2

10 3

-6 -4 -2 0 2 4

suma b-tagu dwoch najgorzej b-tagowanych dzetow xb34

lic
zb

a 
pr

zy
pa

dk
ow

sygnal

dane

tlo 2q

tlo 4f

�lG @ Q�O�7:= 021 6 0�.-R�;2JLO�;h?@ ?FqJ&3oOvGXF$��I8;2F:IK7:=XM Up3oOvGX5 9>zA 7K5 O&3�/�;6IKMN;65YMS7 /01>7 @ 7 A 7K=oFmBHM�I:5YMS7KO�OyGXF$�
MNJL7KOy9aG��&=vQ~B D36F:GXF$��/01HI:G /&36JL=XMhIV=yUp3 1>=vMN7:5 � 1 �lG @ Q�OL=XM /01HIK7KJ @ 9$3�UTMN3�B D38;XJ0/{;CUTMN7KJLO�MN; 0
3y� A MNFKI:i D7�Ul9s?;:1>OyGXF$��UTMN721>IKF$�L;6zA =�?;6U 0 2��
is� A MSFKI:i D7�U @ I�G @ 94=vMNF$�+Ul9s?;&1HOvGXF$��UTMN7�1HIKF$��;ozA =�?;6U 0�2
FC��U�3:1H9>;h?@ ?FVi <j9$36R6Q�J A 3�O&3�B A 7�/�MS7mBpMNJ�7:Ov9aG��&=o;CUp36OL7KR�;}J.-IK7:9>Q`� �srjt
Js��U�3:1H9>;h?@ ?FVi <j9$36R�QkJ01HQ�R�MS7KR�; /{;8O�3�B A 72/�MN7aBlMSJ�7KOy9aG��&=6;CU�36OyGX5 J.-I:7KF:MN7 ��sr �
7C� @ Q�5 D7\U�3:1H9>;h?@ F:M�i <n9436R�Q�/{;�IK; @ 9$3ozA GXF$�+JLU+?;6F$��J.-I:7:9s?;oU �sr ` �GXGXR�O&3~zA � , ������\� , ��� 4 � � b8!V7@9�w ��� � 0 bY!\729\��IKO�;:1>5Y3 A MSIK;CUp3oOvG}3:1>iLMS9 1>3 A OLMN7 1



>&> ����� �����
	��
 ���	���	�
�����	

25% 50% 75%

102

101

1
(70,12)

102

101

1
(90,12)

102

101

1
(110,12)

102

101

1
(130,12)

102

101

1
(150,12)

25% 50% 75%

102

101

1

102

101

1
(170,12)

25% 50% 75%

102

101

1
(70,30)

102

101

1
(90,30)

(110,30)

(130,30)

25% 50% 75%

102

101

1
(150,30)

25% 50% 75%

102

101

1
(110,50)

25% 50% 75%

102

101

1
(130,50)

�TG @ Q�O�7K= 021 5 0 :�MNF:IKi&3+;2F:IK7K=vM Up36OyGXF$� /01>I�G /�36J�=�?;6U 9HzA 3g�
� ��� 0 b�b¼!V7@9�w � � 5 >�d 0 /�iD� t �VU
��Q�O�=oFmBHMh7:��7:=v9aGvUTO�;�?@ FKM @ GXR�O&3~zA Q��&��� ��������� 1 �+?; -IKOyGX5YM�I:O&36=~3658M<R&1>38�&FKI:OyG258M$/01>I:7KJ @ 9$3�UTMN;6O�;
/�; @ IKF:IK7:Rº?; A OL7"I:5YMS7KO�O�7\MSJ�7KOy9aG��&=vQ~B�D36F:7 / 1>I:G /&3oJ�=vM�IV=yUp3 1>=vMN7:5 �60
<ER6UTM�3oIKJ�=vM �sr
<E=yUp36J 143o9aG
� ������ O&3�UTMN3 @ 36F$� /{;2J&3oO�;q5�3 @ G�i{;�IK;�Ol?;6U ]�MNR�R @ 3���� 4 wH���-��U(!\729 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� >�C

25% 50% 75%

25% 50% 75%

102

101

1
(30,12)

25% 50% 75%

(50,12)

25% 50% 75%

(70,12)

25% 50% 75%

(90,12)

25% 50% 75%

102

101

1
(105,12)

25% 50% 75%

102

101

1
(50,20) (70,20) (90,20)

102

101

1
(105,20)

25% 50% 75%

102

101

1
(70,30) (90,30)

102

101

1
(105,30)

25% 50% 75%

102

101

1
(90,40)

102

101

1
(105,40)

25% 50% 75%

102

101

1

102

101

1
(105,50)

�lG @ Q�O�7:= 021e� 0 :hMSFKI:i&3¼;2F:IK7:=XM Up3oOvGXF$� /01>I�G /&36J�=�?;6U 9>zA 3g�
� � � 0 b6b�!V7@9�w � � 5 >�d 0 /Li � t �VU
��Q�O�=oFmBHMh7:��7:=y9aGXUTOL;h?@ F:M @ GXR�O�3ozA Q+� , � ������� ,"1 �+?; -IKOyGX58M�IKO&36=~3658M<R&1>38�&F:IKOyGX5YM$/01HIK7KJ @ 9$3�UTMS;�O�;
/{; @ I:FKIK7:Rº?; A O�7VIK58MN7KOLO�7VMNJ�7:Ov9aG��&=vQ~B D3oFK7 /01>I�G /�36J�=vM�I\=yU�3:1>=vMS7K5 �60
<ER6UTMN36IKJ�=vM �sr
<E=yUp3oJ0143o9aG
� ������ O�3CUTMN3 @ 3oF$� /{;2J�36O�;q5�3 @ G}i{;�I:;�OT?;6U ]�MNR6R @ 3���� 4 wO������U(!\729 1



> H ����� �����
	��
 ���	���	�
�����	

25% 50% 75%

102

101

1

102

101

1
(12,110)

102

101

1
(12,130)

102

101

1
(12,150)

25% 50% 75%

102

101

1

102

101

1
(12,170)

25% 50% 75%

102

101

1
(30,130)

25% 50% 75%

102

101

1
(30,150)

�TG @ Q�O�7K= 021 fCb�0 :�MNF:IKi&3k;XFKIK7:=vMSU�36OyG2F$� /01>I�G /�36J�=�?;6U 9>zA 3��
� �1� 0 b�b�!\729�w � � 5 >Ld 0 /�i � t ��U
��Q�O�=oFmBHMP7���7K=y9aGvUTO�;h?@ F:M @ GXR�O&3~zA Q���� ��h�j� , � 1 ��?; -I:OyG258M I:O&36=~3658M�R:1438�&F:IKOyGX5YM /01>I:7KJ @ 9$3�UTMN;6O�;
/�; @ IKF:IK7:Rº?; A OL7"I:5YMS7KO�O�7\MSJ�7KOy9aG��&=vQ~B�D36F:7 / 1>I:G /&3oJ�=vM�IV=yUp3 1>=vMN7:5 �60
<ER6UTM�3oIKJ�=vM �sr
<E=yUp36J 143o9aG
� ������ O&3�UTMN3 @ 36F$� /{;2J&3oO�;q5�3 @ G�i{;�IK;�Ol?;6U ]�MNR�R @ 3���� 4 wH���-��U(!\729 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� >36

.-R�;XJ�O�;h?@ ?F�J&3oOvGXF$�}I�;XFKIK7:=vMSU�36OyG25 9>zA 7K5��O&3 /{;�I:MN;�58MN7 / 1>7 @ 7 A 7K=6FaBHMÃ��IK58MN7:O�O�7mB � ����� /01HIK7:J <
@ 943�UTM�3�1�G @ 1 0X1 f�f 1 '�3�1�G @ 1�0X1 f�f 1 UlG /{7:zA O�MN;�OL7g��M @ 94;6R&14365"Gc;2J /�;CUTM�3oJ&3�B�D3�;XFKI:7K=vMSU�36O�7:5�Q
9>zA Q � F:MN7K58OyG�;�I:O&36FKIK3�9HzA ; ����� ��� � #��� � � � ��� 0 �6��w<B>3 @ OyG�9HzA ; ����� ��� >�� ��� �
	 � * _ � >��<� 1 ��M @ <
94;6R&14365 OLMN7:UlG /{7:zA O�MN;�OyGq;XJ0/{;�UTMN36J&3D/01>I�GX=vzA 36J�;CU�7K5�Q @ GXR�O&3ozA ;�UTM��x� , ������\� , wA� 4 � � b�!\729�w��� � 0 bY!\729\�pIKO�;&1H5�3 A MNI:;CUp36OL7K5�Qk3:1Hi�MS9 143 A O�MN7 1 J�36O�7VIViLzA D7:J�7K5 IK36IKO�36FKI:;�O�;�=+1HI:G)-I�3658M 1

1

10

10 2

10 3

0 1 2 3 4 5 6

Bcod

lic
zb

a 
pr

zy
pa

dk
ow

sygnal

dane

tlo 2q

tlo 4f

�lG @ Q�O�7:= 0X1 f�f#0 �T;�IK=yzA 36J IK58MN7KOLO�7mB � ����� � /�; /01>7 @ 7 A 7K=oFmBHM�� 1 GvG2R6O&3ozA ��� � �����\� ,
��� 4 � � b8!\729%wH��� � 0 b8!\729V�pI:O�;&1>5Y3 A MNIK;CU�36OyG�3:1Hi�MS9 143 A O�MN7 1

���
	���� TVUSWSX�� *OY�*2" (OUZ�[U$#]\&%_^
��36=o; =o;p?O�FK;CU�7 = 1�Gv947�1HMNQ�5 @ 7 A 7K=oFmBHM�UlGXi01>36O�;1� ��� � 6 �L1 :hMSFKI:i D7�;�i @ 7�1HU�;CUp3oOvGXF$� M�;2F:IK7K=vM <
U�36OyG2F$� /01>I�G /�36J�=�?;6U O&3 7:943:/�MS7 /01>7 @ 7 A 7K=oFmBHM�;&1436I�=o;p?O�FK;CU�7mB @ 7 A 7K=6FaBHM7/�;�=~36I:Q~B�D3�;2J /�;CUTMN7:J�O�MS;
9$3oi 1{021 C�M 021 H 1
� J�36OyG2F$� 0 b�b�b63�I�36;6i @ 721HU�;�U�36O�;�O&36JLUlG�-I:= D7 /01HI:G /&36J�=�?;6U 1 '�MN7 /�;XF$��;XJ�IKMp;6O&38BH7KJLGXO�MS7

;XJ /01HI:G /&36J�=�?;6U;�O&3�B�UlG)-I @ IK7aB}7:O�7�1HR�MNMl9�B 1 � � 6 0 b Cl!\729 ��IK;6i&36FKIk9$3oi 1�021 66�qF:;�UlGX= A Q�F:I�3
��M /�;69>7KI D7�;�;69aU�3:1>F:MNQ @ M D7�=~36O�3ozA Q O&3 /01>;XJ�Q�=oFmB D7�5�3 @ GvUTO�7KR6; @ G2R6O&3ozA Q-w�=y9s?;&1�G�iyGvzA IK3658=XOLM D7:9aG
J A 3�/01&?;6i�7:=�;�O�M -I @ I�GXF$�+7:O�7�1HR�M�36F$� 1 G /0143�UTJ�I:;�O�; 1&?;6UTOLMN7 -I\58; -I A MSU�;h?@ ?FºBH7mB /{;CU @ 9$3oO�M�3%U UlGXO�MN=vQ
B>36=vMN7:R�;h?@ /01>;�i A 7K5%Q�I:UTMsD36I�3oO�7KR�;�I�1>7:=6;�O @ 9 1HQ�=6FaB�D3 / 1>I:G /&3oJ�=�?;6U F:I:G�3 A R6;&1HGv94587K5 MSJ�7KOy9aG��&=~36FaBHM
/01HI:G /&36J�=�?;6U I\=vU�3:1H=XMS7K5 � 1 Z�;�=o;�O&36O�;�9>7KR�;qQ.-I�GvUp3�BED3oF"J&3oOvGXF$��I�1H7K=6;6O @ 9 1>Q�;CU�36OyG2F$��1�?; -IKOyGX58M
U�7�1 @ B>3658Mº3 A R�;:1HGv945u?;6U 1>7:=6;�O @ 9 1HQ�=6F�G�BHOvGXF$� t�� ;&1>36I�1&?; -IKOyGX5YMPU�7�1 @ B>3658MPi <j9$36R�R6MNO�R�Q 1 �|;�IK; @ 9$3ozA 7
/01�?;�i�=vM J&3oOvGXF$��I:7Ki01>36O�7�U A 3~9$36F$��f ���25 < ��� ;&1436I/U(J01>QLR�MN5;�=+1>7 @ MS7�1>;6=XQ 0 b�b�b¼�Ã9�B 1�0 b�b6b6is� @ D3
IKR6;2J�OL7�IE;2F:IK7:=XM Up3oOvGX5 9>zA 7K5 1 �)1�?;�i&3lUlGX9HzA Q�5Y36F:IK7KOLM�3TO&36JLUlG)-IK=vMCB>36=6; /�;XF$��;XJ�I D3oFK7mBh;2J @ GXR�O&3ozA Q
IKO�3�BHJ�Q~BH7 @ M D7A/�;�OLM@-IK7aB 1
����� ±�©n¤ ¸�±�¥�¦�§�¨:©xªK«j¬�¨:®k©j±�µ�¨:¶~¤�«x©j¹�µ:³�ªH¸�¶�ªC³n´T¨C¯C¢6¨$®�£�¥:¯�¥$¸�²¥º«x°H®�¾s¢�©j¨�³�±H¤j¤�£�¶�§:¨�¬�¾



> 5 ����� �����
	��
 ���	���	�
�����	

/01&?;6i�=~3 >�� 0 � @ Q�5�3 1HGXFKI:O�7/9HzA ; J&36O�7
f 5�� !\729 f6f�>&>�d f 6 ��� d H f 5252� dM6�7 0#5 d � f 56� H
f �y0 !\729 f �25 d � f�b C2d H � b � d � 7�>�d 0 � f �
f � H8!\729 C � C2d f 0o�25 d 0 5��2� d � 7�f�>�d � � f �
0 b�b8!\729 H C2C2d 0 � f 0 d C � H*62dM6 7�f�>�d C � > �
0 b 0 !\729 � f 5 d 0 f�>&>�d 0 > H 0 d >�7 HLd � > H2C
0 b6b�b�3 f 06� C2d f C8H � d f f 5 C 5 d 0 7 0 62d � f 5�0 H
0 b�b�boi >&>362d C f �y0 deb H ��� d C�7 � d H H ��0

� >2H C � d H 0#� C2C2d 0 66b�b 5 d 5 7�> HLd > 66b6b2H
� 3oi A MSF�3 021 C 0F:�MNFKI:i&3�;�i @ 7�1�U�;CU�36OyGXF$� M�;XFKI:7K=vMSU�36OyGXF$��/01HI:G /&36JL=�?;oU 9>zA 3�O&3	/{;�I:MN;�58MN7 /01>7 @ 7 <
A 7:=6FmBHM 1 �)1&?;6i�=vMLJ&36OyGXF$� 0 b�b�b63�36O�J 0 b�b�b6i";2J0/{;CUTM�36J�3�BºD3�;�=+1H7 @ ;CUTM�I:i�MN721436OLM�3�J�36OyG2F$�q;XJ0/{;�UTMS7KJ <
O�MN; /01HIK7:J+M /{;83CU�3:1HMNM @ 7K=y94;&1>3F��� , 1

/01&?;�iL=o3 > � 0 � @ Q�5Y3:1HGXFKI:O�7V9>zA ; J&36OL7
f 5�� !\729 f�d > f�d H � deb�7 bLdM6 0
f �y0 !\729 bLd 0 bLd C bLdM6 7 bLd � 0
f � H8!\729 f�d f f�deb 0 d f]7 bLd > 0
0 b�b8!\729 f�deb f�deb 0 deb�7 bLd � 0
0 b 0 !\729 bLd � bLd C bLd 5 7 bLd 0 f
0 b�b6b�3 0 d f f�d H � dM6 7 bLd H fCb
0 b�b�b6i bLd H bLd H f�d 0 7 bLd 0 f

� HLd 5 HLd � f � d�6�7�f�d 5 0 b
� 3oi A MSF�3 0X1 H�0 :�MNF:IKi&3+;�i @ 721HU�;CUp36OyGXF$�uM�;2F:IK7:=XM Up3oOvGXF$� /01>I�G /&36J�=�?;6U 9>zA 3 /01HIK7KF$�L;2J�I�D36F:GXF$� @ 7 <
A 7:=6FmB D7���� ����� 6 � � 1 �)1&?;6i�=vMyJ&36OyGXF$� 0 b�b�b63�3oO�J 0 b�b�b6i/;2J /�;CUTM�3oJ&3�B D3l;�=+1>7 @ ;CUTMvIKi�MS7�143oO�M�3lJ&36OyGXF$�
;2J /�;CUTMN7:J�O�MS; / 1>IK7:J+M /{;83�Up3:1HMNM @ 7K=y94;:143I��� , 1

Q�O�721>R�MN3 3 !\729 7 9>zA ; J&3oO�7
� � 	 0 b CXd C f6d H 7 bLd � C

0 b C2d C 	 � � 	 0 b*6XdSf f6d � 7 bLd > >
� �$6 0 b*6XdSf b2d 0 7 bLd f f

� 3oi A MSF�3 021 6 0�'�36JLUlG�-I:=o3D/01HI:G /&36J�=�?;6Uu;�i @ 7�1HU�;CUp3oO&3/U 0 b�b�b63�U71436IlIl;XFKI:7K=vMSU�36O}D3 A MSFKIKiqD3�/01>I�G <
/&36J�=�?;6U�9>zA 3�J A 3�9 1HIK7KF$��I�3o= 1H7 @ ?;6U(7KO�721>R�MSM-U B>3o=XMSF$��/01436F:;CUp3ozA U 9aG25 ;�=+1>7 @ MN7 :MQ<� 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� > �

5Y3 @ 3 3 !\729 7 7���7K=y9aGvUTO�;h?@ ?F 3 � 7����wH� 4 � �D��f 5�� !V7@9 f �y0 !V7@9 f � H8!V7@9 0 b�b8!\729 0 b2H8!\729
f 0 wD66b 0 6XdSfP7�f�d H 0 HLd � 7�f�d H 0 62d > 7�f6d�6 0 62d � 7 f�d�6 0 HLd H�7�f�d H
f 0 w � b >&>Ld 0 7 0 d f >:>�d�b 7 0 d f >:>�dSf]7 0 dSf > 0 d � 7 0 dSf >�f�d 5 7 0 d�b
f 0 w-f�fCb >36Xd � 7 0 d 0 > 5 dSfP7 0 d 0 > 5 d 5 7 0 d 0 > � d H�7 0 d 0 > � deb�7 0 d 0
f 0 w-f � b > 0 d 5 7 0 d f > � d >�7 0 d f >:>�d > 7 0 dSf >&>�d f 7 0 dSf >&>�deb�7 0 dSf
f 0 w-f C6b � H2d � 7�f�d � �#5 dSfP7 0 deb �6� d�6 7 0 d�b >�f�deb�7 0 d�b > 0 d > 7 0 dSf
f 0 w-fF66b >�d 0 7ubLdM6 >Ld H 7ubLdM6 C2d � 7 bLd 5 f�f�d � 7 f�dSf 0�0 dM6 7�f�d C
� b2wD66b > � dSfP7 0 d 0 > � d H 7 0 d � > 5 d C 7 0 d 0 > � deb�7 0 d 0 > 5 d 5 7 0 d 0
� b2w � b C 0 d C�7 0 d � C � d 0 7 0 d � C � d�6 7 0 d � C � dM6 7 0 d � C � dM6 7 0 d �
� bLw-f�fCb C >Ld � 7 0 d � C=>�d 0 7 0 d � C=>�d > 7 0 d � C >�d C 7 0 d � C >�d C 7 0 d �
� bLw-f � b C � d 0 7 0 d � C � d � 7 0 d � C � d � 7 0 d � C � dM6 7 0 d � C � d H�7 0 d �
� bLw-f C6b C6b2dSfP7 0 d � > � d 5 7 0 d � CobLd > 7 0 d � C2f�deb�7 0 d � C2f�deb�7 0 d �
C6bLw-f�fCb C#H2d � 7 0 d > C8HLd � 7 0 d > C 62d � 7 0 d > C 62d � 7 0 d > C 62d � 7 0 d >
C6bLw-f � b C 6Xd�b 7 0 d > C 62d � 7 0 d > C 5 d > 7 0 d > C 5 d C 7 0 d > C 5 d H�7 0 d >

��36i A MSF�3 021 5 0�QP��7K=y9aGvUTO�;h?@ ?F @ 7 A 7K=6FaBHM�U(=~36O&3 A 7%�&� � �����\��� � H � 1 ��;XJ&36O�7"iLzA D7:JLG @ D3�iLzA D7KJ&3o5YM
@ 943o9aG @ 9aGXFKI:OyG258M 1

� 36O�3 A MSIKMN7�UD:MQ<� 0 ?I�1�?;�JLzA 365YM{O�MS7�/{7:UTO�;h?@ FKM @ G @ 947K5Y3o9aGXFKI:O�7mB @ D3�0

/ '�MN7KI:R�;XJ�O�;h?@ ?F858M D7:J�I:G�J&36OyGX5YMº3 @ G25%Q A 36FaBºD3�J A 3}i <j9$36R6R�MNO�R6Q¼U ;�i @ I�3:1HIK7�?@ 1H7KJ�OLMNF$��U�3:1 <
9>;h?@ F:M �sr *

;2F:7KO�MS;�O&3�O&397�C � 3 f 587x1

/ '�MN7�/{7:UTOL;h?@ ?F�I:UTMsD36I�36O�3�I�U�3:1H9>;h?@ F:M�D3 �6rÃr 1 8 3 ;�O&3 5YOLMN7mB @ IK7kIKO�36FKI:7KO�MS7+O�M -I�U 36O&3 A MNI:MN7:MQ<�lf�IK7�UTIKR A D7KJ�QYO&3 @ z A 36i @ IK7�FKM D7KF:MN7�O&3VU�3:1�94;h?@ FKM �sr * �
1>7:J�Q�=6FaB>3"9>zA 3�BH7 @ 9�5YOLMN7mB @ I�3VO�M -IlU:MQ<�lf�w&9$36= -I:7D/01>I�G /�36J�=vM�58;�RVD3oFK7\I�3�UTMS7�143|?F/R A Q�;�O�� 1>36R�587KOy94Q~B�D3oF:G�O&3 /&3:1 D7 � # � @ 9$36OL;�UTMsD3

;�= 1º06� U @ I:G @ 94=vMNF$�}UlG @ 7 A 7:=6FmBH;6O�;CUp36OyGXF$� 1 � 1H;CUp36JLIKMs94;�w+/01HI:G8iLzA D7:J�IKMS7�� C6b � O�3)�orÃr4wXJ�;
O�MS7�/{7:UTO�;�?@ FKMºf � O&3 A MNF:IKi�D7A/ 1>I:G /&3oJ�=�?;6U 9>zA 3 1

/ '�MN7�/{7:UTOL;h?@ ?FV7:��7:=y9aGXUTOL;h?@ F:M @ 7 A 7:=6FaBHM<UTM D3$-I D36F�3 @ M D7\IA/01H;2F:7KJ�Q01 D3 /01>I:7 @ =~3 A ;CUlGXU�36O�MN387:O�7�1HR�MNM
/01�?;�i{7K= @ G2R6O&3ozA Q�J�;87KO�721>R�MSM /�; @ IKF:IK7:Rº?; A OyGXF$�	/ 1&?;�i{7K=�J&3oOvGXF$� 1 .-; @ 943ozA 3�;6O&38;XFK7:O�MN;6O&3�O&37 0�� I�3 /{;�5Y;XFlD3�/�;&1�?;6UTO&36OLM�3�7���7K=y9aGvUTO�;h?@ F:M /01&?;�i{7K=+;2J /�;CUTM�3oJYD36F:GXF$� =vM A =XQ¼UlGXi01>36OyGX5
/�QLO�=y94;�5 5Y3 @ ;CUlGX5+wX=y9s?;&1H7�9>;�/01�?;�i�=vM�I:; @ 943ozA GqIK3:1&?;oUTO�;�/01HIK7 @ =~3 A ;CU�36O�7ºB>3o=�M{UlGXR�7:O�7�1H; <
U�36O�7/J A 3�7:O�7�1HR�MNM / 1>I:G}=v9&?;&1HGXF$�+ivGvzA G�IKi�MS7�1>36O�7VJ&36O�7 1

'�MS7�/{7:UTO�;�?@ FKM @ G @ 947:5�3o9aGXF:IKO�7�I:; @ 943ozA G}I @ QL5Y;CU�36O�7���U =yU�36J0143~9$36F$�s�lIVO�MN72/�7�UTO�;h?@ FKM D3 @ 943o9aG @ 9aG <
FKI:O}D3qM�Q?-I:Gv947VU / 1>;XFK7KJLQ01>I:7/UlGXIKO�36FKIK36O�M�3q;�R&1>36O�MSFKIK7�?O 1
� 3oi 1{021 5L1 < 021 f�f\I�3�UTMN72143�BºD3q7:��7:=y9aGXUTOL;h?@ F:M @ 7 A 7:=6FaBHM @ GXR�O&3ozA QW��I\iLzA D7:J&3658M @ 943o9aG @ 9aGXFKI:OvGX58MÃ�l;2J <

/{;6UTMN7:J�O�MN;qJ A 3�/01>;XFK7 @ ?;6U(�&��� ���������%w{� , ������\� , w{��� � �h�j� , ��w{��� � >*� 1

� 
���������  �
	��
����%( ����������� 


� / 1&?;�i{FK7kJ&36OyGXF$� 0 b6b�b�3¼UlG @ 7 A 7K=oFmBH;�O�;CU�36O�; f�b / 1>I:G /&3oJ�=�?;6U /01>I�G � wM6 7/b2w H�;XFKIK7:=vMSU�36OyG2F$�
��I:;�i&36F:Ip9$36i 1�021 Hy� 1 ^�O�3 A MSI D7�O�36JLUlG)-IK=vMC/01HIK7�/ 1>;CUp3oJ�IK;�OL;/O�3 @ 9 D7�/�Q~BED3oFK; t ) 0 .<3ozA ; -I:;�O�;�-IK7�HLw � /01HI:G <
/&36JL=�?;oU�O&3oJLUlG)-IK=vM$/�;XF$��;XJ�IKM<;XJ @ GXR�O�3ozA Q 1 �)1HI:G�9aGX5 IK3ozA ; -IK7KOLMNQ�UlG A MSFKI:;�O�;�;XFKIK7:=vMSU�36O�7 A MSFKIKiyG
/01HI:G /&36J�=�?;6U @ GXR�O&3~zA Q�J A 3 /�;6IK; @ 9$3ozA G2F$��/ 1&?;�i{7K= 1 � IKM D7�94;�9>Q�/�;XJ�QyUp3oR D3�I�3 A 7 -IKOL;h?@ ?F�/ 1>IK7:=+1>;~BHQ
FKI�GXO�O�7KR6;�;XJ�7KO�721>R�MSM�U ?@ 1H;2JL=XQ 5Y3 @ G�U /�; @ IKF:IK7KR�?; A OyGXF$��/ 1&?;�i�=~36F$� �ÃU 9aGX5 F:I:G /01>;XJ�Q�=oFmB>3
�� �� ¶o¥�¦�£e°>¥�°H¨:¤�«j¥ �¦�¥�®�ª�µ�¨�¶o¥�¶~¥�¢�©j°�±�°"!�¾�½-¨�¨�¶~±�µ$¥�¬p¢~¥�£v¨:¢�¹�Â�¦�£eµ:¨$®-¥�¶~¥º®+¢�©n¥�³mª #&%'%)(�¾



C6b ����� �����
	��
 ���	���	�
�����	

5Y3 @ 3 3 !V7@9 7 7:��7:=y9aGXUTOL;h?@ ?F 3 � 7����wH� 4 � �D� f 5�� !V7@9 f �y0 !V7@9 f � H8!V7@9 0 b�b8!V7@9 0 b2H8!V7@9
f 0 w � b HLd � 7ubLd 5 62dM6�7ubLd � 5 d � 7 bLd � 6Xd H 7ubLd � 5 d � 7 bLd �
f 0 w Cob f � d 5 7�f�d 0 f � d 5 7�f�d 0 f�>Ld�6 7�f�d 0 f�>�d 5 7�f�d 0 f�>�d�6 7�f6d 0
f 0 wD6ob 0 bLdM6�7�f�d > 0 b2d � 7�f�d > f � d � 7�f�d > f � d 5 7�f�d > 0 bLd 0 7�f6d >
f 0 w � b 0 bLd � 7�f�d > 0 f6d 5 7�f�d C 0 b2d � 7�f�d > 0 f�d�b 7�f�d > 0 f�dSf]7�f6d C
f 0 w<f�b C 08� d�b 7�f�d C 08� d�6 7�f6d C
0 bLw Cob f � deb 7�f�d f f 0 d � 7�f�d f f 0 d 0 7�f�d f f 0 d � 7�f�d f f 0 d � 7�f6dSf
0 bLwD6ob f�>�d >�7�f�d 0 f�>Ld >�7�f�d 0 f � d 5 7�f�d 0 f � d 5 7�f�d 0 f � d�6 7�f6d 0
0 bLw � b f � deb 7�f�d > f 5 d � 7�f�d > f 5 d > 7�f�d > f 5 d C�7�f�d > f 5 d > 7�f6d >
0 bLw<f�b C f � d >�7�f�d > 0 f�dSf]7�f6d C
� bLwD6ob f6HLd 5 7�f�d � fF6Xd�b 7�f�d � f CXd C 7�f�d � f6C2d H 7�f�d � f6C2d C 7�f6d �
� bLw � b 0 f�d � 7�f�d C 0�0 d � 7�f�d C 0�0 d 0 7�f�d C 060 d � 7�f�d C 060 d � 7�f6d C
� bLw<f�b C 0 >�d 5 7�f�d H 0 >�d 5 7�f6d H
>ybLw � b 0�0 d fP7�f�d H 0�0 d >�7�f�d H 0�0 d 0 7�f�d H 060 d � 7�f�d H 060 d � 7�f6d H
>ybLw<f�b C 0 HLdSfP7�f�dM6 0 C2d > 7�f6d�6

� 3oi A MSF�3 021e� 0JQP��7K=y9aGvUTO�;h?@ ?F @ 7 A 7:=6FmBHM�U =~36O&3 A 7T� , ������\� , � >*� 0 � 1 �|;2J�36O�7liLzA D7KJLG @ D3\iLzA D7KJ&3658M
@ 943o9aG @ 9aGXFKI:OvGX58M 1

5Y3 @ 3 3 !V7@9 7 7:��7:=y9aGXUTOL;h?@ ?F 3 � 7����wH� 4 � �D� f 5�� !V7@9 f �y0 !V7@9 f � H8!V7@9 0 b�b8!V7@9 0 b2H8!V7@9
f 0 w<f6fCb fCbLd H 7�f�deb fCb2d H 7�f�deb fCb2d C 7�f�deb f�bLd H 7�f�deb f�bLd C 7�f6d�b
f 0 w<f � b f�>�d H 7�f�d 0 f�>Ld C�7�f�d 0 f�>Ld 5 7�f�d 0 f�>�d H 7�f�d 0 f6C2d > 7�f6d �
f 0 w<f6C6b f�>�d � 7�f�d 0 f�>LdSfP7�f�d 0 f�>Ld � 7�f�d 0 f�>�d � 7�f�d 0 f6C2d > 7�f6d �
f 0 w<f 66b fCbLd 5 7�f�d f f 0 d H 7�f�d 0 f � d C 7�f�d � f � d � 7�f�d � f�>�d 0 7�f6d �
� bLw<f � b f C2d fP7�f�d � f CXdSfP7�f�d � f CXd > 7�f�d � f6C2d�6�7�f�d � f6C2d H�7�f6d �
� bLw<f6C6b f C2d 5 7�f�d � f CXd H 7�f�d � f6H2d�b�7�f�d � f HLd 0 7�f�d � f HLd 0 7�f6d �

� 3oi A MSF�3 021 f�b�0KQ���7:=y9aGXUTOL;h?@ ?F @ 7 A 7:=6FmBHMXU =~36O&3 A 7p��� � �h�j� , � � >*� 0 � 1 �|;2J�36O�7�i2zA D7KJ2G @ D3�iLzA D7KJ&3658M
@ 943o9aG @ 9aGXFKI:OvGX58M 1



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� C2f

5Y3 @ 3 3 !\729 7 7���7K=y9aGvUTO�;h?@ ?F 3 � 7����wH� 4 � �D��f 5�� !V7@9 f �y0 !V7@9 f � H8!V7@9 0 b�b8!\729 0 b2H8!\729
f 0 w C6b 0 d C�7ubLd C 0 d�b 7ubLd > f�d H 7 bLd > f�d � 7 b2d > f�d � 7 b2d >
f 0 wD66b f CXd�6�7�f�d � f6C2d � 7�f�d 0 f6C2d > 7�f6d 0 f C2d >;7 f�d 0 f�>�d C 7�f�d 0
f 0 w � b 0 CXd >�7�f�d H 0 C2d�b 7�f�d H 0 >�d 5 7�f6d H 0 >�d C 7 f�d H 0#� d H�7�f�d H
f 0 w-f�fCb � b2d�6�7�f�d 5 � f�d 5 7�f�d 5 � f�d�6 7�f6d 5 � f�d >;7 f�d 5 � bLd � 7�f�d 5
f 0 w-f � b � b2d C�7�f�dM6 � f�dSfP7�f�d 5 � bLd H�7�f6d�6 � f�d 5 7 f�d 5 � f�d � 7�f�d 5
f 0 w-f C6b 0#� dSfP7�f�d C 08� d 5 7�f�d C 0 >�d 0 7�f6d H 0 C2d 0 7 f�d H 0 HLd � 7�f�d H
f 0 w-fF66b 5 d H 7ubLd � f�bLd�b 7�f�deb f6f�d�6 7�f6dSf f�>�d C 7 f�d 0 fF62d f]7�f�d �
� b2w � b � deb 7ubLd C � d�b 7ubLd C 0 d � 7 bLd C 0 d 5 7 b2d C 0 d � 7 b2d C
� b2w C6b f6H2d�b 7�f�d � f6C2d 5 7�f�d � f6C2d 0 7�f6d 0 f�>�d C 7 f�d 0 f�>�d f]7�f�d 0
� b2wD66b � b2d � 7�f�dM6 � bLd >�7�f�dM6 � bLd 5 7�f6d 5 � bLd � 7 f�d�6 06� d C 7�f�d�6
� b2w � b � CXdSfP7�f�d � � C2d�6�7�f�d � � C2d�b�7�f6d � � C2d 0 7 f�d � � C2d � 7�f�d �
� bLw-f�fCb � CXd 0 7�f�d � � C2d H 7�f�d � � C2d > 7�f6d � � >�d H�7 f�d � � >�d � 7�f�d �
� bLw-f � b � f6d � 7�f�d 5 ��0 d � 7�f�d 5 �#� d�6 7�f6d 5 �2� d H�7 f�d 5 � >�d � 7�f�d �
� bLw-f C6b 0 >Ld�b 7�f�d C 0 HLd >�7�f�d H 0 62d > 7�f6d�6 0 62deb�7 f�d H 0 62d 0 7�f�d H
C6b2w C6b �2� d�6�7�f�d 5 �#� d 5 7�f�d 5 �#� d�6 7�f6d 5 � >�d f 7 f�d 5 �2� d C 7�f�d 5
C6b2wD66b �2� dSfP7�f�d 5 �#� d�6�7�f�d 5 ��0 d � 7�f6d 5 �y0 d 5 7 f�d 5 �2� d > 7�f�d 5
C6b2w � b � 6Xd >�7�f�d � � 62d � 7�f�d � �#5 d�6 7 0 d�b �25 d � 7 0 d�b ��� d 0 7 0 d�b
C6bLw-f�fCb � 6Xd � 7�f�d � � 62d � 7�f�d � � 62d C 7�f6d � � 62d � 7 f�d � � HLd 5 7�f�d �
C6bLw-f � b � f6d 5 7�f�d 5 �#� dSfP7�f�d 5 � >�d > 7�f6d � �2� d 5 7 f�d 5 � >�dM6 7�f�d �
66b2wD66b � H2d 5 7�f�d � � 62d � 7�f�d � � 62d > 7�f6d � � 62d C 7 f�d � � 62d � 7�f�d �
66b2w � b >�f6d 0 7 0 deb >Lf�d C�7 0 deb >Lf�d�6 7 0 d�b > 0 d f 7 0 dSf > 0 d C 7 0 dSf
66bLw-f�fCb � 6Xd >�7�f�d � � 62d � 7�f�d � �#5 d � 7 0 d�b �25 d � 7 0 d�b �25 d � 7 0 d�b

��36i A MSF�3 021 f6f20 QP��7K=y9aGvUTO�;h?@ ?F @ 7 A 7K=6FaBHM�U =~36O&3 A 7��&��� > � 1 QP��7K=y9aGvUTO�;h?@ FKM @ D3 @ GX5Y7�9 1�G2F:IKO�7�I:7
UTIKR A D7KJLQ+O&3qI�3o5YMN36O D7�5Y3 @ � 4 M ��� w0/{;2J�36O�7ViLzA D7:JLG @ D38i2zA D7KJ�365YM @ 9$3~9aG @ 9aGXFKIKOyGX58M 1



C 0 ����� �����
	��
 ���	���	�
�����	

@ GXR�O&3~zA QV;lJ&36OyGXF$�%5Y3 @ 3oF$�pBH7 @ 9h58; -I A MSU�3�J A 3pJ&36O�7aB�7:O�7�1HR�MNM /01&?;�iL=XM�� 1 Z A 3�9436=TUlG A MNF:IK;�O�7aB�;XFKI:7K=vM <
Up3oO�7mB A MNFKI:iyGA/01>I�G /&36J�=�?;6U @ G2R6O&3ozA Q/UlGXIKO&36F:IK;�OL; /�;6IKMN;65%G\QL��O�;�?@ FKMvJ A 3��LM /{;6947:I:G�UlG @ 9 D7�/{;CUp36OLM�3
M<i01>36=vQ @ GXR�O&3ozA Q��������EM����ºr�� t � 1 ��36=o;q9>7 @ 94;CU�7:R�; @ GXR�O&3ozA Q�Q?-I:Gv9>; / 1>;XFK7 @ Q¼��� � >*�TI\5Y3 @ 3658M
i�;6IK;�OT?;oU ]�MNR�R @ 3�;2J /�;CUTMN7:J�O�MS;8��� 4 w ���<�&� � � bLw � by��ws� � C2w � C���ws��fCb6bLwSf�b�by� !\729 1 �cGXO�MN=vM&IK3CUTMS7�1>3
9$36i 1{021 f 0

5Y3 @ 3 3 !V7@9 7 @ GXR�O&3ozA /�;�I:; @ 943ozA 7A/ 1&?;�i�=vM
� 4 wO��� 0 b�b�b63 @ GXR�O&3ozA 9>zA ; J�36O�7 ����� ����r
� bLw � b HLd � � fCb fCbLdeb fCb fCb � >2H �
� C2w � C HLd � �DC HLd 5 5 f ��� H �y�
fCb�bLw<f�b�b HLd � � � 0 deb 0 5�� >Lf �

� 3oi A MSF�3 021 f 0 0%^�O&3 A MSI�3kO&36JLUlG�-I:=XM�;�i @ 7�1HU�;CUp3oO�7mB"U /01�?;�i�F:7YJ�36OyG2F$� 0 b�b�b�3 1 � 36i{7 A 3+IK3CUTMS7�1>3
;2F:IK7:=XM Up3oO�7 A MNF:IKiyG / 1>I:G /&3oJ�=�?;6U @ GXR�O�3ozA Q IKR6;2J�OyGXF$��I�O�36JLUlG)-IK=8D3�;:1436I�;XFKI:7K=vMSU�36O�7:R�; 9HzA 3WM
;�i @ 7�1HU�;CUp3oOvGXF$��U�/{;�IK; @ 9$3~zA GXF$� / 1&?;�i�=~36F$� 1 Z�;XJ&3o94=o;CU�;�I�3658MN7 @ I:FKIK;6O�;	/{;�IKMS;�5%G�QL��O�;h?@ FKMºJ A 3
��M /{;69>7KI:G�UlG @ 9 D72/�;CU�36O�M�38M<i01>36=vQ @ G2R6O&3ozA Qg��������M����ºr�� 1

��7kU @ I:G @ 94=vMNF$� /01HI:G /&36JL=o3oF$� @ GXR�O&3~zA I:R�;2JLOvG I�;�i @ 7�1�U�;CU�36O�D3WO&36J2UlG)-I:=qD3 /�;CUTMSO�MN7:O�iyGº?F
I�36QyU�3 -I�3 A OyG 1�?;6UTO�MS7 -IYU /{;�I:; @ 943ozA GXF$� /01�?;�i�=~36F$� � U /01&?;�iL=o3oF$�Wi�7:I�O&3oJLUlG)-IK=vM A MSFKI:i&3�;XFKI:7K=vM <
Up3oOvGXF$�3/01>I�G /�36J�=�?;6U @ GXR�O&3ozA Q I:R�;XJ�O�7KR6;�I�;�i @ 721HU�;CUp36O�D3 O&3oJLUlG)-IK=qD3 U /01�?;�i�F:7 0 b�b�b63kBH7 @ 9
/�;:1&?;6UTOyGvUp3 A O&3 I A MNF:IKi8D3c;XFKIK7:=vMSU�36OyG2F$� /01>I�G /�36J�=�?;6U 9>zA 3 1 .<3:1>7aB @ 9 1>;CUp3oO�7�J�36O�7 /01>7���7�1HQ~BED3
��M /{;69>7KI D7%i01436=vQ @ G2R6O&3ozA Q � �	��rpU�7%U @ I�G @ 94=vMNF$� /01HI:G /&36J�=~36F$�}BH7 @ 9\i A M @ =vM C6b � FK;�;XJ0/{;CUTM�36J&3
��M /{;69>7KIKMS7 @ 36587KR6;89HzA 3Lw�O�3o94;�58M�3 @ 9 /{;�IKMS;�5 Q2��O�;h?@ F:M -IK7/J&36O�7/I�3�UTMN72143�B�D3 @ GXR�O�3ozA �	����UlGXO�MC?; @ z A U
O&3�B A 7�/ @ I:GX5 /01HI:G /&36JL=XQ f ��� � � 1�0 I:O&36F:I�3�94;Lw -IK7%��M /{;6947:I�3 /{;XF$��;2JLIK7KOLM�3�O&3oJLUlG)-IK=vM U /01&?;6i�F:7
J&36OyGXF$� 0 b6b�b�3l;2J @ G2R6O&3ozA QVO�MS7ºIK; @ 9$3ozA 3 /�;69aUTMS7�1HJ�IK;�O�3 /01HIK7:IEJ�36O�7ºI /�;�I:; @ 943ozA GXF$�"36O&3 A MNI:;�U�36OyGXF$�
/01&?;6i�7:= 1

� A Q @ 9 1436FaB D7 / 1>IK72/01>;CU�36J�I:;�O�7mB}36O�3 A MSI:G�IK3CUTMS7�1>3 1HG @ 1p021 f 021 ��;�=~36I:Q~BH7�;�O�1>;�I:=yzA 36JLG 5Y3 @ U
/01&?;6i�F:7�IK3�UTMN7�1>3�B�D36F:7mBP;�i @ 721HU�;CUp36O}D3"O&36J2UlG)-I:= D7�� 0 b�b�b�3���;&143oI�U /{;�I:; @ 943ozA GXF$� /01&?;�iL=o3oF$� 1 '�3A1�G+<
@ Q�OL=o3oF$�";&/ 1&?;�F:I.1H;�IK=yzA 36JT?;6U�;XJ0/�;CUTMN36J&3�B D36F�GXF$� @ /�;XJ�I:MN7:U�36O�7:5�QV9>zA Q8����M @ 94;�R:14365WB>3 @ OyG�;2J0/{;CUTM�36J�3
9>zA Q3>��|w�I�3�?@ FKMS7K58OyG 0 �6��M\J�36OyG25 � /�Q�O�=y9aGL��IK36IKO&3oFKIK;6O�; 1H;�IK=yzA 3oJLG J A 3 @ G2R6O&3ozA Q ��� � >*�
��� 4 � ��� � � CY!\729\�lI:O�;&1H5�3 A MNI:;�U�36O�7:R�;�9$36=VB>36=vivGkiyGvzA ?I�1&?;6JLzA 7:5 O&36JLUlG�-I:=XMhU /01�?;�i{FK7 0 b�b�b�3
��O�MS7:UlG /{7:zA OLMN;�OyG���M @ 9>;�R&143o5}� 1

��¿H»�±65~¶~£�³�¸�¥p¢o¨:°�£�¨�¬}¨�®k¹ Á ¶�¨2¤j³m£y°H¶~¥$¸�¯�¹$¸�±º¤�£a²±P®+©j¨�°>¯C°�£�¥�¦�±�
�¾ %�¾
. � »�¦�¥�¢�©j°�ª�¢~¥:¯Cµ�¹�°º¤xª�§�¶~¥ �¦e±H¬�¨C³m°�±Hµ�¹$¸�±�¬�ª�������$% £�����������������°�¨:Â~¥�³�°P»�¨C¯�¥$«j±�µ! �¾



������� 	R��	�
M����	 ��	�� ��� � 
 � �]� C �

0

1

2

3

4

5

6

7

8

9

50 100 150 200

mh+mA (GeV/c2)

E
ve

nt
s 

/ 1
0 

G
eV

/c
2

DELPHI
2000a
Equal mass pairing

0

1

2

3

4

5

6

7

8

9

50 100 150 200

mh+mA (GeV/c2)

E
ve

nt
s 

/ 1
0 

G
eV

/c
2

DELPHI
1999, 2000b
Equal mass pairing

0

2

4

6

8

10

12

14

50 100 150 200

mh+mA (GeV/c2)

E
ve

nt
s 

/ 1
0 

G
eV

/c
2

DELPHI
2000a
All pairings

0

2

4

6

8

10

12

14

50 100 150 200

mh+mA (GeV/c2)

E
ve

nt
s 

/ 1
0 

G
eV

/c
2

DELPHI
1999, 2000b
All pairings

�lG @ Q�O�7:= 021 f 0 0 �T;�I:=vzA 36J @ Q�5%G/5Y3 @ � 4n� ���qJ A 3TJ&36OyGXF$� 0 b�b6b�3%� /�; A 7�U�7aB4�hM+/{;�IK; @ 9$3~zA F$� /01&?;�i{7K=
� /{;�/0143�U�7mB4� 1 !�?;&1>OL7 1HG @ Q�OL=XMºIK3CUTMS7�1>3�B D3 @ Q�5 D785Y3 @ ;XJ0/{;�UTMN36J&3�B D3oF D3}=6;65�i�MNO�36FmBHM�/�3:1VJ?-IK7�9s?;6U
9$3o=XMS7mB:w -IK7 1&?; -I:O�MNF:7"5Y3 @ 5YM D7KJ�I�GkO�MN58M @ D3�O�3�BH5YOLMN7mB @ IK7ow�IK3�?@ J�; A O�7 @ Q�5 D7/5�3 @ U @ I�G @ 94=vMSF$��=o;�5 <
i�MSO&36FmBHM$/&3 1�J.-I:7:9&?;6U 1 ��Q�OL=v9aG+;XJ0/�;CUTMN36J&3�B D3qJ&36OyGX5+w�B>3 @ OvG+MhFKMS7K58OvGk�LM @ 9>;�R&1>365 ;2J /�;CUTMN7:J�O�MS;
9>zA Q >��+M 0 �Xw�3%�LM @ 9>;�R&1>365 O�MN7�UlG /�7�zA O�MS;�OyG @ G2R6O&3ozA ;CUTM-��� � >*�%��� 4 � ����� � C%!V7@9V��I:O�;&1>5Y3 A M <
IK;CU�36O�7:5�Q89436=TB>3o=XiyG%ivGvzA ?I21&?;�JLzA 7K5 O&36JLUlG)-IK=vM�U 0 b�b�b63 1 Z\36OL7�f ���25 OLMN7pI:; @ 943ozA G"QyUTIKR A D7KJ�O�MS;�O�7ow
R�JLG�-I�I:; @ 943ozA G+IK7:i01436OL7 / 1>I:G�7KO�721>R�MSM�/{;�O�M -IK7mB�/01H;�R�Q�O&3 / 1>;XJ�Q�=6FaB D7 @ GXR�O&3~zA Q 1 �TG @ Q�O�7K=�I�36F:IK7�1 <
/�O�M D7:9>;8ID/01>36F:G=3 f�f 7j1



� ����� ���	��
� 

� � ��������� ��������� ����� ��� � � � � � �	�  �!�

� ;&/LM @ 3oOvGXF$� /�;CUlG)-IK7aB�36O&3 A MNIK36F$� O�MN7�IK36;�i @ 7�1�U�;CU�36O�; O&3oJLUlG)-IK=vM /01>I�G /�36J�=�?;6U IKR6;2J�OL7mB¼I
/�; @ IKQL=XM Up3oOvGX5 @ G2R6O&3ozA 7:5 1 ��;�I�U�; A MSzA ;�94;\O�3\UlGXI:O&36FKI:7KO�MS7�;6R&1436OLMNFKI:7�?O�O&3A/01HIK7:= 1H;~BH7TFKI�G2OLO�7�O�3
/01>;XJ�Q�=oFmB D7�i{;�I:;�OT?;6U ]�MNR�R @ 3\U i&36J&36OyGXF$� /01H;2F:7 @ 36F$� 1P0 9 1>I�GX5�36OL7�;�R:1436O�MSFKI:7KO�MN3���O&3 /{;�IKMS;�58MN7
QL��O�;h?@ FKM � C � ��IK; @ 9$3ozA GWUlG 143$-I:;�O�78B>36=o;gO�MS7KIK3 A 7 -IKOyG ;2J�5Y;XJ�7 A Q @ 9>; @ Q�OL7K= J�;gI:J�7 �&OLMN;CUp3oOvGXF$�
Q0/01HIK7KJLO�MN; 1>7���7�1>7:O�F:G�BHOyGXF$��/01>I:7K=+1>;�B�?;6U FKI�GXO�OyG2F$� t 1
�T7:��721>7:O�F:G�BHO�7 / 1>IK7:=+1>;~BH7�F:I:GXO�O�7 ��IKJ�7��&O�MS;�U�36O�7}U 1H;�IKJLIKM�3 A 7 021 f 1 f��\J A 3+i{;�IK;�Ol?;6U ]�MSR�R @ 3

/01>;XJ�Q�=o;CUp36OyGXF$� U /01H;2F:7 @ 3oF$� �hBH;&1H=67:O&3 � ��� � � � � , ��MD/01H;2JLQ�=6FaBHM /�3:1�� ��� � � � ���\��U
I�3 A 7 -I:O�;h?@ F:M�;XJu7:O�7�1HR�MNMTI:J�7�1HIK7KOLM�3giyGvzA G ;�i A MNF:I�36O�7�/01HI:G /{;�5Y;XF:G R67KO�72143o9>;&143 B#" BAE 3 f 6 7 wp3�U
/01>;XFK7 @ MS7 �EQ�=~3CUlG%Uu;&/�3:1>F:MNQ�;D/01>36F{D7 3 f 0>7x1 �)1>I�G%UlGXIKO�36FKIK36O�MNQ8;�R&1>36O�MSFKIK7�?O�Q?-I:Gv9>;"7���7K=y9aGvUTO�;h?@ F:M
@ 7 A 7K=oFmBHMhMNOy9>7�1 /{; A ;�U�36OyGXF$�	/{;�58M D7KJLI:G /{; @ IKFKI:7KRº?; A OyGX5YM /�QLO�=y9$3658M<5Y3 @ ;CUlGX5YM 1

$ �C� % &('*),+.- /10,2(3.-%�424-53768- ):9<;�-=376��424&?>3

@cGXO�MN=vM&U @ I�G @ 94=vMNF$�k;BALM @ 3oOvGXF$�<A�;CUlG�CIK7aB�36O&3 A MNIlIK; @ 9$3~zA GqIKMSOy9478DEA#D>7�94;CU�36O�7(AFD>I:G8QGCI�GXFKMNQY5Y7�94;XJLG
@ 9>; @ Q�OL=XQ���Q�OL=6FmBHM�O&3�B�UTM D7K= @ I:7mB�UTM�3HD�G2R6;2J�OL;h?@ F:M �JI 0HKMLx1ON 7 @ 9l;�O&3 @ 9$3oO�J&3HDHJ�;CU�;�UlGX=6;HD>I:G @ 9aGXU�36O&3A#D>I:7KIVU @ AT?;ozA A#D>36F D7/ZQPORTSE]���;BD>36IJRTPOSc]�MNR6R @ @�;BD>=vMNOLR�!QD>;6Q#A���94I�U 1 587:9>;2J�3 �	�E� 1

@ 947aB�587:9>;2JLIKMN7 J A 3p=~3TCI:J�7KR�;T7:= @ A�7UDHGX587KOy94Q�` i�Q�J�;CU�36O&3 BH7 @ 9 @ 9$3o9aG @ 9aGX=~3l947 @ 94;CU�3:V�i D7KJ D36FK3
@ 9>; @ Q�OL=XMS7K5 R D7 @ 9>;h?@ F:MWA#D>3�UTJ�;BA{;2J�;6i�MN7�?O @ 9$3¼J A 3���MXA{;69>7KI:GgUlG @ 9 D7UA�;CU�36O�M�3 @ GXR�O&3~zA Q Mp9>zA 3 ��36O�R 1
@ MSR�O&3 A � i�36F$=vRBD>;�QLO�JW�yGYA�;69>��7 @ M @ w � � ���";BD>36I�J A 3+��MZA�;o947KI�G�UlG @ 9 D78A{;CUp3oO�M�3 @ 3o5Y7:R�;�9>zA 3W��36O�R 1
i&36F$=vRBDH;�Q�O�J}�yGYA{;694��7 @ M @ w_�:� 1 �&Q�O�=6FaBH7�R D7 @ 9>;h?@ F:M[A#D>3�UTJ�;BA{;2J�;6i�MN7�?O @ 9aU�3}�x3oO�R 1 S�D>;6i&36i�M A MS9aG�Z�7KO]\
@ M 9aG �sQLO�F:9>MN;�O @ w*SºZ � @ �VJ�;+=6;�O @ 9^DHQ�=6FaBHM_V @ D3+UlGXIKO&36F:I�36OL7}J A 3k;�iyGXJLUTQW��MZA�;o947KI � � ��MP��IK3
A�;65Y;XF D3_A#D&?;�iL=6;CUp3oO�M�3"9>7KF$��OLMN= D3:`+;�Oy947bap3HD A ;%;XFKI:7K=vMSU�3�?O}J A 3 @ GXR�O�3ozA Q}Ms9>zA 3 1 S|;�IKMS;�5%G8QL��O�;�?@ FKM
�	��� � rq;BD>36I ����r$wcCI:7¼;�i @ 78D�U�;CU�36O�7 J&36O�7 @ D3W;2JFA�;CUTMN7:J�O�MS;WIKR�;XJ�O�7�I¼��MXA{;69>7KITD3 � � � A Q�i���w
@ D3�IKJL7Ud&O�MS;CUp36OL7�B>3o=6;�F�3~zA =vM I�V J A 3�9aGXF$����MXA{;69>7KI%;XJ��(e J�;}U�3HD�94;h?@ FKMP;�i @ 78D�U�;CU�36O�7aBcV � r � 1S�;�I:MN;�5�QL��O�;h?@ FKMvJ A 3T��MZA�;69>7KI�G�UlG @ 9 D7UA�;CU�36O�MN3 @ GXR�O&3~zA Q��x36O�R 1 @ MNR�O&3 A �yG]A{;69>��7 @ M @ w �����	���-UlGXO�; @ M
U ��=o;�O @ 7UDHU�3o9aGvUTOyG25��(A#DHI:GXi A MfCIK7:O�MNQ �	���X� �	��� � rhg�����r 1 �	�}. f{� �	���|BH7 @ 9�58M�3HDPD3�QL��O�;h?@ FKM|I
B>36= D3}5Y;iCIK7K5"G+;XJ#DHIKQ�F:M�?F���MZA�;o947KI D7"UlG @ 9 D78A{;CUp36OLM�3 @ GXR�O&3~zA Qkj���� UlGXO�; @ MPF:;�O&3�BH58O�MN7aB �ml�� J A 3A�;6IKMN;65�Q�QL��O�;h?@ FKMºf&� ����� � rng�����rN� �Bl�� B>36=vM<iyGvzA UlG2I:O&36F:I�36OyGkU�9>7mBoAFD436F�G 1

GXIKFKI:7KRº?;ozA G�J�;o9aG2F:I�D36F:7"587:9>;2J2G}IK; @ 9$3~zA G�;BALM @ 3oO�7�U Z�;XJ&3o9>=XQ�acU ;BA&3MD>FKMSQk;pAFD436F{D7 I 0HKMLx1 @
A#D43oF:G I 0HKML 58;�CIKO�3�9>7qCIVIKO�3 A 7{?I{?FJA�7�zA O8D3�MSOv9>78DEA#D>7�9$36FaB D7 @ 9$3o9aG @ 9aG2F:IKO�D3 �	� 1

� ¡�¢�£�¤j¥�¶�±�® «�ª�¬(©j¨�°>¯C°�£�¥�¦�±�¨�§�©n¥�¶~£�³�°�±�¶~£�¥/°�¨:¤�«j¥ �¦eª�¨�«x©j°�ª�¬l¥�¶�±�¢�©j°�ªq®h¤x¢h¨'�¦e¢�©n¥�³�ª,r ®u©j¥�¬l¥�³n´q®h¤x¢h¨ �¦�¢�©n¥�³�ª
» Àts +tu 9wv °"!�¾o½�¨�¨:¶�±�µ$¥�¬p¢6±�¬�¾

. ¥�¶�§~¾&¥�¬p¨�¯�£ 5~±>¯ Á ©x±yx:¹~±�¶K«x±>¤�«<«x±>³n´�¶�£zxK¹�±�Â~¥�¤x±H¯�¨�¶�«x´~±�±n{�«x±H¶~¯C±H¯�¦�£eµ:±�¦�£e´~¨K¨C¯�©j¥�«x£�¨
3 � «�ª�¬W¬p£e±�¸�¤x³�¹º¸�¥�µ�¨E±HµC¤�¢6±�©jª�¬�±H¶K«v¸�±H¤�«-©j¨�°H¹�¬p£�¥�¶�ª�µ:¨�¶�µ�©j±m«x¶�ª�¢�©j¨�³�±H¤�¢�©j¨�¯�¹�µ:³�¸�£o°�¬p¥:¤x¥�¬p£o´�£�§�§K¤~¨:®}¨�©n¥�°

¢�©6¨�Â~µ4¥p¯�¥�¶�ª�³n´�°-¸�±�¸<±�¶�±H©x§:£~²¥�£h¤x®�£�±m«x¦�¶�¨L¤x³�£�²¥~¾

lM|



��� �������	�)��
���	���	����� lBl

$ ��� �?;�)k�o&	����� �Q-(/ 0
@cGXIKO&3oFKIK;6O�7�;�RHD436O�MSFKI:7KO�MN3kO�3 A#DH;2JLQ�=6FaB D7Yi{;�IK;6OT?;6U ]�MNR�R @ 3}U�A#DH;2F:7 @ MS7��EQL=o3�UlG IqFKI�947UD>7K5Y3
=yUp3MD>=~3658M�U @ 9$36O�MS7�=6;�?O�F:;CUlG25 ����� � � �$# �o�j�qg:� � ��# �:�=A#DHIK7KJ @ 9$3�UTMN3 D�G @ 1�!L1 f 1#" ; @ 9$3ozA Gg;6O�7A#DHIK7KJ @ 9$3�UTMS;�O�7�U A{; @ 9436FKM @ 9$3~zA GXF$� �prÃr%$ 4'& �'(-rÃr*) 1 G8D3c;�O�7 A�MS78DHUTMN3 @ 9>=~365YM"IKJ�7 d&O�MS;�U�36OyGXF$� U
D>;6IKJ�I:M�3 A 7 021 f 1 f @ 943ozA GXF$� � �rÃr%$ 4'& �'(-rÃr*)

� 1

0

10

20

30

40

50

60

70

80

90

100

15 20 25 30 35 40 45 50

mh (GeV)

C
bb

(h
 →

 b
b)

0

10

20

30

40

50

60

70

80

90

100

DELPHI 94-95
bb(h → bb)

0

10

20

30

40

50

60

70

80

90

100

15 20 25 30 35 40 45 50

mA (GeV)

C
bb

(A
 →

 b
b)

0

10

20

30

40

50

60

70

80

90

100

DELPHI 94-95
bb(A → bb)

+lG @ Q�O�7:= !L1 f-, 0 RHD436O�MSFKI:7KO�MN3kO�3 @ 943ozA 7 @ AFD>IK7qCIK7:O�M�3 �prÃr%$ 4 (�rÃr*)%��O&3�R�?;BD>I:7C�\M �prÃr%$M�'(-rÃr*)/��O&3�J�; A 7C� 1R�MNO�MS7 AFD>IK7UDHGvU�36O�7 A{;�=~36IKQ�BED3u;2F:IK7:=XM Up3oO�D3�U�3HDH9>;h?@ ?FgUlGX= A QLFKIK7:O�M�3�J A 3 ��MXA{;6947:I:G @ 3o5Y7:R�;�9HzA 3Lw
3 A MNOLM�3¼FKM D36R6zA 3�UlG2I:O&36F:IK;�O�7+;�RBD>36O�MNF:IK7:O�MN7 1 a�MS7K58OvGWMPB>3 @ OyG A&3 @ ;2JFA�;CUTM�3oJ&3�B D3�;2JFA�;CUTMN7:J�O�MS;A#DHIK7KJLIKM�3~zA ;�5(QL��O�;�?@ FKM K-. w !y� M �ml w�b � J A 3���MZA�;69>7KI�G @ 36587KR�;�9HzA 3 1 ++?;�CIKO�MSF�3�58M D7:J�I:G/;XFKI:7K=vMSU�36OyGX5
M�;�i @ 78D�U�;CU�36OyG25UlGX= A Q�F:IK7KOLMN7K5 UlGXO�MS=~3qIVO�MS7KJ�;XFK7:O�MN7:O�M�3�U�3HDH9>;h?@ F:M �6rÃrºU QGCI:Gv947aB4A#D&?;6i�F:7V9HzA 3 1

0 RBD436OLMNFKI:7KO�MN3�UlG A MNF:IK;�OL;p9^D43o=v9>Q~BED36Fº��MSO�fºM���MSO 0 B>3o=�O�MS7KI�3 A 7qCI:O�7P=~36O&3~zA G�36O&3 A MNI�9yD&?;�Bn\&M�FKI�9478DH;M\
JGCI:7:94;oU�7aB�3/O&3 @ 9 D7UA�O�MS7TUlGXi�MS78D>3�B D36F�36O&3 A MNI D7pU�947aB�94;HA�; A ;�R�MSMjw6=y9&?;BD43\J&3�U�3ozA 3 @ M A O�MS7mB @ I:7T;�RBD43oO�MNF:IK7 \
O�MS7lJ A 3�J&3oO�7mBP5�3 @ G 1 @czA D36F:IK7:O�MN7lJ�;V;�i A MNF:IK7�?O"UlG2OLMN=�?;6U J A 3\��MSO�f4A{;BA#D>3�UTM�3�FKI:QLzA ;�?@ ?Fl; �qf�b � U
7 / ¯C±>³mªC¯C¨$®<¥�¶�¨�¢�©j°�±H¯~¤�«n¥4®�£�¥�³h®�ª�µ�¦e¹o³m°�±H¶�£�¥E®�¢o¨K¤�«n¥�³�£�� °H± ®�°H§�¦a²±H¯C¹�¶~¥�«j¨�·°H±P®-¥�©�«j¨2¤j³m£6®�ª�µK¦�¹~³�°�¨�¶�ªC³n´!� .

¤{²¥�Âo¥�©n¯C°�¨p¯C¹�·°H±�¾



lHK �	��������� � �� � � �	��� � �
� � ������ ����� � ����� � ������� ���� �

A�;HD&?;6UTO&3oO�MNQ}JL;�36O&3 A MNI�GY;HA&3HDH9>7mB�BH7:JLGXO�MN7�;���MNO 021 ^�O&3 A MNI�3V9^D�?;�BHJ CIK7�94;CU�3LwLI:R�;2JLO�MN7�IbA#D>I:7:UTMSJLGm\
Up3oO�M�3658MjwXJ&3�BH7 @ M A O�MN7aB @ IK7�;�RBD43oO�MNF:IK7KOLM�3�;XJ�FKI:9>78DH;2JGCI:7:9>;�U�7mBlU�;�i @ I�3MD>IK7V5Y3ozA GXF$��5Y3 @ i{;�IK;�Ol?;6U
]�MSR�R @ 3���� 4'& � 	 f l�� 7��V� 1 0 9^DHI:GX5�3oO�7�;�RBD>36O�MSFKIK7:O�M�3qO&3 �prÃr%$ 4'& � (�rÃr*) @ D3Y;�=6;6zA ;Y9yD>I:GX= D>;o94O�MS7 @ M A \O�MN7aB @ I:7VU�F�3ozA GX5 I�36= DH7 @ MS7Vi&36J&36OyGXF$��5Y3 @ ;XJ A{;BA#DHIK7:J�O�MN7:R�;�UlGXO�MN=vQ¼ZQPORTSº]�� I 0 6 Lj1@g3HD�94;h?@ FKM A MNFKI:i�;CU�7�UlGX= A Q�FKI:;�OyGXF$� @ 943ozA GXF$� @ A#DHI D7qCI:7KO�MN3 �prÃr%$ 4 (-rÃr*)PM �prÃr%$��'(-rÃr*)PI:O&3�BHJ�Q~BºD3 @ M D7�U9$36i 1 f ! U Z�;XJ&3o94=vQ�Z 1

$ � $ �?;�)��o&	����� � � �

0 RBD436OLMNFKI:7KO�MN3/O�3_A#DH;2JLQ�=6FaB D7�i{;�IK;�Ol?;6U ]�MSR�R @ 3VUc=~36O�3 A 7�!#" � | ��UlGXIKO&3oFKIK;6O�;�UlGX=6;BDHI:G @ 9>Q~B D36F
UlGXO�MN=vME36O&3 A MNI�G�J&36OyGXF$� RTPOSTfY;BA�M @ 36O�7aB\U�DH;�IKJLIKM�3 A 7 021 | ;HD436I�UlGXO�MN=vMEJLU+?;�F$�g36O&3 A MNI�J&36OyGXF$�RTPGS 0%$ ;BA�M @ 36OL7mB U DH;�IKJLIKM�3 A 7 021 l ;BD>36Ip;BA�M @ 36OL7mB�U AFD436F�G I'& Lj1 S�;�O�MS7:U�3iCIlJLUTMS7l; @ 943o94O�MS7l36O&3 A MNI�G
O�MN7 @ D3�O�MS7KIK3 A 7qCIKO�7V��IK; @ 9$3ozA G/I8D>;6i�MN;�OL7�I�UlGX=6;HD>I:G @ 9$36O�MS7K5 9aGXF$� @ 3o5%G%J�36OyG2F$�&��wyUTM D7:FpJ A 3�=~3iCIKJ�7aB I
36O&3 A MNI:;�U�36OyGXF$�k5�3 @ i�;6IK;�OT?;oU ]�MNR�R @ 3%M-7:O�78DHR�MNM{IKJL78D>I:7�?O�UlGXi�MN7UD436O�7\iyGvzA ;�;6RBD436OLMNFKI:7KO�MS7 A 78A @ IK7 1
+TG @ 1 !L1�0 A{;�=~36IKQ~BH7PUlGX= A QLFKIK;6OvG/;�i @ I�3MD|5Y3 @ J A 3 D&?;iCI:OyG2F$�/Up3MDH94;�?@ FKM @ A#D>I D7tCIK7:O�M�3 � �

4 �'(��mr ��J�7Ud�O�MNFaB>3U DH;�IKJ�I:M�3 A 7 021 f 1 fC� 1

+TG @ Q�O�7K= !L1�0 ,)(�MN7:I�3 A 7tCIKOL7�;XJ�5Y;XJ�7 A Q%;6RBD436OLMNFKI:7KO�MS7�O�3bA#D>;XJ�Q�=oFmBXD7pi{;�IK;6OT?;6U�]�MSR�R @ 3TU A#D>;XFK7 @ MS7
!#" � | ��U���QLO�=6FaBHMhU�3HD�94;h?@ FKM @ 943ozA 7aB @ A#D>I D7qCI:7KO�MN3 � �

4 �'(��mr 1
@ A#D>I�G]A�36J�=vQWi#D>36=vQg9>zA Q�5YMS7KO�MN3 ��� �

4 �'(��mr � fC�\UlGX= A Q�F:IK;�OL;¼;�i @ I�3HD/;�RBD>36O�MNF:IK;�OyG ;XJgRº?;HDHG



�����������	�)��
� � � � �%� � �	� � � � �	�	���	�	� � ��� � � l 6

A#DHIK7KI � 4 & ��� f ! b � 7���w~R�JLG/J#D>QLRy3�I�5Y3 @ BH7 @ 9Pi A M @ =~34A#D>;�R6Q�O&3WDH;�I8A�36J�O&3/��� ����� � & 4 � f 0	� 7 �\�;BD>36I)� 4 & � � & b � 7���w&R�JLG ��� � � 4 1Z A 3%JLQ CI:GXF$��5�3 @ w�R�JLG$��� � � 4 w�;�RBD>36O�MNF:IK7:O�MN7bA{;XF$��;2JLIKM-;XJk36O&3 A MNI�G8;BA�M @ 36O�7aB�U A#D>36F:G I'& LIK;HAL9aGX5�3 A MNI:;�U�36O�7aBVJ�;�A�; @ IKQL=XM Up3�?O A#DH;2F:7 @ Q !#" � | �%U�D43o5�36F$��` G GF` � 1 @cG2= A Q�FKI:7KO�MS7�J A 3
@ 943ozA 7aB � �

4 �'(��mr 	 bLdeb l A�;XF$��;XJ�IKM�R6zA ?;6UTO�MS7�IVJ&36OyGXF$�.RTPOSTf 1@W3MDH94;�?@ FKM A MSFKI:i�;CU�7/UlGX= A Q�F:IK;�OL7mB @ 943ozA 7aB @ AFD>I D7qCIK7:O�M�3 � �
4 �'(��mr IKO&3CBHJ�Q~B D3 @ M D7VU 9$36i 1 f | U(Z�;M\

J&3o9>=vQ�Z 1

$ �
� �?;�)��o&	��0 2 ;�):2��.-5+.-	� 6 �Q- ���Q-=+.)_/10
� 6
Z�;�UlGXI:O&36FKI:7KO�MN3�;�RBD>36O�MNF:IK7�?O/O&3(AFD>;XJ�Q�=6FaB D7pi{;�IK;�Ol?;6U ]�MSR�R @ 3lU A#DH;2F:7 @ 3oF$��I D>;6I8A&36J�365YMv=~3 @ =o3 \
J�;6UlGX58M�� !#" � � "�"\� "%w�! " � !|� ! , ��w�! , � � ""�� , �lQGCI�GX9>;�36O&3 A MNI�G}J&3oOvGXF$� RTPOS 0 ;BA�M @ 36OL7mB
U DH;�IKJLIKM�3 A 7 021 l21@cGXO�MN=vMy;69yD>I:GX5Y36O�7�J A 3 A#DH;2F:7 @ Q !#" �� "�"\�
"�I @ IK7�?@ FKMS;�5Y3T=yU�3HD>=~3658M �|U @ 9$36O�MS7P=6;�?OLFK;CUlGX5A#DHIK7KJ @ 9$3�UTMN3JD�G @ 1 !L1 !L1 Z�I:M D7:=XM2J�QGCI:7mB A MNF:IKi�MS7�=yU�3HD>=�?;6U �OA{;�5YMN3HD iyGvzA F:IKQLzA G�O&3 @ 94; @ Q�O�=6;CU�;%5Y3ozA 7
U�3HDH9>;h?@ F:MbA&3HD>365Y7�9^DHQ � �

4 � ( �ar 1 S�D>I�G I�3~zA ;iCI:7KO�MSQui#D>36=vQ 9HzA Q�58MN7:O�M�3 � � �
4 �'( �ar � f��qUlG2= A Q�FKI:;�O�;

� 4 	 f6f | d l � 7 ��J A 3 ��� � � 4 g 0 M � 4 	 f !BK d ! � 7��(J A 3���� � f 0 � 7�� 1
0 RBD436OLMNFKI:7KO�MS7 J A 3 ! , � � "�"\� , A{;�=~36IKQ�BH7 D�G @ 1 !L1 |�1 N 7 @ 9g;�OL; @ z A 36i @ IK7 ;XJ(9>7KR�; J A 3

!#" � � "�"\�
" I:7%UTIKR A D7KJLQ�O&3�58O�MN7aB @ I:G+J�; @ 9 D7UA�OyG�=vMNO�7:5�3o9aGXF:IKO�MS7%;�i @ I�3HD�5�3 @ FKM D7qCIK7 @ IKR6;���MNRM\
R @ 3"U�A#D>;XFK7 @ MS7��hBH;BDH=67:O&3k�wA#DH;2JLQ�=6FaB>3%I�i{;�IK;�OL7K5 ,�� ��w23"9436=*CIK7�OLM CI @ I�D3 A MNF:IKi D7�=vU�3HDH=�?;oU � 1 Z A 3
� �
� $M�O�'(��mr*) � fkIK; @ 9$3ozA UlGX= A QLFKIK;6OvG ;�i @ I�3MD A�;�OLM CIK7aB�� 4 � fCb�b � 7 �J A 3�J�;CU�; A O�7mB�5Y3 @ G ���

������58M D7:J�I:G A#D>;6R�MN7:5 O&39����3�� 4 g 0 � 1S�D>IK7:= D>;~BHQ"FKI:GXO�OL7KR�;�J A 3 AFD>;XFK7 @ Q !#" � !h� ! , �-OLMN7�Q�J&3~zA ; @ M D7P;�RBD>36O�MSFKI:G�?Fowo58MN58; A{;2JL;�i�O�7:R�;
@ 9436OvQ =6;�?O�F:;�U�7KR6; JL; ! , � � ""\� ,"1 N 7 @ 9�94;�I�UTMsD36IK36O�7¼I���3o=v9>7K5 MfCI.AFD>IK7:= D&?;�B�FKI�GXO�OyG O&3
A#DH;2J�QL=6FmB D7 A&3HD)! " @ A&3oJ&3 @ I:GXi�F:MN7aBPOLM CIEO&3WA#DH;2F:7 @ �hBH;BD>=o7KO&3�� ! , � A#D>I�G%I:i A MfCI�36O�MSQ @ M D7�J�;�RHD436O�MSF:G
;�i @ I�3HDHQ+JL; @ 9 D78A�O�7:R�;�=vMSO�7K5Y3o9aGXFKI:O�MN7 1@W3MDH94;�?@ FKM A MNFKI:i�;CU�7\UlG2= A Q�FKI:;�OyG2F$� @ 9$3~zA GXF$� @ A#D>I D7tCIK7:O�M�3 � �

4 � ( �ar M��
�
� $��_� ({�mr*) IKO&3CBHJ�Q~B D3 @ M D7\U9$3oi 1 f l MPf K U Z�;XJ&3o9>=vQ+Z 1

� ! � � ! ¢�©j°�±H®�£�¯C¹�¸�±��2·°H±�¬l¥�¤xª��������P¤s²¥Gr ¢~©j¥4®�£�± v °H¯C±H§�±H¶�±�©j¨$®-¥�¶�±s¯C¦�¥�������� ��%���³m¨�°�¨K¤�«n¥ �¦�¨|®�ª�µ�¨:©x°Hª�¤�«j¥�¶�±
¢�©j°�ªT¨:¢C«�ª�¬l¥�¦�£e°>¥�³Ã¸�£v¤x±�¦�±�µK³Ã¸�£N¾



l . �	��������� � �� � � �	��� � �
� � ������ ����� � ����� � ������� ���� �

+TG @ Q�O�7K= !L1 ! ,)(�MN7:I�3 A 7tCIKOL7�;XJ�5Y;XJ�7 A Q%;6RBD436OLMNFKI:7KO�MS7�O�3bA#D>;XJ�Q�=oFmB D7pi{;�IK;6OT?;6U�]�MSR�R @ 3TU A#D>;XFK7 @ MS7
!#" �� ""��
" � K ��U���Q�O�=oFmBHM�U�3HDH9>;h?@ F:M @ 9$3~zA 7mB @ AFD>I D7qCIK7:O�M�3 � �

4 �'( �ar 1



�����������	�)��
� � � � �%� � �	� � � � �	�	���	�	� � ��� � � l &

+lG @ Q�O�7:= !L1 | , (�MN7:I�3 A 7qCI:O�7�;XJ�58;2J�7 A Q";�RBD43oO�MNF:IK7KOLMN7EO&3bA#D>;XJ�Q�=oFmB D7pi{;�I:;�OT?;6U�]�MSR�R @ 3�U A#DH;2F:7 @ MS7
! , �� ""�� , � | � 0 �%U ��Q�O�=oFmBHM�Up3MDH94;�?@ FKM @ 9$3ozA 7mB @ A#DHI D7qCIK7KOLM�3 � �

� $��_�'(��mr*) 1



� � � ��� � �?� � � ���

Z\36O�7�IK7KiFD436O�7QAFD>IK7:I�J�7�947K=y9>;BDTZQPORiSº]%�GAFD>I:GY7KOL78D>R6M�36F$�,RTPOSlf�MkRTPOS 0 IK; @ 9$3ozA GYIK36O&3 A MNI:;�U�36O�7A�;XJ�= D3o9>7K5 A�; @ IKQL=XM Up3�?OYO�7KQ29^D43 A OyGXF$��i�;�I:;�OT?;6U ]�MNR�R @ 3/U =~36O�3ozA 36F$�YI�UTMS7 A ;65�3\=yUp3MD>=~3658M �pU
@ 9436O�MN7%=6;�?O�F:;�UlGX5 1 (�MN7�IK36;�i @ 78DHU�;CUp3oO�;+U�O�MSF$��O�36JLUlG�CIK=vM�A#DHI:GYA&36J�=�?;6U IKR�;XJ�O�7aB�I A{; @ IKQ�=vM \
Up3oOvGX5 @ GXR�O�3ozA 7:5 1 S�;�I�U�; A MSzA ;W94; O&3�UlG2I:O&36F:IK7KOLMN7g;6RBD436OLMNFKI:7�?O O&3 A#D>I:7K= D>;~BH7�FKI�G2OLO�7�9aGXF$�
A#D>;XFK7 @ ?;6U 1 " ; @ 9$3ozA G�;�O�7%UlGYD43TCIK;�O�7�U A{; @ 9436FKM�O�MN7:I�3 A 7qCI:OvGXF$� ;XJ�=6;�O�= DH7:94OL7KR�;k58;2J�7 A Q @ 9$3~zA GXF$�
@ A#DHI D7qCIK7KOLM�3 � � FK;+J&3�BH785Y;iCI A M U�;�?@ ?FqMNF$��MNOy947UDyA#DH7:9$3oFmBHM�U @ I:78DH;�=vMN7mB"= A 3 @ MS7858;XJ�7 A M�O�MN7:5YMSO�MN5Y3 A \
O�7KR6; @ 7K=y94;BD>3Y]�MNR�R @ 3 1@ AFD>;XFK7 @ MN7 !#" � | �4A#D>I�G}5Y36= @ GX5�3 A OyGX5 A#DHIK7K= DH;~BHQ+F:I:GXO�OyGX5 ��� �

4 �'(��mr ��f��EUlGX= A Q�F:IK;�O�;8;�i]\@ IK3HDT;�RBD43oO�MNF:IK;�OyG�;XJ+R�?;BDHG A#D>I:7KI � 4 & � � f ! b � 7 ��w&R6JLG�J#DHQ�Ry3�I"5Y3 @ BH7 @ 9�i A M @ =~3 A#D>;6R�QkO&3$��� �
��� � & 4 � f 0 � 7��V��;BD43oI � 4'& �
�

& b � 7 � R�J2G ��� � � 4 1 @ A#DH;2F:7 @ MS7kI DH;�I8A�36J&3658Ml=~3 @ =~36J]\
;CUlG258Mpi{;�IK;6OT?;6U ]�MNR6R @ 3¼I @ IK7&?@ FKMS;�5�3�=yU�3HD>=~3658M �8U @ 9436O�MS7}=6;�?O�F:;CUlG25 ! "�� � ""��
" � K �
A#D>I�GWi#D>36=vQ�9>zA QL5YMS7KO�MN3�A#DHIK7K= DH;~BHQ FKI:GXO�OL7KR�;u��� �

4 �'( �ar � f��/UlGX= A Q�F:IK;�O�; � 4 	 f6f | d l � 7��J A 3��� � � 4 g 0 M � 4 	 f !BK d !�� 7 �J A 3 ��� � f 0 � 7���wEI�3�?@ U A#D>;XFK7 @ MN7 ! , �� "�"\� , � | � 0 �¼J A 3
� �
� $M�O�'(��mr*) � f���i�7:IP9>zA QL5YMS7KO�MN3y�s;6i @ IK3HD A�;6O�MfCI:7mB � 4 � fCb�b � 7 � J A 3pJ�;CU�; A O�7aB�5Y3 @ G����k������5YM D7 \

J�I:G=A#D>;6R�MN7:5�O�3��� �E3/� 4 g 0 � 1 S�D>I:7K= D>;�BHQ8F:I:GXO�O�7:R�;VJ A 3WA#D>;XFK7 @ Q�!#" � !|� ! , � � | � 0 ��O�MN7pQLJ&3ozA ;
@ M D7/;6RBD436OLMNFKI�Gº?F 1
0 RBD436OLMNFKI:7KO�MN3�I:; @ 943ozA G @ I:FKIK7:Rº?;6zA ;�U�; A#DHIK7KJ @ 9$3�UTMS;�O�7�RBD>3Md&FKI:O�MN7�O&3�DHG @ Q�O�=~36F$� U DH;�IKJLIKM�3 A 7 !
;BD43oIVU�A�; @ 9$3oFKM-9436i�7 A U Z�;XJ&3o9>=XQ�Z 1

K b



� � ��  �  � �����

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


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

K��



� ����� � ���	�
 �

� ���� �  ��� � �

�������������BD_a `������ �"!$#&% 1 a'�$(<A)!+*�� `-,.�$#/�0�213��#.�243�)5768��9:�;�2<=��*�#&43�><.,.�&�@?'!$#�A0(B�.�����������HD���(
,.#.4C?'�UD�9�!+13#�A0( A#D8D���D�#)!$*�D��2#�A0( �.�E<)!$�.!$#.4F! A#D��0*���9)G�$?H��1I��(J��#&��!HD�#�A0*LK�A#D�DMAN��#&�8D�%$434=D8D=O���.,�QP ���R?�D��&�8D�D���#.43!$*LK A#D8�$���2#Y\ A#D8�$���2# 1 " �298��!+S1T�2#UD��BA&�VA0(W!+1343D��X?Y!$#�AZ?�*���13,�43�.��#[�VA d)�\!$*V684]4
A#D���*�A0D�A^68#.��%2�,A_�$(`43!HD�,,A O���.,a(J43�2#TG�+?;b)��13�����^D��$#TG�$?;bdc��$���2#eG�$?��BD�!$Df�GCD����)G�$? A#D�DMAg?eA 98�2�[43�V6h43#]\
����#.98A[?T#.�iG98*�4j� �.�&D�4F!\S1IA[?Y!kG# 1

�alXm � � �4&onU&Q;�- '*)p;qpsr t
Riubav�w�0�x!$#.% 1 Ri!HD8%2�Ju]!$�#D8�2# a'�$13134I�.�8D�5h���-�2<_��*�#.4I�`<&,.�.�X?Y!+#[Ay?	�)!^?T#�A0(z��,.#.��13, RTPOS�?
a P�+�({!$�$*���1I�8D�!\���BDQK)!$�FD��2#.�X?eA$b0���)G�BD���%2�f,FD�,.*LK.�$(`4I��#.4I�j68��98�GA.13!$#.�X?'!$#.�|#)!QD��2� 0+}2}�~21�� O���`O!o?
#.43(�D��.�8D8D^!$#.� AFD�D���*�4C?T<.43�qCD�#.��?T4 O!$D��[4	AFD��$���2#TG�$?�����#.�8D8%2434i?RG9yD8� �.�[,�(`!$98A"� �f� � |eP � � 1 @
A.43�UD8?T98D���6jcw!$D�43� R�u(a�< O���.D�43� AFD�!$*��@?'!�G*YD���G98?T4I����13#.�iG98*�4 O!WD�D O���.,>�U� 0�� �X}+�V� *�(��0��9M�)�'����DM? 1 #.4398�\!
G98?T4I����1I#.�iG90G*X5e*�� A=�2DM?'�21I4�?eA0�+!+1343<FD��X?Y!�G*fD�<.,.�.�X?'!$#.��#)!�#.4I(v�.�����������BD:A2b=�.�2�+�2#)!�G* A_�2(J4F!MD)G�$?�?
D�!$(`!$*LK `-�0�.��13,-�0�L!+#.�)!HD8�.�X?'��%2�-�w( 1 4I# 1 �.�$�VA0*�D O!$*MA *LK d)D�A0�[4���?Y!MD��\!���5�b)� �&�YD:AQG*o<_�2D��2#guh4I%2%M\
9�!W�#`H13,&<�A#D8D��V6�!X?eA-13���[�04I��6|98,#A=�8D�9:A0(`�M�^D�4I4 � 1 (]!$9:� O�8A&#.43�aG98?T43�M��1I#.�iG90G*�(`!J<�AQG*=A=� �&#.43��9�43�$#)!J�&�
�.�0*���1I�X?'�V6e?'!HD8���iG9�*�4���� �^} ��� *�( �0� 9 �)� 1

Riu(a�< O���&D�43�<D)G�$?T#&43�qCDJ�.D�4F!+S13!jG*]6�!$�$�aD��.�8D8D^!$*�D�*�4 O�qCD��04I*LKg68�2#eG�$?�( 1 43# 1 ?	*���13,�9EA#D�!^?T�.D���#.43!
K.4XA=�$����D�AJ4I98��#&43��#&4F!JA.1F!$D�(�A���?Y!MD��$�X?k�M\V%$13,.�2#&�@?k��6o�w!$#.% 1�� ,)!HD8�B\ � 13,.�2#<S 1F!$98(W! b ��� S�5 1 P #.�8Dn\
%243��?T4 O!$D����'68�2#.�X?eA0*LK>?eA0#.43�29 O!�(`4 O���.DMA 0 ¡¢~ ! ~'P ���E#)!]#[,.�[1I���2#�?sD^!+13�qCD�#.�iG98*�4&�0�5D8� �.D�!@68,|68�2#[, ,
£ b¥¤(D�b�¦QD�b�� #�b S < 1 G�0?T4I����1I#.�iG90G*�< O���&D�43��9�4 O��D^!^?T43�UD�!�G*�(J43���.D�A§��� �X} ��¨ *�( �0� 9 �)� �.13!WD��.�UD�D���G#
S <]\nS <-!J��� �X} �V©�*�(��0��9M�)�'�.13!�#.!@681fCD���689�DMA0*LK�6 O!$�.�UD 1

S�D8D�A7Riu(a�68��98�;<.,&�.�X?Y!$#�A0*LK/98D��.G90G*����[9yA=�8D:A0(`��#[�)G�$? 1 �]?'!�D>#.43*LKa�������[9yA=�8D:A0(`��#[�VA",&#.4 \
?'�UD�9�!$13#.� ,

ª a `a�x�w�0�-!+#.% 1 a'�2(pA)!$*M�W`-,.�2#�� �21I��#.�24I�d5
ª ¤ P R�¤o�y�w�0�§!$#.% 1 ¤ P �BD��24I�)!$1 Riu(a{¤(AFA)!HD�!\��,d�.5

¦o�213�V68#.���������[9EA_�UD8A0(`��#��VA��.���&A0�$�X?'!$#.�
ª ¤bR �ha P���� �§!$#.% 1 ¤ Ri!HD8%2� �V�2#�a'�2131I43�.�UD P�«]A_�UD�4I(`��#[�L5Y�.� d)D�A0�[4i*�4MO�qCD��[43*LK>68�2#TG�$?
ª RiubaG\�<J�&�bd)D�A0�[4)��?Y!HD8�\!��Xb[!]?�9�D�*�D���%QG�21I#.�iG9�*�4)<)!$�)!+#.4F!hS13!$(`!$#.4F!oA)!HD8D�A098���iG9�*�4d¬f�?��VA0(
9��������BD8D��

ª P £ P PG`®��� ��!$#.% 1�P £ P !$1�!$#&� P 13!$98��43*O`-��!$9�,FD�(J��#���5��.� A=�2(J4F!HD8,�*^!+S1I�$�X?T4I����%2� AFD�D���� D��\68,
*�DMA0#.#.��%$� AFD�D�A�,GCDMA *�43,E#.4I��D�!$13�qCD�#.��%2� A=�2(`43!HD�,¯G98?T4I����1I#.�iG98*�4]�HD�!$D�D��2DUA#D�!$98D^!$#&4F!/��1F!$9:�VA \
*�D�#.��%$�`4��&A[c D�!$�$*V684

°8±�²´³¶µ ·�¸+¹ºM»½¼ ¹¾_¿ ¸ ¼^À�Á�¾½À µ:Â+Ã » ²´Ä ¾Å¿:¼7Æ µ ¾ ¸ » µ8ÃM³´² ¿:ºLÇ Ã�Â ¼'Ç-È\»Å¿8¼�»½ºXÉX¿ ²¶µ ¾
Ky0



� ����� ��� �� � ������� � ��� � ��
�� � ��� � �	� �	
��
� � � � � K-!

ª a'¤�� P £ +R��� �/!$#.% 1 a'��#[��!$,#D8�a¤]#.� �0�^D�!$#.%2� £ <068��*M� +|��9���!HD�*LKd5;�.��AFD)G�2<.�+�X?Y!$#&4F!��2<Y\
98D^!HD8,-�.�pA#D8D��0�.,��w!$#.% 1�	 �8D:A�c��BD8?'!HD��)5k?N*���#��^D�!+13#�A0*LKaD��.�UD�D���#.43!$*LK.S <]\ SQ<§4kA]\ A 1

P �[9yA=�8D8A0(J��#��VA P £ P PG` 4�a'¤o� P £ + D��29:�L!$#`O!�D^!$4I#.98��!$13�X?'!$#.��#.!�D�,#D8D���?T4dO!$D��[4j?k�2�kG�$S1j�.�������B\
���HD�!pa `a� 1

�al�� 
�9 >)Jn 3.- � �.-5;�- � '*&Q;*0 ��'k0 �Q- +.&('	&	� '*)p;�-
� S 1XG�$?T# O! *�D O�.G9�*�4 O!E9���S1F!$�&�@? O!E�.�M�����[���BD�! a `a���.�M���8D8(`4I#[,\6 O!$* O!y68��%2�E�$�$#.98�yD�,.�+*�6 O�a68��98�y9:A 9:����(
(J43�2#.�X?eAyD�<&,.�.�X?Y!+#[A/?'�2�kG�$S1k#)!$�#AFD�D��M?'�0�.D O!$*���%2�"9��21I��#.�24I�)!$1I#.��%2�§(`!$%2#.��9�, �.A=�213, |eP\1 ���f\
���������BD|9���S1F!+�)!J984 O�;Do?Y!+13*��X?k��%2�`�2<.98D^!HD8,-��DM? 1 <=��*�D��[4��V?'�BD8D��2#&��6WA#D8D���D_A.4 O�=G*;9���%2(`��#��dG�$? ����DM? 1
�kG�$S1�57�BD�!$D|�&?-G�2*LK�A=�2� D8A[? 1 @x��?T# O!+�yD�Dh*���?T�[4=(W!+%2#.��98,WD�#)!@68�.,\6 O!�9�4 O�h�+�213�V68#.����1343*�D O!$*e�0� G9ED��0�.�\!
�.�M���������BD�!�5�, � D�D���(`�X?eAW�.�����������BD>G9�1F!+�.�X?eA��w!$#.% 1 �yD�!$*L�+�8DL5��BD�!$D]�+!+13�BD:A (J���yD8A���13�����yD��2(`!$%2#.�M�VAm\
*�D�#�Ag4�K)!$�#D8�2#.�X?eA 1

@EA0(`43!HD8Ax�.�����������HD�!a?eA0#.�29�D O!y�0�#A=�X?T43���&#.43� ,J�&S1I,.%2�iG90G* 0 �2¡ K (§b�G9yD8���.#&43*^! � |&¡ K ( 4k(W!$9�!� |�� l$}2} � 1 � *LK.��(W!+�|�.�M�����[���BD�!:A#D8D����&98�L!^?T43!<D8A09 1G|L1 ��1

Total Weight       :  12,500 t.
Overall Diameter :  15.00 m
Overall Length    :  21.60 m
Magnetic Field  :    4 Tesla
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